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PREFACE.

The compilation of the following pages was undertaken,

a accordance with the School Regulations, with a view to

iringing together in one volume so much of the subject of

Topography and Sketching as may be useful to Military

Officers in their varied duties, and to cover the subject as

aught from a number of books, lectures, notes, etc., in the

Department of Engineering at the U. S. Infantry and Cavalry

School.

The arrangement of the subjects ^with slight modifications

to 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. It is 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 ofgreat

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 permission I have

made very liberal use.

I wish also to acknowledge the courtesy and assistance

received, by letters and through works published from their
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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.

To 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.

Edwin A. Root,

1st Lieutenant 19th Infantry,

0. S. Infantry and Cavalry School,

Fort Leavenworth, Eiuu,

jaly4.UK.



PREFACE TO SECOND EDITION.

Another 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

it 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.

\ September 30, 1896,
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CHAPTER I.

GENERAL PRINCIPLES.

Military Topography is the determination and represen

tation, 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 aplane 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.



IO Topographic Surveying.

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.

The 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 small a

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 the offensive or defensive, and in proportion to the tactical

importance 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 earth1s surface; accompanying it are.

usually the notes of such observations and measurements, and all

necessary calculations and drawings pertaining thereto. It is 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 topographer 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

jn 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 topographic sketching, which is merely a less accurate

method of topographic surveying than referred to above, the

observations and measurements are generally made with in

struments only approximately accurate, or they are simply

estimated, and the representations are usually drawn free-hand.

To record his observations in time of war the military

topographer will most frequently employ the method ol

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 only 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 has 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 Triangulation. 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, proceeding in regular order from the

measured line, which is called the "base line." Third, the

relative elevations of the points are determined by leveling.

It is usually desirable to know the latitude and longititde

of one or more of the points of the system, though they ar i

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 ofaccuracy 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 useless 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 largeprimitive triangles are most carefully constructed

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 is based 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 accurate instruments 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 is artistic. 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: 1st, 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 topographic surveying is to

determine the locations of such a number of points on the

earth1s 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.

The 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.

The location ofa straight line is known when its extreme

points are located.

The distance of a point 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 point is determined

by measuring the horizontal angle between the straight lino

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 are applied 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.

Tracing Paper and Vellum Cloth 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 transfet

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 are usually small as compared to horizontal, and In

order to show small differences of elevation. It i.; called the

exaggeration of the vertical scale.

Cross- Section Papers (.Fig. 2), in sheets, rolls, or made

1 1"
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into books, are also used in plotting directly to scale. The

lines, both horizontal 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 put up in bottles ready for use. Waterproofdrawing

inks are useful when tinting is to be done. India ink is, how



Use of Drawing Materials «nd Instruments. 19

ever, the best and most reliable. It comes in sticks (Fig. 4).

 

Figure j.

and is prepared for use by pouring a little water hi a saucer

or ink-dish and then rubbing one end of the stick in it until

a jet black is produced.

It is the most suitable ink for brush work. For drawings

to be photographed the ink should be dead black. For those

ca transparent 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 the lire dry; put the paper on a hard smooth surface

and, with a needle point cr fine pointed sharp knife blade,

carefully remove the line by lightly scratching it back and

forth, disturbing the surface of the paper as little as possible;

afterwards the rubber eraser is used over it and the sur

face of the 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 the best,

even* at a greater cost, although one who intends to use them

only occasionally and to work with them without particular

reference to the excellence of execution might get along with

a cheaper grade 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 lacks (Fig. 5), pencils, pens, a straight-edged

FlGCRE 5.

ruler, right-angled triangie, T-square, dividers, compasses, pro

tractor, and a scale of equal parts. Besides these, there are
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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 is commonly supposed.

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 use 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.

For drawing lines with the aid of a ruler or irregular

curve, the Right Line or Drawing Pen (Fig. 7) is used. This

FlOURR 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 hindle. 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. The

pen should never befilled 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

placed 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

pressing against the ruler only hard enough to guide the pen,

care bting 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 tommon pen. Lines should be drawn from given

points rather than towards them.

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

The Border or Road J en (Fig. 9) may be used for drawing
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a w1de, heavy line by filling between the two pens with iuk,

or lor drawing two lines at the same time by filling the two

pens only.

Dotting Pens (Fig. 10) consist of a set of wheels with

 

Figure 10.

teeia of different breadths for drawing evenly-spaced dotted

or dashed lines.

Drawing pens should be carefully cleaned before being

put away.

Rtleks — The Straight-edged Ruler (Fig 1 \) may be
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made of hard wood, rubber, or steel; the edges should be per-

lectly straight and smooth. A convenient size is from lb to

24 inches long by 2 inches wide, preferably with one edge

beveled. Eoth 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 farther

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

^
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two points and other points marked under the thread at a

less distance apart than the length of the ruler. A carpenter

caalks his line and then snaps it, but to do this accurately re

quires the thread to be raised truly perpendicular to the sur

face, then released.

In determining the point of intersection of lines, the lines

sho ild extend a little distance each side of the point.

Irregular Curves (Fig. 13), of which there are many

forms, are used in drawing occasional

curves connecting straight lines, etc.

m jt 'Xto ^o Pr0duce the effect of a smooth

I continuous line, the curve must be

tangent to the line at the point of

iigurn is. 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 one

right angle and two

acute angles of 30°

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

 
 

Figure 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 at a. Hold it here and draw a line

along this edge. This will be the required parallel. Likewise

through any number of other points, as b and c, 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

side will be per- [

pendiculartothe r,a. ie. ^ c

given line. Or (Fig. 17),

place one of the shorter

sides of the triangle against

the given line AB, an edge

of the ruler against the

longest side, then the other

shorter side will be perpen

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-Square (Fig. 18) consists of a straight-edge, called a

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 made with what are called shifting

heads (Fig. 10), so that the lower half of the head may be

fixed at any desired angle with the blade; also with protractor

head and vernier on blade (Fig. 20). T-squares are much
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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

ruler against the outside

of the head and, hold

ing it firmly, slide the

T-square along the guid

ing ruler until the edge

of its blade passes

through the required

point a. Holding it here, draw a line along 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

is placed on the given line, the

head turned until the inner euge

of the lower half of the head

rests firmly along the edge ofthe

drawing-board ; then, by sliding

the T-square along the edga 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 tables

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.

Folding Parallel Rulers (Fig. 23) consist of two straight-

1

i
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—
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Figure 23.

edges connected near their ends by two metal strips of equal

length, so that when the rulers are separated their edgf =

remain parallel.

Rolling Parallel Rulers (Figure 24) consist of a heavy

 

 

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 23) is an arrangement of

W springsandadjustable stops

for attaching to a ruler and

triangle, or a straight-edge

by which the latter is carried

over equally spaced inter

vals at each movement, for

drawing parallels at equal

distances apart. Wiih prac

tice the eye soon becomes

accustomed to judging the

equal spaces between the

parallels, but until it does so, in the absence ofa section liner„

one can make use of a graduated straight-edge and a triangle.

Figure 28.



Topographic Surveying

 

Figure 26.

as in Figs. 16 and 17, making an index on the triangle to

coincide with the graduations on the rulers.

Dividers (Fig. 27) consist of two legs movable about a '

PlOURK 27.

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

accurate setting, by means of a screw on the

side acting on a spring.

Spring Dow 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 ted, 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 other

set. They are used in copying, transferring, and

comparing at different scales.

Consecutive distances on a line should be

F1OURB28. off from a single starting-point on it, and
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not one distance after another from the last point determined
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Spring Bow Pens (Fig. 30) and Spring Bow Pencils

(Fig. 31) ate used for describing arcs of very small radius.
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Other forms of the same are shown in Fig«. 32 and

33; in the first two, the point and pen both turn in

  

Figure 32. Figure 80. Figure SL Figure 33.

describing the arc; in Figure 32, the rod remains stationary

while the pen or pencil turns around it.

Compasses (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-
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pendicular to the paper; then, ho'ding; the top of the compass

between the thumb and forefinger, draw the curvewith a contin

uous sweep. The lengthening bar is used between 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.

35) 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

holders may be set any

distance apart, and in them may be inserted points, line pen

or pencil.

Problems with Compass.— To erect a perpendicular to a

given straig ht line at a given point on that line ^Fig. 36). From

the given point a to a center, with any

convenient radius, describe arcs inter

secting the line at equal distances b

and c cn each side of the point. From

the points of intersection 0/ the arcs

and line as centers, with a radius 4s~
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Fig. 38.

greater than the former radius, describe two arcs intersecting

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 to a given straight line at the end

of the line (Fig. 37). Spread the legs of the compass to a con

venient radius. Place the pen

cil on the end of the line a, swing

the needle point about half the

radius length above the line to

c. 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, d. 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. 38). From the given point

a as a center with a radius greater than

the distance to the line describe an arc

cutting the line in two points, b and c.

From these points as centers, with

a radius greater than half the distance '^V.

between them, describe arcs intersecting f I '8.

each other at d on the opposite side of

the line from the given point; draw a u

straight line from the given point to the Ap

point of intersection d of the arcs and it will be the perpen-

diculat required.

Tk ough a given point, to draw a straight line parallel to

a given straight line (Fig. 39). From the given point a as

a center, with a radius greater

than the distance to the line, de

scribe au arc cd intersecting the

line at c. From this intersection

as a center, with the same radius

describe another arc intersecting * I

the line at b and passing through the given point a. Take

the length of the chord of this arc from the point a to b, in

the compass, and from the intersection c 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 d. 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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40.

PiG. 41

To draw a line

parallel to a given line

(Fig. 40). At any two

points of the line, as a

and b, erect perpendic

ulars, and on these lay

off equal distances ac

and be from the line.

Through these points

draw a straight line,

and it will be a paral

lel to the given line;

or, with any two ooints of '.he line as centers, describe arcs

on the same side vi h the same radius of,

bg, and draw r. , <g,u c line tangent to the arcs.

To bisect a gir en straight line (Fig. 41).

From the extremities of the line as centers,

with z 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)

the given angle as a center, describe

an arc with any convenient radius

intersecting the sides of the angle at

b and c. Join the points of inter

section by a straight line, construct

the perpendicular ad bisecting it, which, if prolonged, will also

bisect the angle.

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

X

) ;

FlQ. 42

"1

With the vertex a of

a

 

Fic. 43.
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With the vertex a of the

given angle as a center,

with any convenient

radius, describe an arc

intersecting its sides at

A and c and draw its chord. Draw a straight line, and, from a

point d 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

/ and the point d 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 a * i r y*

of the given lineal, draw \ \

anindefinitestraightline ^\ \

ac, making any conven- F10.45. \

ient acute angle with it. '

Set the legs of the com-

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 b, the

other extremity of the given line, and through the points of

division on the indefinite line draw parallels to bd. 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

 given straight line ab, draw

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,ej,fg, and gi of the given
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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 id, 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

'iDwn and measure angles on paper, and are made rectangular,

semi circular, and whole circle.

The rectangular protractors (Fig. 47) are made of wood,

celluloid, and ivory, for ordinary use about 6 inches long and

2 inches wide. The middle of one side, corresponding to the

diameter of a circle, is marked as the center, and on the other

side and 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 0° to 180° or

otherwise. It is nothing more than a semi circular protractor

cut down to a rectangular shape, and is used in the snr.ie

manner as one. On some are scales of equal parts anil a scale

of chords.

' he semi-circular protractu/ (Fig. 4S), m^de usually of

 

Fig. 47.
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German silver, braes

or horn, has its sen.i-

circumfereuce divided

into decrees and half-

degrees andnumbered

bo.h ways from the

extremities of t'_e

diameter from 0° to

180°. The middle of

the diameter line is marked to indicate the center.
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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

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

 

Figure 49.
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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 op 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.

3X83
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Figure 50.

The triangular scale (Fig. 51), made of boxwood or nick

eled brass tubing, from 12 to 24 inches long, has six edges, all
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graduated. Each edge is divided into inches, and the inches

on the various edges into lOths, 20ths, 30ths, 40ths, 50ths, and

60ths 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 taker

as 5, 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. It is necessary to 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

3ion of the map bears to the corresponding dimension of the

surface represented.

In a topographic survey the first consideration is the pur

pose it is intended to subserve; knowing this, the next consid

eration is that of the scale and, relatively, the cost.

I.i such a survey the question of scale becomes a most

important one in the economy of the work. In itj practical

operations, material objects and definite natural features can

be more readily and accurately determined than what may

be called the vertical measurements 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

indefinite lines represented by contours, unless, as in special

cases, the contour lines are "run out" by actual level stations.

For such work the scale should not be so small as to embarrass

the topographer by too much minutiae in representation, nor

sc larcje as to affect the accuracy of his judgment of distance,

proportion, and configuration of details that may not require

special measurerm nt.
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Each 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

Itfo6) as long as the surface it represents; then it may be said

that its scale is 1 inch to 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. This fraction reduced to the form having unity 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. -j^nr. This latter method of expressing the

relation between the map and ground may be considered the

general one, in which one 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.

Thirdly, the scale of a map may be represented graphic

ally by a straight line divided into equal parts, and at one

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. 52, in which the portion of the line

Figure 52.

to the right of the 0 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 0 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 5

inches to 3 miles. Frequently, however, maps are drawn on

scales, the denominators of the representative fractions of

which are multiples of 10, as R. F. R. F. R. F.

isUtt. m which cases it is not always possible to express it as

above.

The representativefraction 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

then reducing both terms to the same denomination,

gjn«. 8 because there are 63360 inches in 1 mile, and

1 mile, 3 3 0 0 1n-'

then reducing the fraction having unity for the numerator,a ""s— = 1 », R. F. 7 , i^nj. 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 smaller

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 larger 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 denDtninator 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 constructed on the sheet to

contain the map, so that it may change in length with any

change 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, that the scale

should be just large enough to express clearly all the details

which it is desired to show.

The degree ofaccuracy 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, ifa 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 scale would be erroneous, which would not be the case if a

graphical scale had been constructed on the paper at the time 'A

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. Trtany. 0.01 inch on paper

will represent 200 inches or 16$ feet on the ground; hence it

will be useless to try to represent to scale objects or independ

ent distances of less dimensions than 16$ feet. At R. F.

T^^nr it will be 8J feet. R. F. 4.16 feet. R. F.

10 inches. R. F. $ inch.

Construction of Scales.—The Unit of Measure of a

scale is 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 6 inches long, but may

be either longer or shorter, depending upon the size of the

map. For reasons previously stated, one inch is assumed in

all cases as being the numerator of the R. F. for purposes of

constructing scales. To 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. Trrnr 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=586.0|. Or, if the scale is to be 6 inches to one mile t o

read feet, then, because there are 5280 feet in a mile represented

by 6 inches, there will be as many feet represented by 1 inch

as 5280-h6=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 6 inches long. In the first case above,

as 1 inch represents 58>>.0i| yards, 6 inches will represent

6x586.6§ yards=3520 yards; and in the second case, 6 inches

will represent 6x 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 ) fx the required

of measure represent- > : <ten, hundred, or thou- 1 ::(linch): i length of scale
ed by 1 inch. ) ( sand units of measure. ) (in inches.

This gives the length of the scale (to two places of deci

mals) in inches. In the first case, select say 3500 yards; then,

substituting and solving, one gets 586.6f :3500:: 1 :x =5.96

inches.

In the second case, selecting 5000 feet, substituting, and

solving, one gets 880:5000 : : 1 : ^=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. Construct a scale of 1 inch to 400 feet

to read yards. In this the unit of measure is j-ards. The

scale is given in feet. Now 400 feet=133.33 yards, repre

sented by 1 inch. Assuming 6 inches as about the desired

length for the scale, it will represent 6 times 133.33 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 6 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 AC draw 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 neatest 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 part3 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.

. f
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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. .j-gVo"-

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

milts.. Now 1 mile=1760 yards, represented by 10 inches;

hence 1 inch will represent as many yards as 1760-7-10=176.

If 1 inch represents 176 yards, then 6 inches (about the right

length for the scale) will represent 6x176=1056 yards. Select

1000 yards as being the nearest exact thousand to 1056, for

use in the proportion, substituting in which gives 176 : 1000 : :

l:x=-^W=6.68. Draw a straight line 5.68 inches long

(Fig. 55). 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. ^j^.

III. Construct a scale of 0.0396 inches to 1 chain

(Gunter1s) to read meters. The unit of measure is meters

of 39.37 inches each. The scale is in chains of 792 inches

each, 792 -T- 39.37 =20.12 meters. If 0.0396 inch represents 1

chain or 20.12 meters, then I inch will represent as many

meters as 20. 1 2 -f- 0.0396= 507.98. If 1 inch represents 607.98

meters, then 6 inches will represent 6 x 507.98 meters= 3047.88

meters. Take 3000 meters as the nearest exact thousand to

3047.88 and substitute in the proportion, 507.98 : 3000 : : 1 : x

Draw a straight line (Fig. 56) 5.9 inches long. Divide it

into 6 equal parts, each representing 500 meters, for primary

divisions, and the left into 5 equal parts for secondary divis

ions, each representing 100 meters. To find the R. F. .•»»»«•

1 chain
, .0 8911 1 1 1n. 1

19 3 1". 20000 Cr 507. 98 me. 2uuuu-
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IV. Construct a scale of R. F. to read feet. On

this scale 1 inch represents 5000 inches; 5000-=- 12=416.67

feet. If 1 inch represents 416.67 feet, then 6 inches will rep

resent 6x416.67 feet= 2500.00 feet. Draw a straight line

(Fig. 57) 6 inches long and divide into 5 equal parts for

primary divisions of 500 feet, and the left division into 5 parts

for secondary divisions of100 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

inches in that unit of measure by the denominator of the repre

sentative fraction, thus 63,360 inches=l mile, then 63,360-r-

5000=12.672; hence, scale is 12.672 inches to 1 mile.

A diagonal scale is one constructed for reading either to 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

-t-36=1.39 yards. If 1 inch represents 1.39 yards, 6 inches

will represent 6 x 1.39=8.34 yards. Take 8 yards and substi

tute in proportion, 1.39 : 8 : : 1 : j;=5.76 inches. Draw a line

(Fig. 58) 5.76 inches long and divide into 8 equal parts, each

representing 1 yard. If now the left division be divided into

3 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 3 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 6.336 inches to 1 mile to read

paces of 31 inches each. The unit of measure is paces of

31 inches. The scale is expressed in miles. 1 mile=63,360

inches=as many paces as 63,360-=- 31 =2043.87 paces. If 6.336

inches represent 2043.87 paces, 1 inch will represent as many

paces as il\VF= 322.57 and 6 inches will represent 6x 322.57

paces= 1935.42 paces. Take 2000 paces and substitute in

the proportion getting 322.57 : 2000 : : 1 inch : *=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. 1 0060.

VII. A horse takes 545 steps in walking 500 yards. Con

struct a scale of 0.0072 inch to 1 yard to read the horse1s

steps. The unit of measure is the horse1s steps. The scale

is given in yards. If 0.0072 inch represents 1 yard, 1 inch

will represent as many yards as J 138.888 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 6x151.388 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 = 0.0 0 72 1nches 0.0078 1nches 1

' 1 y»rd 8 8 1nches 5 0 0 0 •

Or, first reducing all to inches, if 0.0072 inch represents

1 yard or 36 inches, 1 inch will represent 36-4-0.0072= 5000

inches, and, as the horse takes 545 steps in 500 yards or 18,000

inches, he takes one step in 18,000-f- 545= 33.03 inches, and in

5000 inches, which is represented by 1 inch, he will take as

many steps as 5000-r- 33.03=151.38.
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VIII. A horse takes 120 strides in cantering 400 yards.

Construct a scale of R. F. -jVinr to rea^ strides cantering. The

unit of measure is strides cantering. 1 inch represents as

many yards as 5000-5-36=138.89 yards, and if the horse takes

120 strides in 400 yards, in 1 yard he will take as many as

120-5-400=0.3, and in going 138.89 yards he takes 138.89x0.3

=41.667 strides, the number represented by 1 inch. 6 inches

would represent 6x41.667 strides=250.00 strides. Draw a

line (Fig. 61) 6 inches long, divide into 5 equal primary divis

ions of 50 strides each and the left one into 10 secondary

divisions of 5 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 14,400-5-120=

120 inches, and in 5000 inches he takes 5000-s-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 3 inches to 1 mile to read strides.

The unit of measure is strides trotting. 1 inch represents

570-5-3=190 strides. 6 inches would represent 6 x 190 strides=

1140 strides. Take 1100 strides and substitute inproportion, 190

strides: 1100 strides : : 1 inch : x=^t% >">=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 31 inches each. Construct a scale of R. F.

-5-^5-5 to read minutes and 5 seconds.

The unit of measure is minutes. 348 paces of 31 inches

each=10,788 inches, over which the horse 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 £§-{$=0.93 minutes, and 6 inches will represent 6x0.93

minutes=5.58 minutes. Take 5'minutes and substitute in pro

portion 0.93 minutes : 5 minutes :: 1 inch : ^r=T5g7=5.38

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 5 seconds each.

XI. A sketch has no scale on it. The distance between

two points measured on the sketch is 3.6 inches. It is paced

on the ground and found to be 1200 paces of 30 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 3.6 inches. 1

inch represents as many yards as J^9=277.77 yards, 6 inches

would represent 6x 277.77 yards=1666.62 yards. Take 1500

yards and substitute in proportion, 277.77 yards : 1&00 yards

: : 1 inch : x=5A0 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 5 secondary divisions of 20

yards each. To determine R. F. 3.^H5t=ttsW

XII. A map is drawn on a scale ofR. F. ^fas 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. is not the correct scale for it, since

for every pace of only 29 inches an actual representation of

32 inches on the scale of R. F. rJT 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. TJ7 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

32 inches, the map as construcied will be larger than it would

have been had the paces actually been 32 inches long, and

consequently the true scale will be larger than R. F. xhs. 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 oti t'.ie 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. ^fo, greater than we

supposed, consequently the map is that proportion .greater

than represented by the scale of R. F. shs. To determine the

correct R. F. for the map, the proportion from the above

reasoning is 29:32 ::^ tsV-tts. or 32 : 29 :: 500 : x =s

453.125. Having found the true R. F. 4 s a'. i'2 5 - scale is con

structed as in Ex. IV.

If the conditions of the problem had been reversed and a

29-inch pace used while the actual length was 32 inches, then

the map would have been smaller and the denominator of the

true R. F. greater than 500, the proportion being 32 : 29 : : 5^

:^=55i1 7 24. or 29: 82:: 500:* =551.724.

XIII. A map 8 inches long by 7 inches broad represents

2.2317 acres. Construct its scale to read yards and feet.

Determine its R. F. The map being 8 inches by 7 inches,

contains 56 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 56 square inches repre

sents 10,801.428 square yards, 1 square inch will represent -fa

of 10,801.428 square yards = 192.8826 square yards, 1 linear

inch will represent as many linear yards as the square root of

192.8826 = 13.89 yards. Now if 1 inch represents 13.89 yards,

6 inches will represent 6 X 13.89 yards = 83.34 yards; take 80

yards and substitute in proportion, 13.S9 yards: 80 yards:: 1

inch : ^=5.76 inches. Construct scale as shown. To deter-

sp 1 1nch 1 m , l
mine k. f. 1 8.8 9 yaIds 13.89*86 5 0 0-0 0 -

XIV. A map on a scale of 3.168 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 = fHf^ = rtbn.

The R. F. of copied map is = £4fE = Wn- *V
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an examination ofthe R. F.'s, remembering whatwas saidabove,

it is seen that the original map is to be copied on a scale four

times as large.

Comparative or Equivalent 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. 57, 60, 61, and 63 are comparative scales of R. F. ^Vrr,

and Figs. 59 and 64 of R. F. rishns-

Having already constructed a scale of say R. F.10$a(), an(i

it is desired to use it when plotting to a scale of R. F. sThns*

it is only necessary to multiply each measured distance by 2

and take it from the scale and vice versa. Thus any one

scale may conveniently be used for another having the same

sunit 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

,1; 1,1,1,1,1,1,1; ,i| 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 d

• !s*»»«»•1• Flo. 88.
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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 0 to the left, the first

divisionwillbedistant.il 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 0, 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 5 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

inches.
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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 mUo to read yards. How many

inches to mile ?

3. Construct a diagonal scale of fa to read meters, deci

meters, and 5 centimeters.

4. Construct a scale of 7.5^5 to read paces; 1 pace =31

inches.

5. Suppose a horse takes 160 strides trotting, in going

500 yards. Construct a scale of 3.168 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. Con

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 rider1s paces (30 inches each). Con

struct a scale of R. F. 5 0T0 0 to read minutes and quarter-

minutes.

9. Suppose a horse gallops in 1 minute 20 seconds a

distance equal to 400 of his rider1s paces (30 inches each).

Construct a scale of R. F. to read seconds.

10. Suppose a horse trots a mile in 11 minutes 44 sec

onds. Construct a scale of R. F. nrfanr to rea<i minutes and

half-minutes.

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.

nrhnr wrtn 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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TJT with 34-inch pace, which is found to be 29 inches. What

is scale of map?

15. A map is supposed to be drawn on a scale of R. F.

10&o0 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

Ynhns witn horse galloping 250 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 (Gunter1s). R. F.?

18. A map 20 inches long by 15 broad represents 577.896

square yards. Construct its scale of feet and inches. R. F-?

19. A plan of R. F. nrfonris to be copied at R. F. ^nr-

Original has J-inch squares. What will be ratio for copy?

20. A plan of 3.168 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?

j

i



Topographic Surveying.

CHAPTER IV.

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

nier 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 the 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

-fa of the hundredths divisions, or ^-fa; of a foot. The verntef

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 -j-^ of a foot shorter than a division of

the limb. (2) If 11 divisions are taken and divided into 10

equal parts, then each division ofthe vernier will be of a

foot longer than a division of the limb.

A vernier of the Jirst kind (Fig. 66) is found on leveling-
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rods. The 0 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 rTff 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 0 of the vernier, making a total reading of 8.037 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 and 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 0 of

the vernier as before marks the point on the limb which is to

be read. If the 0 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 6th) showing that the

0 has passed on ^ff of the length of one of the smallest divis

ions of the limb, or yfo 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 0 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 or*

straight lines for simplicity in explaining them.
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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-i-20—J 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 small

est reading are both doubled by erasing each odd numbered

line, practically dividing 21 divisions of the limb into 10 equal

parts. Each division of the vernier thus becomes 1 looi.

greater than two 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 limb is a semi-circular arc divided into

degrees and numbered both directions from 0 to 90°, begin

ning at the middie. The vernier is double—i. e., 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 0 being the same for both verniers. To construct

these verniers, the length of 5 divisions of the limb is divided

into 6 equal parts, making the smallest reading or least count

equal to 1° or 601-=-6- -101. 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° 21/ , the right vernier being read, since the 0 of the

vernier is to the right of the 0 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 ueed. The

coinciding line used and the 0 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

Architect1s Levd. The scale is a full circle graduated to



Fio^rr fie.7t. FtcTk- ric.n. Ftc.6a. Fia.er.
 



62 Topographic Surveying.

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.) Tbe

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 601 -5-

12=51. 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

0 of the vernier is to the right of 30°; now to find how much,

we start from the 0 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 451 must be added to the 30°, mak

ing the reading 30° 451. 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 ofthe vernier one would look

along it to the left of the 0 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 0 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 0 of the vernier from

0 of the limb, in this case 74° 151. The lower row ofnumbers

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 equal parts, the smallest read

ing being £ degree or 301 -f- 10=31, 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 58° 51'.

V. Figure 72 shows a common form of direct verniers

on some Compasses, Transits, and other instruments. The

limb is divided to half-degrees. The length of 29 divisions

is taken and divided into 30 parts, giving a smallest reading

of 1'. As shown it reads 333° 531.

VI. Figure 73 shows the same vernier, but doubled for

reading both ways, as in Fig. 70, when the limb has two sets,

of numbers. Reading 203° 531.

VII. Figure 74 shows the vernier on the Plane Table

Alidade. The limb is divided to ^ degrees or 201. The length

of 19 of these is divided into 20 equal parts, giving a smallest

reading of 11; reading 156° 29\

VIII. Figure 75 is a scale and vernier on some transits,

the divisions on the limb being 201. The length of 39 divis

ions is divided into 40 parts, giving a smallest reading of 30";

reading 268° 461 30". The numberings on this vernier, as on

those shown in Figs. 76 and 77, are given fo¥ the full minute

divisions, the number of \ 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° 161 40".

X. Figure 77 is the vernier also found on some sextants.

The divisions of the limb are 101 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 vernier,

so 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° 551 20".
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Figures 68 and 77 are apparent exceptions to the genera!

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.

Arc of Excess.—On the sextant the divisions of the

limb are carried beyond the 0 to the right. This is called the

Arc of Excess. When the 0 of the vernier is on this part and

it is desired to ascertain how far it is from the 0 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 Hmb, shows the distance forward to the next, or the amount

passed over by the zero of the vernier on the arc of excess.

RULES.—First. To find the "smallest reading" of the

vernier, divide the value of the division on the limb by the num

ber ofdivisions in the vernier.

Second. 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 direct, or backward if retrograde, until

coincident lines arefound. The number of this line on the ver

nier is the number of smallest reading units to be added to the

reading made on the limb.
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Problems.—1. A barometic scale is divided to inches.

The vernier of 25 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 scale is divided to ^ 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 ?

3. It is desired to graduate a scale and construct its ver

nier to obtain a smallest reading of nfca °f a foot. What will

be the scale and number of divisions of the vernier? Direct

or retrograde?

4. A scale is graduated to Tfo of a foot. What will be

the least count in the following cases. 10 of scale=ll of ver

nier? 10 of scale=-9 of vernier? 11 of scale=10 of vernier? 9

ofscale=10 ofvernier? Which are direct and which retrograde?

0. A limb is divided to 15 minutes. Construct a vernier

to read to 20 seconds.

6. 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 1 5 seconds. It covers

81 divisions of the limb. How many divisions on the vernier

and what is the value of a division of the limb?
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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 must be

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 Rods. — Various

methodsand instruments

have been used for meas

uring base-lines. At first

.wooden and metal 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 means.

Steel 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 to ^ inch wide

and from 3 feet to 1 000 feet long.

The usual length for Engineering PXQ..~ 78 »,
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work being 100 feet, and for Topographic work

300 feet. They may be obtained with almost

any desired graduations, andwith extras, as com

pensating handles with graduated scale for tem

perature (Fig. 78a), 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 obtain an accuracy of 1 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.

To measure a line with an accuracy of1 in

50,000, the tape should be tested under the same

conditions of supports, tension, etc., that are to

be used in the field. Marking-posts

"A and B" (Fig. 79) are driven

solidly Into the ground, on the line,

a distance 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

Fk. 70a.
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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 chief, 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 foretapeman, who adjusts the forward end of the

tape, exerts the required tension upon it, and carries and

reads a thermometer ; and a 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 required tension, 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 to a

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.*

The 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.— The ordinary Surveyor's or Gunter's Chain (Fig.
 

Figure 80

In Geodetic Surveying the lengths of all triangnlation lines are

reduced to what they would De 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 base of

verification.
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SO) is 66 feet long, composed of 100 links, each 7.92 inches

long, connected with the other by 2 (or 3) 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, 3, or 4 notches as

they are 10, 20, 30, or 40 links, respectively, from either end;

the tally of the 50th link or middle of the chain is round, to

distinguish it from the others. The links are made of iron

or steel wire from fa to 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=l mile. It is the one used in the

Government Land Surveys and the one meant when used in

deeds and other documents.

The Engineer'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 Chain. 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

vey laid off for that purpose anJ the chain 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-

*ng, 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 0.0000065 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=0.0000065 (Ts—Tu) L; in

which C=the correction to be applied to the measured length

to give the true length, Ts=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 Ts<Tu, because the measuring limit is too

long (due to expansion), and positive when Ts>Tu, because

the measuring unit is too short (due to contraction). This

correction should always be applied when laying off a standard

for future reference and comparison.

Measuring lines with an incorrect Chain. If, however,

lines 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 chain as given > < in terms of incorrect > : True length,
by the 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 hot izontal if measured on a slope.

O 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.

81a), so as to answer as a plumb when

ft dropped to the ground from the suspended

Y 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

TO. 81. FIGk 81 a. pjns are carried on a large spring-catch ring.

To Fold and Open Chain.— The 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 open the chain, 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 ofthe line to be measured being marked byrange poles

or otherwise, two chainmen with the chain folded, 1 1 pins, note

book, etc. , proceed to one extremity ofthe line. The fore-chain-

man with 1 1 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 outside

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 inside 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 his handle. The fore-chainman then

proceeds along 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 in," 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, tens, 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 6 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.

ANGLE OP SLOPE
1N DEGREES.

SUBTRACT FOR EACH 100 FEET.
R1SE OR PALI, 1X 100 FEET

HOR1ZONTAL,

1° toot. 1.75 feet.

2° .061 foot. 3.49 feet.

3° .137 foot. 5.24 feet.

4° .244 foot. 6.99 feet.

5° .381 foot. 8.75 feet.

6° .548 foot. 10.51 feet.

7° .745 foot. 12.28 feet.

8° .973 foot. 14.05 feet.

9° 1.231 feet. 15.84 feet.

10° 1.519 feet. 17.63 feet.

11° 1.837 feet. 19.44 feet.

12° 2.185 feet. 21.26 feet.

13° 2.563 feet. 23.09 feet.

14° 2.970 feet. 24.93 feet.

15° 3.407 feet. 26.79 feet.

16° 3.874 feet. 28.67 feet.

17° 4.370 feet. 30.57 feet.

18° 4.894 feet. 32.49 feet.

19° 5.448 feet. 34.43 feet.

20° 6.031 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 hilly country and it is desired to range out a line

over a hill between points A and B (Fig. 85), in opposite

servers range themselves in near the top of the hill by b di

recting a until he is in line with the object B, then a from

his position ranges in S with the object A, and so on until

both are in the line.

One observer with a long pole, rope, or chain could place

himself on the line by observing each object in succession from

valleys, neither

of which can be

seen from the E_

other, two o b - ^
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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 A and B (Fig. 86), on

opposite hills, an ob

server standing at A

holds a plumb-line over-

it, and, bending down.

until the line is seen

covering the distant

point B, directs another.

person to place down the slope, poles p,p1, p", etc., in the same

line with plumb-line and distant point.

If through a wood (Fig. 78), range out a trial line AC as

near the desired line , „

 

Fig. 86.

a

Fie. 87. ^i-^Z

AB as possible, until a ^

point C is reached from

which a perpendicular

CB may be erected to

the line. Measure this perpendicular, then move all inter

mediate stakes, a, b, c, etc., perpendicularly over tbeir propor

tional amounts.

Passing 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, rangeoutthe line upto the object (Fig. 88); then, by 2

equal rectangular offsets

ab and cd\on% enough to

clear the obstacle, range

a line d/ past the object,

 

7.0.88. f
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at the same time measuring it, and by two equal rectangular

offsetsfe and hg 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 3-4-5 rule. Form a triangle, with the tape or chain,

with sides in the proportion 3, 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

lateral triangle b, and prolong the side to the original line pro

longed, making it equal to the previous side; then on this form

a third triangle c, 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.

Odometers.—When traversing is done along roads, dis

tances may be measured by counting the revolutions of c

•For laying off an angle by means of a chain, the formula,

Tan. £ A= = (in which A is the angle sought, b the radius, and

V 46*—a',

a the chord), may be used.

 

Tie. 89.

to the obstacle (Fig. 89),

form the equilateral tri

angle a on the line, and

prolong the side which

will pass below the ob

stacle, measuring it; on

this form another equi
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wheel. For record

ing the revolutions,

various automatic

devices have been

in use. The old

form of odometer

(Fig. 83), known as

the pendulum, has

been extensively

used, but has not

proven altogether

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 I

 

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 ofgetting 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 face of the dial. On the outer rim of the dial are 100 divisions
 

read by.an index securely attached to an under

wheel with ICO 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

the index. The Odometer is fastened to the

axle, as shown, a cam on the hub giving the

outward motion to the steel lever.
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CHAPTER VI.

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 to work from the whole to a part, from greater to less,

and to enter on no small operations early in the work.

The Selection of Stations.*— The Stations, which are

•Upon the proper selection of 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
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to be the vertices of the triangles, to be observed to and from,

must be so selected as to form strongfigures, in order to reduce

to a minimum the errors which will creep in. No triangle

should have an angle of less than 30°, 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—if. e., so as to have at least two or more fall

upon a single field sheet.

The triangulation may .J\ ^N

be extended by continually >v>.

increasing the sides of the S V **iv- S"*v

triangles as in Fig. 90, . IVI Zlyl..

where AB is the measured \ ***A/'/

base-line, G and D are ob- V fi ,' t**

served upon giving anew

base CD, from the ends of Fi«. 90.

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

tag 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 flag on

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 is climbed, andwith the field-

glasses a search is made for other stations. If no 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 Figs. 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, 3, 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 triangulationpoints 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 maybe 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.

To the signal staff is 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 earth1s sur

face to be represented, the pari ose 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 earth1s 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 codrdinV ?s (azimuth and distance) or from rectan

gular coordinates (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 VII.

THE ENGINEER'S TRANSIT.

The Measurement of Angles.—Several instruments

1differing 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.

Description of the Transit.—The essential parts of

the Transit, as shown in the cut, are the telescope with its axis

and two supports or standards, the circular plates with their

attachments, the sockets upon which the plates revolve, the

leveling-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

sobjects, either near or remote, as desired.



 

Figure 95.



The Engineer1s Transit.

The Eye-piece is made up of four

lenses, which, beginning at the eye-

end, are called respectively the 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

•Averts the object seen and so has o

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, V

a little capon the endof the eye-piece is

unscrewed and replaced by one con

taining a small prism, which reflects

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

 

the image of the ob

ject at right angles

and brings it to the

eye of the observer

(Fig. 96a). When

used on the sun, a

a Li

v
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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 line of collimation, and

tne 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

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
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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 op 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

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 5 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

ble is brought into

center of its run.

The Clamp and

gent consists of an

at one end encircling

telescope axis and at

other connected with

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,
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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 cf 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 slight 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 Attachment, placed upon the cross-bar of the

ordinary transit, consists essentially of a polar axis attached

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

forming between them two pencils of rays; on

the surface of the plate are marked two sets

A
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of lines intersecting each other at right angles; of these bb

are termed the hour lines, and cc the equatorial lines.

Surrounding the base of the polar axis is the hour 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

tachment (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 screwed fast to the flange of the interior

solid spindle, and is called the alidade; 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 head 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 pivot.

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 slight inde

pendent 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 00° 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.

The 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.

The 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.

The Lower Plate or Limb 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 Clajip and Tangent movement of the leveling-

head serves to turn the head of the instrument upon its sock

ets. Some instruments have a screw instead of the spiral

spring in this movement, and 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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ft "shifting center," and by

means of it the plummet

which hangs from P can be

set precisely over a pointwith

out moving the tripod.

The Tripod 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

the instrument being made of

brass, bronze, and other soft

metals, the greatest care isj

necessary not to strain any Fiocreio3.

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.

The plumb-line is a vertical line pointing to the center of

the earth, and a plane at right angles to this line is for that

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 earth1s surface.

Parallel hoi izontal 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 I. If 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 the 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 II. If 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 o
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revolution will 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 III. 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 twice 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

— 7
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(1) be familiar with the structure and use of all its partsf

(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 ofReversion. 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 Engineers Transit are such as

to cause: 1st, the head ofthe 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.—To 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 undamped the plates, turn 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 correction; 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 positions of a bubble-

the vertical axis was inclined was made to appear as an error of the

bubble-tube ; hence the necessity for releveling.

 tube (direct and reversed) is double

the angle madeby theaxis of the bub

ble-tube with the upperplate, to which

it should be parallel when in adjust

ment, assume the bubble-tube, drawn

full in Fig. 104, as leveled in the orig

inal position, and that drawn broken

as havingbeen revolved 180° about the

axis ; then a=inclination of axis=a'

=a//=a/'/ ; £=angle between direct

and reversed positions of bubble tube;

b+c=a"+a"' rc;

.: b=a"+a"'=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
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the instrument firmly and level carefully; hence it will not be

repeated.

2d Adjustment.—To 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 that

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

observation. Figure 105 shows this; the line XY repre
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 senting the horizontal axis of telescope

during first two observations, a' and a"

the position of the optical axis, and the

jk points marked 1 and 2 the points ob-

served, the line X' Y' the position of

~* the horizontal axis during the third, and

fourth observations after turning nearly

half way around the vertical axis, a'" and

ct'" 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 d, or 2 from a", and hence 4 from a"", 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 106, if c be on the axis of the telescope, and

Tie. 106.

the Intersection of the cross-wires be at a, above c, when a, 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 atl below c, while its image

will be at a' above the axis. In this latter position of the

telescope the true displacement of the intersection of the

cross-wires is below c, but apparently above it; hence, to cor

rect it the cross-wire ring must be moved upward \ a, au in

the direction of the apparent displacement.

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

intersection ofthe cross-wires be at a above c, 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 a' below c, 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 \ a 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.—To 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,

giving a long range in a vertical direction.

 

Fig. 107.
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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

around, 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 opposite 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 underneath the sliding-

piece, bringing back the wire one-half its displacement from .

ibe 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.

4th Adjustment.— To make the axis of the telescope

bubble-tube parallel to the line ofcollimation.

1st 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.
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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 b. Now carry the instrument to

the distant peg, set it near it, read the elevation of the instru

ment as before, which reading call d; carry the rod to the

first peg and set the target on the line of sight, giving the

reading b1. 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 a and b readings in each case would have

been the difference in elevation of the pegs, and hence equal

to each other—i. e.,

a—b=b1—a'=p (Fig. 108).

If the line of sight was

not parallel to the axis of the

bubble, however, then the Fig. 108. >

differences of elevation of the two pegs as obtained by the

two sets of observations, are not equal, and

(a—b)—(b,—a') =d (Fig.109);

forb=jc+(d—y);

b1=x+a+y;

a—b=a—(x+d—y);

=a—x—d-\-y;

b'—d=x+a+y—d; ~~ *'

.". (a—fy—ib'—a^ia—x—d+y)-(x+a+y—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 equal to \
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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 \ d 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 («+«')—(b-\-b')=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.

Hence, add together the two heights of instrument and the

two rod readings, subtract the latterfrom the former, and take

\ the remainder. Move the target by this amount from the b

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 (a—b) agrees with the adjusted value of

(b'—a'). If not, adjust again.

2d method: First level the instrument 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.— To 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.

Edmethod: Thezeros being placed together, the line ofsight

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, w'^h

telescope find or place some well. defined point from VX) 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 leyeling

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-slide.
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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 near

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 eye-biece—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 m new cross-wires. 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 1 2 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. After drying 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 wires are 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.

To 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 determine whether the zero lifie 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 Use the Transit.—It should be set tipfirmly 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 3 minutes of arc at 100 feet.

I 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 engineers 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

telescope 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 denned, and the wires appear as if fastened 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 with the stadia

rod and in leveling.

Needle check. The needle is used, as will be described

under the compass, to give the bearings 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 level the

transit exactly over the apex of the desired angle—t. 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 movement*

By either tangent screw make the intersection of the cross-

wires bisect the object, and read botn verniers. Record the

readings seperately as Reading Vernier A, Reading Vernier B.

Unclamp the plates, being careful not to disturb 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

*o 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 360 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 ; thust

after measuring the angle as above, the head is undamped

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, J 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 fifth on the right-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 horizontalplane, 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 11 for a triangle of 4500 square miles.

To measure vertical angles. If the vernier of the vertical

arc or circle has been adjusted to read zero when the line of

sight is horizontal, then the vertical 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 tangent 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

right line AS if there were no refraction, but

as soon as the ray enters the outer stratum of

air at b 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

tangent to this ray at A that the sun is seen,

and appears to be situated at S1 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.— The horizontal lines ob

served with the spirit level are tangent lines to the earth1s

surface at the points of observation, being perpendicular to

the plumb-line of the instrument, while a true level surface is

a curve like the surface 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 LB2=BOXAB orj

BO (BO+2CO) and BO=^~~; BO, being so

small compared to 2CO, may be neglected, and

If LB=1 mile, BO
1 mile 5280 fwt

 

BO=—
2 CO ~"~ ~ 7916roiles ' 7916

0.667 feet=*^91,7hps=8 004 inches. If LB=2 miles, BO=
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}fj£=4x 0.667 feet=2.667, feet=4x8.004 inches=32.016

inches. If LB=10 miles, BO=,^n,11:f*=66.7 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

C than A, whereas it is-f-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

z same level. On F we say it is—BF lower

FIC.175. 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 operations at 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.

2. Clamp the horizontal limb or head.

3. Level carefully and turn the telescope upon the rear

point.

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

5. Clamp the alidade anH 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.
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8. Clamp alidade, make bisection on rear point, plungt

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—i. e., 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

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 miles1 distance to B, mak

ing intermediate corrections northward

for the points on the true parallel, and

then offset the proper distance to C; set

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

VIII.—are combined in one. The angles there given are

measured from the north point towards the point of tangency

ofthe straight line with the parallel, which is the initial point
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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 onsets are always to be meas

ured to the north from the tangent line in

the northern hemisphere and south from it

in the southern hemisphere.

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° 551 38", 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 C is 80.5 feet

north.

To 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 reading the angle through which the telescope

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 beplottedby 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
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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 traverse

consists of a series of consecutive straight lines—t. e., 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. Traversing consists in observing the

directions and measuring the lengths of the consecutive

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 azimuths of the

lines with respect to the meridian line, to distinguish them

from the bearings 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 lines are, when plotted, usually

surrounded by a circle, thus Q.

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

wiih 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 0-1 80° line of the hori

zontal limb is first brought, at each station, into a line parallel

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 azimuth or back angle.

1st method: Starting at © 1

(Fig. Ill) 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, 38°.

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, thenunclamp 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 © 1 and the 0 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 0 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

©3 by the plate tangent screw, and vernier A read, 74°. The

instrument is moved to ©3 and the operations just described

for ©2 repeated.

2d method: If the azimuths are counted from 0 looking

south, around to the west 90° , etc., the steps are exactly sim

 



The 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 ©1 to ©2. In this case

the instrument is set up at©2, 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 undamped

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

360° 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 run, together with the date, name of party,

etc.

Transit Traverse from to

Observer.

Date
Recorder.

STAT1ON. AZ1MUTH. D1STANCE. REMARKS.

Right-hand page

for sketching.
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To Plot the 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 ©1. Mark on the paper

by a fine dot or pin-point the azimuth of ©2, 88°. From ©1

through this point draw a straight line and on it lay off from

©l the distance to ©2. Through ©2 draw a line parallel to.

the direction line through ©1 and lay off the azimuth to ©3,

and so on to the end of the traverse (Fig. 111). If the traverse

closes upon itself, the last line plotted should pass through ©1

if the work has been accurate.

If the traverse has been run from one ^ to another

^, the end of the last course should be at the second

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 A to another 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, check 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.

To 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° 161 therefrom (Fig. 115). A complete revolution is made

once in 23 hrs. 56 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 four po- £

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

 

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

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 Great Bear below, it will

show Zeta (Mizar) of the Great Bear, Delta of Cassiopeia and

Polaris on the meridian, Polaris at upper culmination, at mid

night about October 10th; with the Great 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 5 h. 54.8 m. after eastern or

it is then not moving in azimuth.
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before western elongation, and 11 h. 58 m. before or after lower

culmination.

Lower elimination occurs 6 h. 3.25 m. after western or

before eastern elongation.

Eastern elongation occurs 11 h. 49.6 m. before or 12 h.

6.5 m. after western elongation.

Determining the True Meridian with the Tran

sit.—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 is to 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,
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or board covered with white paper, having in the center s

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 a under the instru

ment and the tack b 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 b

to c, on a perpendicnlar to ab 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 c in this line, and ac will mark the

true meridian. The two may be used for a check.
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CHAPTER VIII.

THE COMPASS.

Description.—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. It measures 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 the declination of the

 

Figure 113.

meedle, 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

north or south point, according to which is less than 80°

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 its magnetic bearing. When

referred to the true meridian, by correcting the magnetic bear

ing for the declination, it is called its true bearing.

In using the ordinary compass, always keep the north evd of

the zero line pointing in the direction of the line or object whose

bearing is to be taken, and read 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 ofsight.

Stretch 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.

To remagnetize the needle. It sometimes happens that the

needle has lost its polarity or magnetism and will be sluggish

in its movements and 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 rubbing

it on the surface of a clean soft piece of leather.

Causes op 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 ueedle 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. If the 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.

To 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 point,

and see at which the fore and back sights disagree. Knowing

this and the amount of the attraction, bearings taken from

here 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 west when the

north end of the needle points to the west of the true meridian,

and it is called east 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 15

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 8a. m. it reaches its extreme eastern position from
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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 5' to 15', depending upon

the seasons of the year. A similar but smaller movement

1JF takes place during the night (Fig. 114). Hence,

Jlji not only the year and month in which important

Ifr bearings are taken should be known, but also the

IU hour of the day.

Iff The mean of the extreme easterly and westerly

t positions in any one day approaches within half a

f minute of the mean position of the day. Since

r«.tl4. 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 b.e 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 at a 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

\\\° E. It then began to decrease, and in 1666 was 0°, and

in 1814 was 22° 341 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, ifany at all, is scarcely percep

tible; as also in a belt through central Arizona, Nevada, western
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Idaho, across Washington to Vancouver Island. To the west

of this latter belt eastern declinations are increasing. ,

The 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 Isogonic

Lines. It is to be remembered that the north end ofthe 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 formulae 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 ofusing

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, that is

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 con*
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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 two 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-Une, 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

tinder 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-Linb.—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 ofthe 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 foi

determining the declination.

To Set 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 no attention to the position of the

needle, but assume tbat the line of sight 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 hands 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 of 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 establish lines o'f 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.

To retrace old lines. In 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 known, the bearings for retracing can be

computed and the line retraced.

If the former declination is not known, but the exact date

of tracing is, then the declination can be ascertained 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 theformer 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 circle 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 north 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. &

 H S. E. bearings. Thus (Fig.

a 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 0=S 45° E, old bearing S 60° E, present bearing=60°

_5°=S 55° 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 obtains. In Fig. 1173 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 30° E, present bearing=30o+5°=S 35° E;

true bearing of V=N 45° W, old bearing N 30° W, present

bearing=30°-f 5°=N 35° W.

If the compass has no declination arc and it is desired to

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° -f the declination

(Fig. 118 a). Using present

bearings of same point as jn

Figs. 117, azimuth of M=35°

+ 10°=4o°; azimuth of 0=

(180°+10°)—55=135°; with

S. W. bearings add the decli

nation and 180°; with N. W.

bearings subtract the bearings from 360°+the declination.

(Fig. 118 b) azimuth of P=35°+1S0°+10°=225°; azimuth

of Q=(360°+10°)—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. 1 18 c) azimuth of R

=55°—10°=45°; azimuth of

T=180° — (35°+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 d) azimuth of

U=55°+(180°—10°)=225°; azimuth of V=360°—(35°+10°)

=815°.

The following is a convenient form for the notes of a

compass survey:

COMPASS SURVEY.

190...

Observer

ChAinmen

STATIOn. POInT. BACKSIGHT. FOReSIGHT. DISTANCE.
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CHAPTER IX.

THE PLANE TABLE.

Description.— The plane table (Fig. 119) consists of a

drawing-board about 20x30 inches, mounted upon a tripod. It

should admit of being leveled, of being turned in azimuth,

and of being clamped iv any position. On the drawing-Doard
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is fastened a sheet of drawing paper. Upon this paper is

plotted in miniature a representation of the country. Direc

tions are not read off in degrees and minutes, but plotted

directly; the instrument used being the alidade, which consists

of a bevel-edged ruler, to which is attached for rough work two

raised sights, as on the ordinary compass, and for the higher
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class of work a telescope 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 telescope 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. It also 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 pape% used should be such as does not expand and

contract 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

attached in a variety of ways, as with thumb-tacks, with

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.

(2)—For line of collimation

(3)—For telescope level.

(4)—For vertical circle.
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Uses of the Plane Table.—The plane table, in some

of its various forms, is the principal instrument used in "filling

in" the details 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 then located 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 is done 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 areas are 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. It is 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 of 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 practically 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

considerations, 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 errors in 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 ail lines joiniug points 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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/ •4 approximately oriented

V* s, \ with the plotted point a

* % » directly over the point A

120. ** on the ground, and then

£ A and b, the table is set up

leveled.

over one of them, as A,

The base-line, or the

stations A and B at its

extremities (Fig. 120),

having been plotted to

scale on the paper In m

The beveled edge of the ruler is placed on the two ploti

ted points a and b and the table revolved until B is bisected

by the line of sight, with the point b 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 b over B, the end a of the plotted line

ab pointing towards A, and then leveled. The beveled edge

of the ruler is now placed on ba, and the table revolved until

A is bisected by the line of sight, then clamped. In this posi

tion the table is oriented. The ruler, with its beveled edge

pivoted on b, 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 oriented 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 checked, 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 check

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 30° or greater than 150°

should be avoided, if possible, or checked from other points.

Preferably they should be between 60° and 120°, 90° being

the best. To obtain such angles, the points intersected should

not be at a much greater distance from either oi 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 op 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 locations of points, their
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heights may also be measured, relative to the point occupied, 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 h=-d tan. a, in

which £=height, a£=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 ft.

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 forests.

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

4^

 

 
7

3

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, closing on B. The

plane table is set up and leveled at A, the beveled edge of the
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ruler placed on a and b, the table turned until B is sighted,

then clamped, thus orienting the table. The declinator 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. The north end of this line, which is the mag

netic 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, the distances are measured continuouslyfrom

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 tt

sight back upon from the forward station.
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If, arriving at any station, any other station already

located is visible, a check on the work may be had by sighting

upon it after orienting the table. Thus, after arriving at B

and orienting the table on Y, if the ruler is placed on b and a,

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 ofY, 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 :

t

 

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.

Location 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, how to

orient the table

1st method: By use of the magnetic needle.

Orientation. If 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 Traversing.

Resection. The point occupied may be plotted by select

ing two points (already plotted) about 90° apart, pivoting the

ruler on 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 oj one known and plotted point and a

line drawn from a plotted station through the unknown point.

If one sighting has been taken to a point from a station and

a line drawn towards it, the point may be occupied with the
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table and its position plotted. Thus, from

station S (Fig. 128) the object D was sighted

and the line towards it drawn. The plotted

position of D will be somewhere on this line,

but its exact position is not known.

Orientation. The table is set up over D,

leveled and approximately oriented

I

,

Fit, 128

The edge of the ruler is

placed on the line ds so that the check dots are just visible

along the edge, and the table turned until S is bisected, when

the table it oriented.

Resection. The ruler is then pivoted on the plotted point

k of an object K that will give a good intersection and moved

until K is bisected. Where the ruler intersects the line sd

will be the plotted position of D. Resection upon any other

plotted point will verify its position.

3d method: By use oftwo known andplottedpoints (the two-

point problem).

1st. solution: Orientation. The occasion may arise where

it is desirable to orient the table and begin work at a point

from which only

two known plotted

points are visible.

I«et A and B (Figs.

129, 130, 131, and

132) be the two

points, and a and b

their plotted posi-

«
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tions. To orient

the table at C and

determine its plot

ted position, select

a fourth point D,

that may be occu

pied, and so situ

ated that the intersections from C and D on A and B make

sufficiently large angles for good determinations. But the
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table approximately in position at D, by estimation or by com*

pass, and draw the lines Aa and Bb intersecting d; through

d draw a line towards C. Then set up at C and assuming the

point c on the line dC, at an estimated distance from d, and

putting the table in a position parallel to that which it occu

pied at D by the line cd, draw lines from c towards A and e

towards B. These will intersect the lines dA and dB in the

points a1 and b1, which form with c and da quadrilateral similar

to the true one, but erroneous in size and position.

The angle which the lines ab and a'b" make with each

other is the error in position. By now constructing through

c a line cd' making the same angle with cd as that which ai

makes with a1b1, and directing this line cd' to D, the table will

be oriented. Or, to orient instead of transferring the angle of

error by construction as above, proceed as follows: As the

table stands, clb1 is parallel to AB, but to orient the table, ab

must be parallel to AB. Therefore, place the alidade on a1V

and set a mark in that direction, then place the alidade on ai

and turn the table until it again points to this mark; then ai

will be parallel to AB and the table oriented.

Resection. The true plotted position of C may now be

found by resection on A and B.

2d solution: Instead of performing the above operations

on the actual plot-sheet, if a piece of tracing-linen or tracing*

paper is at hand, it may be fastened on the table, and the aux

iliary quadrilateral constructed upon it, by assuming a point d

over D and drawing dA, dB, and dC, and completing as above.

Then loosen the tracing and place the line a1b' on ab, and with

the alidade on cd, cb1, or cd revolve the table until the line of

sight comes on A, B, or D. The table will then be oriented.

3d solution: (Fig. 133). Set up the

table at C as nearly oriented as can be done

by eye, and resect upon A and B, intersect

ing at d. The angle ac'b being the true

angle at C subtended by AB, the true point

c must be on the circumference of the circle

through ac'b. Construct this circle. Meas*
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are off a base CD at least half the length of CB at right

angles, or nearly so, to bd in the direction most convenient.

Set up a signal at D and with the alidade draw the line c'd-

Take the table to D, and by the line dd sighting on C bring

the table into a position parallel to that which it had at C.

With the ruler pivoted on d, sight B and draw the line db'

intersecting db at b1. db' is the plotted distance of C from B,

which distance laid off on the circle as a chord from b will

give c, the true plotted position of C. A fourth point may

then be occupied, and by resection on A, B, and C the accuracy

of the determination of C verified.

If the auxiliary point D can be taken in range with A

and B, either between them or in prolongation of the line

joining them, the table may be set up there and oriented on

them, and then a line drawn towards C from any point on this

range line on the plot. The table is then taken to C, oriented

by the line just drawn and the position of c found by resec

tion on A and B. One can place himself on the line joining

two points, when he is between them, by observing them

alternately from opposite ends of the ruler laid on the table

and moving the whole table to one side or the other until the

ruler viewed from either end bisects the objects.

4th method: By use of three known andplotted points (the

three-point problem).

Orientation. The table may be at once

oriented at any unknown point from which

three known plotted points are visible, ex

cept when it lies on the circumference of a

circle passing through the three known

plotted points. In Figs. 134, 135, 136, and

137 let a, b, and c be the plotted positions of A, B, and C re

spectively, and D the unknown point. The table is set up over

D and leveled. The ruler is set on the line ca, and a directed,

by revolving the table, to its corresponding signal A and the

table clamped. Then with the ruler pivoted on c, the middle

signal B is sighted and the line ce drawn. The ruler is then set
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on the line ac, and c directed, by revolving the table, to Its

corresponding signal C and the table clamped. Then, with

the ruler pivoted on a, the middle-signal B is sighted and the

line ae drawn. The point e (intersection of these two lines)

will be in the line passing through the middle point and the

point d. Set the ruler on the line be, direct b to the signal

B by revolving the table and it will be oriented.

Resection. Clamp the table, pivot the ruler on a, sight A

and draw the line ad; this will intersect the line be at the

point d sought. Pivoting on c, sighting C will verify it. The

angles ace and ade are subtended by the same chord ae, and

cae and cde by the chord ce, hence e must fall on db; also, /

being the point of intersection of ac and de, the triangles ad/

and cef are similar, and the triangles cdf and aef are similar,

hence d, f, and e must be in a right line through b. (This is

called Bessel's method by inscribed quadrilateral.)

A mechanical solution: Set up the table in any position

over the point D, level, and clamp. Fasten a piece of tracing-

linen on tracing-paper on the table, and assume a point for d

in such a position that lines from it towards A, B, and C may

be drawn long enough to pass through their plotted positions.

Pivoting the ruler on d, take sightings on A, B, and C.. and
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draw the lines of their directions. Unfasten the tracing-paper

and turn it until the three lines pass exactly through the three

points a, b, and c, when d will be in its true position and may

be pricked through, the table be oriented, the work of plot

ting, etc., proceed.
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CHAPTER X.

THE WYE LEVEL.

The determination of the relative elevations of triangula-

tion and control points may be by spirit-leveling, or by trigo-
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Figure 142.

nometrical leveling. For spirit-leveling, the oidinary engin

eer's spirit or wye level will answer most of the purposes of

military topography, while for trigonometrical leveling, in
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which the vertical angles between the different points are

determined, the transit with its vertical arc will be mostly used.

Description.— The Wye Level (Fig. 142 and Section), con

sists of a telescope having on each end a ring of bell-metal,

turned very truly and

both of exactly the same

diameter. On these

rings the telescope rests

in wyes, in which it may

be revolved, and clamped

in any position by bring

ing down on the rings

the clips of the wyes.

Tie telescope is essen

tially the same as the one

described on the transit,

except that it is longer,

and does not have the

stadia wires.

The level or bubble-

tube is encased in a brass

tube-holder, which is at

tached to the under side

of the telescope, and fur

nished at one end with a

vertical movement, and

at the other with a hori

zontal movement. Over

the aperture of the brass

tube is a scale graduated

to tenth* of an inch with

every fifth division num

bered from0atthecenter.

The wyes are the sup

ports ofthe telescope, and

each is held in the ends

Figcrk 142 -SKtion of wye uvei. of the level-bar by two
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nuts, both adjustable with pins. The clip of one of the wyes

usually has a pin or some arrangement for holding the tele

scope so the horizontal wire will remain horizontal. Con

nected with the level-bar is the head of the tripod-socket.

The socket is compound, the interior of steel turning in one

of bell-metal, which latter turns in the main socket of the

leveling-head.

The upper part of the instrument, with the socket, may

be detached from the leveling-head, and this latter may be un

screwed from the tripod-head.

The leveling-head and tangent screw are the same as those

described on the transit.

Adjustments of the Level—The objects to be ac

complished in adjusting the level are: 1st, to bring the axis

of the bubble-tube into the same vertical plane with the axis

of the telescope; 2d, to make the line of collimation of the

telescope parallel to the axis of the bubble-tube—f. e., to make

the line of collimation horizontal when the bubble is in the

center of the tube when the telescope is revolved around

the vertical axis.

1st adjustment: Turn the telescope until it is over a pair

of diametrically opposite leveling-screws, and clamp it there.

Revolve the telescope slightly in the wyes, the clips being open,

until the level-tube is moved out of the vertical plane through

the line of sight. Should the bubble run towards either

end, it will show that the vertical plane through the axis of the

bubble-tube is not parallel to the vertical plane through the

axis of the pivot rings. To make them parallel, bring the

bubble back nearly the whole of its displacement by the cap

stan screws of horizontal motion on the sides of one end of the

level-holder. Revolve the telescope back with level under

neath, relevel with leveling-screws, and repeat and correct

until it will stand the test.

2d adjustment: To make the line of collimation parallel

to the axis of the bubble-tube. This may be done directly by

the Peg Adjustment, described under the Transit; or, by
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(J) making the line of collimation parallel to the line joining

the bottoms ofthe pivot rings, and then (2) the axis ofthe bubble-

tube parallel to this latter line.

To do the first, set up the level and clamp it. Remove

the wye pins and raise the clips. Bring the intersection of the

cross-wires upon some well-defined point from 100 to 500 feet

distant. Then revolve the telescope half over—i. e., turn the

bubble on top. If the intersection of the cross-wires remains

on the point while the telescope is being turned, the line of

collimation is in the axis of the pivot rings. If the intersec-.

tion leaves the point, then by means of the capstan screws

which hold the reticule or cross-wire ring move the intersec

tion half way back to the point, and by means of the leveling-

screws bring the intersection the remaining half of its dis

placement back upon the point and repeat for a test, correct

ing one-half of the displacement by the capstan screws and

the other half by the leveling-screws until the telescope can

be revolved without the intersection leaving the point.

To do the second, bring the bubble to the center of its

tube by the leveling-screws, then lift the telescope carefully

out of the wyes, turn it end for end and replace it in the wyes.

If the bubble returns to the center in this position, its axis is

parallel to the bottoms of-the rings. If it does not return to

the center, correct one- half of its displacement by means of

the nuts o» the vertical screw on one end of the level-holder,

and then bring the bubble the remainder of the way to the

center of the leveling-screws, and turn end for end again, cor

recting as before until it will stand the test.

3d adjustment: To make the axis of the bubble-tube per

pendicular to the vertical axis of the instrument, so that the

bubble will remain in the center during an entire revolution

of the instrument. With the telescope over a pair of opposite

leveling screws, bring the bubble to the center, and revolve

180° horizontally. If the bubble does not remain in the cen

ter, bring it half-way back by the nuts on either end of the

level-bar directly under one ofthe wyes. Relevel with the lev

eling-screws, and repeat for a test. Now try it over the other
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pair of leveling-screws, proceeding as before, changing to

each pair of screws successively until it can be revolved

entirely around without moving from the center.

Relative Importance of the Adjustments.—The

first can only affect observations when the telescope is slightly

revolved in the wyes, which is usually provided against by

6ome means for holding the telescope from revolving when

the wye clips are fastened down.

The second adjustment is absolutely necessary and is the

most important of all, as entering into every observation.

The third is made only as a matter of convenience in re

volving the telescope around the vertical axis, so as not to

have to stop and relevel for each observation, as when profil

ing, or contouring, etc.

Leveung-Rods.—With the level there are used gradu

ated rods of various patterns for measuring the vertical inter

val between the bench-marks, initial point, or turning-points,

and the line of sight of the level.

They may be divided into two general classes of the self-

reading or speaking rods, and the target-rods, depending upon

the size of the divisions. The first class has such large grad

uations that the observer can read through the telescope the

positions of the horizontal wire. The second class has such

small graduations that at long distances the observer cannot

read the positions of the of the horizontal wire, but has a

rodman move a target up or down until the horizontal wire

coincides with a certain line upon the target, when the rod-

man reads its position by means ofa vernier on it. The front

of the target should be so painted as to show a distinct line

with which to bring the horizontal wire into coincidence

Leveling rods are usually of well-seasoned wood, as cherry

maple, mahogany, or baywood.

The Philadelphia rod (Fig. 143) is composed of two
 

PlOURB 148.
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parts sliding upon one another, and held together by clamps.

It is graduated to hundredths of a foot and may be used as a

speaking-rod, although it has a target with a vernier, which

may be used if desired to read to thousandths of a foot.

The New York rod (Fig. 144), of two and three pieces, is

graduated to hundredths of a foot and read by the vernier to

thousandths of a foot. Up to 6.5 feet the target is

moved up and down the rod until it is bisected by

the horizontal wire, when it is clamped and its po

sition read by the vernier on its face. For greater

heights the target is clamped exactly at 6.5 feet,

and the back of the rod moved up until the target

is bisected, when the parts are clamped and the

height of the target read by a vernier on the side of

the rod, on numbers on the back part, which are fig

ured from 6.5 feet at the target towards the bottom.

Speaking-rods may be made by taking a strip

of board 4 to 6 inches wide, 1\ to 1J inches thick,

and 12 to 15 feet long, putting an iron shoe on the

bottom, painting white, then graduating it to hun

dredths of feet beginning at the bottom, and painting

devices, easy to read, with red

or black paint. Figs. 145 and

146 show some devices used,

on which the feet and tenths

should be plainly numbered

for reading at a long distance.

Verticality of Rod

when Using.—The rodman

stands behind the rod to see

the signals of the observer,

and holds the rod as nearly vertical as possible. If

he leans it sideways, the observer can detect it from

its position with reference to the vertical wire in

the telescope, and signals which way to lean it to be

vertical. To tell whether the rod is inclined in

the other directions, the rodman, after the target
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has been brought to the horizontal wire, inclines the rod

slowly towards the instrument, then back towards himself,

and if the target descends each time, it shows

that the rod was vertical, and the observer

signals him to hold it in the position where

the target is the highest* The rod not being

held vertical would result in

too great a reading. A

plumb line or a pair of right-

angle levels (Fig. 147) at

tached to the rod assists the

rodman to hold k vertical.
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Various arrangements of n* u7. Cl08ed.
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Fig. 147. In Position

targets have been devised for indicating to the observer

when the rod is vertical. Thompson's Target (Fig. 148) does
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this by having the horizontal dividing line carried over two

surfaces placed at right angles to each other, thus showing a

continuous unbroken line only when the rod is held vertical.

•The rod should be held on the turning-pit. so that the front edge

of its base besets the pin, in order that when the rod is waved it will

revolve about a line which is in the same plane with the graduated face

,~r the rod



The Wye Level. 159

Turning-Pin.—The rodman carries a turning-pin, which

is made of a piece of round bar-iron 8 to 8 inches long, one

end turned down to a point, the other end rounded and hav*

ing in it a ring or strap for withdrawing it from the ground

and carrying.

The Datum-Levei. is the level surface above or below

which the heights of all points of a line or surface are meas

ured. This is known as the plane of reference and datum-plane'

When possible, the surface of the sea at mean tide is taken as

the datum-level, or the results reduced to that level. Inland

it is customary, in any piece of work, to assume an imaginary

datum-plane so low that no point shall be lower (thus avoid*

ing minus signs) by assuming a high elevation for the initial

point.

Bench-Marks are more or less permanent objects whose

elevations above datum are determined and recorded for

future reference. The nature of the object selected for a

bench-mark should be such that it will not change its eleva

tion during the time that it is to be used. Temporary benches

are sometimes made by driving two or three stakes into the

ground and taking their mean elevation for the bench. More

permanent benches may be stone steps, or a nail driven into a

piojecting spur of the spreading root of a tree, and the tree

blazed and marked. Permanent benches may be made by

inserting copper bolts in rock or selecting already con*

structed structures, as the water-tables of old masonry build

ings, copings of foundation and retaining walls, or the piers

and abutments of bridges, etc. Every bench-mark should

have its exact location and description noted in such a manner

that anyone could find it from the record. Bench-marks

should be set near the beginnings and ends of lines run near

/.\1s; and in long lines, benches should be set every half-mile

or mile, also near the crossings of roads, rivers, and the tops

and bottoms of ridges.

Differential, Leveling.—When a line of levels is run

Cor the sole purpose of establishing the heights of points, or
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for determining their relative elevations, the operation is

called differential leveling.

The elevation of the point from which the leveling starts,

called a bench-mark, being known or assumed, the leveling-rod

is held vertically upon it, the level set up from 100 to 300 feet

forward in the general direction, if possible, of the line to be

run, the bubble brought to the middle of the tube, the line of

sight turned upon the rod and the target moved up or down

until the horizontal line across it coincides with the hori

zontal wire in the telescope, when it is clamped. The rodman

then reads the height of the target and records it as a back-

sight. The horizontal elements (line and wire) of the target

and level being in the same horizontal plane, this rod reading

also gives the height of the line ot sight above the point upon

which the rod was held, and, if added to the height of the

point above datum, the height of the instrument aboVe datum

also becomes known. The rodman, after recording his read

ing, comes forward to the levelman, counting his steps as he

does so. The levelman reads the rod and records it, then the

two compare their readings for a check and any error is at

once discovered and corrected. The rodman then passes on

ahead the same number of paces it took him to reach the

level, and there holds his rod vertical while the levelman

turns the telescope upon it and directs him to raise or lower

the target as before until the horizontal line and wire coin

cide. The rodman then clamps the target, reads its height,

and records it as a foresight.

This reading of the rod being the distance of the point

on which the rod is held below the line of sight, if it be sub

tracted from the height of instrument, the remainder will be

the height of the point above the datum, a comparison of

which with the height of the starting-point will give the differ

ence of height or relative elevation of the two points. Since

the back-sight was added to the height of the starting-point or

bench-mark to determine the height ofthe instrument, it is called

plus-sight (+) and the back-sight column in the record is so



The Wye Level. 161

designated. And because the fore-sight was subtracted from

the height of instrument to obtain the height of ihe fore sight

point, it is called minus-sight (—) and the fore-sight column is

so designated. Had Ihe back and fore-sights been added alge

braically, or the less subtracted arithmetically from the greater

and the sign of the greater been given to the remainder, it

would be the difference of elevation, and indicate which was

the higher. If the remainder were plus, it would indicate that

the second or forward point was higher than the first or back

point; if minus, that the forward point was lower than the

back point. In general, it may be stated that a back-sight is

always on a point of known elevation, while a fore-sight is

always on one whose elevation is unknown.

If the points whose elevations are desired are so far apart

or at such great differences of elevation as not to be deter

mined by a single setting of the instrument midway between

them, then for all intermediate rod positions, called turning-

points, the rodman forces his turning-pin into the ground and

holds his rod upon it (Fig. 149). Supposing the forward

an accurate sighting on the rod if on level ground, or until

about 5 feet above if ascending, or 5 feet below if descending,

sets up his level and repeats all the operations to include the

checking of the fore-sight reading described above, and so on

until the final point or Joints are reached, which then become

bench marks. The successive differences of elevation of the

two points upon which the rod is held for each setting of the

instrument can be determined as above, and then their alge-

 
point above to

have been on the

turning pin, the

levelman, after

checking the rod

reading, then

goes forward as

far as he can get
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braic sum will be the difference of elevation of the terminal

points. It is more simple, however, to find the sum of the

back-sights and the sum of the fore-sights and to their differ

ence give the sign of the greater for the difference of eleva

tion of the terminal points. This difference of the sums added

algebraically to the elevation of the bench-mark will give the

elevation of the final point.

Use of sights of equal length. By the rodman proceed

ing as far in advance of the instrument each time as he was

back of it, the lengths of the back and fore-sights at each set

ting of the instrument are made equal, which is necessary in

this kind of leveling to avoid making corrections for curvature

of the earth, and to eliminate instrumental errors, such as the

line of sight not being horizontal when the bubble is in the

middle of the tube. For if it inclines up or down on the

back-sight, it will incline the same way and an equal amount

on the fore-sight, if the lengths are equal, and so balance one

another. If at any time it is impossible to make the two

lengths of sights equal for a setting of the instrument, the

inequality should be made up in subsequent observations by

making the lengths of sights unequal in the oppcsite direc

tion. This frequently occurs in leveling across a valley or

ridge.

Use of long sights. In order that the work may progress

as rapidly as possible, as long sights as may be consistent with

accurate work should be used. These will depend upon the

instrument used, and the state of the atmosphere, and will

vary from 100 to 300 feet. If the air is tremulous and the

position of the wire unsteady on the rod, shorter sights must

be used. This is particularly the case in bright weather and

over certain kinds of soil favorable to mirage. When the air

is steady, as on cloudy days, etc., longer sights may be used.

The record. The record may be kept as shown in the

accompanying forms. No distances are recorded unless de

sired for special reasons or when sights are unequal and it is

intended to balance them.
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DIFFERENTIA!; LEVELING. (Figttre 149.)

No. op
Inst. 8ta.

Distance.
Backsight.

+

Foresight. Ele. of
Bench.

Remarks.

100.00

96.641

B. M. 8

1 1.037

3.475

9.823

7.826

8.436

5.834

6.371

4.879

B.S.on B. M.8

F. S. on B. M. 9

2

3

4

22.161 —25.520

+ 22.161

—3.359

On D
8tation, tan

Back
er, sights.

Fore
sights. Rise. Fall. Total Heights.

A

B

C

D

E

1.037

3.475

9.823

7.826

100 B. M.

92.601

90.242

93.694

96.641 B. M.

8.436

5.834

6.371

4.879

3.452

2.947

7.399

2.359

22.161 25.520 6.399 9.758

6.399

3.359

Precautions. The level must. be kept in adjustment by

testing it every day. On whatever the rod is set, it must be

so firm as not to change its elevation between the two sights

upon it. The levelman must be certain that the bubble is in

the middle of the tube when he makes his observation.

Profile Leveling.—When it is desired to obtain the pro

file of the surface of the ground on certain lines, the level is

used and the operation is called profile leveling. The line is

chained and stakes driven every 100 feet, and at as many

intermediate points as may be necessary to enable an accurate

profile being dr?wn. The 100 foot stakes may be numbered
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and the intermediate stakes called pluses, as plus so many feet

beyond the last numbered stake; or, all may be entered in the

record by their distances from the starting-point. These

intermediate or plus points are points of abrupt changes of

slope, the tops of ridges or the bottoms of valleys, not touched

by the 100-foot stakes driven, but are necessary points in the

representation of the profile. The objects in profile leveling

are to obtain the distances from, and the elevations above or

depressions below, some fixed initial point, of the points

where the stakes are driven. The level is set up on or near

the line, as may be most convenient, as far forward from the

initial point as the accuracy required will allow, and a reading

taken upon the initial point, whose elevation is known, as

sumed, or determined from the bench-marks near by. This

rod-reading, called a back-sight, added to the height of the

initial point will give the height of the instrument. The rod

is then held by the side of each of the stakes in succession

and readings taken, called intermediate-sights, until the rod-

man has proceeded as far beyond the instrument as the initial

point is back, when he puts his turning-pin into the ground

and holds his rod upon it, and a reading is taken, called a

fore-sight.

Each of the intermediate-sights, and the fore-sights on

turning points subtracted from the height of instrument gives

the elevation of the corresponding point of the surface of the

ground. The turning-point may or may not be a point of the

profile, being selected with reference to the best position for

the next setting of the instrument. The instrument is then

carried forward beyond the turning-point, set up, leveled, etc.,

a back-sight reading taken on the turning point, added to the

height of tyrning-point for a new height of instrument, and

then the readings on and elevations of the intermediate points

determined as before, and so continued until the extremity of

the lines is reached, which is entered in the record as a fore

sight. For the height of instrument at any time the record

should show one more back-sight than fore-sights, and this

height, as shown by the notes, may be checked by adding the
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f

<3mjoc.

FIC. 150.

J«n [f>a

1 :

0 1 i 5

back-sights and fore-sights, taking the difference and adding

it algebraically to the elevation of the initial point. The pro

fit (Fig. 150) is

, then constructed to

l£'lr scale on profile pc-

per, or otherwise,

from the surface el-

Uat evations of the

points as found in

the notes.

The back-sight and fore-sight readings for one setting of

the level are not recorded on the same line, but both sights

on one turning-point are on the same line. When turning

points are plotting-points of the profile, an entry is made in

both F. S. aud I. S. columns. When a B. M. is set during

the work, the sight upon it is entered in I. S. column and not

in F. S. column, which is reserved for turning points.

The record. A form of record for profile and grade lev

eling follows; other forms are used, but this is a very conven

ient one inasmuch as numbers to be added or subtracted are

found in adjacent columns.

RECORD FOR PROFILE LEVELING AND GRADE.
 

B. 8.

+

El. of T.

P.& B. M.

F. 8. H. I. 1. s. 8. E. 8ta. Re

marks.

Ele. of

Grade.

Cut or

Fill.

100.00 100.636 B.M 90.00 -10.

9.27 91.37 +50 89.50 -1.87

1.180 90.395 10.241 91.575 T.P

6.95 84.63 1 89.00 +4.37

4.18 87.40 +87 88.13 +0.73

4.83 86.75 2 88.00 4 1.25

7.61 83.97 +40 87.60 + 3.63

.3.37 88.21 3 87.00 -1.21

69.79 90.685 0.890 97.664 T.P.

8.37 89.29 + 13 86.87 -2.42

11.02 86.64 +67 86.33 -0.31

8.07 89.59 4 86.00 -3.59

 
96.126 1.538 1.538 96.126 +45 85 . 55 -10.85
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Determination of Grade.—Having constructed the

profile, a grade line may be marked upon it and the amount

of cut or fill at any and all points may be at once determined

by measuring to scale the distance from the grade line to the

surface profile line. The distances so found may then be

marked upon the stakes, which is all that is necessary to

enable the grade being established, if it is a simple ditch or

trench, as for sewers, drains, etc. If the grade line is to be a

road, however, and the sides of cuts and fills required to be

given a certain slope, other stakes, called "slope stakes,"

must be set on the points marking the extreme lines of cuts

or fills. The operation of determining their positions to ful

fill the required conditions is called "cross section leveling."

(See Chapter XXV.)

Should the required grade be determined upon before

any leveling is done, as a grade of 1 on 100, and an elevation

assumed for the initial point, then the amount of cut or fill

may be determined during the leveling and marked upon the

stakes at once, without constructing the profile. Referring

to the Profile Record, the elevation of grade would be found

for each profile point by adding to the height of the initial

point, if an up-grade, or subtracting from the height of the

initial point if a down-grade, the differences of elevation cor

responding to the successive distances from the initial point

of the profile points—i. e., at 100 feet distance from B. M the

elevation of grade would be 1 foot below that at B. M. (or

89); at 200 feet, 2 feet below, etc.

These differences of elevation may be found by multi

plying the tangent of the angle of grade by the horizuutal

distances from the initial point. The difference between the

elevation of grade and surface elevation at any point would

be the cut or fill.
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CHAPTER XL

METHODS USED IN "FILLING IN."

The methods and instruments that will most likely be

employed in locating points for the control of a map in military

topography having been explained, there remains to be con

sidered the "filling in" of the details. For this purpose the

same instruments may also be used.

The "filling in" consists principally in representing, by

conventional signs and symbols, the undulations and accidents

of ground, steepness of slopes, relative heights of commanding

points, and all occurring incidents of water. A sufficient

number of points for this purpose are located by their three

coordinates—viz., direction, distance, and elevation. The rep

resentation of details between the determined points com

pletes the survey, and draws upon the artistic skill, perception,

and judgment of the topographer.

The method in general use for representing the configu

ration of the surface of ground is by "contours."

Contottrs are the horizontal projections to scale, on the

map, of the intersections (contour lines) of the surface of the

ground by imaginary horizontal planes*

These imaginary planes are taken at equal vertical inter

vals, as 1, 5, 10, 25, 50, or 100 feet.

Contours show not only relative heights of points, bvi

also the shape of the ground by their curves, and the steepness

of slopes by their distance apart.

•In the survey of large areas, where the curvature of the earth is

considered, the imaginary lines projected are the intersections of the

ground by imaginary level surfaces.
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The usual method of explaining this is to assume a hill

surrounded by a body of water, and to suppose the water to

rise one foot (or the vertical interval chosen) at a time, until

the hill is covered. The contour line defined by the edge of

the water at each successive rise may be considered as the inter

section of the surface of the ground by the imaginary plane,

and the one to be represented by the contour on ihe map.

PIC. 153.

If it were desired

to represent a right

cone upon a horizontal

surface (Fig. 151), the

base would be shown

by the largest or outer

circle and the apex by

the central dot. If

PIC. 162. the cone De cut by

equidistant horizantal planes, the lines of intersection with the

surface are shown upon the plane by the inner circles.

If the cone is oblique (Fig. 152), it will still be represented

by circles, but they will not be concentric, but nearest to each

other on the steepest side.

1/ the figure were

half egg-shaped,

then it would be

represented some

thing afterthe man

ner in Figure 153.

If two intersect

ing cones of the same

size (Fig. 154), the

bases will be shown

Fic.is4. v ^ / by tte two outer

circles cutting each other, and the upper parts by the separate
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concentric circles. If the two cones are oblique and of differ

ent sizes, they will be represented as shown in Figure J 55.

By a reference to the figures, which contain all the ele

ments of contours, it will be seen that since the sections are

regular the horizontal projections also are regular, but when

a figure has an irregular surface like the ground, and is repre

sented by this method, the lines of intersection will also be

very irregular.

Definitions of Forms.—Ridges or water-sheds, exem

plified by the ridges of roofs, are the highest lines of land

separating lower land. In the case of ridges separating large

drainage areas, there are usually smaller ridges projecting out,

but connected with the main ridges.

Water-courses or thalwegs, exemplified by the valleys of

roofs, are the lowest lines or parts of valleys or ravines, whether

occupied by water or not. If water be present, the indication

is unmistakable as regards the lowest line, and inferences may

be drawn as regards the direction of surrounding slopes,

Varieties of ground. The infinite variety of forms and

 



Topographic Surveying.

shapes of ground that may be found can be reduced to some

half a dozen classes.

Thus, if one were standing at a (Fig. 156*), with the

ground fallingfrom him in all directions, it would be a peak,

cone, hill, knoll, knob, or mound.

If at b, with the ground rising from him in all directions,

it would be a crater, hollow, basin, pit, or hole.

If at c, with the ground slopingfrom him on three sides and

towards him on one, it would be the end of a ridge, promontory

shoulder, spur, or nose.

If at d, with the ground rising from him on three sides and

falling on the fourth, it would be a' valley, ravine, gorge, or

canon.

If at e, with the ground falling from him on two opposite

sides arid towards him on the other two sides, it would be a col,

gap, or saddle.

If the ground is level in all directions from one, it would

be a plateau, table-land, plain, or steppe.

Ground is said to be undulating or rolling when consist

ing of alternate gentle elevations and depressions.

Underfeatures are the minor features which spring from

main features.

An examination of a correct contoured map will show:

1. That all points in a contour line have the same eleva

tion above the datum-plane.

2. That where the contours are equally spaced the slope

is uniform.

3. That when the contours are straight and equally

spaced the ground is a sloping plane.

4. That the contours of a vertical surface lie on top of

one another, as in palisades.

5. That if the lean, in rocky formations, is over the base,

then only can contours cross.

6. That every contour closes upon itself or extends en

tirely across the map.

•The arrows show the direction of the flow of water.
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7. That a contour coming to the bank of a stream turns

up and crosses the bed under the water instead of crossing

where it strikes the bank.

8. That contours cut at right angles all lines of greatest

slope, and all ridge and valley lines.

9. That maximum ridge and minimum valley contours

go in pairs —i. e., that no single lower contour can lie between

two higher ones, and vice versa.

That on water-sheds the contours are convex toward

the foot or bise of the slopes.

1 1. That i:i water-courses the contours are convex toward

the sources of the streams.

Contours are designated by their heights above the datum-

plane, which should always be written upon them to remove

any doubt as to which are hills and which are hollows, which

are ridges and which are valleys, etc.

There are two general methods of determining contour

lines: one by determining them on the ground at once; the

other by selecting points at the tops and bottoms of hills, and

where the ground changes its slopes, on lines cutting the con

tours about at right angles, and then deducing the contours

by proportion or interpolation.

By thefirst ?nethod, which is the more accurate, the height

o. one line is decided upon and that line run with a level of

some kind, then the next higher or lower line is fixed and run

in the same manner, and so on, thus locating points upon the

different contour lines. The points, thus located, must be sur

veyed in some manner to enable one to plot the contours,

This may be done with the compass and chain, plane table,

or transit and stadia. In this mothod care should be taken to

locate the contour points so as to facilitate the work and gain

the greatest amount of information concerning the ground-

They should be located on the ridge and valley lines, thus

giving the points of maximum and opposite curvature of the

contours.

If tt e ground to be contoured is a long narrow btrip, sec
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tion lines at intervals may be run across it on the greatest

slope, and points located on these section lines at the heights

of the contours. Points on the contour lines are then located

between the section lines. If the ground is a broad area, the

points on the boundary at the heights of the contour lines

may be located and then section lines run across, and inter

mediate points located on them.

By the second method, profile lines may be run across in

directions furnishing the greatest information, from which the

points on the profile lines at the height of the contour lines

may be determined and the contours plotted.

Or, the area may be divided into a number of equal

squares, the heights of the corners of the squares determined,

and the contours located from these elevations. In case of a

single hill feature, lines may be run in various directions from

a point on top, their azimuths or bearings observed, and on

these lines the heights and distances of the critical points from

the top determined, and the contours then deduced. The im

portant points to be located in contouring are at the tops and

bottoms of slopes, where a slope changes to a steeper slope, on

water-shed and water-course lines, on cols and divides. The

heights and locations of points having been determined, as

above, the contour point or points of a desired intermediate

height are found either by proportion or graphically.

 
Byproportion. In Fig. 157 sup

pose the contours are to be at 5

feet vertical interval, and the

squares 50 feet on a side. Begin

ning with the upper right-hand

square, top line, to find the points

where the 50- and 55- foot con

tours cross between the eleva

tions of 40 and 58 feet; a differ-

ence of 12 feet elevation in 50

feet horizontal is found. The

50-foot contour point will be 4
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feet above the 46-foot point, hence the proportion, 12 feet : 4

feet r : 50 feet : 16| feet; the 55-foot contour point will be

found by 12 feet : 9 feet : : 50 feet : *=37.5 feet. From the

43-foot point towards the 58-foot point measure off 16§ feet for

the position of the 50-foot contour, and 37.5 feet for the 55-foot

contour. In the upper left-hand square, top line, there is a

rise from 57 feet to 67 feet in 50 feet horizontal, hence the

positions of points 60 feet and 65 feet above datum are found

by the respective proportions, 10 feet : 3 feet : : 50 feet : x —

15 feet; 10 feet : 8 feet : : 50 feet : *=40 feet, from the 57-foot

point. In the same manner the positions of the same points

may be found from the higher points, as from the 58-foot and

<)7-toot points; thus, 12 feet : 8 feet : : 50 feet : *=33J feet,

and 12 feet : 3 feet : : 50 feet : x=l2.b feet, the distances of

5)-ioot and 55-foot points, respectively, from 58-foot point;

and 10 feet : 7 feet : : 50 feet:*=35 feet, and 10 feet : 2 feet

: . 50 feet : -*r=10 feet, the distances of 60-foot and 65-foot

points, respectively, from the 67-foot point. In like manner

the points where the contours cross all of the other sides of

the squares are determined.

Graphically (Fig. 158). On

a sheet of profile paper, ploi

the elevations of the deter

mined points on each line and

join them by straight lines,

then measure the horizontal f\C. 158.

distances from these points to where the line connecting

tliem crosses the lines representing the different contour

plines; these will locate the positions of the contour points.

Sketching Contours.—In order to plot contours truth

fully, from the observations made, one must have a thorough

knowledge of the ground as a help, which is best obtained by

sketches of it made at the time the observations were taken.

In making the sketch, first indicate the position of the ridge

and valley lines, observe the curve of the contours at the tops

of valleys and bottoms of slopes, sketching them in, in their

K. 10 .
V 1

</f'>

Jf

St

13
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true relative positions and distances, making the sketch as

complete as possible in the field.

A scale of horizontal equivalents, or table corresponding to

it, is necessary.

By horizontal equivalent is to be understood the horizon

tal distance on which a given rise or fall will occur at a given

degree of slope. It is the horizontal base of a right-angled

triangle of which the hypothenuse is the slope and the verti

cal side the rise or fall. Thus a rise of one foot on a 1 0 slope

will occur in 57.3 feet horizontal*; a rise of two feet on a 1°

slope will occur in 2 times 57.3 feet=114.6 feet; a rise of 10

feet on a 1° slope will occur in 10 times 57.3 feet=573 feet.

As the slope becomes steeper it is evident that a given rise

will occur in a correspondingly shorter horizontal distance;

thus, a rise of 1 foot on a 2° slope will occur in \ of 57.3 feet

=28.65 feet; a rise of 1 foot on a 3° slope will occur in \ of

57.3 feet=19.1 feet. If, instead of feet, any other unit of

measure be taken, the same conditions will hold true; thus a

rise of 1 yard, meter, pace, etc., on a 1° slope will occur in 57.3

yards, meters, paces, etc., horizontal, and on a 2° slope in

\ of 57.3 yards, meters, paces, etc. The horizontal equivalent

for any rise or fall on any degree of slope is given by the equa

tion H E=VI *5'"3, in which VI is the vertical interval (when

speaking of contours, rise or fall) and S the slope in degrees.

The horizontal equivalents for a constant vertical interval

for all different slopes, when tabulated, constitute a table of

horizontal equivalents; thus the horizontal equivalent of

15 feet at 1°=859.5 feet, 15 feet at 2°=429.75 feet,

15 feet at 3°=286.5 feet, 15 feet at 4°=214.875 feet,

15 feet at 5°=171.9 feet, etc.

If these tabulated horizontal equivalents be laid off to

the scale of the map, in succession, on a right line, there re-

•The natural cotangent of 1° being 57 29. While the above are

only approximations, they are very close up to 20° or 25°. To obtain

the H. E. more nearly exact, substract from the result, as obtained

. above, the degree multiplied by 0.006. This is exact to within less

than 0 005 of a fout uy to 50°.
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suits a scale of horizontal equivalents from which may be taken

at once the distance apart that contours should be drawn for

any slope. Thus at 6 inches to 1 mile it would be.

I 1° I 2° I 3° [4° I 5°|

Such a scale may also be made by drawing, from a point

on a horizontal line, radiating lines making different angles

with it from 1° to 90°. Parallel to the horizontal line and

distant from it the vertical interval between contours, to the

scale of the map, draw another line intersecting the radiating

ones. The distances on the parallel line, from the points of

intersection with the radiating lines to the vertical, are the

horizontal equivalents.

If a scale of horizontal equivalents be applied to a con

toured map, the slope of the ground at any place can be deter

mined in degrees.

As an approximation in hasty sketching, it is usual to use

the number 60 instead of 57.3, calling the horizontal equiva

lent of 1 foot at 1°=60 feet, 1 foot on 2°=30 feet, etc.

Slopes are also expressed, in the form of fractions called

gradients, by the ratio of the rise or fall to the horizontal; thus

1° slope=yf3, or roughly^; 2° slope =T^.T, or ^0; 3° slope=

or ^ etc.
By means of the equation H E=-V1-S, many problems re

lating to heights, distances, and slopes are solved by determin

ing any two ofthe unknown quantities, substituting, and solving

with reference to the third; thus, S=^Tnr^ and V I "73".

Relation between Vertical Interval and Scale

of Map.—The same length of line on paper represents differ

ent distances on the ground on different scales; hence the

same map distance between contours on different scales rep

resents different slopes for the same vertical interval. Thus

if a map distance of 1.3 inches between contours, with a ver

tical interval of 20 feet, represents a slope of 1° on a scale of

6 inches to a mile, it will represent a slope of ^° on a scale of

3 inches to a mile, and a slope of 2° on a scale of 12 inches to



176 Topographic Surveying.

a mile. Hence, for the same vertical interval and the same map

distance between contours on different scales, the slopes vary

directly as the scales. This fact may be made use of in

sketching, as follows: if one already has a scale of horizontal

equivalents constructed for 20 feet vertical interval on a scale

of 6 inches to 1 mile and wishes to use it for the same vertical

interval at 12 inches to 1 mile, he can divide by 2 the slopes

as he reads them with his instrument, and take from the scale

the horizontal equivalent corresponding to the quotient. If

he wishes to use it at 3 inches to 1 mile, he multiplies by 2

the slope he reads and takes from his scale the horizontal

equivalent corresponding to the product.

But the same map distance between contours on different

scales may be made to represent the same degree of slope by

varying the vertical intervals. Thus, the same map distance

1.3. inches on the three different scales may represent a 1°

slope by making the vertical intervals 20 feet, 10 feet, and 40

feet, respectively. Hence, for the same map distance between

contours representing the same slope on different scales the ver

tical intervals vary inversely as the scales. Use is made of this

latter fact in some countries to have ordinarily only one scale

of horizontal equivalents, called the normal scale, varying the

vertical intervals between the contours to correspond to the

scale.* If the scale of map is larger than the normal, the ver

tical interval is reduced; if smaller, it is increased, and the

equivalent taken off the normal scale.

Measuring Distances with the Gradienter.—If the

value of the screw-thread is made such that a complete revo

lution of the screw will move the horizontal cross-wire of the

telescope over a space of 1 foot on a rod at a distance of 100

feet from the center of the instrument, then when the screw

is turned through 100 spaces on the graduated head, the wire

"The objectof this is to educate the eye in reading and representing

slopes quickly on different scales by fixing in the mind a particular

horizontal equivalent for each degree of slope regardless of the scale

of the map.
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will pass over fflis of a foot on rod held at a distance of 50

feet and so on in the same proportion. This fact is made use

of to measure distances.

On ground which is practically level, bring the line of

collimation horizontal, then after one complete revolution of

the screw, observe the distance, as 5.22 feet, passed over by

the horizontal wire on the rod held at any point, which, mul

tiplied by 100, gives the 1

distance to the rod, as 522 j. 4

pen to be an ord in a ry

range pole with only whole foot divisions, then the method

would be to turn the screw until the horizontal wire had passed

over a number of exact feet on the rod, say 6, then read the

number of complete revolutions on the scale, and hundredths

on the ring, taken to do it, say 1.15—i. e., 1 division on the

scale and 15 divisions on the ring, then from the proportion,

1.1o:I00::6:j:, *=522—.

The rule : Multiply the dis1ance passed over by the hori

zontal wire on the rod by 100 and divide the product by the num

ber of revolutions of the screw. Could the rod, on slopes, be

held exactly perpendicular to the first position of the line of

sight, this same method could be used for determining distances

on slopes, but this being impracticable, and as horizontal dis

tances are generally desired, the rod is held vertical in all

cases and a correction applied, since in such cases the distances

obtained are too great, due to the two causes named. These

corrections are the same as applied to stadia measurements

under the same circumstances, and will be described under

that head.

With the gradienter, grades may also be established with

great facility, as in road work, by first leveling the instrument,

bringing the telescope bubble to the center, and moving the

graduated head (which is held by friction only) until its zero

is brought to the edge of the scale, then turning off as many

feet. (Fig. 159.)

If the rod should hap-

 



17» Topographic Surveying.

spaces on the head as there are hundredths of feet to the hun

dred in the grade to be established.

Theory of the Stadia.—The theory of stadia measure

ments is based upon the corollary in geometry, that if any

number of parallel straight lines be drawn cutting any number

of other straight lines, they will divide the lines proportionally.

Thus, in Figure 160, let GK, DF, AB, and A'B parallel

lines be drawn cutting the lines MN, ST, and PR, then will

HO : GK : : EO : DF :: CO : AB. If CO=CO, then A'B'=AB;

and in the similar triangles, HO: GK :: EO : DF :: CO: A'B'.

If light be introduced into a dark chamber, box, or tube,

through a very small hole, and this light falls upon a white

screen therein, then an image of whatever reflects this light

will be formed upon the screen in true relative perspective

dimensions, no matter what may be the distances of the objects

and screen from the small hole. To apply this fact, let a cap

of tinfoil be placed over the objective end of a telescope, from

which the lens has been removed. Make a small pin-hole

through the center of the tinfoil cap. Then hold any object

(as a stadia rod) at any distance in front of the telescope.

The two stadia wires in the telescope will now include a cer

tain portion of the image of the rod between them. The por

tion of the rod corresponding to this included portion of the

image is called the intercept on the rod. And the distance of

the rod from the pin hole will be found to be the same num

ber of times the intercept on the rod as the distance of the

wires from the pin-hole is times the distance between the

wires.

In Figure 160, let O be the pin-hole, A' and B' the two
 

stadia wires, and AB, DF, and GK the intercepts on the rod

when held at C, E, and H, respectively. It will be seen that

A, D, and G are all on the line MN joining the wire A' and
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the pin-hole O. And that B, F, and K. are on the line PR

joining the wire B' and the pin-hole O, for the reason previ

ously stated. Consequently CO, EO, and HO will be as many

times AB, DF, and GK, respectively, as CO is times A'B'-

But CO divided by A'B' is constant for all the different posi

tions of the rod, therefore the distance of the rod from the pin

hole is always that constant (-^-) number of times the inter

cept on the rod, no matter where the rod is held.

Now remove the tinfoil cap from the telescope and replace

the objective lens. Focus the telescope upon an object (as a

star) from which the rays are practically parallel (theoretically

on an object an infinite distance away). In Fig. 161 let S

 

be the position of the image of the star. The distance SO of

such image from the center of the lens is called the principal

focal length of the lens and is a determinable constant for the

lens. Let WW' be the distance apart of the fixed stadia wires

=K'G'=F'D'=B'A'.

Now focus the telescope on the rod held successively at

H, E, and C. From Optics it is learned that the images will

be situated at H', E', and C, respectively. And the intercepts

on the rod will be GK, DF, and AB, respectively.

For any position of the rod (as at H) there will be two

similar triangles, GOK and G'OK', one on each side of the

lens, with their vertices at the center O of the lens. For all

Other positions of the rod there will be different sets of similar
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triangles. Between these sets of similar triangles there is no

constant relation that can be used, because the quotients re

sulting from dividing the distances of the wires from the lens

by the distance between the wires are different for every po

sition of the rod. This will be understood by an examination

of Fig. 161, where it will be seen that neither A, D, nor G is

on the line passing through either of the others and the center

of the lens. The same will be seen of B, F, and K. But by

construction (and it can be proved mathematically) it can be

shown, however, that a straight line can be drawn through A,

D, and G, and one through B, F, and K, and these lines will

intersect at I. Therefore CI : AB :: EI : DF :: HI : GK, from

which we see that the distance of the rod from the point I is

a constant number of times the intercept on the rod. Now it

only remains to determine exactly where this point I is sit

uated, and what this constant multiplier of the intercept on

the rod is. The former has been found to be at a distance in

front of the center of the lens equal to its principal focal

length. By drawing lines through the center of the lens, par

allel to the lines which intersect at I, it will be found that

they pass through the wires when the lens is focused on an

object an infinite distance away—that is. when the wires are at

a distance from the lens equal to its principal focal length.

The angles AIB and WOW are equal by construction and

their opposite sides parallel, while the lines AB, DF, GK, and

WW' are parallels, cutting the sides of the angles; hence HI:

GK :: EI : DF : CI : AB :: SO : WW, the same relations that

were obtained with the pin hole. As SO and WW1 are both

constant, then ^> is constant and is the multiplier sought of

the intercepted space ou the rod.*

•In Fig. 161 let SO =/, (principal foc«l length).

h'q r£ j , (conjugate foci).

GK =s, (intercept on stadia rod).

K/G'=1, (image of intercept).

From similar triangles we have

K'G' : GK :: H'O : HO, or i : s ::/, :/,.... (I).
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The effects resulting from substituting the lens for the

tinfoil cap are to change the positions of the images for differ

ent positions of the rod, consequently changing the angles

formed between the lines through the wires and center of lens,

also to separate the vertices of the similar triangles by a dis

tance equal to the principal focal length of the lens.

To Measure Distances with the Stadia.—In the

construction of the Stadia by the makers, the wires are adjusted

to include 1 foot on a rod at 100 feet from the center of the

instrument and assumed to have a constant ratio for all other

distances, but at no other distance will the part intercepted by

the wires, and the distance be exactly in the proportion of 1

to 100, although the error of such supposition is so small for

distances over 100 feet as to be neglected in some classes of

work. In the gradienter the two sides of the triangle con

sidered, are formed by the line of collimation on revolving the

telescope and intersect in the center of the telescope on the

horizontal axis; whereas in the stadia the sides of the angles

pass through the stadia wires forming different angles for differ

ent distances; this results from the optical effects ofthe objective,

hence it is inaccurate to consider the visual angle as constant

and the apex as situated in the center of the telescope on the

horizontal axis. But, as shown, it has been found that at a point

situated at a distance in front of the objective of the telescope

equal to its principal focal length, is the apex of the visual

The law of lenses is

>,+>,=> •

Solving equations 1 and 2 with respect to y and equating these

values of jr we have ~=-j—r, from which is obtained

Vt J J*

/,=/,+/• (8),

which shows that the distance of the rod from the objective is equal to

the intercept on the rod multiplied by the constant ratio .A plus the

constant f.

Calling the distance from the center ofthe instrument to the stadia

rod d, and the distance from the objective to the center of the instru

ment c, we have d=/i-\-c, from which we have d—^s-\-/-\-C
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angle which is constant for the spaces intercepted by the stadia

wires on a rod held at different distances. Knowing this, it

then becomes possible with the stadia to measure distances

accurately from this apex, by the application of that principle

of geometry used in the gradienter; then knowing the distance

of this apex from the center of the instrument, located by the

plumb-bob, the distance of any point from the center of the

instrument can be accurately obtained.

The location of this apex is found by laying off from the

center of the instrument or point of the plumb the sum of two

distances called c and /; c being found by measuring the dis

tance from the center of the horizontal axis of the telescope

to the objective, when it is focused on a mean distance of

expected readings, say 500 feet; and f, the principal focal

length of the objective, being found by measuring from the

plane of the cross-wires to the objective when focused upon

an object at an infinite distance. If now a rod be held on

level ground at 100 feet from this apex and the stadia wires be

adjusted to intercept 1 foot on the rod, then at whatever other

point the rod be held, its distance from this apex will be 100

times the intercepted space on the rod.

Thus with adjustable stadia mires it is possible to set them

so that the ratio between the intercepted space on the rod and

the distance of the rod from the apex may be made any desired

number, and a rod of given length be used for any desired

maximum distance.

If, however, the wires are cemented to the ring and not

adjustable, and it is still desired to use a rod already graduated,

as a leveling-rod, it will be necessary to determine the dis

tances from the apex corresponding to the intercepted spaces

on the rod.

If no rod is at hand, then it will be necessary to graduate

one to suit the fixed wire interval.

Reduction to the horizontal. On slopes, with the Stadia as

with the Gradienter, if the rod could always be held perpen

dicular to the line of collimation directed on a point of the
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rod as high as the instrument, the distance from the instru

ment to the rod could be obtained at once; but, this being im

practicable and horizontal distances being desired, the rod is

held vertically and read as on the level, then the necessary cor

rection is applied, which correction depends upon the vertical

angle of the line of collimation. These corrections have been

calculated and put into a table for use. Table V., Appendix,

gives the horizontal distances from the apex and the vertical

elevations of points, computed from the proper formulae for

Stadia readings, which would correspond to 100 feet, yards,

or meters, for all angles up to 30°. The use of the table is

best explained by examples. Suppose the space intercepted

on a rod, held on a hill, is just 1 foot. This on level ground

would mean that the rod was 100 feet from the vertex, but the

inclination of the line of collimation as shown by the vertical

arc is 15° 121. Looking in the table for the column of 15°,

and following down until opposite 121 of the left-hand column,

we find the number 93.13, which is the horizontal distance

from the apex to the rod. Likewise the difference of elevation

is 25.30. If the distance of the apex from the center of the

instrument is 1 foot, on level ground, on the slope of 15° 121 it

will be .06 foot, found at the bottom of page, opposite f=1.00

on the left. This must then be added to 93.13, giving 94.09

feet for the horizontal difference from the center of the instru

ment. Likewise for the distance of elevation there must be

added to 25.30 the quantity .27, giving 25.57 feet for the dif

ference of elevation. Had the reading, instead of being 1 foot,

representing on the level 100 feet, been 5.79 feet, representing

on the level 579 feet, it would have been necessary to multiply

93.13 by 5.79, giving 539.22-f feet, to which would be added

.96 foot, making 540.18 feet for the horizontal distance from

center of instrument; and for the difference of elevation 25.30,

multiplied by 5.79=146.487, to which would be added .27,

making 146.757.

In the example, the ratio of the space intercepted to the

distance of the rod from the apex was assumed as 100, and the



184 Topographic Surveying.

reading multiplied by the numbers in the table. Should this

ratio not be 100, then, after finding the distance represented

on level ground by the reading, remove the decimal point two

places to the left and proceed as above.* Except in very

accurate work, the table is not generaly used to reduce the

inclined to the horizontal distance when the angle of elevation

of the line of collimation is less than 3°. If an error of 1 in

100 can be allowed, then the correction is not necessary for 50

441 or less. If the correction for the distance from the apex

to the center of the instrument be also neglected, these two

errors tend to compensate.

In obtaining the difference ofelevation, the correction for

elevation, due to the distance of the apex from the center of

the instrument, may be omitted for angles under 6° if errors

of of a foot are not important, as in side shots. But for

elevations on the main line, as on at raverse line, this correc

tion should always be included.

Reduction Diagram.—Since the use of tables involves

a multiplication each time, and since a table of varying dis

tances and angles would be very voluminous, it is preferable

to take out the elevations from a diagram. Such a diagram

has been prepared, to be used in place of the table. It is ar

ranged with both coordinates in feet, but can be used for both

coordinates in meters, since the same unit is used for both.

It will only be necessary to re-number the divisions to adapt

it to the new scale.

This diagram has been prepared with great care, and is

arranged to give distances to 500 yards or meters, or 1,500

feet, with elevations to 50 feet. For longer distances or higher

elevations for a single pointing, the results may be obtained

from the table. Elevations are taken from the diagram to

•Thus, the intercepted space on a leveling rod might be read 6.2 feet,

which would be fonnd from a prepared table to correspond to a dis

tance of 579 feet from apex. Move the decimal point two places to Uie

left in 679, giving 5.79, and multiply as explained.
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the nearest tenth of a loot, with great readiness, as the small

est spaces are 2 millimeters square, and these correspond to

two-tenths of a foot in elevation. It is of more convenient

use than extended tables, and is just as accurate; the nearest

tenth of a foot being quite as exact as one is warranted in

recording elevations obtained in this manner.

Corrections to the distances read are also obtained from

this diagram for large vertical angles.

Accuracy of Stadia Measurements.—If the rod is

properly graduated and always held vertically, the only error

possible is that from reading the position of the wires, which

is as apt to be too great as too small; hence such errors follow

the law of compensating errors, which is that the square root

of the total number of errors probably remains uncompen

sated.

This fact makes accurate linear measurements possible

with the Stadia upon traverse lines, and the longer the line

the more accurate the final result, since the relative error

diminishes as the length of the line or number of sights

increases ; provided, the two lines are run under similar con

ditions as to length of sights, accuracy of work, etc.

In clear, steady atmosphere, for a given accuracy, much

longer sights can be taken than when it is hazy and unsteady,

or, for the same lengths of sights, a greater accuracy is obtain

able in the former case than in the latter.

With care it is not difficult to reduce the error of closure

on lines averaging from 1 to 2 miles in length to 1 in 1000 or

1 in 1200. Thus it is seen that distance measurements with

the Stadia are as accurate as with a chain under ordinary cir

cumstances, and much more accurate as well as more rapid

than with a chain over rough, broken ground.

Making Stadia Rods.—Ordinary leveling rods with two

targets may be used, but where much work is to be done it is

preferable to make self-reading or speaking rods by which the

observer reads the space intercepted by the stadia wires.

The varieties and shapes of the characters on the rods
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used are almost as numerous as those who use them; some

few, however, having been found better than others, will be

shown.

It has been found that it is better to keep the colors

massed as much as possible, to prevent confusion and conse

quent difficulty in reading in hazy and unsteady atmosphere;

large characters with points to indicate smaller divisions, being

better than small detached ones. Wherever the wire falls

there should be a white background on some part of the cross-

section. The characters should not be carried to the edge of

the board as there is danger of their becoming defaced.

The graduatioji should begin at the middle and extend

the same distance towards each end, so that either end of the

board can be placed on the ground, thus enabling the observer

to find the height of his instrument on the rod, by a compari

son with a similarly graduated staff he carries.

If it is intended to always have the same end of the rod

on the ground, then the observed intercepted space may be at

once divided, having previously put a fixed target at the top.

The wires should be exactly the same distance from the

center wire. If it is desired to read greater distances than

the length of the rod will permit, then use the middle and one

extreme wire and double the distance read on the rod.

The stadia rod should be of well-seasoned, clear pine, 1

inch thick, 5 inches wide, and 14 feet long, The ends should

be protected by iron shoes. Before .marking, the board should

receive several coats of white paint to make them thoroughly

white. There should be no flange on the board to cast a

shadow.

Having selected a place where a base-line can be meas

ured with a tape or chain (which has been compared with a

standard) over smooth, level ground, choose a time when the

air is clear and steady. Set up the transit over one end of the

base-hne and level carefully. Lay off the distance (c-\-f) in

front of the plumb-bob to locate the apex of the visual angle

and from this point lay off a base 600 feet long. Have one of
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two targets (which may be of cardboard with a black diamond

painted on it and having a narrow horizontal slit along the

center line through which to mark its position) fastened on

the board about 6 feet from the top. Have the board held

vertically on the stake, sight the top wire upon thefixed target

and have an assistant set the other target where the lower wire

cuts the board. Repeat the operations until satisfied of the

correctness of the results. If they differ but by a small amount,

take their mean. This gives the value of the intercepted

space at 600 feet, and the spaces for all other distances will be

proportional.

Measure the length of the board and find the middle.

From this point lay off toward each end the intercepted space

just found. If it is desired to read distances in feet, divide

the intercepted space found into 6 equal parts corresponding
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to 100 feet each, and each of these parts into other parts cor

responding to the minimum number of feet to be read. If

distances are to be read in yards, divide the intercepted space

into two equal parts corresponding to 100 yards each, then

each of these into parts corresponding to the minimum num

ber of yards to be read. Continue these divisions to each

end of the board. Having done this, construct the desired

characters in pencil and afterwards paint them a coal black.

Figure 163 may be used where it is desired to read to

single units of measure, either feet, yards, or meters. Figure

164 to two units. Figure 165 to two and one half units. Fig

ure 166 to four units. Figure 167 to five units of measure.

Some engineers insert a narrow strip of mirror on the 100

unit characters to facilitate reading.

On the government surveys the base is usually measured

from the center of the instrument and its length is taken as

about a mean of those which the stadia is intended to read; the

result of which is to give all distances shorter than the base,

too short, and all distances longer than the base, too long.*

Another methodis to measure the base from the center ofthe

instrument, as above, and then from a fixed point on the lower

part of the rod, find the intervals that correspond to various dis

tances, as 100 feet, 200 feet; 300 feet, etc., and mark these on

the board, always keeping the lower wire on the fixed initial

•Fig. 162, A being the center of the instrument, I the initial

 

point, AG the mean base, say 1,000 feet. If the rod so graduated be

held at R, the space intercepted on rod is Ra, which corresponds to the

position P=100 feet, a distance too short by K=PR=1.35 feet If the

rod be held at R1 , the space intercepted on the rod is R 1 c, which corre

sponds to the position P1 =2,000 feet, too long by K=R1P=>1.5 feet; the

formula for the correction being K=(t+/) (1~AP°rGAt") . The rod is

graduated on the line AB, while the spaces intercepted are on the line IF.



"Filling in" Methods. 189

point of the rod. Then each 100-foot space is subdivided ac

cording to the desired reading. If the lower wire is always

set on the initial point, the reading gives the correct distance

from the center of the instrument, except for distances less

than 100 feet.

In topographic work there should usually be two rods

exactly alike, to each instrument, and sometimes three and

four are needed. After one rod is subdivided, the others of

that set may be laid alongside and all fastened rigidly to

gether; then by means of a T square the remaining rods may

be marked off.

The wire interval should be tested every few months by

measuring a base as was done on graduation, and reading the

rod on it, to see if it shows the true measured distance.

Points over which the instrument is set and from which

distances are measured with the stadia are usually, in the

notes and on plots, surrounded by a square, thus □, and

called stadia stations.

Field Work.—Small areas. If the area to be surveyed

Is small, any point may be selected as the point of reference,

and the survey referred to it as an origin. The transit is set

np over the point, vernier A set at 0, and clamped. If the true

meridian through the point is known, the telescope is placed

in the meridian by the lower motion and clamped. The rod-

men with the stadia rods then hold them on the critical

points, the plates are unclamped, and the telescope turned in

succession upon the rods; the distance, vertical angle, and azi

muth are read and recorded each time.

In sighting, the horizontal wire of the telescope should

be directed upon the rod at the height of the horizontal axis

above the point over which the transit is set. This Is deter

mined by placing a visible mark, as a rubber band, or target,

on the rods after the transit is leveled and before the rodmen

start out, or the observer may have a staff 5 or 6 feet long, grad

uated the same as the rods, with which he determines the height

©f his instrument and on what point of the rod to sight. The
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latter method permits the rodmen to be examining the ground

for points on which to hold the rod while the observer is setting

.up the transit." If the instrument occupies a central position,

and distances can be read to all points on the boundary, a

complete circuit is made around to the point of beginning, fur

nishing data for representing the surface.

Instead of sighting on critical points situated indiscrim

inately, section lines may be selected, especially if the ground

is fairly uniform, and the critical points on these section lines

observed.

The record may be kept on the left-band pages as follows,

the right-hand pages being reserved for sketching the local

ity, etc.

Observer, W. V. Smith.

Recorder, C. P. Jones.

Date, Nov. 8, 1892.

At Central Point. Ht. of Inst. 480. Surf. Elev. 55.89.

Onject.
Azimuth.
Ver. a.

DI8TANCE.
Vertical DXFV. OF

Elntat1n

ANGLE. Elevation.
ABOVE
Datum.

B. M.
0°001

225 —1°30' -5.89 50.00

C. P. sow 70 —0°50' -1.0 54.9

C. P. sow 223 +0°5O1
+2°351

+3.2 59.1

S. W. Cor.
43°351

396 +17.82 73.71

C. P.
43°351

250 +2°10' +9.4 65.3

C. P. 75°0O' 215 +3°30' +13.1 69.0

N. W. Cor. 102°56' 370 +4°30' +28.93 84.82

C. P. 135°0(y 153
+2°121

+5.8 61.7

C. P. 2oo°o<y 220 +2°35' +9.9 65.8

N. E. Cor.
221 °521

314 +3°35' +19.69 75.58

C. P.
221° 521

155
+2°551

+7.8 63.7

C. P. 258<W 220
+3°001

+11.5 67.4

S. E. Cor.
292°481

390
+2°301

+17.00 72.89

C. P.
292°481

230 +1°15' +5.0 60.9

C. P.
321 o0C

150
—lo1O1

-3.0 52.9
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A description of the point over which the transit is set is

first recorded as Central Point, A?, CD 10, etc.; then the height

of the instrument as given by the stadia rods, 480; then the

elevation of the point abcve datum, if known, or its elevation

as soon as determined from some near B. M. In the case

above, the Central Point is on the true meridian through the

B. M. on which the limb is oriented. Vernier A is at 0°, the

distance read on the rod is 225 feet, The vertical angle—1°

301 indicates that the B. M. is lower than the Central Point

over which the instrument is set; this is found by the table to

be 5.89 feet, which added to the height of the B. M., 50 feet,

gives 55.89 feet for the elevation of Central Point, which is

recorded in the heading. In the "Object" column is recorded

a description of the points observed, as Bench Mark (B. M.),

Contour Point (C. P.), intersection of roads, corners of field,

triangulation station No. 7 (A7), stadia station No. 10 (EJ10),

etc. Only the first four columns are used in the field, the last

two being "filled in" in the reductions from the table or reduc

tion sheet.

Large areas. If the area is too large to be surveyed from

a single point within, another instrument station is selected, a

rodmau holds his rod edgewise on it, and its azimuth is accu

rately determined by causing the vertical wire to bisect the

edge ofthe rod. The rod is then turned, face to the instru

ment, and the distance and vertical angles read. The transit

is then taken to the point selected for it, a rod is held on the

station just left, on which the transit is oriented by the back

azimuth or by plunging the telescope. The distance and ver

tical angle are again read from here for a check. The distance

should be the same, and the vertical angle the same with the

contrary sign. If the vertical angles are not the same, the

mean will be the true angle. Other points are observed upon

from this new station, as described, and so on until the entire

area to be mapped has been surveyed. The positions of other

important points or objects are determined in the same

manner.
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Tracing contours. To trace the actual contour lines on

the ground, a point on one of the lines is fixed and the stadia

rod held upon it.

The transit is set up at a point, about 3.5 feet lower, from

which an extended view of the ground can be obtained. The

height of the transit, after it is leveled and the telescope bub

ble is in the middle of the tube, must be such that the hori

zontal wire, when directed on the stadia rod held on the point,

will cut the rod about a foot from the ground.

The limb of the transit must then be oriented, either in

the true meridian, if known, through the point, or by the

compass. The azimuth and distance of the contour point are

then determined, and a mark of some kind put on the rod

showing where the horizontal wire cuts it, the telescope bub

ble being in the middle of its tube The rodtnan then pro

ceeds around on the contour line selecting the critical points,

and moving up or down hill, as directed by the observer, until

the mark on the rod is cut by the horizontal wire of the tele

scope. The observer then reads the azimuth and distance of

the point, and records it. As many other points on the same

contour line, within the limits of good distance reading, are

similarly located as may be necessary to plot it. The mark or

target is then moved up on the rod the vertical distance apart

of the contour planes, and points located in the same manner

on the next lower contour. If the rod is 14 feet long and the

contour planes 5 feet apart, three contour lines may be surveyed

at the first setting of the instrument, one above and two

below, and two at each subsequent setting, both beiow.

Having located the contour line as far below the transit

as the length of the rod will permit, another transit position

Is selected, about 3.5 feet below the last contour line, and its

azimuth and distance read. The transit is then moved to this

point, set up and leveled, high enough to have the horizontal

wire cut the rod, held on the last contour line, about a foot

above ground. It is then oriented on its last position by its

back azimuth or by plunging the telescope. The telescope
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bubble being in the middle of its tube, the point on the rod

cut by the horizontal wire when the rod is held on the last

contour line is noted, and the target moved up from this point

the vertical distance apart of the contour planes and then the

contour line next below the transit located as before, and so on.

By leaving marking stakes at the extreme points at each

contour line, these lines may be made continuous, and extended

for any distance and over any area, by beginning the continu

ous locations from these points ; one instrument position for

the beginning being located from some setting on the previous

traverse, so as to make a connected whole.

Filling in triangulated survey. If triangulation points

(primary and secondary) have been established and their ele

vations determined, as has been explained, the details are

u filled in " on traverse lines, starting from and closing, if

possible, on triangulation points.

The transit is set up over one of the &1s, the azimuth to

one of the other /.\1s set off on the horizontal limb with ver

nier A, and the alidade clamped. The telescope is then directed

upon that £ by the lower motion and clamped, thus orienting

the limb in the true meridian. The azimuths of all pointings

are now given by vernier A.

The height of the instrument above the A is now meas

ured on the stadia rod, and recorded in the notes. The rod-

men go around holding their stadia rods on the critical points

for contours, and on all other points desired for plotting. The

form for the record is the same as already given. Before the

transit is moved from the A it is reoriented and releveled, as

both may have been disturbed while taking side shots. A

rodman selects a suitable place for the next station, and drives a

stake into the ground, giving it a proper number, etc., for record,

and drives a taller marking stake near it. The rod is held on

the stake, edge towards the instrument for azimuth; the needle

should also be read for a check as explained in traversing with

transit. The rod is then turned face to the instrument while

the distance and elevation are read. The transit is then
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moved to the new station, set up and leveled, and new height

of instrument obtained and recorded. It is then oriented on

the station just left by sighting on the edge of the rod held on

it. The needle is again read for a check. The distance and

elevation are again read and recorded. Observations for con

tour points and other details are then made and recorded, new

stations selected, occupied, and the work continued until a A

is reached. A rod is held on this, exactly as has been ex

plained for other points, and its azimuth, distance, and eleva

tion read and recorded. The transit is then moved to it, set

tip, leveled, and height obtained. It is oriented on the back

station, distance and vertical angle read for a check, then the

telescope is turned on some other A and the reading ofvernier

A, resulting from the traversing, compared with the known

azimuth of that A. The elevations are checked by comparing

the computed elevation of the A with its elevation as deter

mined with the level. The distances are checked by plotting

them on the field sheet and seeing if they close all right, or by

computing the latitudes and departures of the triangulation

line and the traverse line separately and comparing the result

If there is a difference in the reading of the fore and back

distance and verticle angle between any two stations, In the

heading of the forward station is recorded the mean difference

of elevation as determined from these readings, and the eleva

tion of the station is determined by using this mean difference.

If it is desired to start from any point near a traverse

line and run a side line, a peg is driven there and connected

with the traverse line as if it were to be immediately occupied,

so as to make it unnecessary to occupy any station twice.

Reducing Notes.—The notes taken in the field during

the day should be redueed and plotted in the evening. The

difference of elevation column is filled in from the diagram or

by using the table, and the elevation above datum column by

adding algebraically the difference of elevation to the eleva

tion of the instrument station. Elevations of contour points

need be taken only to tenths of a foot, but elevations of
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Station points should be obtained to hundredths of a foot.

Where It is necessary to reduce the inclined distance read to

the horizontal, as on QB, it may be done by the table or

diagram. Here the distance read was 548 feet, the horizontal

being only 536.5 feet. As it was desired to subsequently start

from Q5 to run a line, it was located while at 33.

Form of Record.

Observer, W. W. Smith,

Recorder, C P. Jones.

Date, November 8, 1893.

At Central Point. Ht. of Inst. 480. Elev. 82.85.

Azimuth

Ver. A.

Vertical

Angle.

Diff. of

Elev.

Elev. above

Datum.
Object. Distance.

AtQ 2 Hgt. of Inst. 460. Mean Diff. of Elev.—17.45. Elev. 65.4.

□ 1

CP.

43°50'

58°2V

93°381

165°29'

428

327

564

+2°241

—1°161

+8°221

-4°181

+17.89

—7.2

+81.21

+34.76

58.2

146.61Cor. Fence

□ 3
624

AtQ 3 Hgt. of Inst. 490. Mean Diff.of Elev.+33.66. Elev. 99.06.

□ 2

CP.

845c291

217°42'

193°271

626
—3° 101

+2°461

+8°221

—32.55

376 +18.1 117.16

TTIB.
k

548 +77.18

536.5

Qi 87°37' 644
—4°181

—48.17

AtQ 4 Hgt.of Inst. 480. Mean Diff.ofElev.—48.29. Elev.50.71.

Q3

267°371

643 |+4°20i 43.42)

Plotting Notes.—The stadia traverse is plotted exactly

as has already been described.

Having plotted this and made it check, the next step is

to plot the side readings. For this purpose semi-circular or

whole-circle protractors may be used, the center being placed

over the stations, oriented, and held in place by weights or
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otherwise. The azimuths of the side shots are then marked

around the edge of the protractor. Ifa semi-circular protractor

is used, the azimuths between 0° and 180° are first marked,

then the protractor turned over and those between 180° and

360° marked. Through the points marked and the station,

lines are drawn, and on them the distances laid off to scale.

Where many side shots are to be plotted, more rapid methods

are used, such as dividing the map sheet into small squares of

1000 or 5000 units on a side, like cross-section paper, then using

an open whole-circle protractor, which can be centered over

the station and properly oriented. The opening being greater

than the longest side shot, a ruler, with a scale on its edge,

has Its 0 pivoted on the station and is revolved around to the

different azimuths, and the distances laid off at once without

drawing any lines.

Another method is by using a semi-circular protractor

numbered in the reverse direction to the graduations of the

horizontal limb. The diameter edge is graduated to the scale

of the map and numbered each way from the center. The

center is pivoted over the station. With this protractor, the

direction of any point is given by the diameter when the azi

muth number on the protractor coincides with the meridian

through the station. The distance is laid off on the scale on

the diameter. To orient the protractor at any forward station,

the center is placed on the station, the diameter on the line

joining the back station, and a dot marked at the azimuth read

ing will be a point on the meridian from which all azimuths

at that station are measured.

Details. The side shots having been plotted, the details

which they are to locate and the contours are then completed.

If there is any doubt about these, the map should be taken

to the ground and the contours sketched in, after points on

them have been located by interpolation, as already explained.

Filling in with Plane Table.—The telescopic alidade

with stadia wires, and stadia rods, are used with the plane

table for traversing and "filling in" details in a manner sim*
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ilar to what has been explained for the transit. The table

with the attached sheet is analogous to the graduated hori

zontal limb of the transit. The traversing with and orienting

the table have been explained. At any station the side shots

are plotted in direction by the edge of the ruler, the distance

is read by the stadia, and laid off to scale. Elevations are

determined by observing the vertical angle and reducing. In

fact, contours are more rapidly and accurately plotted with

the plane table than by any other means. Single contour

lines can be followed around and plotted by means of the

plane table with as much facility and accuracy as the notes

can be taken when using the transit. Every method that

has been explained for contouring is applicable to the plane-

table. It is almost the only method used in the Coast Sur

veys and Geological Surveys for contouring and "filling in"

details, and is about the only practicable method of making

hasty reconnaissance sketches.

Note.—The only way to impress the foregoing methods upon

the mind of the student is for him to actually do the work in thefield,

with the various instruments, and afterward to plot his notes to scale.



Topographic Surveying.

CHAPTER XII.

SOLAR ATTACHMENTS AND THEIR USES.

To an observer on the earth, all the heavenly bodies ap

pear to be situated on the inner surface of a great celestial

sphere of infinite radius, of which the earth is the center.

Fig. 168.

 

Definitions.—The poles are the points in which the

earth1s polar axis produced pierces this sphere.

The zenith of any place on the earth1s surface is the point
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in which a plumb-line at that place, produced upward, pierces

the sphere.

The nadir, the diametrically opposite point.

The equator or hour circle is the intersecting of this

sphere by the plane of the earth1s equator, this plane being

perpendicular to the polar axis.

The horizon is the intersection of the sphere by a plane

through the line of collimation of the telescope and perpen

dicular to the plumb-line.*

The ecliptic or apparent path of sun is the intersection of

the sphere by the plane of the earth's orbit.

A meridian circle is the intersection of the sphere by a

plane through the polar axis and the observer1s place.

The sun1s declination circle is the intersection of the sphere

by a plane through the polar axis and the sun.

The meridian altitude of the sun is his angular distance

(when on the meridian) from the horizon, measured on the

meridian circle.

The declination of the sun is his angular distance from the

equator, measured on the declination circle.

A meridian line is the intersection of the earth1s surface

by the plane of a meridian circle.

The latitude of a place on the earth1s surface is its angular

distance from the equator, measured on the meridian line, or

angular distance of its zenith from the equator measured on

the meridian circle, and is equal to the altitude of the celestial

pole. .

The co-latitude is the difference between 90 degrees and

the latitude, equal to the zenith distance of the pole.

•In reality it is the intersection by a plane through the center of

the earth and perpendicular to the plum-line, but the distance between

these two parallel planes is practically nothing compared to the great

distance to their intersections with the celestial sphere, hence may be

taken as the same plane. In measuring vertical angles of heavenly

bodies from points on the earth1s surface they are necessarily meas

ured from the horizontal planes through the instrument considered as

if they passed through the earth's center.
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The longitude of a place is its angular distance, measured

on the equator, east or west from the meridian of some place

assumed as the starting meridian*

The zenith distance of a heavenly body, when on a merid

ian, is its angular distance from the zenith and is measured on

the meridian circle.

The hour angle of a heavenly body is the angular distance

of its declination circle from the meridian circle, measured on

the equator westward.

The apparent sun, from which is obtained apparent time,

is the sun that appears in the heavens.

The mean sun is a fictitious sun in the equinoctial moving

with the apparent sun1s average yearly motion in right

ascension.

The vernal equinox is the fixed point in the equinoctial

where the sun crosses from south declination to north declina

tion, about March 20th.

A day is the interval of time between the departure of a

heavenly body, or point of the celestial sphere, from the

meridian of a place, and its next return. It is an apparent

solar day if the body is the apparent sun, a mean solar day if

the body is the mean sun, and a sidereal day it the point is the

vernal equinox. The interval between successive transits of

fixed stars equals a sidereal day.

The right ascension of a heavenly body is the arc of the

equinoctial from the vernal equinox eastward to the declina

tion circle through the body. When the body is on the

meridian of a place its right ascension is equal to the hour

angle or sidereal time of the vernal equinox at that instant;

hence, by observing the exact time of transit of a star whose

right ascension can be obtained, the local sidereal time becomes

known.

A mean solar day is longer than a sidereal day by about

•The meridians through Greenwich, Eng., and Washington, D. C,

are usually taken as the starting meridians from which to measure

longitude.
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3 minutes 56 seconds, there being 366J sidereal days in a year.

1 mean solar day= 1.00273791 sidereal days.

24 mean solar hours=24 hours 3 minutes 56.5554 sec

onds, sidereal time.

1 mean solar hour=l hour 0 minute 8.8565 seconds, side

real time.

1 sidereal day=0.99726957 mean solar day.

24 sidereal hours=23 hours 56 minutes 4.0906 seconds,

mean solar time.

1 sidereal hour = 59 minutes 50.1704 seconds, mean solar

time.

In the back part of the Nautical Almanac are full instruc

tions on how to convert sidereal intervals into mean solar

intervals, and sidereal time into mean solar time.

Theprincipal object ofsolar attachments is to furnish a ready

means of determining a true meridian through the axis of

the instrument, wherever set up, thus facilitating the running

of meridian lines, parallels of latitude, and the measurement

of angles referred to the true meridian. With no other in

strument in common use can this object be attained.

Theory of Solar Attachments.— When the telescope is

made horizontal by its spirit level, the hour circle will be in the

plane of the horizon, the polar axis will point to the zenith,

and the zeros of the vertical arc and its vernier will coincide.

Now, if the telescope be inclined, the polar axis will descend

from the direction of the zenith, the angle through which it

moves being laid off on the vertical arc.

When the polar axis is made parallel to the earth1s axis

the vernier of the vertical arc will read the co-latitude of the

place where the instrument is used.

If now the declination arm remains at zero and the lens

be directed at the sun, his image will appear on the opposite

plate (Fig. 100, p. 90), provided the instrument is used at the

time of the equinox. When, however, the sun passes above

or below the equator, his declination or angular distance from

it, as given in the Ephemeris, can be allowed for and set off on
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the declination arc, and his image still be brought into posi

tion as before.

In order to do this, however, it is necessary, not only that

the co-latitude and declination shall be correctly set off upon

their respective arcs, but also that the instrument should be

moved in azimuth until the polar axis points to the pole of the

heavens, or, in other words, is placed in the plane of the

meridian.

When the declination, corrected for refraction, is set off

on the declination arc for any hour of the day, and the co-

latitude on the vertical circle, and the image of the sun lies in

the square, then the pencil of rays makes with the horizontal

plates an angle equal to the apparent altitude of the sun at

that time.

Adjustments of the Solar Attachment.—To adjust

the equatorial lines and solar lenses. First detach the declina

tion arm from the arc by removing the clamp and tangent

screws and the conical center with its two small screws, by

which the arm is attached to the arc. The adjuster, which is

a short bar furnished with every attachment, is then substi

tuted for the declination arm, the conical center screwed into

its place at one end and the clamp screw into the other, being

inserted through the hole left by the removal of the tangent

screw, thus securing the adjuster firmly to the arc. Now

place the detached declination arm upon the adjuster, with

the same side resting against the surface of the declination

arc as before it was detached. Turn the instrument on its

spindle so as to bring the solar lens to be adjusted in the

direction of the sun, and raise or lower the adjuster on the

declination arc until the image of the sun is brought between

the equatorial lines on the opposite silver plate, the final posi

tion by the tangent screw. Then carefully turn the arm

around its longitudinal axis until it rests upon the adjuster on

the opposite edges ofthe rectaugular blocks, and again observe

the position of the sun's image.

If it remains between the lines as before, the lens and
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plate are in adjustment; if not, loosen the three screws which

confine the plate to the block, and move the plate under their

heads until one-half the error in the position of the sun's im

age is removed.

Repeat for a test, and correct until the image will remain

in the same situation in both positions.

To adjust the other lens and plate, reverse the arm end

for end on the adjuster, and proceed precisely as in the former

case until the same result is attained.

In tightening the screws over the plate, care must be

taken not to move the plate.

This adjustment now being complete, the adjuster is re

moved and the declination arm with its attachments replaced

as before. Make this adjustment about noon, as the sun

then, in a given length of time, has the least vertical motion.

To adjust the vernier of the declination arc. Set the ver

nier at zero and then raise or lower the telescope by the tan -

gent screw until the sun's image appears exactly between the

equatorial lines.

Having the telescope axis clamped firmly, carefully re

volve the arm until the image appears on the other plate. If

precisely between these lines, the adjustment is complete ; if

not, move the declination arm by its tangent screw, until the

image will come precisely between the lines on the opposite

plate: now remove one-half the apparent error by means of

the tangent screw and the other half by loosening the two

screws that fasten the vernier and placing the zeros of the

vernier and limb in exact coincidence; now tighten the screws,

and the adjustment is finished. This adjustment should be

made about noon, for the same reason as the preceding one.

To adjust the polar axis. First level the instrument care

fully by the long level of the telescope, using in the operation

the tangent movement of the telescope axis in connection

with the leveling-screws of the parallel plates until the bubble

will remain in the centre during a complete revolution of the

instrument upon its axis. Place the solar apparatus upon
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the axis and see that it moves easily around it; bring the

declination arc into the plane of the telescope, and having the

arc set at zero, place the adjusting or striding level (Fig. 169)

 

Fiocre IG9.

on top of the rectangular blocks and bring the bubble of the

level into the center by the two capstan-head screws under

the bour arc, which are in line with the declination arc, loos

ening one end and tightening the other with the pin until the

bubble is centered. Then turn the declination arc until it is

at right angles to its former position, and, if out, bring the

bubble to the center by the other pair of screws directly under

the arc and in line with the horizontal axis of the telescope.

Return the arc to the first position and, if necessary, repeat

the operation of centering the bubble. To check the work, turn

the arc 180°, bringing it again parallel to the telescope, and

note the position of the bubble; if in the center, the polar

axis is vertical in that direction; if not, make the correction

and repeat the operation as before, taking care that the bubble

under the telescope is always in the center, and the capstan

screws brought to a firm bearing. Pursue the same course in

adjusting the arc in the second position (over the horizontal

axis of the telescope), and when completed the bubble will re

main in the center during an entire revolution of the declina

tion arc, showing that the polar axis is set at right angles to

the level under the telescope, or truly vertical. The adjusting

level in the above operation is assumed to be itself in adjust

ment; if not, it can be adjusted by reversing it upon a plane

surface. It should be here noted that, as this is by far the

most delicate and important adjustment, it should be made
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with the greatest care, the bubble kept perfectly in the center

and frequently inspected in the course of the operation.

To adjust the hour circle. Whenever the instrument is

set in the meridian, with the co-latitude and approximate

declination set off and the image of the sun brought between

the hour lines, the index of the hour circle should read local

apparent time. If it does not, loosen the two flat-head screws

on the top of the hour circle, and with the hand turn the circle

around until it does so read, fasten the screws again, and the

adjustment is complete.

To obtain mean or astronomical time, the correction of

equation for the given day, as given in the Nautical Almanac,

must be applied.

The Saegmuller Solar Attachment (Fig. 101) con

sists essentially of a small telescope and level, the telescope

being mounted in standards in which it can be elevated or

depressed. The standard revolves around an axis, called the

polar axis, which is fastened to the telescope axis of the transit

instrument. The telescope, called the "solar telescope," can

thus be moved in altitude and hour angle. It is provided with

shade-glasses to subdue the glare of the sun, as well as a prism

to observe with greater ease when the declination is far north.

Two pointers attached to the telescope to approximately set

the instrument are so adjusted that when the shadow of the

one is thrown on the other the sun will appear in the field

of view.

1st adjustment: Attach the "polar axis" to the main tele

scope axis in the center at right angles to the line of collima-

tion. The base of this axis is provided with three adjusting

screws for this purpose; by means of the level on the solar

telescope this condition can be readily and accurately tested.

2d adjustment: Point the transit telescope—which instru

ment we assume to be in adjustment—exactly horizontally,

and bisect any distant object. The bubble of the transit level

will then be in the middle of the scale. Point the "solar tele

scope," also; horizontally, by observing the same object, and
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adjust its level to read zero, for which purpose the usual adjust

ing-screws are provided.

To use the attachment. 1 . Take the declination ot the

sun as given in the Nautical Almanac for the given day and

hour, and correct it for refraction and hourly change. Incline

the transit telescope until this amount is indicated by its verti

cal arc. If the declination of the sun is north, depress it; if

south, elevate it. Without disturbing the position of the

transit telescope, bring the solar telescope to a horizontal posi

tion by means of its level. The two telescopes will now form

an angle which equals the amount of the declination.

2. Without disturbing the relative position of the two

telescopes, incline them, and set the vernier to the co-latitude

of the place.

3. Move the transit and the solar attachment around

their respective vertical axes until the image of the sun is

brought into the field of the solar telescope, and at the given

hour accurately bisect the image; the transit telescope is now in

the me> idian, and the compass needle indicates its own decli

nation at that time and place. The polar axis of the solar

attachment will then point to the pole.

Divisions and Kinds of Time.—The sun appar

ently revolves from east to west around the earth in a circle

of 360° once in 2i hours, or through 15 degrees in one hour

of time.

The interval of time between two consecutive passages

of the meridian of a place by the sun is called an apparent

solar day.

The angular distance at any time of the sun from the

meridian of a place measured on the equator to the west in

hours, minutes, and seconds is called the apparent solar time,

and the instant of the sun1s being on the meridian is called

the apparent noon of that place.

The lengths of the apparent solar days are not all equal,

however, and it was found impossible to make watches and

clocks correspond to them; therefore the mean of the lengths
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of all the apparent solar days in a year was adopted as the

one to which watches could be regulated, and it is called

the mean solar day; hence time carried by watches is called

mean solar time, as the days by it are all of equal length, and

12 o'clock noon by the watch is called mean noon.

The difference at any instant between the apparent time,

as given by the position of the sun with reference to the

meridian, and the time given by a watch, is called the equation

of time. Four times a year (in 1893 at Greenwich on April

15th at 4 a. m., on June 1st at 7 A. M., on August 31st at 6 p.

m., and on December 24th at 1 p. m.), apparent and mean time

were the same; at all other times they were different. In

1893 at Greenwich, apparent and mean noon differed on Feb

ruary 10th by 14 minutes 26 seconds; May 14th by 3 minutes

51 seconds; July 26th by 6 minutes 17 seconds; November 2d

by 16 minutes 21 seconds.

It is to be understood that, although apparent and mean

time may sometimes differ by as much as 16 minutes, the act

ual lengths of mean and apparent days do not differ by as

much as 30 seconds, and very few approach that difference,

some differing less than 2 seconds.

The difference between apparent and mean time for every

hour in the year is given in the Nautical Almanac, and by it

one may be changed into the other, and vice versa, by follow

ing the directions at the head of the column in which it is

found.

Standard time. There is another division of time that

has come into general use in the United States, known as

Standard Railway Time. Very few places of importance now

use local time, either apparent or mean, but instead the mean

solar time of the 75th, 90th, 105th, or 120th degree meridian

west of Greenwich, according to which one is nearest.

Hence, if Standard Railway Time is carried, it is easy to

convert it into local mean time by adding or subtracting the

difference in longitude, expressed in time, between the Stand
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ard Time meridian and that of the place of observation, de

pending upon whether the latter is east or west of the former.

Thus, if by the watch the Standard Time is 8 a. m., then

the local mean time of a place 5° east of the Standard Time

meridian will be 8:20 a. m., and of a place 5° west of it will be

7:40 a. m.

Local time. When local mean time is carried by a watch

or chronometer it is the one most conveniently used in mak

ing observations on the sun out of the meridian, data for

which is obtained from page II. of each month in the Nauti

cal Almanac. But for making observations on the sun when

on the meridian, as in making the adjustments of solar attach

ments, and determining time and latitude, local apparent time

should be used, data for which is given on page I. of each

month in the Nautical Almanac.

Arcs of great circles are reckoned in degrees, minutesf

and seconds of arc, and also in hours, minutes, and seconds of

time; thus 24 hours is equal to 360°, 1 hour is equal to 15°, 1

minute is equal to 151, and 1 second is equal to 15".

In civil reckoning of time the day begins at midnight, and

hours are counted up to 12 at midday, and again up to 12 at

the following midnight.

In astronomical reckoning the day begins at midday (12

hours after the civil day), and hours are counted up to 24, to

the following midday. January 1st, astronomical time, is the

afternoon of January 1st, civil time, and forenoon of January

2d, civil time.

Observations for time consist in observing the transit of

the sun, or a star, across the meridian, noting the watch time

and finding the difference between it and the calculated local

mean or sidereal time of transit; the difference being the error

of the watch.

The time of transit of the sun is obtained by taking the

mean of the times of transit of the east and the west limbs.
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When making use of stars it is usual to observe two (not

circumpolar, as their apparent motion is too slow), so as to

eliminate instrumental errors. From the Nautical Almanac,

as explained therein, is obtained the mean time of transit of

each of the two stars. The telescope is placed in the meridian

(both motions in azimuth clamped) and then turned up to the

first star and the exact time of its transit noted. The tele

scope is then plunged and the alidade revolved 180°, the tele

scope again placed in the meridian, raised to the altitude of

the second star, and the exact time of its transit noted.

The mean of the errors of the watch is the error to obtain

correct time.

For stars having high altitudes, the eye prism would have

to be used.

The meridian may be established either by two points in

it, one of which is occupied by the instrument and the other

by the target, or by the azimuth of some other station.

Longitude:—By chronometers. Finding the difference

in longitude between two places is a more complicated prob

lem than finding the latitude of a place. If it were possible

to construct a timepiece to show mean or sidereal time without

any variation, all that would be necessary would be to set it

at the exact time at the initial station, carry it to the station

whose longitude was desired, and there make an observation

for time; then the error of the time-piece at the instant of

the observation would be the difference in time, or the differ

ence in longitude in time, which could be converted into dif

ference in longitude in degrees, minutes, and seconds, but

such perfection has not been obtained, and the rate of variation

from mean or sidereal time has to be obtained and applied. Thus

the error of timepiece (called chronometer) is noted on the mean

or sidereal time on a fixed meridian on a given date. Assum

ing it to preserve a constant rate, it is carried to the place

whose longitude is desired, an observation made for time, and
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the error at that instant is compared with the calculated error

at the same instant at the meridian of departure. Navigators

at sea depend chiefly upon this method, and it may be used

for short distances on land, but cannot be depended upon for

great differences.

By telegraph. The method now exclusively employed in

geodetic operations, where possible, is to make a most accu

rate determination of time at both places to be compared, com

bined with a direct comparison of these times through the

medium of the electric telegraph. The most simple one is for

each observer to regulate his chronometer to local mean or

sidereal time, and to note the time of any arbitrary break of

the connecting circuit, by some prearranged signal.

Or, to telegraph from an eastern to a western station the

instant of a fixed star's culmination at the eastern station, and

conversely to telegraph to an eastern station the instant of cul

mination of the same star at a western station The local

time of both events being noted, the difference, as recorded at

the same station, corrected for the rate of the timepiece, gives

the difference of longitude.

Many improvements and refinements of this method are

used for accurate determination.

Longitude by eclipses of Jupiter's satellites. At one time

the eclipses of Jupiter1s satellites were much used in determin

ing longitude, but, since a satellite never enters the planet1s

shadow suddenly, because of its sensible diameter, the time

from its first loss of light to its total extinction is quite per

ceptible. The same is true of emergence. Owing, also, to

the difference in telescopes and eyes, this becomes a source of

discrepancy in the times assigned by different observers for

the beginning and ending of an eclipse. If, however, both be

observed by the same person and with the same telescope,

the half sum of the two times, as given by a properly regulated

timepiece, will be that of apparent opposition, measurably

free from error.
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In the Nautical Almanac is given the mean time at Wash

ington of the conjunctions of the satellites of Jupiter. If,

then, the local mean time be noted of one of these on any par

ticular day at a place whose longitude is desired, the Wash

ington mean time at the same instant may be approximately

obtained, and hence the difference of longitude.

The Sun's Declination.—The sun apparently revolves

about the earth once a year in the celestial ecliptic; and as

the plane of the ecliptic makes an angle of 23° 28' with the

plane of the equator, the sun during the six months of the

year from March 20th to September 22d is above the equator

and its declination is north, reaching its maximum of 23° 28'

June 21st; and from September 22d to March 20th it is below

and its declination south, reaching its maximum of 23° 28' De

cember 21st. On March 20th and September 22d, when cross

ing the equator, its declination is zero. The change in

declination, however, is not constant, being as much as 59".2o

per hour when crossing the equator, and less than 1" per hour

when at its maximum points; therefore, when going to use

a solar attachment, it is necessary to prepare beforehand a

table of hourly declinations of the sun for each day.

Determining the declination. When the sun is on the

meridian of Greenwich, England, at apparent noon of any day

he will have a certain declination, which is given in the

Nautical Almanac page I. of each month. At a place 15° west

longitude from Greenwich it will be only 11 o'clock A. M. ap

parent time, but his declination for that hour will be the same

as at Greenwich apparent noon. Now when the sun arrives

at the 15° meridian, one hour of time will have passed and

his declination will also have changed, which hourly change

is also given in the Nautical Almanac. At a place 90° west

longitude from Greenwich it will be only 0 o'clock a. m. ap

parent time when it is apparent noon at Greenwich, but the

instant is the same as regards the declination of the sun, as
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given in the Nautical Almanac, and similarly for any other

place whose longitude is known.

At Greenwich mean noon the sua has a certain declination

each day, given on page II. of each month of the Nautical

Almanac. At a place 15° west longitude it will have the same

declination at 11 a. m. mean time, and at 90° west longitude

the same at 6 A. m. mean time. To determine the declination

for any other time of day the hourly change is applied as will

be explained.

As the Nautical Almanac gives the declination of the sun

in the heavens unaffected by refraction, it becomes necessary to

apply such an amount of refraction to those declinations as will

bring them up ' o the apparent heights before they are to be

set off on the declination arc.

As before stated, before this instrument can be used at any

given place it is necessary to set off, on the declination arc, the

declination of the sun as affected by its refraction for the given

day and hour, and, on the vertical circle, the co-latitude of the

place where the observation is made.

The declination of the sun, given in the Nautical Almanac

from year to year is calculated for both apparent and mean

noon at Greenwich, England, together with its hourly change

in declination. To determine it for any other hour at the

same or any other place, a correction must be applied for the

change in declination due to change in time, from hour to

hour, and also for the difference in time due to the difference

in longitude.

The longitude of any place in the United States can be

found very nearly by reference to a good map, or it is the gen

eral practice now, where standard railway time is carried and

is known not to differ more than half an hour from local time,

to use that and make the corrections in declinations corre

sponding to it. Having thus the difference in time, the

declination for a certain hour in the morning, which would be
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earlier or later as the longitude was greater or less, would be

the same as that of Greenwich mean noon on the given day.

Thus, supposing the observation be made at a place, say 5

hours earlier than at Greenwich, then the declination given in

the almanac for the given day at mean noon, corrected for

refraction, would be the apparent declination at the place «f

observation at 7 o1clock A. m.; this gives a starting-point.

To obtain the apparent declinations for the other hours of

the day.take from the Almanac the declination for mean noon of

the given day, and, as the declination is increasing or decreas

ing, add to or subtract from the declination of the first hour

the difference for one hour, as given in the Almanac, which

will give, when affected by the refraction, the apparent decli

nation for the succeeding hour; proceed thus in making a

table of the apparent declinations for every hour of the day.

For example, suppose it were required to make out a table of

declinations, corrected for refraction, for the different hours of

May 1. 1893, at Fort Leavenworth, Kansas, in longitude 94°

511 7" or 6 hours 19 minutes 24 seconds, and latitude 39° 211 24".

Calling the longitude 6 hours 20 minutes, then the decli

nation given in the Almanac for mean noon of May 1, 1893, at

Greenwich, will be the declination at supposed place of obser

vation at 5:40 A. m. of same day, and is N. 15° 131 54".9; the

change for one hour is -f-45".04; the plus sign indicates that

north declinations are increasing. Since 7 a. m. is about as

early as the attachment can be reliably used, the sun by that

time will have been changing his declination for 1 hour 20

minutes, or 1 yi times 45".04= 60".Q5, which added to his decli

nation at 5:40 a. m. gives N. 15° 14' 54".95 for his declina

tion at 7 a. m. To find the declinations for the remaining

hours of the day and corresponding refractions, proceed as

follows: Calling the latitude 40°, refer to the table of mean

refractions and find the hourly amounts to be applied. 7 a. m-

being the 5th hour.
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Dec. at 7a.m. N. 15° 14'54" 95+ Ref.5h 1'31"=16° 16'25".95=App. Dec. 7A.1I.

Add. Diff. forih 45//.Q4

8 a.m. 15° 16'39".99+Ref. 4h 55"=15° 16'34".99=App. Dec. 8a.m.

45//.Q4

15° 16'25".03+Ref. 3h 40"=15° 17' 5".03=App. Dec. 9a m.

45".Q4

16° H'l0" .07 + Ref. 2h 32"= 1 5° 1 7'42".07=App. Dec. 10a.m.

45//.Q4

15017'55".ll+Ref. lh 27"=15° 18/22//.ll=App.Dec. 1U.M.

45".Q4

15°18'40".lb+Vt.ei. 0h 27"=15° 19/ 7".15=App. Dec. 12 m.

45//.Q4

15° 19'2S".19-VRef. lh 27"=15° 19/52".19=App. Dec. 1p m.

45".(4

15° 20/10//.234-Ref. 2h 82//=15° 20/42".23=App. Dec. 2P.M.

46" 04

15° 20/5o".27+Ref. 3h 40"=15° 21'35".27=App. Dec. 3p.m.

45" 04

15° 21/40" 31+Ref 4h 55"=15° 22'35".31=App. Dec. 4p.m.

_45"04

15° 22'25".35 + Ref 5h 1'31"=15° 23/56".35=App. Dec. 5p.M.

At apparent noon, May 1, 1893, it will only be 11 hours

56 minutes 66.09 seconds mean time, hence the sun on the

meridian will have the declination corresponding to that mean

time instead of!2 m. mean time, as given in the table. What

the exact declination lor apparent noon is may be found from

page I., or by subtracting from that given in the table the

amount of change for 3 minutes 3.91 seconds (the difference

between the times) which equals 2".3 in declination giving a

declination at apparent noon of 15° 191 4".85.

From March 20th to June 21st add hourly differences in

declination; from June 21st to September 22d subtract hourly

differences; from September 22d to December 21st odd hourly

differences; from December 21st to March 20th subtract hourly

differences.*

*If the observer's watch shows the standard time of Saint T.ouis

(90th meridian) and the first method of deiemjining the meridian is

used, the table of declinations is computed for Saint Louis, not for the

observer's longitude. When the observer's watch shows 6 a. m., it is 9

k. m. mean time at Saint Louis, not at the observer1s position.
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To Determine the Latitude of a Place.—In the

explanation of the Table of Refractions it was stated that

the refractions were calculated for latitudes at intervals of 2\

degrees, which is as near as required for finding the apparent

declination to set off on the declination arc, but to use the

instrument for determining the meridian it is necessary that

the latitude of the place should be known accurately, in order

to set off the co-latitude. If this is not known, it may gener

ally be found from a map within the 2$ degrees for determin

ing the apparent declination to set off in preparing the tables.

Having done this, set off on the declination arc the apparent

declination for 12 o'clock apparent noon of the given day. A

few minutes before apparent noon set up the instrument and

level carefully; set the declination arm at 12 o'clock on the hour

ring and revolve the alidade in azimuth until the declination

arm points towards the sun (Fig. 170). Set off the co-latitude

approximately on the vertical circle, and clamp;

then by means of the tangent screw bring the

sun's image between the equatorial lines. As

the sun continues to rise towards the meridian

his image will descend; follow it with the tangent

screw, keeping it between the equatorial lines,

and by either lower tangent screw keep his im

age between the hour lines. On reaching the

meridian his image will cease to descend and be

gin to rise. When this instant occurs, cease to

follow it, and read the vertical circle, which will

be the co-latitude of the place. The co-latitude

thus found may be used with the instrument

without regard to whether the vertical circle has

an index error or not; but if the true co-latitude

is used with it, any index error must be determined and prop

erly applied in setting it off, as also in determining the true

co-latitude by a meridian observation, as above.

By observations on circumpolar stars. The latitude of a

place being equal to the altitude of the pole, measured at the
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place, the operation consists in simply observing the altitude

of a circumpolar star at culmination, and correcting this alti

tude for refraction and for the pole distance of the star.

From a table of culminations find the time Polaris, or some

other circumpolar star, crosses the meridian. About 15 or 20

minutes before this time set up the transit and level carefully.

Set the horizontal wire of the telescope upon the star and fol

low it with the tangent screws until it reaches its highest or

lowest point. Read the vertical angle and from it subtract the

refraction corresponding to the reading, and then subtract if

upper culmination, or add if lower culmination, the polar dis

tance, and the result should be the latitude of the place.

Errors of adjustment of line of collimation, of vertical

circle, and ofplate-bubbles may be eliminated by determining

the altitude of the star with the telescope direct about 5 min

utes before culmination, then plunging the telescope and

revolving alidade 180°, releveling, and again determining alti

tude, telescope reversed, by two readings. Then plunge tele

scope back to normal position, revolve alidade 180°, again

relevel, and make another determination, telescope direct.

Correct the mean of the four readings for refraction and pole

distance as before.*

If the vertical arc of the transit is only 180°, an artificial

horizon, as used with the sextant, may be employed, and an

observation made, first to the star direct, and then to its image

in the artificial horizon. The sum of the two observations

will be double the apparent altitude of the star. Or, the first

observation may be taken on the star direct, then two on its

image in the artificial horizon, then another on the star direct,

their sum giving four times the apparent altitude of the star,

from which its altitude, and then the altitude of the pole or

the latitude, may be obtained. The error due to an index

error of the vertical circle will thus be eliminated.

•Errors of adjustment of the plate-bubble perpendicular to the

line of sight and of the standards are not eliminated.
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By meridian altitude of the sun, without solar attachment.

The latitude of a place is equal to 90°—the meridian altitude

of the sun+his declination (provided north declinations be

considered positive and south negative). Or, when the observer

and sun are upon the same side of the equator, the latitude

—90°—the meridian altitude or the sun -f the declination.

When the observer or the sun are on different sides of the

equator, the latitude=90°—the meridian altitude of the

sun—the declination.

Hence, to find the latitude by an observation on the sun,

make an observation for the altitude of his upper or lower

limb when on the meridian at apparent noon, subtract meridian

refraction, subtract his semi-diameter if on upper, or add if on

lower limb, for the true altitude of the center, which latter

subtract from 90°, and add the declination with its proper sign.

To Determine the Meridian with Solar Attach

ment.—Having now all the necessary data for using the in

strument, to determine the meridian, or true north-and-

south line at any time of the day, take from the table the ap

parent declination corresponding to the mean time when the

observation will be made, and set it off on the declination arc;

set off on the vertical circle the co-latitude of the place, clamp

the horizontal plates at zero, revolve the whole head of the

instrument until the telescope is approximately in the meridian,

then with one hand turn the declination arm on the polar axis

toward the sun, and with the other turn the whole head of the

instrument until the image of the sun is brought between the

equatorial and the hour lines; then clamp the head, and by

means of lower tangent screw and movement about polar

axis keep the image there until exact instant for which

the declination is computed, when the telescope will be in the

meridian*

•Or another method it to set the hour circle at the hour for which

the declination is computed, and clamp; set off the declination and

co-latitude as before, and about ten minutes before the computed time

bring the sun on the plate between the equatorial lines and keep it
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When the instrument is accurately adjusted and leveled,

and the corrected declination of the sun for the day and hour

and the co-latitude of the place are set off on their respective

arcs, the image of the sun cannot, at the given hour, be brought

between the equatorial lines until the polar axis is placed in

the plane of the meridian of the place, or in a position parallel

to the axis of the earth, and the line of collimation of transit

telescope is in the meridian. (See foot-note, p. 220.)

The slightest deviation from this position will cause the

image to pass above or below the lines. Thus irom the posi

tion of the sun in the heavens is obtained the true meridian

with an accuracy corresponding to the accuracy of the adjust

ments and observation.

If the revolving arm be turned a little to one side of its

proper position, a false image may appear in nearly the same

position as that occupied by the true one. It is caused by the

reflection of the true image from the surface of the arm. It

can be distinguished by being much less bright and less

clearly defined.

Smith's Meridian Attachment.—Description. This

attachment, shown in the figure and used in connection with

the transit, consists of a small solar telescope free to revolve

injthe collars K, K. The collars are rigidly attached to the

transit telescope, and therefore the only motion independent

of the transit telescope possessed by the solar telescope is that

of revolution about its longitudinal axis.

The amount of this revolution is recorded on the hour

circle by an index on the upper collar K, the hour circle be

ing a silvered ring graduated to ten minutes of time and rig

idly attached to the solar telescope just above this upper collar.

The vertical limb of the transit is used as a latitude arc.

The declination arm is shown in the figure. Attached

to the pivot end of this arm, and moving with it, is the re-

between them bj moving the head of the instrument in azimuth by

the lower tangent screw until the image appears between both the hour

and equatorial lines—at this instant the telescope is in the meridian.
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Smith's Meridian Attachment.—E, reflector; K, K. collars; V, vertical limb,
latitude arc; D, declination arc ; A, B, C. C, solar line of eolllmation ; a, hour wire ;
b, b, b equatorial wires. The line A B is parallel to the polar axis ; and, as regards
latitude, declination, and hour angle, is practically identical with it.

flector, so arranged that when the declination venier, properly

adjusted, reads zero, the angle between the reflector and the

optical axis of the telescope is 45°.

Theory.—If the instrument, properly adjusted, be set in

the meridian, and the latitude of the place set off on the lati

tude arc, the polar axis of the instrument will be parallel to

the earth's polar axis.

If the declination vernier be set at zero, the portion of
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the line of collimation of the solar telescope from the reflector

outward will make an angle of 90° with the optical axis of the

solar telescope. And if the solar telescope be now revolved

in its collars, this outward portion of the line of collimation

will cut from the celestial sphere a circle parallel to and (on

account of the infinite radius of the celestial sphere) coinci

dent with the celestial equator.

If the apparent sun is on the equator at the time the

solar telescope is being revolved, it will, when the telescope

has been turned through the proper angle, be in the out

ward portion of the line of collimation, and its image will

appear accurately on the cross-wires.

So, too, with the instrument as before, if the sun's declina

tion for a particular day and hour, corrected for refraction, be

set off on the declination arc and the solar telescope revolved,

this outward portion of its line of collimation will cut from

the celestial sphere a circle parallel to the equator and at a

distance from it equal to the sun's declination for the selected

time, corrected for refraction. When, therefore, the solar tel

escope has been revolved through the proper angle, its line of

collimation will strike the sun and the image of the latter will

appear accurately on the cross-wires.

If, however, the polar axis is not parallel to the earth's

axis (when the instrument is properly adjusted and set up and

the latitude set off on the latitude arc, this lack of parallelism

occurs whenever the instrument is not in the meridian), the

outward portion of the line of collimation no longer cuts from

the celestial sphere the circles described, and the sun's image

cannot be brought upon the cross-wires*

It therefore follows that, when the conditions mentioned

regarding adjustment, setting up, latitude, and declination are

* There is one exception to this rule. The image can be brought

upon the cross-wires when the telescope is no longer in the meridian;

but in this position the transit telescope will point on the side of the

sun opposite the meridian, and on the hour circle a. if. time will be

nsed for P. M. observations, and the converse.
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fulfilled, the instrument is in the meridian when the sun's

image is brought accurately upon the cross-wires.

Adjustments.—Before adjusting the attachment, see that

the transit itself is in the most accurate adjustment possible.

To adjust the equatorial wires. Set up the instrument, and

by the most convenient means bring the sun's image between

the equatorial wires. Revolve the solar telescope slightly in its

collars, so as to cause the image to traverse the field of view.

If the image remains between the wires while traversing the

field, the adjustment is correct.

If it does not so remain, loosen the screws holding the

cross-wires diaphragm in place, and with the hand revolve

the diaphragm until the image will remain accurately between

the equatorial wires while traversing the field of view.

Errors from lack of this adjustment can be avoided by

always centering the image on the hour wire as well as between

the equatorial wires when making an observation.

To adjust the line ofcollimation of the solar telescope. Re

move the two screws that fasten the base of the reflector frame

to the solar telescope, and push the reflector to one side. Set

the line of collimation of the transit telescope on some distant

point, preferably a star (in which case the cross-wires must be

illumined), and bring the line of collimation of the solar

telescope upon the same point by means of the capstan screws

carrying its diaphragm.

If no distant point is available, two points, the second

above the first as far as the axis of the solar telescope is above

that of the transit telescope, may be used.

To adjust the declination arc. Set up the instrument in the

meridian, set off the latitude, and make a meridional observa

tion of the sun, bringing its image accurately between the

equatorial wires by means of the tangent screw on the decli

nation arm. The difference between the reading of the decli

nation vernier in this position and the corrected declination

of the sun for the time of observation will be the index error

of the arc.
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Loosen the three small screws holding the arc in place,

and remove this index error by shifting the arc until its ver

nier reads the corrected declination. Tighten the screws,

being careful not to shift the arc from its corrected position.

If the arc is not adjustable, the index error must be

applied each time the declination is set off.

To adjust the hour circle. Set up the instrument In the

meridian, set off the latitude and the corrected declination.

Then make an observation of the sun; being careful to center

the image on the hour wire. If the index reads the local

apparent time of the observation, the adjustment is correct.

If not, mark a new index opposite the correct local apparent

time of the observation.

Test for Accuracy.—Whenever the solar attachment

is to be used, it should be tested by the method required of

deputy surveyors by the manual of surveyor instructions

issued by the Commissioner of the General Land Office. A

complete description of the test is entered in the deputy1s

notes of survey.

• "August 28, 1890: In order to test the solar apparatus, by com.

paring the results of observations on the sun, made during a. m. and

p. M. hours, with a true meridian, determined by observations on

Polaris, I proceed as follows :

"At 4 hours 2 minutes P. M. local mean time, I set off 45°34'.5 on

the latitude arc; 9°3(/.5 N. on the declination arc; and mark the true

meridian thus determined by the solar, by a cross on a st«ne firmly set

in the ground, 5 chains north of the instrument.

"At 8 hours 66 minutes p. m. by my watch, which is 2 minutes fast

of local mean time, I observe Polaris at eastern elongation, in accord

ance with instructions in the Manual, and mark the line thus deter

mined, by a tack driven in a wooden plug set in the ground, 5 chains

north of my station.

"August 29 : At 6 a. m. I lay off the azimuth of Polaris, 1° 49/.5 to

the west, and mark the Trde meridian thus determined, by cutting a

small groove in the stone set last evening, on which the true meridiae

falls 0.2 inch west of the mark determined by the solar.

"At 8 hours a. m., I set off 45°S4'.5 on the latitude arc; 9° 16' N.

on the declination arc; and mark the true meridian determined with the

solar, by a cross on the stone already set 5 chains north of my station;
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To Determine the Meridian.—1st method: Set up the

instrument, set off the latitude and the corrected declination.

A few minutes before the time of the observation bring the

image into the field of view by moving the head of the instru

ment in azimuth and the solar telescope about its longitudinal

axis. Clamp the head of the instrument. At the exact time

of observation center the image by these two motions.

The telescope is then in the meridian.

The time of day, when the meridian is known, may be

ascertained as described on page 226.

2d method: Set up the instrument, set off the latitude,

the corrected declination, and, on the hour circle, the local

apparent time of the observation. A few minutes before this

selected time bring the image of the sun npon the equatorial

wires by moving the head of the instrument in azimuth.

Clamp the head of the instrument, and, avoiding all other

motion, bring and keep the image accurately between the

equatorial wires by turning the head of the instrument in

azimuth by means of its tangent screw, until the image is cen

tered upon the hour wire.

The telescope is then in the meridian.

Remarks on Solar Instruments.—First. Solar instru

ments should never be used between 11 a. m. and 1 p. m. for

measuring azimuths, and preferably not between 10 a. m. and

2 p. m. if the best results are desired.

Second. The nearer noon the instrument is used the

greater the errors in azimuth due to erroneous settings of decli

nation or latitude, being as much as 107, in latitude 40° at

11:30, or 12:30, for an erroneous setting of 1'.

this mark falls 0.3 inch west of the true meridian established by the

Polaris observation.

"The solar apparatus, by p. m. and A. M. observations, defines posi

tions for true meridians, about <Y 11" east and (r* 16" west of the

meridian established by the Polaris observation; therefore, I conclude

that the adjustments of the instrument are satisfactory.

"The magnetic bearing of the true meridian, at 8 hours a. m., is N.

18° lC W.; the angle thus determined, reduced by the table, page 100,

gives the mean magnetic declination 18° 01' east. '*
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Third. At 6 o'clock a. m. and p. m., when the declination

arm lies nearly at right angles to the meridian, a small change

in the latitude will not appreciably affect the accuracy of the

result.

Fourth. If the declination angle be erroneously set off

and the co-latitude angle be also affected by an equal error in

the opposite direction, then the two resulting errors in azimuth

will tend to compensate. If, therefore, the declination angle

be affected by an error, and the latitude of the place then found

by a meridian observation with the instrument, the error in decli

nation will appear in the resulting co-latitttde with the opposite

sign. In this way the effect of any constant error in the decli

nation angle may be nearly eliminated.

The sun at a particular time having a fixed angular

height in the heavens, we set this off on the instrument in two

parts, one at the declination arc and the other on the latitude

arc. Now, if we make an error and set off the declination

too great, and an equal error too small in setting off the lati

tude, these errors will tend to balance each other and bring the

line of collimation near its proper place, but will

not do so exactly (because the planes ofthe two arcs

are oblique to each other), except during the single

instant when the sun is on the meridian, when the

planes coincide and become one (Fig. 172). The

declination and latitude angles bear a relation to

each other similar to the two angles of a quadrant.

If one is too small, the other will be too large by a

certain amount, which errors become equal only

when the sun is on the meridian.

flC.172. Fifth. The best times ofday for using the solar

attachment are from 7 to 10 a. m. and from 2 to 5 p m. So

far as the instrumental errors are concerned, the greater the

hour angle the better the observation, but when the sun is

near the horizon the uncertainties in the refraction may cause

unknown errors of considerable size.

Sixth. For a given error hi I lie setting for declination or
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latitude, the resulting error in azimuth will have opposite signs

in forenoon and afternoon.

As the sun at any particular time, say 9 o1clock A. m., has

a fixed height in the heavens on any particular day, if the dif

ferent angles are properly set off on the instrument, and the

line of collimation turned upon the sun, its image will at that

time be accurately centered between the proper lines on the

silver plate, and the line of sight will lie in the true meridian;

but suppose an error of 11 too much be made in setting off

the declination, then we will have set our line of collimation

too high for the position of the sun at 9 o'clock, and it will

not, when the instrument is in the meridian at 9 o'clock,

center properly between the lines, but obliquely above; con

sequently, if we have clamped the hour circle at 9 o1clock, we

must wait some time for the sun to reach the height that we

have set off on the instrument for it before it will be properly

centered. If we do center the image at 9 o1clock, it will be by

turning our instrument slightly from the position it should

occupy, and our line of sight will not lie in the meridian, but

to the west of it, if looking south, or east of it, if looking

north, by 11.85 for latitude 40°. In the afternoon the converse

will be true.

Seventh. If the adjustments are not carefully attended

to, the error in the bearing of a line may be much greater

when taken by the solar attachment than is likely to be made

by the needle when there is no local attraction.

When the sun is on the equator, September 22d and

March 20th, the declination arm will be perpendicular to the

polar axis, and the zero of vernier will coincide with zero of

declination arc. From March 20th to September 22d, the

sun being above the equator and consequently above the

equatorial plane, its rays will pierce the equatorial plane from

above, and the relative positions of the declination arm, equa

torial plane, polar axis, and horizontal plane will be as in

Figure 170a. From September 22d to March 20th, the sun

being below the equator, its rays will pierce the equatorial
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plane from below, and the relative positions of the declina

tion arm, equatorial plane, polar axis, and horizontal plane

will be as in Figure 110b. When the declination arc is grad

uated in but one direction from the zero of the scale, then it

Is necessary to have on each block a lens and silver plate, or,

in other words, to have two lines of collimation; and it is nec

essary to revolve the declination arm from the position shown

in Figure a, which is for north declination, to that shown in

Figure b, for south declination. If, however, the declination

arc is graduated in both directions from the zero of the scale

then but one line of collimation is necessary.

The time of day, when the meridian is known, may be

approximately ascertained with the solar attachment by set

ting the telescope in the meridian, then setting off the co-lati

tude and approximate declination and bringing the image of

the sun between the hour lines by moving the declination arm

in hour angle only; then the index on the hour circle will

show apparent time, which can be reduced to mean time. It

is best ascertained, however, when the sun is on the meridian,

the time thus given being that of apparent noon, which can

be reduced to mean noon by adding or subtracting the equa

tion of time, as the sun is slow or fast
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CHAPTER XIII.

THE SEXTANT.

Description.—The Sextant (Fig. 178) is a hand instru

ment for measuring angles, up to 120°, subtended by any two

objects, the angle being in the plane through the instrument

and the two objects. It consists of the following parts—viz., a

mirror I (Fig. 179) called the index glass, rigidly attached to a

 

Figure 178.

movable arm A called the index arm, and a mirror H called

the horizon glass, rigidly attached to the frame of the instru

ment. The lower half of the horizon glass is silvered while

the upper half is clear. Eoth mirrors should be perpendicular

to the plane of the graduated limb C.
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The arc of the limb is about 65° or 70°

long, graduated to degrees, half degrees,

etc., each half degree being numbered as a

whole degree so the reading will be the an

gle subtended by the objects. On the ex-fl,

tremity of the index arm is a vernier V.

Opposite the horizon glass is a telescope T.

Colored glasses are provided for neutraliz

ing the sun1s rays, and a magnifying glass

for reading the vernier.

Theory.—The principle of its con

struction is that a ray of light reflected V

at two plane surfaces in a plane normal to FIG. 179.

both is deviated from its orignal direction through an angle

double that made by the two reflecting surfaces. Thus a ray

of light from S to T being reflected at I to H, and again

reflected at H to T, the angle STH between the original

direction ST and the direction after the second reflection HT

is double the angle IVH between the mirrors. For, drawing

the normals n, n, to the mirrors and representing the angles

of incidence and reflection at I by i and at H by t", as in

the figure, in the triangle ITH the exterior angle

2i=2t1+T,

.: T=2i—2i',

and in the triangle HVI the exterior angle

IH/=90°—»',

=HIV+V,

=(90°—0+V,

.-. V=(90°—0—(90°—i)=i—{

.: T=2V.

Where Used.—The sextant (Fig. 178) is the one prin

cipally used at sea in observing the altitude of the sun and

lunar distances, to determine the latitude and longitude,

where the unstable position of the mariner excludes the use

of almost all other instruments. On land it is one of the most
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convenient, accurate, and generally useful instruments with

which to obtain data for the solution of a variety of astronom

ical and other problems.

The Pocket Sextant (Fig. 180) is the one most fre

quently used in recon

naissances, preliminary

surveys and explora

tions.

Description. It is, in 1

construction, exactly

like the larger one, ex

cept that the mirrors and

colored glasses are en- figure iso.

closed in a cylindrical box 2£ to 3 inches in diameter and

to inches high, with suitable openings in the side for ex

posing the mirrors. The index arm is worked by a milled-

head screw and revolves on top of the box on which is the

limb. The vernier reads to 1 minute. The telescope, when

not needed, may be taken out, and a slide having a small peep

hole may be pushed over the opening. The adjustments are

made by means of a key in holes provided on top and on the

side of the horizon glass. The cover is screwed on the bot

tom of the box, serving as a kind of handle in making obser

vations. The pocket sextant is used the same as the larger one.

The advantages of the pocket sextant are its accuracy and

portability. When one's exact position is not material it can

be readily used on horseback, in a tree, or wherever it may be

necessary to take an observation. It is not affected by mag

netic disturbances like the compass needle.

The disadvantages are, that it cannot be generally used in

traversing and other surveying operations, but is limited to

measuring minor angles in triangulation, finding one's place

on a map, and determining heights and distances.

Adjustments.—1st adjustment: To make the index glass

perpendicular to the plane of the graduated arc. Test by set

ting the vernier at about the middle of the graduated arc,
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then holding the eye near the plane of instrument and look

ing into the index glass and at the arc, if the arc and its image

appear to form one continuous arc, the adjustment is correct;

if not, adjust by screws at the back until they appear continu

ous. In the pocket sextant the index glass is fixed to index

arm and is not adjustable.

2d adjustment: To make the horizon glass perpendicular

to the plane of the limb. To test, having made the previous

adjustment, hold the instrument horizontally and sight on

some well-defined distant vertical object, as the corner of a

chimney, or, holding the instrument vertically, sight on the hori

zon and bring the direct and reflected images into coincidence; if

they remain continuous when the instrument is tilted; or if by

a sweep of the arm the reflected and the direct images pass ac

curately over each other, the horizon glass is perpendicular to

the plane of the instrument; if not, it must be made so by the

adjusting screws at the back. With the pocket sextant this

adjustment is done with the key in the holes on top of the

horizon glass.

3d adjustment:. To make the line of collimation of the tele

scope parallel to the plane of the arc. Rest the sextant on a

plane surface, pointing the telescope upon a well-defined point

about 20 feet distant. Place two objects of equal height upon

the extremities of the arc, that will serve to establish a plane

of sight, parallel to the arc; two lead pencils of the same diam

eter will serve, but they should be of such height as to mal:;

this plane of sight the same height above the arc as the line of

collimation of the telescope. If the line of collimation inter

sects the line defined by the two pencils, then the instrument

is in adjustment, ff it does not do so, then correct by the screws

on the telescope holder.

4th adjustment: To correct the index error. Sight on

some well-defined distant object (preferably a star), moving the

index arm until the direct and the reflected images are coin

cident; if the vernier reads zero, the instrument is in adjust

ment; if not, the reading is the index error of the instrument
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and may be corrected, or simply noted and applied to all

readings.

Arc of Excess.—The graduations on the arc are con

tinued some 10° to the right of the 0 of the scale; this is called

the "arc of excess." If, when the mirrors are parallel, the 0

of the vernier is on the arc of excess, then all angles will be

measured from this point and will be read too small and the

index error must be added, since the zero is "off" the scale.

If, however, the zero is "on" the scale when the mirrors are

parallel, angles will be read too great and the index error

must be subtracted. In reading the index error "off" the arc

it must be remembered that the amount is the distance on the

scale from its zero passed over by the zero of the vernier, but

as the vernier is only constructed to read in one direction,

when reading the vernier off the arc the number of least read

ing units must be subtracted from the smallest reading of the

scale and this remainder added to the reading on the scale for

the index error.

To Use the Sextant.—To measure any angle, the in

strument is held in one hand in the plane of the two objects.

The telescope is directed towards thefainter object through the

unsilvered portion of the horizon glass. .With the other hand

the index arm is moved until the other object, seen by double

reflection "in the lower part of the horizon glass, is brought

into exact coincidence with the object seen direct. The read

ing of the vernier is the required angle. If the fainter object

is to the right, the instrument will have to be held upside

down.

If the horizontal angle between two objects of different

elevations is desired, some object is found by a plumb-line, or

otherwise, directly above or below each and in a horizontal

plane through the instrument, and then the angle measured.

// the angular distance between the two objects is very

small, then the angle between each and some third object in

line with them may be measured and the difference taken. If

greater than the range of the instrument, the sum of the
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angles between each and an intermediate object will be the

angle required.

Where one of the objects is near the observer, it is better

to sight at this one directly and bring the distant one into

coincidence by reflection, to reduce the effect of parallax as

much as possible, parallax being the angle subtended at the

reflected object by the distance between the observer1s eye

and the center of the index glass.

 

Figure 181.

Artificial horizon. With the sextant on land there is used,

in observing altitudes, what is called an artificial horizon

(Fig. 181). This may be mercury, oil, or water placed in a

small shallow dish so as to furnish a horizontal reflecting sur

face. A glass cover is ordinarily used to protect the sur

face from wind and dust in making the observation. The

angle obtained is double the altitude of the object, since it is

the angle at the eye subtended between the object and its

Image in the artificial horizon.

Suppose (Fig. 182) O a distant object, as the sun, moon,
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or star, E the eye, and H the artificial

horizon. A ray from O is received at E, a

parallel ray strikes the surface of H and is

reflected to E, giving the appearance of the

object O at O'. Now with the sextant 'FIC 182

looking directly at the reflection of the q1. '

object in the artificial horizon and bringing

the double reflection of the object into coincidence with it,

the angle OEO' is measured, which is double the altitude.

In making observations upon the sun and moon it is to

be remembered that the artificial horizon inverts as well as the

telescope, and since it is preferable to measure its altitude by

getting the altitude of the upper or lower extremity of the

vertical diameter and adding or substracting the semi-diameter

for the altitude of the center, attention must be paid to the

appearances of the images in the instrument. After getting

the images in contact, if, by moving the arm outward, the

lower image passes over the other, then the lower limbs were

in contact, since the double reflected image was below. If,

however, they separate, then the upper limbs were in contact,

for the image reflected from the mercury finally appears erect

to the eye, while the image from the mirrors is inverted and

was above, and by moving the arm it is the one affected.

Measuring depressions and low altitudes. In measuring

low altitudes and depressions some means must be arranged

for establishing a vertical plane. This is frequently done by

stretching a string about 3 feet above the artificial horizon

and so placing the eye that when looking through the tele

scope vertically down on the string it will hide its reflection,

then bringing the double reflection of the object into coinci

dence with the string. The difference between the measured

angle and 90° will be the angle of elevation or depression.

Latitude with the Sextant. The double altitude of a star

is measured directly by bringing the direct and the reflected

images into coincidence. Then take \ the double altitude,

correcting for refraction and pole distance, lor the latitude.
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The altitude of the sun when on the meridian may be

observed with either the mariner's or the pocket sextant, and

from it the latitude of the place be determined as previously

explained.

Problems.—1. Resection with the Sextant. Having three

visible points, A, B, and C, plotted on a map in a, b, and c to

find one1s place x. (Fig. 183). Observe with the sextant, at X(

the angles AXB and BXC. Since

through any three points, as A, X, and

* B, or B, X, and C, not in a straight

c line, a circle may be drawn, and since

an angle at the center (O or O1) of a

circle is double an angle on the cir

cumference at x, including the same

arc of the circumference ab or be as

the angle at the center, the unknown

point x may be found and plotted

The operations consist in finding the centers O and O1, draw

ing the circles, whence one of their intersections will be the

plotted point of X. To find the center O, double the angle

AXB, subtract result from 180°, divide remainder by 2; at

a and b lay off from the line ab this quotient bao and abo and

the intersection of the sides will be O. To find 01, double*

BXC, subtract result from 180°, divide remainder by 2, and

lay off at b and c from the line be the quotient, cbo1 and bed'

the intersection of the sides being O1. The sum of the three

angles of a triangle being 180°, double the angle observed at

X being equal to the angle at the center O, then the other two

angles of the triangle, as at a and b, must each be equal to the

quotient laid off.

Should either of both f of the

o 1

angles observed at X be greater than ; * » . i

90° (Fig. 184), the center of the circle

to be constructed will be on the oppo

site side of the chord, joining the . ..

plotted points, from the required point

X. To find the centers in such cases, Ptc 184.
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use the supplement of the observed angles, double, subtract

from 180°, etc , and construct as explained.

2. To set off a perpendicular to a line. Set the index at

90°. Hold the sextant over the point of the line. When

looking along the line, find or have set a stake coinciding by

reflection with the line and it will be in the required perpen

dicular. Similarly, to find where a perpendicular, letJail from

a point without, intersects the line. With the index at 90°,

walk along the line until some point of it is found where the

direction point of the line and the given point coincide.

3. To measure the distance to an inaccessible object. Let

B (Fig. 185) be the inaccessible object whose distance from A

is desired.

At A find with the

sextant a distant object

C in a line perpendicular

to AB. Then set the

sextant at 45° and move

along AC until the point

D is found where A and

B coincide. Measure

AD; it is equal to AB. With the sextant set at 26° 341 AB

will be y2 AE, and with it set at 63° 261 AB will be twice AF.

The following table gives a few angles at which to set the

sextant, and corresponding multipliers of base to obtain the

required distance:

14° 2'=#. 18° 261=£ 26° 341= 45°= 1.

63° 261=2. 71° 341=3. 75° 581=4.

4. To find the height of an object on level ground. Sup

pose AB to be a vertical object the height of which is desired,

and AC level ground. Make a mark on the object at the

height of the eye, set the index at 63° 26/, 45°, or 26° 341, and

move back until the mark and the top of the object coincide

in the sextant, when the height above the mark will be twice,

equal to, or one-half the distance moved back, and, adding the

height of the eye, the height of the object is obtained.
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5. Tofind the height of an object on level ground, but inac

cessible at the base. (Fig. 186). Find a point D where the top

of the object A and a point B,

the height of the eye, coincide

in the sextant set at the angle of

26° 34'. Mark the point D. Set

the sextant at 45° and move

towards the object on the line

BD until A and B again coin

cide. The point reached will be fic. 186.

C; mark it and measure CD; it will be the height AB, to

which add the height of the eye for the height of the object.

If for any reason it is impossible to use the point C in

the line BD, but it is possible to find a corresponding point in

a line at right angles to BD, then at D observe the angle sub

tended by AB (Fig. 187).

Find some distant object E

in a line perpendicular to

BD. Set the sextant at the

complement ofthe angle ob

served at D and move along

the line DE until the point

FIC. 187. C is reached, where B and

D coincide. Measure DC and it will be equal to AB; to this add

the height of the eye for the height of the object. This meth

od is the more general one and is independent of fixed angles.

6. To measure the distance between two poL Is, both inac

cessible. (Fig. 188). At any B

point A measure the angle BAC.

Set the sextant at l/2 this angle

and move back from A keep

ing aligned on C till B and C

again coincide, then DA will

equal BA. Similarly find E

such that AE will equal AC,

then DE will equal BC.
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CHAPTER XIV.

THE ANEROID BAROMETER.

Description.—For determining approximate differences

ofelevations ofpoints on reconnaissances and explorations, and

sometimes in traverse work, the aneriod barometer (Fig. 189)

is used. It consists of a flat

cylindrical box of thin elastic

metal with a corrugated top

which communicates with an

index through a train ofmech

anism. The box is nearly ex

hausted of air before being

sealed, only enough being

left in to resist or compensate,

by its expansion, the in

creased pressure of the air on

the greater surface of the box

at higher temperatures. In

some aneroids one of the levers

is made of two metals (brass

and steel) which expand and

contract differently. This con-

pensation for temperature simply refers to the instrument

itself, freeing it from errors arising from changes of temper

ature, and in no way refers to the difference of temperature at

the different points of observation, which must always be

taken into account.

The index moves over a dial having graduated on it

either a fixed scale of inches and a revolving altitude scale; or,

both the inch and altitude scales are fixed, and there is a re-

 

Figure 188.
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volving vernier scale. The usual altitude scale is a gradually

diminishing one, but to enable a vernier to be used the inte

rior action of the instrument has to be adjusted so as to give

accurate readings upon a uniform altitude scale, and the

scale of inches, which is usually uniform, has to be made

progressive.

Several sizes are made, the 2J-inch being the most satis

factory. Owing to its extreme delicacy, it is a very uncertain

instrument and should be used for only small differences of

elevation and small intervals of time. Its indications should

be checked by reference to known elevations whenever op

portunity is afforded during the day, and at the beginning and

ending of each day's work.

Use op the Aneroid.—What the aneroid actually does

is to weigh the pressure of the atmosphere at the time of

reading it in terms of a mercurial column expressed in inches

and decimals; hence before the dial is graduated it is com

pared with a standard mercurial barometer. It does this by the

rising and falling of the corrugated top, under different pres

sures, which rise or fall is multiplied several hundred times

before being communicated to the point of the index. Since

by means of barometric formula relative elevations may be

obtained with the mercurial barometer after making certain

corrections and reductions in the readings for temperature, hu

midity, latitude, and gravity, so the readings of the aneroid can

be used in the same way for the determination of relative ele

vations, which is its principal use. Since the pressure of the

air at any place varies considerably at different times from va

rious causes, though no difference of elevation has taken

place, all changes in readings cannot therefore be due to

changes in elevation. But if two barometers, which have

been adjusted and compared, be read at the same time at

two points not too distant, of different elevation, under the

same conditions, etc., then from these readings the difference

of elevation of the points may be determined Very closely. If

the points be very distant, a long series of observations must
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be made to clear the results of local changes before the differ

ence of elevation can be obtained.

Airy's Tables are prepared to show differences of eleva

tion corresponding to different readings for a mean tempera

ture of 50° F.; hence, if the mean temperature differs much

from 50°, to determine the difference of elevation of points,

the temperatures at the two points must be added together,

and if the sum is greater than 100° F., the difference of eleva

tion as obtained must be increased by its part for every

degree in excess; if less than 100° F., it must be diminished

by its j oVtf part for every degree less.

A convenient formula under altitudes of 3,000 feet, giving

approximate differences of elevations without the use of tables,

is D=55,032s^i, for a mean temperature of 55° F., in which

H and h are the barometric readings in inches. For other

temperatures apply ± fix of itself for each degree above or

below.*

•When using but one instrument, Mr. Chas. A. Ashburner, Geol

ogist of the Second Geological Survey of Pennsylvania, somietimes

used the method originated by him of passing in the forenoon between

stations as rapidly as possible, stopping at a number of them for half

an hour or so, reading the barometer on arriving and leaving, and in

the afternoon returning over the same route, repeating the operations.

The difference of the two readings at any station indicates the rate of

change for that time. From these isolated rates of change, on the

assumption that changes between stops were regular, he constructed

a continnous correction curve for the day on profile paper (Fig. 190),

from which he obtained, by

scaling, the probable correc

tions to be made to the read

ing, due to changes in at

mospheric pressure, to ob

tain the correct altitudes

01 differences of elevations.

For constructing the curve

the scale of time is taken

horizontal, the interval of

 

FIC. 190.

CAR.

time between the verticals being 30 or 60 minutes. The scale offeet

(difference between readings during stops) is taken vertical, the inter-
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Precautions. In using the aneroid it should be kept in

the case so as to be protected from sudden changes of tem

perature, the influence of the heat of the hand, or body, or sun;

before reading, it should be swung backwards and forwards, or

the glass cover tapped, to overcome any friction of its parts;

it should always be held, preferably horizontal, at a constant

height from the ground when being read.

Advantages. The aneroid is more portable and indicates

changes of atmospheric pressure more quickly than a mer

curial barometer, for which reasons it is particularly adapted

to reconnaissance and exploration surveys.

val between horizontal lines being 5, 10, or 25 feet. The changes at

each stop are first plotted from the zero horizontal line between the

times they were made; thus, if at a stop between 8:30 and 9:06 A. M. a

difference of reading of 25 fe^t occurred, on the zero line at 8:30 o'clock

a straight line would start and rise to 25 feet on the 9:06 o'clock vertical,

and so for all other stops. The hour distances between stops are then

bisected (a) and verticals erected at these points. Beginning where

the first bisecting vertical intersects the zero horizontal, a line is drawn

parallel to the profile of the change at first station to the second bisect

ing vertical, then from here another line is drawn, parallel to the

profile of the change at second station, to the third bisecting vertical,

and so on. The profiles of the changes first plotted are then projected

vertically upwards on the broken line just drawn between the bisecting

verticals, and the extremities of the profiles thus projecting upwards

are then connected by a curved line to represent the chaages in the

barometer readings between stops due to changes in the atmosphere.

The corrections to be made to the barometer's reading at any station

may now be obtained directly from the correction curve.—Haupt.
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CHAPTER XV.

MEASUREMENT OF DISTANCES.

It is only after considerable study and practical experience

v/ith instruments of precision that the topographer can hope

to make a comparatively accurate graphical projection (or

sketch) without their aid. Before proceeding to the explana

tion of topographic sketching, it will be necessary to con

sider the instruments used in and the methods of measuring

distances, angles, and elevations, in the same order as in more

accurate work.

Telemeters or Range-Finders.—These instruments

are called telemeters (distance-measurers) and range-finders

indiscriminately. If used to determine distances, when mak

ing a survey or reconnaissance, they are called telemeters; but if

used to determine ranges on the field of battleforfiring, they

are called range-finders.

The importance of determining accurately the distances to

objects in sketching is becoming more and more necessary.

The estimation of distances by eye, with even approximate

accuracy, over familiar ground and at short ranges is a difficult

matter. To do so over varied and unknown ground and at

longer ranges is so difficult and gives results so unreliable as

to be almost useless for practical purposes.

The following points are desirable in Telemeters to make

them applicable for all military purposes: cost moderate, con

struction simple, absence of delicate manipulation, not easy to

get out of adjustment but capable of being re-adjusted, easy

to learn to use; not easily damaged but easily repaired, weight

light, size small to be held and used in the hands, giving

ranges quickly either directly or by a simple multiplication or
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division, not requiring over two men, requiring short base,

capable of being used kneeling or lying down.

Telescope Telemeters, consisting of micrometer eye-pieces

fitted to ordinary telescopes, are useless for practical purposes

and are classed as optical curiosities.

The principle upon which the following range-finders are

constructed is that of measuring the base and the two adja

cent angles of a triangle, and then partially solving the tri

angle, the distance or range being the required side.

The Pratt consists of a triangular frame hold

ing two pairs of mirrors capable of being adjusted

to certain angles by means of adjusting screws. On

top of the frame is attached a small compass. In

the back of the frame, between the two pairs of

mirrors, is a small rectangular opening for sighting

through. The frame is screwed for use on top of a

cylindrical case, in which it is carried when not in

use. On the bottom of the case is a small ring for -iiu-

attaching a.plumb-line. The upper pair of mirrors ram.

is set at an angle of 45°. The lower pair is generally set at

 

44 17 02 , the tangent of twice which is 40, though it may

be set at one-half of other angles, as 87° 081 15" 88° 051 27" or

«/• 5u11.151\whose toasts are 20, 30, or 50, respectively.

To adjust the instrument: Set up a transit over a marked

stake. Find two small well-defined distant objects, or set

range poles at 90° from each other; also two objects, or set

range poles at 88° 341 04" from each other. Stand over the

transit stake with the instrument and by means of the adjust

ing-screw of the upper pair of mirrors bring the two objects

90° apart into coincidence, one seen through the opening and

one by reflection; then by means of the lower adjusting-serew

bring the two objects 88° 341 04" apart into coincidence. Repeat

for a test.

The principle of its construction is similar to that of the

sextant—i. e., that by reflection at two plane surfaces, a ray of
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light is deviated through an angle double that made by these

surfaces.

The instrument requires occasional testing, as a change of

only 31 in the angle of a mirror will introduce an error of 7J

per cent of the length of the range. The necessity for fre

quently testing the adjustments is a fault. The mirrors are

too small. The effect of temperature, although undetermined,

is to change the angles between the mirrors.

In determining a distance with this instrument there are

used two fixed angles, and a base whose ratio to the distance

required is also fixed.

To determine a distance A B (Fig. 1),

it is held vertically over A; the operator,

looking toward B directly through the

opening between the pairs of mirrors,

turns it until a well-defined line on some

distant object D (called thedirectionpoint)

is seen by reflection in the upper pair of

mirrors in coincidence with some well-

' defined line of B. The angle subtended by these

two lines will be twice that between the mirrors,

or 90°. Then placing a stake vertically in the

ground at A, he moves off to the right towards

E, keeping aligned on A and D, until a point C

if reached at which, looking at D through the

opening, the lines on B and D before selected

again coincide (B by reflection) in the lower pair

Measure AC and multiply by the tangent of twice

the angle at which the lower pair of mirrors is set, 40 in case

above, and the product will be the distance sought. Care

must be taken that vertical objects appear vertical when

reflected.

A base to the left of A may, if more convenient, be used

by taking a direction point to the right, as E, and looking into

that mirror of each pair not looked into with the base to

the right; or, D may be viewed directly and B seen by reflection.

 

 

of mirrors.
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By observing the caution to select the distant object D as

the direction point, very slight departures from the line AD

in moving to C will not materially affect the angle BCD; were

D near A, the result would be different.

The movement from A away from D enables the observer

to align himself on A and D.

It may also be used for determining the distance between

two inaccessible objects, as B and B' when standing at A.

1st. When the observer is not on BB' (Fig. 2, p. 245) pro

ceed as if to determine the distance AB, as previously ex

plained, simply marking the extremity C of the base AC, with

out measuring it. Then proceed as if to determine the dis

tance AB', again simply marking the extremity C of the base

AC; now measure CC, and multiply by the multiplier for

which the instrument is set, and the product will be the dis

tance BB'. In cases like this, where the observer is not on

the line BB', it is necessary that the direction of both the

bases AC and AC be taken to the same side of A—that is, both

to the right or both to the left of A when facing the distant

station. In other cases this is not essential.

g 2d. When the observer is on the line between

^ B and B' (Fig. 3), the sum of the bases AC and

\ AC is used with the multiplier for the distance

v BB'. If on the line, but below both

\ B and B' (Fig. 4), then the differ- ^

^ q1 ence of the two bases is used with

 

TIQ.V multiplier.

/ With two observers, two instru-

/ ments, and a tape-line, the distance

J of a moving objtct mjy be deter-

I mined. The two observers face .

I each other. One holds the end of the tape and

/ ( brings the other and object into coincidence in

' * the upper pair of mirrors by moving to right or

left. The other observer, by moving backwards or forwards,

brings the first observer and the object into coincidence in the
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lower mirror; when by concert of action both have the coin

cidence at the same time, the distance between them is the

base to use with the multiplier.

The Green consists of two pairs of mirrors

mounted in a frame as shown, one pair, marked 1

on the back below the two screws seen in cut, being

set at 45°, and the other pair, marked 2, being set at

44° 251 37.5". It is also provided with a ball-and-

socket joint and a strap for fastening on the wrist.

This instrument is used in the same manner as the Pratt. The

multiplier, however, is 50 instead of 40.

The Gordon consists of a horizon

tal bed on which are mounted two

small mirrors 2"xl".2, both vertical

and capable of adjustment like the

glasses of a sextant ; it has a ring for at

taching it to an object-glass of a binoc

ular, the field of which is thus half

coTered by one of the mirrors.

This mirror can be moved slightly around a vertical axis

by a nut below the horizontal plate which turns a cam, oper

ating on a lever; a graduated disk underneath gives the read

ing. The disk is graduated from 0 to 250 and revolves 360°,

while the mirror revolves but 3°, from 45° to 48°. Weight,

2.5 pounds.

To determine the distance AB (Fig. 1, page 245), set the disk

at 0 and so as to give increased readings as it revolves. This

sets the mirrors at 45°. With them above the horizontal plate

at A, sight over the mirror at a distant direction point D (Fig.

9), and find a well-defined line or point

"jjiy! °^ which coincides with a line of B,

the latter seen by reflection. Then

2^ move from A towards D to a point C

on the line AD; the length AC should

increase as AB increases. At C, again

sighting towards D, turn the disk
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until the lines B and D are again brought into coincidence.

Take the reading of the disk and measure AC. Divide the

latter by the disk reading and multiply the quotient by a num

ber corresponding with the disk reading, which is found in a

table furnished with each instrument.

A base to the right may be used by sighting towards B

and finding E by reflection.

Theprinciple of its construction is similar to that of the

sextant. With one fixed angle, 90°, a varying obtuse angle

DC1B and a varying base are used. By taking certain of the

varying angles the ratio of base to distance may be fixed as

in the Pratt.

A single observer must virtually select two object* on

which to align himself as he moves from A to C.

The Labbez consists of two

plane mirrors set in a cylindrical

tube, the front end of which is

partially, and the rear end en

tirely open.

The principle of its con'

struction is similar to that of the

sextant. The front or horizon umez.

glass has a movement, around a vertical axis, of4° by means of

a small toothed wheel on the front end. The rear or index

glass has a movement of 5° by turning the front end of the

tube. With both glasses at 0°, the angle between them is 45°

and may be varied between 43° and 47° by moving the toothed

wheel. Keeping the toothed wheel at 0° and turning the

front end ofthe tube, the angle will vary between 45° and 50°.*

* Were the mirror set at 474° at A, with D' for the direction point,

the instrument should read 1,809.5 yards for a distance AB of 1,800

yards, and 504.5 yards for AB of 500 yards using 30 yards base. The

reason for this, having moved the toothed wheel 2J° until B when

reflected coincides with D', and having moved 80 yards to C, if now

D' be sighted again, an object at B' should coincide with it, B'C being

parallel to AB. To bring B into coincidence again with D' the index

mirror must be moved over i the angle BCB', or practically the angle

 

C21I
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Accompanying it is a line 30 yards in length, used for measur

ing the base. The ranges corresponding to the various posi

tions of the index-glass are marked on the cylinder of the re

volving end. This instrument is made in two sizes, to both

of which telescopes may be attached. Distances may be de

termined with them from 250 to 3,000 and 5,000 yards, respect

ively. Weight of smaller size with telescope, 6J ounces; with

both line and case, 11 ounces.

To determine a distance AB (Fig. 5), open the slide on the

front end. Set both mirrors at 0. Look

through the instrument over the mirrors for

a direction point D coinciding with the reflec

tion of B. Ifnone such be available, either set

one at any distance over 60 yards, or move

the toothed wheel on front end to right or to

left until a direction point D' or D" is found.

Fasten one end of the line at A, move 30

yards toward the direction point to C, C, or

C", where, facing the direction point as at Ai

turn the head of the cylinder until coincidence

with B is again obtained. The required dis

tance in yards is then read off the cylinder.

For distances over 1,000 yards, use 60-yard base and

multiply readings by 2; over 2,000 yards, use 90-yard base

and multiply readings by 3.

C'BA is measured. Now C'A', a perpendicular to BA prolonged, is

less than AC, or less than 80 yards; produce BA and BC to A" and

C", respectively, the distance K"C" being 80 yards long and perpen

dicular to BA. Then will AA" be the error in distance corresponding

to the angle C'BA. With a base of 1 to 100, the maximum error is

said to be about 1 in 80; with a base of 1 to 60, about 1 in 70; so the

errors due to the toothed wheel are within the maximum errors of the

instrument.

BA" : C"A" :: BA' : C'A' or rf+E : b :: d+b sin. a : b cos. a; hence

jj d db b sin. a .

cos. a '

in which E = error, d= true distance, b= base, a = angle by which

b departs from being perpendicular to d; upper sign for D', lowet

for D".

 

no. 6.
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The Watkin Mekometer consists of two rectangular alu

minum boxes, one for each end of the base. Each box has two

mirrors inside, and is fitted

with a removable handle,

a small telescope, and on

top a folding flap on which

is an ivory strip. Accom

panying each box is a reel on

which are wound two cords,

each 12J yards long, and

having a spring hook on

each end. One instrument,

known as "the right" or "No. 1," is the larger and views the

object directly through an opening in the end, and the ivory

of "the left" or "No. 2" by double reflection from the two

mirrors through an opening in the left side. A drum on the

right side, engraved with distances in yards, when revolved,

slightly cnanges the angle of the mirrors inside and allows an

exact coincidence of the object and the ivory of "the left."

The reading on the drum opposite the fixed index gives the

distance in yards. Weight 1£ pounds. "The left" or "No. 2*

instrument has no drum and the angle of the mirrors is fixed

at 45°. With it the object is viewed directly through the tele

scope, and the ivory of "the right" by double reflection from

the mirrors through an opening in the right side. Coincidence

is obtained by moving backwards or forwards. Weight 1

pound.

To determine a distance AB (Fig. 1, p. 245), both observers

screw in the handles, hook the ends of their cords together,

and separate until 25 yards apart (2 cords), then attach the

other ends of their cords to the hooks on the handles. The

flaps are raised. The left observer, "No. 2," places himself in

the right angle at A by moving backwards or forwards until

the object seen by direct vision is coincident with the ivory

of "No. 1" seen by double reflection. The right observer,

"No. 1," at C, then brings the object and the ivory of "No. 2"
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into coincidence by turning the drum, and reads off the dis

tance. If the distance of the object is greater than 1,500 yards,

a base of 50 yards (4 cords) is used, and the readings on the

drum doubled. If the distances are short and space restricted,

a base of 1 2.J yards (1 cord) is used, and the readings on the

drum halved.

If the object observed is moving, "No. 2" swings his body,

backwards if the object is moving from right to left, or for

wards if from left to right; and keeps exact coincidence while

"No. 1" isobtaining coincidence withthedrumofhis instrument.

Of the mirror instruments described, the Pratt and Green

can be considered as having fixed angles.*

A couple of prism instruments, having fixed

angles, will now be described.

The WelDOnf (original pattern) has three

glass prisms. Two of these prisms, one having an

angle of 90°, the other 88° 51' 15", are cemented

together back to back in a ring \ inch thick and

9A pocket sextant in adjustment or of known index error may be

used for determining distances by setting it successively at the same

ingles as are used in the Pratt and Green.

tA ray of light passing from air into glass is refracted (bent from

its original direction) and makes in the glass a less angle with the

normal (perpendicular) to the surface of entrance than it did in the

air.- Again, no ray of light lying in the plane perpendicular to the face

of a prism will pass, by two refractions only, through any prism whose

prism angle is greater than twice the greatest possible angle which the

ray can make, in the glass after refraction, with the normal, but will

be reflected at the inside surface of the second face. This angle, called

the critical angle, <s about 42° for glass. Since this angle of 42° is

the greatest angle which a refracted ray in a prism can make with the

normal after it has entered, it follows, as emerging rays follow the

same law regarding critical angle as entering rays, that it is also the

greatest angle of incidence which a refracted ray in a prism can make

with the normal and still emerge from the prism. Hence, if a ray of

light enters and is refracted at one face of a prism and then falls on

another face of it at an angle with the normal to that face greater than

42°, it can not pass out, but must be reflected by that face. Further
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1| inches in interior diameter and revolve on a diameter of

the ring. The third has an angle of 74° 53' 15", and is

cemented in the handle. The shape of this instrument admits

of its being carried in the pocket. It weighs but 4 ounces,

is not subject to derangement, and gives greater clearness of

image than the mirror instruments.

To determine a distance AB (Fig. 6, p. 253). Standing at

more, if a third face of the prism be silvered, incident rays at anytangle

will be reflected by it.

As two of the prisms have angles greater than twice 42°, the re

fracted rays used suffer other changes ofdirection in the prisms, due to

reflection. Though the angle of the third prism is less than twice 42°,

the frame intercepts the passage of those rays which would suffer

double refraction only.

Now follow a ray of light from any object B (Fig. 10). Strik

ing the outside of the first face of the piism, it

enters, and is refracted in the prism, strikes the inside

of the second face, but at an angle with the normal

greater than the critical angle; hence, instead of pass

ing out again, it is reflected by the second face to the

silvered third face, where it is again reflected back to '(

the inside of the second face, but at a less angle with

the normal than the critical angle; hence it can pass out

of the prism into the air, where it is again refracted, making the same

angle with the normal to the second face that it did with the normal to

the first face before entrance. Should a ray strike the first face normal

to it and emerge normal to the second face, it would have been deviated

through an angle equal to the angle of the prism. Should it not strike

the first face normal to it, and still be required to emerge from the

second deviated through an angle equal to an angle of the prism, it

must, when emerging from the second face, fall on that face at an angle

of incidence equal to its angle of refraction at the first face, and in its

intermediate passage have been reflected at the second and third faces.

Hence, these latter two faces must make an angle of half that of the

prism. Of the 90° prism, either angle at the base is 45°". Ofthe second

and third prisms, only the angle at the base between the second and

third faces is half the prism angles. The angle between the first and

third faces, being non-available, is blackened. These partially cov

ered first faces are the ones which must be turned towards the object

from which rays are to be deviated from the prisms.
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A, face towards D at right angles to and to the

left of AB. Revolve the ring containing the

two prisms until the silvered face of the 90°

prism is parallel to the case ring. Turn up the

hinges so that the images may be continuous.

Hold the instrument with the 90° angle

towards the eye (Fig. 7). Notice what well-

defined line of B (Fig. 6), seen in the left face

of the prism, coincides with a similar

line of D, seen directly above or below

the prism. Place a stake at A, move

backwards aligned on AD, at the same

time revolving the prism ring over in

the case ring until the edge of the 88°

prism is towards the eye and the par

tially blackened first face is towards

B. Stop at the point C where the

* same coincidence is obtained with this

5< "* ,» o x prism as with the first. Measure the

"* "f^f-J distance AC and multiply by 50, the

tangent of 88° 511 15", and the prod

uct will be the required distance. Should the base be very

long, or the ground such as to prevent measuring AC directly,

the points A and C having been marked by stakes, the observer

moves backward on the line BC until he reaches a point, as

F, where, holding the back of the handle towards B and the

paitially blackened face of the prism towards A, the coinci

dence is obtained of A in the prism and C seen

either above or below. Measure CF and it will

be one-fourth of AC or of AB.

When using the Weldon, on revolving it

slightly above a vertical axis, some images will

be seen to move past very quickly. These must

neither be used or confounded with those that

remain steady. Theyresult from surface reflection.

The distance between two inaccessible points

»ay be obtained as with the Pratt.
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In the improved Weldon, the three prisms are held in a

small rectangular lid, having openings between them for sight

ing through. It has also a small magnetic needle and a spirit-

level. The average error of this is said to be only 2j£ to 3^

per cent.

The Souchier consists of a 5-sided prism

of glass, about ^i-inch thick, enclosed in a

metal case, excepting at the two points C

and E, called windows, the latter being pro

vided with a sliding shutter, which half

closes it. On one face of the cover is en

graved a table, giving opposite certain lengths of bases the

corresponding distances, and a multiplier to be used for lengths

of bases not found in the table. The instrument weighs 1.5

ounces. The principle involved is that of refraction of rays

of light passing from air into glass and out again. The angles

of the prism are supposed to be, atC, 67° 301; F, 90°; E, 177°

5(y; H, 69° 40'; top, 135°; but they are not always exact;

hence the multiplier to be used is given with each instrument.

On account of the large angle at E, the angles BCD and BAD

differ by about 1° 101; hence the multipliers vary between 47

and 52.

To determine a distance AB (Fig. 8).

Standing at C, face the direction point D.

Hold the instrument in the left hand be

tween the thumb and first two fingers, all

well bent, the prism horizontal, with uncov

ered window C toward the object B. Place

the shutter over the right half (A) of the

window E. Looking in the left half (R) of

this window, find a line of the image of B

by reflection, coinciding with a similar line of some object D

seen above or below the prism. Thismeasuresthe angle DCB.

Place a stake at C, move backwards, aligned on CD, until

some point as A is reached, where by looking in the right half

(A) of the window E, the shutter having been moved over the

no. e.
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left half (R), the coincidence of the same lines of B and D

again occurs. This measures the angle DAB. Measure AC

and look in table for the distance corresponding to it; or, if

not found there, multiply it by the multiplier of the instru

ment, the product being the distance. It may be used for find

ing the distance between two inaccessible objects.

The most serious objection to range-finders like the Pratt,

Green, Weldon and Souchier, requiring bases which bear a

fixed ratio to the range, is that for long ranges a long base is

required; and that it may happen on arriving at the end of

the base fixed in length and direction, that some intervening

object prevents any view of the object whose range is desired.

The advantage is in being able to quickly determine the dis

tance between two inaccessible objects, which is peculiarly the

property of fixed-angle telemeters.

The great advantage in range-finders like the Gordon,

Labbez, and Mekometer, is in allowing some latitude in choice

of the length or the direction of a base, or both, while in all

fixed-angle instruments the base is proportional to the range.

A use to which telemeters may be put is to measure short

distances, such as the width of a river, across which to throw

a bridge. In military sketching, the taking of offsets from

traverse lines can be performed with considerable accuracy

with the right-angled prisms or mirrors and with them one

can place himself exactly on the line connecting two distant

objects when he is between them. For the latter purpose, on

looking into the two faces of the right-angled prism succes

sively the objects and third point should seem to coincide. If

they cross, he must advance; if they diverge, he must retire.

The Wheelbarrow Odometer Or Preambulator is,

as its name indicates, an apparatus similar to a wheelbarrow,

used for measuring distances when wheeled along a road or

path by hand. The wheel is large and light. The number

of revolutions is counted by an odometer or otherwise, and,

when multiplied by the circumference of the wheel, gives the

distance passed over. One form has a box between the handles
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for carrying necessary

instruments, an up

right staff with a ver

nier pocket compass

with a 3| inch needle

for taking bearings,

and a positive motion

odometer for counting

the revolutions of the

wheel. All metal work

is of brass, so as not

to affect the compass.

It is especially adapted to places where wagons can not be

taken.

Cycwmeters are instruments which record the number

of revolutions of a wheel of a bycicle, or give the distance

directly.

Pedometer.—This is a small instrument, about the size

and form of a watch, used for re

cording the number of steps

taken in walking, from which the

distance traveled can be com

puted. By means of a small

weighted lever, which descends

with every step, motion is com

municated to a mechanism com

posed of a train of wheels, and

the number of steps is recorded

| on a dial by pointers.

There is another pattern ar

ranged to indicate distances up

to 12 miles in J-mile units, and

another up to 50 miles in 80-

yard units. The hand advances

in proportion to the lemgth of

 

PlGURE 1U5.
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the step, after being adjusted to this length of step of the

bearer by an adjusting-screw.

By the use of an instrument called a Tallying Register

(see figure), the record of

strides may be kept by the

topographer without dan

ger of making mistakes,

such as dropping or adding

one ormore hundreds. Each

stride should be recorded

as it is taken; afterpractice,

the impulse necessary to

make the instrument record becomes almost involuntary.

Pacing.—The average length of a person1s pace having

been determined by walking at an easy, natural, uniform pace

over a measured distance a number of times, it can be used

for measuring distances to within 2 or 3 per cent of the truth.

The average step is about 31^ inches long. The length of

the military pace in quick time is 30 inches, in double time

36 inches. On slopes the horizontal projection of the step is

usually shorter than the step on level ground, whether one

goes up or down hill. One should always take his naturalstep.

If distances are measured on sloping ground with what is

known to be a full-length pace, then deductions must be made

to reduce them to corresponding desired horizontal distances-

This deduction is about 1 pace from every 250 paces on a 5°

slope, 1 pace from every 63 paces an a 10° slope, 1 pace from

every 29 paces on a 15° slope, and 1 pace from every 17 paces

on a 20° slope*

A better method, however, would be for one to ascertain

the exact horizontal length of his pace by actual trial over

measured distances on slopes of different degrees; then by an

observation with an instrument or by estimation ascertain the

*As extreme error is only about 3 per cent (the limit to be counted

on in ordinary pacing), it is not customary to apply this correction in

ordinary small surveys.
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degree of the slope to be paced and multiply the number

of paces by the length of pace on that slope. Distances of

varying lengths over level and sloping ground of varying con

ditions are measured with a chain or tape and stakes driven

at the extremities. An observer passes along one of these

lines, having selected before starting an object in proloMgation

of the line joining the stakes so as to enable him to walk in a

straight line, since two direction points are necessary for one

to do this. He counts his paces, being careful that they are

of the length he would naturally take in walking. Arriving

at the other stake, he will record his results with anyother ob

servations that may have influenced the length of his pace.

He then returns over the same line in the same manner and

continues the practice until satisfied with his results. Then

he does the same over each of the other lines, until finally he

has a record of the length of his paces under all conditions,

and can construct scales for any work, or make any necessary

corrections.

Care must be taken not to permit the approach to a stake

to influence the length of pace, the tendency being to alter it

to conform either to the known or esitmated distance.

Reliable pacing is limited to slopes not greater than

12° to 15°.

Horse paces. The lengths of a horse1s paces at the differ

ent gaits can be determined by riding him over measured dis

tances a number oftimes and taking a mean of the results of

the trials. This furnishes a very satisfactory method of meas

uring distances when sketching mounted, by counting the

number of paces* and referring them to a scale of paces con

structed from the data so obtained. The length of pace will

vary for different horses; hence the necessity for determining

it for the horse used, and when done it will be found to be

*In practice it has been found more convenient to count strides,

instead of steps or paces—i e., to count the number of times the same

foot strikes the ground; hence 1 stride equals 2 paces (or steps), either

mounted or on foot.



Measurement of Distances. 259

quite constant. The average of 30 troop horses twice over a

measured distance of half a mile, up and down hill, was 965

steps walking, or about 33 inches each, and 680 steps trotting,

or about 47 inthes each. The U. S. Drill Regulations gives

the average step of a horse at a walk as 0.816 yards ; at a trot

as 1.22 yards.

The U. S. Drill Regulations (Cavalry) gives the maneuver

walk at the rate of 4 miles an hour, or 1 mile in 15 minutes, or

117J yards in one minute. The trot at the rate of 8 miles an

hour, or 1 mile in 7J minutes, or 234§ yards in a minute; the

canter at 8 miles per hour ; the gallop at 12 miles per hour, or

one mile in 5 minutes, or 352 yards a minute; the full gallop at

16 miles an hour.

Time.—Distances are often measured by the time taken

to pass over them at a known uniform speed. Ifsketching on

horseback, this method is very useful. Having ascertained

the time it takes a horse to pass over a measured distance by

a series of trials, scales reading minutes and fractions can be

constructed for plotting.

If the sketcher has provided himself with a stop-watch

which he can fasten on his wrist (see Fig. 208), he can

by this means do very satisfactory work, without any ofthe

mental effort required in trying to keep count of paces and

without the danger of dropping whole hundreds of paces,

which is very commonly done.

Sound.—Sound travels through the air at a rate of about

1,130 feet per second at a temperature of 70° Fahr. For each

degree higher add, lower subtract, 1^ feet. If the wind is

blowing in or against the direction the sound travels, its

velocity also must be added or subtracted. If the wind blows

obliquely, the amount to be added or subtracted will be its

velocity into the cosine of the angle it makes with the direc

tion from which the sound comes. Consequently ifan observer

at one point fires a gun, or makes any other sound, and at the

same time a visible signal, and an observer at another point

notes the time in seconds (by a stop-watch or otherwise) taken
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for the sound to travel, he can approximate very closely to the

distance between the observers.

Estimation.—The most inaccurate, yet the most gener

ally used, method of measuring distances for filling in details

in hasty sketching is that of estimation by the eye. The art of

quite accurately estimating distances can be acquired by care

ful practice, and it is of the greatest importance to the sketcher,

as most distances up to 100 yards are estimated. This is

done by a mental comparison with certain known distances,

or it may be done on the principle ofsimilar triangles by hold

ing a rule at a certain known distance in front of the eye and

seeing how great a space on the rule the object covers; from

this its distance may be deduced, provided the size ofthe object

be known.

The degree of approximation attainable after proper prac

tice in the estimation of distances precludes the probability of

an error of more than 10 per cent up to 300 yards, of more

than 12$ per cent up to 600 yards, of more than 16§ per cent

up to 1200 yards.

In determining distances by sight the estimate is based

upon the distinctness with which the object can be seen, upon

its apparent height when its dimensions are known, and upon

a comparison of the extent of the ground between it and the

observer with some other known distance which is either

within view or so distinctly impressed upon one's memory as

to serve accurately as a unit of measure. The distinctness

with which any object at any particular distance is visible

varies considerably with different men; hence no inflexible

rule can be expressed. Actual practice must determine for

every individual. As the atmospheric conditions and nature

of the background greatly affect the degree of visibility of ob

jects, the practice should be condueted in different varieties of

weather and along lines variously situated with reference to

the sun and any surrounding hills or woods, particular atten

tion being paid to all these circumstances.
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When the light shines directly on objects, or when they

are light-colored, or when they are seen against a light back

ground, their details are more clearly visible, and they appear

nearer than they really are. So also if the observer's back be

towards the sun, or the observation be made in winter when

the air is dry and clear, or else just before or after a rain, or if

the ground be level and of a uniform tint, or if it rise towards

the object, the distance will appear less than it really is.

Under the reverse conditions the distance will appear

greater. The tendency in looking for an elevation down to

a lower level is to over-estimate the true distance and over

estimate the degree of slope, while in looking upward to a

height it is just the reverse. On a wide plain of uniform

color, if the eye be arrested by no intermediate points, the

estimate will be generally too short.
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CHAPTER XVI.

MEASUREMENT OF DIRECTIONS.

In Topographic Sketching the instrument ordinarily

used to measure directions is some form of hand compass.

Thk Box Compass.—Description. The rectangular box

compass consists of a circular brass box, from 2 to 3 inches in

diameter, containing a needle and graduated circle or card,

sunken its depth in a rectangular block of wood from x/2 to %

inches thick, with a hinged cover. To prevent unnecessary

wear, a lever and pin are so arranged that the needle is lifted

from its pivot whenever the lid is closed.

Or, as more frequently

made, a cylindrical hole

about inch deep is bored

in the block ofwood. In the

center of this hole is a pivot

on which the needle is poised

free to move. Around the edge

on a plane with the needle is

fastened a thin, flat, graduated

ring. The usual arrangement

A A

 

 

FIO. 197. FIS.198.Figure 10«.

for lifting the needle is also provided.

The card or ring is graduate* into 360°, from 0° to
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the right 90°, etc., clockwise (Fig. 197), or from 0° to the left

90°, etc., contra-clockwise (Fig. 198). In one pattern the 0°

—180° line is parallel to the hinged edge of the box. An

edge of the lid, when raised at right angles to the block, is

used for the line of sight. In another (Fig. 196) the line of

sight is at right-angles to the hinged edge. A mark on the

lid in prolongation of the 0°—180° line being used as the line

•f sight.

Use. To take a bearing with the first-mentioned pattern,

raise the lid at right angles to the box and hold the latter hor

izontal. The lid being generally hinged on the right-hand

side of the 0°—180°, the compass is held in the right hand at

several inches in front of the eye. With the zero end of the

0°—180° line directed towards the object, sight along an edge

of the lid at the object, watching the oscillations of the needle,

which may be checked by pressing on the pin for raising it.

The needle must be free, however, at the time of settling.

When it has settled, read the north end of the needle. The

mean of two or three readings may be taken as the correct

one. With the second pattern, hold the compass with the lid

towards the object and bring the line on the lid in line with

the object and its reflection on the glass over the pivot, then

read the north end of the needle. In both these patterns the

line of sight and graduated ring both move around the needle,

which remains stationary in taking bearings; hence, when fig

ured from 0 at the north to the left (Fig. 198), the readings as

given by the north end of the needle are the angles from the

magnetic meridian at the north around to east, south, and

west. When figured from 0 at the north to the right (Fig.

197), the readings ofthe north end of the needle are the angles

from the magnetic meridian at the north around to the west,

south, and east.

The Prismatic Compass (Fig. 199).—Description. This

compass differs from the box compass described, in that the

graduated disk or card is fastened on top of the needle with

the 0°—180° line coincident with it. The Oof the disk is usually
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placed over the south end of the

needle and the 180° division over

the north end. On the south

end of the box is a sight-vane

with a prism which reflects the

graduations on the disk up to

the eye, while the eye at the

same time sees the object ob

served through a slit in this

sight, and the vertical hair in

the leaf-sight on the north end.

When the leaf-sight is folded

down it raises the needle off the

pivot. The swing of the needle is checked by pressing on a

little button under theleaf-sight which presses a spring against

the edge of the disk. On some prismatic compasses there is

a mirror on the leaf-sight for reflecting elevated or depressed

objects to the eye, and on the prism sight there are colored

glasses to be interposed when observing the sun.

Use. To take a direction with a prismatic compass, turn

the prism sight up, slide the prism up or down until the grad

uations are distinctly seen through it; raise the front-sight;

then, holding the prism sight near the eye, sight through the

slit above the prism and bring the vertical hair in the leaf

sight on the object, and when the needle comes to rest, read

the division on the disk which the hair appears to cut. With

the prismatic compass, on account of the disk being fastened on

top of the needle and remaining stationary while th» line of

sight revolves around, the graduation of the disk under the

eye is read; hence, in order to read zero when sighting north,

the 0 of the disk is usually placed over the south end of the

needle. If the disk is graduated from 0 clockwise (Fig. 197,

page 262), the different readings will be angles from the mag

netic meridian to the east, south, west, etc., but if graduated

contra-clockwise (Fig. 198, page 262), the readings will be

angles from the magnetic meridian to the west, southeast, ete.
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Since in both the box and prismatic compasses the disk

may, by accident or design, be so shifted that the 0—180°

line may have any direction with the line of sight, there is an

absolute necessity for always determining the direction of the

true north by that compass before using it, in order to place a

true meridian upon the plot.

The Plotting Diagram.— To plot any angle taken with

a box compass graduated from 0° to 360°, the simplest method,

requiring no calculation or study, is to first make on a piece

of paper a diagram consisting of two straight lines intersect

ing at right angles. Mark one end of onelineO0 and the other

end of it 180°; place the box compass on the paper with the

line of sight parallel to this line, the eye-end of the line of

sight at the 180° end of diagram line. Revolve the paper

and compass together until the north end of the needle comes

to zero; holding the paper in this position, turn the line of

sight to the right through 90° and read the north end of the

needle; if this be 270°, which it would be if graduated as in

Fig. 197 (p. 262); mark 270° on the end of the line to the right

B „ of the 0—180° line, and 90° on the

opposite end (Fig. 200); if it reads 90°

as when using Fig. 198 (p. 262), vice

versa (Fig. 201).

With a box compass in which the

1TC.300 TO. 201 0—180° line is parallel to the line of

sight, and whose graduations are from 0 at the north around to

the right (clockwise), then when looking north, by a reference

to the diagram (Fig. 200) it will be seen that the north end of

the needle will read zero; when looking east, the needle will read

270°; when looking south, 180°; when looking west, 90°. If

graduated to the left (contra-clockwise), then when looking

east (Fig. 201), the needle will read 90°; when looking south,

180°; when looking west, 270°. Frequently persons who are

left-handed hold the compass in the left hand with the line of

sight on the left of the 0—180° line and read the north end of

no no
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the needle. By so doing, if graduated to the light, they read:

north, 180°; east, 90°; south, 0°; west 270°. If graduated to

the left, they read: north, 180°; east, 270°; south, 0°; west, 90°.

But if they construct a diagram as described above, and re

volve it 180°, as they have done with the compass, there need

be no confusion from this change.

To plot any angle taken with aprismatic compass, the prism

or eye-end of the line of sight is placed at the 180° end of the

diagram line. The paper and compass are revolved until the

0 of the card comes under the prism. The paper is held in

this position and the compass turned to the right through 90°

and the number on the card under the prism placed on the end

of the line to the right of the 0 of diagram.

With the prismatic compass in which the 0 is over the

south end of the needle and the graduations are to the right

(clockwise), it will read: east, 90°; south, 180°; west, 270°, as in

Fig. 201. If graduated to the left (contra-clockwise), it will

read: east, 270°; south, 180°; west, 90°, as in Fig. 200.

If, with either a box or a prismatic compass, a sight be

now taken on a true meridian line looking north and the read

ing of the north end of the needle or number under the prism

be plotted from the point of intersection of the diagram lines

in the proper quadrant, a glance at the diagram will give the

true relations and directions of all lines sighted with that com

pass. By a reference to this diagram the proper quadrant in

which a line with any reading shouldbe plotted is at once seen.

Jfplotting compass readings is carried on in thefield simul

taneously with the observations, this diagram andthe direction of

the true meridian should be-put in one corner of the plot, always

in sight. The observance of this rule will be the means of

preventing many errors.

Plotting compass readings. A protractor may be used in

two ways for plotting: first, (Figs. 202 and 203), by placing

the center on the station point with the diameter along the

0—180° line through it and making a dot opposite the direc

tion ofthe line on the edge ofthe protractor, then removing the
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protractor and drawing a line from the station through the

dot; or, second (Figs. 204 and 205), by placing the center on the

station and the direction of the line on the edge on the 0—180*

line through the station, and drawing a line along the diameter

of the protractor from the station for the d:rection. Which

method will be preferred depends upon the compass used, the

direction of its graduations, and those of the protractor.

EX MB>p grad letl Bx com grad rtghtflxcom grad right

Plot grid to right Froti grad to leftPlot grad to rlgbt
 

na soa

5x dotop grad left

Protr grad to Hft

a 

FIB 303

TMnn compaH and proi grid to>

right Fig. 102.

Same to left Fig. 203.

Prism compam grad to left and

prot to right Fig 204.

Prismat compass grad to right

and protractor to left Fig. Ml

FIB 105

In using a box compass, and the protractor is graduated

in the opposite direction to the compass disk, the first method

will be the easier; but if the graduations on compass disk and

protractor are in the same direction, then the second method

will be the easier in both cases.

In using a prismatic compass with disk graduated in the

same direction as the protractor, the first method is easier; if

the disk and protractor are graduated in opposite directions,

the second method is easier.

The paper should be prepared for plotting by drawing fine

parallel lines about \ or \ of an inch apart, to represent the
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magnetic meridians to which all the readings refer. One end

of these should be marked with a half arrow-head or N before

beginning to plot, to avoid making errors.

If the first method described above is used, the protractor

Is laid on the paper with its center at the point from which

the line is to be drawn and its diameter edge parallel to the

meridian lines, one of which will not be over J or | of an inch

from it. The diagram of the compass readings having been

constructed, as described, reference to it at once shows whether

the graduated edge of the protractor is to be laid to the right

or to the left of the diameter or meridian line, and in which

quadrant the line should be drawn.

If the second method of protracting is used, then through

each station a meridian line is drawn before beginning to pro

tract angles from it, the diagram showing the direction the

diameter side of the protractor should take from the station

point.

Resection with compass. With a compass one may find

the place on a map corresponding to his position on the

ground by "resection," when two distant plotted objects are

visible. Thus, from the position, take the directions of the two

objects, and with the protractor at th^ plotted position of each

object plot their directions and produce them backwards until

they intersect; this point will be the place. The accuracy of

the resection depends upon securing a good angle at the point

of intersection. This operation is useful in finding a conven

ient starting-point in sketching or for checking the accuracy

of a traverse.
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CHAPTER XVII.

MEASUREMENT OF SLOPES.

Abney Level and Clinometer (Fig. 206).—Descrip

tion. This consists of a line of sight, a level-tube and arm

attached, and a graduated arc. The body in which the line of

sight is defined is square, so that it may be placed upon a sur

face and its slope determined by bringing the bubble to the
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center of its tube. Directly under the center of the bubble-

tube is an opening in the body, and inside, occupying one-half

the body, is a mirror facing the eye-end at an angle of 45° with

the line of sight. A horizontal wire extends across the mid

dle of the body in front of the mirror. When the instrument

is held horizontal and the bubble brought to the center, on
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looking through the body the wire appears to bisect the

bubble, seen by reflection in the mirror.

Use. When the line of sight is directed upon any object

and the bubble brought to the centur of its tube, or until the

wire bisects its reflected image, the slope of the line of sight

may be read on the graduated arc, which is divided to degrees

and numbered each way from the zero to 60° or 90°. On the

double vernier (Fig. 69, p. 61), on the end of the arm the

smallest reading is 101.

When the vernier is set at zero, the instrument may be

used as a hand level to find points at the same elevation as

the eye.

The graduations on the inner edge of the limb are the

denominators, unity being the numerators of fractions express

ing slopes, as \, etc. The graduation in coincidence with

the front edge of the arm is read.

Adjustment: To test for index error. Place the instru

ment on top of a fence-post, sight to the top of another one

several hundred feet distant, bring the bubble to the center.

and read the vernier. Go to the other post, sight back, bring

bubble to center, and read. One-half the difference of the

readings will be the index error to be applied to all readings,

being careful to observe whether it is to be added to or sub

tracted from angles of elevation, and vice versa. If the first

observation was 2° elevation and the second 3° depression, the

radex error is to be added to all elevations and sub

tracted from all depressions.

To make the adjustment. If where it can be done, place it

upon a smooth inclined surface, bring the bubble to the center,

and read the vernier; reverse it end for end in the same place,

bring bubble to center again, and read vernier. If in adjust

ment, the two readings will be the same; if not, \ the differ

ence will be the index error. Apply the index error to one of

the readings, set the vernier at that reading, place on the in

clined surface, and bring the bubble to the center by the screws

at the end of the level-tube. Repeat for a test.
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Slope Board (Fig. 207).—Description. A substitute for

the clinometer may be arranged on

the field drawing board. If one edge

is straight, this may be used as the

line of sight. On the back of the

board construct a graduated semi

circle with its diameter parallel to the

line of sight, or paste it on a graduated

semi-circular protractor printed or constructed on paper. The

graduations should be numbered in degrees each way from

the center. Then if a plummet or pendulum be suspended

from the center of the diameter, and the line of sight be in-

dined, the reading of the arc opposite the thread or wire, will

be the degree of inclination, for the thread retains a vertical

position, while the board and attached arc are inclined,

Use. To determine a slope, bring the line of sight parallel

to it, with the plummet free of the board, then carefully tilt

the board until the thread lies on the arc, secure it with the

finger and read off the degrees. To determine a level line, with

the thread passing through the 0 mark, stick a pin against

one side of the thread, then hold the board up, until the

thread just touches the pin, and sight along the edge. In

order to bring the upper edge ofthe board inline withtheslope,

it may be necessary to stand back above it until the prolonga

tion of the surface strikes the eye, or to kneel or lie down

until the eye is on a level with the grass or some object judged

to be at the height of the eye when the slope is taken to it.

 



272 Topographic Sketching.

CHAPTER XVIII.

CONVENTIONAL SIGNS AND SYMBOLS.

The conventional signs and symbols adopted for repre

senting forms.aud features on a map are such as to suggest;

If possible, the objects for which they stand. Ordinarily no

effort will be made to show lights and shadows on military

maps, but when they are shown the light is supposed to come

from the upper left-hand corner at an angle of 45° with the

horizontal.

Without Colors.—Forests of deciduous trees, except

oaks, are represented by signs suggesting irregular projections

of trees with bushy tops. In representing oaks, the loops have

their points out instead of in as shown.

Perennial trees, as pines, firs, etc., are represented by stars.

Uncultivated land, which is neither cleared nor forest, is

represented by the signs for small trees, grass, amd rocks if

present.

Meadows or cleared land'by signs suggesting tufts of grass,

composed of 5 or 7 short lines, the middle one being longest;

the bases straight and parallel to the bottom of the map; the

tufts evenly but not too thickly distributed and not in lines;

dots may be added to produce pleasing appearance.

Cultivated land by signs suggesting furrows, consisting of

alternate broken and dotted lines, the breaks short but not

•pposite each other, the dots fine and close together.

Orchards by regularly distributed trees, sometimes shaded.

Marsh by parallel lines and tufts of grass; if of fresh

water, the lines are broken and filled in with the tufts; if ofsalt

water, the lines are continuous and the tufts made over them.
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Ponds by equidistant lines parallel to the bottom of the

map, suggesting still water.

Streams and large bodies of water by lines suggesting

waves along the shore. The high- and low-water levels by

distinct shore-lines. If streams are not large enough to be

water-lined, they are represented by a full sinuous line.

Dryruns by dashes and three dots between.

Sand and gravel by dots.

Mud by short dashes.

Buildings on small scales are usually shown as rectangu

lar blocks; on large scales, by the shape of the building in

outline, and filled with fine diagonal lines, the outline for

wooden buildings being very fine, for brick heavy, and for

stone very heavy.

Streets of towns and villages should be shown as they are.

Crops. Although signs are often employed to represent

different crops, features, etc., it is not safe to trust their doing

so without the name attached. Their employment is more

for pictorial effect than otherwise.

Arroyos or gullies have their outlines sharply marked, and

hatching lines are added to represent the slopes or wash of

the earh.

Embankments or fills have the highest outlines sharply

marked and hatching lines for the slopes or fall of earth.

Cuts have the cutting or highest line sharply marked and

hatching lines for the slopes. The cuts up to the mouth of

tunnels are shown. The tunnel itself is shown by broken lines.

With Colors*—The use of colors on hastily executed

military maps will ordinarily be limited to a very few in num

ber (four or five), and they will be applied with colored pencils

which can be carried in the field. The forms of the various

conventional signs are similar to those already described.

*Pora complete description of the use of water-colors on mapsi

and how to apply them, the student is referred to "Topographical

Drawing and Sketching," by 1st Lieut. Henry A. Reed, U, S. A.
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Wooden buildings, fences, telegraph poles, etc., are drawn

in brown.

Brick buildings with a light red border, stone buildings

with a heavy red border, all filled with a lightflat tint ofred.

Masonry bridges, stone fences, railroads, etc., in red.

Wire fences, metal bridges, and water in blue.

Dry runs by bioken and triple-dotted blue lines,

Earth and sand in yellow ochre.

Cultivated land ruled with brown, over a flat tint ofyellow

ochre.

Trees, grass, and vegetation in green.

Rocks in brown.

Contours in red continuous lines of constant thickness,

except every fifth, which is sometimes made heavier.

Lettering is usually done in red.

Hill Shading —A method much used in the past for

shading hills was by short strokes, called hachures, drawn either

perpendicular or parallel to the steepest slope, the thickness

and number ofwhich were regulatedby a scale of shade accord

ing to the degree of slope, the steepest being darkest. As it

has the effect of covering up details and was difficult to prop

erly produce, it is being superseded by lead shading, which is

more easily and rapidly executed and does not destroy details.

In leadshading the object is to producea transparent shade,

darkest where the ground is steepest. Its purpose is to give

body and expression to the map. In this, rays of light are

supposed to be vertical; hence horizontal surfaces are lightest

or white. On slopes, the rays striking obliquely, the illumina

tion is less bright, decreasing with the increase of the slope,

being least for angles of 35° or upwards; hence slopes are

shaded, the shade being denser as the slope is steeper.

Howproduced. Lead dust from a soft pencil is scraped on

a piece of paper, lumps being carefully avoided. The map is

placed on a smooth hard surface. With a piece of chamois

skin folded into a firm point some of the lead is taken up and

applied to the map by sweeping movements in the direction
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of contours, endeavoring to produce broadly the desired effect

as regards depth of shade, the first application of lead being

on the portions to be the darkest, representing the steepest

slopes, fading away to the lighter portions. Care must be

taken to avoid hill-tops and parts which are to remain light.

When the broad or general effect of shade has been pro

duced, a fresh point is folded and the map rubbed with it,

forcing the lead into the grain of the paper, blending the dif

ferent shades and removing any mottled appearance; a fresh

point is again folded, the blending continued, and so on until

the desired effect is produced. Some portions, where very

steep, may now require to be again darkened with more lead

and other portions brightened with a pencil eraser and again

blended, \fery dark shades cannot be rubbed too hard with

out removing too much of the lead. The shading of abrupt

rocky cliffs, etc., may be finished with a pencil. To bring out

a small portion of high light, a hole of the required shape is

cut in a piece of paper, held over the place, and the lead

removed with an eraser.

Exaggerating the contrast of light and shade to produce

relief'at the expense of truth is to be avoided. Water-sheds

may, however, be a little lighter than contiguous water-courses.

Colorsshould be applied after the shading. The shading which

has been unavoidablycarried beyond the border can be removed

by placing a piece of paper with the edge on the dividing line

and using an eraser.

Lead shading may be fixed with a spray ofgumarabic

water.
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CHAPTER XIX.

FINISHING MAPS.

Lettering.—The final appearance of a well-drawn map

may be anything but pleasing, as a result of poor or unsuitable

lettering. The letters should be simple, neat, and of a size

proportioned to the scale of the map, their position, and the

objects to which they refer. Fancy letters are out of plaee

and script should never be employed. When lettering on a

map or sketch will not obscure valuable details, it is to be pre

ferred to reference numbers, which are sometimes necessary,

however, in conjunction with marginal notes or a separate

report.

Styles used. The letters which are most useful are the

60THIC, ROMAN CAPITALS, Roman lower-case, ITALIC

CAPITALS, Italic lower-case. A very common style of let

tering maps and other drawings is styled "Round Writing,"

in which all lines are made with a stub pen thus:

1234567890.
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Another style, known as the "Marking Alphabet," is very

easily and quickly acquired.

When done. As a rule, lettering is done after the features

have been drawn, but in pen drawing, large bodies of water,

forests, etc., are lettered before the signs are drawn, to avoid

blurring. In general, the lettering is parallel to the bottom

of the map, but rivers, roads, etc., are lettered in the direction

of their courses and so as to be most easily read.

The title. This is usually placed within the border in

one of the corners of the map. The middle points of all the

lines should be in a vertical line. The name of the locality is

generally the most important and most prominent word, but

should not exceed in height -fa the length of the short side of

the border. The letters of the other words may vary in size

according to the importance ofthe words.

The name of the draftsman, date of the survey, and like

information, appear in small letters.

The scales. Below the title or in some other convenient

place should be drawn a graphical scale of distances, with a

legend of "So many inches to the mile," etc, and, if desired,

the representative fraction. In a contoured map a statement

of the vertical interval between contours and a graphical scale

of horizontal equivalents is added.

The meridian line or nerd'e several inches long must

always be drawn, as it determines the relative directions of all
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objects represented. When the survey has been made with a

compass, the magnetic meridian is drawn, and also the trite

meridian, if the declination of the compass is known. These

should be two lines intersecting near their middle, making an

angle with each other equal to the declination. The true

meridian is drawn with a full arrow-head, and the magnetic

meridian with a half arrow-head on the side of the declination.

When the map is colored, it is well to make the arrow-head

red to draw attention to it. The needle should be assigned a

prominent place on the map.

The border. The map is generally arranged so as to be

enclosed by a rectangle, the sides being in north-and-south

and east-and-west directions, with the top of the map towards

the north, whenever practicable. The border generally con

sists of two lines, the interior one light, the exterior one ifo

of the small side of the rectangle in width, with an equal space

between the lines. The heavy outer line may be filled in with

a brush or shading pen.
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CHAPTER XX.

MAP-READING.

Map-reading is the art of grasping quickly the correct

meaning ofa military or other map, and is only acquired by *

careful study of the principles of topography and the ground,

thus developing a just appreciation of the relative heights of

hills, the steepness of slopes, and the shapes of features as

shown by the contours and other symbols.

Every officer should be thoroughly competent to make

use of maps both for strategical and tactical purposes, and

should possess a good eye for ground, one ofthe greatest gifts,

from a military point ofview, a soldier can possess. He should

be able, with the aid of a map, to move to any place pointed

out, and to occupy it in any manner ordered. It is impossible

for any soldier to discuss the simplest problem in connection

with tactics or field fortifications without taking into full con

sideration the topographic aspect of the case, and having re

course to maps; hence the ability to read a map readily and to

make use of it intelligently is one ofprime importance to an

officer.

Aids in Map-Reading.—A thorough acquaintance with

the conventional signs and symbols is necessary, as well as the

ability to appreciate distances to scale.

As an aid to learning map-reading, one may take a map

of a piece of ground to some commanding spot on it, and

there sttidy how to identify his position on it, how to recog

nize the different forms and features, as water-sheds, water

courses, cols, etc., and how the contours curve for the different

shapes and slopes they represent. To do this, it Is first nec

essary to note the scale of the map, and to impress on the
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mind the spaces on the map corresponding to certain distances

on the ground.

Orienting a map on the ground. The map is spread out,

and, if possible fastened to a drawing-board or box lid, and

then oriented.

This may be easily done as in orienting the plane table if

one has a magnetic compass and the map has a magnetic merid

ian on it. If the map has a true meridian and the declination

of the compass is known, a magnetic meridian can be drawn.

If no compass is at hand, and the exact spot occupied is

not located on the map, it may be found by the mechanical *

method previously described; and then, if any distant conspicu

ous point or object can be identified on the map, it can be

oriented by placing the edge of a ruler on the plotted points

ofthe position occupied and the distant object, and the whole

map turned until the distant object is sighted. By now pivot

ing the ruler on the plotted position of the point occupied,

- objects may be sighted, their distances estimated, and their

plotted positions recognized.

Finding one's place or the map. If the map is oriented by

the compass, but the position occupied is not plotted, it can be

found by resection on two known plotted points that can be

recognized.

One of the difficulties in making use of maps is, that they

may not be corrected up to date, and time may be lost in try

ing to find roads that have ceased to exist, or in searching in

vain for important buildings, railways, etc., that have been

built since the map was drawn.

Reading Maps.—To read a map, first look to the lie and

direction of the streams; note how the water-courses are gener

allyfound to trend, as this will indicate the lowest levels; next

observe where the features ofgroundproject towards the streams,

as this shows the positions of water-sheds and spurs; where

they recede shows the valleys.

If the heights of the contours are indicated, showing

elevations above some datum plane, there can be no mistak
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ing kills for hollows; the relative heights of different points

are found by the differences of the numbers of the contours

on which the points lie.

If the contours are not numbered, then the existence of

water must be one1s guide in distinguishing between water

sheds and water-courses. The lowest part ofa country is usu

ally occupied by the largest body of running water. From

this the tributary streams may be traced upwards to their

sources, thus locating the valleys, in which the contours curve

outward from the main stream. The water-sheds lying be

tween the valleys may next be distinguished by the contours

curving towards the main stream. Having found the water

sheds, next locate cols or saddles connecting the different feat

ures. If the contours are not numbered and the points whose

relative heights are desired lie on adjacent features, count the

number of contour intervals to each of them, either from the

col which connects the features, or the water-course which

separates them, and multiply their difference by the interval

between the contours. As contour intervals are counted and

not contours, the first, or lowest, contour at the col or water

course, where the counting begins, must be considered as 0

and not 1.

Sections.—One test ot the understanding of map reading

is the ability to make sections of the ground on any required

line. In fact, the studying of a map largely consists in men

tally making sections along different lines.

A section is the representation of the intersection of the

surface of the ground by a vertical plane. If one imagines

the surface to be cut by a vertical plane, and the rest of the

ground nearest him to be removed, the result would be to ex

pose a certain irregular profile, which is represented in the

construction of sections (Figures 191, 192, 193).

The horizontal distances are generally made on the same

scale as the map, while the heights are usually exaggerated a

number of times in order to show more strikingly the changes

of slope which, in a true section, would be barely perceptible
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Fia. 191. SECTION thro1 hills 336 and 152 north. Heights to Distances as 15 toL

in

-t

PIO. 192, SECTION from J. CRAWFORD to hill 388 east. Hgts to Dsts as » to 1.
 

FIG. 193. SECTION froms.w. corner of town to ROAD west. HgtetoDsts as l5tol.

on the scale of the map. The exaggeration of the vertical to

the horizontal scale should always be stated under the section

as "Heights to Distances as 5 to 1," or whatever it may be.

To draw a section on a given line of a contoured map.

1st method: Lay a straight-edged piece of paper along the

section line and dot along the edge the exact points where the

line cuts the contours, and also any intermediate point where

the slope changes, as on water-sheds and in water-courses.

Number these points 0, 1, 2, 3, etc., corresponding to the rela

tive height of the contour of each, calling the lowest contour

0, or number them with the heights above datum. Care must

be taken that every time the same contour is cut by the sec

tion line the dots are numbered the same.

Now draw lines parallel to each other, at a distance apart

equal to the vertical interval between the contours to the exag

gerated scale, to represent the contour planes, and number

these from the bottom upO, 1, 2, 3, etc., or beginning with the

lowest contour height, corresponding with numbers of the dots.

Place the edge of the piece of paper which was laid on the sec

tion line along the bottom line and dot off the points marked

thereon, and from each of these points raise perpendiculars to
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the parallel line having the same number as the point from

which each is drawn; then join the tops of the perpendiculars.

2d method: Forpurposesofmap-reading, a simplermethod

may be employed. On a strip of paper a little longer than

the section to be drawn and 3 or 4 inches wide, draw lines par

allel to the long edge at equal distances of about j4 or of an

inch, and other lines at the same distance apart perpendicular

to these. Place the edge of the paper on the section line, and

from each of the points of intersection with the contours draw

a vertical line till the horizontal line which represents the level

of the contour is reached; then join these points.

Elevations.—An elevation of the ground shown by con

tours is the representation of an orthographic projection of it

on a vertical section plane. The observer's eye is always sup

posed to be exactly at the same level as the spot observed

and looking at it perpendicularly to the section plane. The sec

tion occupies the foreground; points behind the plane higher

than the section will appear above it, and those on the same

level and lower will be hidden. The outlines of the hills

nearest the front will first be drawn after the section, then the

other outlines in succession backwards. Any details, as roads,

houses, etc., which would be visible, may also be shown in

their proper positions in the elevations (Fig. 194). The

locations of the various points are found by drawing from

them lines perpendicular to the section plane until they inter
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sect the horizontals whose numbers correspond to the heights

of the points.

Problems.—Map-reading includes thefollowing problems:

Determining the direction of the flow of streams.

Determining the location of water-courses, water-shedSj

and cols.

Numbering the contours.

Determining the visibility of one point from another.

Determining the horizon visible from a given point.

Determining where a given line pierces the ground.

Calculating the height of a point just visible from another

point, etc.

In this determination the height of the observer is not

taken into account, as undulations may occur between con

tours and not be shown, while walls, fences, brushwood, etc.,

may also intervene.

To determine the various features.

Problem 1: Place arrow-head on meridian line ofGettys

burg map, near marsh. Place arrow on all streams, showing

direction of flow. Nnmber all contours and hill-tops. Trace

all contours whose references are divisible by 20, in red. Con

struct scale of distance to read feet, also scale of horizontal

equivalents.

To determine the visibility ofone point from another.

Problem 2: Let it be required to determine whether i

(Fig. 193) is visible from h. From the section drawn on this line

it will be seen that the points are mutually visible, because

all of the ground between them lies below the broken line hi,

and the general section is concave. This same fact can be rec

ognized from the contours, without drawing a section, because

they are closer together at the top of the slope than at the

bottom. If the ground had the shape shown between k and /,

neither point would be visible from the other, because the

ground passes above the broken line Ik, and the general sec

tion is convex, which fact can be told from the contours lying

closer together at the bottom of the slope than at the top.
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Hence the visibility of one point from another depends upon

the general concavity or convexity of the section of ground

between the points, which can always be determined by

drawing a section, but there are simpler processes of arriving

at the same results. The only difficulty in this is to deter

mine whatpoint, if any, may intercept the view. Thus, be

tween k and i, the first part of the section may be gentle, as

between k and j, the intercepting point being/, where the elope

becomes steeper; or some knoll, spur, or water-shed may inter

vene, as h between g and i. The slope of the ground between

the observer and intercepting point, as the slope Ikjih, does

not effect the visibility of points beyond, as g, but the degree

of slope of hg beyond the intercepting point h as compared

with the slope hi of the right line joining the first two points

does affect the visibility. If the intercepting point b (Fig.

191) is at the level of the observer at a, no lower point c be

yond is visible.

Since a section across a ridge is convex, points on oppo

site sides, as g and i, are invisible. A section across a valley is

concave; hence points on opposite sides are generally visible,

as h. and /, the exception being when the first part is very

gentle, as kj, and grows steeper to the water-course, as from j

to i.

Problem 3: Referring to the map: Is the stream, where

the fence crosses it near H. McDonald1s, visible from the

road from Gettysburg where same fence meets it? By an in

spection of the map it is seen that the section is convex and

the stream invisible, the intercepting point being where the

fence crosses contour 428 just north of hill 432. For, from the

road to this point is a slope of nearly 3 contour intervals in 0.0

of an inch, while from this point to the stream is a slope of

nearly 7 intervals in 0.8 of an inch; hence the slope from the

intercepting point to the stream is steeper than the line from

the road to the intercepting point, and the stream is invisible.

Problem 4: Is the letter S on the meridian line visible

from hill 460 west of Seminary Ridge? The contours being
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close together at top and separating towards S, the ground is

concave and S is visible, there being no intercepting point.

Problem 5: Was Hagy1s visible to Wilkinson1s Battery

on hill 404 northwest of Thomas Scott1s? By drawing a line

from hill 404 to Hagy (house nearest H) it is seen that hill

400 may intercept the view. It is one contour lower in about

2 inches, while the house is one contour lower than hill 400

in about 1)4 inches; hence invisible.

Problem 6 : Were Davis1 Mississippi troops crossing the

bridge over Willoughby Run north ofSpangler's visible to the

20th New York troops on hill 432 west of E. Harman1s? The hill

north of 432 may intercept the view. This is 3 contours lower

in about 1 % inches, while the bridge is 4 contours lower than

the intercepting hill in about 3 inches; hence the bridge is not

hidden by this hill-top.

Another method is as follows: Since the intercepting

hill is 3 contours lower than the point ofobservation, j/3 of the

horizontal distance between them will be the horizontal

equivalent for 1 contour interval of the right line joining

them. If this horizontal equivalent be now applied on the

line to the bridge from the intercepting point, as many times

as there are contour intervals between it and the bridge, and

the last application does not reach the bridge, it shows the

latter is not hidden by the hill-top. If the last application

extends beyond the bridge, it would be hidden by the hill-top.

Tofind the point where a line of given slope from a given

point pierces the ground.

Problem j: Find the point of piercing the ground of the

right line just touching the hill 460 in woods on Seminary

Ridge and the hill 452 due west. The line has a slope to the

west of 2 contours between the hills, a distance of 1.1 inches.

The horizontal equivalent of 1 contour interval will be .55

inch. Beginning at the western hill, lay off this distance and

compare each time with height of ground. The end of first

length is 448 in height and is over contour 440, so is above

ground; in the second length it pierces hill 448, the end 444
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being over 440 contour; the third length 410 is over 432; the

fourth length 436 is over 404; the fifth length 432 is over 408

west of Willoughby Run; the sixth length 428 is over 422; the

seventh length 424 is under 432, hence it must have pierced

the ground somewhere; j£ its length, being 426, reaches mid

way between the contours 424 and 428, hence here is where it

pierces.

So the point where any line pierces the ground, starting

from a given point with a given slope, can be determined.

To find the visible horizonfrom a point is to determine the

line separating all the visible from the invisible portions of

the ground with regard to that point. To do this a number

of radiating lines are drawn from the point of observation and

along these the portions of ground which are visible are deter

mined by the methods explained above. The points deter

mined as separating the visible and invisible are then joined,

forming the horizon, which if the map were large enough

would be a closed line perhaps with loops.

In a limited portion of a country it is evident that there

may be several visible horizons.

Problem 8: What was the visible horizon of Lane's 7th

N. C. at 4 p. m., when in depression on south edge of map iy2

inches east of Willoughby Run, height 400? By drawing

radiating lines and determining what portions ofthem are over

seen and what over unseen ground, the horizon will be found

to run irregularly along the ridge through the word Hagers-

town almost up to the hill 480 east of J. Forney's, then back

again along Seminary Ridge.

Problem 9: If the horizon is to be determined from a

high hill, as Benner's Hill, height 45 1, the problem becomes

more complicated. A point of Seminary Ridge south of Q.

McMillan's is just visible, McMillan's being hidden by the ridge

west of East Cemetery Hill, the south part of which is hidden

by ridge of East Cemetery Hill; the line down the latter

extends to contour 428, when it divides: one part going west to

the creek, crosses, then tends f-outhvvest up the slope to ridge
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at about 448, down ridge, across col, over hill in town, down

ridge towards Stevens' Run; another part winds off from 428

around to the southeast, off the map, on again, down the ridge

to 408, across Rock Creek, etc. There are other portions.

To calculate the height of a pointjust visible.

Problem 10; An object at 1 (Fig. 193) is just visible from

k, over the point /; what is the height of the object? The dis

tance of/ from k is 928 feet aud its fall 1 contour (4 feet).

The distance of i from k is 1,533 feet; hence by similar trian

gles its fall is 928:1533::4:^=66 feet; but i is 5 contours or 20

feet below k, while the top of the object is only 6.6 feet below

k\ hence the object is 20—6.6=13 4 feet high. Or, since the

slope of the line from k toj is 4 on 928, or 1 on 232, then the

fall fromj to the object on this line will be as many feet as 232

is contained times in 605=2.6 feet. Now i being 4 contours or

16 feet belowj, and the top of the object 2.6 feet below j, the

object must be 16—2.6=13.4 feet high.

Problem II: The ridge of a house in Gettysburg on the

3d contour below the number 412 is just visible from contour

480 of East Cemetery Ridge; how high is the house? The inter

vening hill is distant 2,300 feet from the observer and 36 feet

lower; the house is 2,860 feet distant; henceby similar triangles

2300:2860::36:^=44.8 feet lower than the observer. But

the contour on which the house stands (420) is 60 feet lower;

therefore the house is 60—44.8=15.2 feet high.

Problem 12.- Where and what is the steepest gradient on

the Hagerstown road? Applying the scale of horizontal equiv

alents it is found on the east slope of Seminary Ridge and just

west of Willoughby Run, about 7.5 degrees er 1 on about 7.6.
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CHAPTER XXI.

COPYING MAPS.

Copying Same Size.—Maps may be copied the same

•size—

1st. By fastening a piece oftracing-paper or tracing-linen

on the map and tracing over the lines with a pencil, or with

pen and ink. If tracing-linen is used, the lines are drawn on

the glazed side, and if to be tinted, the colors are applied on

the back.

2d. By fastening the drawing-paper on the map and hold

ing both against a window, or a pane of glass in a frame, so

situated as to receive a strong light on the back" then trace

the lines.

3d. By transfer paper as previously described.

4th. By dividing the map to be copied into a certain

number of equal squares or rectangles, with sides from ^ inch

to 2 inches, depending upon the amount of detail to be copied

and the accuracy required. The paper on which the copy is

to be made is then divided into squares or rectangles of the

same size, which are numbered the same on both.

The points where the different prominent lines on the

map, as roads, rivers, etc., intersects the sides of the different

squares are marked on the corresponding squares on the paper

to contain the copy and then properly joined. These being

drawn in, the other details are "sketched in" in their proper

positions. For greater accuracy within the squares, points

may be located by perpendiculars from the sides, or by the

intersection of arcs from two corners of the square.

In copying contours, draw on the map lines of greatest

slope on water-sheds and in water-courses; draw these on the
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copy, marking on them where the contours cut, and then join

them with the proper curves.

Instead of defacing the map by drawing the squares on it,

a pane of glass with the proper size squares ruled on it, or a

frame with a fine silk thread stretched from side to side form

ing the proper size squares, can be laid on the map.

5th. By photography in the regular way, or by making

the map translucent with oil or otherwise, then placing the

printed side next the sensitive side of a plate and exposing to

light, etc., thus obtaining a negative from which any number

of copies may be made in a variety of ways.

6th. By using the pantograph. This is an instrument

consisting of four pieces of wood about J-inch thick, f-inch

wide, and from 18 to 36 inches long, fastened together with

movable joints so as to always form a parallelogram. To use

it, a tracing-point is made to travel over the outlines of the

map; a pencil is so connected with the tracing-point that it is

always in a straight line with the tracing- point and with a fixed

center, and always at a distance from that center bearing a

given constant ratio to the distance of the tracing-point from

the center; the pencil draws the outlines of a copy of the map

in the given ratio.

Reducing and Enlarging Maps.—Maps may be en

larged or reduced by photography, or with the pantograph,

but the only method usually available for officers is by means

of squares or rectangles. The original will be divided as

explained, and the paper to contain the copy will be prepared

.with the same number of squares or rectangles having sides
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bearing the required ratio to those of the original. The details

are then copied to the enlarged or reduced scale.

The distinction must be thoroughly understood between

enlarging to two, three, or any other times the size (area), and

to two, three, or any other times the scale. Likewise for re

ductions. Thus a map six inches square containing 36 square

inches enlarged to two times the size or area will contain 72

square inches and will be 8.485 inches square; while the same

map enlarged to two times the scale will contain 144 square

inches and be 12 inches square.*

• In enlargements in terms of size or area, the relation ofthe sides

is found as follows : n inches on the map will be represented on the

copy double the size by n>f%, and on the copy three times the size by

»v1. etc. In reductions, n inches on the map will be represented on

the copy one-half the size by and on the copy one-third the size

by fi, etc.
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CHAPTER XXII.

METHODS OF FIELD WORK.

General Idea.—Before beginning the actual work of

sketching a piece of ground it will be an advantage to pro

ceed to some elevated portion of it, from which a good view

can be had, and there obtain a general idea of the shape of

the forms and features, and a good mental picture of the ap

pearance they will present in plan.

Base-Line.—Some convenient piece of level ground with

out obstructions is next selected, over which is measured, or

paced, several hundred yards for a base-line, from the extrem

ities of which the principal objects on the ground can be seen.

Intersections.—Then from both ends of this base-line

the directions of all the prominent objects on the ground to

be sketched are taken with the compass; if using the plane

table, their positions are fixed by intersection. These objects

may be spires of churches, chimneys of houses, a flag-staff,

gate-post, isolated trees, etc., all of which, when correctly de

termined, serve as stations from which to start to fill in the

details.

Traversing.—Having completed this, the next opera

tion is traversing the roads and other lines and sketching in

the details, such as houses, fences, streams, bridges, woods,

railroads, etc.

Traversing should be performed with as few changes of

direction as possible. Thus, instead of following the center

of a winding road by a number of short courses, it should be

traversed from side to side with as few and as long lines as

possible, the directions being taken on the most distant points

visible from each station.
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In traversing across undulating ground, one is liable, on

descending into hollows, to lose sight of the point towards

which he is pacing. Foreseeing this, he should look for some

object, as a bunch of grass, bush, or other mark, on the align

ment, so situated that it will remain in view at such times,

thus preserving the direction of the course. When a traverse

line crosses a stream, cutting, or anything narrow that inter

feres with measurement, the distance to the further side

should be estimated and the pacing resumed there.

Obstacles, such as ponds, houses, etc., situated on the

traverse line may be passed by triangular or rectangular off

sets as already described.

When "filling in" the details of ground on which stations

have been fixed by triangulation, intersection, or otherwise,

the traverse generally commences at one of these stations and

is carried up to and "closed" on another as soon as possible.

If there is a large error in closing, it is best to traverse back

from the clo -ing station, by which the error maybe discovered

and corrected. If the error of closure is not large, it may be

distributed among the last few courses. The traverse may

then be started anew and carried forward to another station.

The scale at which the notes are to be plotted must be con

stantly borne in mind, and the notes not burdened with offsets

and objects too small and unimportant to be represented.

The forward measurements are commenced anew at each

station, but all intermediate measurements are inclusive from

the back station.

The principal rule to bear in mind in arranging the work

is to make the operations as large as possible, using only long

traverse lines and long offsets, in preference to changing the

directions frequently to sketch in details.

Secondary offsets, perpendicular to the principal offsets,

may have to be made in order to sketch in some details.

It is by means of offsets from traverse lines that most of

the details of the ground are filled in. Thus, to locate a

.stream or irregular fence, the direction of a course close to and
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parallel to its general direction is observed, and perpendicular

offsets are measured or estimated to the points which best de

fine its forms. To sketch in a winding road through a field,

traverse a line parallel to its general direction and determine

its sinuosities by offsets.

To sketch in a winding road or stream which cannot be trav

ersed, draw the direction to some distant point of it, then esti

mate the forward distances along this line to the successive

points where offsets would be taken, if traversing along this

direction line, and then estimate the lengths of the imaginary

offsets at the successive points and plot them in.

Offsets to two points of a straight line, as a railroad, fix its

position with reference to the traverse line.

Offset measurements are all inclusive from the traverse

line, and not from one object to another, if they happen to be

on the same offset line.

Before leaving the traverse line to pace or measure an

offset, a mark should be left at the spot, so that the forward

measurements may be resumed there.

The notes should include as much of the country as can be

well examined on each side of the traverse line, depending

somewhat on the scale and the time available. But nothing

will be recorded nor sketched that is not seen or at least

known.

Hill Features.—Lastly, the hillfeatures are sketched in.

A beginner can perform only one of these operations of sketch

ing at a time, and is obliged to divide them as above. After

some experience, however, they may all be combined, so that

no part of the ground need be visited twice.

The first operation of selecting and measuring the base

line and of locating points from its ends does not differ, except

in the accuracy of the instruments used, from what has been

already described.

Traversing with Compass and Topographic Field

Note Book —This consists in measuring the lengths and

observing the directions of the straight lines forming the
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traverse, and determining the positions of adjacent objects

with reference to these lines; the measurements and obser

vations being entered in the Field Note Book, from which the

plan is subsequently plotted.

Description of book. The Engineer Department Topo

graphic Field Note Book, specimen pages of which are shown

in plates "a" and "b," is a book 8|xl2 inches when open; on

each left-hand page are ruled five columns, from top to bottom;

the center one, mcn wide, marked "Courses and Distances,"

is used for recording only the forward directions of the traverse

lines and the forward distances along these lines. On each

side of the center column is one, \ inch wide, in which are

recorded the offsets or perpendicular distances of objects from

the traverse line. The marginal columns, nearly 2 inches

wide, are for remarks. The right-hand pages, which are used

for sketching as the traverse proceeds, are ruled into square

inches, have a blank protractor printed in the center, and

scales of 8ths and lOths of inches at the bottom.

Recording. The note-book, in travering fand sketching,

should be so held that the top will always be in the forward

direction of the traverse line, thus having the book approxi

mately oriented, and care should be taken that objects to the

right and left are recorded in their respective" Offsets" columns

and sketched on the proper side of the drawn traverse line.

All records and sketching will begin at the bottom of the page

and be carried up to the top.

The notes should be of such character as to be readily

understood and plotted by another. The figures should be

legibly printed and the entries should not be crowded.

To avoid confusion and mistakes, all figures should be

marked, as yards, paces, etc., if linear; or with the signs for

degiees and minutes, if of direction.

The point of beginning, as well as each station where the

course changes direction and is observed by the compass, is

marked by a dot with a circle around it, in the center column,

and designated with its proper number by its 6ide.
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After the last forward distance of a course is recorded, a

line is drawn just above it across the distance column, then

the new station sign and number are entered, and above these

the new direction.

The entries in the "Offsets" and "Remarks" columns are

made on the same horizontal line as the record of the forward

distances in the center column of the points of observation.

In the columns of "Remarks" are recorded the directions

of objects too distant to be located by offsets, and such other

remarks as may be pertinent.

Sketching. The sketching, which is to be merely an

assistance in subsequently plotting accurately, should be per

formed as the traverse proceeds and should be as full as possi

ble. The blank protractor, printed on the right-hand page,

should be marked to correspond to the protracted readings of

the compass used, as described for marking the diagrams, and

the record on the left-hand page should be made exactly as

observed; then a line through this reading and the center of

the protractor will be parallel to and indicate the direction of

the course. The meridian line should always be put on the

sketch in such direction and the sketch begun at such point

as to permit of putting as much of the traverse as possible on

each page.

Having taken the first forward direction, and recorded it

in the center column just above the station sign 1, a line is

drawn on the right-hand page, from the point selected for the

first station, parallel to a line from the center of the printed

protractor to the number corresponding to the direction of the

course. This will be the plotted direction of the first course.

The surrounding details, by offsets, are then recorded and

sketched in to scale, either by measurement or estimation.

Pacing or measuring forward, being careful to preserve the

alignment of the object sighted with the compass, is then

begun and continued until the sketcher arrives opposite some

offset which he wishes to note, when the distance to this point

from station 1 is recorded in the center column at the esti
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mated distance to scale from the station. On the same hori

zontal line in the "Offsets" column, on the right or left of the

center column, depending on which side the object is situated,

is recorded the perpendicular distance of the object from the

traverse line, and in the column of "Remarks" such information

is added as may seem necessary. On the right-hand page, at

the distance of the offset from the station point to scale, on

the line drawn a dot is made, and on a line through this dot

perpendicular to the course the object noted is sketched in at

its offset distance. This completed, the pacing forward is

resumed, beginning with the number recorded from the sta

tion up to this point and not with 0. This is continued until

the point sighted or the end of the first course is reached, when

the total distance from the station is recorded at its distance to

scale in the center column. A line is then drawn across the

column just above this last recorded distance, and the station

sign made and numbered just above the line.

The total distance to this point is then laid offto scale on

the line representing the course on the sketch, a dot made,

surrounded by a circle and numbered.

The next forward direction is observed and recorded, the

surrounding details recorded and sketched in, the pacing to the

next station begun, the counting beginning again at zero, and

so continued to the end of the traverse.

Toplot the notes from the Field Book on the final sheet that

is to contain the map, plot from the point for the first station

the first forward direction with a protractor, and on this lay

off to scale the total measured distance to the second station.

From here plot the second direction and lay off the total dis

tance to the third station, and so on in succession to the end

of the traverse. If this latter has been run from one already

determined point to close on another, it can be determined by

the above method whether it closes satisfactorily, before pro

ceeding to plot in the details. Next return to the first station,

lay off on the courses the intermediate forward distances

recorded in the center column, from each back station, and
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from these points the corresponding offset distances perpen

dicular to the traverse line, thus locating the positions ofdetails,

such as the sides of a road, if the traverse has been along one,

houses, ponds, etc. For laying off the offsets, a scale should

be constructed on the edge of a card and numbered each way

from the center. The position of the paper should be shifted

so as to always keep the direction of each course on it corrc

sponding to the direction of the center column in the Field

Book, to avoid laying off offsets on the wrong side of the

traverse. Constant reference should be made to the rough

sketch on the right-hand page.

A modification of the joregoing method and one requiring

greater skill, that is applicable when no scales have been con

structed, when neither note-book nor protractor is available

and the field work must be done rapidly, consists in using a

sheet of cross-section or ordinary ruled paper folded bellows-

like, the sketch beginning in the middle of the last fold and

running forward through the book, which is held side-wise,

the ruled lines being perpendicular to the traverse. Work

done in this manner must be plotted afterwards to scale, data

for the construction of which may be obtained at any time

previous to plotting, so that but a brief description of the field

work will be given, as follows:

Standing at the initial point, take the bearings of all roads

and plot them by eye on the last page of the folded sheet

while holding the paper before you so that its length is in the

general direction of the route to be traversed, then write the

bearings on the lines so drawn and sketch or write in such

detail as is required.

Traverse to the second station and plot your position

approximately to scale—i. e., call four of the intervals between

lines 100 strides, whether at a walk or trot, or a minute if time

scale is used. Sketch in the usual details, such as houses, fences,

contours, streams, bridges, etc., and be sure to number the suc

cessive stations consecutively, writing on edge ofpage opposite

each station its exact distance countingfrom previous station.
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Do not use compass for slight changes of direction, but

depend on the eye after orienting by the back station. Esti

mate steepness of all slopes and sketch in contours as accu

rately as practicable. After completing the field work, a fair

copy of the map is made, plotting the recorded steps or time

accurately to scale, and protracting such angles as were

measured.

Traversing'withCompass and Drawing-Board.—This

consists in observing the directions and measuring the lengths

of the courses of a traverse, and determining the positions of

adjacent objects and plotting them accurately at once to scale

on a sheet of paper in the field, instead of entering them in a

note book to be subsequently plotted.

Preparing paper. A piece of drawing-paper, of a size

depending upon the length and shape of the traverse and

the scale of the drawing, is fastened upon a small drawing-

board, which is carried in the hand, and should be turned so

that the forward direction ofa course corresponds in direction

with the line on the ground which it represents. The same

principles which govern one in taking notes when traversing

with a note-book are applicable when traversing with the

drawing-board. The paper should be ruled, before starting

out, with parallel lines from yi to % of an inch apart and one

end marked with a half arrow-head to indicate north. A dia

gram of the compass readings should be made in one corner.

Fixing initial station on paper. If the traverse is not

already fixed by known and plotted points, then to determine

at what point on the paper to begin plotting to include the

greatest amount, some knowledge of its directions and length

should be had; otherwise a decision must be made after taking

'.he first direction and referring it to the diagram. Thus, if

south be taken at the upper part of the paper, and the first

direction is only a few degrees from the south and it is known

that the general direction of the traverse is to the southwest,

then the starting-point would be fixed near the lower left-hand
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corner. The sketcher must exercise his judgment in properly

placing his work.

Field work. Having decided upon the point for the first

station, the first direction is protracted by a line lightly drawn,

the surrounding details accurately plotted and sketched in,

and the pacing or measuring to the next station begun, the

sketcher stopping from time to time to take offsets and sketch

in details as he arrives opposite them.

The position of an object too distant to fix by an offset

may be determined by two sightings taken to it at different

points of the traverse. Unnecessary prolongation of lines

should be erased to avoid confusion. All points marking the

end of the different courses or stations should be surrounded

with a circle to avoid the common error of laying off distances

from the wrong point. As previously stated, the counting of

paces, after halting to sketch or measure an offset, is resumed

at the number reached at the time of stopping, and not at zero.

On starting out from a new station in a new direction, the

counting begins again at zero.

Sketching with the compass and drawing-board should be

conducted as with the plane table, without tripod, in which

the compass takes the place of the alidade for determining

the directions of objects. Although protracting them is a

more troublesome and less accurate process than drawing

them with the alidade, both are intended to accomplish the

same result in the end.

Or, instead of using the compass for determining the direc

tions of objects to be subsequently plotted, it may simply be

used to orient the board and keep it in this position, while

the directions of objects are obtained by sighting along the

ruler, as will be explained in sketching without instruments.

These lines should not extend clear across the board from

the point of observation, but a short line is drawn at about the

estimated distance of the object, and then marked to identify

it. It will be well to have a meridian line on each side of the

ssketch, so the compass can be under the eye while holding the
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board to sketch, no matter which side is next the body.

Should there be local attraction at any point, it can be detect

ed by sighting to any already plotted object, after orienting

the board with the compass. Ifsuch be found, the board may

be oriented by a back-sight, as already explained, and the

work proceed. Such attraction would probably not be noticed

until too late to make correction if directions are observed

with the compass and plotted with the protractor. While

sighting, the board should neither be strapped to the person

nor hung against the body by a string around the neck, but

should be held so as to be readily turned in any required di

rection, by resting it upon the forearm, grasping the edge

firmly with the fingers and pressing it against the arm and

body, or by holding it upon the tips of the fingers of one hand-

Traversing with the Field Sketching-Case.—De

scription. The field sketching-case* (Fig. 208) is a small pat

 

tern of the old-style plane table drawing-board in which the

compass for orienting the table was "set in" on one side, and

the paper fastened on rollers at the ends. It is about 8^X 10\

inches in size, has a roller and clamp on each side for holding

the paper, and a compass sunken flush in the head. On the

* In nearly its present form and size it 19 the invention of Col. W.

H. Richards, for many years Professor of Military Topography at the

Staff College, Sandhurst, England, and author of"Text-Book of Military

Topography."
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glass of the compass box is marked a meridian line with an

arrow-head for the north end; the needle must always be

brought, by turning the case, to coincide with this meridian

line, with its north end under the arrow-head, whenever plot

ting a direction.

Instead of the alidade of the plane table, there is used an

ordinary straight-edged ruler of some kind, or, as shown in the

cut, an arm attached to the head, and a sliding universal ruler,

on the edge of which is marked the working scale.

On the under side of the case is a semi circular protractor

and plumb for use in connection with the foot of the case in

determining the degree of slopes, as described for the slope-

board. To use it, sight along the foot-piece, holding the case:

so the pendulum will swing freely till oscillations cease; them

tilt case to the right until pendulum rests on arc, and read.

There is also a strap on the back for holding the case in the

hand if used on foot, or for fastening it to the bridle wrist, if

used on horseback.

As thus constructed, it has, after a fashion, all the appa

ratus of a plane table, except the levels, and is used in every

respect* like the plane table. With it the making of rapid

sketches is greatly simplified and facilitated. The degree of

accuracy which it is possible to attain with it by a little care

and attention is quite remarkable.

To put on paper. The case will hold a strip of drawing-

paper about 7 inches wide by 3 or 4 feet long, which is put

on by first making a fold across each end about yi of an inch

wide, truly perpendicular to the length. Holding the case in

front of the body, with the compass to the right (normal posi

tion), pass one end of the paper down between the board and

the roller farthest from the person, bring it up outside the

roller, and put the fold on the end in the slit in the roller;

holding the end there, turn the roller until all but about 8 or

10 inches of the paper is rolled up, then clamp the roller and

stretch a rubber band from the opposite side of the compass

head across the roll cf paper to keep it from uncoiling. Pass
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the other end of the paper across the top of the board, down

between the board and the roller next the person, up outside,

and place the fold in the slit in the roller, and roll it up until

the paper lies flat and smooth across the board; then clamp

and remove the band.

To draw the meridian. The compass box can be turned

around in the case in order that the meridian line on the glass

may be given such a direction with reference to the sketch

that the general direction of the traverse will lie near the

central line of the paper. This is determined by holding the

case in normal position, laying the ruler across the middle

of the two rollers, and turning the case until the end over the

far roll of paper points in the general direction ofthe traverse.

The compass box is revolved, without changing the position

of the case, until the meridian line is directly over the needle,

with the arrow-head over the north end.

A meridian line is next drawn on the paper parallel to that

the glass, and the north end marked corresponding to the

arrow-head.

A number of lines are drawn on the glass cover parallel

to the meridian line to assist in drawing the meridian line on

the paper, by placing the edge of the ruler parallel to one of

these lines. This operation, it will be observed, is the same as

marking a meridian line on the plane table sheet with a compass

or declinator to orient the table by, as described. After this,

the compass box must not be moved so long as the traverse

will remain on the paper.

If the traverse or route be indicated on a furnished map,

the meridian line can be set in the required relation to the

sketch. To do this, the magnetic meridian, if not already on

the map, is drawn on it, the sketching-case with the drawing-

paper on it is laid on the map so that its length shall corre

spond with the general direction of the traverse line, while

the compass box is turned until the meridian on the glass is

parallel to the magnetic meridian on the map.

Field work. To begin the traverse, stand at the first sta
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tion, face exactly towards the second station, bring the case

level in front of the center of the body and revolve it until the

meridian line on the glass is exactly over the needle, arrow

head over the north end. The oscillations of the needle may be

checked by tilting the case slightly, but the case must be

level and the needle free when the direction is finally taken.

Next bring the point from which the line is to be drawn

in front of the center of the body by moving the arm, but

without turning the case. Lay the ruler on the paper with

one edge on the point and direct the other end of the ruler

towards the object ahead, glancing at the meridian line to see

that it still corresponds with the needle, and that the latter is

free; place the little finger of the pencil hand on the ruler, if

it is not weighted or otherwise arranged not to slip; then draw

the line or make a dot at the further end, and afterwards join

the points by a straight line. If, on glancing at the meridian

line, it does not correspond exactly with the needle, it may be

made to do so by a slight movement of the wrist. The align

ment of the ruler on the object may be done by looking at the

object intently; then, by dropping the eyes without moving

the head, trace an imaginary vertical line through the object

and point on the paper, with which make the edge of the ruler

through the point coincide, or by fastening one end of a

thread, with a bullet on the other end, to the cap visor in front

of the eye.

With the case still oriented, sightings are next taken to all

prominent objects too distant to be located by offsets.

Traversing towards the second station is then begun,

stopping from time to time to locate and sketch in details to the

right and left as they become perpendicular to the traverse line.

On reaching the second station the length of the first

course is laid off to scale, the case is oriented by revolving it

r.ntil the meridian line on the glass comes over the needle, the

direction of the second course, from the second to the third

s a tion, is drawn as before, and the work carried on in the

above manner to the end.
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If the sketching-case is used on horseback, the operations

are exactly the same as described above. To draw a direction,

the horse is turned facing exactly in the direction of the ob

ject to be sighted, the case oriented, and the line drawn as

before. A horse will generally stand still long enough for this.

As the sketching approaches the far roller, the sketch is

rolled up on the near roller and fresh paper brought upon the

board.

Should the traverse, either because of a change in its

general direction or because the meridian line was not given a

proper direction, run off the side of the paper, sketching is

stopped and a line drawn there across the paper. The case is

turned in the new general direction of the traverse, as was

done on commencing, the meridian line on the glass turned

until over the needle, thus altering it to suit the new direction,

and a new meridian line drawn on the fresh portion of paper

parallel to the meridian line on the glass. The sketch is com

menced in the center of the paper and 2 or 3 inches above the

line drawn. If the running off is due to some local change of

direction, and the general direction of the traverse still coin

cides with the central line of the paper, the meridian will

usually remain unchanged.

Instead of making the alterations of meridian at the end

of a course where there is a change of direction, it is better to

proceed along the next course for a distance a little greater

than the distance to which offsets are sketched in, and there

make the change, thus avoiding the duplication of details in

the smaller angles between the courses at the station, and the

omission of others in the larger angle.

These alterations of the meridian may have to be made

several times, but the necessity therefor should be avoided as

much as possible by proper arrangement.

To finish the sketch. If it has been necessary to change

the meridian, the paper is cut across the lines where the

changes were made, the corresponding points of stopping and

recommencing the sketch are made to coincide by sticking a
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pin through them into a board, the pieces are turned until

their meridian lines are parallel, then firmly pinned in this

position and both cut through with a sharp knife, passing

through the coinciding points. The two pieces are then united

by a strip of paper pasted on the back along the cut edges.

When all are thus united, the traverse will follow along the

middle of the irregularly shaped strip. This may then be

mounted, if desired, on another piece of paper by its edges,

and placed under a heavy weight while drying,

The Batson Sketching-Case differs from the one described

in having on its upper surface a revolving and sliding gradu

ated circular protractor carrying a small revolving alidade with

 

scales, all of which may be raised to an upright position; and

on one end a pendulum clinometer, and in the other end holes

for carrying pencils. The general principles of the use of this

sketching-case are the same as those already described.

Sketching-pad. For the field sketching-case, satisfactory

results have been obtained by using a pad ofsuitable size, of

good paper, backed with heavy cardboard, the paper being at

tached on all four edges. On the back of the pad is fastened a

loop of leather for carrying and holding it while sketching. On

one edge of the pad is rigidly attached by clamps a compass in

a wooden head and the rulers, giving it the appearance of the

sketching-case (Fig- 208), without the rollers. For a clinometer,
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the ruler is used as a plumb in connection with a properly grad

uated line or arc on the opposite side of pad from the compass.

As thus arranged, the sketching-pad is used in avery re

spect as has been described for the sketching-case, except that

as each sheet of the pad is filled, it is torn off and put in the

pocket, and another one filled, etc.

Traversing without Instruments.—Making the scale.

A sheet of paper is fastened on a piece of smooth board or lid

of a box, and a straight-edged piece of wood is provided for a

ruler.

The sketcher decides on about the scale he wishes to use,

then takes a strip of paper of about the length he calculates

will represent say 800 to 1 ,600 paces and folds it three or four

times, thus dividing it into 8 or 16 equal parts, each represent

ing 100 paces; these he uses or draws them on the edge of a

card for laying off his distances. The smaller distances than

100 paces he can divide by estimation. He can also estimate

his offsets in his paces and use the same scale or construct a

scale of yards from his scale of paces already made. The rep

resentative fraction corresponding to his scale can afterwards

be determined when he has access to a scale of equal parts.

Field work. The system to be followed is that which has

been already described for traversing with the plane table when

orienting by back-sights instead of by the compass. The legs of

the plane table have to be dispensed with and the board is laid

as nearly level as possible upon the ground. Stations and prom

inent objects are located by intersection, the ruler being pivoted

on the point on the sketch representing the position of the

board on the ground. The ruler is aligned on the different ob

jects whose directions are desired by standing a little distance

behind the board and holding the lead pencil vertically several

inches in front of the eye and moving sideways until it is in the

vertical plane through the object and station point, then noting

which way and how much to revolve the ruler, making the al

teration, sighting again and altering until aligned; or a stone

tied to a string, forming a plumb-line, may be nsed for deter
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mining the vertical plane through the object and station point,

and aligning the ruler. The surrounding details are sketched

in, then the traversing forward to the next station is begun.

When stopping at any time to sketch in details as he ar

rives opposite them, or on arriving at a station, the sketcher

orients his sketch on the back station by placing his ruler along

the plotted direction of the course on the sketch, and then,

standing behind the board, he determines the vertical plane

through the back station and the plotted point of his position>

and moves the whole board until the edge of the ruler coin

cides with the pencil or string defining this plane. Having

the board oriented, sightings may be taken to important ob

jects as before. If at a station where a change of direction is

to be made, the forward direction is drawn and the traversing

continued. Whenever possible, the board should be oriented

on the most distant visible objects whose positions have already

been fixed on the sketch, rather than by the short back courses.

The edge of the ruler is laid on the two plotted points of the

distant object and sketcher's position and the board turned until

the ruler points to the distant object. The whole operation is

nothing more than crude plane table work, and one who can

use the plane table will find little difficulty in applying the

same principles here.

The true meridian may be approximately laid down on the

sketch by determining it at noon from the sun as previously

explained.

The sketcher can at any time find his position by resec

tion as with the plane table uuder the same conditions.

Sketching Hill Features.—Contours carry the great

est amount of information with the least amount of drawing

in the field, but to sketch them intelligently it is necessary to

have a clear idea of the shape of the features and a good

mental picture of the appearance they will present in plan.

Supposing stations to have been intersected, and houses,

woods, streams, roads, fences, and other details to have been

sketched in by traversing, the operations of sketching the hill
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features will be much simplified since the directions of water

sheds and water- courses, etc., can often be recognized by refer

ence to the details already drawn, without other measurements.

Suppose the sketch to be made on a scale of R. F. -g^ov and

hill features to be shown by contours at 10 feet contour inter

vals. Prepare a table of H.E.'sas follows: 10 feetat 1°=573 feet,

2°=286 feet, 3°= 19l feet, 4°=143 feet, 5°=115 feet, 6°=95

feet, 7°=82 feet, 8°=12 feet, 9°=64 feet, 10°=57 feet, or

draw a scale of the same.

To sketch a spur one might, when standing at A on the

ground (Fig. 209), whose height above datum has .been deter

mined, or assumed, to be 200 feet, observe the slope with his

clinometer to be 3° in the direction of a pond. Referring to

his table or his scale of horizontal equivalents for 10 feet C. I.,

he would find the H. E. for 3° to be 191 feet. He paces 191

feet down to B and plots 191 feet to scale on his sketch or lays

off the H. E. for 3° from his scale of H. E., fixing the contour

point b.
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Change of slope at contour. Supposing the slope changes at

B, a contour point, he observes it to be 7°, the H. E. of which

is 82 feet. He paces 82 feet to C and lays off from b the H. E.

for 7° from his scale, fixing the contour point c. The slope re-

maining the same for some distance, he continues pacing down

distances of 82 feet, stopping to plot each on his sketch; or,

what is simpler, he paces from C down to E, where the slope

again changes, and finds he has paced 246 feet, or 3 times 82

feet, and he lays off three distances of 82 feet, fixing the con

tour points c, d, and e. At E he observes the slope to be 9° to

the pond, already sketched in, so he merely measures off the

H. E. of 9°=64 feet as many times as it will go into the dis

tance, it being unnecessary to pace the distances, thus fixing

the points /, g, h, and i.

The line along which he has descended is termed a sec

tion line.

When standing at A, he also observes with his clinometer

that on the section line AL, the slope of 6° is uniform for

some 250 yards, so he marks off in that distance the H. E. of

6°= 95 feet, fixing the points b1,c\d, etc., at the same levels

as b, c, d, etc , and dra-srs the contours joining these points.

With his clinometer he also finds points on the same level

as A, from which he can observe the slopes and set off other

points on the same levels as b, c, etc., and join them to these,

paying attention to the form of the intermediate ground.

Change ofslope between contours. In the preceding discus

sion, the slopes were supposed to change exactly on the contour

points B and E, but this would seldom be the case in actual prac

tice; nor can any exact spot be said to be the point of change, as

the slopes change gradually from one to another. By practice,

however, a mean can be struck and the difficulty overcome.

1st method: Suppose (Fig. 210) the first slope ab to be 5°,

theH. E. of which is 115 feet. Pacing 115 feet from a, he ar

rives at r, which he lays off from a on his sketch with his scale,

fixing r. The slope being the same beyond r, he continues pac

ing to b, about where he judges it to change. The distance rb
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being 58 feet, or y2 of 115 feet, he has descended % a contour

interval, or 5 feet. The new

slope he observes to be 3°, on

which he must descend £ a

contour interval to reach the

next contour point. The H.

E. of 3° being 191 feet, he

paces £ that distance, or 95

feet, and locates s. From here

he paces 128 feet to c, where

the slope again changes to 6

 

Fig. 2/0.

Now 128 feet is the H. E- of § the contour interval of 3°; hence

he has descended 6§ feet from s and he must descend \ of a

contour interval on the 6° slope to arrive at the next contour

point. The H. E. of6° being 95 feet, \ will be 32 feet, which he

proceeds to pace, and lays it offon his map, locating t and so on.

2dmethod: This process is, however, long and troublesome,

but after some experience one becomes accustomed to judging

about where the positions of the different points j and / come,

10 feet below the preceeding one, then measures the slope to

them with his clinometer and paces down a distance equal tothe

H. E. corresponding to it, thus making allowance for any slight

change of slope in observing it. This is of course easy when the

slope is concave in section, as from a to c, but should it be con

vex, as from s to u, it would be more difficult, though after some

practice one may form an idea of the approximate position of

the contour point, if not too convex, and observe the slope ac

cordingly. If the section be very convex, this might be impos

sible and the first method explained have to be used.

Contour Working Table. The operation of sketching hill

features is much facilitated by the use of the Contour Working

Table, which is a personal table filled out by each sketcher after

he hasdetermined the length of his stride. Assuming the length

of the sketcher1s stride to be 60 inches, the following table gives

the number of strides (to the nearest tenth of a stride) for slopes

from 1° to 12°, inclusive, and for vertical intervals from 1 foot
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to 15 feet, inclusive. Similarly for any othe-r length of stride

the table may be constructed by finding, from the formula HE

= Y1X 57'3, the number of strides for a slope of 1° and a vertical

CONTOUR WORKING TABLE FOR VARYING SLOPES.

Length of stride 60 inches.

NUMBER OF STR1DES.

Vertical

Slopb 1° Slope 2> Slope f Slope 4 Slope 5° Slope G° 1ntervals.

11 5 5.7 3.8 2.9 2.8 1 9 1 Foot.

22.9 11.5 7.6 5.7 4.6 3 8 2 Feet.

34.4 17.2 11.5 8.6 6.9 5.7 3 Feet.

45.8 22.9 15 3 11.5 9.2 7 6 4 Feet.

57.3 28.7 19.1 14.3 11.5 9 6 5 Feet.

68.8 34.4 22 9 17.2 13.8 11.5 6 Feet.

80.2 40.1 26 7 20.1 16.0 13 4 7 Feet.

91.7 45.8 30.6 22.9 18.3 15.3 8 Feet.

104 1 51.6 34.4 25.8 20.6 17.2 9 Feet.

114.6 57 3 38.2 28.7 22.9 19.1 10 Feet.

126.1 o3.0 42.0 31.6 25.2 20.1 11 Feet.

137.5 68 8 45.8 34 4 27.5 22.9 12 Feet.

149 0 74.5 49.7 37.2 29.8 24.8 13 Feet.

160 4 80 2 53.5 40.1 32.1 26.7 14 Feet.

171.9 86.0 57.3 43.0 34.4 28.7 15 Feet.

Slope 7° Slop* 8° Slope 9' Slope 10 Slope 11 Slope 12*

1 6 1.4 1 3 1.1 1.0 1.0 1 Foot.

2.3 2.9 2.6 2.3 2.1 1.9 2 Feet.

4.9 4.3 3.8 3 4 3.1 2.9 3 Feet.

6.6 5.7 5.1 4.6 4.2 3.8 4 Feet.

8.2 7.2 6 4 5.7 5.2 4.8 5 Fret.

9.8 8.6 7.6 6.9 6.3 5.7 6 Feet.

11.5 10.0 8.9 8.0 7-3 6.7 7 Feet.

13.1 11.5 10.2 9.2 8.3 7.6 8 Feet.

14.7 12 9 11.5 10.3 9.4 8.6 9 Feet.

16 4 14.3 12.7 11.5 10.4 9 6 10 Feet.

18.0 15 8 14.0 12.6 11.5 10.5 11 Feet.

19 6 17.2 15.3 13.8 12.5 11 5 12 Feet.

21.3 18.6 16.6 14.9 13.5 12 4 13 Feet.

22.9 20.1 17 8 16.0 14.6 18.4 14 Feet.

24.6 21 5 19.1 17.2 15 6 14.3 15 Feet.

CORRESPOND-

interval of 1 foot; dividing this result by 2, 3, 4, etc., the num

ber of strides for the same vertical interval and a slope of 2°,

3°, 4°, etc.; will be found. Multiplying these results by 2, 8.

4, etc., the vertical columns are filled in.
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7 ottse the table. Suppose the sketcher, while sketching

with a contour interval of 15 feet, after having gone down a

2° slope a distance of 63 strides from the last contour point,

comes to a change ofslope. He looks down the column headed

"Slope 2°" until he comes to the number of strides taken, and

then horizontally across to the corresponding number of feet

in the column headed "Corresponding Vertical Interval" and

finds that he has descended 11 feet. He has therefore a

further descent of 4 feet to make before he reaches the next

contour point. He observes the new slope and finds it to be

6°. Looking in the column headed "Slope 6°," and opposite

4 feet in the column headed "Corresponding Vertical Interval"

he finds that he must take 7.6 strides to reach the next con

tour point. On a uniform slope this table may be used in con-

nection with the scale of strides in precisely the same manner

as a table of horizontal equivalents.

In case of a knoll rising in front of a sketcher as he de

scends from the high ground

(Fig. 211), he continues to the

lowest contour g in the sad*

die, then with his clinometer

finds where this contour

would strike the knoll at g1,

paces across to it, then over

the knoll until he finds g" on

the same level as g and g",

from which point he resumes

his locations of points for

contours h, i, etc. f'*gl

It is better to begin contouringfrom high ground and fol

low the section lines down hill, because a more extended view

of the ground can be obtained, the formation of the features

can be more plainly observed, and the directions ofwater-sheds

and water-courses can be more easily determined. Cases

may arise where one will have to start from low ground, as,

for example, when a bench-mark or large body of water fur

i

1 i

 



Methods of Field Work. 315

nishes a convenient level from which to start. Even iu this

case, however, the high ground is reached as soon as possible

and the work continued from there.

When one halts <on a contour to sketch it in, he should

generally face about and orient his sketch, and then put in the

contour to his right and left as far as it is in view. He may

at first have to search the ground with his clinometer set at

0° in order to recognize his level, or even backdown hill until

his eye is on a level with the contour point, but with practice

he will soon learn to dispense with this assistance.

Before drawing contours, it is a good plan to indicate by

dotted lines the estimated positions of water-courses (Fig. 209)

which bound the feature. These can usually be seen and their

distances judged on either side from the water-sheds.

In sketching, the distances of features up to 100 yards are

usually estimated, and one should have impressed upon his

mind the space, according to his scale, which such small dis

tances will occupy, and not have to refer to his scale each time.

When the features are very large and the position of a

contour can be observed to the right and left for a distance of

a quarter of a mile or more, it is well to take its direction with

the compass, sketching its distance by estimation, subject to

correction later.

The section lines should follow the water-sheds, if pos

sible, as more or less of a view is obtained from them to the

water-courses on each side. With this end in view, it may be

necessary to alter the direction ofthe section lines from time to

time, so as to follow them, since water-sheds seldom run in

straight lines. In many cases the direction can be referred to

distant objects which have already been sketched in, thus avoid

ing the necessity for observing it with a compass. Thus, it is

noticed that the section line ab (Fig. 212) passes a little to the

left ofthe house T, already sketched in, and so it is drawn. At

b it changesandpasses through the corner of the fence at K,and

is so drawn. At c it again changes, passing to the left of the

pond R. From h it passes to the right of the orchard, at i
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changes to the right of the pond, and at k it passes through

the bridge. This is sufficiently accurate, in sketching, for

the purpose of tracing the direction of the imaginary line of a

water-shed.

Reference points. The preceding descriptions have dealt

with some of the processes of sketching single features only.

If there are a number of such features to be sketched, and it

is desired to make the contours of all unite and be continuous,

one must arrange to begin sketching the contours of each feature

at some level common to the others. To do this, he may, when

standing on his first contour, suppose A (Fig. 213), use his
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clinometer as a level and find several conspicuous objects on

the different features within a half mile or so, on the same

level as the point from which he is going to begin. For In

stance, he may find that the foot of the tree M on one feature,

the top of N on another, and the eaves of the house O on an

other are all on the same level with A.

These points M, N, and O are called reference points, and

a note made of them on the margin of the sketch for future

use. At any time while sketching, if A, M, N, or O happens

to be in sight, he can place himself on their level by setting

his clinometer at 0° and moving up or down hill while sight

ing the visible reference point until the clinometer indicates

that he has reached such a level. Having done this, he can

then find his place on the sketch by resection and commence

sketching in the contouns of the feature he is on, both above

him and below him, with the certainty that they will join on

the same numbered ones of adjacent features and be continu

ous for all.

When the hills are of considerable height, reference points

should be found and noted at every 50 or 100 feet elevation,

in order to furnish the sketcher with a ready means of plac

ing himself on a known level at any point where he may be,

instead of his having to go back to the level at which he began,

which might be either impracticable or inconvenient. Thus,

suppose the positions of the contours to have been found at B,

C, D, E, F, etc., on the first section line AF. On arriving at

D, and looking around with the clinometer set at 0°, the ridge

of the church P is seen to be on the same level, and a note is

made of it; when arriving at F, the underside of the leafy part

of the tree Q is found to be on a level with it, which is recorded,

and so on.

By thus selecting reference points at different levels, some

one of them will probably be in view from almost any part of

the field, thus furnishing a means at all times and at any place

for beginning to sketch the contours so they will be continuous.

In some places there may be natural levels common to the
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whole ground, presenting well-defined crests and so nearly level

as to furnish a contour common to the whole section, and very

convenient for starting from to sketch in the lower contours.

.When sketching hill features in bad weather or when time

is not available for doing so with, accuracy, they may still be

shown with some degree of truth, provided the traversing has

been performed, or one is able to find his place at any time.

He visits some of the most prominent features (Fig. 214), finds

his place by resection, marks the forms as well as he can on

the sketch, and writes on them the vertical angles which he

observes with his clinometer to some one central feature or

object which is or can be located ou the sketch. If the posi

tions of the water-courses are already drawn, or if he can draw

them, then he can sketch in his contours later from the data

thus obtained.

Sometimes small but important features lie between con

tours, untouched by them; they may be shown by dotted lines

to distinguish them from the contours.

Form lines. Should time not be available for sketching

contours common to the whole area, or the country be much

wooded, or the sketch be of such a nature (as, for example, a

road sketch) as to make it impossible to follow the methods

described, the hill features may still be shown by what are

known as form lines, which consist of contours at the given

contour interval for each feature, but which are not drawn to

join those of adjacent features, nor to show the same levels

above a given datum. They simply refer to the features which
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they represent and have no connection with those of adjacent

features.

Sketching Mountains.—On account of the difficulties

In measuring distances by pacing, the preceding methods must

be modified somewhat in sketching mountains.

'I he base-line. In arranging for the intersections for con

trol points, the base is usually measured at the foot of the

mountains. Where the slopes terminate in deep ravines, how

ever, from which no view can be obtained, it becomes neces

sary to go up higher, perhaps even on top, or on a water-shed

where a more suitable base can be found. In this work a good

telemeter will be of great assistance, for with it a base may be

measured between convenient points, though the ground be

tween be rough and filled with obstacles. And if several trials

are made and the mean taken for the measurement, a closer

approximation to its true length would probably be obtained

than could be done by pacing on fairlylevel ground. Or, from

a single point the distance could be measured between two

distant points which were considered desirable for stations.

Location of points. From the ends of the base, the highest

and most sharply defined pe?ks would be located by intersec

tion. From these, less important knolls, etc., can be located

by resection during the progress of the work.

Vertical interval. On account of great differences of

level occurring in small horizontal distances, the vertical inter

val between contour planes must be considerably increased.

In the survey of the Rocky Mountains, contour intervals have

been as much as 250 feet. In other cases contour intervals

have been 50, 100, and 200 feet, depending upon the character

ot the mountains.

The levels ofimportant andaccessiblepoints may be obtained

by using the aneroid barometer, and the less important and in

accessible ones by measuring the vertical angles from some one

or more points whose elevationshave been already determined.

The clinometer may be used to determine the difference of

level between two foints, when tho horizontal distance between.
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them is known. Thus, suppose two points have been plotted

and the vertical angle of one is observed 5° elevation from the

other. Suppose the contour interval 15 feet and the distance

between the two points is found to be 1,350 feet. From the

table of horizontal equivalents, it will be found that a differ

ence of level of 15 feet occurs at 5° every 171.9 feet; hence

one point is above the other 1350-5-171.9=7.85 contour inter

val 117.75 feet.

Instead of making the above calculation, if the horizontal

equivalent for 5° as found on the scale to be applied to the dis

tance between the two points, it will be found to go almost 8

times, indicating the number of contours, but their grouping

will be arranged according to the steepness of the slope in dif

ferent parts. If the slope is steepest near the top, the contours

will be grouped closer together there and farther apart near

the bottom.

The accuracy of this method depends upon the accuracy

of the plotted distance between the two points and the angle

as taken with the clinometer. Should an opportunity occur

for observing the angle of depression from the other, point, the

number of contours between them could be checked.

This application of the clinometer is particularly useful in

very hasty work (from any cause, as bad weather, want oftime,

etc.) as described.

Combination of the Different Steps.—Having prac

ticed the different operations ofsketching separately , and having

become proficient in them, one can combine these operations, and

not have to visit any portion ofthe ground twice. Thus, begin

ning at a point from which an extended view can be obtained,

the directions of a few prominent distant objects, such as

houses, trees, etc., will be determined, either plane table fash

ion or with the compass, and drawn on the sketch with the

names of the objects written on the margin. Selecting an

other good point at some distance for the other end of a base,

he can, if he has a telemeter, measure the distance to it; other

wise he proceeds at once with the traversing towards it, select
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ing as loug courses as possible. Arriving at any point from

which a good intersection of one of the distant points can be

had, he determines its position by observation and intersec

tion. Thus the operations of sketching the details close at

hand, and the hill features, and the fixing of distant points are

carried on simultaneously.

The great advantage of the use of reference points is now

made evident. Having made note of several of these on be

ginning the sketch, one can, with his clinometer, place himself

on a contour at any time and sketch the feature on which he

may be with the knowledge that its contours can be joined

with truth to those of adjoining features.

This system must, however, be followed with great care

and judgment, as there is no means of checking the accuracy

of the work in the first operations, and any error will be carried

on and will enter all subsequent work. But, if the first part

be carefully executed, a number of useful points can be ob

tained by reference to which, later on, the accuracy may be

checked.

As a matter of economy of time, one must learn to distin

guish between the relative importance of different objects, and to

devote proportionate time and attention to them. In fact, this is

essential in all kinds of topographic work.

Time may be so limited that all possible in the way of hill'

sketching would be the indication by a few touches of the gen

eral position of the principal features. By means of these in

dications and a good memory, one should be able to produce a

faithful representation of his recollection of the ground, its

steepness being graphically shown by the contours being

placed according to the scale of horizontal equivalents, which

should be drawn on the sketch.

The sketch should be drawn with a hard lead pencil, to

avoid obliterating any of the details when applying the shad

ing. An eraser must not be used on the sketch if the paper

is damp or wet.
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Landscape Sketching.—A landscape sketch may some

times be the only means of showing a portion of ground of

which the sketcher succeeds in getting a view, though he can

not, as when it is occupied by an enemy, attempt measure

ments or observations of any kind. In such sketches prom

inence should be given to such objects as are likely to play an

important part in an attack or defense, as villages, farms

roads, streams, artillery positions, etc. The sketch should be

as much in outline as possible, with nothing exaggerated or

misplaced.

The point of the compass from which the landscape sketch

oi an •bject was made should be stated, as also the estimated

distance.

The ability to make a good landscape sketch is a natural

talent, but something may be learned of it with a fewsimple aids:

1. To obtain an idea of the relative sizes and perspective

of objects, as seen from a certain point, get a photographic

negative from there. From the negative make a blue print,

take the blue print to the point, and with a lead pencil trace

the outlines on the blue print just as if you were making an

original sketch on a clean sheet of paper, constantly refer

ring to the landscape to get the connection between it as seen

and as it appears on the blue print and as traced. Having

traced all the outlines, etc., on the blue print, put it in a weak

solution of ammonia and fade out all the color, then wash in

clear water, and there will remain only the pencil outline on

the white paper.

2. Another aid to learning is to flow a pane of window

glass with photographer1s transparent negative varnish, or

other preparation, to produce a surface upon which pencil

lines may be drawn. Fix the pane of glass in a vertical posi

tion, and, placing the head behind it at such a point as to get

a view, through the glass, of the landscape to be sketched,

proceed to draw in the outlines in pencil on the varnished

surface, being careful not to move the head from its position

.until the sketch is completed.
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3. Another aid is to take an ordinary picture frame,

stretch fine threads across, forming suitable size squares, and

fix it in a vertical position in front of one. On a sheet of

paper similarly divided into squares, locate and sketch objects

as seen in the different squares in the frame, being careful,

when locating the objects, to always have the eye at the same

point in front of the frame.

4. As one becomes more proficient he may dispense with

these and sketch directly on his paper, at first, perhaps, drawing

a horizontal line across his paper, to represent his visible hori

zon, at the relative height on the sketch that it occupies

in the landscape, and through the middle of this horizon line

drawing a vertical line. Then looking intently for a short

time at an object centrally located, and without moving the

head, suddenly raise the pap^r in a vertical position in front

of the eye, the horizon line coinciding with the visible horizon,

the vertical line through the object, and mark the position of

the object on the vertical line. Other points in the field are

similarly marked, always holding the sheet in the same posi

tion with the first point marked covering the central object

each time, and at the same distance from the eye. After a

sufficient number of points have been thus located, the inter

mediate points may be filled in by the eye. For this, distances

may be measured from located objects, on the pencil held at

the distance from the eye that the paper was held.

Marginal sketches. It has always been an admitted ad

vantage if a good pictorial representation of ground could

be made in addition to mapping it. And small free-hand

sketches may be made on the margin of maps opposite the

objects they represent, to illustrate the description ot such

objects. These might be of bridges, or a gate where a trail

Jeads to a ford, etc. Such sketches enable one to recognize

"he point at once, when its identification by means ofthe map

might cause delay. Or the distant view of a remarkable clump

of trees, church spire, or other object might assist the supe

rior officer in recognizing the locality on his arrival. There
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should always be a good reason, however, for adding such

sketches to a map, other than their pictorial effect or to show

the skill of the sketcher.

The use of hand cameras is advocated for these purposes,

and while it does not yet possess the rapidity so essential to

reproducing views at once, it is rapidly advancing towards

such a state, and much valuable information will probably be

obtained in the future from the use ofphotography in the field.

Combined Surveys.—/. In case of a very large tract,

which has not beenpreviously mapped, when time andinstruments

are available for accurate work, the operations may be carried

on by a number of parties simultaneously.

Control Points. A number of control points, consisting of

conspicuous and easily recognized objects or targets through

out the tract, are located by primary triangulation. These

are then carefully plotted ou one large sheet for the basis of

the survey, and by this means the general accuracy of the map

is secured, independent of the minor errors that may be made

in the component surveys, executed with less accurate in

struments.

The tract is then divided into parts, bounded by promi

nent features, natural limits, or by established lines. The

triangulation points contained in each part are "pricked off"

on a field sheet and the calculated distances and directions

of the lines between the points recorded on it. These field

sheets are then given to different surveyors.

These control points should be so situated as to have at

least two or three in each part, thus obtaining one well-estab

lished reference line. From these control points, the positions

of interior points will be obtained by secondary triangulation.

Triangulation points beyond the actual limits of his portion

may also be given to each surveyor, by means of which he

may determine interior points either by resection, triangula

tion, or by intersection.

Filling in. The details of the ground are then filled in

by some of the methods already explained.
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Each surveyor sketches the hill features in contours at the

same contour interval, but not necessarily from the same level.

In a combined survey for military purposes, all that is neces

sary is, that the shapes and slopes of the features should be

correctly represented in each portion, which can be done with

out the contours meeting. To make them do so would be

difficult to arrange, and the temptation to make them meet

when correcting the margins should be avoided. The details

of roads, rivers, etc., should meet accurately.

Should a magnetic compass be used in "filling in," each

surveyor will determine its declination from an observation on

the line joining the triangulation points, so as to lay down a

magnetic meridian on his portion, in its proper relation to

these points.

Finishing the sheets. When finishing up the sheets in ink,

a margin of half an inch around each is left in pencil. The

work of the best surveyors will not always agree where roads,

fences, streams, etc., cross their mutual boundaries; hence a

certain .amount of alteration will be required in these parts.

These alterations will be made in pencil while both sheets are

adjusted side by side, on the general triangulation sheet, by

means of the given controlpoints.

The application of lead shading is peculiarly suited for

producing uniformity in a combined survey. After all are

joined, a little blending of the margins only is required.

Each surveyor will be instructed as to the size and style

of lettering and coloring to be used.

The officer, charged with the whole, distributes the work

and combines the surveys. If he has a number of officers as

sisting him, he may divide the tract into groups, of three or

four parts each, giving to each officer tracings of the original

triangulation of his group.

Grouping the sheets. When the field sheets of a group are

finished, except the margins in pencil, the officer in charge of

the group adjusts them by means of the given triangulation

points, fastens them down firmly on a table with pins along
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their mutual borders. With a sharp knife held verticallj., he

cuts through both sheets at one cut, which will be made close

along the boundaries, so as to leave the road, river, or what

ever it may be, in one survey only. The necessary alterations

are then made in pencil, the sheets separated and afterwards

inked, except around the outer edges of the group. The sheets

of the group are then again adjusted and joined by narrow-

strips of paper pasted on the back. The different groups as

thus completed are, by the officer in charge of the whole, then

adjusted beside each other on the general triangulation sheet.

The group sheets are pinned down, cut through, the altera

tions made in pencil, separated and inked, and afterwards ad

justed and fastened together.

Should there be any large discrepancies in the margains

of adjoining surveys, the error should be discovered and cor.

rected on the ground.

//. If a map of the tract is at hand, and it is desireato re-

survey it for the purpose of showing its tactical capabilities and

recent alterations, but neither time or means to triangulate it

are available, different methods would be adopted.

The officer in charge would cut out from the map the

groups into which the tract is to be divided, and hand them

over to the officers in charge of the groups, who further sub

divide them into parts bounded as much as possible by roads,

streams, etc.

Each surveyor fastens his portion of the map on his

sketching board, and studies the general map so as to recog

nize the limits of his part, and to impress on his memory the

relation of his part to the whole, and the direction and posi

tion of rivers, water-sheds, etc.

Each should also draw on his part a magnetic meridian, so

he may recognize its relation to his work done with the com

pass. He should also determine the declination ofhis compass

so as to put a true meridian on his part.

The parts being finished as before, they are adjusted by

the officers in charge of groups, by means of the true or mag
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netic meridians being made parallel, with the north points in

the same direction. The chief difficulty in combining them

is that errors cannot be at once noticed and traced to the

part in which they exist, as in the case where the tract is

triangulated.

Even with the best surveyors, the errors and failures in

meeting will generally be considerable, and much judgment is

required in the arrangement and execution, and in combining

them. After the parts are adjusted, they are cut, corrected,

etc., as explained above.

///. When triangulation is impracticable and no map is

available, a general route or road through the entire tract is

selected to form the boundary between the sketches made on

both sides of it (Fig. 215), the outer boundary being the limits

of the tract. The compass bearing of a line perpendicular, or

nearly so, to the general direction of the road, is selected as

the lateral boundary of each part, and each surveyor takes the

reading of his own compass on this line.

The tract is then divided along the road into parts of as

nearly equal width as possible, the points of division being

marked by conspicuous natural or artificial objects, and each

part on the right and left assigned to a surveyor.

The officer in charge will walk along the road with the

surveyors and leave two at each point of division, one to sketch

on the right and the other on the left of the road.

On being shown the limits of his part of the tract, as

marked on the road, each surveyor will find by trial an object

in the distance having the direction of the dividing line as

shown by his compass, and will carefully traverse the line in

this direction the entire distance to which his sketch is to be

carried from the road.

Each one of a pair will be made especially responsible for

the accuracy of one of his lateral boundaries, and for the accu

racy of the road between them. Thus, if the road traversed

the tract from west to east, the lateral boundaries being north

and south, each might be made responsible for the western
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boundary of his part, and he will devote particular attention

to this line and trust to the man east of him to traverse his

eastern boundary accurately. In this way a much greater

general accuracy may be obtained than if each were to employ

his time in sketching every part of his ground with equal care.

In combining the sketches, the necessary alterations are made

only on the side of each on which the least care was bestowed.

Civil Maps as a Basis for Military Topographical

Maps.—Occasions will often arise, especially in a country like

our own, where small-scale civil maps are quite common and

military maps scarce, when the ability to use the civil map as

a basis or control for a military map may be of the utmost im

portance. This result may be attained in various ways; one

of the simplest, whose value has been tested, is as follows:

Preliminary work. Having secured the best civil map

(county, state, coast, or geological survey) that is attainable of

the tract of country desired, enlarge it on tracing-cloth, by

one of the methods described in Chapter XXI., to \ inch or 1

inch to the mile, showing, as in the original, roads, streams,

towns, railroads, school-houses, churches, etc. Make two

nigrosine (or any other black-and-white process) copies from

this tracing and mount them on cardboard, Draw meridians

about 3 inches apart across one of these mounted maps and

then cut it into rectangles of a size convenient for carrying.

(In doing this, care should be exercised in order that as long

stretches of road as possible may be left on the small sheets.) '

Field work. Having selected from among the small sheets

those showing the routes for the day, the sketcher, either on

horseback, on a bicycle, or in a vehicle, travels over the roads

making constant comparison of the terrain with his map. He

records no distances and takes no compass directions, except

such as may be necessary to orient his map or locate his posi

tion on it; he jots down in black pencil on his skeleton map,

after estimation of distances and directions, all details of mil

itary importance, such as the location and extent of forests,
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new roads and railroads, teltgraph lines, new bridges, school-

houses, churches; obliterates from his sketch such features as

have ceased to exist, and changes such as he finds to be wrong.

While accurate contouring will usually be impracticable,

tne general configuration of the terrain should be shown by-

form lines, as in road-sketching.

A brief road report would also be of value.

Finishing the map. On returning at night, a fair copy of

the field notes taken during the day is made in colored pencil

or colored inks upon the uncut skeleton map, while important

data from the road reports is embodied in a legend.

The process outlined is perfectly applicable to a combined

survey, although in this case the fair copy from all the field

sheets should be made by one person. The fair copy, in both

cases, may be made by any draughtsman, while skill and

judgment are prime requisites to the sketcher in the field

work. A good sketcher can, if necessary, fill in from 30 to 40

miles of road in a day.
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CHAPTER XXIII.

MAP-PLOTTING FROM DATA.

It will often happen, owing to laik of time or to inclement

weather, that a sketcher can make but few notes. This data,

if judiciously taken, may be the basis of a good map.

Cases may arise where one topographer will have to

translate and plot the notes of another. In such a case, if the

notes have been clearly and legibly written, a useful map may

be produced. To do this, the topographer must understand

the meaning and significance of the various terms employed,

and be able to express them by conventional signs.

The construction of maps from data is also an important

aid in learning map-reading.

As an example of the foregoing, let it be required to make

a contoured plot from the following data:

Problem 1: The pickets of an outpost occupy a ridge

whose general direction has a bearing of 120° wit'a a pris

matic compass graduated thus:

180 The enemy is in a direction bearing 20°.

N The ridge has two prominent hill-tops, A

90 270 an(* w^ a co^ Detween them. Hill-top A is

the more northerly.

S Parallel to the ridge and 2,000 feet in rear

^ of it flows a stream for 1,500 yards, where it

empties into a lake.

The head of the stream is on a level with the top of a 60-

foot pine standing on the bank of the lake into which the

stream flows.

From the point A the following observations are made:
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Bearing of head of stream, 256°;

Vertical angle to head of stream, —2°;

Slope uniform;

and from B the following are made:

Bearing of mouth of stream, 200°;

Vertical angle to mouth of stream, —4°;

Slope uniform.

Ridge terminates in an abrupt cliff 500 feet beyond B.

The col is midway between A and B and 76 feet below A.

From the col the slope toward the stream is slightly concave

and heavily wooded.

The lake is assumed as datum.

Scale to be 1 inch=l,000 feet. Contour interval 20 feet.

Problem 2: A stream winds through a valley in a direc

tion bearing 215 degrees for a distance of 1,000 yards. Its

average fall is

From the head of the stream, with a box compass grad

uated thus:

0 The bearing of A is 245 degrees, the angle

jt of elevation 4 degrees, slope concave; and from

qq 27y the mouth of the stream it bears 357 degrees,

the bearing of C being 60 degrees.

From A the bearing of C is 120 degrees.

From C the bearing of B is 33 degrees.

The angle of elevation of B from the head of the stream

is 4 degrees.

C and B are each 40 feet higher than the head of the

stream.

The col between B and C is 55 feet above sea-level.

Required a contoured plot from the above data. Scale, 6

inches to 1 mile; contour interval, 20 feet.

Problem 3: A, B, and C are hill-tops overlooking a lake

between them.

The bearing of this lake from A is 15 degrees, of B is
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135 degrees, and of C is 255 degrees, with a prismatic compass

graduated thus:

jgQ The hills A, B, and C are respectively 70

2^ feet, 130 feet, and 90 feet above datum level, the

lake being 30 feet above it.

' ' The clinometer shows the slope to A, B, and

S C to be 1^ degrees, 4 degrees, and 2 degrees, re-

0 spectively.

Required a contoured plot from the above data. Scale

6 inches to 1 mile; contour interval, 20 feet.
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CHAPTER XXIV.

MILITARY RECONNAISSANCE.

Military reconnaissance is the process of obtaining infor

mation of a military character; 1st, about the enemy, his move

ments, numbers, dispositions, etc.; 2d, about the country for

tactical purposes, as its nature and resources, its communica

tions and facilities for the movements of troops, etc.

Reconnaissance of the enemy is a subject of Security and

Information. Reconnaissance of the country belongs to both

Topography and Tactics.

As indicated in Chapter I., though existing maps may be

available, it may be necessary, in order to make them useful

for military purposes, to supplement or correct the information

contained in them by a topographic reconnaissance.

This will usually consist of two parts, the sketch, and a

written report or description accompanying it, giving details

which could not be shown on the sketch without crowding or

confusing it. Complete information can be given only by the

two together.

Time is, as a general rule, limited, even if the difficulty is

not still further increased by the actual presence of the enemy.

Hence, rapidity and accuracy in sketching and in taking notes

are indispensable, as well as coolness and good judgment. The

order for the reconnaissance will indicate its object, the extent

of country to be embraced, the time allowed, together with

any special instructions, which will be the guide as to the

nature and amount of details to be sketched and described,

and the objects to which particular attention is to be paid.
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The Sketch.—The sketch should contain all that can be

shown without crowding or contusion; remarks being made in

the margin, clear of the sketch, and connected with the object

to which they refer by a light line.

Drawing. The minimum of drawing is done in the field,

the sketch being afterwards finished up as highly as time

permits.

Details. The smaller the scale, the fewer details can be

shown, time being wasted in trying to show too much.

Towns. On very small scales, in representing towns, it is

only necessary to distinguish the largest and most important

buildings, to show the side streets correctly, and afterwards

fill up the remainder with the conventional signs for buildingst

grouping them to conform to the general shape of the towns.

Roads. While roads, etc., cannot be represented at their

proper width on small scales, being shown in the field by a

single line, they should be drawn about ^ of an inch wide.

Fences. In a fenced country, it is allowable to generalize

details of fences in the less important parts, and simply repre

sent enclosed fields of the average size, according to scale.

Distant places. Lines may be drawn from different points

in the direction of important places some miles distant, their

names being written on these lines, the intersections of which

fix the places in direction and distance.

Lie of the country. Attention must be paid not only to

what is near, but also to the general lie of the country, to

prominent distant features, etc. The positions ofstreams may

be recognized by trees growing along the banks.

Heading sketch. The sketch should be headed, signed1

and dated on the face, by the officer making it.

The Report.—Reference numbers. Before commencing

to write the report, every place on the sketch to which refer

ence will be made in the report, except names given on sketch,
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should be marked with a colored numeral and surrounded by

a circle, beginning at the bottom and numbered consecutively

to the top, for the purpose of identification.

Writing report. The rule in writing reports is to make it

legible and not to repeat what is already given in the sketch.

Names ofplaces. Names of places should be written pho

netically, as pronounced by the inhabitants, in addition to their

spelling as given on the maps of the country.

Information. Only relevant and thoroughly tested infor.

mation should be given. The sources of all other must be

stated, as hearsay, or estimated, etc., if reported. Reports

should be governed solely by the object of the reconnaissance,

as information relevant in one case might be useless in another.

In framing reports, the ability and judgment of an officer are

shown as much in what he omits as in what he writes. It re

quires more thought and care to compose terse and well-con

densed than lengthy, diffuse reports.

Terms used. General terms, such as large, small, wide,

narrow, etc., should not be used, but instead the exact numbers

and dimensions should be given. The terms north, south, etc.,

should be used instead of right and left, except in case of

streams, where the right bank and left bank are always consid

ered to be those on the right and left hand of the observer

when facing down stream.

Orders. A copy of the order and instructions in accord

ance with which the reconnaissance was made should always

be attached on the last page of the report. These may exon

erate the officer from blame if circumstances should materially

change during the execution of the reconnaissance, or from

what was supposed to exist when the order was issued.

Briefing and attaching report. The report should be

briefed, signed, and dated, the same as the sketch, by the offi

cer making it, so that if it becomes detached they may be re

joined. The report is attached to the right edge of the
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sketch by a strip of mucilaged paper on the back, with the

bottom edges of the two even. If the sketch is longer than

the height of the report sheet, the sketch is first folded over

even with the top of the report and then the whole folded to

official size, the last page of the report being the first page of

the whole.

Blankforms. A form for the report, for each kind of in

formation, will usually be furnished, giving the headings of

each branch, and in some cases a summary of the details em

braced by the headings. Only those headings would be re

ported which come under the object of the reconnaissance.

Reconnaissance of a Road.—Reconnaissances of roads

are usually made with a view to the movement of troops over

them, hence precede such movements by one or more days.

The work is usually done on horseback. If in an enemy's

country, the reconnoiterer is accompanied by an escort of cav

alry for protection and to seek additional information.

The object of the reconnoiterer is to produce a sketch of

the route by which the troops may move, reporting on the

general nature of the country, with the difficulties to be met

with in marching, etc.

The sketch. This is made on a scale of about 1, 2, or 3

inches to a mile, using either horses' paces or a time scale for

distances. A graphical scale of miles, yards, or feet and a mag

netic meridian must always be constructed on the sketch before

handing in.

The sketch is begun at the bottom ofthe paper and carried

upwards in the order of march, and is in the nature of a trav

erse either with compass, field sketching-case, or without in

struments. When the sketch will take the form of a long, nar

row strip, the meridian lines must be arranged diagonally, if

necessary, so the road may occupy the central line of the sheet.

The sketcher seldom leaves the main road, except to go

down a cross-road a short distance to examine a bridge or
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ford by which it crosses a stream, or to a near hill-top to get a

distant view, etc.

The adjacent country, as far as visible from the road, about

J or | of a mile to the right and left, should be sketched in.

The generaldirection of cross-roads is merely referred to

traversed road, except where seen for some distance, when

their direction may be observed.

In sketching a winding road (unless using the field sketch

ing-case), it will generally be sufficient to take the bearing of

the long reaches, sketching in the intermediate portions by eye.

Details are sketched in by offsets, as already explained.

Hill features, the grades on the road, etc., are shown by

form lines, no attempt being made to make the contours of adja

cent features join and be continuous, or to refer them to a com

mon datum. The slopes are read with the clinometer, or, after

practice, simply estimated.

All commanding ground within artillery range should be

located by intersection.

Free-hand sketches may be used as explained.

The Report. The information required about the road

may be either tactical (relating to maneuvering capabilities) or

statistical (relating to the population, supplies, accommoda

tions, etc.).

Both kinds of information might be required at the same

time of a single officer and embodied in one report, but it is

usual to separate them and assign only one to a single officer.

The tactical information most usually required is here

classified.
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HEADINGS. SUMMARY. EXPLANATIONS AND REMARKS.

L T H 8 Construction. Whether macadam, corduroy, plank,

gravel, clay, or earth. Whether worked

or formed by traffic

Roadway.

Width. Of the roadway proper. 9 feet is the

minimum for infantry in fours, cavalry

in twos, wagons or guns in column; 16

feet for a double column, or to permit

passing.

Condition. First its /r«#«^condition, thenwheth

er rains would affectit andhow; whether

any other circumstances might alter its

condition, such as soil, nature of drain

age, adjacent ground, etc. The length

of any bad parts should be stated, and

the way of avoiding them, if possible.

Materialsfor

repair.

Such as piles of stones on the road

side, loose stones from near quarries,

gravel, timber, orbrushwood for fascines,

etc.

Grades. On hilly roads with a grade steeper

than 8°, or A, the slope shouldbe stated.

For short distances artillery can go up

15°, or aboutJ;heavy wagons 8°, orabout

for steeper grades extra horses must

be attached.

Defiles. Any narrow part, as the street ofa vil

lage, a cutting, etc., together with its

length, width, and height of sides, and

whether it can be widened, or the sides

accessible, etc.

Fences. If on the sides of a road, the kind, as

stone, hedge, board, picket, wire, rail,

etc., and the distance between them.

Whether they are an obstacle to move

ment or afford cover from fire.

U. Budges Variety. Whether a draw, swing, suspension,

cantilever, trestle, truss, arch, ordinary

or foot-bridge, etc., in detail. Ifan arch,

number of, whether elliptical, semi-cir

cular, or segmental. The span is the

horizontal distance from pier to pier.

Whether strong enough to bear guns.

Bridges of small span, easily demolished

or repaired, need not be so minutely de

scribed.
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hi. Rate

of March

IV. Towns

and Villa

ges.

V. C O tJ N-

TRY.

Material.

Length,

breadth, and

height above

water.

Piers.

Fords near.

Any t h ing

that might re

tard the usual

marching rate.

Description.

Construction.

Streets.

Enclosures.

Principa1

buildings.

Defensibility.

General

description.

Whether of steel, iron, wood, stone, or

brick, or a combination of several.

Length of bridge, length of approach

es, breadth between wing walls. If

bridge passes over the road, the clear

height above the road should be given.

Describe in detail as to material, thick

ness, number, distance apart.

State exact position; the length and

breadth: ordinary depth; nature of bot

tom; whether liable to shift or deepen;

velocity of current; means of destroying

or repairing; condition of approaches,

road«, or paths. See Fords in Recon

naissance of Rivers.

Such as steep grades, rocky places,

deep mire, heavy sands, etc. In every

case the probable rate of marching to be

given.

Whether salient (extending length

wise ofroad), broadside (extending across

the road to right and left), or circular.

Farms of importance under this head.

Material of the houses, inflammable or

not.

Whether paved (giving kinds, condi

tion, etc.) or not. Breadth, straight or

tortuous, etc.

Kinds of, whether gardens, orchards,

etc , and walls or fences by which sur

rounded.

Such as churches, manufactories, pub

lic buildings, large dwellings, telegraph

and telephone offices, etc. Size of each;

whether suitable for barracks, hospitals,

etc. Position of each, if not shown on

sketch, with reference to approaches.

Whether commanded from neighbor

ing heights; materials for barricad

ing and making abattis; whether tools

for entrenching are available in any

quantity.

Of what is not shown on sketch. Any

thing that limits the view, etc., as woods,

nature of them, impassable or not.
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VI. Rivers,

Streams or

Canals.

VII. Halt

ing-Places.

VIII.

Camping-

Grounds.

IX. Posi

tions.

X. Lateral

Communi

cations.

XI. Rail

roads.

XII.

Telegraph

Lines.

Natureofsoil

andcultivation.

Practicability

for different

arms.

Width. Depth.

Velocity. Bot

tom. Banks.

Fords. Locks.

Inclinedplanes.

Aqueducts.

Extent. Prox

imity of water.

Force for

which available.

Water, wood,

grass, etc.

On or near

roadfor ad

vance or rear

guard.

Any favor

able for enemy

from which he

could observe

road.

Construction,

width, condi

tion, etc. See I.

Gauge. Sin

gle or double

track.

Number of

wires. Kind of

poles.

Whether rocky, sandy, clayey, marshy

etc. Character of cultivation, direction

of rows of high crops, as corn, vineyards,

etc., kinds of fences by which covered.

Whether movement across country or

parallel to the road would be possible

for any or all arms.

The summary here giventapplies only

to the points where the road crosses a

river, stream, or canal. Of the banks,

the command of one over the other

would be given. Important rivers would

usually be separately reconnoitered.

See Reconnaissance of Rivers.

The amount of space, the amount and

kind of drinking water, for men and

animals, are the chief points. Whether

part of command could pass from rear

to front, etc.

This only when required by orders.

According to special instructions.

Enemy's position reported on as seen

from road.

These relate to roads or trails cross

ing or joining the road being reconnoi

tered.

Also, name if attainable, and to and

from where it runs. Stores and rolling

stock available.

The connecting points if obtainable.
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The statistical information desired would relate almost ex

clusively to supplies, accommodation, and population, and

would probably be entirely a written report on a form pre

pared for that purpose.

I. In the first column would be the name of the place

reported on; or, in case the sketch was made, its reference

number. The order of reference numbers and names should

be the same as on the sketch—that is, the highest number or

most distant place would first be described at top of report,

the starting-point at the bottom.

II. Distance from starting-point and from place to place

are both reported, unless the report accompanies a sketch,

when they may be omitted.

III. The number of houses and the population may gen

erally be obtained from the corporate authorities. If not, the

number of houses may be approximated by estimating the

number in each street from the estimated length of street and

the average size and compactness of the houses on each.

The population may be estimated at an average of about

5 to every house.

IV. In estimating the accommodation, one man per yard

of front of the house may be allowed if only one room deep,

two men per yard of front if two rooms deep, etc. If house

has more than one story, multiply by number of stories high,

less one for the family. If estimated by rooms separately,

one man per yard of length may be allowed if not over 15 feet

wide, two men per yard of length if between 15 and 25 feet

wide, 3 men per yard if width exceeds 25 feet. These would

be only temporary accommodations. ,

If all houses could not be calculated as above, then they

might be divided into classes according to size, and a house of

each class examined and the accommodation estimated, from

which that of the entire place could be obtained.
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In estimating the accommodation of barns and sheds for

horses, if desired, one horse per 5 feet of length may be al

lowed if not over 24 feet wide, and two horses per 5 feet of

length if over 24 feet.

V. Under supplies, the names of persons from whom they

may be obtained are reported; also the number of grocery

stores, butcher shops, blacksmith shops, hotels, and any other

places where edibles and drinkables are to be obtained.

VI. Under transportation, the names of persons from

whom wagons, horses, etc., can be obtained are reported; also

the number and kind obtainable from each.

VII. Under water would be stated whether drinking

water is obtainable from reservoirs, cisterns, wells, springs, etc.;

the amount and quality; also water supply for animals.

To calculate the supply obtainable from a small stream,

multiply together the mean depth, width, and velocity per

minute, all in feet, for the cubic feet per minute. To reduce

cubic feet into gallons of 231 cubic inches, multiply by 7.5.

In permanent camps men require at least 5 gallons each

per day and horses 10 gallons.

Reconnaissance of Railroads.—Railroads play an im

portant part in modern warfare. By their means troops and sup

plies are transported with rapidity from one point to another.

Railway centers and junctions become important strategic

points. In the reconnaissance of a railroad, if a sketch were

required, it would be made upon the same principles as the

sketch of an ordinary road, but would also include plans on a

larger scale of the important centers and yards. On these

plans each pair of tracks would be shown by a single thick line.

The report would be divided into two parts: 1st, The

Line; 2d, The Stations, and the information under each about

as follows:
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1st. The Line.

1. The names of places through which it passes, and other

lines with which it connects.

2. The general character of the country through which it

passes.

8. Whether single or double track; gauge in feet and inches

(4 feet 8\ inches standard gauge), and general condition.

4. Description of rails, whether iron or steel; weight per yard;

how laid, on chairs, tie-plates or not; how fastened, by

fish-plates, angle-irons, etc.

5. Description of ties, material, distance apart, whether laid

on ballast (kind) or not.

6. Description of bridges, kind, material, length of spans;

best method of destroying, etc.

7. Locations and lengths of sidings, and if there are conven

iences for loading and unloading troops, animals, and

supplies.

8. Gradients, cuttings, embankments, viaducts, tunnels.

9. Practicability of marching troops along the line.

10. Places, other than at sidings or stations, where troops

could be loaded or unloaded.

2d. Stations.

1. General description as to size, material of which built,

whether situated on the level, on an embankment, orin

a cutting, and whether adapted to defense.

2. Description of freight-houses, round-houses, and other

buildings.

8. The number of cross or junction lines.

4. The lengths and breadths of platforms, facilities for erect

ing temporary ones.

5. Direction of approaches and widths of entrances to the

station.
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6. Space outside where troops could be formed and for camp

ing in vicinity.

7. Supply of water for engines, and for troops and animals.

8. Amount of rolling stock, locomotives, and cars of differ

ent kinds and capacity.

9. Stores of different kinds, as rails, ties, fuel.

10. Number oftelegraph lines, location of batteries and ma

terials for repair.

Reconnaissance of Rivers.—The object of the recon

naissance of a river is generally for the purposeof ascettaining

how it may be crossed by an army, or to oppose the crossing

of it by an enemy.

The sketch. This must usually be made on foot, and gen

erally on a scale of about 2 or 3 inches to a mile.

If the river can be followed on either bank, it would be

sketched by traversing, points on the opposite bank being fixed

by intersections or offsets.

The sketch should include as much of the country as can

be seen from the banks; and towns, woods close to it, roads

and trails leading to it, and all commanding heights within

artillery range, should be carefully shown.

It will seldom happen that the same bank can be followed

for the whole length, so the officer must be accompanied by a

boat, to enable him to cross, and traverse on the other bank

when necessary.

The report. If the river is parallel to the general line of

operations, it would be reconnoitered with a view to showing

how connection could be maintained between columns on both

banks, either during the march or for action. Such a river is

the best protection from an enemy's enterprise on a flank, as it is

only necessary to sieze the boats and guard the bridges and

fords to secure it.

The information in such a case would be as follows:
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HEADINGS. SUMMARY. EXPLANATIONS AND REMARKS.

I. THB VAL

LEY.

General de

scription.

Whether broad or narrow; marshy,

rocky, wooded; proximity of heights on

one or both banks. Much the same in

formation as under V. The Country

in road reports. As much of this to be

given on sketch as possible.

II. The Navtgable or

not.

Length of navigable portions ; obsta

cles to navigation, to be given.STREAM.

Tidal or not.

Width. .

Average
The deepest parts in winding rivers

will be found near the concave bank.depth.

Velocity.
Obtained by noting how many seconds

it takes a floating object to go'a certain

number of feet. 0.7 the number of feet

per second is approximately the number

of miles per hour. The strongest cur

rent will usually be in the center of the

river.

Liability to

over/lows.

Learned from inquiries. Extent.

Time of year of usual large rises.

Bottom.
Whether rocky, gravelly, sandy, or

muddy; whether even or irregular.

III. The

Banks.

Nature and

heights.

Whether precipitous, and if so, how

high; marshy or not; lined with trees or

not; what cover they afford; what facili

ties for crossing, or forming ramps to

fords.

Command.
Of one bank over the other, in feet

IV. Tribu.

Towpaths.

General description of each to be

TARIES.
given.

V. ISLANDS.

Position; size; whether woody, marshy,

cultivated, etc. Commsnd over either

bank; distance from, to banks.

VI BRIDGES In detail.
As given in road report.



Military Reconnaissance. 347

VII. Fords.

VIII. Boats.

IX. Locks.

In detail.

Other points.

In detail.

In detail.

As given in road report.

Location may be ascertained by ques

tioning; by roads or trails leading to it

from either bank; often by houses near;

by dropping down in boat with sound

ing line of required length attached

when weight touches bottom, a ford

may be looked for.

May be expected in parts where river

widens, or obliquely across from one

convex bank to another. Fords practi

cable for cavalry about 4 feet; infantry 3

feet; guns and wagons 2.5 feet.

Where crossing might be made prac

ticable by military bridges or other

means. Also if river freezes over to

bear crossing, and for how long.

Whether regular boats, ferries, or fly

ing bridges, with full description as to

kind, size, capacity, etc. Number of

men that can be carried each trip and

time required. Whether materials for

rafts are near.

Length; width; fall of water; time re

quired to fill and empty; whether ex

posed to distant artillery fire.

Position of, should be shown on sketch.

If the river is perpendicular to the general line of operations, it is

necessary to concentrate at one or more points, in order to cross, and

to deceive the enemy as to one1s real intentions. In which case it

might be used as a defensive obstacle, and the report would contain,

in addition to the above, the following information

X. Ap

proaches.

XI.

Heights.

XII. Inun

dations.

XIII.

Points

suitable

for cover

ingpassage

of troops

to opposite

BANK.

Nature of.

Command

and distance.

Points and

means of effect

ing.

Straight, re

entrant or sali

ent.

And points at which access by them

may be barred by troops or obstacles.

On either bank within artillery range.
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Reconnaissance of Outposts.—An officer commanding

an outpost will naturally avail himself of the readiest means at

hand of becoming familiar with the ground in his own imme

diate front. He will, of course, ride along the line of sentries

or videttes to make personal observations, and take mental note

of the steepness of slopes, the depth and direction of gullies,

the location of impassable obstacles, and, above all, the position

of roads over which the enemy may advance. To impress this

on his mind and to have a means at hand for refreshing his

memory, he may direct the commander of each picket to sub

mit a sketch of the ground in his own front. As a rule, it may

be assumed that the sketcher will find it impracticable to trav

erse the ground he is to sketch; in other words, that the line

of sentinels or videttes will be the base from which the ground

in front must be plotted.

The sketch. There are two methods of doing this work.

1st method: This, while it hardly merits the title of a

sketch, is shown below and consists merely in drawing radiat

ing lines from some prominent point on the line of observation

toward the various points to which reference is to be made,

and then writing such data as may be necessary along these

lines. (See figure). Telemeters are valuable aids in this work,

although a ruler and pencil are the only instruments absolutely

necessary.

2d method: The only other way of making the sketch

where circumstances forbid traversing, is to measure as accu

rately as possible (usually by pacing) a base-line along the

front, and then, using an ordinary drawing-board or box-lid as

a plane table, locate the points in front by intersection. The

instruments required in this class of work are a box compass,

a ruler, and a clinometer or slope board. It has been found in

practice that, while not absolutely essential, an improvised

tripod, made by lashing three sticks together as shown, is of

material assistance in securing rapidity and accuracy. The

successive steps in this work are as follows:

Construct a scale of yards, of horizontal equivalents and
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of strides (the first two

only should appear on

the completed map) at

such an R. F. that the

map will be as large as

the paper will allow (usu

ally 0 inches to 1 mile,

with a contour interval

of i 5 feet).

Select a base on or

neat. the line of obser

vation such that the im

portant points to be plotted can be seen from the ends of the

base, if possible. Go to one end of this base, and, having

driven a pin into the board at the assumed origin, lay the ruler

against it and draw an indefinite right line on the paper in the

direction it is desired the base should lie. Revolve the

board until this line points to the other end of the base; the

board is now oriented and must not be moved until all sight

ings to be made at this point are completed.

Place the compass on the board and turn the former until

the north end of the needle is at the N of the graduated circle;

then draw a right line along the edge of the box and mark the

north end of it. Pivot the ruler around the pin, and, sighting

to prominent or important points, draw indefinite lines toward

them, being careful to select definite points on which to sight;

write along each line the point to which drawn. Refer to the

compass occassionally to see that the sketch is still oriented.

Pace to the other end of the base, and, after laying off its

length to scale, and driving a pin into the plotted position of

the other end, place the ruler against the two pins and orient

by a back-sight, checking by the compass. Should the base

be short, the orientation by the compass will be the more

accurate. Pivoting the ruler around the second pin, take

sightings on the same points that were observed from the

first station; the intersections of the corresponding lines will

 



 





Military Reconnaissance. 35i

be the plotted positions of these points. Having thus located

as many points as may be desired to fix the positions of roads,

buildings, marshes, streams, gullies, etc., sketch them in by

eye. Locate the important and the more distant points with

the greatest care, slighting the "filling in" if any part must be

slighted.

In regard to sketching in contours, it should be borne in

mind that ridges and valleys must be located and their direc

tions plotted before contouring is commenced. The readiest

method of acquiring skill in this variety of contouring is to

locate the prominent points of the sketch first, and then to go

back to the initial point and begin contouring.

Assume, for example, in the map shown, that the im

portant points, including a point d in the creek bottom and

several reference points, have been located in the manner de

scribed (construction lines are left to show the method), and

that the sketches has returned to station a. He notices from

this station that rather a prominent valley extends to the

creek in the direction ad. This direction he plots, and, finding

the general angle of depression to d to be 2°, he applies the

horizontal equivalent for 2° as many times as it will go (in

this instance four and something over, showing that the dif

ference of level is between 40 and 50 feet). He further notes

that the actual slope is 3° for about 150 yards from the top,

and then more gentle the remainder of the distance. With

this data, and having the ground itself to refer to, the con

tours crossing ad can be quite accurately sketched in for some

distance to the right and left. Pacing along the base toward

c, a ridge is encountered extending nearly to the creek. The

sketcher stops, plots his position b, indicates on the map the

general direction of the ridge, and then prolongs the contours

already started, making them convex toward the creek, where

they cross the ridge-line. Arriving at c, it is noticed that the

line of sight of the clinometer used as a level cuts the lower

branches of a tree near a at an estimated height of 12 feet;

this shows c to be one contour higher than, a, and it is drawn
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accordingly. After a little practice, it is perfectly feasible to

carry the contouring along at the same time with the original

plotting.

The map should be finished as shown, and, if necessary, a

report submitted with it calling attention to features that were

omitted, such, for example, as artillery positions too distant to

be plotted to scale. The position of the picket and of all

roads in rear of the line of observation should be accurately

shown.

Reconnaissance of Positions.—A defensive position is

one affording protection from the shot and observation of an

enemy, and, at the same time, commanding the ground in

front, within range.

In order to reconnoiter and report intelligently on a posi

tion, it will be necessary to bear in mind the following prin

ciples and conditions which a good position should fulfill:

(1 .) A position should conform to the special tactical require

ments of the occasion, and should be such as to favor the use of

the relatively strongest arm.

(2.) It should be made impossible for the enemy to obtain

natural cover during his advance. In other words, the position

should have a "freefield offire."

(3.) The defenders should be protected from the fire and

view of the enemy naturally, or by cover so arranged as notto in

terfere with counter-attacks.

(4.) The advance of the enemy should be hindered by obsta

cles so arranged that he may be checked while under the fire of

the defenders.

(5.) The depth and communications should be such that the

defenders may freely move from one point of the position to an

other, while the contrary should obtain with respect to the enemy's

ground infront.

A position which has all the aboveadvantages will seldom

be found, nor will a commander, as a rule, have the opportu

nity of choosing his position and there awaiting attack, butwill

have to make the best qf the ground on which the turn of
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events has found him, fortunate if within a few miles he can

find such as will give his troops any advantage.*

The best way of proceeding in the reconnaissance of a

position is to begin at about 4,000 yards "in front" of the posi

tion, so as first to reconnoiter it from the point of view of the

attack; moving thence towards the position, thus considering

its capabilities from both the assailants' and defenders' points

of view.

The following points would be reconnoitered:

(1.) The ground in front. (From the limit of effective

artillery range up to the effective range of rifle.)

^Slopes admitting of maneuvers:

Prom f 1. Infantry can move in formations.

0° to 5° ^* Cavalry.can move with order; its charge more effective

tip hill than down.

,3. Artillery fire more effective down than up hill.

1 1. Close movements difficult.

5° to 10° .] 2. Charge possible up hill only, and for a short distance.

( 3, Moves with difficulty; effectual and constant fire ceases.

f 1. Can move but a very short distance in order.

10° to 15° < 2. Can trot but a short distance up hill, and walk down.

(. 3. Moves with great difficulty; its fire ceases.

Slopes which may be ascended and descended singly:

15° to 20° / Cannot move in order; can only fire singly with effect.

\ 2. Can ascend at a walk, and descend obliquely.

20° to 25° / ^"an move *n extended order only.

\ 2. Can ascend and descend obliquely, one by one.

{1. Can move iu extended order only and very slowly.

2. As before, when the slope is of soft earth, but with

great difficulty.

Slopes which may be climbed:

30° to 35°—1. Lightly equipped, slowly in extended order.

35° to 40°—1. As before, with help of their hands.

40° to 46°—1. Men accustomed to hilly country may climb, holding

on by their hands, but with danger of falling.

The nature of the surface, as well as the steepness, affects the capa

bilities of ground for the movements of troops and affects the three

arms differently. Infantry can ascend a steep slope easier if the sur

face is rocky and rugged than if it is smooth turf. For cavalry tne

latter is easier.
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Positions favorable for artillery of assailant; undulations;

obstacles; cover; points on or in front of position where the fire

of the defense might tell effectively on assailants; the slopes;

communications; defiles; bridges; fords; etc.

(2.) The approaches. (Ground within effective rifle range

of position.)

Same as (1) with regard to rifle fire; parts accessible or in

accessible; also points that may be used as advance posts.

(3.) Main line ofposition. (To be marked on sketch.)

Command; extent of front; artillery positions; hedges,

fences, walls, to be prepared for defense; positions of shelter

trenches; cover for firing line, supports and reserves; points of

support (woods, farms, etc.) in detail; nature of soil; lateral

communications, work necessary to improve them.

(4.) The flanks.

Natural obstacles, if any, as small woods, steep slopes,

rivers, etc. If none, points that may be occupied by artillery,

or defensive posts in prolongation of main line, in front or rear

of flanks.

(5.) The interior.

Depth; cover; slopes; position for second line and cavalry;

communications; points of support; nature of soil.

(6.) The ground in rear.

Lines of retreat; obstacles; positions for rallying line, if re

quired.

The sketch. A good sketch is far preferable to a written

description of a position, for one who can read a map. And

however pressed for time one may be, he should try to convey

as much information by a sketch as circumstances will permit.

The scale should be not less than about 6 inches to a mile, to

show certain details more accurately than could be done on a

smaller scale.

The report. This will, of course, explain all points in

which the sketch is deficient. Frequently the officer will be

given a government map of the country, and be required to

simply draw up a report furnishing all the tactical information
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in which the map may be deficient, or to make a copy on the

required scale and then on arriving on the ground fill in the

details not marked and correct those that have changed. It

is not the business of the reconnoitering officer to suggest the

proper method of occupying a position, unless specially ordered

to do so. He will merely give the result of his observations,

explain the points of weakness and strength, general capabili

ties and suitability for the action of the three arms, the means

which exist for obstructing an assailant's advance and retard

ing his pursuit, nature of communications, etc., and leave the

superior officer to draw his own conclusions.

The report would be made under the following heads:

I. The Position.—1, description of all that is not

already explained by the sketch concerning its form; 2, the

direction in which it faces; 3, its flanks; 4, any remarkable or

dominating point in it; 5, the condition of the ground, whether

soft and heavy for movement or the reverse; 6, probable direc

tion of the enemy's attack, and reasons for this conclusion; 7,

wood and water in case it is intended to camp or bivouac on

the ground.

II. Advantages.—1, good positions for artillery, with

wide and distant range commanding approaches and flanks; 2,

good points of support on the front and flanks; 3, good cover

for infantry, with ground in front suitable for the development

of rifle fire; 4, cover for the supports and reserves; 5, com

munications in a lateral direction; 6, communications to the

front, and the directions in which a counter-attack could be

delivered; 1, communications to the rear, 8, flanks well posted;

9, extent suitable for the force; 10, natural obstacles to the

enemy's advance.

III. Disadvantages.—The reverse of the above. 1, lim

ited range for artillery, or the ground affording better posi

tions for enemy's artillery; 2, no favorable grounds on which

to rest flanks; 3, no cover for firing line, or in such position

that the fire would not be effective; 4, no cover in convenient
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places for the supports and reverses; 5, inconvenient or poor

communications; 6, extent unsuitable to strength, or its nature

to the composition of defending force; 7, cover for the enemy

during his advance.

IV. The Country in the Vicinity.—1, general de

scription of the surrounding country beyond the limits of the

sketch; 2, positions or strong points on the line of retreat, at

which pursuit might be checked as farms, towns, etc.; 3,.dis

tant view to be obtained.

V. Communications.—Description of roads, trails, etc,

both parallel and perpendicular to the position; also those from

the front towards the flanks.

VI. Bridges.—In detail as in road reports.

VII. Rivers.—As in road reports, particularly as to

points of passage and nature of banks.

VIII. Woods.—1, its extent and form; 2, communica

tions and paths through it; 3, average circumference of trees;

4, nature of undergrowth and its penetrability; 5, means to be

adopted for the defense of the edges nearest the enemy; 6,

whether timber is suitable for abattis to be placed at the sali

ents and most exposed portions; 7, whether parts of the edge

flank other parts; 8, whether the woods is quite isolated, or is

connected with neighboring woods by scattering timber; 9,

whether there are any folds in the ground, or any bank that

would give shelter to an enemy close in front of it; 10, same in

rear of the wood whence fire might be brought to bear on its

near edge to prevent the enemy from issuing from it, in case

he should succeed in capturing it.

IX. Farms and Villages.—1, whether compact or

straggling; 2, exterior surrounded by walls or fences suitable

for defense; 3, whether fences beyond would cover enemy in

his advance; 4, means of retarding advance; 5, whether com

manded by artillery positions on enemy's or defender's side;

6, full details concerning buildings suitable for a rdduit, as

churches, etc.
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X. Fences,—Full details of those shown on sketch

which it is proposed to utilize for defense.

XI. Obstructions, Demolitions, Trenches, and

Other Works.—Details of these to be submitted on a sepa

rate report if required, showing kinds, time required, number

of reliefs, number of men in each relief, tools required, etc.

(Note example of position sketch and report.)
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CHAPTER XXV.

LAYING OUT ROADS.

Selection of Site.—Use of maps. If a contoured map

of the country is available, that which is probably thebestline

may be selected from it. An idea of a possible site may be

obtained from any existing map. On account of drainage,

water-sheds are more advantageous than either water-courses

or hill-sides.

Ruling points. Theroad should be so located as to require

the least amount of labor and expense, due regard being paid

to direction and gradients. There will usually be some feature

whose passage will be difficult. The part of this feature that

can be passed most easily will constitute a ruling point, pro

vided it is not too far out of the direct line of the road. A col

in a chain of mountains would be such a point.

Secondary points. Between ruling points other points of

less importance are chosen. These are called secondary points

and in their selection there is much latitude. Ruling and sec

ondary points are usually determined by an inspection of the

ground. After this inspection, the possible lines would be

compared and the best one selected.

Laying out The Grade.—This may be done with a pair

of dividers on a contoured map, or with the clinometer, slope

board, or transit on the ground.

On a contoured map the maximum gradient is specified in

the instructions. Take off on the dividers, from the scale of

horizontal equivalents, the distance corresponding to the max

imum slope. Should the distance between contours be greater

than this, the road can have any desired direction. Should
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the distance be less, the road must be run obliquely between

contours so as to make the distance between them equal to or

greater than that corresponding to the maximum slope.

On the ground. Standing at one point of the road, direct

an assistant to move up or down the hill until he comes to a

point on the desired slope, as indicated by the instrument used.

A picket is driven into the ground at this point and, if required,

its bearing from the preceding point taken. The maximum

gradient should be used only where absolutely necessary, a

smaller one being chosen when practicable, so as to make the

gradient as uniform as possible throughout. The work of

marking the center grade line is continued until a ruling point

is reached. Should the line surveyed run above or below the

ruling point, the pickets will have to be shifted in order to

equalize the gradient throughout, or, if this be not possible, a

new line between ruling points will have to be run.

Leveling to grade between pickets. This is done with the

clinometer, slope board, or transit. The instrument is taken

to one picket and set to read the slope to the next picket. An

assistant then moves along the line between pickets and at the

points of change ofslope drives in stakes and marks on them

the amount of cut or fill as indicated by a rod or staff carried

for this purpose, a and b (Fig. 215) are the positions of the

pickets at points of grade. The position of the target on the

 



360 Copographic Sketching.

rod held at the intermediate points shows the amount of cut

or fill.

LAying Out the Section.—In rough work this may be

done with any instrument that can be used as a level; for ac

curacy the wye level is necessary. This operation is sometimes

called cross-section leveling.

The required width of the road is measured off horizon

tally from the center line and the exact edges marked by means

of stake* or by scoring the ground.

The required slope of the road bed from center to sides is

usually specified in the instructions. If not specified, it must

be assumed and the difference of level between the center and

side stakes computed. The amount of cut or fill at any point
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along the central grade line being known, the amount at the

sides corresponding to it can be computed and marked on the

side stakes.

Side slopes. To locate the slope stakes. Having the read

ings on the center and side stakes, a rough profileof the ground

should be constructed on cross-section paper carried for the

purpose. The location of the stakes for the side slopes is then

determined as follows: Suppose ab (Fig. 216) to be the profile

showing the natural surface of the ground as determined by

the level, o being the position of a central picket. Plot d and

d' on the diagram, their position having been computed as ex

plained. Draw da"; then from d and d' draw db and da, having

an inclination corresponding to the required side slopes. The

points where these last lines intersect the line ab will be the

plotted positions of the bottom and top of the required slopes

respectively.

The horizontal distances corresponding to eb and da on

the diagram will be the required distances to lay o'ff from the

stakes at e and / to determine the bottom and top of the side

slopes. Stakes are driven at the points • and b.

Sections should be made about every thirty yards, or as

required by the conformation of the ground.
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CHAPTER XXVI.

COMPUTING AREAS.

LOK^ OR WNEAR MEASURE.

12 Inches lfoot.

8 feet. 1 yard=36 inches.

6.5 yards . . .1 rod=16.5ft.=198

inches.

40 rods lfurlong=220yds.

=660 feet.

8 furlongs . .1 mile=820 rods=

1760yds.=5280 ft.=63,360 ins.

8 miles 1 league.

6 feet 1 fathom.

120 fathoms... 1 cable's length.

6080 feet. ... .1 nautical mile or

knot.

Russian verst=8500 feet.

Spanish vara=32.8748 inches.

California vara=33.372 inches.

1 Gunter's chain=4rods=66ft.=

792 inches=100 links.

80 Gunter's chains=320 rods=l

mile.

SQUARE OR LAND MEASURE.

144 sq. inches..1 square foot.

9 square ft.. .1 sq. yd.=1296 sq.

inches.

30.25 sq. yds. .1 sq. rod, perch or

pole=272.25 square feet.

40 square rods, perchs or poles. . .

1 rood=1210 sq.

yards=J acre.

4 roods 1 acre=160sq. rods

=4840 sq. yds.=43,560 sq. ft.

625 sq. links=l sq. rod, perch or

pole.

16 sq. rods=l sq. ch. =10,000 sq.

links.

2.5 sq. chs.=l rood=40 sq. rds.

=25,000 square links.

4 roods=l acre=10 sq. chs.=160

sq. rds. =100,000 square links.

640 acres=l sq. mile=6400 sq. chs.

A section ofland is 1 mile square

=640 acres=3,097,600 sq. yds.

=27,878,400 sq. ft.

A square acre is 208.71 ft on each

side.

A square half-acre is 147.581 ft. on

each side.

A square quarter-acre is 104.355 ft

on each side.

How Land is Regarded.—In computing areas, land is

regarded as a horizontal plane bounded by horizontal lines,

however rolling, uneven or broken the surface may be; con

sequently, if divided into any number of parts, the sum of the

areas of all the parts will equal the area of the whole, which

would not be the case if the areas of the actual surfaces of the
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parts were measured, and that of the entire piece computed

from the bounding lines.

How Areas are Expressed.—If the measurements are

taken with a Gunter's chain, the areas are usually expressed

in acres, roods and perches; but if the measurements are taken

with an Engineer's 100-foot chain, the areas are usually ex

pressed in acres and decimals of an acre. By a reference to

the above table of Square Measure it will be seen how an area,

If expressed in any terms of Gunter's chain, as square links,

may be reduced to any other terms, as acres, by dividing by

100,000; or roods, by dividing by 25,000; or square chains, by

dividing by 10,000; etc.

I. AREAS COMPUTED BY THE USE OF THE

CHAIN ONLY.

The area of a piece of ground in the form of a square,

rectangle or parallelogram is found by multiplying the base

by the altitude, and reducing it to any terms desired, by the

above table.

If the piece is in the form of a triangle, then the area will

be one-half the product of the base by the altitude; or by the

formulae, Area= V s (s-a) (s-6) (s-c), in which s — ^ (a-\-b+c).

If in the form of a trapezoid, the area will be one-half the

sum of the two parallel sides multiplied by the perpendicular

distance between them.

If in any other form that can be divided into triangles, do

so, find the area of each triangle separately and take their sum

for the area of the whole.

If in the form of a circle, multiply the square of the radius

by 3.1416.

If in the form of an ellipse, multiply the product of the

semi-axes by 3.1416.

II. AREAS BY THE USE OF THE COMPASS

AND CHAIN.

Having divided the piece up into triangles, measure two

sides and the included angle of each triangle and compute the
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area of each triangle by the formula, Area=\ a b sin C, in which

a and b are the two sides and C the included angle.

III. AREAS FROM BEARINGS AND LENGTHS OF

THE BOUNDARY LINES.

In ordinary land surveying, simply for the purpose of locat

ing the boundary lines and computing areas, the compass and

Gunter1s chain have been generally used since the first settle

ment of the country, and are so recognized in describing land

in purchases and sales, and in the courts and official records.

Owing to the errors liable to be made with the compass and

the difficulties of reading bearings to a degree of accuracy

desired, the Transit is sometimes used instead, where the land

is valuable, and the angles measured with it; and afterwards,

if so desired, the bearings of the courses can be computed after

having determined the bearing of one course sufficiently ac

curate. This is not necessary, however, to determine the area.

In the field work, the surveyor usually begins at some

prominent corner of the field and follows the boundary lines

entirely around the field to the point of beginning, taking the

bearings with the compass (fore and back) and measuring the

length with the chain of each of the bounding lines. It is

immaterial whether the field be kept on the right hand or left

hand in going around it. If the compass cannot be set upon

the boundary lines and the chaining done on them, then equal

rectangular offsets are made, and the bearings and lengths of

corresponding parallel lines measured.

If there are fences, streams, houses, etc., in the field that

it is desired to locate and plot, their bearings can be taken, of

the fences and streams where they intersect the boundary

lines, and of the houses and other objects from the corners,

when visible.

Taking the bearing of a single object in the field, as a large

tree, visible from every corner, is to be strongly recommended

as furnishing a means of detecting errors that may be made in
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reading or recording the bearings of the courses or in the

chaining.

For if these bearings are all plotted on the map, they

should all intersect in one point, if no errors have been made;

but if an error has been made in the bearing or length of a

course, the bearing of the tree or other object from the end of

this course will not pass through the common point when

plotted and it will show at once where there has been made

an error of some kind, either in the field measurements or

notes, or in the plotting.

The form for the field notes, given under the description

of the compass, can be used, or better still, if a sketch is to be

made, a form similar to that described in the Engineer1s Field

Note Book, beginning at the bottom of the left-hand page and

using the right-hand page for a sketch made at the time of

taking the notes. The advantage of this being, that when

looking in the forward directionof a course with the note book

open before him, the surveyor sees the columns in his book

lying just as the course does, and offsets made to the right and

left are entered on the right and left of the center column.

Field Notes.—Compass Survey. Dec. 24, 1901.

Observer.—Henry Arnold.

Chainmen.—William Jones and Frank Smith.

STATION. POINT. BACKSIGHT. FORE8IGHT. DISTANCE. REMARKS.

©1 (B) ©2 N76°451E 3.75 chs.

©2(C)

©2

©1

©3

©2

04

03

©5

©4

©1

©5

S76°451W

S34°45'W

S50°151E

N48°301E

N41°451W

N34°451E 4.32

©3 (D)

©3 N50°15'W 5.86

©4(E)

©4 S48°301W 6.55

©5 (A)

©5 S41°45'E 5.06

01
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£
The figure BCDEAB in

Fig. 217 is a plot of the

Field Notes, beginning at B

as station 1 and following

around through C, D, etc.,

A

 

>H to B again.

Having plotted the Field

Notes, draw a meridian

through the most easterly

or westerly corner, in this

case NS through the most

westerly station A. From

each of the other stations

F/G211

draw lines perpendicular to this meridian, as Ee, Df, etc., and

on them let fall perpendiculars as Cc, Ea\ etc.

Now, by reference to the figure, it will be seen that the

Area ABCDEA=aBCg+gCDf+fDEe—aBA—AEe.

From Geometry the area of aBCg= (iS±s£) xbB; hence>

2aBCg=(aB+gC)XbB; and likewise 2gCDf=(gC+f£>)X

cC; and 2fDEe=(fD+eE)xEd; and 2aBA=(aB)XAa; and

2AEe={eE)XeA; therefore 2ABCDEA=(aB+gC)XbB+

(gC+fB)XcC+(fD+eE ) X Ed—[aB) xAa-{eE)X eA.

In this equation the quantities in parentheses are known

as the double meridian distances of the courses BC, CD, DE,

AB, and EA respectively, and are all positive, and the multi

pliers are known as the difference of latitudes of the same

courses respectively, bB, cC, and Ed being positive, while Aa

and eA are negative, all of which may be easily obtained from

the data in the Field Notes, as will be shown.

Referring to Fig. 217 again, it will be observed that the

surveyor in passing from B to C goes north a distance equal

to Bb; this distance Bb is the difference of latitude of the two

stations at the extremities of the course, and is called the

difference of latitude of the course, or briefly the latitude, and

from Geometry is equal to the cosine of the angle bBC multi

plied by the length BC, or the cosine of the bearing of the course
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multiplied by the length of the course. And the latitude of any

course is equal to the cosine of the bearing of the course into its

length. If theforward bearing of a course is northward, its

latitude is called a northing, and is given a + sign in the com

putations (see bB, cC, and Ed above); if the forward bearing

is southward, the latitude is called a southing, and is given a

— sign (see Aa and eA above). Having a table of natural

cosines, find in it the cosine of the bearing of the course and

multiply it by the length of the course and the product will

be the latitude of the course, to which give the + or — sign

according as it is a northing or southing; or having tables of

logarithmic cosines and logarithms of numbers, find the

logarithm of the cosine of the bearing and the logarithm of the

length of the course, add them together and look in the table

of logarithms for the number corresponding to the sum, which

will be the latitude of the course.

A due east-and-west course has no difference of latitude.

Likewise the surveyor in passing from B to C departs a

distance east from B equal to bC. This distance bC is called

the departure of the course BC, and is equal to the sine ofthe

bearing of the course multiplied by the length of the course, as

the departure of any course is equal to the sine ofits bearing

into its length.

If the forward bearing ofa course is east, its departure is

called an easting and is given a + sign; if west, its departure is

called a westing and is given a — sign. Having a table of

natural sines, the value of the sine for the bearing ofany course

can be taken out, and multiplied by the length of the course

will give the departure of that course, to which the proper sign

must be given; or with tables of logarithmic sines and loga

rithms of numbers, the departures may be found similarly to the

method of determining latitudes. A due north- and- south

course has no departure. The meridian distance of B is the

distance aB; the meridian distance of Cis the distance gC; and

so the meridian distance of a:iy point is its perpendicular dis

tance from the reference meridian NS. The meridian distance
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of a point, as A, on the reference meridian is 0. The meridian

distance of the course BC is the perpendicular distance of its

middle point x from the reference meridian NS, midway be

tween a and g, and the meridian distance of any course is the

meridian distance ofits middle point.

The double meridian distance (D. M. D.) of any course is,

therefore, equal to twice its meridian distance, or equal to the

sum of the meridian distances of its two extreme points.

The D. M. D. of the course AB is, therefore, equal to aB,

which is also its departure; and ofEA is equal to eE, which is its

departure; and so the D. M. D. of any course, one extremity

ofwhich is on the reference meridian, is equal to its departure.

Calling AB the first course in the computation of the area,

and BC the second, and so on around, it is seen that^the

D. M. D. of the first course, AB, is equal to its departure aB.

That the D. M. D. of the second course, BC, [equal to aB-\-[gb

+bQ] is equal to the D. M. D. of the first course (aB), plus the

departure of the first course (aB—gb), plus the departure of

the course itself (bC). That the D. M. D. of the second or any

other course (except the two as AB and EA meeting on the

reference meridian) is equal to the D. M. D. of the preceding

course, plus the departure of that course, plus the departure

of the course itself. Of CD it is equal gC+/D=(gC+aB)+

bC+cD, since (aB=fk)+(bC=hc)+cD=f£h

Therefore, comparing the quantities, in the equation be

ginning 2ABCDEA=, with those in the preceding explana

tions, it will be seen that twice the area of the field is equal to

the algebraic sum of the products of the double meridian distance

if each course into its own latitude, being careful to observe the

signs. In stating that north latitudes and east departures are

positive and south latitudes and west departures are negative,

these terms are used in their algebraic sense, so that ifa posi

tive D. M. D. and a negative departure are added together their

algebraic sum will be the numerical difference, with the sign

of the greater. And so the algebraic sum of the products
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above will be the numerical difference between the sum of the

positive products and the sum of the negative products.

A check on the correctness ofthe work is, that the D. M. D.

of the last course should be equal to its departure.

Had the surveyor gone around the field with it on his

right instead of on his left, the signs of the latitudes and de

partures would be changed, but the numerical values would be

the same.

How to Compute the Area.—Understanding the above,

the surveyor can now proceed to compute his area from his

field notes as follows:

Rule a Form B and enter therein the Stations, as given

by the letters on the plot, Fig. 217, and the Bearings and Dis

tances of the courses; then with a table of natural cosines and

sines proceed to find the latitudes and departures of each

course as explained, and enter them in the Form A, north

latitudes in the + column, and south latitudes in the— column;

and east departures in the + column, and west departures in

the — column. Thus, for the first course AB, bearing S 41°

451 E, length 5.06 chains.

Natural cosines 41°45' .7461 Natural sines 41°45/ .6659

Length of course. . . . 6.06 Length of course ... 5.06

The course being southward, the lat. is negative; hence

enter 3.78 in the — lat. column of Form A.

The course being eastward, the dep. is positive; hence

enter 3.37 in the + dep. column of Form B. Proceed in the

same manner for all the other courses.

If the bearings of the courses are read only to the nearest

151 of arc, then the work of computing the latitudes and

departures may be much simplified by using the Traverse

Table, in which is given the latitude and departure corre

sponding to bearings that are expressed in degrees and quarters

of a degree, from 0° to 90°, and for every length of course

Product=Lat

44766

37305

3.775266 Product=Dep 3.869454

39954

33295



37Q Topographic Sketching.

from 1 to 100 computed to two places of decimals. The lati

tudes and departures so tabulated were obtained by using the

formulas and'method just explained; viz., lat. = courseX cos. of

bearing; dep. = courseX sine of bearing. When the courses

are longer than 100, as 175, take out the lat. and dep. for 100

and then for 75 and add them together. If the length of a

course is expressed decimally, as 5.06, take out the lat. and

dep. for 5, then for 6 and move the decimal point, in the latteri

two places to the left and add to those for 5.

As the compass can be read to closer than 15', and if the

mean is taken when fore and back sights differ only slightly,

the results will seldom be expressed in quarter degrees, and

when the transit is used, the azimuths will be read to the

nearest minute, and the Traverse Table could not then be

nsed in all cases.

If using logarithmic tables, rule a Form A, enter the

courses, at tops ofcolumns noting whether northing or south'

ing for latitudes, and whether easting or westing for departures,

with their proper signs; then from the log. tables take the log.

cos. and log. sin. of the first course and the log. ofits length and

enter them in Form A as shown*. Do this for each course.

Then add each pair of logarithms for the log. lat. and log.

dep., aud enter the table of logarithms of natural numbers and

find the number corresponding to each log. sum and write it

under it. Having found them all, enter them in their proper

columns opposite their respective courses in Form B.



 

o5AforComputingLatitudesandDepartures.
Log.dep.Departure. Log.sin.(dep.)Dog.di,. Log.lat.Latitude. Log.cos.(lat.)Log.dist.

COUR5EAB.

S—
.5576+357 E+

5.5534

.7045 .5765—3.75

5.5757

.7045

COUR5EBC.

.5655+3.65 E+

5.5555

.5740 .5345+0.56

55602

.5740 N+

5554+5.46 Er-

5.7555

.6355 .5505+3.55

5.5147

.6355

COUR5ECD.

N+

.653—4.55 W—

5.5555

.7675 .573+3.75

5.5055

.7675

co;seDE.

N+

.6507—4.51 W—

5.5745

.5162 .635—454

5.5553

.5565

cou3seEA.

S—

45BforComputingAreasfromBearingsandDistancesofBoundingLines.

CDE AB 5A.

Error

S45°30'W N50°15'W N34°45'E N76°45'E S45°45'E BEAING5

COUR5E5.

5554inLat
4555.566.55 5.063.75 cbs. DI5.

=.04

5.168.12 0.563.553.75
N+ LA4I4UDE.

5.15

Dep

3.75454
s—

=.00

5.45.5.45 3573.655.46
E+

DEPA4UA.

5.42 4.554.51
w—

—3.75+0.50+3.54+3.74—455
LA4.

BALANCED.

+356+3.64+5.46—4.53—4.53
DEP.

551.00
84.15

2|56.52

4.53 356
505056.465455 DM.D.

+

5.51
55.5753.55

DOUBLE

AA
+

DOUBLt

AA

55.7351.4534.15

Errorofclosureinlinks=v,4»+B!=7.55links.Errorofthesurvey=.^5V4=lin354.

43.45sq.chs.4541a.es,

or4A.1R.54P.35sq.Iks.

*Thisfo5answersequallywellwhenthesurveyhasbeenmadewithatransitandthebearingsreadto

minutes,bynotinginwhichquadrantthedifferentazimuthslie,asshowninFigs.500and505;orifmeasured
from0°atthesouthto90°west,etc.,or0°atthesouthto90°east,etc.,makesimilardiagrams,andmarkinthedifferentquadrantsthepropersignsforthelatitudesanddepartureslyinginthem.ThusinFig.500azimuthsbetween270°and3o0°willhaveTat.anddep.both+;azimuthsbetween150°and270°willhavelat.—,anddep.

+,between180°andc°lat.—,dep.+;be.een50°and0°lat+,dep—;andsimilar.forotherdiagrams
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Having found the latitudes and departures of all the

courses and entered them in Form B, find the sum of each

column. As the surveyor, in traversing around the field back

to the point of beginning, traveled as far south as he had gone

north, then the sum of the south latitudes ought to be equal

to the sum of the north latitudes, but in reality they seldom

or never will be so, on account of the impossibility of ever

making any measurements exact, and the difference between

the sums will show the errors made in Latitude, or the dis

tance the plot lacks of closing in a north-and- south direction.

So also should the sum of the west departures be equal to the

sum of the east departures, but neither will they be so, and

their difference will be the error in Departures, or the distance

the plot lacks of closing in an east or west direction, and the

square root of the sum of the squares of these errors will

equal the distance, in a straight line, that the whole plot lacks

of closing, which is called the error of closure; and the ratio of

the error of closure to the total length of the whole perimeter,

as found from the Field Note and expressed as an error of 1

link, chain, etc., in so many links, chains, etc., is called the

error of the survey.

The Limit of Error.—The limit of this error allowable

depends upon the importance of the survey, or value of the

land surveyed. In ordinary land surveying it should never

be greater than 1 in 300, and generally not that great; while in

city surveying it should not be greater than 1 in 1000, and

average less than 1 in 5000.

Balancing the Survey. —Having computed the lati

tudes and departures of all the courses and determined the

errors, the next step is to Balance the Survey, which consists

in distributing the error in latitude among the latitudes of all

the courses, and the error in departure among the departures

of all the courses, in proportion to the length of each course,

being careful to add the correction in each case when applied

to the deficient column and to subtract it when applied to the

excess column.
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A reference to the example in Form B will show how the

error of 4 links in latitudes was distributed, by comparing the

numbers in the column of Balanced Latitudes with those in

the columns under latitudes; and the same for the error of fl

links in departures.

This distribution of the errors does not necessarily correct

them, but as has been aptly said, "only humors them in"; and

cases might arise where such a distribution would make the

error in area larger than the error in the perimeter.

Two methods are used for this distribution of errors, both

based on the same principle, that they are due as much to

erroneous bearings as chaining; one by means of applying the

corrections graphically to the plotted courses by the formulae

Snm of all . Error of . . ponrse i s Error for

the courses . closure . . . course 1

and

Sum of all . Error of . . Sum of a course and . Error for

the courses . closure . . preceding courses . course considered;

thus moving all the corners of the plot except the first a

slight amount to bring the end of the last course so as to fall

on the point of beginning of the first course.

This has changed the lengths and bearings of all the

courses, and the new lengths and bearings are taken from the

plot with the scale and protractor, and used in computing the

area. The other method, which is more exact, is by calcula

tion, using the formula

Sum of all . Any given . . Total error of . Error of lat. or

the courses . course . . lat. or dep. . dep. of given course;

each correction being so applied as to diminish the total error.

A modification of the above formula is to weight each of the

courses according to the relative difficulties in measuring the

bearings and distances, selecting some one course as standard

and weighting it 1. Then multiply each course by the weight

given it, and use these multiplied lengths in the above formula,

thus:
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Sum of all the . Any given . . Total error of . Error of lat. or

mult1d courses . mult1d course . . lat. or dep. . dep. of given course

Should the angles or bearings have been measured with a

transit or solar compass, then the assumption would be that

the errors were all in the chaining, and the above formulae

would not be used, but the following:

The arithmetical sum . Any given . . Total error . Error of

of all the latitudes . latitude . . in latitudes . given lat. ;

and similarly for departures, substituting departures in the

formula for latitudes. If the courses had been weighted ac

cording to the difficulties in chaining, then the latitudes and

departures' would be multiplied by the weights of their courses,

and these weighted results used in the formula.

When conditions of the survey render it probable that

errors were more likely to have occurred on certain courses

than others, then the corrections can properly be applied to

those courses.

When the error of the survey is so large as to indicate a re-

survey, the notes, computations, and plotting should all be

carefully re-examined for errors in them, or for indications

that may point to where errors were likely to be found, and

thus save some of the work of a complete re-survey.

The Double Meridian Distances.—The balanced

latitudes and departures having been determined and placed

in Form B, the next step is to determine the D. M. D. of each

course, as explained when considering the plot of the notes,

Fig. 217. If the reference meridian is taken through the

most easterly or westerly corner of the field, whether the cor

ner at which the surveyor began his work or not, then all the

D. M. D.1s will be positive. Referring to Form B, it is seen that

the D. M. D. ofA equals its dep., 3.36; ofB equals D. M. D. of A,

3.36+dep. of A, 3.36+dep. of B, 3.64=10.36; of C equals

D. M. D. of B, 10.36+dep. of B, 3.64+dep. of C, 2.46=16.46; of

D equals D. M. D. of C, 16.46+dep. of C, 2.46-f dep. of D.

(—4.53)=14.39; of E equals D. M. D. of D, 14.39+dep. of D,

(—4.53)+dep. of E, (—4.93)=4.93.
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Having determined the Double Meridian Distances of all

the courses, the last step consists in finding double the areas

of the trapezoids and triangles into which the plot has been

divided, the algebraic sum of which double areas will be equal

to double the area of the field.

The double areas of these trapezoids and triangles arc

found by multiplying the Double Meridian Distances of each

course into its corresponding Balanced Latitude, observing

that when the Latitude is + the double area will be algebra

ically + , and when the Latitude is — the double area will be

algebraically —. Make these multiplications and place the

products in one of the last two columns. Find their sums,

and then their numerical difference, which will be double the

area of the field, when divided by 2 will give the area.

If the measurements were made with a Gunter's chain, as

in the problem, then the area will be given in square chains

and dividing by 10 gives it in acres and decimals; then multi

plying the decimal part by 4 and pointing off will reduce this

decimal part of an acre to roods and decimals; multiplying this

decimal part by 40 and pointing off will reduce it to perches

and decimals; and multiplying this decimal part by 625 will

reduce it to square links.

Had a 100-foot chain ortape been used to measure distances

and the measurements been expressed in feet, the area would

have been obtained in square feet and couldhave been reduced

to acres and decimals by dividing by 43560, the number of

square feet in one acre. Then ifthe decimal part ofacres be mul

tiplied by 4840 and pointed off, it will be in square yards and

decimals; and this decimal multiplied by 9 will reduce it to

square feet.

If after computing the area it is discovered that the chain

or tape used was not of standard length, the area may be cor

rected by the proportion given in the front part of the book

under the description of the chain.
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COMPUTING AREAS FROM THE RECTANGULAR

COORDINATES OF THE CORNERS.

As the area of the plot, Fig. 217, was divided into a num

ber of trapezoids and triangles, and their areas separately com

puted and added together to obtain the area of the whole, so

any right-lined figuie may be divided into a series of right

trapezoids and triangles, by letting fall from the corners per

pendiculars to any fixed line called the base, and the triangles

may be considered as trapezoids having one parallel side re

duced to zero. Then the area of the whole will be the alge

braic sum of the areas of the trapezoids.

The application of the above is, that frequently a crooked

stream or irregular shore line of a lake or pond occurs on a

boundary line, and it is then customary to run as long lines as

possible near said irregular boundaries, and from these base

lines measure the short perpendicular offsets to the stream or

lake, at intervals frequent enough to define the shore line quite

accurately, and then compute the areas of the separate trap

ezoids thus formed, and adding them together for the whole

area between the base-line and shore line. It having been de

termined that the area of a figure bounded by a continuous or

a broken curve is approximately equal to that of a right-line

figure whose vertices are contained in that curve. By properly

locating the verticesthe approximation maybe made as closely

as desired.

As the base-line and perpendicular offsets constitute a se

ries of rectangular coordinates for the trapezoids, and if there

are any considerable number of such trapezoids lying consecu-

tively with their bases on one

j j straight line, as in Fig. 218, the

—+ 1 area of the series may be found

/v.*/*, **«-«J by the following rule:

RULE A.—Multiply the distance along the base-line of each

intermediate ordinate {or offset) from the first, by the difference

between the two adjacent ordinates (or offsets), always subtract

ing the following offset from thep receding offset, in the order

 



Computing Areas. 377

along the broken line. Also multiply the distance ofthe lastordi

nate from thefirst by the sum of the last two ordinates. Divide

the sum oftheseproducts by two. Thus Fig. 218. the area equals

[1.0 (.25— .40)+1.75(.35—.45)+2.25(.40— .39)+3.00

(.45— .85)+3.80(.39—.37)+4. 50(35+37)]= # [1.0(—.15)

+ 1 . 75(— . 10)+2 . 25( . 01)+3 . 00( . 10)+3 . 80( . 02)+4 . 50(. 72)]

=1.6587 sq. ch. If that portion of the broken line form

ing the upper side of the last trapezoid is perpendicular to the

base-line, the rule still holds good, the area of that trapezoid

being zero. If the upper side of last trapezoid returns toward

the origin, the last trapezoid will be algebraically negative and

must be so added, or numerically subtracted. Hence, the

above rule is true for all complications of the broken line, even

if composed of progressive, retrogressive and perpendicular

elements.

Even suppose the broken line by a series of directions

returns upon itself at the point of beginning, thus forming an

enclosed area or polygon, as for example the one considered in

Fig. 217, when Rule A can be made to apply. Thus, Fig. 219

let ABCDEAbe that irregular line forming any polygon. As

sume some point, as O,

as the point of origin of

the rectangular coordi

nates, to which refer all

the corners of the field,

D and draw the lines OY

parallel to NS, Fig. 217,

and OXperpendicular to

it. Join O and A and

consider it as the first

and last line of the brok-

, en series. Then pro-

F)t 219. C d ceed to find the area of

the polygon OABCDEAO, by the rule, which will be found

to equal the area of the polygon ABCDEA. As it is imma
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terial where the point O is located, let it be assumed for con

venience of using the problem Fig. 217 at the intersection OY,

one chain distant from A, and OX, one chain distant from B.

Adding unity to the balanced latitude and departure, in Form

B, of the course AB, the rectangular coordinates of each of the

corners of the field can be obtained and one can proceed to

find the area as follows: Representing the distances of the or-

dinates of the corners of the broken line OABCDEAO, meas

ured on OX from O, as o, a, b, c, d, e, a, o, which are called

the abscissas of the corners; and the lengths ofthe ordinates oi

the corners by o', a', b', d, a", e1, a', o' respectively, and applying

the rule would give \[a{o'—b')+b(a'—d)+c(b'—d')+d(ef—e')+

e(d'—a')-^a(e'—cf)+o(a'—</)]; but o and d both being zero, the

last term reduces to zero. Substituting the values for the let

ters gives >£[1(0—1)+4.36(4.79—1.86)+8.00(1—5.40)+10.

46(1.86—9.14)+ 5.93(5.40—4.79)+ 1(9.14-0) +0(4.79+0)}

=y2 [(—1.0000)+ 12. 7748+(—35.20)+(—76. 1488)+ 3.6173

+9 . 14]=^ [(-112 . 3488)+25 . 5321]=#(-86 . 8167)=43 .40885

sq. chs.

If the distances of the ordinates are taken on the line OY

from O, and the lengths of the ordinates on OX from O, and

apply the rule, the result will come out just the same; thus, }4

[a'(o-b)+b'(a—c)+d(b—d)+d'(c—e)+d (d—a)+a' (e— o)+o'

(a+o)]=tf 14.79(0—4.36)+l(l—8.0)+1.86(4.36—10.46)+5.40

(8.00—5.93) + 9.14(10.46—1) + 4.79(5.93—0) + 0(l+0)]=#

[(—20.8844) + (—7.0000) + (—11.3460) + 11.1780+ 86.4644+

28.40471=^ (126.0471—39.2304)=^ (86.8167)=43.40835 sq.

chs., the same result obtained by the method of Double Me

ridian Distances. Hence, the following modification of the

wording of Rule A has been made for finding the area of any

polygon whose corners are fixed by rectangular coordinates.

RutE B.—Multiply the abscissa (or ordinate) of each cor

ner by the difference between the ordinates (or abscissas) of the

two adjacent corners; always making the subtraction in the same

direction around the polygon. Half the sum of the products is

the area of the polygon.



Computing Areas. 379

The application of the above method and rule is of fre

quent occurrence, where, as in mining and coal regions, many

claims, grants, etc., have been surveyed and the corners fixed

in position by being referred to some established point by

rectangular coordinates run in a due north-south and east-west

direction.

And in making a topographical survey locating points by

their coordinates, being careful to so locate all corners of fields,

etc., at any time afterwards one can plot in any field if it has

not already been plotted; and when its area is wanted, it is only

necessary to take the rectangular coordinates of its corners

and proceed as above, without the necessity of following

around its boundary measuring the courses.
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* FOR CONVERTING U. S. WE1CHTS AND MEASURES.'

CUSTOMARY TO METRIC.

L1NEAR.

Fluid
drams to
millilitrcs
or cubic
centi
metres.

CAPAC1TY.

1nches to
milli-
mrires

Feet to
metres.

Yards to
metres

Miles to
kilometres

Fluid
ounces to

milli-
lilres.

Quarts to
litres.

Gallons to
litres.

1 = 2S'40Ot

508OO1
76.2002

O304801

O009601
0914402

1*219202

0914402

1.828804

2743205

3657607
4 572009

548641 1

0.400813

Sg

370 29*57 094636

t8927 2
283908

378543

378543

757087
1135630

"514174
18-92717

2271261

26-49804

3028348

34.06891

2 — 2 = 739
11.09

59' 15

88.72

11829

14787

177 44
20702

3 = 482804 3 =
4 ™ ioi '6002 643739

804674

9.65608

4 =
it\\l

22.18

2588

2957

3327

iz

iz

I27.0003
1524OO3

17780O4

201-20O4

2286005

1.0*28804

2 t33604

243»405

2 743205

IZ
473179
567815
6624 51

7'57o87

851723

11.26543
iz

9- 8'2296i^

12.87478

14.48412 9 = mi

8QUARE. WE1GHT.

8ou*re 8quare
feet to
square
deci

metres.

8quare
yards to
square
metre*.

Avoirdu
pois

ounces tc
grammes.

Avoirdu
pois

pounds lo
inches to
square
centi
metres.

Acres to
hectares.

Grains 10 Troy
ounces lo
grammes

milli-
grammes. Vilo.

pa4imcs.

1 — 6.452

12903

0836

1672
2508

3 344
4181

5017

0.4047
08094

64.7989
1295978

194 3968

2591957

323 9946

388.7935

453 5924
518.3914

28.3495
566991

850486
113.3981

1417476

1700972

1984467
2267962
255 1457

045359
090719

1.36078

3110348

62.206962 = 18jcU
27871

37.16t

46.452

55742
65.032

2 =

3 = 19355

25807
32258

38710

45 161
51.613

58065

1. 2141

1.6187
3 =

1.81437

93'31044
12441392

155.51740

18602088

21772437

248.82785

4 =
*t»J4
24281

28328

4 =
2-26796

2721561 = 1 =

7 =
.tig
7-525

IZ
3. 17515

362874

408233
8 =

7&yl'l
J2375
364229 —

CUBIC.

9 = S831903 27993133

Cubic
1nches to
cubic
centi
metres.

Cubic leet
to cubic
metres.

Cubic
yards to
cubic
metres.

Bushels to
hectolitres.

2 =

16387

32774
49161

65 549
81.936

98323

114.710

131097

147484

O02832

005663
0.08495

0.11327

0141 58

016990

0.19822

022654

0.25485

0.765
1529

035239

070470

1.05718

1.40957

1.76196

2'1 1436

246675

281914

1 Gunter1s chain = 20.1 168 metres.

1 so,. statute mile = 259 000 hectares.
1 fathom = 1.829 metres.

1 nautical mile = 1853 25 metres.
1 foot = 0.304801 metre, 9 48401 58 log.

1 avoir, pound = 453.5924277 gram.

1 5432 35639 grains = 1 kilogramme.

3 = 2. 294

4 =■ 3.058

3823

iz 4.587

7 =
as8 =

9 = 6.88 1 r17154

The only authori1ed material standard of customary length is the Troughton scale belonging to this office. whose
length at y)° Oi Fahr conforms to thu British standard. The yard in use in the United Slates is therefore equal 10
Kit Dn1tW w.n

The only authorited materia, standard of customary weight is the Troy pound of ihe Mint, li is ot bra>* of
unknown density, and therefore not suitable for a standard of mass. It was derived from the British standard Troy
pound of 1758 by direct comparison. The British Avoirdupois pound was also derived from the lam r. and contains
7,ix*> grain: Troy.

1 ne grain 1 roy is therefore the same as the grain Avoirdupois, and the pound Avoirdupois in use in the United
8tates is equal to the British pound Avoirdupois.

Tin: Bniish gallon — 4.54146 litres. The British bushel — JO.J477 litres.
The length of the nautical mile given above and adopted by the U. S. Coast and Geodetic 8urvey many years

ago is denned as that of a raiuute of arc of a great circle of a sphere whose surface equals that of the earth (Clarke's
8pheroid of 1866).

* 1ssued by U. 8. Office of 8tandard Weights and Measures, and republished here by permission of 8uperintendent
of Coast and Geodetic Survey.
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FOR CONVERTING U. 8. WEICHT8 AND MEASURES.

METRIC TO CUSTOMARY.
 

L1nEAR.

MUlilitrcs
or cubic
centi
metres
to fluid
drams.

CAPAC1TY.

Metres to Metres to
feet

Metres to
yards.

Kilo
metres to

ntilea.

Cent
imes to Litres to

quarts.

Deca.
litres to
gallons.

Hecto
litres to
bushels.

inches. fluid
ounces.

393700
787400
1181100
157.4800
106*8500
236.2200
2755900
314.9600

354'33°°

1.28083
6.56167
984250

1*093611
2*187222

0.62137 1 = 027 10567
2*1134

2*6417

S;1834

28377
5.6755
85132

2 1 24274 2 =
°'S4
oS 1

0676
10143 3280833

4J/4444
5*468056
6*561667
7.65527*
874S889
9.842500

1.86411
24854s

3 =
108

3* 1700
io* 56^84 = 1312333

1640417
19.68500
22.96583
26.2466;
2952750

3"*f*53-72822

4 —
1*^91
2.029
2*367
2705

4 2267
52834
63401
7*3968

13.2085 14 1887
1 7*0265
198642
227019
25 5397

u 6 =

1•35

162 158502
t» 491 9
211336
237753

7 = 4 34959
4 97096

7 = 189
8 = 8 = 2*16

243
8.4535
951019 = 559233 9 = 3°43

8QUARE. WE1GHT.

8quare
centi

metres to
square
inches.

8quare
metres

to square
fact

8quare
metres

to square
yards.

Hectares
to acres.

Milli
grammes to

grains.

Kilo-
grantmes to

grains.

Hecto
grammes
to ounces
avoirdu

pois.

Kilo
grammes
to pounds
avoirdu

pois.

1 " 01550
0.3100
0.4650
0.6200

10764
21528
32292

1.196 2.471 t 0.01541
O.03086
00+630
0.06173
0.07716
009259

15412.36
3086471
46297*07
6172943
7716178
9259414
108026*49
121458.85
138891*21

> 3'5*7$

70J48

2*20462
4/4°924
6*61387
881849
11.02311
13 22773
'5.43236
17.63698
1984160

2 = r*il
3588

4942 1 —
1O.58223 =

4784
ri1J
9884

3 =
14.10964 = 43°55

538,9
64.583

75347
86. 11.1
96875

5980
7 176
837;
9.568
i°7°4

4 —
1 7637°

1 =
0. 775°
0.9300 1 = 211644

i =

9 -

1.0850
12400
1.395°

17.297
19768
22239

7 = 01 0803 24.6918
8 = 0.12146

Ot3889
28*2192

CUBIC.

9 =

weicht— (continue//).

317466

Cubic
centi

metres to
cubic
inches.

Cubic
deci

metres to
cubic
inches.

Cubic
metres
to cubic

fee1.

Cubic
metres to
cubic
yards.

Quintals to
pounds AV.

Milliers or
tonnes to
pounds av.

Kilogrammes
to ounces
Troy.

1 = O.0610
0*1220
0.1831
02441
03051
0.366 1
0-4272
0-4882
05492

61*023
1 22.047
183*070
244*094
J05"H7
366*140
427.164
488.187
549.210

353U
70.629

1.308
'.6t'6
3924
5232
0.5,40
7.848
9.156

220*46
44092
661.39
881*85

1102*31
1122*77

2204*6
4409*2
661 1.9
88185
11023.1
132277
15432'4

121 507
643015
964522
128*6030
1607537
1929044
2250552
2572059
289*3567

2 =

3 = 1°5'943
141.258
176.572
211.887
247201
282.516
317.830

4 =
5 =
6 = 6 =

7 = 7 = 154324
1763708 = 10.464 8 = 176370

19841.69 = 11.771 9 = 1984*16

By the concurrent action of the principal governments of the world an 1nternational Bureau of Weights and
Measures has been established near Paris. Under the direction of the tnternational Committee, two ingots were case
of pure platinum.indium in the proportion of 9 parts of the former to 1 of the latter metal. From one of these a u.r-
tain number of kilogrammes were prepared, from the other a definite number of metre bars. These standards of weight
and length were intercompared, without preference, and certain ones were selected as International prototype stand*
ards. The others were distributed by lot, in 8eptember, 1 to the different governments and are called Nut >onal
prototype standards. Those apportioned to the United States were received in i89oand are in tJie keeping of this office

The metric system was legalited in the United States in 1*66.
The International 8tandard Metre is derived from the Metre des Archives, and its length is defined by the dis

tance between two lines at o* Centigrade, on a platinum-indium bar deposited at the 1nternational Bureau of Weight!
and Measures.

The 1nternational 8tandard Kilogramme is a mats of platinum-iridium deposited at the same place, and its weight
in vacuo is the same as Ihat ol ihe Kiloframme des Archives.

The litre is equal to a cubic decimetre, and it is measured by the quantity of distilled water which, at its maximum
density, will counterpoise the standard kilogramme in a vacuum, the vylume of such a quapUiy of water being, a»
nearly as has been ssoenalnad, equal to a cubic decimetre
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VALUES OF REC1PROCAL*, •QUARK*. CUBES, SQUARE ROOTS, CUBE
ROOTS, ANO COMMON LOGAR1THMS OF NATURAL NUMBERS.

log. «

10
1 1

. 1I
13

14

15

16

17
1.H

19

20

22

•'J

as

26

27

SO

31
3-1

33
3-1

38

39

M
41

42

43

44

M
46

4"
dS

49

SO

V
«

S3
54

1000.000

500.000

333-333
250x00

200.000

166.667

14*-857
125.000

ill. 1ll

100.000

S0.909 13-3333
76.9211

71.4286

66.6667

62.5000

58.^35
55-5556

52.6316

50.0000

47.6190

45 4545
43-47S3

41 6667

40.0000
38.461 5

37 0370

35 7U3

33-3333
32 2581

31.*500

30.3030

29.41 18

28 5714

27 7778

27.0270

26.1158

250410

25.0000
24 1002

23.8005

23 2558

22 7273

22 2222
21 7101

21 2766

ro.8333
20 4082

20 0000

1O6078

M3 "

18 5185

1

4

9
10

81

100

121
144

.69
,96

256

289

J»«

40O
441

484

5-9
576

fej
676

7-'9
784
841

000

961

1024

1OS9

1 c ;6

1--25
1 201'

1369

1444

1521

i(>oo

16S1

1764

1849

1936

2025

2110

20:

21

2209
2 104

2401

2(00
2601

2704

280)
2916

1 1O«92
117649

J2;000
132651

140608

148877

157464

5-4772

5.6569

5-7446
5.8310

5.9161

60000

6.0828

6 1644

6.2450

6 3246

6.4031
6 4807

65574
6633*

6.7082

67823
6.8557

6.9282

7.OOOO

7.0711

7-1414

7 211 1

7.2801

73*85

14

12599
1-4422

1 5874

1.7100
1.8171

1.9129

2.0C00
2.0801

O.3O1O3
0-4771*

O.60206

O459897

O.77815
084510

O.90309

O.95424

.00000

.04139

477918

•11394
.14613

.17609

.20412

s23045

•25527

.27875

.30103

.32222

.34242

36173

.38021

39794

-4H97
-43136

-14716

-47712

-49136

.50515

51851

53148

-54407

55630

.56820
57978

59106

.60206

.61 278

62325

63347

-64345

.65321

.66276

.67210

68124

.69020

60897

70757

.71600

.72428

73239
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Table 3.

VALUES OF REC1PROCALS, SQUARES. CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

n 1000.; •'« log. n

55 18 1818

17-8571

17-5439

17.2414

1 6-949-'

3025

313O

3249
3364

34b1

f.4162 3.8030 1.74036

1.748 1 9

1-7 5 587

176343

1.77085

56 7-4833

7- 5498
7.6158

7.6811

&

3

59

185193

195112 3-8709

38930J05379

60 166667

16 3934

16.1 2oo

3600
3721

216000

226981

238328

250047

262144

7.7460
7.8102

7.8740

7 9373

39149 1.77815
1-78533

1-79239

1-79934

1.80618

61 39365
62 j844

3969

4096

39579
3-9791

4.0000I364

15-8730

a 5-6250 O-OOOO

65 1 5.3846

15

274625

287496

300763

31443s

3285°9

8.0623

8.1240

8.1854

8.2462

8.3066

4.0207

4.0412

4.0615

4.0817

4.1016

1 .81291

1.81954
1.82607

J-83251
1.83885

66

67

68

69

149254

147059

144928

4350

4489

4624

4761

70 142857

14.0845

13.8889

13.6986

135135

4900
5041

5184

343000
3579ii

373248
389017

405224

8.3666

8.4261

8.4853

8.5440

8.6023

41213

4-1408

4.1602

♦.1793
4.1983

1.84510

1.8512671

72 45733
1.86332

1.86923
73
74

53J9

5476

75 133333
13- 1579

12.9870

12.8205

12.6582

5625

5776

421875

438976

456533
474552

493039

8.6603

8.7178

8.7750
8.83 i8

8.8S82

4.2172

4.2358

4-2543

4-2727

4-2908

1.87506

1.88081

1.88649

1.89209

1.89763

76

77
8%
6241

78

79

80 12.5000

12.34 57

i2.i9ji

12.0482

1 1.904S

6400

6561

6724
6889

7056

512000

531441

551368

571787

>S92704

8-9443

9.0000

90554
9,1104

9.1652

43089

43267

4-3445
4.3621

1.90309

1.90849

1.91381

1.91908

1.92428

81

82

n 4-3795

85 1 1.7647

11.6279

11.4943

11.3636

1 12360

7396s

7569

7744
7921

6M125
636056

658503

68M72
■04969

9-2195

9-2736

9-3274

0,3808

9-4340

4-3968
4.4140

1.92942
1.93450

1.93952

1.94448

1.94939

86
87

88
4-431°
4.4480

89 4-4647

90 11. 11il

1O.0890

1O.8696

8100 729000

778688

. 8305S4

9.4868

9-5394
95917

96437

96954

44814 1.954=4

1.9590491

9*

93
94

828i

8464

8649

8836

4-4979
4.5144

196^4!

1 973 13

10.7527

1O.6383
4- 53J7
4.5468

95 10.5263

1O.4167

1O.3093
102041

10.101O

9025

9216

94°9
9604

9801

857375

884736
912673

941192

970299

9.7468 4 5629

4-5789

4-5947
4.6104

4.6261

1.97772

96 9.7980

9.8489

9.8993

99499

1.98227

1.98677

i-991-3

1.99564

^
98

99

100

101

102

10-OO0O 10000
10201

10404

10609

10816

1000000

1030301

1061208

1092727

1124864

10.0000

10.0499

10.0995

10 M89
10.19S0

4.6416

46570
46723

46875

4-7027

2.ooooo

2.00432

2.00860

2.01 284103
104

9,90099

9.80392

9,70874

9.61538 2 O17O3

105 9.52381

9-43396

11025

1 1 236
11449

- 11664

li88i

1157625

1191016

1225043
1259712

1 ^5029

102470

io.29^6

103441

103923

10.4403

47177

4 7326

47475
4.7622

4.7769

2 o2t 19

2.02531

2.02938

2.03342

2.03743

106

107

108

109

9-34579
9^5926

91743i
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Table 3. _

VALUES OF REC1PROCALS, SQUARES, CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGAR1THMS OF NATURAL NUMBERS.

■ iooc£ *» «•
»« *> log «

110 909091

000901
io2857

*i495°

12100

1 2321

1 2544

12769

12996

1311 000

136763 1

1404928

1442897

1481544

104881
105357

10.5830

106301

106771

4-7914
4-8059
4-8203

4-8346

4-8488

204139

204532

204922

111

112

"3
"4 S-77193

2-05308.

205690

lis 1322c 1520875

1560S96
1601613

1643032

1685159

107238

107703

10.8167

108628

109087

4-8629

4-8770
4-8910

4-9049

40187

206070

206446
206819

207 iS8

2*7555

1l6

"7

0.62069

8.54701

8-17458

8-40336

:«
13924

14161

id
119

120

tsssst
14400

14641

14884

15129

15376

1728000

177 1 561
1815848

1860867

.1906624

100545

1 1.0000

110454
110905

"•1355

4-9324

4.9461
40597

207918

208279

208636

208991

209342

1 21

122

"3
1*4

8.19672

8.13008

806452

125 800000 19531 25

2000376

2048383

2097152

2146689

1 1. 1803

11.2250

11.2694
"s3137

11.3578

50000 209691

2.10037

2.103S0
2.10721

126

«*7
128

129

7-93651
7-87402

15876

16129

16384

16641

5.01 33

50265

5.0397
50528

7.81250 1
7-75194 2.1 1O59

130 709231

7-63359

7-57W6
7.51880

7-46269

16900
17161

17424

17689

17956

2197000

2248091

2299968

2352637
2406104

1 1-4018

11-4455

2 "394
2.11727

2.12057

2.12385

2.1 2710

131

13*

133

«34

11.4891
11.5326

11.5758

50916

5-1045

5-1172

135 7-40741

7-35;94
7 *9927

7*4638

719424

18225

18496

18769

19044

19321

2460375

2515456

11.6190
11.6619

5.1299

5.1426

2-13033

2-13354

2.13672
2.13988

2.14301

136

137

138
257 1 353

2628072

2685619

11.7047 51551

5.1676

5.1801"39
"-7473
11.7898

140 7.14286

709220

7.04225

6.99301

6.94444

19600

19881

20164

20449

20736

2744000

2803221

2863288

2924207

2985984

11.8322 5-1925

5.2048

5.2171

5-2293

5-2415

2.14613

2.14922

2.15229
21 5534

2.15836

1 41

14*

'43

144

1 1s8743

11.9164
"s9583

120000

145 6.89655

6.84932

6.80272

6.75676
6.71141

21025

21316

21609

21904

22201

3048625

3112136

3176523

3241792

3307949

1 20416
120830

12.1244

2.16137
146

147

148

149 .£&

5.2656
5.2776

5-2896

5-3015

216435

2.16732

2.17026

217319

150 6.66667
6.62252

6.57893

6-53595
6.49351

22500

22801

23104

23409

23716

337 5«*
344=951

3511808

12.2474
12.2882

12.3288

5-31 33 2.17609

2.17898

2.18184

2.18469

2.18752

151

5.3368>5*
153

154

358>577

3652264

123693

12-4097

53485

5.3601

155 6.45161

6.41026
24025

24336

-4'M>;
24964

25281

372187$

3796416

3869893

394431 2

4019679

12-4499 5 3717

5-3832

5-3947
5.4061

2.19033

2.19312156

157

158

12.4900

159

&3>*>43
6.32911

6.28931

12:5698

12.6095 5-4175 2.20140

160 6.25000

6.21 118

6.17284

6.13497

6.09756

25600

25921

26244

26569

26896

4096000

4173281

4251528

4330747
4410944

12.6491 5-4288

5.4401

5-4514
5.4626

5-4737

2.20412

2.20683

2.20952
2.21219

2.21484

161

162

163

164

12.6886

12.7279

12.7671
12.8062
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Table 3.

LUES OF REC1PROCALS, SQUARES, CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGAR1THMS OF NATURAL NUMBERS.

n 1000.]; > log. «

165 6.06061

' 6.O241O
5.98802

' 5-95238

. 5-91716

4492125

4574296

4057463

4741632

4826809

12.8452

12.8841

12.9228

12.96'5

13.0000

5.4848 2.21748

2.22011

2.22272

2.22531

2.22789

1 66
167 s

168

169

278%

28224

28561

5-4959
5.5069

5.5288

170
5-f8235
5-84795

28900

29241

29584

29929

30276

4913000
5000211

5088448

5177717

5268024

1*0384
13.0767

13.1149

5-5397
5-5505
5-5613

5-57"
5-5828 .

223045

223300

2-23553
2.23805

. «4055

171

172

173
174

. 5-81 395
s 5-78035 «3-1529

13.19095-74713

175 5.71429
5.68182

. 5-64972

5.61798

558659

30625

30976
5359375
5451776

5545233

56397 52

5735339

13.2288

13-2665

13-3041

13-3417

133791

55934
5.6041

5.6147

5.6252

5-6357

.2-24304
2.24551

2-24797
2 25042

2.25285

176

177
1 178 31684

32041179

180

5-524^6
32400

32761

331jM

5832000
5929741

6028568

6128487

6229504

13.4164

134536
13-4907

135277

135647

5-6462

5.6567
5.6671

5-6774
5-6877

2.25527

2.25768

2.26007

181

182 5-49451

5.46448

5-43478

1|3

184 33856 VS&

185
5-40J41
5-37634

5-34759

5319>5
5.29101

34225

34590 .
34969

3534435721 s

6331625

6434856

13.6015 5.6980

5-7083

5.7185

2.26717

2.26951

2.27184

186

'87

188

189 ' 6751269

13.6382

13-6748
137113

13-7477 ilS 2.27646

190 5.26316 .

5-23560 '
5-20833

518135

5.15464

36100

36481

36864

6859000 13.7840

13.8203

13.8564

13-8924

13.9284

5-7489

5-7590

5-7690
57790

5-7890

2.27875

191

192
193

194

6967871 2.28103

37636

7077888

7189057

7301384

2.28330

2.28556
2.28780

195 5.12821

5.10204

5.07614
5.05051

5.02513

7414875

7529536

7645373
7762392

7880599

13.9642 2.29003

196 38416
38809

39204

39601

14.0000 2.29220

,9l
.98

140357 5.8186

5-8383

2.29447

14.0712 2.29667

2.29885199 14.1067

200 5.00000

4.97512

4.95050
4.9261 1

490196

40000

40401
40804

41209
41616

8000000

8120601

8242408

8365427

8489664

J 14-1774
14.2127

14.2478

14.2829

14.1421 5.8480 2-30103
2.30320

230535

2.30750

2.30963

201 5-8578

5-8675

5.8771

5.8868

202

203

204

205 4-87805

485437
4.S3092

4.80769

4.78469

42025 8615125 143178

143527

143875
14.4222

5.8964 2-31175

231387206

207
208

209

42436
42849

43264
43681

8741810 5-9059

5-9155

5.9250

8869743

8998912

91 29329 14.4568 5-9345

38
2.32015

210 476190 44100
44521

44944
45369

45796

9261000 14.4914

14.5258

14.5602

5-9439

5-9533
5.9627

5.9721

5-9814

2.32222
2.32428

232634

2.32838

2-33041

211 4 73934
4.71698

4.69484
4.67290

9393931
9528128212

213
214

9063597

9800344 14.0287

215 4.651 16
4.62063

4.60829

4.58716
4.56621

46225

46656
470R9

47524
47961

9938375 14 6629 59907

6.0000

6.0092

6.0185

6.0277

2-33244

233445

2-33646

2.33846

234044

216

217
218

219

10077696
10218313

10360232

10503459

146969

14.764?

SmithMMM Tailsa.
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ABIC S.

VALUES OF REClPROCALS, SQUARES, CUBES, SQUARE ROOTS, CI
ROOTS, AND COMMON LOCARITHM8 OF NATURAL NUMBERS.

1

n 1OOOj «" n* *■ ?« log. n

220 4-54545
4-52489
4.50450

4.48431

4.46429

48400

48841
49284
49729

50176

10648000
10793861
10941048
11089567

11239424

14.8324

14.8661

14.8997

6.0368
6.0459

6.0550
6.0641

6.0732

2.34242

2-34439
2-34635
2.34830

221

222

223

224 235025

225 4-44444
4-4247»
4.40529

50625

51076
51 529

51984

52441

11390625
11543176
11697083

15.0000 6.0822
6.0912

6.1002

6.1091

6.1 180

*.35218

2.35411
235603

2-35793

2.35984

226

228
229 xM

150665

120689^9

15-°997
15.1327

230 434783

4-32900

52900
53361
53824

54289
54756

12167000
12326391

12487168

15.1658

15.1987
15-231 5

15.2643

15.2971

6.1269

*31
23*

233

234

4-31°34
4.29185

*l35f

6.1446

2-36361
2.36549

2-36736

2.369224-2735°

12649337
12812904 &1I22

235 4-25532
4-23729
4.21941

4.20168

4.18410

12977875
13144256

"331 2053
13481272

13651919

15-3297

15-3623

15-3948
15.4272

154596

6.1710 2-37107

2.37291236
237

438

239

56169

56644
57121

6.1972

6.2058

2-37475
2.37658

2-37840

240 4-16667

4-M938
4.13223

PS?

13824000
13997521

14172488

J4348907
14526784

15.4919
15.5242

6.2145

6.2231

6.2317
6.2403

6.2488

2.38021

2.38202
2.38382

2.38561

2-38739

241
242

243

*44 4.09^3^

58564

59049

59536 15.6205

245 4.08163
4.06504

4x4858
4.03226

4.01606

60025
60516

61009

14706125

14886936

15069223
15252992

15438249

15-6844 6.2571

6.2658

2-38917

239094
2.39270

246

247
248

249

61504

62001

15-7 162
15.7480

15-7797

6.2743

6.2828
6.2912

2-39445
2.39620

250 4x0000
3.98406

396825

395257

3 93701

62500

63001

63504
64009

64516

15625000
15813251

16003008
16194277

16387064

1 5.81 14

15.8430

2-39794

2-39967

2.40140

2-40312

2^0483

251
15-8'45
15.9060

6.3164
6.3247

63330

252

253

254 15 9374

255 3-92157

3.90625

65025 16581375

16777216
159687
16.0000

16.0312
16.0624

160935

6-349^

2.40654

2.40824256

2il
258 3-87597

3.86100

66049

66564

67081

16974593

17173512 P%?6.3661

2-40993
2.41 162

2.41330259 17373979 6-3743

260 3-84615

383142
3.816-9

67600 17576000

17779581

17984728
18191447

18399744

16.1245 6.3825

6.3907

63988
6.4070

64151

2.41497

2.41664
2.41830

2.41996

2-42160

261

262

263

264

3.80228

3.78788

68121

68644
691G9

16.1555

16.1864

16.2173

16.248169696

265 3-77358

3-75940
3-74532
3731 34

3-71747

70225
707 56

71289

71824

72361

18609625

1 882 1096

16.2788

16.3095

163401
163707

16.401 2

64232

6.4312

6-4393
6-4473

6-4553

2-42325

2.42488

2.42651
2-42813

2-42975

266

267

268

269

19=34 163

19248832
19465109

270 3-70370

3.69004

3.67647
3.66300

3.64964

72900

73441

73984
74529

75076

19683000

1990251 1
201 23648

20346417
20570824

16.4317
16.4621

164924

64633
64713

64792

6.4872

6.4951

2.43136

2.43297

2-43457

2-43616

271

272

273

274

.6.5227
165529 2-43775
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Table 3.

VALUES OF REC1PROCALS, SQUARES, CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGAR1THMS OF NATURAL NUMBERS.

H if ')* J« *« log. «

275 363636
3.62319

75625

76176

76729

77284

77841

20796875 16.5831

16.6132

16.6433
16.6733

'6.7033

65030

6-5108

6.5187

65265

6.5343

2-43933

2.44091
2.44248

2.44404
2.44560

276

277

278
279

21024576
3.6101 1

3-59712

3.58423

2" 253933
21484952

21717639

280 3-57143
3-55872

3.54610

3-53357
3 52"3

78400
78961

79524

80089

80656

219S2O0O
22188041

22425768

22665187

229063O4

VP216.7631

6.5421

6.5499

2.44716

2.44871

2.45025

2-45179
2-4533s

281

282 16.7929

6.5^54283

284

16.8226

16.8523 6-5731

285 3-5°877

3-49650
3-48432

3.47222

3-46021

81225

81796

82369
82944

83521

231 491 25

23393656

23619903

23887872

16.8819
16.9115

16.941 1

16.9706

17.0000

6.5808

6.5885

6.5962

6.6039
6.6115

2.45484
2.45637

2-45788
286

287

288

289 24137569

245939

2.46090

290 3.44828

343643

3.42466
3-41297

3.40136

84100
84681

85264

85849

86436

24389OOO
24642171

24897088
25153757

25412184

17.0294

17.0587

17.0880

17.1172

17.1464

6.6191

6.6267

6.6343
6.6419

6.6494

2.46240

2.46389

2.46538

2-46687

2-46835

291

292

293

294

295 3-38983

3-37838

3.36700
3-3557o

3-34448

87025

87616

88209

88804

89401

25672375

25934336

26198073

26463592

26730899

17.1756

17.2047

17.2337
17.2627

6.6569

6.6044
6.6719

6.6794

6.6869

2.46982

2.47129

2-47276
2-47422

2.47567

296

297

298

299 17.2916

300 3-33333
3-32226

3-3" 26

90000

90601

91204

91809

92416

27000000
27270901

27543608

27818127

28094464

17 3205

17.3494

17.3781

17.4069

17-4356

6.6943

6.7018

6.7092

6.7166

6.7240

2.47712

2-47857

2.48001

2.48144

2.48287

301

302

3°3
304

3-3O033

3.28947

305 327869

3.26797

28372625

28652616

28934443

292181 12

29503629

17.4642

17.4929

17 5214

6.7313

6.7387

6.7460

2.48430

2.48572

2.48714

2.48855

2.48996

306

y>7
308

309

3-25733
3.24675

93630

94249

94864

95481323625

17 5499

17 57S4 6. 7600'

310 3-22581

321543

3-20513
3-19489

3.18471

96100

96721

97344
97969
98596

29791000

30080231

3OW1328
30664297

3°959144

17.6068

17.6352

17663;

176918

17 7200

6.7679
6.7752

6.7824

6-7897

6.7969

2.491 36
2.49276

2-49415

2-49554
2-49093

3"
}1-

313
314

315 3 17460
3.16456

3-1 5457
3.14465

3.13480

9922| 31255875 17 7482

17 7764

178045

6.8041
6.81 13

6.8185

6.8256

6.8328

2.49831

316 99856 31 554490

31855013

32157432
32461759

2-49969

2.50106
31Z
318

100489

101 1 24

101761 ?M

2-50243

2-50379319

320 3.12500
311527

3-10559

3^598

3.08642

102400

103041

103684

32768000

33076161

33386248

33698267

34012224

17.8885

17.9165

17.9444

17.9722

18.0000

6.8399

6.8470

6.8541

6.8612

6.8683

2 50515

2.50651

2.50786

2.50920

2.51O55

321

322

323
324

104329

104976

325 307692

3.06748

3.05810

3.04878

3.03951

105625

106276

106929

34328125

34645976

34965783

35287552

35611289

18.0278
is.0555

18.0831

18.1 108

18.1384

6.8753
6.8824

6.8894

6.8964

6.9034

2.51 188

2.51322326

i2l
328 107584

108241

2 5M55
2.51587

2.517203*9
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Tablc 3.

VALUES OF REC1PROCALS, SQUARES. CUBES, SQUARE ROOTS. CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

M iooo.^ «1
V f- lOg. H

330 3-03030 108900

109561

35937000
36264691

36594368

36926037

37259704

18.1659

18.1934

18.2209

18.2483

18.2757

6.9104

6.9174

6.9244

2.51851

2-519«3
2.52114

2.52244

2-52375

331
332

333
334

302115

3x11205

3-00300

2.99401

1 10224

110889

111556
6-9313
6.9382

335 298507

2.97619

2.96736

2.95858
294985

112225 37595375
37933056

38272753

38614472

38958219

18.3030

18-3303

6.9451

6.9521

2.52504

2-52034

2.52763

2.52892

2.53020

336 112896

"Z.
338

"3569
1 14244 18.3848

18.4120339 114921 6.9727

340 2.941 18 115600 39304000

39651821

40001688

40353607

40707584

18.4391 .

18.4662

18.4932 '

18.5203

18-5472

6-9795

6.9S64

2.53148
2-53275

2-53403

253529

2-53656

341
342

343
344

2-93255

292398

116281

116964 6-9932
7.00002.9154 s.

2.90698

1 17649

1 18336 7-Oo68,

345 2.89855

2.89017
2.88184

287356

2-86533

1 19025

119716

120409

41063625

41421736

4178l923
42144192

42508549

18.5742 \ 7.0136
7.0203

7.0271

7.0338

7.0406

2.53782

2-53908346 18.6011

3

18.6279

1 21 1O4
12l801

18.6548

349 18.6815 2.54283

350 2.85714

2.84900
2.84091

2.83286

2.82486

122500

1232O1
123904

124609

1 25316

42875000 18.7083

18.7350
18.7617

18.7883

18.8149

7-0473
7.0540

7.0607 .

7.0674

7.0740

2.54407

254531351

352

353
354

s 43243551

43614208 2 54654

2-54777
2.54900

355 2.81690
12602J

44738875

45"8016

18.8414

18^680

18.8944

18.9209

1 18.9473

7.0807

7.0873
7-0940

7.1006

7.1072

2-55023

2-55145356

357
358

359

2.80899

2.801 1 2
2-79330

2.78552

126736 '
127449

1 28164

128881

45499293

45882712

46268279 2-55509

360 *-77778

2.77008
2-76243

2.75482

129600

130321
131044

46656000

47045881

47437928
47832147

48228544

~ 18.9737
19.0000

19.0263

19.0526

19.0788

7.1138

7 1204

7.1269

2.55630

2-55751
2.55871

%3
364 2-74725

>3176?
132496

7 1335
7.1400 s

2 55991
2.561 10

365 2-73973
2.73224

2.72480 i jjSj

133225 48627125

49027896

49430863

49s36032

50243409

19.1050

19.1311
19.1572

7.1466

7 1 531 -

71596
7.1661

7.1726 ;

*

2.56229

2.5634S

2.56467

2.56585

2 56703369.

2-71739

2-71003

19 1833

19.2094

370 2.70270
2-6o542

136900

137641

138384
139129

139876 .

50653000
5106481 1

51478848

51895117

5=313624

19-2354
19.2614

7 1791
7-t855

7 1920

2.56820

371

372

373

374

2.68817 r 19-2873

2- 56937
2 570 54

2 57171

2.57287

2.68097 • 19-31 32 .

19-3391

7-1984
7.20482.67380

375 2.66667 '

2.65957

. 140625
141376

14=129

142884

143641

52734375 ' 19-3049
193907

194165
19.4422

19.4679

7.2112 -

72177

7.2240 ,

2 57403
376

377
37S

379

531 57376

53582633

54010152

54439939

2 575'9
2.65252 2.57634

2.64550

2.63852

2 57749

257864

380 8.63158 .

2.62467

2.61780
2.61097

144400

145161

54872000

55306341

19-4936

195192

19.5448

195704

195959

72432

7249s
72558
7.2622
7.268c

2 57978
2.58092

2 58206

258320

2 58433

381
382

3|3
384 2-60417 147456

56^887

56623104

SM1tHSON1AN Tabics.
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Table 3.

VALUES OP RECIPROCALS, SOUARES, CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOCARtTHMS OF NATURAL NUMBERS.

a iooo.i n* ;« *« log. n

385 2.59740

2.58398

148225

14«9J6
149769

150544

151321

57066625

57512456

57960603

58411072

58863869

19.6214

19.6469

196723

196977

19.7231

7.2748

7.281 1

7.2874

7.2936

7-2999

2.58546
2.58659

2.58771

2.58883

2-S899S389
2-57732

2.57069

390 2.56410 1 52100

1 5288 1

153664
154449

155236

59319000

59776471
60236288

60698457
61 162984

19.7484

197737

7.3061 2.59106

2.59218

2.59329

2-59439

2-595SO

391
392

393

394

*-55754
2.55102 •97990

19.8242

19.8494

7-31M
7.3186

73248

7.3310

2.54453

2.53807

395 2.53>65 156025

156816

157609

158404

159201

61629875

62099136

198746

19.8997

19.9249

19.9499

199750

7.3372

7-3434
7.3496

7-3558
7-3619

2.59660

2.59770

2.59879

2.59988

2.60097

396

397
398

399

2.51889

2.51256

2.50627

62570773

63044792

63521199

400 2.50000

2.49377

2.48756

2-48139

WPS

160000

160801

161604

162409

163216

64000000

6448 1 201

64964808

65450827

65939264

20.0000
200250

. 20.0499

7.3681

7.3742
7.3853

7.3864

7-392S

2.60206

2.60314

2.60423

401

402

403 200749

20.0998 2!6oo38404

405 246914
2^6305

2-45700

245098

2-44499

164025

164836

66430125
66923416

20.1246 7-3986

74047

741o8
74169

74229

2.60746

2.60853406 20.1494

20.1742

201990

20.2237
a
409

67419143

67917312 !^
2.61 172167281 68417929

410 243902 168100

168921

169744

170569

68921000

69426531

69934528

70444997

202485 74290

74350

74410

74470

74530

2.61278

2.61384

2.61490

2.61595

2.61700

411

412

413

414

243309

242718

242131

241546

20.2731

202978

171396 70957944

203124

20.3470

415 240964 172225 7U73375
7 1991 296

203715

203961

7-4590

74650

74710

74770
74829

2.61805

2.61909

2.62014

2.621 18

2.62221

416

417

418 2.39234

2.38663

?M
•74724

175561

72511713

73034632

73560059

204206

204450

4"9 204695

420 2.38095 176400

177241

178084

178929

179776

74088000

74618461

75151448

75686967

76225024

204939 7.4889

7-494»
7.5007

7.5067
7.5126

2.62325

2.62428
2.62531

2.62634

2.62737

421

422

423

424

2.37 530

2.36967

2.36407

2.35849

205183

20.5426

20.5670

205913

425 235294

2.34742

2.34192

180625

181476

76765625

77308776

77854483

78402752

78953589

2061 55

20.6398

20.6640

206882

207123

7-518s
75244

7.5302

7-5361
7.5420

2.62839

2.62941

263043

2.63144

2.63246

426

427

428

429
23364S
2.33100

182329

183184

184041

430 2.32558

2.32019

2.31481

2.30947
2.30415

184900

185761
186624

79507000
80062991

80621568

81 182737

81746504

207364

20.7605

207846
208087

208327

7.5478

7-5537

7-5595
7.5054

7.5712

263347

2.63448

2.63548

2.63649

2-63749

43"
432

433

434 39

435

^9
2.28833

189225
190090

190969

191844

192721

82112875

8:881856

20.8567

208806

209045
20.9284

7.57,7° 2.63849

2.63949
2.64048

436 7.5828

7.5886

7.5944
7.6001

9
439

2.2831 :

83453453

84027672 2.64147

2.642462.27790 84604519 20.9523
.
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Table 3.

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, CI
ROOT8, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

1ff *.> n' <- V" log. «

440 2.27273
2.26757

2.26244

2.25734
2.25225

193600
194481

195364
196249

197136

85184000
85766121

86350888

86938307

87528384

20.9762

21.0000

21.0238
21.0476

21.0713

7.6059

7.6117

7.6174

2.64345

2.64444

2.64542
44"
442

443

444

2.64640

7.6289 2.64738

445 2.24719
2.24215

223714

2.23214

2.22717

198025 88121125
88716536

89314623

89915392

90518849

21.0950
21.1187

21.1424
21.1660

21.1896

76346

7.6403
7.6460

7.6517

76574

2.64836

446

447
448

449

198916 264933

2.65031

2.65128
199809

200704
201601 2.65225

450 2.22222

*2.21730
2.21239

2.20751

2.20264

202500

203401

204304

. 91125000 21.2132

21.2368

21.2603

21.2838

21.3073

7.6631

7.6688

76744

7.6801

2.65321

2.65418

2.65514

2.65610

2.65706

451

452

453

4S4 %r$

9173385>

92345408

93576064 7.6857

455 2.19780
2.10298

2.18818

2.18341

2.17865

207025

207930
208849

209764

210081

948?8^il

21.3307

21.3542

21.3776

21.4009

21.4243

7.6914

7.6970

7.70:6

2.65801

2.65896456

95443993
96071912

96702579
>M
2.66181

458 7.7082

7.71 38459

460 2.17391
2.16920

2.164W
2.15983

2.15517

211600

212521

213444

214309
215206

97336000

97972181
98611128

99252847
99897344

21.4476

21 4-O9

214942
21.5174

21.5407

7.7194

7.7250

7.7306

77362
77418

2.66276

2.66370

2.66464

2.66558

2.66652

461

462

463

464

465 2.15054
2.14592

2.14133

213675 .

2.13220

216225

217156

100544625

101 104696

101847563

102 H03232
103161709

21.5639

21.587O
21.6102

21 6333

21.6564

7.7473 2.6674 5

2.60839

2.66932

2.67025

2.67117

466

467

468

469

218089

219024

219961

7 75:9
77584

77639

7.7695

470 2.12766
2.12314

2.11864

2.11416

2.10970

220900
221841

222784

2237:9
224677

1038:3000
104487 1 ' t

1051 54048
105823817

1064964:4

21 6795

21 7025

21.7:56

21.7486

21.7715

7 77 50
7.7805

7.:86o

2.67210

2.67302

2.67394

2.67486

471

472

473
474

7.7915

7 7970 2.67 5/8

475 2.10526

2.10084

2.O9644

2.O9205
2.08768

225625 107171875

107850176

108531333

109215352
10990:239

21.7945

21 8174

21.8403

78025

7.8079
7.8114

7.8188

78243

2.67669

2.67761

2.67852

2.67943

2.68034

476

*7l
478

227529
728484

229441

21.863:

21.8861479

480

481

2.08333

2.07900

2.07469

2.07039

2.066> 2

230400

231361

23-3:4

233-89

234256

1 1059:000
1 1 1 28464 1

1 1 1980168

112678587
1 1 3370904

21.9089

21.9317

21 9545

21 9773

7.8297

7.8352

7.8406

78460

78514

268124

2.68:15

2.68305

4*3

4«4 22.00O0
2.6f395
2.68485

485 2.06l86

2.05761
2 05339

235-5
236196

1 140841 25

1 14791256

22.0227

220454
22 068t

22 0907

22 1 133

7.8568

7-86.-2

78676

268574

2.68664
2.68753

2.68842

2.68931

486

%
489

2.049 1 s

237 1 69

238144

239121

" 550i303
1 16214272

116930169 Mft2.04499

490 2.04082

2.03666

240100

241081

242064

117649000

1 18370771

119095488

22 1359

22.1585

22. l.M 1

22.20?6

22.2201

7.8837

7.8891

2.69020

2.69108

2.69197

2.69:85

2.69373

49 1

492

493
•194

2.03252

2.02840

2.02429
=43049
244036

119823157

1 20553784 7.9051

Smithsonian Tailc*.
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Table 3.

VALUES OF REC1PROCALS, SQUARES, CUBES, SOUARE ROOTS C1
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

n 1000.^ «3
V« *« log. n

495 2.02020

2.01613

2.01 207

121287375
122023936

122763473

123505992
124251499

22 2486

22.2711

22.2935

22.3159
223383

7.9105

7.9158

7.9211

7.9264

7-9317

2.69461

2.69548
2.69636

2.69723

2 69810

496

497
498

499

2.O0803

.s4601 6

247009
248004

2490012.00401

500 2.00000 250000
251001

252004

125000000
125751501

126500008

127263527

1 28024064

22 3607

22 3830
22.4054

22.4277

224499

7-9370
79420

7 9476
79528

7.9581

2.69897

2.69984

2.70070

2.70157

2.70243

501

502

5°3
504

1.99001

1.984.3
253°°?
254016

505 1.98020

1.97628

255025 - 128787625

129554216
130323843

131096512

131872229

22.4722

22.4944

22 5167

22.5389
22.5610

79634

7 9686

7 9739

7 9791
79843

2.70329

2.70415

2.70501
2.70586

2.70672

506 256036

507
508

1.97 -'39
1 90850

, 1 -96404

257049

258064

5°9 259081

510 1 96078

1 95695

1 95312

1.94932

1 94553

260100
261121

262144

263169

264196

132651000 22.5832

22.6053

. 22.6274

22.6495

22.6716

7.9896

7 9948

8.0000

8.0052

8.0104

2-70757

2.70842

2.70927

2.71012

2.71096

5"
512

51J
514

13343-831

134217728

135005697

135796744

515 1 94175

1 -93798

1.93424

1.93050

1.92678

265225

260256

267289
268324

269361

13°59°875
137388096

138188413

138991832

139798359

22.6936

22.7 1 56

8.0156

8.0208

8.0260

8.031 1

8.0363

2.71181

2.71265

2-71349

2-71433
2.71517

516

s'l
518

22 7376

227596

22.7816519

520 1.92308

1 91939

270400

271441

272484

27 3529

274576

140608000

141420761

142236648

143055667

143877824

22.8035

22.8254

228473
22.8692

22.891O

8.0415

8.0466
8.0517

8.0569

8.0620

2-71600
2-71684

2-71767

2-71850

521

5-*
523

5-M

191 57"
1.91205

1 90840 - 2-71933

525 1 90476
1 90114

1447031 25

145531 570
146363183

22.9129 8.0671

8.0723

8.0774 -

.. 8.0825

80876'

2.72016

2.72099

2.72181

2.72263

2-72346

526

5=7
5-8

5->9

1 S9753

1.89394

1 89036

277729

22-9347

22.9565

229783

23.0000
278784

279841

147197952

'148035889

530 1 38679

188324
1.87970

1.87617

1 87266

280900 148877000 23.0217

23.0434

- 8.0927

8.0978

2.72428

2.72509

2.72591

2.72673

2-72754

5J«
532

533
534

281961 ;

283024

284089 >
285156

150568768

151419437

152273304

2jo868 '.
23.1084

; 8.1028

> 8.1079

^ 8.1130

535 106916 286225

287296
288369

28>M44
290521

1s313°375
1 53990656
154854153

155720872

156500819

23.1301

231517

8.1180

. 8.1211 1

8.1281

2-72835

2.72916

2-72997
2.73078

536 186567

1 86220

185874
185529

$

539

23-1733

23.1948

23.2164 J 8.1382
, 2-731 59

540 1 85185

1*4843

1.84502

184162

. 1*3824

291600

292681 .

| 293764
294849

295936 r,

1 57464000

158340421

159220088

160103007

160989184

23-2379

23-2594

23.2809

233024

23-3238

2-73239

2.73320

2-734O0

2.73480

2.73560

541 . 8.1483 :

542
8.1583

8.1633
543

544

545 1 83486

1 83150

1 8281 5

1 82482

1*2149

297025

298116

299209

300304

301401

161878625

162771336
163667323

164566592

165469149

8.1683 2.73640

2-73719

2-73799
2.73878

2-73957

546
23.3880

23-4094

*3-4307

8.1783

8.1833

8.1882

H7,
54»

549

atHtH*ON1aN TllUb.
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TABLE 3

VALUES OF RECIPROCALS, SQUARE8. CUBES. SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

m «• *•
V» v» log. »

550 1 .818 18

1.81488

302500
303601

304704

166375000 *3-4S*l

*3-4734
23-4947

235100

*>S37*

8.198*
8.2011

8.2081

8.2130

2-74036

2-74115

2.74194

2-74273

2-743S1

551

552

553
554

1672X41 $1

1.f1159
1.80832

1.80505

168196608

1 691 1*377

170031464

555 1.80180

1.79856

1•79533

308025

309136

310249

311364

31*481

170953875

171879616

17*808693

17374111*

174676879

*55584 , 8.2180
8.2229

2.744*9
2-74507

*•7458o

2.74663

2.74741

556

g£3
23.6220

8.1278
8.2327

8.2377
9
559 1.78891 *3-643*

560 1.78571

1.78253

313600 175616060
1 76558481

177504328

178453547

179406144

23^643

23.6854

23.7065

23.7276

23•7487

8.2426 2.74819

2.74896

2.74974
2.75051

*-751*8

561

\Hill

J1o9&i 8.2475

8.2524%2

564

1.77020

SX?177305

565

! .76678

1.76367

1•76056
1.75747

319**5
320356

180362125

181321496

182284263

183250432

184220009

23•7697 8.2670
8.27m

8.2768

8.2816

8.2865

2-75205

2.75282

%

321489

322624

3*376i

23.8118

23.8328

*3-8S37

2-75358

2-75435

2.755"569

570 1•75439
1.75131

1.74825

324900

326041

327184

328329

329476

185193000

186169411

1 87149248

188132517

1891 19224

23^747

23.8956

23.9165

23.9374

*M583

8.29U
8.2962

8.3010

8.3059

8.3107

57*
57*

573

574

l-745*o
1.74216

2.75664

2-75740

2.75815

2.75891

575 1 73913

1.73611

1 73310

1•73010
1 72711

330625

331776
332929

334084

335241

190109375

191 102976

192100033

193100552

194104539

*3.9792

24.0000

24.0208

24.0416

24.0624

8.315S
8.3203

8.3251

8.3300

8.3348

2•75967
2.76042

2.76118

2.76193

2.76268

576

s?Z
578

579

580 1.72414

1 72117

1 71821

1 71527

1.712J3

336400

33756"

3J8724
339889

341056

1951 12000

196122941

197137368

1981 55287

199176704

24-083*

24.1039

24.1247

24-1454

24.1661

8.3396

83443

8.3491

2•76343
2.76418

2.76492

2.76567

2.76641

58.

582

&
584

585 1.70940

1 70648

3422*5
343396

344569

345744
3469:1

200201625

201230056

202262003

203297472

204330469

24.1868

24-2074

24.2281

24-2487

242693

2.76716

2.76790

2.76864

2.76938

2.77012

586

8.3730

83825589 1.69779

590 1.69492 348 too 205379000

206425071

207474688

208527857

209584584

24-2899

24.3105

8.3872

8.3919

8.3967

8.4014

84061

2.7708 5

2-77159

2.77232

2.77305

2.77379

591

59*

593
594

1XI
,.68634

1.68350

349281

350464

351649

352836

24-33"

24.3516

243721

595 1.68067

1.67785

1.67504

1.67224

1.66945

354025

355216

356409

357604

358801

210644875

21 1708736

212776173

21 3847 192

214921799

24.3926 8.4108 2-77452

2•77525

2•77597
2.77670

2-77743

596 24-4131

*4-4336

24.4540

*4-4745

8.4155

8.4202

84249

8.4296

592
598

599

600 1.66667

1.66389

1.661 13

360000 216000000

217081801

218167208

219256227

220348864

24-4949

*4-5t53

24-53S7
24.5561

24-5764

$.4343
•84390

2•77815
2.77887

2.77960

2.78032

2.78104

601 361201
602 362404

364816

8^

8-4530

Tasnr«



Tabic 3.

VALUE8 OP REClPROCALS, SQUARES. CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

• 1000.^ «' V« I- log. *

60S 1.65289

1-65017

164745

1 .64474
1.64204

36723^

368449

221445125

222545016

223648543
224755712

225866529

24 5967
24.6171

24-6374

246577

24-6779

2.78176

2.78247
2.78319

2.78390
2.78462

606 8.4623

8.4670

8.4716

8-1763

&
609 370881

610 372100

3733«
374544

226981OOO
228099131

229220928

230346397

24.6982
24-7184

247386

24 7 5*8

24-7790

8.4809
8.4856

8.4902

8.4948

8.4994

^'loo^
278675

278746

2.78817

611

61 2 1-63399

»614 231475544

615 1.62602

162338

1.62075

1 .6181 2
1.61 551

378225 232608375 24-7992

24-8193

8.5040

8.5086

2.78888

278958
2.79029

2-79099

2.79169

616

sag

233744890

2348851.3

236029032

237176659

6ll

618
24-1395
24-8596

f-513*
8.5178

619 24-8797 8.5224

620 1.61290
1 .61031

1.60772

1.60514

1.60256

384400 238328000

239483061

240641848

241804367

242970024

24-8998

24.9199

24.9399

24.9600

24-9800

85270

8.5316

|5362

8.5408

2-79239

2.79309
2-79379

2-79449
2.79518

621 385641

386884

388129

389376

622

t3624 8-5453

625 1.60000

1.59744

1.59490

390625

391876
244140625 25.0000

250200

25.0400

250599

25.0799

8.5499

f-5544

2-79934

2-79657

2-79727

626

627

628

629 mi

393129

394384

395641

245314370

246491883
247673152

248858189 Pi!8.5681

2-79796

2.79865

630
>-5f7301.58470

1.58228

1.57978

1 57729

396900

398161

399424

400689

401956

250047000

2512395?1

252435968
253636137

254840104

25.0998
25.1197

25.1396
25 1595

25-1794

85726 2-79934
2.80003
2.80072

2.80140

2.80209

P1
a3*

85817

8.5862

8.5907a33634

635 1 57480 40322}

404496

405769

407044

408321

256047875

257259456

258474853

259694072
260917119

25.1992
25.2190

25.2389

25.2587

25-2784

8.5952 2.80277

2.80346
2-80414

280482

280550

636

637

638

639

1 569^^

1 56740
1 56495 8.61 32

640 409600

410881

412164

41 34-49
414736

262144000

263374721

264609288

265847707

267089984

25.2982

25.3180

2 5 3377

2^3574

253772

8.6177
8.6222

8.6267

8.6312

8.6357

280618

280686641

642
1 56006

1-55763

1. 55521
1.55280

£§3f!
2.80889644

645 1 55039

1.54799
1.54560

1 54321

> 54083

41602; 268336125

2695861 36

270840023

272097792

273359449

253969

25-4165

25-4362

2 5-4558

2 5-4755

8.6401

8.6446

8.6490

8-6535

8.6579

2^0956

2^1023646

647

648

649

417310
418609 2.Mooo

2.81 1 58

2.81224

419004

421201

650 1.5384';

1 53610

422500

423801

425104

426409
427716

274625000 25.4951

25-5147

'5 5343
255539

25-5734

8.6624

8.6668

8.6713

8.6757

8.6801

281 291

281358

281425

281491

2^1558

651

' 53374
1 53139

1.52005

275894451

277167808

278445077

279726264a53654

655 1.52672 429025

430336

431°49
432964

434281

281011375

282300410
25 5930
25.6125

25.6320

25.6515

25.6710

8.6845
8.6890

281624

281690656

657
658

659

1.52439

152207

1 51976

1 51745

2f3593393
284890312

286191179

8.6978

8.7022

2i1l&
2J1823
2.81889

Smithsonian Tables.



Table 3.

i

VALUES OF RECIPROCALS, SQUARES. CUBES, SQUARE ROOTS, CUBE5, AND COMMON LOGARITHMS OF NATURAL NUMBER8.
ROOTS,

n 1000.; «* n* V« lOg. H

660 1.51515

1.51286

1.51057

1.50830

1.50602

435600
430921

438244

439569

440896

287496000

288804781

290117528

291434247

292754944

25.6905

25.7099

8.7066

8.71 10

2.81954
2^2020

2.82086

2.821 51 '

2.82217

661

661

663

664

25.7294

8.7198

8.7241

25.7488

25.7682

66S 1 5°370

1.50150

442225

4435S6
444889

446224

447561

294079625

295408296

296740963

298077632

299418309

25.7876 8.7285

8.7329

8.7373
8.7416

8.7460

2^2282

2.82347

22324M
2.82478

••82J43

666

667

668

669

25.8070

1.499=5

1.49701

25.8263

25.86501.49477

670 ".49254

149031
1.48810

1.48588

1.48368

448900

450241

451584

452929

454276

300763000
302 1 1 1 7 1 1

303464448
304821217

306182024

25-8844 8.7503

8.7547
8.7590

8.7634

8.7677

2^2607
2.82672 '

2.82737

2.82802"

2^2866
£3
674.

25.9037
25.9230

25.9422

25.9615

675 1 .48148

45697^
458129

459684

461041

307546875
308915776

310288733

311665752

313046839

25.9808 . 8.7721

8.7764

2^2930

2.82995

2.83059
676
677

678

679

1.47929

1.47710

1-47493

1.47275

26.0000

26.0192

26.0384

26.0576

8.7850

8.7893

2?3123

2.83187

680 M7059
1.46843

462400

463761

465124

466489

467856

314432000

315821241

317214568

31861 1987

320013504

26.0768

.s*

2.83251

681

682

683

684

1.46628

26.0960

26.1151

26. 1343

261534

8.8023

8.8066

2.f331S
2.83378

283442

2JS3506
M6413
1.461 99 8.8 108

685 1 45985

1.457 73
1.45560

46922}

470596

471969

473344
474721

32282885!
3:4242703

325660672

327082769

26.1725
26.1916

26.2107

8.8152

8.8194

8.8237

8.8280

8.8323

2-83569
283632

2.83696
686

687

688

689

1.4534?
1.451jS

26.2298

26.2488
2f3759
2.83822

690 1-449:8

1.44718

144509

1.44300

1.44092

476100

477481

478864

480249

481636

328 509000

3-9939371

331373888

332812557

334255384

262679 8.8366

8.8408

8.8451

8849}

8.8536

2.83885

2.83948

2.8401 1

2.84073
2.84136

691

692

26.2869

26.3059
263249

26.3439
693

694

695 1.43885

1.43678
143472

1.43266

1.43062

483025

484416

485809

335702375

.tu

8.8578
886.-1

88661

8.8706

8.8748

2.84198

2.84261696

697

698

699

26.4008

2^38*5

2.84448»

340068392 26.4197

34>53:°99 26.4386

700 1.42857

142653
1-42450

1.42248

1.42045

4900OO

4914O1

492804

343000000

344472101

345948408

34742«9-'7

348913664

264575
• 264764

764953

265141

88790

8.8K33

88875
8.8917

8-»959

2.84510

284572
2 84634

2.84696

-,84757

701

702

703

704 ^956?! 26.5J.JO

705 1.41844

. M1643
1.41443

1.41243

1 .41044

497025

498436

350402625

3518958,6

2655.8 8qooi

8.0043

8.90S5
89127

89109

284819
2.84880

2.84942
706

707

708

709

490849

501264

502681

353W3-.43
35489491 2

3 564008 29

26.5707

2.X 500 )

2.85065

710 1.40845

1.40647

1.40449
1.40252

1.40056

504100

505521

506944

508369

509796

357911000

3594=543'

8921 1

8-9-'53

89295

89337

8.9378

2.851 26

2.85187

2.8524*

2.85309

2.85370

71"

712 360944t 28

362467097

3639943+4
7<3
714

2b.JQ ? 1

r Bhiithsonian Table*.
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Table 3.

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

n 1000.^- v« log. «

715 1.3986a

1.39665

••3947°

1.39276

1.39082

36706169!

26.7395

26.7582

26.7769

267955

26.8142

8.9420 2.85431

716 512656

514089

8.9462

89503

2.85491

2.85552

2.85612
2-85673

711

718
51I961

368601813

370146232

371694959
f.9545
89587719

720 1.38889

1.38696

1.38504

1.3831 3

1.38122

518400

519841

521284

522729

524176

373248000

374805361

376367048

377933067

379503424

26.8328

26^514

26^701

268887

26.9072

8.9628

8.9670

8.9711

8.9752

8.9794

285733

2.85794

2.85854
2-85914

285974

721

722

7^3

7*4

725 1.37931

1.37741

1.37552

1.37363

1.37174

525625

527076

528529

529984

381078125

382657176

384240583

385828352

26.9258

26.9444

269629

26.9815

27.0000

89835
8.9876

8.9918

2-86034

2.86094
2.86153

2.86213

2.86273

726

727

728

729 53144' 387420489

8-9959

9.0000

730 1.36986 532900
534361

535»24

537289

538756

389017000
390617891

392223168

393832837

395446904

270185

27.0370

27.0555

27.074O

27.0924

90041

9.0082
9.0123

9.0164

9.0205

2.86332

2.86392

2.86451

2.86510

2.86570

731

73*

733

734

1.36799

1.36612

1 36426

1.36240

735 1.36054

54169!
543169

544644

546121

$33

27.1109

27-1293

27.1477

27.1662

27.1846

9,0246

9,0287

9.0328

90369

9,0410

2.86629

2.8668$
2.86747

2.86806

2.86864

736

1.35501

400315553

401947272

403583419739 1.35318

740 1.35135

1.34953
1.34771

••34590
1.34409

547600
549081

550564

552049

553536

405224000
406869021

27.2029

27.2213

27.2397

27.2580

27.2764

90450

90491

9.0532

90572

9,0613

2.86923

2.86982

2.87040

2.87099

2-87 157

741
742

743

744

408518488

410172407

41 1830784

745 1.34228 555025" 413493625
415160936

416832723

418508992

420189749

27.2947

27-3130
27-331 3

27 3496

27.3679

90654

90694

9-0735

90775
9,0816

2.87216

2.87274

2.87332

2-87390

2.87448

746 556516

558009

1.33690

i.335"

559504

749 561001

750 1.33333

1.331 56
1.32979

1.32802

1.32626

562500

564001

565504

567009

568516

421875000 27.3861

27-4044
27-4226

27-4408
27.4591

90856

9.0896

9.0937
9.0977

91017

2.87506

2.87564
2.87622 )

2.87679 }

2-87737 ?

75"

7P
753
754

423564751
425259008

426957777

428661064

755 1 324 50

1.32275

1.32100

1.31926

1.31752

570O2J

571530

573049
574564

576081

430368875 27.4773

27-4955

27.51 36

27.5318

27.5500

91057

91098

9.1138
9.1178

9,1218

2.87795

2.87852
2.87910

756 432081216

433798093

759

435519512

437245479

2-87967

2.88024

760 1.31 579

1.31 406

1.31234

1.31062
1.30890

5776oo 438976000
4407 1 1081

442450728

444194947

445943744

27.5681

27.5862

276043

27.6225

27-6405

9.1258

9.1298

9.133f

9. 137f
91418

2.88081
2.8813S

' 2.88195

2.88252

2.88309

761

762

7P764

58Ji69

583696

765 1.30710

1.30548

1.30378

1.30208
1.30039

5S8.-Sg
580824

59136i

447697125

449455096

451217663
452984832

454756609

27.6586
27.6767

27.6948

27.7128

27.7308

91458

9.1498

9-1 537

9-1 577

9.1617

2.88366

2.88423

2.88480
2.88536

2-88593769

»7



Table 3.

VALUES OF RECIPROCALS, SQUARES. CUBES, SQUARE ROOTS, CI
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

CUBE

4 J000.^ n* V" V* log. n

770 1.29870 5929OO 456533000 27.7489 9.1657 2.88649

771 1.29702 594441 458314011 27.7669 9.1696 2.88705

77 2 1.29534 595984 460099648 27.7849 91736 2.88762

773 1.29366 597529 461889917 27.8029 9-1775 2.88818

774 1.29199 599076 463684824 '27.8209 9.1815 2.88874

775 1.29032 60062c 465484375 27.8388 9.1855 2.88930

776 1.28866 602176 467288576 27.8568 9.1894 2.88986

777 1.28700 603729 469097433 27.8747 9. 1933 2.89042

778 >.28535 605284 470910952 27.8927 91973 2.89098

779 1.28370 60&41 472729139 27.9106 9.2012 2-89154

780 1.28205 608400 474552000 279285 9.2052 2.89209

781 1.28041 609961 476379541 27.9464 9.2091 2.89265

782 1.27877 61 1 524 478211768 279643 9.2130 2.89321

783 1.27714 613089 480048687 27.9821 9.2170 2.89376

784 1.2755" 614656 48 1 890304 28.OOOO 9.2209 2-89432

785 1.27389 616215 483736625 28.0179 9.2248 2.89487

786 1.27226 617796 485587656 28.0357 9.2287 2.89542

787 1.27065 619369 487443403 28.0535 9.2326 2.89597

788 1.26904 620944 489303872 28.0713 9.2365 2.89653

789 1.26743 622521 491 169069 28.0891 9,2404 2.89708

790 1.26582 624100 493039000 28.1069 92443

791 1.26422 625681 49491 3671 28.1247 9.2482 2.89818

792 1.26263 627264 496793088 28.1425 9.2521 2.89873

793 1.26103 628849 498677257 28.1603 9.2560 2.89927

794 1.25945 630436 500566184 28.1780 9.2599 2.89982

795 1.25786 632025 502450875 28.1957 92638 2.9<»37

796 1.25628 633616 504358336 28.2135 9.2677 2.90091

797 1.25471 635209 506261573 28.2312 9.2716 2.90146

798 1.2531 3 636804 508169592 28.2489 92754 2.90200

799 1.25156 638401 510082399 28.2666 9.2793 2.90255

800 1.25000 640000 512000000 28.2843 92832 *-9°3°9
801 1.24844 641601 513922401 28.3019 9.2870 2.90363

802 1.24688 643204 51 5849608 28.3196 9.2909 290417

803 1.24533 644809 517781627 28.3373 9.2948 2.90472

804 1.24378 646416 5 197 1 8464 28.3549 9.2986 2.90526

805 1.24224 648025 521660125 28.3725 93025 2.90580

806 1.24069 649636 523606616 28.3901 93063 2.90634

807 1. 23916 651249 525557943 28.4077 9.3102 2.90687

808

809

1.23762 652864 5275UH2 28.4253 9.3140 2.90741

1.23609 654481 529475129 28.4429 9-3179 2-90795

810 1.23457 656100 531441000 28.4605 9.3217 2.90849

811 1.23305 657721 53341 .731 28.478. 93255 2.90902

812 1.*31 53 659344 535387328 28.4956 93294 2.90956

813 1.23001 660969 537367797 285132 93332 2.91009

814 1.22850 662596 539353U4 28.5307 93370 2.91062

815 1 22609 664225 541 34337 ^ 28.5482 93408 2.91 1 16

816 1.22S49 6658 56 543338496 285657 9.3447 2.91 169

817 1.22399 667489 54533851 3 28.5832 93485 2.91 222

818 1.22249 660124 547343432 28.6007 93523 2.91275

819 1.22tOO 6-0761 549353-59 28.6182 93561 2.91328

820 1 21951 672400 551368000 28.6356 93599 2.91381

821 1.21803 674041 553387661 28.6531 93637 2-91434

822 1. 21655 67S684 555412248 28.6705 9 3675 2.91487

8=3 1.21507 677329 557441?67 28.6880 937 13 2.91 540

824 1.21359 678976 559476224 28•7054 9 3751 2 91593

i8



Table 3.

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS. CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

n 5 *« <" \« log. n

825 1 21212

1. 21065

1.20919

1.20773
1.20627

680625

682276
683929

685584

687241

561515625

563559976

565609283

567663552
569722789

28.7228
28.7402

28.7576
28.7750

28.7924

9-3789 - 2.91645

2.91698

2.91751

. 2.91803

2.91855

826

827
828

829

9-3827

9-386S
0,3902

93940

830 1.20482 688900

690561

692224

693889

695556

571787000

573856191

57593°368
578009537

580093704

28.8097

28.8271
93978

94016

94053
9.4091

94129

2.91908

2.91960

2.9201 i
2.92065

2.92117

P1
1.20337

1.20192
1.20048

1.19904

28.8444

28.86.7

28.8791834

835 1. 19760

1. 19617

1. 19474

1.1933=

1.19190

697225

698896

700569

702244

703921

582182875

584277056

586376253

588480472

590589719

28.8964

28.9137

28.9310
28.9482

289655

9.4166

9,4204

9.4241

9.4279

94316

2.92169
2.92221

2.92273

2.92324

2.92376

836

*37
838

839

840 1 19048
1 18906

1.8765

1 18624

1 .8483

705600

707281

708964

710649
712336

592704000

594823321

596947688

599077107
00121 1584

28.9828

29.0000

29.0172

29.0345

29.0517

94354

94391
94429

9.4466

9.4503

2.92428

2.92480
292531

2.92583

2.92634

841

842

843

844

845 1. 18343
1.18203

1.18064

1. 17925

1. 17786

714025

715716

717409
719104

720801

603351125

605495736

607645423
609800192

61 .960049

29.0689

29.0861
94541
9.4W8
94615

9-4652

94690

2.92686

2.92737

2.92788

2.92840

2.92891

846

847

848

849

29-1033

29.1204

-9. 1376

850 1. 17647

1. 17509
117371

1.17233

1 17096

722500

724201
725904

727609

729316

614125000

6.629505.

6.8470208

6206504-7

622835864

29.1548
29.1719

29.890

29.2062
292233

94727

9-4764

9.4801

9.4838
9.4875

2.92942

2.92993
2.93044

2.93095

2.93146

!*1
852

853

854

855 1. 16959
1 16822

1 .6686

1.6550

1 164.4

7310=5

73-73&
734449
736.64
73788i

625026375

627222016
629422793

631628712

633839779

29.2404

292575

292746

29.2916

293087

9.4912 2.93197

2.93247
2.9329S

856

857

858

9-4919
9.1986

859

95023

9.5060

2.933'19

2.93359

860 1. 16279

1. 16144

1 .6009

. .5875

1 1574.

739600

741321

743044

744769

746496

636056000 29.3258

29.3428

293598

29.3769
293939

95097
95134

95.71
9.5207

9 5244

2 93450

2.93500861
862

863

864

638277381

640503928 2.93551

2.9360.642735647

644972544 2.93651

865 1. 15607 748225 647=14625

64946.896

29.4109

29.4279

9.5281

9 5317
9.5354
9.5391

9 5427

2.93702

2.93752

2.93802

293852

2.93902

866
867

868

869

1.15473

1 15340
1 15207

1 .5075

749950
751689 65.7.4363

653972032

656234909

294449

29.46.8

29.4788
7534-M
755.6.

870
I ISu

1 .4679
1 14548

1 144.6

756900
758641

760384

762.29

763876

658 503000

66077631 1
663054(548

665338617

66-027624

29495s

295127
295296

295466

29.5635

95464

9.5501

9 5537
9 5574
95610

2.93952
2.94002

2.94052

2.94.0.

2.94151

I71872

!73
874

875 1. 14286 765625

767376
769.29

770884

772641

669921875

672221376

674526133

676836.52

67915.439

29.5804 95647

9.5683

957>9
95756

95792

2.9420.
2.94250

2.94300

2.94349

2.94399

876 1 >4155

1 14025

1.13895

1. 13766

29.5973

29.6142

29.6311

29.6479

877
878

879

Smithsonian Taslcs.
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Table 3.

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGARITHMS OF NATURAL NUMBERS.

m iooo.i M* ,r> 1[* t« log. 1t

880 1.13636

1.13507

1.13379

113250

1.13122

774400
776l 6l

777924

779689

781456

6814720OO
683797841
686128068

688465387

690807104

29.6648

29.6816
29.6985

2*71 53

297321

9.5828

9.5865

95901

9-5937
9.5973

2.94448

2.94498
2.94547

294596

2.94645

88 1

882
883

884

885 1.12994

1.12867
1.12740

1. 12613

1.12486

78499^

786769

6931 541 25

695506456
697864103

700227072

702595369

297489

29.7658

29.7825

9.6010

9.6046
9,6082
961 18

9.6154

294694
886 2.94743

2.94792

2.94841

2.94890

S
889

788544

790321

29.7993
29.8161

890 1. 12360

1.12233

1.1210S

1 .11082

1.1 1857

79210O

793881

795664

704969000

707347971
709732288

712121957

714516984

20-8329

29.8496
29.8664

29.8831

29*998

9.6190
9.6226

9.6262

9.6298

9.6334

2.94939
2.94988

295036

2.95085

2.95134

891

892

893
894

797449
799236

895 1.11732

1.11607
1.11483

801025

802816

804609

806404

808201

716917375

719323136
29*166 9.6370

9.6406

9.6442

9.6477
9.6513

2.95182
896

897

898

899
1."359
1.11235

721734273

724150792
726572699

29.9333

299500

29.9666

29-9833

2.95231

2.95279

2.95328

2.95376

900 1.11m
1.10988

1.10865
1.10742

1.10619

810000

81 1801

813604

815409

817216

729000000
731432701

733870808

736314327

738763264

300000
30.0167

96549
9.6585

96620

9.6656

9.6692

295424
2.95472

2.95521

2.95569

2.95617

901

902

903
904

30 0333

30.0500

30.0666

905 1.10497

1.10375

1.10254

1. 10132
1.1001 1

819025
820836

822649

824464

826281

741217625

743677416
746142643

.748613312

751089429

30.0832'

30.0998
30.1 164

30.1330

30.1496

9.67*7

9.6763

9.6799
9.6834

96870

2.95665
906

907

908

2.957 13

2.95761
2.95809

2.95856909

910 1.09890

1.09769

1.09649

828100

829921
831744

833569

835396

75357 1ooo
7.56058031

758550528

761048497

763551944

30.1662

301828

9.6905

96941

9.6976

9.7012

9.7047

295904

295952

2 95999

2.96047

2.96095

911

912 30. 1993

30.21 59

30.2324
913
914

1.09529

1.09409

915 1.09290

1 .091 70

837225

839056
840889

842724

844561

766060875

768575296

771095213

773620632

7761 51 559

30.2490

30.2655

30.2820

30.2985

30.3150

9.7082

97118

2.96142

2.96190

296237

2.96284

296332

916

911
918 9.7188

9.7224919

920 1.08696

1.O8578
1.08460

1.08342

1.08225

846400
848241

850084

851929

853776

778688000

781229961
783777448

786330467

788889024

30.331 5

30.3480

9.7259

9.7294

9.73J9
9.7364

9.7400

296379

2.96426

2.96473
2.96520

2-96567

921

922 303645
30.3809923

924 30-3974

925 1.08108

1.07991

1.07875

1.07759

1.07643

855625

857476 .

859329

861184

863041

791453125

794022776

796597983

799178752

801765089

30.4138

30.4302

30.4467

30.4631

304795

97435
97470

9.7505

97540

9.7575

2.96614

2.96661
2.96708

926

927
928

929

2-96755

2.96802

930 1.07527

1.07411
1.07296

1.07181

1.07066

864900
866761

868624

870489

87*356

804357000

8069^4401

809557 568

812166237

814780504

30.4959 97610 2.96848
2.96895

2.96942

2.96988

2-07035

931
932

933
934

3° 51 23

30 5287

9.7645

9,7680

3° 54 50

30.5614

9 7715

9-7750

8mith&onian Tables.



Tablc 3.

1

UE8 OF REClPROCALS, SQUARES, CUBES, SQUARE ROOTS. CUBE
ROOTS, AND COMMON LOGARlTHMS OF NATURAL NUMBERS.

H I00O; ■» v« *■ log. 11

935 1/36952

1.06838

1.06724

1 .06610

1.06496

874225

876096

877969

879844

881721

817400175

820025856

822656953
825293672

827938019

30-5778

30.5941

9-7785

9-7819
2.97081
2.971*8

2-07174

2.97220

2.97267

30.0105

sft
9-7924

938 30.6268

30.6431939

940 7*6383
1.06270

1.06157

1.06045

105932

883600

885481

887364

889249

891136

830584000

833iy62i

835806888

838561807

841232384

30-6594
30-6757

30.6920

9-7959 207313
2-97359

2.97405

2.97451

2 97497

941

942

943

944

9.8028*

30-7081

30.7246

9-8o63

9.8097

945 1.0582O

1.05708

1.05597

' 1.05485

1 05374

893025 843908625

846590536

307409

30-7571

9.8132

9.8167

9.8201

98236

9.8270

2-97543
2.97589946

5?
949

898704

900601

849278123

851971392

854670349 30.8058

297635

2.97681

2*7727

950 1.05263
1.05152

1.05042 .

1.04932

1.O4822

902500
904401

906304

908209

9101 16

857375000

860085351
862801408

865523177

868250664

30.8221 9-8305

9|339
9-8374

9.8408

2-97772

2.97818

2.97864

2-97909

2-07955

951

952
30-8383
30-8545

30.8707

30.8869
953
954 9.8443

955 1.O47 12

1.04603

; 1.04493
1.04384

- 91202] 870983875

873722816

309031
30.9192

30.9354

30-9516

30.9677

9-8477

9.8511

9.8546

9.8580

9.8614

2.98000

2.98046
2.98091

2.98137

2.9818*

956

957
958

959 . 1.04275

91 3930
915849

917764

919681

876467493

879217912

881974079

960 1.04167

1.04058

1.03950

1.03832

. 1.03734

921600
923521

925444

927369

929*96

884736000

887503681

890277128

893056347

895841344

309839 9.8648
9.8683

9.8717

9.8751

9.8785

2.98227

2.98272

2.98318

961 31.0000

31.0161
2?
£3
964

310322

31.0483

2-98363

2.98408

965 1.03627

1.03520

1.03413

, 103306
1.03199

9312*5

9331 50

935089

937024

938961

898632125

901428696

904231063

907039232

909853209

31.0644

31.0805

9.8819
9.8854

9,8888

9.8922

9.8956

298453
2.98498

969

31*966

3K1127

31.1288

2.98588*

2.98632

' 970

971

97*
973

974

f
912673000

91 549861 1

918330048

921167317

924010424

31.1448

311609

31.1769

31.1929

31.2090

9.8990

9.9024

9.9058

9.9092

9.9126

2.98677
2.987221o-S3

1.02881

940900

942841

944784

1.02669 » 2.98856

I 975 1.02564

1.02459

1.02354

9506*5
952576

954529
956484

958441

926859375
929714170

932574833
935441352

93S313739

31.2250

31.2410

312570

31.2730

31.2890

9.9160

9.9194

9.9227

9.9261

99295

2.98900

2.98045

2.98989

299034

299078

976

977
978

979

1.02249

1.02145

960 1.02041

1.01937

1.01833

1.01729

1.01 626

960400

962361

964324

966289

968256

941 192000

944076141

946966168

949862087

952763904

313050

313209

31.3369

99329

9 9363

9-9396

9-9430

9.9464

2*9123

2.99167

2.9921 1
981

$M

2-99255

2.99300984

985 1.01523

1.01420

1.01317

1.01215

970225

972196

974169
976144

978121

955671625

958585256

961504803

964430272

967361669

313847

3M006
31.4166

31.4325

31.4484

9-9497
9-9531

99565

9-9598

9-9632

2.99344
299388
299432

2.99476

2*9520

9f6
987
988

989 1.01112

Bumit—inn T«u».



VALUES OF REC1PROCALS, SQUARES. CUBES. SQUARE ROOTS, CUBE
ROOTS, AND COMMON LOGAR1THMS OF NATURAL NUMBERS.

* 1 000.J log. «

990 1 .01010

1.00908

1.00806

1.00705

1.00604

980100

982081

984064

986049

988036

970299000

973242271
3M643
31.4802

3M960

3«5»9
31527»

9.9666

9.9699

9-9733
9.9766
9.9800

2-99564

2.99607
2.99651

2.99695

2-99739

991

99=

993
994

976191488

979146657
982107784

':SSb"
9.9900

996 1.00503 99002}
992016

9940O9
996004

998001

985074875
988047936

991026973

99401 1992

997002999

31 S436

3" -5595
31 5753
31.591 1

31.6070

2.99782

2.99826

299870

2-9991 3

2-99957

996

997
998

999

1.00402
1.00301

1.00200 9-9933
9-99671.0010O

1000 1.00000 1000000 1OOOOOOOOO 31.6228 10.0000 3.00000
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Tmu 5.

LCCAR1THMS OF NUMBERS.
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: 6 8 1O 12 14 15 17
: 1 6 : 9 11 1J "5
-' i ■ : 9 " 1 2 14 16

: 3 5 7 0 :- 12 14 15
2 3 5 7 - z 11 13 15

5 5 f> . 5 11 13 14
: 3 5 c • 9 11 12 14
: : 4 f 7 1> 1O 12 13

3 4
-

'-> 1O 11 13

3 1 .
7 ^ 1O 1 1 12

; 4 - 7 » 91112

3 ) 5 0 i 9 10 12

3 ; 5 6 S 9 1O 11

: 1 : 6 7 9 1O 11

2 1 : '' 7 8 10 1 1
2 3 ;

6 7
: 8 9 10

: 3 5 8 9 10
-s

5 4 5 7 8 9 10

2 .3 4
' 5

8 9 10
2 3 1 ; ^ 789
: 3 1 7 8 9
: 3 : 5 6 789

2 3 4 5 '' 7 8 9

2 3 4 7 8 9
2 3 4 5 7 7 S
2 3 4 S 5 678

2 3 4 1 5 678

2 3 4 4 5 678

-' > 3 4 5 678
2 i j 4 5 678

2 2 3 4 s 6 7 7
2 2 3 4 5 667
2 2 3 4 5 667
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Table S.

LOGARlTHMS OF NUMBERS.

7404 74" 7-H9 7427 7435

7482 7490 7497 7S05 751 3
7559 7566 7574 7582 7589

7634 7642 7'>49 7657 7»4
7709 7716 7723 7731 773s

7782 7789 7796 7803 7810
78 53 7860 7868 7875 7882

79-M 7931 /93X 7945 795-
7993 8000 8007 8014 8021

8062 8069 8075 808-

8129 8136 814* 8149 8156

8195 8202 8209 8215 8222

8261 8267 8274 8280 8287

83--5 8331 8338 8344 8351

8388 8395 8401 8407 84M

8451 8457 8463 8470 8476
8513 8519 8525 8531 8537

8573 8579 8585 s59, 8597

8033 8639 8645 8651 8057

8692 8698 8704 8710 8710

8751 8756 8762 87C8 8774
8808 8814 8820 8825 8831

8865 8871 8876 8882 8887

8921 8927 8932 893s 8943

8976 8982 89S7 8993 8998

9031 9036 9042 9047 9053
9085 9090 9096 9101 9106

9138 9143 9149 9154 9159

9191 9196 9201 9206 9212

9243 9248 9253 925s 9263

9294 9299 9304 9309 9315

934 5 935° 9355 93>*> 9365
9395 940O 9405 9410 9415

9445 945° 9455 946o 9465

9494 9499 9504 95°9 95 13

9542 9547 95 52 9557 9562

9590 9595 9600 9605 9609

9638 9>>43 9647 9>>52

9685 9689 9694 9699 9703

9731 9736 9741 9745 975°

9777 9782 9786 9791 9795

9823 98-'7 9832 9836 9841
9868 9872 9877 9881 9886

9912 9917 9921 9926 9930

9956 9961 9965 9969 9974

744 3 74 51 7459 7466 7474

7520 7528 753f> 7543 7551

7597 7'xm r'>i2 7619 7627
7O72 '7679 7f>86 7694 7701

7745 775- 7760 7767 7774

7818 7825 7832 7839 7846

7889 7896 7903 7910 7917

7959 7966 7973 798o 7'>87
8028 8035 8041 8048 8ons

8096 81C2 8109 8i 16 8122

8162 8tKo R,76 8182 8189

8228 8-'j5 8241 8248 8254
8293 8:r>_> 8306 8312 83 1 9

8357 83G3 8370 8376 8382
8420 8426 8432 8439 8445

S482 8488 8494 R;oo 8506

8543 8 U9 8555 8561 8567
8603 8fc9 86n 8621 8627

8O03 81,69 8675 8681 8686
8722 8727 8733 8739 8745

8779 8785 8791 8797 S802
8837 8842 8848 8854 8859
8893 8N99 8904 8910 8915

8949 8954 8960 8965 8971
9004 9009 9015 9020 9025

9058 9063 9069 9074 9079
9112 9117 9122 9128 9133

9165 9170 9175 9180 9186

9217 9222 9227 9212 9238

9269 9274 9279 9284 9289

93-° 93=5 933,0 9335 934°
9370 9375 938o 9385 9390

9420 9425 9430 9435 9440

9469 9474 9479 94S4 9489

9518 9523 9528 9533 9538

9566 0:71 95-6 9581 9586
0f>i4 9 19 in 24 9O28 9633

o^ii >//x: f .-: 9675 9X0

i;70S c; 1 l .,-'7 9722 9727

>734 9759 s.;>>J 9768 9773

9S00 9.S0.5 9°-y 9S14 cSiS

9S15 9850 v,54 9:9 9i,>i1
9S90 9.N94 gSny 9901 990s

9"34 9939 9?43 994S 995-
9978 9983 9987 9991 9996

Prop Parts.

123 456 709

22 3 4 5

- - 3 4 5
- 2 3 4 5

12 344

> = 3 4 4

1 2

1 2

3 4 4

3 4 4

3 3 4

3 3 4
3 3 4

3 3 4

3 3 4

3 3 4

3 3 4
2 3 4

* 3 4
1 .1 4

- 3 4
- 3 4
2 3 4

2 3 3

= 3 3
- 3 3
2 3 3

2 3 3

2 3 3

- 3 3
2 2 3

- -* 3
2 2 3

2 2 3

2 2 3

2 2 3

2 2 3

- -- 3

2 - 3

2 2 3

2 2 3

2 - 3
2 - 3

N.| 0 1 2 3 4 I 5 6 7 8 9 123456789

_ 1
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Taw 7.

NATURAL S1NES AND COS1NE

Natural Sine*.

or 10- 2C 30' 4C 5C 60-
Prop*
PtJU
tor 1.

0°
1

C-XXJ 00 *029 09 0058 18 .0087 27

.0261 8

.0436 2

.0610 5

0784 6

joi 16 35 sOM544

0319 9

.04943

.06685

x>174 52

-03490

89° *-9
0'74 52

03490

*523 4

c j97 6

.02036 .02V7
.0407 1

X>2O0 8 83

87
86

2-9

2-92

3
4

s0375 >

0581 4

07556

0465 3

.06395

.08136

.06976

.0871 6

29

2.9
«3>2 4

X&J2 6 85.07266

5 0071 6

.1045 J

0900 5
1074 2

1 247 6

09295
.1 103 1

.12764
s1449

.1622

.095s 5

11320

.0087 4

1 l609

.10164

.11898

.10453

.12187
1392

.1564

.1730

84 *-9
2-9

2-9

2^

2-9

6

7
8

12187 .13053 .1334

83

82

81

80

1392 .1421 .1478 .1507

.16799 1564 1593 .1650 .170b

10 .1736

1908

2079
.2250

s2419

1765
.1937

.2108

.2278
s2447

.1794

.1965

.2136

.2306
2476

.1822

.1994

.2164
s2334

.2504

.1851

.2022

.1880

.2051

.2221

s2391

.2560

.1908

s2079

.2250

.2419

.2588

79 2-9

1 1 78

77
76

75

\l12 •2 193

.2363

.2532

2.813

14 IS

15 .2588

2756

.2924

.3090

3256

.2616

2784

.2644

2812

.2672

.2840

.3007

.2700

.2868

.2728

.2896
s3062

.3228

.3393

.2756

•2924
.3090

.3256

.3420

74 2.8

2.8

2.8

2.8

16
17

18

19

.2952
3118

3283

s2979

3145

33" .3338*

.3035

.3201

73

7*

71
70.3365 *-7

20 .3420

3584

3746

3448
.3611

.3773

.3934

.4094

&
.3*54
.4014

.3557

.37 19

.3881

.4041

.4200

.3584

.3746

.3907

.4067

.4226

69 *-7
21 .3665

.3827

.3987

68

67

66

2-7

2-722

23

24
.3W
4067

. 3800

.3901

4120

2-7

.4 147 -4173 65 2-7

25 .4226

-4384

-4540

-4253
.4410

.4566

4720

.4874

-4279

-4436
.4592

-4746

.4899

-4305

-4402

st°17

-4772

.4324

-44^3

-4643

-4797

-495°

-4358

.45M
-4669

-4823

-4975

-4384

-4540

64 2.6

2.6

2.6

2.6

2-5

26

2

29

.46915

.4848

-4695

.4848

.5000

62

61

60

30

3'

.5000

.5.50

-5-99
.5446

.5025
-5175

-5324

-5471
.5616

.5050

.5200

534i>

5495
.5640

-50-5

.5225

.5100

.5250

.5398

.5125 .5150 59 2-5

2-5

2-5
-5275

.5422

.5568

.5712

.5299

.5446

58
32

33
34

-5373

jg jg

-5592 I

55

2.4

-5592 .5736 2-4

35 -5736

.CS78

.6018

.6157

.6293

.5760
s5901

.6041

.6180

.6316

5783 .5807

5948

.6088

.6225

.6361

-5831

-5972

.61 1 1

.58 54

-5995
s6134
.6271

.6406

.5878

.6018

.6157

54 2-4

36

37
33

39

K\
.6202

-6338

53
52

5>
50

2-3

23

£3

2-3

*-3

40 .6428
.6561

.6691

.6820

.6947

.6450

.6583

.6472

.6604

-6734
.6862

.6988

.6494

.6626

.6756

.6884

.7009

-6539

.6670

.6799

.6926

.7050

.6561

.6691

.6820

.6947

.7071

49 2.2
2.2

2.2

2.1

2.1

41
42

43
44

.6713

.6841

.6967

.6648

.6777

.6905

-7030

48

47
46

45

6C SOT 4C 3C 20- 10- o- Aaffc

=1



NATURAL S1NES AND COS1NES.

Natural

A1icia. C 10' 20' 3C 4a sa 6a Fails
foil'.

45° .7071

-7 "93

-7314

-7431

-7547

.7092

.7214

-7333

.7112

-7234

-7353
.7470

-7585

-7133
.7254

-7373

-7490
.7604

-7153

-7274
.7392

-75°9
.7623

-7173

-7294

.7412

-7>93
-7314

7431

44° 2-0
2JO

2.0

1-9

1.9

46

47
48

49

-7451

.7566 .7642 #£

43
42

41

4°

50 .7660
.7771

.7880

.7986

.8090

.7679
-7790

.7898

.8004

.8107

.7698

.7808

.7916

£021

£124

.7716

.7826

.7934

.8039

.8141

-7735
.7844 .7862

.7969
s8073

.8175

-7771

.7880

-7986

3090

.8192

39

It
i£

1-7

1-7

51

52

53
54

38

2$

.8158

3l
3°

35

55 .8192

.8290

.8387

.8480

.8572

.8208

.8307

.8403
s8496

s8587

£225 .8241
s8339

s8434

.8526

.8258 s8274 .8290 34 1.6

1.6

1.6

J5
l-5

56 -|3=3
.8418

.8511

.8601

s8355

.8450

.8542
•8631

s8371

.8465
33
32

31

30
P
59 ifiiA &

.8480

s8572

£660

60 .8660

.8746

.8829

.8910

.8988

s8675

^760

.8689

s8774

s8857

s8936

.9013

s8704

.8788

.8870

.8718

.8802

£884

.8962

s9038

£732

.8816

s8897

s8975

.9051

s8746

.8829

.8910

.8988

.9063

29 1-4 .

61
62

63

64

.8843

.8923

.9001

s8949

.9026

28

27

26

M

M
1-3

1.3*5

65 .9063

.91 35
s9205

.9272

.9075

.9147

.9216

s9283
s9346

.9088 .9100

.9171

s9239

.9304
s9367

.9112

.9182

.9250

.91 24

s9194

.9261

s9325

s9387

.9135

.9205
s9272

.9336

s9397

24 1.2

1.2

1.1

1.1

66 s91 59
.9228

23

22

21

20

h
68

69 s9336
s9293

s9350

s931 5

s9377 1JO

70 s9397

s9455

s95"

.9563

.9613

.9407

.9465

.9520

s9417
s9474

.9528

s9426

s9483

.9537

.9436
s9492

.954°

.9596

.9044

.9446

.9502
s9455

.95"

.9563

.9613

.9659

19 1.0

°9
0.9
0.8

o£

71
72

73

74 3C s9636

s9555

.9605

.9652

18

17

16
15

75 .9659

s9703

s9744

.9667

.9710
.9674 .9681

s9724

.9763

.9799

.9833

.9689 .9696

s9737

s9703

s9744

s9781

.9816

.9848

14 o-7

o-7
0.6

o>S

0.5

76

77
78

79

9717

.9757
s9793

s9827

s973°

.9769

13

12

11

ft

.975°
s9787
.9822 £

%\
.9843 fo

80 .9848
s9877

s9903

s9925
s9945

3?
.9907

s9858

.9886

s99"
s9932

9951

.9863

9890

.9868

.9894

.9918

9939
s9957

.9872

.9899

.9922

s9942

.9959

.9877

.9903
s9925

s9945

.9962

9 0.5
0.4

0-4

o-3

o-3

81 8

7
6

82

994^

.9914

.9936

995484 5

85 .9962

.9976
s9986

.9994
s9998

9964 .9967

998o
s9989

9996

.9969

9981

.9990
s9997

1.0000

s9971

.9983

s9992

.9997
1.0000

.9974
s9985

.9993
s9998

1.0000

.9976

s9986

s9994
-9998

1.0000

4 0.2

0.2
0 1

0.1
O.o

86
87

88

s9978

s9988
3
2

1

089

s9995

9999 s9999

6a 50' 40' 3C 20' ia a Anilt.

Smithsonian Tables.
Natural Cosines.
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T*»tl 8.
NATURAL TANCENT8 AND COTANGENTS.

Natural Tanganti.

Awl*. c 10' 2C 30' W 50- 6C "it!?*

0°
i

.00000

.01746

.0029 1

.0203 6

.03783

.0058 2

.0232 8

.0407 5

.05824

0757 8

0087 3

0261 9

04366
0611 6

07870

01 16 4

.0291 0

.0465 8

.06408

08163

01455

.0320 1

01746

03492
0524 1

.06993

08749

89° 2-9

2 03492

.0524 1

.06993

.04949

.06700

08456

88

87

86

85

2.9

2-9
ao3

4

0553 3

.07285 2-9

s .08749 .09042

.10805
sU57 4

.1435

.1614

0933 5 09629 .0992 1

.11688

1346

.1524

.1703

.1021 6

.11983

.1376

.1554

1733

.1051 0

.12278
s 1405

.1584

.1763

84 *-9
«-96 .1051 0 .11099 .11394 SJ

82

I

9

.12278 .12869 .13165 3-0

3.0.1405 .1465 .1495 81

.1584 .1644 s1673 80 y>

10 .1763

.1944

-1793

-1974

.2156

s1823

.2004

.2186

s2370

s2555

.1853

•2035

.2217

.1883

.2065

•2247

.2432

.2617

.1914 -1944
.2120

.2309
1.2493

•2679

79

1 1

31
.2462

.2648

78

77
76

75

12 .2126 ' 3'1

13

1 4

s2309 s'339

s2524

.2401

.2586
3-1

3-1s*493

15 .2679

.2867

.3°57

.3M9

.3443

.2711

.2899

.3089

.3281

.3476

.2742 s2773

.2962

.2805

s2994

.3,81

.3378

.3574

s2836

.3026

.3217

.2867

.3057

.3249

.3443

.3640

74 31

3>16 s2931

.3121

.3314

.3508

73
72

71

7°

11

19

s31 53

.3346

.3541

3-*

3*
.3607 3-3

20 .3640 .3673

.3872

.4074

.4279

-4487

.3706

.3906

.4108

-43 14
-4522

.3739

.3939

.4142

.4348

-4557

.3772

.3973

.4176

.3805

.4006

.4210

-4417
-4628

.3839

.4040

69 3-3
3-4

3-4

3-5

3-3

21

22

.3839

.4040

.4245

.445*

-4245

-4603

68

67

6623

24

-4383

.4592 65

25 -4663

.4877

-5°95
.5317
-5543

-4699
-4913
.5132

-4734
-4950
.5169

-5392

.5619

-4770

-4986

.5206

-5430

.5658

.4806

.5022

5243

-5467

.5696

.4841 .4877

-5095

.5317

-5543

5774

64
26

£8
.5505

.5735

V 62

61

60 8
28

=9 3-8

30
I009

.6249

.6494

.6745

.5812

.6048

.6289

.65,2

.6787

A

.5890

.6128

.6371

.6619

-6873

m
.0412

.6661

.6916

.6009

-6249

.6494

.6745

.7002

59 34
40

4-1
31

3'

33
34

58
.6330

-6577

.6830

.6453

.6703

6959
?
55

4-2

4-3

35 .7002

.7265

-7530

.7046 .7089 -7133

.7400

-7 177

-7445

.7221

.7490

.7766

.8050

.8342

-7265

-7536

54 4-4
36 -731°

.7581

.7860

.8146

-7355
.7627

53
40*

4-7

*A

y,
38

39

-7673

-7954
.8243

.7720

.8002
52

.7907

s8195
51

.8292 .8391 50

40 .8wi

.3693

.9004

.8441

.8744
s9057

.9380

.971 3

.0491

.8796

.91 10

s8541

.8847

.9163

.9490
s9827

.8591 .8642

.8952

.9271

.9601

s9942

.8693

.9004
49 50"

5-*
5-4

5-5
5-7

41
45

43

44

s8899

.9217 s9325

s9057

1.0000

48

47
46

45.9^57

s9435

s9770

s95,45

.9884

60' 5C W 30* 2C 10' a Aatft.

Smithsonian T««m
Natural Cotangent!.
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Table 8.

NATURAL TANGENTS AND COTANCENT8.

Natural Tangents.
 

Angle. o. 10' 20 30- 40' 50' 60 Angle.
Prop. Puts

lor 1'.

45° 1.0000

1.0355

1.0724

1.1 106

1.1504

1.0058

1 .0416

1.0786

1.01 17

1.0477
1.0850

1.1237

1.1640

1.0176
1.0538

1.0235

1.0599
1.0977

1 1369

1.1778

1.0295

1.0661

1.1041

1 1436

1 1847

1 0355
1.0724

44°
B

6.4
46 43

42

41
40

*l
48

1.091 3

1 1301

1.1708

1 1106
6.6

6.9
49 "571

11 504

1.1918

SO 1.1918

1.2349

1.2799

1.3270

»-37°4

1. 1988 1.2059
1.2497

1•2954

1.3432

1.3934

1.2131
1.2572
1.3032

1 3514

M019

1.2203

1.2647

1.31 11

1.2276
1.2723

1 3190

1 3680

1-4193

1 2349

1.2799

1.3270

1.3764

1.4 281

39 72

7-551
1I2870

1.3351

1.3848

38

37
36

35

SI5*

53
54

1 3597

1.4106 8.6

55 1.4281

1.4826

1.5399

1.6003

1.6643

1.4370
1.4919

1-4460
1.5013

1.4550

1.5108

1.5697
1.6319

1.6977

1 4641
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1-4733 1-4826

15399
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2.0503

1 7437
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1 7556
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1-7675
1.8418
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2.0057
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1.8546
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2.0204

2.1 1 23

1 -7917
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1.9626

2.0503
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12.8

13.6
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61 28
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65 2.1445
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2.1609

2.2637
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2.4960
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21775
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2.2998

24142
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2.2286

23369

2-4 545
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2.2460

2-3559

24 16.9
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66 23

%
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2-3945
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21

20

70 2-7475
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12.7062 131969

17 1693

24.5418

429641

171.8854

137267
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MEAN REFRACT1ON.

y

5°
2 o

10

20
30

40

10

20

3«
40

5°

I 4 O

10

20

3»
40

s°

J-?.
10

20

30
40

6 o

10

20

30
40

7 o

Refraction

34 54 1

3249.2

jo 5-' 3
29 3-5

27 22 7

25 49-8

24 24.6

23 6.7

21 55.6

20 50.9
19 51.9

18 58.0

18 8.6

17 23.0

1640.7

16 0.9

15*3-4

14 47-8

14 14.6

1343-7

13 15.0

1248.3

12 23.7

12 0-7

" 38-9

18.3

10 58.6

10 39.6

10 21.2

9 46-5

930.9

9 16.0
9 1.9

848-4
835.6

8 -\V3
8 11.6

8 0.3

7 495
7 39.2

7 292

7 19-7

1*4.9
1 16.9

icxS.S

D1
*i1
rit

i• '

tH-l

jq.o

JM

♦9-4
,5.6

*>1
>g.S

J7-J

IS-'
»J

y»4
■S.)

it.)

*3.0

n.a

30.6

19-7

19.0

1S.,

17.9

[6.8

,1.6

14-4

"4-1

1J-J

11.1

1*.]

» 1

" I
10 t

4O.J

10.0

t-S

7 °

10

20

JO
40

_J°-

9 °

13 o

Refraction.

14 0

7 19-7

7 10.5

7 ' 7
6 53-3
645 1

6 37 -*

629.6

622.3

615-2

6 8.4
6 1.8

5 55-4

5 49-3

5 43-3
5 37-6

532.0

526.5

5J6,:
511.2

5 6-4
5 1-7

4 57-2

4 5'-8

4 48- 5

4 44-3
4 40.2

4 36-3
4 32-4

428.7

4 *5 0

4 =1-4

4 18.0

4 14-6

4 "3
4 8.1

4 49

4 1.8

358.8

3 55-9

3 53°
3 5o =

347-4

s = Refraction

3 47-4

34*-1

1 V O

15 o

40

16 o

17 o

18 o

40

4°

3^7-4

".9
3 18-6

3 M-5
31°-5

6.6

3 2.9

£593.

255-8

252.5

49-3

2 46.1

2 43-1
2 40.2

'37-3

2 34-5
2 31-9

229.3

2 26.8

±.1
2 21.9

2 19.6

2 17-4
 

25_o

26 o

40

27 o

40

28 o

2 1.4

1 59-6

1 56.1

1 54-4

1 5- 8

1 51.2

1 49-7

1 48.2

Refraction

28 O

29 o

32 o

JJL1

34 o

20

40

3° o

20

4°

37 o

20

40

38 o

20

—±1
39 o

40

40 o

41 o

20

40

42 o

39-7

38.4

37J_

jj*

34-5

33-3

3£iL

3°-8
29.8

28.7

27.6
26.5

£M

*4-3
13- 3

iio

21.3
2°-3

19,3
,8.3

17j4

,5.6

14- 7

>j.S

'-'s9

[ 2.0

10.3

J»

79
7-1

_6j

5.5
4-7

4.0

Refraction.

64.0
6. 8

59-7

57 7

-55-7_|

538

51.9
so.

50 l~457

51

54

1

%

it

71
62

36.1

Ji2_
33-3

70

72

74

li

46-7

45-1

43-5 [

41.9

40.4

&9_

3*-°
30-7

i.9-4I
28.2

26.9

i5-7_
24.5

=3-3
22.2

it

17-7

16.6

15-5

i±5_
13-4

".3
1 1.2

8.1

4-1
OwO

l6l
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TABLE I.—Mean Refractions.

APPARENT ALTI REFRACTION. APPARENT ALTI REFRACTION.

TUDE. minus. TUDE. minus.

25° 0° V 4.2" 38° 0° 1'14.4"
26 1 58.8 39 1 11.8
27 1 63.8 40 1 9.3
28 1 49.1 41 1 6 9
29

30

1 44.7 42 1 4 6
1 40.5 43 1 2.4

81 1 36.6 44 1 0.3
32 1 83.0 45 0 58.1
33 1 29 .5 46 056.1
34 1 26.1 47 0 54.2
36 1 23.0 48 0 52.3
36 1 20.0 49 0 50.5
37 I 17.1 60 048.8

TABLE II.—Corrections for Curvature and Refraction.

D D h, D

Miles. Feet. Mile*. Feet. Mile*. Feet.

1.0 0.6 6.5 17.3

1.1 0.7 5 6 18.0 3 6 7.4

1.2 0.8 6 7 18.6 3.7 7 8

1.8 1.0 6 8 19.3 3.8 8.3

1.4 1 1 5.9 20.0 3.9 8.7

i.e 1.8 6.0 20.6 4.0 9.2

i « 1.* 6.1 21.3 4.1 9.6

1.7 1.7 6.2 22.0 4.2 10.1

1.8 1.9 6.3 22.8 4.3 10.6

1.9 2 1 6.4 28.5 4 4 11.1

2.0 2.8 6.5 24.2 4.5 11.6

2.1 2.5 6 6 25.0 4.6 12.1

2.2 2.8 6.7 25.7 4.7 12.7

2.3 3.0 6.8 26.5 4.8 13.2

2.4 3.3 6.9 27.8 4.9 13.8

2.5 3.6 7.0 28.1 5.0 14.3

2.8 3.9 7.1 28.9 6.1 14.9

2.7 4.2 7.2 29.7 6.2 15.5

2.8 4.5 7.8 30.5 5.3 16.1

2.9 4.8 7.4 31.4 6.4 16.7

3.0 6.2 7.6 32.2 5 5 17.3

8.1 5.5 7.6 83.1

3.2 6.9 7.7 34.0

3.3 6.2 7.8 84.9

3.4 6 6 7.9 85 8

3.5 1 7.0 8 0 I 86 7

D

Miles.

8.1

8.2

8.8

8.4

8.6

8.0

8.7

8.8

8.9

8.0

9.1

8.2

9.8

8.4

8.6

8.6

8.7

9.8

9.9

10.0

Feet.

37.6

38.6

39.5

40 5

41.4

42

43

44.

46.

46.

47.5

48.5

48. ft

50.7

61.7

52.8

63.9

65.1

56.2

57.8
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TABLE III.—Local Mean Times (astronomical, counting

from noon, and from 0 to 24 hours) ofthe Elongations and Cul

minations of Polaris in the year 1893, latitude + 40° north,

longitude six hours west from Greenwich.

DATS. BAST BLONG. UPPER CULM. WEST BLONG. LOWER CULM.

1893. Hour Min. Hour Min. Hour Min. Hour Min

Jan. 1 0 37.2 6 32.0 12 26 8 18 30.0

Feb. 1 22 30 8 4 29.6 10 24 4 16 27.6

Mar. 1 20 40. 4 2 89.1 8 33.9 14 87.1

Apr. 1 18 88 3 0 87.0 6 81.8 12 85.1

May 1 18 40 5 22 85.2 4 84.0 10 37.2

June 1 14 88.9 20 88.7 2 32.4 8 35.7

Jaly 1 12 41.4 18 86.2 0 84.9 6 38.2

Aug. 1 10 40.0 18 84.8 23 29.6 4 36.8

Sept 1 8 88.5 14 33.3 20 28.1 3 85.3

Oct 1 9 40.8 13 85.6 18 80.4 0 87.6

Nov. 1 4 89.0 10 83.8 16 28.6 22 81 8

Dec. 1 2 40.8 8 35 6 14 80.4 20 33.5

For other days of each month subtract 3.94 minutes for each

day from that of 1st. Thus for 2d subtract 3.94 min.; for 3d

subtract 7.98 min.; for 4th subtract 11.82 min., etc.

For other years than 1893 add to the above 0.25 min. for

every additional year; also add

0.0 min. if the year is the first after leap-year.

0.9 min. if the year is the second after leap-year.

1.7 min. if the year is the third after leap-year.

2.6 min. if the year is leap-year before March 1st.

Subtract 1.2 min. if the year is leap-year after March 1st.

For longitude correction add 0.16 min. for each hour east

of the 6 hour, and subtract 0.16 min. for each hour west ofthe

6 hour meridian.

For other latitudes between 25° and 50° north, add to time

of west elongation 0.13 min. for every degree south of latitude

40°; and subtract 0.18 min. for every degree north of latitude

40°; reverse these signs for corrections to the times of east

elongations.

The year 1900 will not be a leap-year for dealing with the

dates before and after March 1st of that year. The 20th cen

tury begins after December 31, 1900.
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TABLE IV—Azimuths of Polaris (from the north pole)

at elongation, between 1895 and 1910, for different latitudes

between 25° and 49° north.

o
1895 1896 1897 1898 1899 1900 1901 1902

0 / 0 / 0 t 0 / 0 / c / 0 / 0 t

26 1 22.9 1 22.5 1 22.2 1 21.8 1 21.5 1 21.2 1 20.8 1 20.5
26 23.6 23.2 22.9 22.5 22.2 21.8 21.5 21.1
27 24.3 24.0 23.6 23.3 22.9 22 5 22. 2 21.9
28 25.1 24.7 24.4 24. 0 23.7 23.3 23.0 .22.6
29 25.9 25.5 25.2 24.8 24.5 24.1 23.8 28.4

BO 1 26.8 1 26.4 1 26.0 1 25.7 1 25.3 1 24.9 1 24.6 1 24.2
SI 27.6 27.3 26.9 26.5 26.2 25 . 8 25.5 a 1
32 2*. 6 28.2 27.9 27.5 27.1 26 7 26.4 %.0
n 29.6 29.2 28.8 28.5 28.1 27.7 27.8 '27.0
14 30.6 30.2 29.9 29.5 29.1 28.7 28.4 28.0

35 1 31.7 1 31. 3 1 30.9 1 30.6 1 30.2 1 29.8 1 29.4 1 29.0
m 32 9 32.5 32 1 31.7 31.3 Si 9 80.5 30.1
87 34 1 83.7 33.3 32.9 82.5 32 1 Bl.7 (31.3
38 35.3 35.0 34.6 34 2 33.8 33.4 33.0 •32.6

39 36.7 36.3 35.9 35.5 35.1 34.7 34.3 33.9

40 1 38.1 1 37.7 1 37.2 1 36.8 1 36.4 1 36.0 1 85.6 1 31. 2

41 89.6 89.1 38.7 38.3 37.9 87.5 37.1 86.7
42 41.1 40.7 40.3 39.8 39.4 39.0 88.6 38.2
43 43.7 42.3 41.9 41.4 41 0 40.6 40.2 '39.8
44 44 4 44.0 43.6 43.1 42.7 42.3 41.8 41.4

46 1 46.2 1 45.8 1 45.4 1 44.9 1 44.5 1 44.0 1 43.6 1 43 2

46 48.2 47.7 47.2 46.8 46.3 45.9 45.5 45.0

47 50.2 49.7 49.2 48.8 48.3 47.9 47.4 46.9

48 52.3 51.8 51.3 50.9 50.4 49.9 49.5 49.0
49 54.5 54.1 53.6 53.1 62.6 52.1 61.7 51.2

Lati
tude.

1903 1904 1905 1906 1907 1908 1909 1910

0 0 / 0 / 0 / 0 / / 0 t 0 / 0 /

IS 1 20.1 1 19.8 1 19.4 1 19.1 1 18.7 1 18.4 1 18.1 1 17.7
26 20.8 20.5 20 1 10.8 19.4 19.1 18 7 18.4

27 21. 5 21.2 20 8 20.5 20.1 19.8 19.4 19.1

28 22.2 21 9 21.6 21.3 20.9 20.5 20.1 19.8

29 23.0 22.7 22.4 22.1 21.7 21.3 20.9 20.5

SO 1 23.9 1 23 5 1 23.1 1 22. 8 1 22.4 1 22.1 1 21.7 1 21.3

SI 24.7 24.4 24.0 23 6 23.2 22.9 22. 5 22.2
32 25. 6 25.3 24.9 24. 5 24 1 23.8 23.4 23 1

S3 26.6 26.2 25.9 25.5 25.1 24.7 24.3 24.0

34 27.6 27.2 269 26.5 26. 1 25.7 25.3 25.0

85 1 28.7 1 28.3 1 27.9 1 27.5 1 27.1 1 26.8 1 26.4 1 26.0

36 29.8 29.4 29.0 28.6 28.2 27.9 275 27.1

87 30.9 80.5 30.1 29.7 29.3 29.0 286 28.2

38 32.2 31.8 31.4 31.0 30.6 30.2 29.8 29.4

39 83.6 83.1 32.7 32.3 31.8 31.4 31.0 30.6

40 1 34.8 1 34.4 1 34.0 1 33.6 1 33.2 1 82.8 1 32.4 1 32.0

41 86.2 35.8 35.4 35.0 34. a 34 2 33.8 33.4

42 87.7 87.3 36.9 36.5 36.0 35.6 35.2 31.8

43 39.3 38.9 38.5 38. 1 37.8 37.2 36.8 36.3

44 41.0 40.5 40.1 39.7 39.2 38.8 38.4 37.9

46 1 42.7 1 42.3 1 41.8 1 41.4 1 40.9 1 40.5 1 40.1 1 39 6

46 44.6 44.2 43.7 43 2 42.7 42.3 41.9 41.4

47 46. 5 48.0 45 6 45 1 44.8 44.2 43.7 43.3

48 48.6 48.1 47.7 47.2 46.7 46.3 45.8 45.3

49 50.7 50 2 49.8 49.3 48.8 48.4 47.9 474
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TABLE V. Horizontal Distances and Elevations for In

clined stadia readings.

0° 1° 2° 3°

Hor. Diff. Hor. Diff. Hor. Diff. Hor. Diff.

Minutes. Dist. Elev. Dist. Blev. Dist. Elev. Dist. Elev.

0 100.0C» O.OC 99.97 1.74 99. 8ti 8.4£ 89.7E 6.23
>1

0.06
"

.8C .8. .56 .75 .28

4 « 0.12
ii .86

«>
.60 .71 .34

6 I4
0.17 .96 .92

ii
.66

«
.40

8 I1
0.23

ii
.98 .86 .72 .7C .46

tt
0.29

«1
2.04

44
.78 .69 .52

12 4«
0.35

«1
.09 .85 .84

44
.57

14 44
0.41 .95 .15

1 1
.90 .68 .68

16 14
0.47

44
.21 .84 .95

44
.69

18 11
0.52

U
.27

ii
4.01 .67 .75

20 44
0-58

44
.33 .83 .07 .66 .80

22 44
0.64 .94 .38

ii
.13

ii
.86

>>
0.70

41
.44 .82 .18 .65 .92

26 99.99 0 76
44 .50

44
.24 .64 .98

14
0.81 .93 .56 .81 .30 .68 6.04

4C
0.87

I4
.62

1 4
.36

41
.09

32 44
0.93

44
.67 .80 .42 .62 .15

84 4I
0.99

il
.73

4I
.48

'
.21

36
t4

1.06 .92 .79 .79 .53 .61 .27
88 >>

1.11
44

.85
"

.59 .60 .33
40 4t

1.16
1 1

.91 .78 .65 .59 .38

42 4t
1.22 .91 .97

ti
.71 ii

.44
44 99.98 1.28

44
3.02 .77 .76 .58 50

46 i>
1.84 .90 .08

44
.81' .57 .56

48 *t
1.40

44
.14 .76 .88 .56 .61

50 >i
1.45

44
.20

44
.94 44

.67

52 it
1.51 .89 .26 .75 .99 .55 .73

54 ii
1.57

14
..'51 .74 5.05 54 .78

99.97 1.63
4I

.37
1 1

.11 .53 .84
"

1.69 .88 43 .73 .17 .52 .90
ii

1.74
44

.49
1 1

.23 .51 .96

0.75 0.01 0.75 0.02 0.75 0.03 0.75 0 05

r=1.00 1.00 0.01 1.00 0 03 1 00 0.04

s

1.00 0.06

i"=l 25 1.25 0 02 1.25 0.03 1.25 0.05 1.25 0.08
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TABLE V.—Continued. Horizontal Distances and Eleva

tions for inclined stadia readings.

e O0 .
6 74° 5

Hor. Diff. Hor. Diff. Hor. Diff. Hor. Diff.

Minutes. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev.

99.51 6.96 99.24 8.68 98.91 10.40 98.51 12.10

7.02 .23 .74 .90 .45 .60 .15

.50 .07 .22 .80 .88 .51 .48 .21

.49 .13 .21 .85 .87 .57 .47 .26

.48 .19 .20 .91 .86 .62 .46 .32

.47 .25 .19 .97 .85 .68 .44 .88

.46 .80 .18 9.03 .88 .74 .43 .48

.36 .17 .08 .82 .79 .41 .49

.45 .42 .16 .14 .81 .85 .40 .55

.44 .48 .15 .20 .80 .91 .39 .60

.43 .53 .14 .25 .78 .96 .87 .66

.42 .59 .13 .81 .77 11.02 .36 .72

.41 .65 .11 .37 .76 .08 .34 .77

.40 .71 .10 .43 .74 .13 .33 .83

.39 .76 .09 .48 .73 .19 .31 .88

.38 .82 .08 .54 .72 .25 .29 .94

tt
.88 .07 .60 .71 .30 .28 13.00

.37 .94 .06 .65 .69 .36 .27 .05

.39 .99 .05 .71 .68 .42 .25 .11

35 8.05 .04 .77 .67 .47 .24 .17

.34 .11 .03 .83 .65 .53 .22 .22

.33 .17 .01 .88 .64 .59 .20 .28

.32 .22 .00 .94 .63 .64 .19 .33

.31 .28 98.99 10 00 .61 .70 .17 .39

.30 .34 .98 .05 .60 .76 .16 .45

.29 .40 .97 .11 .58 .81 .14 .50

.28 .45 .96 .17 .57 .87 .13 .56

.27 .51 .94 .22 .56 .93 .11 .61

.26 .57 .93 .28 .54 .98 .10 .67

.25 .63 .92 .34 53 12.04 .08 .73

.24 .68 .01 .40 51 .10 .06 .78

c-0.75 0.75 o.oc O.V6 0 07 0.75 0.08 0.74 0.10

c-1.00 1.00 0.0s 0.99 0 09 0.99 0.11 0.99 0 13

c-1.25 1 25 0 10 1.24 0 11 1.24 0.14 1.24 0.16
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TABLE V.—Continued. Horizontal Distances and Eleva

tions for inclined stadia readings.

8° 10° 11°

Hor. Diff. Hor. Diff. Hor. Diff. Hor. Diff.

Minutes. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev.

98. oe 13.78 97.56 15.45 96.98 17.1C 96.36 18.78

M .84 .68 .51 .96 .16 .84 .78

.08 .89 .52 .56 .94 21 .821 .84

.01 .96 .6C .62 .92 .2£ .89

.OC 14.01
s .48

.67 or .32 .27 .95• (TV

97.98 .06 .46 .73 .88 .37 .26 19.00

.97 .12 .44 .78 .86 .48 .23 .05

14 .95 .17 .43 .84 .84 .48 .21 .11

16 .93 .23 .41 .89 .82 .54 .18 .16

18 .92 .28 .39 .95 .80 .59 .16 .21

20 .90 .34 .87 16.00 .78 .65 .14 .27

.88 .40 .85 .06 .76 .70 .12 .82

.87 .45 .33 .11 .74 76 .09 .88

26 .85 .51 .81 .17 .72 .81 .07 .48

28 .83 .56 .29 .22 .70 .86 .05 .48

80 .82 .62 .28 .28 .68 .92 .03 .54

.80 .67 .26 .33 .66 .97 96.00 .59

.78 .73 .24 .39 .64 18.03 95.98 .64

.76 .79 .22 .44 .62 .08 .96 .70

88 .75 .84 .20 .50 .60 .14 .93 .75

40 .73 .90 .18 .65 .57 .19 .91 .80

.71 .95 .16 .61 .56 .24 .89 .86

.69 15.01 .14 .66 .53 .30 .86 .91

.68 .06 .12 .72 .51 .35 .84 .96

48 .66 .12 .10 .77 .49 .41 .82 20.02

50 .64 .17 .08 .83 .47 .46 .79 .07

52 .62 .23 .06 .88 .46 .51 .77 .12

64 .61 .04 .94 .42 .57 .75 .18

66 .59 .84 .02 .99 .40 .62 .72 .23

58 .57 .40 .00 17.05 .38 .68 .70 .28

60 .55 .45 96.98 17.10 .36 .73 .68 .34

0.74 0.11 0.74 0.12 0.74 0 14 0.73 0.15

c-1.00 0.99 0.15 0.99 0.16 0.98 0 18 0.98 0.20

r-1.25 1.23 0.18 1.23 0.21 1.23 0.23 1.22 0.25
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TABLE V.—Continued. Horizontal Distances and Ele-

nations for inclined stadia readings.

12° 13° 14° 15°

Hor. Diff. Hor- Diff. Hor. Diff. Hor. Diff.

Minutes. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev.

0 96.68 20.34 94.94 21.92 94.15 23.47 93.30 25 00

2 .65 .39 .91 .97 .12 52 .27 .06

4 .63 .44 .89 22.02 .09 .58 .24 .10

6 .61 .50 .86 .08 .07 .63 .21 .15

8 .58 .55 .84 .13 .04 .68 .18 .20

10 .56 60 .81 .18 .01 .73 .16 .26

12 .53 .66 .79 .23 93.98 .78 .13 .30

14 .51 .71 .76 .28 .95 .83 .10 .36

16 .49 .76 .73 .84 .93 .88 .07 .40

18 .46 .81 .71 .39 .90 .93 .04 .45

.44 .87 .68 .44 .87 .90 .01 .60

.41 .92 .66 .49 .84 24.04 92 98 .66

24 .39 .97 .63 .54 .81 .09 95 .60

26 .36 21.03 .60 .60 .79 .14 .92 .66

28 .34 .08 .58 .65 .76 .19 .89 .70

30 .32 13 .55 .70 .73 .24 .86 .76

82 .29 .18 .52 .75 .70 .29 .83 .80

34 .27 .24 .50 .80 .67 .84 .80 .86

36 .24 .29 .47 .86 .65 .89 .77 .90

38 .22 .34 .44 .91 .62 .44 .74 .96

40 .19 .39 .42 .96 .69 .49 .71 26.00

42 .17 .45 .39 23.01 .56 .55 .68 .05

44 .14 .50 .36 .06 .53 .60 .65 .10

.12 .55 .34 .11 .50 .65 .62 .16

.09 .60 31 .16 .47 .70 .59 .20

50 .07 .66 .28 .22 .45 .76 .56 .26

62 .04 .71 .26 .27 .42 .80 .53 .30

.(.2 .76 .23 .32 .39 .85 .49 .35

66 94.99 .81 .20 .37 .30 .90 .-Hi .40

58 .97 .87 .17 .42 .33 95 .43 .45

60 .94 .92 .15 .47 .30 25.00 .40 .50

c=0.75 0.78 0.16 0.73 0.17 0.73 0 19 0.72 0 20

<r=1.00 0 98 0 22 0.97 0 23 0 97 0.25 0.96 0.27

e=1.25 1.22 0.27 1.21 0.29 1.21 0.31 1.20 0.34
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TABLE VL—A Table of Mean Refractions in Decli

nation.

To app.y on the declination arc 01 Solar Attachment of either

Compasses or Transits.

DECLINATIONS.

FOR LATITUDE 25°.

ANGLE. +20° +15° +10° +5° 0° -5° —10° -15° -20°

0 Hour. 05" 10" 15" 21* 27' 33' 40" 48' 67'

2 08 14 19 25 81 38 48 54
1105

3 12 18 24 30 37 44 53 104 1 18

4 23 29 35 45 53 103 i1ie 1 31 1 52

5 49 59 no 1'24 1'52 2 07 2 44 3 46 6 43

FOR LATITUDE 27° 30'.

0 Hour. 08" 13" 18" 24" 30" 36" 44" 52* vtr

2 11 16 22 28 84 41 49 l'00 1 10

3 17 22 28 35 42 60 l'00 1 11 1 26

4 28 35 42 50 l'00 I1ll 1 26 1 43 2 09

5 54 1'05 1'18 1'34 1 54 2 24 3 11 4 88 8 15

FOR LATITUDE 30

0 Hour. 10* 15" 21* 27' 33" 40" 48' 57' 1'08*

2 14 19 25 31 38 46 54 1'05 1 18

3 20 26 32 39 47 55 1'06 1 19 1 36

4 32 39 46 52 106 I'M 1 35 1 67 2 29

5 l'00 no 1'24 1'52 2 07 2 44 3 46 5 48 13 06

FOR LATITUDE 32° 30 '.

0 Hour. 13" 18" 24" 3C" 36" 44' 52"
1102*

1'14'

2 17 22 28 35 42 50 l'00 1 11 1 26

3 23 29 35 43 61 l'0l 1 13 1 28 1 47

4 35 43 51 l'0l 113 1 27 1 46 2 13 2 54

5 1'03 1'15
1131

1 53 2 20 3 05 4 25 7 86

FOR LATITUDE 35°.

0 Hour. 15' 21" 27' 33* 40" 48* 87' 1'08*
1121"

2 20 26 32 38 46 65 105 1 18 1 35

3 26 38 39 47 56 1'07 1 21 1 88 200

4 89 47 66
1107

1'20 1 86 1 59 2 82 3 25

5
1107

1*20
1138

2 00 2 34 3 29 5 14 10 16

FOR LATITUDE 37° 30'.

0 Hour. 18" 24* 30" W 44" 52'
1102" 1114*

1'29'

2 22 28 85 42 60 l'00 1 12 1 26 1 45

8 29 36 43 52 102 1 14 1 29 1 49 2 16

4 43 51 l'0l 113 1 27 1 49 2 14 2 54 4 05

5 I1ll
1126

1 44 2 10 2 .19 3 55 6 15 14 58
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TABLE VI.— Continued.

in Declination.

A Table of Mean Refractions

DECLINATIONS.

BOUR
FOR LATITUDE 40°.

AMGLB.
+20° +15° +10° +5° 0° -6° -10° -16° —20°

0 Hoar. 21"

26

38

47

27' 33" 40'

46

67
1119

2 20

48' 57" 1'08"

1 19

1121'
136'

2 32

40

39 62
1108

1 36

roe

1 21

1 35 1 57

3 48 1 38 2 02 2 36

4 694 66

1'81

1108

1 51

1 58

4 25

2 30

7 34

3 21

25 18S I'M 3 05

FOR LATITUDE 42° 30'.

0 Hour. 24" 30" 36' 44' 52" 1'02" 114' 1'29" 1'49*

2 28 35 39 50 100 1 12 1 26 1 45 2 11

8 36 43 52 1'02 1 13 1 29 1 49 2 17 2 69

4 50 100 I'll 1 26 1 44 2 10 2 49 3 55 6 16

6 i1ie 1 36 1 58 2 30 3 22 5 00 9 24

FOR LATITUDE 45

0 Hour. 27" 83" 40" 48" 57" 1'08" 1 ' 21 ' 1'39" 2'02'

2 32 39 46 62
1106

1 19 1 35 1 57 2 29

3 40 47 56
1107

1 21 1 38 2 00 2 34 3 29

4 54 1'04
1116

1 33 1 64 2 24 3 11 4 38 8 15

5 1'23 1 41 2 05 2 41 3 40 5 40 12 02

FOR LATITUDE 47° 30'.

0 Hour. 30" 36" 44" 52" 102" 114" 1'29" 1'49"
21 18'

2 35 42 50 100 1 12 1 26 1 45 2 01 2 51

3 43 51 roi 1 13 1 28 1 47 2 15 2 56 4 08

4 56 1'09 l 23 1 40 2 05 2 40 3 39 5 37 11 18

5 1'27 1 46 2 12 2 52 4 01 6 30 16 19

FOR LATITUDE 50°.

0 Hour. 33" 40" 48" 57" 1'08" 1'21" 1'39"
2102"

2 '36'

2 38 46 55 1'06 1 18 1 35 1 57 2 28 3 19

3 47 56 1'06 1 19 1 36 2 29 2 31 3 23 5 02

4 102 114 1 29 1 48 2 16 2 58 4 18 6 59 19 47

5 1 30 1 51 2 19 3 04 4 22 7 28 24 10

Explanation ofthe Table ofRefractions.—The table is calculated

for latitudes between 26° and 50° at intervals of 2i°, that being as near

as is required.

The declination ranges from 0 to 20° both north and south, the +

declinations being north, and — south, and is given for every live

degrees, that being sufficiently near for all practical purposes.

The hour angle in the first column indicates the distance of the

sun from the meridian in hours, the refraction given for 0 hours being

that which affects the observed declination of the sun when on the
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meridian, commonly known as meridional refraction; the refraction for

the hours just before and after noon is so nearly that of the meridian

that it may be called and allowed as the same.

When the table is used, it must be borne in mind that when the

declination is north or + in the table, the refraction is to be added;

when the declination is south or —, the refraction must be subtracter).

It will be noticed that the refraction in south or — declination

increases very rapidly as the sun nears the horizon, showing that ob

servations should not be taken with the sun, when south of the equator,

less than one hour from the horizon.

TABLE VII—Pole Distances of Polaris.

1895. 1896. 1897. 1898. 1899. 1900.

1° 15' 08' 1° 14' 49' 1° 14' 80" 1° 14' 11' i° rsr 7i* 1° 13' 33'

TABLE VIII—Azimuths of the Tangents, and Offsets

in feet, to the Parallel.

Utl-
Udi.

1 M1LK. 3 mm.es. 8 M1LK8. 4 M1LE8.

Azimuth. Offset. Azimuth Offset. Azimuth. Offset. Azimuth. Offset.

30° 89°59'30"

24,

18

08

58 58

0 39

0.47

0.56

0.67

0.79

89°59/0Cr'/

58 47

33

16

57 56

1.54

1.87

2.24

2.66

3.17

89°58/30"

n

8.47

4.20

6.03

6.99

7.13

89°58W/

57 34

06

56 32

55 53

6.17

7.47

8.95

10.65

12.68

35

40 57 49

24

56 54

45

50

5 M1LES. 6 M1LE8. 7 M1LES. 8 M1LBS.

Azimuth. Offset. Azimuth. Offset. Azimuth, Offset. Azimuth. Offset.

30° S^bl'SO"

56 57

23

55 40

54 51

9.64

11.68

13.98

16 61

89°57W

56 22

65 38

54 48

S3 4»

13.88

16.81

20.11

23 96

18.89

22.80

27.40

32 61

24.67

29 89

35 78

42 59

50 70

35 55 45

54 55

53 56

52 47

55 09

54 11

43 04

51 45

40

45

60

9 M1lE8.

19.80

10 M1LE8.

28 52

11 M1LKS.

38 82

12 M1LE8.

Azimuth. Offset. Azimuth. Offsf1 Azimuth. Offset. Azimuth. Offset.

30° 31 23

37 83

45.29

53 91

64 17

89°55'00"

53 56

5M4

51 20

4« 41

38 55

46.71

55 91

66 55

89°54'30"

53 20

52 00

50 28

48 39

46 65

56 62

67.65

80 53

95.86

89054W

52 43

51 17

49 36

47 37

55 52

67.26

80.51

95.84

114.08

35 54 32

53 28

52 12

50 43

40

45

50 ?:> 22

Interpolate for offsets for other latitudes. For offsets for half-

mile points, take one-fourth the offset for a point twice the distance of

the half-mile point from the tangential point.

Thus, the offset for 3J miles=l the offset for 7 miles.
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INDEX.

ANGLES, instruments for measur

ing 86

of deflection, to measure 116

ARC of excess 84, 281

ATTRACTION, local 127

BAROMETER, Aneroid, advantages 240

description of 237

precautions in using 240

use of 238

BAROMETRIC FORMULA 239

BASE-LINE, conditions required

for site of . 66

obtaining the length ofwith incor

rect standard 72

BEARING, magnetic 126

true 126

BOARD, slope 271

BOX COMPASS 262

BUBBLE, sensitiveness of 97

CHAIN, engineer's 70

formula for varying length due to

changes in temperature 71

Gunter's 69

: testing the 70

to open and fold 72, 73

CHAINING, on level ground. 73

on uneven ground 74

CHORDS, to plot angle from scale

of 36

CIVIL MAPS for topographical pur

poses, use of 329

CLINOMETER, Abney 269

COMBINED survejs 324

COMPASS, adjustments of 126, 127

beam 81

bearings with, to what refered... 126

box . 262

causes of error in 127

declination of, how named 128

description of 124

line of sight of 108

prismatic 263

problems with 81, 35

readings, plotting of 266

resection with 268

survey form for notes of 136

surveyor's 124, 136

to adust pivot 108

to straighten needle of 108

to test delicacy of needle of 109

use of 133

CONTOUR lines, method of deter

mining 171

CONTOUR working table 312

CONTOURED map, examinatioa of 170

CONTOURS, definition of 167

how designated 171

of egg- shape figure 168

of oblique cone 168

plotting, by proportion 171

plotting, graphically 172

show what s 167

sketching of 173

CONVENTIONAL signs and sjm-

bols 272

CROSS-WIRES, putting in new, of

transit 107, 108

CURVATURE and refraction, table

of 866

CYCLOMETER 266

DECLINATION, definition of, circle 199

daily 128

determining the 211

prepared table of 214

secular 129

the sun's 211

to set off 132

variations of 128

DEFINITIONS in discussions of

solar attachment 198

DEPRESSIONS and low altitudes,

to measure with sextant 233

DIAGRAM, plotting 265

DIRECTIONS, measurement of.. . . 262

DISTANCES, instruments for meas

uring 66, 72

measurement of, by estimation. . . 260

measurement of, by sound 259

measurement of, by time 259

methods of measuring 67, 49
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to measure, with Gordon R. P. ... 247

to measure, with Green R. F 247

to measure, with Labbez R. F . . . 249

to measure, with Pratt R. F 245

to measure, with sextant.. . 236, 236

to measure, with Souchier R. F. . . 264

to measure, with Watkin R. F 250

to measure, with Weldon 852

DIVIDERS 28

DRAWING-BOARD and Compass,

traversing with 300-302

EAST and west line, to run 116-116

ELEVATIONS, construction of 284

to obtain difference of, with ane

roid barometer 238

EQUIVALENTS, table of 64, 65

ERROR, limit of 11

ESTIMATION of distances 260

FIELD SKETCHING-CASE, trav

ersing with 302, 307

FIELD WORK, base-line in 293

hill features in 295

intersections in 293

methods of 293

traversing in 293

with stadia, large areas. . 191

with stadia, small areas 189

FILLING IN, methods of 167

of triangulated survey 193

with plane table 196

FINISHING-MAPS 277

FORE SIGHT 160

FORM LINES 318

FORMS OF GROUND, definitions

of 169

FORM OF NOTES, stadia survey

190, 195

compasssurvey 136

FORMULAE, barometric 239

FRACTION, representative 40

GRADE, determination of 166

elevation of 166

GRADIENTER, description of . 89, 90

establishing grades with 177

measuring distances with 176

GROUND, varietiesof.. 169, 170

HEIGHT of instrument 164

HEIGHTS, to measure with sextant

235, 236

HILL FEATURES, sketching of . . . 309

HILL SHADING 275

HORIZON, artificial 282

HORIZONTAL equivalent, approxi

mation of 175

definition of 174

scale of 175

table of 174

HORSES' PACES 258

IMAGES, erect and inverted, dis

cussion of 101, 102

INK 19, 20

INSTRUMENTS, accurate, use of. . 14

drawing 19, 38

in training eye 14

INTERVALS of time, relation be

tween mean solar and sidereal. . 201

LANDSCAPE SKETCHING 322

LATITUDE, by observation of cir-

cumpolar stars 215

by meridian altitude of sun with

out solar attachment 217

to determine with solar attach

ment 215

to determine with sextant 233

LEVEL, adjustments of 154, 156

LEVEL and Clinometer, Abnev. ... 269

LEVEL, datum 169

description of 153

relative importance of adjust

ments of 156

striding 204

the Wye 152

LEVELING, differential 159

the record in 162, 163

precautions to be observed in . . . . 163

LEVELING, profile 163

the record in 163, 166

LEVELING, use of long sights in.. 162

use of sights of equal length 162

LEVELING RODS, classes of 156

New York 167

Philadelphia 166

verticality of, when using 157

LINE, Agonic 13C

LINE, Isogonic 130

LINE, to establish true bearings of. 133

to retrace old .... 133

LINER, Section 27. V8

LINES, ranging out 7G, 77

straight, location of 15

LONGITUDE, by chronometer 209

by Jupiter's satellites 210

by telegraph 210
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MAP, border of 279

copying : 290, 201

finishing of 277

lettering of 277. 278

plotting from datm 881, 833

reading 280, 289

MAP reading, aids in 280

problems in 285, 289

MAP reducing and enlarging. . 291, 292

MAPS, comparison of when drawn

to different scales 40

correctness of, depends on 15

definition of 15

degree of accuracy of, depends

upon 41

difference between civil and mili

tary 10

MEASURE, definition of unit of. . . 42

MEASUREMENT of directions 262-268

of slopes 269-271

MEKOMETER, Watkin 250

MERIDIAN, to determine by com

pass 180

to determine by Smith's Meridian

Attachment 223

to determine by solar attachment. 217

to determine by sun and plumb

line 182

to determine by transit. 122

MILITARY Reconnaissance.. . 334, 357

MILITARY topography, definition

of 9

distinguishing characteristics of. 9

MOUNTAINS, sketching of 319

NEEDLE, as a check 119

declination of. 125

to re magnetize 127

where placed on map 278

OBSTACLES, passing 77

ODOMETER 78, 80

wheelbarrow . . 255

ORIENTING map on ground 281

PACES, Horses' 258

PACING 257

PANTOGRAPH, The 291

PAPER, cross-section 17,18

drawing 17, 18

profile 17, 18

tracing 17, 18

transfer 17, 18

PAR \LTAX. to reduce effects of in

..e taut 232

PARALLELS, to draw 24-26

PEDOMETER 256

PENCILS 20

spring-bow 29

PENS, border or road 20-22

common 20-22

curve 20-22

right-line 20-22

spring-bow 29, 30

PERAMBULATOR 255

PERPENDICULARS, to draw 24

PINS, marking 72

PLACE of observer on map, how

found 281

PLANE table alidade 137

adjustments of 138

PLANE table declinator 138

description of 137

filling in with 196

levels 188

location by intersection 140

resection 150

orienting by needle 145

orientation of 140

paper used 138

precautions in locating by inter- •

section 142

selection of base- line 140

setting up 139

taking up 139

PLANE table, traversing with 143

use of telescopic alidade with .... 142

uses of 139

PLOTTING compass readings 266

diagram 265

notes of stadia traverse 195

PLUMB line and bubble tube, dis

cussion of 95-97

POINT, location of 15. 16

POLARIS, azimuths of 867

elongations and culminations of,

table of 366

POSITION report 355

PRISMATIC compass 263

PROTRACTORS 35,36

RANGE-FINDER, Gordon 247

Green 247

Labbez 248

Pratt 244

Souchier 254

Watkin 250

Weldon 251

READING maps, method of 281
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RECONNAISSANCE, military, 334, 367

RECONNAISSANCE, of outposts. . 848

of positions 352

of railroads 343

of rivers 845

of roads 837

REDUCING notes in stadia survey. 194

REDUCTION diagram 184

to horizontal of stadia measure

ments 182

REFERENCE POINTS 316

REFRACTION 112

table of 365

RELATION between mean solar

and sidereal interval 201

RESECTION with the compass.... 268

REVERSION, principle of 98

ROAD REPORT '339

ROADS, laying out 358

ROD, metal 66

wooden 66

RULERS, irregular curves 22, 23

parallel 27

straight-edge 22, 23

SCALE of maps and V. L, relation

between 175

SCALE, where placed on map 278

SCALES; construction of 42-63

comparative or equivalent 62

definition of 3S

diagonal 46

graphical 41

lvjry, metal and wood 37

of maps 88

of maps, how expressed 39

problems under 56, 57

rule governing selection of for

any work 41

vernier 52, 63

SECTION LINER 27, 28

SECTIONS 282

SEXTANT, adjustments of . 229

arc of excess of 231

description of 227

latitude with 233

pocket, advantages and disadvan

tages 229

description 229

problems in use of 234

resection with 234

theory of 228

*"" measure horizontal angles with 231

SEXTANT, to measure low altitudes

and depression with 23S

to measure very small angles with 231

use of 231

where used 228

SHADING, hill 275

SIGHTS, in leveling, intermediate. 164

equal length of 162

long 162

SIGNALS used in triangulation .. . 83

SIGNS and Symbols, conventional. 272

conventional, with colors 274, 275

conventional, without colors 272. 274

SKETCHING-CASE, field 302

SKETCHING contours 173

hill features 309

pad 3C7

topographic 12

SLOPE BOARD 271

SLOPES, measurement of 269-271

table of reduction for 75

SOLAR attachments, adjustments of 202

definitions used in discussion of. . 198

Government test for accuracy . . 222

principal object of ... 201

Saegmuller's 206

theory of 201

to determine latitude with ... . 215

to determine meridian with. 217, 223

Smith's meridian, adjustments. . . 221

SOLAR instruments, remarks on. . . 223

SOUCHIER range-finder 26-*

SOUND, measurement of distance

by 269

STADIA measurements, accuracy of 185

error of closure in 185

STADIA measurements, length of

sights in 185

STADIA,' theory of .... 178

to measure distance with 181

wires, adjustable and non-adjust

able.... 182

STADIA RODS, characters on 187

field work with 191

graduation of 186

making 185

on Government surveys 188

STADIA traverse, plotting notes of. 195

STADIA work, record of 190-195

STAKES, plus 164

STANDARD, laying off 71

the same temperature formerly

used in 71
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STATION, selection of for survey, 81, 82

STATIONS, triangulation 82

STATISTICAL INFORMATION.. . 342

STRAIGHT line, prolongation of. . 114

SURVEY, expansion of a 81

SURVEYING, topographic 10

SYSTEMS, triangulation 13, 14

TABLE for reduction of slopes 75

TACKS, thumb 19

TAPES, advantages and disadvan

tages of 69

formula for varying length due to

changes of temperature 71

substitutes for 78

steel 66

testing 67, 68

TARGET, Thompson's 158

TELEMETERS 243

TIME, civi! and astronomical . . 208

divisions and kinds of 206

measurement of distances by. . . 259

TIME, observations for 2C8

of day with solar attachment . . . 226

standard and local . . . 207, 208

TITLES OF MAPS 278

TOPOGRAPHIC field notebook

traversing with 295-299

TRANSIT, adjustments of 97, 108

compass of - . . 91

stadia of 88

telescope of . P5-88

the engineer's, description of . . 85-95

to measure horizontal angles with

110, 112

vertical angies with 112

use of 109

TRAVERSE, notes of 119

to plot 120

TRAVERSING, 3st, 2d and 3d

methods 117, 119

with compass and drawing-board

... 300-302

with field sketching-case . . . 302-307

without instruments 307-309

TRIANGLES 23

TRIANGULATION, successive

steps in ; 13

TRIPOD 95

T-SQUARES 25

TURNING PINS 159

TURNING POINTS 161

VERNIERS, definition of 68

direct and retrograde 59

examples of ...... 60-64

lea«t count or smallest reading of. 58

problems under 65

rules for reading 64

of transit 93

VERTICAL interval and scale, re

lation between 175

WATER-COURSE, defiuiiion of . 169

WATKIN MEKOMRTER 250

WELDON RANGE-FINDER 251

VWW. OF mCtiiOAM,'

JUL 28 181$
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Current-Meters,

Plain and Vernier Compasses,

Leveling-Rods,

Chains,

Tape-Lines, etc.

.Also Dealers In

Anemometers, Barometers, Drawing-Instruments and

Materials, Field-Glasses and Telescopes,

Scientific Books, etc.

Our Latest Illustrated Catalogue and Price-List Mailed

on Application.

 



Thia cut represent! our Improved Engineers' Transit, No. 1*. It has the two
opposite verniers of the limb at an angle of 30' with the telescope and thus in from
of the observer, so as to be easily read without a change of position. The socket*
•re long and the upper parts of the instrument brought down closely to the level
ing head, which is itself permanently attached to the centers. The tangent move
ments have each a single screw with opposing spring and are very sensitive; the
clamp to the limb being also attached to the solid center of the instrument.

The telescope is furnished with rack and pinion movements to both eye and
object slides without extra charge.

 





The Batson Sketching-Case.

(IMPROVED PATTERN, MARCH, 1902.)

The engraving shows the Batson Sketching-Case designed for the

use of Civil and Military Engineers and Surveyors in reconnaissance

and topographical surveys. It was given an extensive and successful

trial in 1898 and 1899 in Cuba and the Philippines as well as in the

United States.

This instrument is a small drawing-board having upon its upper

surface a movable graduated circle, carrying a small alidade with

scales, and at one end of the board a compass, and a clinometer.

The Drawing-board is made of wood, and is provided with rollers

which carry the paper for recording observations. Friction-brakes

hold the rollers so that the paper is held down snugly to the board

and prevented from uncoiling.

Six holes at the end of the board opposite the compass afford re

ceptacles for the colored pencils used in topographical sketching.

The protractor is held in position by a carrier which slides upon a

bar attached to the wooden end-pieces shown in the cut. The construc

tion of the carrier allows the protractor to be turned or, if desired, to

be clamped by means of two set-screws, as shown.

The protractor can also be lifted to an upright position by pulling

back the spring-catch at the end of the carrier-bar.

The alidade turns within the graduated circle, and, with it, forms

the protractor.

The paper for use with this instrument is six inches wide, and

thirty to forty inches is found to be a convenient length.

The sketching case is fitted with a strap for carrying on the fore

arm, and, if desired, is provided with a short, light staff, or a plain

tripod, for use in taking bearings on reference points and on objects

which it is desirable to locate with more accuracy than can be done by

holding the case in the hand.

A sole leather case, having a pocket for the instrument and an

other for sketches and extra paper, and fitted with lock and shoulder-

strap, is provided with each instrument.

 






