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PREFACE.

THE writing of this book was first suggested by the fact that there was no native work

which fully treated of and illustrated rapid methods of hill-shading; and it is now writ-
ten not only to explain these and other methods now used either separately or in conjunction
with them, but also to present the subject of topographical sketching in a form suited to a
beginner.

The methods of both drawing and sketching as now practised in the principal topo-
graphical schools, and there considered the best, are described in detail.

The writer has searched every available source, both foreign and native, for new informa-
tion, and desires especially to acknowledge that gained from the publications of the U. S.
Coast Survey, the *“ Mémorial de I'Officier du Génie,” and from the recent works of Lehagre,
Maes and Bertrand of the French scilools, and of Colonels Richards and Roberts of the
British Army; and also to express his indebtedness for valuable advice, assistance, and
opportunities afforded by his friend, Professor Charles W. Larned, Department of Drawing,
U.S. M. A.

West PoiNt, N. Y., June 23, 1886, *

PREFACE TO THE SECOND EDITION.

SOON after the issue of the First Edition, this manual was adopted for the use of Cadets
at the U. S. Military Academy; an opportunity was thus afforded to the writer of personally
testing its merits as a guide to the student, and, having made such changes and additions
as seemed advisable, it is now believed to be well suited to purposes of instruction.

The present enlarged edition consists of two volumes bound in one; Vol. I. contains the
subject-matter of the First Edition, except that part pertaining to Photographic Sketching;
but with the addition of Methods of Plotting when the Earth's Sphericity is Considered, and
of more information on the subjects of Conventional Signs, Modelling and Sketching; while
Vol. I1., “ Photography applied to Surveying,” which has its own Preface and Index, not only
contains the information omitted as above stated from Vol. I, but is intended to be a fairly
completc presentation of this subject in its various forms and applications.

A “Contents,” and an “Index” alphabetically arranged, are prefixed to each volume; and
Vol. I1. is also published separately.

WesT Point, N. Y., March 17, 1888
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TOPOGRAPHICAL DRAWING.

PART I

INSTRUMENTS AND MATERIALS—PRACTICAL RULES AND SUGGESTIONS—
SCALES AND PLOTTING.

1. Introductory—Topographical Drawing is the art of representing graphically the
natural and artificial features of a limited portion of the earth’s surface. The positions and
dimensions of these features are determined by topographical surveying and sketching, and
the drawing is made from the records and notes of these operations.

The principal characteristic of this kind of drawing is the representation of the relief of
forms. While in other maps, horizontal distances and dimensions only are given, in a
topographical map heights also are represented, and conventional methods are employed to
produce an effect similar to that which the features themselves would present to the eye if
viewed from points vertically above them.

Topographical Signs are conventional symbols, or figures, employed to represent the
different features. In Plain Topographical Drawing (Part I1.) these signs are in black and
white, while in Colored Topographical Drawing ‘

(Part II1.) various colors and tints are used to ex-
press them. v
SECTION I.—INSTRUMENTS AND MATERIALS.
The increased cost of the best instruments is
a y.)
b <

fully repaid by the time and labor saved in their use.

2. Pencil.—Lead-pencils corresponding to Fa-
ber’s Siberian Graphite, of H B, H, 4 H,and 6 H
grades, are suitable for the purpose: the two latter
grades for plotting, marking points of division of

lines, and other fine work; and the former for

sketching purposes, and for drawing some of the signs, such as trees and stone walls,

which require a certain degrece of emphasis, especially on maps drawn to a large scale.
Lead of good quality will produce a smooth, even line without requiring pressure sufficient
to indent the paper. A sharp well-shaped point is required for good work. The accompany-
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ing figure shows the “cone” and “chisel” points; the latter being used, on account of its
durability, for drawing straight lines, and the former for all other purposes. To form the
conical point, the pyramidal point a is formed first, and then trimmed to the shape 6. The
side and end view of the chisel-shaped point is given at ¢.

Emery-paper or fine sand-paper, tacked to a flat surface, is very handy for keeping a
pencil sharp; but after its use the point should be made smooth by rubbing it flatwise on
paper, before applying it to the drawing.

3. Common and Crow-quill Pens.—The common pen is used for all free-hand ink-drawing

with exceptions, that for long smooth curves the curve-pen (par. 17), and for the finest lines
the crow-quill, are substituted. It should be smooth-pointed and elastic. Gillott’s “ 303"
and “ 404" are good standards for general use—the latter for the coarser work. The crow-
quill is a much smaller pen, with a very fine point.
—~ To promote steadiness, the lower part of the pen-holder should be
= reinforced, or enlarged, as shown at 4 in the preceding figure, and the pen
inserted about half its length. It is held as in ordinary writing. Even
with the best of ink, the pen must be wiped very often to prevent clogging.
A fine-pointed pen is in good condition when with the pressure due to
the weight of the pen and holder, the latter being held at the tip, or resting
in the hollow of the thumb and forefinger, the point will describe a con-
tinuous hair-line.

4. Drawing or Rightline Pen.—The different parts of this instrument
are shown in the accompanying figure. Convenient sizes are 6 and 4%
inches respectively—the smaller for fine lines.

A drawing-pen consists of two steel points, called “ nibs,” attached to an
ivory or ebony handle; one nib is hinged at its base to facilitate cleaning
the inner surfaces: a small block at the base tends to spread the nibs,
which can be adjusted for lines of different breadth by means of the milled-

P/

O

head screw shown in the figure. In the larger sizes, the handle, which may

be unscrewed, is provided at its lower extremity with a needle-point, of use
@ in marking points, erasing and transferring. German silver nibs are best
for colored inks and water-colors.

In use, it is filled by holding it vertically, nibs uppermost, and in-
serting near the points a common pen or a piece of paper charged with
ink; the ink will usually be drawn upward to the points by capillary
action, otherwise the pen or paper is passed between the points. The
quantity of ink required is soon observed in practice, and thcre should be none on the
outer surfaces of the nibs. A straight-edge or a curve is always used in connection with it.
In drawing a line, the pen is held perpendicularly to the surface of the paper, with the ex-
ception of a slight and uniform inclination in the direction of the movement, the points
pressing equally upon the surface, and the nib opposite the milled head very lightly against
the guiding edge. The line is drawn by a continuous movement, and as rapidly as the flow
of the ink and the formation of an even line will permit. If the points become clogged, a
piece of paper or a pen-point is passed between them; and if this does not clear them, the
nibs should be opened, cleaned and refilled. The pen should be cleaned when put away.
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The points become dulled by use, and require resetting by an instrument-maker; but,
lacking this resource, they may be put in order as follows:—First, make the nibs of equal
length and of a rounded shape by drawing lines, so to speak, on a fine.grained whetstone ;
then, holding the pen at an angle of about 20° with the surface of the stone, and applying
the outer surface of each nib in succession, sharpen each point until, by reflected light, the
dulled edge is no longer perceptible, and at the same time the nibs are of equal length and
the points are not so sharp as to cut or scratch the drawing.

5. Instruments for Drawing Straight Lines.—The principal instruments used with pen
or pencil for drawing straight lines, are the straight-edge or ruler, triangle and T-square.
These are of steel, rubber, or hard fine-grained wood; and should have straight, carefully
finished edges, and lie flat upon the paper.

Those of wood or rubber are liable to warp; the edges should be frequently tested for
accuracy, which is readily done by placing the edge to be tested in contact with a steel
straight-edge, and holding the instruments between the eye and the light.

Another method is to rule a fine line and prolong it with the same edge about half its
length ; this edge, applied to different parts of the line, and on each side of it, should coin-
cide with it.

For fine work, these instruments should not exceed one tenth of an inch in thickness.
Although metal rulers and triangles retain their shape and edges, they are more liable to
soil the paper than those of wood. .

6. Two straight-edges (a, Fig. 1, Plate L.), of fifteen and thirty inches in length respec-
tively, are enough for ordinary purposes. As a precaution against blotting, to keep the points
of the pen from contact with the straight-edge, it is desirable to have one edge bevelled;
this edge, in inking, to be next to the drawing. A right line of greater length than the
straight-edge may be defined by placing two straight-edges together flat on the paper, with
their edges overlapping; or by marking points exactly underneath a thread stretched the
required distance, and then joining the points with the straight-edge.

7. Triangle (c, Fig. 1).—The triangle is used in conjunction with the straight-edge for
drawing parallels and perpendiculars. The open or *frame-pattern,” shown in the figure,
does not cover up so much of the work as the solid one, is handier, and if of wood or
rubber, is less liable to warp. The smaller angles are usually either 45° and 45°, or 30° and
60°. To test the accuracy of the right angle, place either side, as ad, coincident with a fine
right line, and draw a line along ac; revolve the triangle about the side ac, make aé again
coincide with the right line and draw another line along ac: the two lines thus drawn should
be parallel.

To draw Parallels: Place a side against a straight-edge, and draw a line along either of
the other sides; without moving the straight-edge, slide the triangle along the desired dis-
" tance, and draw another line along the same edge as before: the two lines thus drawn will be
parallels.

It is apparent that to draw lines perpendicular to each other the longest side is placed
against the straight-edge,—the other two sides serving as the guiding-edges.

8. T-Square (b, Fig. 1).—This instrument in its handiest shape consists of a thin * blade”
and a thicker adjustable “ head.” The upper half of the head is firmly fastened to the blade,
with its inner edge perpendicular to the edges of the latter, and its lower surface flush with
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that of the blade. The lower half is the duplicate of the upper, and by means of the clamp-
screw, shown in the figure, its inner edge can be fixed at any desired angle with the edges
of the blade. In using it, this inner edge, adjusted as required, is pressed against the edge
of the drawing-board, while the blade lies flat upon the drawing. Under these conditions the
square is moved over the drawing, and any number of sets of parallels can be drawn along
its edges, or those of a triangle used in conjunction with it. If the edge of the drawing-
board is not straight. a thin straight-edge can be fastened to it. The right angles between
the edges of the upper head and blade are tested as described for the triangle.

9. Parallel Rulers (d, Fig. 1).—Of these there are two kinds—the sliding and the rolling.
The former consists of two straight-edges joined near their extremities by two metal strips
of equal length, which are pivoted at the points of attachment, so that when the straight-
edges are separated they remain parallel.

The other ruler is a straight-edge of considerable weight provided, near its extremities,
with rollers of equal diameter, movable about the same axis. The manner of using them is
apparent. On account of the play at the joints, and of the axle, these instruments are not
suitable for accurate work. They serve well, however, for section-lining and like purposes.

10. To grade Intervals.—The following is a simple method of drawing parallels with
equal or regularly graded intervals, such as are required in section-lining and in filling in out-
lines of buildings, etc. Using a triangle and
straight-edge of the same thickness, the latter
graduated along one of its edges into, say

Cc a

tenths of inches, place them as shown in
the figure, with the index 7 coincident with
one of the divisions of the straight-edge.
If now the triangle be moved along the

latter, and lines be drawn along ac when
the index reaches each of the divisions in
succession, it is apparent that the parallels
will be equally spaced. If cad is go°® and ach

o

30°: since sin 30° = 4. @b = {b¢; therefore
with the above divisions the intervals are each ; of an inch: orif @b is .%.... of b, each
interval will be 4, {5 . . . . of an inch; and if the divisions are reduced to twentieths, these
intervals become &, gy . ... of an inch. It is readily seen that a regular gradation is ob-

tained by increasing the distance passed over by the index, by one division for each parallel.

11. Section-Liners.—These are instruments devised for the purposes stated in the fore-
going paragraph. A straight-edge is made to move over successive regular distances by means
of springs and adjustable stops, the distances being gauged by attached scales and indices.
The best forms would serve to produce an even gradation with little trouble; but practice
soon trains the eye to this kind of work, and for ordinary topographical purposes a triangle
and a straight-edge will prove sufficient.

12. The mnccessary instruments for drawing curved [lincs are dividers, bow-pen and
pencil, and an irregular curve. To these may be added beam-compasses for describing arcs
of large radii, and the curve-pen.

13. Dividers—This instrument (Fig. 2), shown at f with needle-point inserted, is fur-
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nished, in addition to the customary steel-points (¢), with pencil and pen points, and an
extension-bar, shown at g, %, and 7, respectively, which are inserted as needed and securely
held in place by set-screws.

The best instruments are of German silver, and have a steel friction-plate interposed
between the branches or legs at the pivot, to prevent wear and secure smoothness of motion:
the necessary amount of friction being obtained by means of the horizontal adjusting-screws
shown in the figure—the vertical adjusting-screws serving to bind the handle to the heads
of the former. With the exception of the steel-points, used principally for spacing and for
setting off distances, the different points are hinge-jointed, to admit of their being set per-
pendicularly to the paper in describing arcs, which is particularly necessary in using the
pen-point.

In the absence of leads made especially for the pencil-point, serviceable ones can be cut
from a hard-lead pencil. The *“shouldered " needle, shown inserted, is more rigid and con-
venient than a plain necedle. A large radius is obtained with the extension-bar.

In describing arcs, the handle is held between the thumb and forefinger, the point of the
needle is kept in place with very light pressure, and the curve is described with a continuous
movement. To prevent wearing large holes in the paper, when several arcs are described
from the same centre, a * horn-centre”—a thin transparent piece of horn, with points on its
under surface to keep it in place—is interposed between the point and the paper.

14. Spring-Dividers (k, Fig. 2).—This instrument, also called a dow-pen or gencil, is used
for describing arcs of very small radii. In the kind shown
at the top of the figure the legs are formed of one piece
of steel, bent until the points are about an inch apart,
and are adjusted by means of the screw and nut. Of the
other two, in the form shown on the left. the pen or pencil

J

point revolves about a steel rod, which serves both as a
handle and needle-point; and as the rod is always kept
perpendicular to the paper, and stationary, it is the
handier form for describing very small arcs.

15. Irregular Curve.—This instrument has a variety of

forms, two of which are shown in the accompanying figure.
It is very useful as a guide to the pen or pencil point in
drawing bends of roads and other accidental curves, giving
a smoothness to the drawing not otherwise easily attain.
able. The only difficulty attending its use is to avoid
making angular junctions in the prolongation of a line.
This is obviated by being careful to make the edge of the curve, at the beginning of the
prolongation, tangent to the latter part of the line already drawn.

16. Beam-Compass (m, Fig. 2).—This instrument is used for describing arcs of greater
radii than can be described with the dividers and extension-bar. As shown in the figure, it
consists of two metal clamps which can be attached to a straight-edge or bar,and at any
required distance apart. The clamps have sockets for pen, pencil, or needle points. Some
kinds require special bars to fit the clamps, while in others, termed * portable beam-com-
passes,” the clamps can be attached to any straight-edge. The pattern (McCord's) shown in
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the figure is substantial, and has exact means of adjustment afforded by the form of clamp,
the part carrying the point being made to traverse the slide by means of the milled-head screw,
while the points remain perpendicular to the paper.

It is best used with a graduated bar made to fit it. A support furnished with casters is
often used with a beam.- -compass to support the bar at its middle point.

17. The Curve- Pen (Fig. 3).—This differs from the right-line pen in having curved nibs
attached to a rod which turns freely within the handle. It is particularly useful in drawing
curves free-hand; the pen for this purpose being held with the handle perpendicular to the
surface of the paper, and moved in the direction of the required curve—the point following
the pencilled tracing. By means of a nut at the upper extremity of the handle, the latter
may be clamped to the rod, and the instrument used as a right-line pen.

18. Dotting, Border, and Road Pens.—These may be termed labor-saving instruments,
since by their use regular spacing and even width of line are attained by a single stroke, while
the eye and hand are only engaged in following the right direction.

The Dotting-Pen (Figs. 4 and 6) has a set of interchangeable wheels, with teeth or cogs
¢orresponding to the arrangements of dots and dashes required. ~

In the form (Fig. 6), the teeth act as cogs upon a lever which carries a pen-point at its
outer extremity; and motion is given to the cog-wheel by rolling the outer wheel, fastened
to the same arbor with the latter, along the edge of a ruler.

In the other form, the wheel is supplied with ink from a reservoir above, the teeth being
applied directly to the paper. This instrument is also called a rou/lette.

The Border and Road Pen (Fig. 5) is used for drawing either heavy or parallel lines.
For the former, the space between the branches is filled with ink, and adjusted by means of
the large milled-head screw ; for roads, the branches only are filled, and can be independently
adjusted to different widths of line. It is useful in drawing any features rcpresented by
parallels. Some draughtsmen prefer the branches bent in the same direction, to facilitate
following the edge of a ruler closely.

19. The principal instruments for measuring lincs and angles, or for setting off horizontal
distances, azimuths and bearings, are the scale of cqual parts and the protractor. To a
description of these is added that of the sector, mainly on account of its usefulness in finding
proportional parts. These instruments are made of boxwood, ivory, hard rubber, or metal.
Horn and paper are also used for protractors and scales.

20. Scale of Equal Parts.—A convenient form of this instrument is the * triangular scale
of equal parts” (Fig. 8), so called from the shape of its cross-section. Its different edges are
graduated to show 10, 20, 30, 40, 50, and 60 parts of an inch, and for finer work 80 and 100
parts. Those graduated the entire length of the edges are most convenient. Distances are
laid off directly with this scale. The “scale-guard” is a sliding attachment used with the
scale to save time in finding the particular edge in use, and in repeating a measurement. In
the use of paper scales, which are accurately engraved or machine divided, and similarly
graduated, the variations in length due to heat and moisture, are sensibly equal to corre-
sponding changes in the drawing; besides, they are not so liable to soil the latter as scales
made from other material.

Scales of equal parts, graduated to other convenient units, as chains, metres, etc., are
likewise readily obtainable. When much time is rcquired for the completion of a drawing,
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greater accuracy is probably attained by the use of a scale constructed upon the drawing
itself.

21. Spacing-Dividers.—The steel points of dividers are of frequent use in comparing dis-
tances, and in transferring them from a scale; but when great nicety is required and succes-
sive small distances are to be laid off, the spacing-dividers, which differ from the spring-
dividers (&, Fig. 2) only in having two steel points instead of one, are very useful.

22. Protractors.—These instruments, in general use in plotting, are for the direct measure-
ment of angles. The usual forms are the rectangular, semicircular, full circle, and vernier.

The rectangular protractor is graduated on both faces, the front face (Fig. g) having
three edges graduated into degrees or half-degrees, the third edge being the diameter of
the circle of graduation, with its centre marked as shown.

The divisions are commonly numbered from o° at the left, around to 180° on the outer
edge, and repeated in the reverse direction on an inner line. This face also contains scales
of equal parts of an inch, and a scale of chords marked “ CHO" or “(.”

The other face contains like scales, with the addition of a diagonal scale of equal parts.

The Abbot Protractor, of rectangular shape, has the edges of each face graduated to half-
degrees, numbered from left to right; on one face from o° to 180° and on the other from
:80° to 360°. It contains a scale of tenths of inches, and one of hundredths of a foot. It is
particularly handy in field-sketching.

23. The Semicircular Protractor is of two forms—either with the graduation extending
a few degrees beyond the diameter, or with the diameter and outer edge coincident. In the
latter case a straight-edge can be utilized in securing exact coincidence of the diameter with
a given line, by first adjusting the straight-edge to the line, and then placing the diameter
against it.

The circular protractor is simply an extension of the graduation to 360°, covering an
entire circle.

24. To protract an Angle with either of the above forms: The instrument is laid flat upon
the paper, and held securely in position; a line is drawn along the diameter, and points are
marked upon the paper exactly beneath the centre, and the degree-division corresponding
to the fequired angle; then a right line joining these points will make the required angle with
the first line drawn. To draw a line through any point of a given line, which shall make a
required angle with the line: the diameter and centre are first placed coincident with the
line and point respectively, and the operation is then as above described: or the centre and
degree-division corresponding to the angle may be placed coincident with the line, and a line
drawn along the diameter.

To protract an angle with the scale CHO: From a given point of a right line as a centre,
with the distance 060 as a radius, describe an arc intersecting the line; from this point
of intersection as a centre, with a radius equal to the distance from o to that division of
CHO corresponding to the number of degrees in the required angle, describe an arc inter-
secting the first arc; the right line joining the point of intersection of the arcs with the given
point will make the required angle with the given line.

25. 7o Plot a Bearing.—In plotting bearings taken with the ‘surveyor’s compass,” the
quadrant in which a course lies is apparent from the designation of the bearing: this is also
the case with the improved prismatic compass (a, par. 154); but a little difficulty arises at



8 TOPOGRAPHICAL DRAWING.

first with other methods of graduation used in the prismatic compass, which the following
simple rule is intended to obviate.

With the compass-card graduated from 0° at the N. around to the right 360°:
I. Denote the difference between the reading and 180° by + R or — R, according as the
reading is less or greater than 180°. II. For 4 R,use the direct graduation of the protractor,
placing it so that its centre and the degree division R shall be on a meridian line passing
through or near the plotted station, and the diameter shall pass through it; a line drawn
along the diameter from the station to the W. of the meridian will coincide with the required
course. For — R, use the reverse graduation and draw the line to the E.

It is apparent that, with a compass-card graduated from o° at the N. around to the right
180°, repeated in the same direction on the other semi-circumference, the only modification
in this rule is that the W. readings themselves are the — R values.

With the second protractor described in par. 22, and the above 0°-360° graduated card,
the rule applies to readings less than 180°; but owing to the direct graduation of this pro-
tractor from 180° to 360°, readings greater than 180° are subtracted from §40°.

26. Vernier Protractor.—With protractors already described it is difficult to estimate as
closely as one fourth of a degree; consequently for accurate work the instrument represented
in Fig. 11 is used. The arm, movable about the centre, carries a vernier, reading in some
instruments to minutes. The beveled edge of the arm is in the prolongation of the radius
passing through the o of the vernier, and the exact centre is indicated by the intersection of
two fine lines marked on a piece of horn let into the instrument. In protracting an angle,
the arm is set by means of the vernier, the 180° diameter is placed coincident with the given
line, with the centre at the given point; and using a sharp-edged pencil, the required line is
drawn along the beveled edge. In some instruments the graduation extends over a full
circle.

27. Among other forms of vernier protractorsare Crozet’s and Tabarant’s. In the former
the scale is let into a flat rectangular metal frame. By turning the scale about its centre,
the diameter may be set at any required angle with an edge of the frame, which edge is then
placed against a straight-edge coincident with the meridian or other line of direction, and the
protractor is moved along it until the diameter passes through the desired point.

The special feature of Tabarant's protractor is a metal parallelogram, articulated at the
corners, hinged at one corner to an extremity of the diameter and connected at an adjacent
corner with the other extremity of the diameter by an arc, of which the length can be made
equal to the magnetic declination. The parallelogram, of which the edge joining the other
two corners is placed against a straight-edge, serves to enlarge the area of plotting for any
position of the latter. -

28. In a semicircular protractor, the diameter and outer edge when not coincident,
should be parallel.

To test this: Draw a line along the diameter, also a radial line to any degree-division ;
then slide the protractor along the radial, the centre and this division remaining upon it: the
outer edge should coincide with the first line drawn.

29. Sector (Fig. 10).—This is of about the form and size of the single-folding foot-rule.
Radials, termed sectoral lines, arranged in pairs, one of a pair on each arm, and variously
divided, are engraved on each face.
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The sectoral lines on one face are a pair of scales of equal parts termed the “line of
lines,” a pair of scales of chords, of secants, and of polygons, marked respectively L, C, S
and POL. A scale of tenths of inches is marked along the edge, and one of hundredths
of a foot on the outer edge. On the other face are sectoral lines of sines, of tangents up
to 45°, and another of tangents from 45° to 75° to a lesser radius, marked respectively S and
T; together with “ Gunter's lines” of logarithmic numbers, sines and tangents, marked
respectively &, S, and 7.

The solution of problems with the sector depends upon the principle that homologous
sides of similar triangles are proportional, and a solution is termed simple or compound
according as it involves the use of one or two pairs of lines.
~ In the latter case, from the above principle, the two pairs used should make equal angles
at the centre; but in some instruments the angles formed by the line 7, from 45° to 75°, and
of secants, are equal to each other, but unequal to those formed by the other sectoral lines ;
therefore when one of these circular functions is used in a compound solution, it must be
expressed in terms of some other function.

A distance measured from the centre on a sectoral line is termed Zateral (/); and from
a point on one of a pair to the corresponding point on the other, transverse (!). The divisions
of a sectoral line are contained between three parallels, and the points of the dividers are
always applied to the inner parallel, or to the one that passes through the centre. '

To use the line L: 1. To find a fourth proportional, as z, in the proportiona : &6 :: c: x;
set off /= a; open the sector until, at the extremity of /, £ =&; prolong / until it is equal
to ¢; then at the extremity of this prolongation,’ = z.

2. To bisect a right line, as 4: Make #10 — 10 = A4, then #§ — § = A, which for the

sake of verification is laid off from each extremity of 4.

3. A line is divided into an even number of equal parts by first bisecting it as above, then
bisecting each half, and so on; and into an uneven number by a simple application of the
same principle; e.g., to subdivide 4 into five equal parts: make 5 — 5 =4, lay off #3 — 3
from each extremity, and then bisect the extreme parts.

4. To obtain a scale of 1}, or 1 inch =10 feet, for measurements of feet and tenths of
a foot: Make 710 — 10 =1 inch; then #3.4 — 3.4 = 3.4 feet; and so on.

5. For copying drawings to a scale differing from the original; e.g., to reduce a drawing,
lineally, one fifth: Make #5 — 5 = a line of the original; then #4 — 4 is its reduced length,
and points are found in a similar way by intersecting arcs described with reduced radii from
the extremities of this line as centres, and so on throughout the drawing. The lines L
may be used for interpolating heights. Thus, in the figure, the heights or references of the
plotted points @ and & are 20 and 25 feet respectively, and the line a# is of uniform declivity ;
to interpolate the (23’) point. On the lines L make ¢5 — 5 =ab; then 3 — 3 = ac, which
laid off from a gives the required
point. (209‘01L

The lines C are used to pro-
tract angles to any radius, #60 — 60. For any angle of 60° or less, say 20°: With
260 — 60 describe an arc; subtend any portion of it by a chord = 720 — 20; the radials
drawn to the extremities of the chord include the required angle. If the angle is very

small, say 2°, with 60 — 60 describe an arc as before; then from any point of it set off
2

oRs)
b

4
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two chords, as 240 — 40 and #42 — 42, differing numerically by the number of degrees in the
required arc: the radials drawn to the other extremities of these chords will include the
required angle.

For an angle greater than 60° : Divide the given number of degrees into parts of 60° and
less ; with 260 — 60 describe an arc as before, and on it lay off consecutively as chords the
values of ¢ corresponding to the parts into which the angle is divided : the radials drawn
to the points of beginning and ending of the series will include the required angle. The lines
POL are used to inscribe a regular polygon, the radius of the circle being #6 — 6 ; the sides
of the polygon are 24 — 4 for a square, #5 — 5 for a pentagon ... .. The lines € may be used

in a similar manner by taking /60 — 60 as a radius and ¢ = %o asa chord, # being the number

of sides required, and an exact divisor of 360.

The sine of an angle corresponding to a given radius is found by making zgo — 9o, on
the lines S, equal to this radius; the sine required is then #, between the numbers correspond-
ing to the number of degrees in the given angle. A tangent is similarly found by first making
245 — 45 = to the given radius, and using the upper lines 7 for angles greater than 45°. For
secants, 20 — O is first made equal to the given radius. ) :

Any other circular function may be found by using its equivalent in terms of those above
given. This instrument is not much used, but is very handy for the above purposes. The
use of “ Gunter's lines” can be found in treatises on mathematical instruments.

30. Drawing - Paper—Whatman’s paper is generally used for topographical purposes.
There are three kinds: the ‘“hot-pressed” (H), which has a smooth surface, mostly used for
fine-lined drawing; the “not hot-pressed” (N), which has a finely grained surface, and is in
general use for map-work; and the “rough’ (R), which has a coarsely grained surface adapted
to strongly lined work and drawings made to a large scale. The last two kinds, known also
as “cold-pressed,” are suitable for colored maps, and generally for brush-work drawing.

The following table gives the names of the different brands of Whatman’s paper, sizes in
inches of whole sheets, and the kinds of each brand usually obtainable.

BranDS. Sizes, Kinds. BRANDS. Sizes. Kinds.
Emperor.......cecovevene..| 68 X 48 .. | N | R || Elephant...cccviievanrnn. 28 X 23 HI|N
Antiquarian............... 53 X 31 H|N | .. | SuperRoyal............. 274X 19¢ |H|N
Double Elephant .......... 40 X 26¢ | H| N | R [ Royal.......... ../ 24X 19 |H|N|R
Atlas....coieiiieiiniannas 34 X 26 H|N | .. | Medium .. 22 X 17 H|N
Columbier..........c.cun. 344X 233 H|IN|..||Demy......coivieeennne. 20 X 15 HI|N
Imperial ...ccooovviins oo 30 X 21 H|N|R[Capieeereeriirroinnannn. 17 X 13 H|N

It is also graded according to quality into “selected best,” which is without imperfec-
tions, and ‘“common;” but there is little difference in these either in cost or texture. The
most imperfect sheets are found in the outside quires of a bundle. There is also a very fine,
expensive grade of Double Elephant and Imperial known as “extra weight.” The Double
Elephant, Imperial and Demy are the brands mostly in use for ordinary map-work. The
water-mark “ Whatman,” or “ Whatman Turkey Mills,” with date of manufacture, is readily
seen by holding the paper between the eye and the light; and the face nearest the eye when
the name reads aright, is that on which the drawing is usually made; but there is little
difference practically, a good rule being to choose the smoother face.
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It improves with age, since the seasoning process diminishes its liability to vary in size.
It may be obtained for long maps in continuous rolls varying from 36 to 62 inches in width,
and either muslin-backed to make it less liable to tear, or plain.

A point to note in the use of roll-paper for valuable maps is that it expands four or five
times more in the direction of its breadth than that of its length.

31. Tracing-Paper and Cloth—These are very thin and semi-transparent, and are used
principally for copying purposes. Tracing-paper is obtained in sheets from 13X17 to 30X40
inches in size, or in continuous rolls from 37 to 54 inches in width. It can be made by
applying a mixture of one part of boiled linseed-oil and five parts of turpentine, thinly,
with a sponge, to one face of common tissue-paper, the paper resting upon a flat smooth
surface : the paper is then hung up to dry, and when the more transparent oil-streaks disap-
pear, is ready for use.

Tracing-cloth is to be had in continuous rolls, from 18 to 42 inches in width.

32. Transfer- Paper—This is thin paper having for drawing purposes one face covered
with black-lead or other similar material, so that by laying this face on a sheet of ordinary
paper and passing a sharp point over the reverse face, the mark thus made will be duplicated
on the other paper. It should be very thin for transferring fine lines. The manner of using
it is described under “Copying.” It can be made by sifting pulverized black-lead over a
stretched piece of strong tissue-paper, dusting off the larger particles, and then rubbing the
surface with cotton until smooth, or until it will not easily soil the surface on which it is to be
used. The different-colored ochre-powders may be utilized in the same way.

33. Cross-section and Profile Papers.—These are used for drawing directly to scale, and
for sketching purposes. The former, in sheetsfrom 14X 17 to 16X 22 inches in size, or in rolls
20 inches wide, is ruled in squares of one sixteenth to one fourth of an inch, or according
to the metric system, of 1 mm. or greater; each fifth, tenth, or other convenient line being
ruled heavier, to facilitate reading the distances.

- Profile paper is similarly ruled, except that the vertical are usually one tenth of the cor-
responding horizontal intervals.

34. India Ink in sticks or in liquid form is always used in topographical drawing. The
stick variety is the best and is the only kind suitable for brush-work. It varies much in
quality ; the best kind having a smooth surface, and showing a brownish hue after rubbing
on a wet surface, and a bright, iridescent surface of fracture.

Although any small clean dish will serve for preparing the ink, it is more convenient to
use an ink-saucer, provided with a cover to exclude the dust, and a deep cavity to hold the
ink and retard evaporation.

To prepare it, a very little water is poured into the saucer and the stick is rubbed in it,
the end being pressed firmly on the bottom of the dish, until a jet-black liquid results. The
degree of blackness is readily determined by observing the shade produced in drawing a line
on white paper and blurring it by rubbing while wet; a magnifying-glass is very handy in
this connection.

The ink is best freshly prepared for each day’s work. A few drops of ox-gall will make
it flow freely.

The fluid variety has the merit of being always ready for use, only requiring the addition
of a few drops of water, alcohol, or ammonia, when too thick, and to be shaken occasionally;
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but unless of the best quality, it is liable to “ run” when the lines made with it are washed, and
should therefore be tested before using it in connection with brush-work. It frequently varies
in intensity. The few colors used in plain topographical drawing are described in Part IIIL.

35. The other necessary materials and instruments are: drawing-pins, commonly called
“thumb-tacks,” sharp pointed, and provided with flat, thin heads so as not to obstruct the
movements of other instruments over the surface of the drawing; horn-centres (par. 13);
a penknife, a fine, flat file and emery or fine sand-paper for sharpening pencils; a finely
grained stone for sharpening pen- and needle-points; a magnifying-glass for ascertaining the
condition of pen-points, the exact intersections of lines, etc.; two or three sponges, the largest
about 6 inches in diameter; blotting-paper, a rubber and an ink-eraser, and a drawing-board
which is described in the following paragraph.

Materials specially required for colored drawing are described in Part I1I.

SECTION II.—PREPARATION OF THE PAPER, DRAWING- BOARDS, AND PRACTICAL RULES
AND SUGGESTIONS.

36. Preparation of the Paper and the Plain Drawing-Board.—For some purposes the paper
might be simply fastened along its edges with thumb-tacks to a flat smooth board or table ;
but for an elaborate drawing with pen or brush, and for the sake of accuracy and ease in
working, it is stretched smoothly upon and firmly fastened to a drawing-board.

The latter is of well-seasoned wood, from three quarters to one inch in thickness, and at
least half an inch larger each way than the paper for the drawing, and to prevent warping,

f,

— )

(4 r

strips of the same thickness are tongued and grooved to the edges, perpendicularly to the
fibre; or, if but one face for use is desired, a strip may be screwed to the back near each end.

For use with the T-square, the board should be rectangular. Straight smooth strips of
hard-wood, against which the head rests, are sometimes fastened along the edges, but an
ordinary straight-edge may be used for this purpose.

A substantial single-surface drawing-board is shown at 4 in the accompanying figure.—
Longitudinal cuts about one eighth of an inch wide and two inches apart extending half-way
through the board, are made along the back, and a hard-wood strip is then screwed to the
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back near each end; all the screws except the centre ones passing through slots in the strip
which are furnished with metal washers. By this arrangement the warping takes place
mainly in the different sections separated by the cuts ; the play of the screw-heads in the slots
permits of a general expansion or contraction without bending the strip, which could be of
metal, and the drawing surface is practically unimpaired.

37. Stretching the Paper.—This operation so often proves a source of annoyance on ac-
count of the edges loosening in drying, that the following invariably successful plan is given
in detail :

" a. Prepare some hot glue in the usual way ; light-colored or clarified glue is the best.

6. Expand the paper by soaking it in water until it is limp, or will not spring back
when bent.

¢. Let it drain till the water drops slowly from it ; then place it back up on a clean flat
surface, and dry the edges a little more by applying blotting-paper along them.

d. With a stiff brush—a “ sash-tool ” is the best—apply the hot glue rapidly along the
edge for a space one half to one inch in breadth, according to the size of the sheet.

e. Take the paper by its diagonally opposite corners, and place it, face up, evenly on the
drawing-board, which should be dry and free from dust; and with the finger-tips press each
edge rapidly and firmly to the board, passing them from the middle point of the edges out-
ward to the extremities. :

/. Place the board in a horizontal position, face up, to dry exposed to the ordinary tem-
perature of the room.

Some- draughtsmen prefer to expand the paper by laying it on a flat,clean surface, and
applying a wet sponge to the back; and this plan would be more convenient with very large
sheets. ' ‘

In using cold glue or paste, it is necessary in drying to secure the edges with thumb-
tacks or by tacking a strip of wood along them, and safer to keep the central portion of the
sheet damp until the edges adhere firmly. In expanding with a sponge the edges may be
turned up to keep them dry.

38. Stretching-Frames.—A very expeditious way of stretching paper is to use the frame
shown in section at B in the preceding figure. The expanded paper p is laid upon the solid
back &, the hard-wood frame f is then pressed down over the edges of & and secured in
place by buttons attached to the lower surface of /. The rabbets should be so proportioned
that the paper may be flush with the upper surface of / when the frame is closed.

For a brush-work drawing not exceeding about 2 X 3 feet in size, the most conven-
ent form is a stiff, rectangular, open frame, on which the paper is stretched as described in
par. 37. The open space permits the paper to be dampened on the back, so that in extend-
ing the shades or tints the edges of the latter will not dry too rapidly. To prevent indent-
ing the surface of the larger sheets, the hand should rest upon a support extending across the
frame. With a support for the back of the paper while working, sheets much larger than
2 X 3 feet may be used with this frame.

39. Mounting Paper on Cloth.—The cloth used is bleached muslin, which is first attached
to a stretcher, and the paper then pasted to it. A stretcher for small drawings, not exceeding
about 20 X 30 inches, is a flat, rectangular, wooden frame (C, preceding fig.), the sides and
ends of which are about four inches wide and three eighths of an inch in thickness, For large
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drawings these dimensions are increased and cross-pieces are necessary to give sufficient
strength and stiffness to resist the tension of the paper in drying.

The inner upper edgese, ¢, of the frame are rounded to prevent creasing the paper; and
the cross-pieces ¢ are let into the back at suitable intervals, so as to just reach the rounded
edges, the rabbets 7, 7, not extending more than one third across the sides.

To stretch the cloth, it is laid upon a smooth, flat surface, the stretcher is placed face
down upon it, and the cloth is drawn tightly over the ends and tacked to the back of the
frame. The middle points are tacked first; the tacks are placed opposite each other and not
more than three inches apart, and it is best to fold the edges of the cloth in tacking them;
the sides are then fastened in the same way.

The paper is now placed face down on a cloth-covered table and expanded with sponge
and water; the surplus water, or little pools, are then removed and cold flour-paste is
thoroughly applied with a large brush, the stretched cloth is then placed upon the pasted
surface and the back of the cloth is well rubbed to make it adhere closely. The stretcher is
then reversed, the edges of the paper are rubbed down, and any air-bubbles are pricked with
a fine needle. In order to use the T-square, straight strips are fastened to the rough cloth
edges. Drawings on tracing-paper or tracing-cloth should be mounted on paper before
mounting them on cloth.

40. To Foin Sheets of Paper—Each of the meeting edges is first beveled by placing it
along the edge of a table and rubbing it down with fine sand or glass paper, making it very
thin at the extremity. The edges are then glued together, rubbed down, and placed between
straight-edges or flat surfaces, and under pressure, to dry. For additional security, a paper
strip may be glued to the back of the joint.

If joined sheets are to be stretched, it is best done before the joints are quite dry; a
sponge is used in dampening and the joints are carefully avoided. The joints in tracing-
paper are made very narrow, and after being secured, a strip of paper is laid over them on
each face, and they are left to dry, either rolled tightly, or upon a flat surface and under
pressure.

41. The room used for drawing purposes should be well lighted. In an upper story the
light is less liable to obstruction, and besides, the paper is less exposed to moisture. If it has
a southern exposure, white window-shades are needed. The drawing-table, arranged for a
sitting or a standing position, according to the size of the drawing and the convenience of the
draughtsman, is placed near the window, and the board is so arranged upon it as to receive
the best light available. A light from the left and front, striking the paper at an angle of
about 45° with the horizontal, and an inclination of the board, when not very large, of about
5° downward toward the draughtsman, are favorable conditions. When gas-light, which is
very objectionable, is used, the burners should be about two or three feet above the table,
furnished with reflectors, and project horizontally so as not to cast a shadow upon the paper.
For extensive work, running water, or a good supply of this very necessary article, with large
receptacles for expanding paper and other uses, should be available.

The paper must be kept as clean as possible, and for this purpose should be dusted each
time before beginning work, and the straight-edges and triangles wiped clean; while at work,
white paper should be interposed between the hand and the drawing, and the latter covered
with white paper or cloth when the day’s work is done.
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It is advisable, in filling in the details, to expose only so much of the drawing as is
needed for the time being. :

42. Erasures must be carefully made. To erase pencil-lines: Remove as much lead as
possible by rubbing bread-crumbs on the paper; then use an edge of the rubber eraser—a
sharp wedge-shaped piece cut from the rubber is very handy for this purpose. To remove
ink-lines: Apply blotting-paper and wait till dry; then, if fine, use a needle-point, otherwise
glass-paper or a very sharp knife or ink-eraser, keeping the blade perpendicular to the paper
and moving it in different directions, the paper resting on glass or other smooth surface; the
rubber eraser is then applied, and the abraded surface afterwards rubbed smooth with the
thumb-nail or with an ivory handle. An ink line or blot can be covered with Chinese white.
If the drawing is to be shaded or tinted with the brush, neither the knife nor rubber is used
for erasing’; pencil-lines are removed with bread or, like ink-lines, are washed out with sponge
and water.

As precautions against blotting, the ink-saucer is kept at the side of the drawing, the
quantity of ink in the pen should not be more than is retained when the latter is lifted sud-
denly over the saucer, and the outside of the nibs must be free from ink. .

43. Rules for Line Drawing.—Lines are classed as dotted, broken, and full. A dotted line
is a succession of equally sized dots with equal spaces; a broken line, a series of dashes of
equal length, equally spaced ; and a full line is simply a continuous line.

For convenience of description, lines are graded as fine, medium, and heavy; the first
grade are as fine as can be drawn and be clearly visible ; the second are twice the breadth of
the first ; and the third, twice the breadth of the second.

In large maps drawn to a large scale these breadths are increased, while still retaining
their relative values.

1. All construction-lines are fine, are drawn with as little pressure as possible; and to
show points of intersection distinctly, are prolonged a little beyond them.

2. All straight lines should be drawn with the straight-edge and right-line pen; the lat-
ter being moved along the upper or farther edge of the former, and in a direction from left
to right. If drawn free-hand, the direction is the same or towards the draughtsman. In pro-
longing a line, a slight interval is left between the original and the added portion, which,
though hardly noticeable, can be afterwards filled with a common pen.

3. In laying off consecutive distances, to prevent cumulative errors, each point of divi-
sion is located by measurement from the initial point; or the total distance is laid off, and
then subdivided.

4- Right angles are preferably determined geometrically with dividers and intersecting
arcs; but if with other means, the accuracy of the latter should be carefully tested.

5. Intersections of lines meeting at a very oblique angle can be determined, as shown in
the figure, by assuming a point @ on P
the bisecting line a4b, and locating al =  S—
so that 4d, perpendicular to ¢d, shall <
be equal to ac, also perpendicular to ¢d; then s, the middle point of ab, is the required
point.

6. When practicable, lines are drawn from, rather than to a given point; tangents are
drawn to arcs rather than the reverse, and the points of tangency are geometrically con-
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structed. A point is marked when determined, by enclosing it in a very small circle, or, if
a triangulation point, in a triangle ; a square figure is used to enclose a stadia survey point.

7. To prevent making ragged lines with the pen, it should be tried on a separate piece of
paper or on the margin of the drawing each time it is refilled, or after any delay in the work,
before applying it to the drawing.

8. Uniformity of line for like details in any map is necessary for clearness and to pro-
duce a pleasing effect; and this is obtained by using a pen of such capacity that with light,
even pressure, the ink will flow freely from it, and by pressing the nibs equally upon the

paper.
SECTION III.—SCALES AND PLOTTING.

44. Scale of the Map.—The representations on a map or plan bear a constant relation or
ratio to the actual forms, dimensions and distances; and this constant ratio is termed the
scale of the map. This ratio could be assumed arbitrarily ; but for convenience in calcula-
tion, and to accord with the decimal division of scales of equal parts used in plotting, it is

. 1 . . . .
represented by a fraction of the form o termed the representative fraction (r. f.), having unity

for its numerator, and for its denominator some multiple of 10. If & and D represent re-
spectively corresponding plotted and actual distances, expressed in units of the same denomi-
nation, the ratio is —;—'; dividing each term by d,i = %; from which d = —g, andD=d X
m: from which expressions, either the actual or plotted distance being given, the other is
obtained ; therefore, 20 convert an actual into a plotted distance, multiply it by the representa-
tive fraction ; and to convert a plotted into an actual distance, divide it by the representative
JSraction. For example: D, measured on the ground, is 375 feet, and 7. f. = g5 ; then
d = $dfy feet = 3 inches: or, in the other case, & being given, then D = 3 X 1500 = 4500
inches = 375 feet.

To ascertain the scale of a map, it is only necessary to place any plotted distance & with
its corresponding actual distance D expressed in units of the same denomination, under the

. . . I . . .
form of the fraction D and reduce this fraction to the form - OF one having unity for its

numerator.

45. The Scale of Distances is used for mutually converting actual and plotted distances
without calculation, and is constructed as follows: The data required are the scale of the
map, or 7. f.; the units of measure, whether feet, yards, metres...... ;'and the “reading”
desired, whether thousands, hundreds, tens, or single units. Assuming 7. f. = {4, units of
feet, and the reading, hundreds and tens of feet: Draw a right line—the fine upper line shown
in Fig. 12—and, since 1 inch on the map represents an actual distance of 1200 inches = 100
feet, divide this line into inches, subdivide the left-hand interval into tenths of inches, and
mark and number the different points as shown.

The part to the left of 0 is termed the ‘“extension” of the scale, and its subdivisions
secondary, or minor, in contradistinction to the primary or main divisions of the scale. The
unit employed should always be shown, and is usually placed after the last or right-hand
number, or as shown in the figure.

The scale is completed by adding a heavy line below and the 7. /. above, as shown.
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This scale might be designated a “scale of 1 inch to 100 feet,” written in place of or
in addition to the 7. £ If a map is to be reproduced by a photographic process, it is safer to
omit the 7. f.—using instead of it the unit employed, as shown in Fig. 12.

A corresponding scale of metres is also shown in the figure. Two or more scales having
the same r. [, but different units, placed upon the same map, are termed “comparative
scales ;" and as the early general adoption of the metric system is possible, it is advisable to
have scales of English units and metres on all important maps.

Owing to changes in the size of a drawing, due to heat and moisture, and to shrinkage
when cut from a stretcher, a scale of distances should be constructed upon the map when the
drawing is begun. This is more particularly necessary in important maps requiring consid-
erable time for their completion. (See also par. 128.)

46. Diagonal Scales.—In using the scale just described, distances less than those given
by the secondary divisions have to be estimated, and some means for their exact measure-
ment are necessary. This is afforded by the diagonal scale, which is constructed as follows :
Using the same data as in Fig. 12, construct the scale of distances represented by the lower
line in Fig. 13. At the o point erect a perpendicular of convenient length, and divide it into
ten equal parts; through the points of division draw parallels to the line of the scale of
distances, and erect perpendiculars at the 100, 200, .....500 points. In the rectangle thus
formed on the “ extension,” subdivide the side opposite the extension into ten equal parts,
and join its points of division with the alternate points of division of the extension, by the
diagonals, as shown. Itis evident from inspection that each diagonal in its ascent gains a
total distance of {4 of an inch, or 10 feet, to the left of a vertical, and therefore a distance of
I foot to the left, between each two consecutive horizontals.

For convenience of application, the horizontals are numbered from below upward as shown.
To set off 308 feet: The diagonal through o of the scale of distances having gained a distance
of eight feet to the left, at the horizontal numbered eight, extend the points of the dividers
on this horizontal, from the 300 vertical to the first or nearest diagonal; for 347 feet, extend
them on the seventh horizontal, from the 300 vertical to the fourth diagonal; and so on.

To show furlongs with an extension reading to single miles, only eight horizontals would
be necessary; and similarly, the diagonal construction can be applied to any other unit. This
scale and the scale of distances used in the construction of the map are sometimes called
“ Scales of Construction.”

47. A vernier is a small scale of equal parts used for reading fractional parts of the divi-
sions of the scale to which it is attached. Referring to Fig. 15, the vernier V is equal in
length to g divisions of the scale S, and is divided into 10 equal parts.

Suppose S to be a scale of tenths of inches; then the difference in length between a
division of S, or {; of an inch, and a division of V, or {; of & of an inch, is #f — 45 = 1#v
inch, which is called the “least count of the vernier,” and is the smallest fractional part that
can be read by it. The least count is numerically equal to the value of one division of the
scale divided by the number of divisions of the vernier.

Algebraically considered, let s = length of one division of S, » = length of one division
of V, and let m of the former divisions equal in length m 4 1 of the latter: then ms =

m
m+1)v;, v= preg 5 and s — v, or the least count, = s — , as above.

3

”m 5= S
m+1" m+t1
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The o of the vernier is the index of the scale: referring to the figure, if V, 0 and S, 7
coincided, the reading would be 7 inches; but in its present position the fractional part
between 0 and 7 must be added to seven inches. If V1 coincided with S, 7.1, the addition
would be just equal to the least count, or ¢} inch; if ¥, 2 coincided with S, 7.2, it would be
}v; but, as shown, V, 7 coincides with S, 7.7, and the reading is 7. 4 1}5 or 7.07 inches;
therefore to read the vernier: If its o division coincides with a division of S, the latter gives
the required reading; if not, read the next preceding division of S; find the V division that
coincides with any S division, multiply its number by the least count, and add the product to
the S reading. If several divisions of S and V appear coincident, use the middle one; if none
are coincident, and a division of S is midway between two of V, the true reading corresponds
to the point midway between them.

Verniers are classed as direct, to which class the one just described belongs, and retro-
grade. The number of divisions of a direct vernier is greater by one, and of a retrograde
vernier less by one, than the number of divisions of the line or arc which they respectively
cover. The divisions of the former are numbered in the same order, that is to say, the num-
bers increase in the same direction, as those of the scale to which it is attached; and the
reverse usually obtains in the latter class.

The retrograde form is used for convenience when the vernier cannot be moved a dis-
tance, at least equal to its length, beyond the extremity of the scale. Thus in Fig. 16, read-
ings are obtained up to 12 inches, without the index passing that division; the reading as
shown is 11.97 inches; the index having passed the 11.g division of S, and V, 7 coinciding
with an S division.

Fig. 17 represents a vernier for reading fractions of a degree. The limb is graduated to

1°, as in the common vernier protractor, and since 15 V divisions cover 14 S divisions, the
. .

least count is 15 = 1 minute. For convenience in reading in either direction, the vernier is

made of double length, the graduation is extended in each direction from the index, and it
is called a double vernier, in contradistinction to those already described.

The reading as shown is 22° 37/, the index being between the 224° and 224° divisions
of S, and V, 7, to the right of the index, coinciding with an § division. Considering
20 and 25 of S interchanged, the left-hand vernier is used, and the reading is 22° 23'.

48. Vertical and Time Scales.—The vertical scale, or scale of heights, is generally greater
than the scale of distances, and the proportional increase is termed “ the exaggeration of the
scale.” This is made necessary because differences of elevation are less apparent than hori-
zontal distances; and besides, in levelling, very minute differences of elevation are often
required. The usual exaggeration is 10: e.g., with a scale of distances of {4, the scale of
heights would be +}.

Time-scales are used to measure distances by the time required to traverse them; the r.£.,
rate of motion, and the desired reading are the data required. They are used in rapid sketch-
ing, and for plotting maps from itineraries, the intervals of time required in passing from
point te point being noted (see g, par. 50).

49. 10 Divide a Line into Equal Parts—Fig. 14 illustrates a convenient method of divid-
ing a line into equal parts. To divide 4B into five equal parts: Draw AC, and beginning
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at A, set off with dividers or measuring-scale the five consecutive equal distances Aa, ab
..... de; join the last point of division e with B, and draw &d’, ¢/, . . . . . parallel to CB:
the points of intersection of these lines with 4B are the required points of division. CAB
should be of such a size as to prevent very oblique intersections with 458. This construction
depends upon the principle that like parts of similar triangles are proportional to each other.

In a like manner, to subdivide an interval between two parallel lines into equal parts,
other than those marked on the scale: Place the scale obliquely, so that the required number
of divisions will be included between the lines; mark the points of division and draw lines
through them parallel to the given lines. :

50. Examples of Scale-Construction.—a. Required a scale of 6 inches to one mile to read
thousands, with subdivisions of hundreds of feet:

6 6 1 .
No. of inches in one mile — 63360 ~ 10560 — r.Jf;

and for a total representation of 5000 feet, 6000 X 1ydgy = 5.68 + inches; a sufficiently close
approximation is obtained by using 5.68 (see par. 51). A right line 5.68 inches in length is
then subdivided into five equal parts, each part thus representing 1000 feet, and the extension
subdivided into ten equal parts will show hundreds of feet. The total length could also be
obtained from the proportion, 5280 (No. feet in one mile): 5000::6 : total length of the scale.
4. Required a scale of four inches to one mile to read thousands and hundreds of yards,
r.f. = tgbry- For a total representation of 3000 yards, 1760 (No. yards in one mile) : 3000
' ::4:total length = 6.82 inches, very nearly. Divided into three equal parts, each part will
represent 1000 yards, and each of the ten subdivisions of the extension will represent 100 yards.
¢. Given 7. f. = gylyy; to construct a scale with primary divisions of 100 feet each: 100
feet = 1200 inches, and 1200 X gy = .416 inches = length of a primary division. 1000 feet
is represented by 4.166 inches, which is laid off and divided as already described to show
hundreds and tens of feet.
d. Given a map with no scale or 7. £. upon it; to find the ». £.: Measure an actual dis-
tance, and its representation on the map; and place these measurements, reduced to the same
denomination, in the form of a fraction with the plotted distance as the numerator, and

. C .
reduce to the form w scale can then be constructed as already described.

If the superficial area only of the surface represented is known: Let the map be 12
inches square and represent 10 acres; to find 7. f.: 104 = 48400 square yards; 12 inches
therefore represents 48400 = 220 yards = 660 feet; .. 7. f. = g}y, from which the desired
scale may be constructed. If this map were 8 X 12 inches in dimensions, then one square
inch would represent 504 square yards, and 7. /. = g}, approximately.

e. As already indicated, comparative scales have the same . £, and different units of
measurement. A French.map has a scale of French leagues attached, and the 7. . is omitted.
By measurement, the distance 0 — 30, or 30 leagues, on the scale = 2.5 inches. A French
league = 4262.84 yards. To construct a comparative scale of English or statute miles: 30
French leagues = 127885.2 yards, 100 miles = 176000 yards; therefore 127885.2 : 176000 ::
2.5 : the number of inches representing 100 miles = 3.44 inches very nearly ; and a right line
of this length is divided and subdivided as already explained.
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/- Having subdivisions of sixths of degrees, to construct a direct vernier to read minutes:

:—v=ﬁ=m2_1= L therefore m+ 1 = } X 60 = 10, or 10 V divisions cover 9 S

m—+ 1’

P . s
divisions. For a retrograde vernier,v —s = o

[ 1 = 10; and 10 V divisions cover

/
11 S divisions. For a direct vernier reading to 20 seconds, s — v = 20" = ﬁ}-; therefore
m -+ 1 = &%® = 30; and 30 V divisions cover 29 S divisions.

£ The rate of motion is three miles per hour; to construct a scale of five miles to one
inch (7. f. = yrelsyo), to show distances traversed in five minutes: Let x inches represent the
distance travelled in one hour; then 316800 : 1 :: 3 X 5280 X 12: x = & inch; therefore the
distance traversed in five minutes is {y of % = ¢y inch, and the scale is constructed accordingly.

k. Given a scale of 500 paces to the inch, the average pace being 29.63 inches, to con-
struct a scale of yards;7. f. is 4y, and to read 500 yards the length of the scale is 500 X 36
X tedrs = 1.21 inches, } of which represents 100 yards.

1. To constryct a scale of paces reading to 1000 paces, and showing 10 paces; the aver-
age pace being 31 inches, and 7. /. t5d45. Its total length is $}$38 = 2.935 inches, which is
subdivided into ten equal parts representing 100 paces each, etc.

51. Inferior Limit of Scale Measurement.—The smallest distance that can be estimated
by the eye, or that can be measured with dividers, may be assumed as 0.01 of an inch; and
this distance is the probable error which would be made in plotting, or in measuring dis-

tances on the map. Denoting this by ¢, the scale of the map being -’;t , the approximation to

the true distance is € X 7; and in plotting with the instruments ordinarily used, distances
less than this cannot be exactly represented. e.g. If 7. f. = ygy5 € X m = 50 inches; if
7. f. = ysdvm € X m = 50 feet; which distances are therefore the inferior limits of their
respective scales.

52. The principal conditions governing the choice of a scale are—

The smallest measured detail required upon the map should be clearly represented.

To economize time, the smallest scale consistent with the above condition should be chosen,

The actual and plotted distances should be readily convertible.

As to the first condition, since an application of the formula e X » (par. 51) determines
the least dimension that can be clearly represented according to any given scale, it is a simple
matter to conform to it. The second condition is particularly applicable to maps of large
extent, or those covering large tracts containing much detail. The third condition would be
perfectly fulfilled by the adoption of the metric system of measurement; but since English
units are in general use in the United States for surveying purposes, the best alternative is to
apply the decimal system to them. The scale might then be represented by either one of
the following fractions: o, v, oo’ 4o v Todoo: s 05w yodoo affording an ample
range for all purposes. Actual measurements could be made with the 50 or 100 feet chain,
with tape or rod graduated into feet and decimals of feet, making reductions to feet for plot-
ting unnecessary; and the plotting would be done with a scale of equal parts of one foot,
decimally divided. Some of the advantages of a simple system like this are saving of time,
and less liability to error in calculation, a tendency to uniformity of scale in maps made for
like purposes, and the facility in reading maps which this uniformity would give.
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53. The following scales are used in different countries for topographical purposes :

IN GREAT BRITAIN.

RerresENTATIVE FRACTION.

ForR WHAT usED.

v (1 in. to 1 mile)....
stao (4 in. to I mile)....
votwy (6 in. to 1 mile)....

TOBUT e coeevens
oo (400 ft. to 1 in.).....

¥dvp (200 ft. to 1 in.).....

1oop (100 ft. to 1 in.).....
Tdss (60 in. to 1 mile).....

"*]F......oovoo.--..--.

vo- -

secsvssacs coscsnne

The smaller Ordnance maps, surveys of provinces for both civil and military purposes;
suited to maps of explorations.

Smallest scale permitted for deposited plans of proposed works for military road
reconnaissances.

Larger Ordnance maps. Just large enough to show roads, buildings, and other impor-
tant objects distinctly in their true proportions, and at the same time embrace
a plan of a considerable extent of country. Best adapted for selection of lines
for engineering works, for parliamentary plans and preliminary estimates. Suit-
able for military positions.

Decimal scale suited to same constructions.

Smallest scale permitted for ‘‘enlarged plans” of buildings, and of land within the
curtilage.

Suited to working surveys and land plans of great engineering works.

For plans of part of the Ordnance Survey from which above Ordnance maps are
reduced. Suited to land plans of engineering works and of estates.

Smallest scale prescribed for land or contract plans in Ireland.
Suited to plans of towns when not very intricate.

Ordnance plans of same.

Decimal scale suited to same.

Ordnance plans of the more intricately built towns.

Decimal scale suited to same.

For PLANS OF RAILWAYS.
Minimum scale for plans and sections.
Minimum vertical scale for sections.
Minimum scale for cross-sections and sections of road alterations.

IN FRANCE.

REPRESENTATIVE FRACTION.

FoRrR WHAT usED.

For the new engraved map of France.
For the surveys from which the above map was made.

For surveys of large extent, military reconnaissances of frontiers, and the encamp-
ment of an army,

Plan of a place with its environs, of a canton, special reconnaissances.

Surveys of a town with a large extent of the surrounding country, plans of battlefields.
Surveys of cities, routes, and defensible positions.

For the front of a fortification, with its outworks.

IN THE UNITED STATES.

RerresENTATIVE FRACTION.

FOR WHAT USED.

For small areas, such as farm surveys.

For topographical surveys in general.

For topographical surveys of large areas.
For general maps covering a large territory.
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IN BELGIUM.
REPRESENTATIVE FRACTION. For WHAT usED,
YOG cveeevevsocancsenes For mi 1 ions. '
r mm.eta comfessnons }These are also used for farm surveys.
HOOT- v oeescancccnncrans For projected railways.
TOBOT e veeroenccncnnnen For topographical plans.
503005 1O qobu- e res For topographical maps.

54. Plotting consists in locating on paper and in their true relative positions, the points,
lines and angles determined in the field. Topographical maps are usually confined to the
representations of areas of the earth’s surface so small that in their construction the earth’s
sphericity may be neglected ; therefore the methods of plotting used in plane-surveying are
appropriate. The methods employed for representations of larger areas are described in
Part V. '

The usual sequence observed is to first define the limits of the map and the proper direc-
tion of a meridian line, then to plot the triangulation, traversing and levelling, in the order
given.

55. Plotting of Points, Lines and Angles—A point is plotted by assuming its position,
by determining its direction and distance from a given point, or by the intersection of given
lines. Its position is indicated as described in 6, par. 43. :

A right line of known length and unknown position is plotted by assuming a point for
one extremity, and, with a straight-edge as a guide for the pencil-point, drawing a fine line
accurately through the point; the other extremity is then determined by the application of
the scale of distances; or the exact length may be laid off from the assumed point with
the scale, and the line drawn afterwards. In either case the extremities must be indicated
exactly opposite the proper scale-divisions.

The manner of plotting or protracting angles with the protractor and with the scale of
chords has been described in pars. 24 and 25. A table of natural sines, cosines and tangents
(see Table III., Appendix) is frequently used for this purpose. e.g., To plot an angle 4:
Make AB (Fig. 18, Plate I1.) = cos 4 to any convenient radius; at B erect the perpendicular
BC = sin A4 to the same scale; draw AC: then BAC is the required angle. Or make AB =
cos A as before, then from B and 4 as centres, and with radii corresponding respectively to
the sin.and radius reduced to the same scale, describe arcs intersecting at €.

The natural sines can be used as a scale of chords, since the chord of an arc which meas-
ures an angle as @ = 2 sin §@. Thus, in Fig. 19, with D on DE as a centre, and a con-
venient radius R, describe the arc Ea; find from the table the sine of @, multiply it by
2R, and with the product as a radius, and £ as a centre, describe an arc intersecting the first
at F. FDE is the angle required.

To use the natural tangents: Set off AB (Fig. 18) any convenient number 7 of inches
in length ; erect the perpendicular BC = n X tang 4, and join 4 and C. CAB is the angle
required.

: 56. Defining the Limits of the Map and the Direction of a Meridian Line.—The total
length and breadth of the map can be determined from the record by calculation: e.g., as a
rule the sum of the Eastings or Westings is the horizontal, and of the Northings or Southings
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the vertical dimensions; then assuming, when practicable, the top of the paper as N., the rect-
angle to enclose the plot, and of which the sides are the inner lines of the border, is constructed
as follows:

Through the middle point of the paper, determined by its intersecting diagonals, draw two
right lines perpendicular to each other, one of them at least parallel to an edge of the draw-
ing-Loard. From the middle point set off half the length of the map in each direction on
one of these lines, and half the breadth in each direction on the other, using the longer line
for the greater dimension ; then right lines through the extremities of these distances and
parallel to those already drawn will be the limiting lines required. A marginal space, as
broad as may be desired, between them and the cutting-out line, may then be defined, and
the part outside of this used for trying the pen, etc.

Until after considerable practice in plotting, it is best to plot the triangulation, and at
least the courses of the traversing, on paper other than that intended for the map. The
limits of the map are at once shown, the inner lines of the border are drawn, or their posi-
tions with reference to a meridian line marked, and the work is properly adjusted upon the
map-paper and transferred, usually by pricking through the angular points (II., par. 140). By
this plan the surface of the map-paper is to a great extent kept unimpaired, and there is no
liability to an unfavorable disposition of the plot. ,

As already indicated, the vertical edges of the border are usually parallel to a true merid-
ian line, with their upper extremities toward the N. This disposition may be found incon-
venient, especially on very large maps which for convenience in reading always require their
greater dimensions to be placed horizontally; but if practicable N. should be either toward
the upper or the right-hand edges of the map. In any case the N. point should be in the
upper quadrants.

57. Plotting the Triangulation—Since the triangulation is the most important part of the
field-work, the more exact methods are used in plotting it; and of these a system of rectan-
gular coordinates is the best, because each sTuPrvcy-point is independently fixed, and cumula-
tive errors are thus avoided. In Fig. 2\b,"t'l:e‘ﬁght lines XX’ and YV’ perpendicular to each
other are termed the coordinate axes, and distances from either axis measured on the other,
or on lines parallel to it, are the coordinates. Coordinates parallel to XX" are designated by
the letters x, 2/, .... or 2%, 2°....; and those parallel to YY" by 3,5 .... or3*,*.... Co-
ordinates measured in opposite directions from either axis are distinguished by contrary
signs: e.g., if the coordinates of P are 4 x and 4y, those of P’ are + xand —y; of P/, — »
and +y.....

The field record gives at least the length of the base, its azimuth, or direction with refer-
ence to the meridian,—usually measured from S. around through W.,—and at least two angles
of each of the different triangles. The base being reduced to the horizon, and the sides of
the triangles compiuted, the triangulation may then be plotted as follows:

The axes NS and WE (Fig. 22), meridian and east and west lines respectively, are drawn
through the plotted extremity A of the base AB. x, x’ coordinates are measured parallel to
WE; + in the direction AW, and — in the direction AE. y,y coordinates are measured
parallel to NS; + in the direction 4S, and — in the direction AN. The origin, or initial
point of arcs, is taken in A4S, so that the measurement of azimuths will be in the direction
S.W.N.E, to agree with field-azimuthal observations. Since the length of the base and its
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azimuth 3 (90° 4+ @; see accompanying table) are given, the coordinates of Bare x = Ab =
AB cos @,y = A¥ = — AB sin @; and by laying off these distances from A on the corre-
sponding axes, and drawing lines parallel to the axes through the extremities 4 and &' as
shown, the intersection of these lines fixes B. Instead of drawing parallels, any point as B is
usually fixed by the intersection of two arcs; one described from b as a centre and a radius
= y, and the other from & and radius =x.

TABLE GIVING THE TRIGONOMETRICAL FUNCTIONS OF ANY ARC OR ANGLE IN
TERMS OF THOSE OF AN ARC OR ANGLE LESS THAN go°

ANGLE. sin. cos, tan. cot. sec, cosec.
O+ @i cos @ -sin @ —cot @ —tan @ — cosec@ sec @
180° — @.cevenrnnnnns sin @ —cos @ —tan @ — cot @ — sec@ cosec @
180° + @..vvuvenennn —sin @ —cos @ tan @ cot @ — sec@ — cosec @
270° — @.eeennnnen —cos @ —sin @ cot @ tan @ — cosec @ — sec @
270° 4+ @..vinnnnnn. —cos @ sin @ — cot @ — tan @ cosec @ — sec @
360° — @ .orecnnians —sin @ cos @ —tan @ —cot @ sec @ — cosec @

To find C: AC is given; 5/, the azimuth of AC is 24 CAB; and the coordinates of C
arex’ =Ac=ACcos @; y = Ac’ = — AC sin@; and Cis fixed as before by intersecting
lines through ¢ and ¢’. If through any point as C, right lines ' (s, ... .. are drawn parallel
to the axes, the sides of the triangles meeting at this point form the hypothenuses of right-
angled triangles, of which the angles can be deduced from the azimuths, and the coordinates
determined : e.g.; 27, the azimuth of CB, is & —(ABC + CAB); 5"/, the azimuth of CD, is 3"+

The coordinates of Dare " = Ad =2'+ Cl, " =dD =di+ ID = y' + ID; and since,
in the right-angled triangle DC/, CD is known, and DC/ = 5""" — go° = s (see figure), C/ =
CD coss,and /D = CDsins; therefore 2/ = 2’ + CDcos s,and " = — (3’ + CDsins) .. ...

To facilitate the plotting, the coordinates may be previously calculated and arranged in
tabular form as shown below, the preliminary plotting affording an opportunity for this pur-
pose; and if either axis is intermediate in a chain of triangles, the accuracy of this computa-

CoorpiNaTES (in feet).
STATIONS.
+ . -z + . -
. o o
) 3 J 500 1175
[ O 1385 370
0 T 1680 1740
G.oovvvrinnnn 1760 1300
7 SR 450 900

tion can be verified for the coordinates measured in the direction of this axis, by first com-
puting the coordinates of the points on one side of the axis, and then of those on the other;
the sums of these separate values should be equal.

Thus, in Fig. 23, measuring from 4 in the direction AF, the sum of the coordinates of
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C, E and F is evidently equal to the sum of the coordinates of B, Dand F. This would find
its application in plotting secondary triangles, the line AF representing a side of one of the
primary triangles.

In the foregoing description the coordinates are deduced from the azimuths and the
lengths of the sides. To reverse the operation, which is sometimes found necessary, the
following formule from analytical geometry are used:

d= V@ = T 7 —f,andtang @ = j—:;f;

in which 4 is the distance between two points of which the coordinates are x, y, and 2/, ¥/,
respectively, and @ is the angle included between-the right line joining these points and the
meridian. (For Plotting the Triangulation, see also Appendix, page 127 ¢f seq.)

58. Simple and rapid methods of plotting a triangulation when great accuracy is not
required, are either by intersecting arcs described with the calculated sides as radii, and thus
consecutively locating the different vertices; or having given the different angles, by pro-
tracting them in their relative positions at the extremities of the sides thus consecutively
determined—in either case beginning with the plotted base, or a plotted side of one of the
triangles. "

The latter method would generally be used in plotting a sketch in which the principal
points were located by a system of triangles. The former method could best be applied in
the case of well-conditioned triangles, of which none of the angles are less than 30° since the
points of intersection could then be clearly determined.

59. The plotting of the courses of compass-traverse surveys by rect. coordinates is a simple
operation. Thus in Fig. 21 the meridian line /S drawn through the plotted starting-point
A, and the line WE perpendicular to it, are the axes; and to conform to the usual order, 4+
values of x are measured from NS to the right, and — values to the left; - values of y from
WE upward, and — values downward. The letters of a bearing determine the algebraic signs
of the coordinates of either extremity of a course referred to axes parallel to the principal axes
NS and WE, drawn through the other extremity. Thus the bearing of AB is N°W, and
for B,x is —,and y +; for C, 2’ is —, and ' +; for D, 2" is+, and 3’ 4 ; and generally,

for VE bearings, x and y are 4 ;
for SW bearings, x and y are —;
for NW bearings, x is —, and y 4
for SE bearings, x is +, and y —.

The coordinates required are x, 2°, 2. . ... 28 20

For B, x = — AB sin B, and y = AB cos #; denoting by B’ and B’ the respective bear-
ings of BC and CD, then
forC2*=—-@+2)=—(x+BCsinp),»»=y+3y =y+ BCcos f';
forD,2*=—2x—2Y+2'=—(@2—~CDsinf"),y»=y+y +35" =39+ CDcos B”:
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and in general, the principal coordinate of any point is that of the next preceding point + the
coordinate of the required point referred to the latter as an origin.

For convenience in plotting, the coordinates of the different points are first computed and
arranged in tabular form (par. 57); and in a closed survey the accuracy of the computation
is verified when the final values of x and y, the coordinates of the starting-point, are
each o.

60. The courses of compass-traverses, or of other traverses in which the angles are
measured from a fixed line of direction, may be plotted as in Fig. 24. The protractor is
placed in a central position on the sheet, with its 0° and 180° divisions coincident with a
meridian line. The angles made by the different courses with the meridian are then marked
on the sheet opposite the corresponding divisions of the protractor. If radii Ob, Oc are drawn
to these points they will make angles with VS equal to the corresponding bearings; thus,.
NOb = bearing of AB, SOc = bearing of BC..... Therefore 4 is first fixed; then, with
ruler and triangle, a line is drawn through 4 parallel to 05, and B is fixed by limiting the
course 4B to its proper length.

In the same manner a line is drawn through B parallel to O, and limited to its proper
length, fixing C; and similarly for the rest of the courses. The last course plotted should end
at 4. .

A central position for the protractor is preferable, because then no parallels are trans-
ferred to a very great distance from the radii.

Paper protractors of large size are much used for this purpose, being temporarily fastened
in the required position; also * protractor-sheets,”—full sheets of paper with protractors
printed on them.

A handy means of protracting angles and setting off distances at the same time, as in
the plotting of stadia-measurements, when a paper scale is not used, is to glue a piece of
paper to the lower surface of the scale of equal parts, and fasten the o point of the scale-edge
used to the vertex by a fine needle. This edge can then be turned about the needle at
pleasure, and much time saved that would otherwise be spent in adjusting it.

61. The courses may be plotted as shown in Fig. 25. At G, the starting-point, the bear-
. ing NGH is plotted; the point A is then fixed by measurement, and a second meridian line
is drawn through it as shown, and used to plot /A7, and so on to the end of the traverse.
This method is preferable to the last in a map of large extent, where it is difficult to transfer
the bearings from a single meridian line. The T-square is handy for the purpose, since in
its different parallel positions its edges show the direction of the meridian lines; and the semi-
circular or rectangular protractor, with its diameter resting against the edges, is readily used
to plot the bearings at the different points.

In this, and in the method described in the preceding paragraph, an error committed in
plotting a bearing affects all the following courses. This method involves an additional chance
of error in drawing the several meridian lines; and neither of the methods should be used,
except for the location of minor details, or when frequent checks can be had upon the work.
Either, however, is well adapted to the plotting of sketches where an approximation only to
the truth is desired.

62. The Trigonometer is an instrument, illustrated in the accompanying figure, used for
the mechanical solution of trigonometrical problems.
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AB is a thin metal plate 15 inches square, containing 100 small equal squares arranged
and numbered as shown, each being subdivided into 100 others, omitted in the figure.
The unit of graduation of the arm CD, pivoted at
C, is a side of one of the small squares, and is also sub- /Q-D
divided into 10 equal parts. The outer scale in the 7

original shows quarter degrees.

%

To find the latitude and departure for any course '

as CE, indicated by the arm-graduation, turn the arm
until its edge cuts the degree-division of the bearing;
then / and 4 are the latitude and departure respectively. o

For the radius CF, 4 and ¢ are respectively the 4 ’?Z?
tangent and cot. of the arc given by the outer scale, >
and similarly for the other circular functions. 4

N L
~ -.«.‘\Q&\

63. Closing a Plot.—A traverse should close either S ,

upon its starting point or upon some other determined |c ‘ ' TS

point of the survey, according to the plan adopted in
the field-work. If it does not close, the plotting should be gone ove;'; and if still in error, the
fault evidently rests with the field-work, and a new survey is required. If the error is inconsid-
erable as referred to the purpose of the map, it can be distributed among the courses in pro-
portion to their lengths,.or by the method illustrated in Fig. 26. In plotting the traverse
ABC..... the last course ends at G instead of at 4, showing the error GA. To close the
pla}, join 4 and G, and through the other stations draw parallels to 4G, as shown. The cor-
rection for each course is then obtained as follows : For 4B, the sum of the courses : AB :: GA
; # = Bb, which is laid off from B in the direction GA. A& is then the corrected position of
the first course. For B(, the sum of the courses : AB 4 BC :: GA : x = Cc,and bc is the cor-
rected position of the second course; and similarly for the rest of the courses. The first term
of the proportion is the sum of all the courses; the second term is the sum of the course under
consideration and the preceding courses; and the third is the total error. A graphical construc-
tion is to set off the courses consecutively on a right line ; erect perpendiculars at the extremity
of each course ; set off the total error on the perpendicular at the farther extremity of the last
course, and join its outer extremity with the initial point by a right line. From the similar
triangles thus formed the corrections for the different courses will evidently be the corre-

B

sponding perpendiculars included between the two right lines. ’

When it is found necessary to resurvey a line on account of an error evidently in the
field-work, an error sheet is used. It is of various forms, but should show clearly the location
of the line in error, its recorded and scale lengths, and where the record of its survey can be
found. Some indication of the source of error should if possible be furnished the surveyor.

64. Plotting a Vertical Section.——The levelling record is given below. The references, or
heights of the stations above the datum-plane, are obtained by adding a rise or subtracting a
fall from the next preceding reference. On the right line MN (Fig. 27) set off from M the
“ distances” as given in the record. Erect the perpendiculars as shown, and set off from MN,
on these lines, distances corresponding to the “references.”
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Readings. Differences. Refer-
STATIONS, Bearings. Dispt::::es e;&s. REMARKS.

B.S. F.S. Rise 4. | Fall -,

. S 9.28 | .... .e+s | 100.00 | Datum-plane.
: - S R 508.6 | .... 7.92 1.36 | .... | 101.36 | 100 feet below A.

! B...... [ 6.54 | .... O PPN
' C..ouue —eee 694.3 | .... 143 .... 4.89 96.47
' [ oJ R 12.65 | .... T
| ) P T 427.5 | .... 5.25 7.40 [ .... |103.87 |  ........
Diveeernnnnnns 10.37 veee | eeeeees
) DR 486.4 | .... - 3.58 6.79 | .... 110.66 |  ........

2116.8 38.84 | 28.18 15.55 4.89

28.18 4.89 100.00

10.66 10.66 10.66

The line 4B ..... E, through the outer extremities of these distances, is the required
section or profile of the surface. )

It is more exact to set off all distances from M, adding each to the sum of those preced-
ing. The vertical scale is ten times as large as that for the horizontal distances, for reasons
already given: and it is apparent in this case that the differences of elevation would' be
barely visible if it were not so increased. The T-square is convenient for erecting the perpen-
diculars; but the use of section or profile paper (par. 33) obviates the necessity of drawing
them, and it is generally used for this work. .

The plotting of contours, and the construction of sections and elevations from contoured
maps, are described in Part 1.
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PART II.

PLAIN TOPOGRAPHICAL DRAWING.

65. As may be inferred from ‘the heading; Part 1I. is a description of the construction of
a plain or uncolored topographical map. '

. The triangulation and traverses, together with such other reference lines and points as
may be necessary to locate the different features having been plotted, topographical drawing
properly begins; and the subject is naturally divided into—

I. A Description of the Conventional Signs.
II. Representing the Details.
ITI. Representing the Configuration or Surface Forms of Ground.
IV. Finishing the Map, including Lettering and Ornamentation.

SECTION I.—CONVENTIONAL SIGNS.

*
66. The signs or symbols used to represent the different features are intended to be of

such forms as to be easily and rapidly made and readily understood. Those used for the
commonest features, such as cleared land, forests and streams, are practically identical in all
schools of map-drawing; while other signs for special features vary in different countries and
with the taste or skill of different draughtsmen.

- It would be very advantaéeous' to have the same sign for the same feature on all occa-
sions, so as to p_revent'the possibility of mistake—a condition which is well appreciated in the
m‘il'ithry service, where a commander’s knowledge of the country in which a campaign is to be
conducted; or of the ground where a decisive battle may be fought, may depend upon sketches
hastily' madé, and in which the signs are necessarily roughly drawn. i

The signs are made to resemble approximately the features or objects themsclves, as the
latter wbuld appear fr_orri a point of observation located above them, or in some cases as if
viewed in elevation.

 67. Shading of the Signs.—In most topographical drawings, the effect of light and shade
is‘a'dded to produce relief. The source of light is regarded as above and to the left of objects;
or, more definitely, the rays of light are parallel to a ray making an angle of 45° with the hori-
zontal plane, and of which the projection upon the drawing bisects the lower right or upper
left angle of the border. Objects extending above or below the general surface are shaded
correspondingly ; the former by a heavier outline on the side remote from the source of light,
and the latter on the side nearest it. The positions of shadows when represented are simi-
larly determined. .

The present tendency toward simplifying the signs is to omit both shades and shadows
unless, as in the case of a colored drawing, the latter may be needed to distinguish certain
features.

68. A multiplicity of signs tends to confusion, and taxes the memory unnecessarily;
names or verbal descriptions being much better suited to the purpose.
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It may be remarked that a strict adherence to the forms given is not necessary for the
production of an intelligible map. Still the aim should be to make a map that shall also please
the eye: clearness should be combined with tasteful execution, evenness, regularity, and
uniformity in repetition; and to assist in attaining this end, a detailed description of the
manner of making the signs accompanies the plates, and the faults most frequently com-
mitted in drawing them are pointed out. .

No exact rule can be laid down as to the sizes of the signs. In maps drawn to a small
scale, some which individually represent objects measured in the field are, for the sake of
clearness, necessarily much exaggerated above their scale dimensions. They are usually
drawn too large. As a general rule, they should be just large enough to be easily read; but
if the scale is very large, they may be increased in size proportionately, to lessen the number
of repetitions and thus diminish the amount of work.

69. For convenience of reference, the important signs are represented in the different
Plates in the following order:

Plate III. Conventional Signs—Land.
Plate 1V. Conventional Signs—Land and Water.

Plate V. Conventional Signs-—Miscellaneous, including Military Signs, Signs for De-
ciphering Maps and for Vertical Sections,

Plate VI. Conventional Signs employed in Maps of the U. S. Coast Survey.

PLATE III.

70. Conventional Stgns—Land.

Cleared Land.—Groups of fine dots and dashes, § to 7 in each group or tuft, are dis-
tributed over the tract evenly, but not in rows; the base of each tuft parallel to the lower
edge of the border of the map. As shown at a, each tuft begins and ends with a dot; while
the intermediate dashes, increasing in length to the middle one, which is vertical, radiate from
a point below the middle of the base at a distance from the latter of about half its length.
The effect desired, viewed at a short distance, is that of a flat tint ; and when the lack of this is
due to uneven distribution, the fault may be remedied by filling the larger spaces with groups
of dots. The effect is more pleasing when the vertical dimensions of the tufts are slight, and
the dashes are curved outward from the middle one as shown at 4.

The usual faults consist in making the signs too large, in giving the bases an upward in-
clination, and in placing the tufts in rows. If the straight edge of the paper used under the
hand for protecting the drawing is kept parallel to the lower border of the map, it will serve
as a guide for the direction of the bases; and by first placing the tufts here and there irregu-
larly, at wide intervals apart, and then filling the intervals in a similar way, the making of
rows can be avoided.

Cultivated Land.—Alternate parallel rows of dots and dashes corresponding to furrows
are used. The dots and dashes are evenly spaced, of uniform size, and close together. The
spaces of any row of dashes are opposite the dashes of adjacent rows, and the rows of adjoin-
ing fields are oblique to each other. The rows are drawn with a ruler and triangle, the paper
being so disposed that the lines may be drawn from left to right along the edge of the triangle.

If more convenient, the rows of dashes may be drawn first, and the rows of dots interlined.
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The principal fault is irregularity in lengths of dashes and in spacing, which, for a be-
ginner, makes the use of a scale of equal parts necessary.

Sand, Gravel and Mud.—For isolated sand-tracts, the dots are close together and evenly
distributed, as at ¢. Along shores a good effect is produced by diminishing the sizes of the
dots and increasing the intervals as the distance from the shore-line increases, as at 4. In
tidal waters, for the portion of the shore uncovered by the ebb, rows of dots are drawn par-
allel to the shore-line, as at . Sand-dunes are represented as at . Gravelly tracts are repre-
sented by the sign for sand, with coarse dots, and very small, curved and angular outlines,
representing stones, distributed throughout, as at g; and mud, by short strokes parallel to the
lower edge of the border and in sets, as at 4.

Orchard.—Small,curved outlines, representing the trees in plan, are regularly distributed
within the enclosure. These are first located by pencil-dots placed at equal intervals. Each
tree is shaded by slightly emphasizing the outline and adding a few interior curves on the
side remote from the source of light. The shadow beginning at the outline is of an oval
shape, with the longer axis parallel to the projection of a ray of light, and is made up of
parallel straight lines close together and perpendicular to this projection, as at 4.

The faults consist in making the signs too large, angularity of outline, uneven shadows
and in extending the latter beyond the projections of rays tangent to the outline.

At 7 in the figure, is shown the order, indicated by the numbers, in which the curves of
the outline are conveniently drawn—1 and 2 from right to left, and 3 and 4 from left to right ;
and at 4, a method of spacing the trees and assuring the direction of the shadow: the hori-
zontal lines are drawn first, at equal intervals apart, one set at least being parallel to a side of
the enclosure ; the oblique lines are then drawn through the points of intersection, and parallel
to the projection of a ray. In making the shadows, if a straight edge of the paper used to
protect the hand is kept parallel to the projection of a ray, and so that the shadow-lines may
be drawn toward the draughtsman, the proper direction of these lines is readily observed ; and
by preserving equal intervals and using the same number of lines for each of the shadows,
the latter will be of uniform length. On maps drawn to a small scale, the shadows are fre-
quently omitted. .

Woods.—But two signs are generally used, representing respectively deciduous and ever-
green trees. The former sign is similar to that for orchards, except that the sizes and dis-
tribution of the signs are irregular. Projecting boughs of isolated trees, and portions of
clumps or large masses, should have rounded forms. Angularity of outline, and regularity in
size and distribution, are to be avoided. The strokes should not cross each other, nor loops
be formed. Shadows are not necessary, especially in a close growth such as a forest; but it
is best to shade the outlines as already described. At /, are various forms of clumps; at »,
evergreens; at #, is a special sign for oak; and at the lower right-hand corner, these signs with
that for underbrush interspersed, are shown.

Alkaline Flat and Saline Bed.—The former is represented at g, the heaviest dots forming
the outline, and defining a space which is left white.

The latter, g, is represented by its outline filled with rows of short dashes perpendicular
to the lower edge of the map-border.

Vegetable-Garden.—The enclosure is divided into rectangular or triangular figures,
separated by narrow spaces representing paths; and the figures are then filled with the sign
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for cultivated land drawn to a small scale. For flower-gardens, the sign for cleared land and
woods, drawn to a very small scale, are used instead of that for cultivated land.

Park and Cemetery.—The enclosure is divided into regular and irregular figures, with
narrow spaces bounded by parallel lines for the roads and paths; the figures are then filled in
with the signs for cleared land and woods. The distinguishing features for a cemetery are
the headstones, as shown. Signs for different field products, suited to maps drawn to a large
scale, are also given.

PLATE 1V.

71. Conventional Signs—Land and Water.—Survey points and lines are represented by
the signs numbered from 1 to I1 inclusive.

1. Triangulation point. 5. Stone landmark. 9. Monument.

2. Plane-table . 6. Wooden ** 10. County boundary.
3. Common survey ** 7. Mound  * 11. State .

4. Signal-tower. 8. Tree o

In addition to these, a rectangle containing a dot is used for a stadia survey point.
The signs for boundaries should be of such weight and form as to be readily distinguished
from the others.

Enclosures :
12. Rail or “ worm"” fence. 14. Board fence. 16. Stone wall, rough.
13. Picket fence. 15. Stone wall, with coping. 17. Hedge.

For 12, the angles should be obtuse and the panels of equal length. The large dots of
13 and 14 represent the posts, and are equally spaced; 15 is shaded according to the
general rule (par. 67); and 15, 16 and 17 are more clearly distinguished when the shadows
are drawn : the shadow-lines should be perpendicular to the projection of a ray.

Communications :
18. Path, foot. 22. Road, main. 26. Telegraph.
19. ‘‘ mounted. 23. ‘“  paved. 27. Embankment.
20. Road, undefined. 24. Railroad, single track. 28, Cutting.
21. ‘‘  minor. 25. ' double * 29. Tunnel.

The distinction made between 21 and 22 is that the former consists of fine lines, and the
latter of medium lines with a greater interval. In maps to large scales, these lines are
replaced by signs for the features which enclose the road. The English convention is to
represent fenced roads by full lines, and unfenced roads by broken lines.

In the sign for railroads, the number of lines is increased correspondingly for a greater
number of tracks. Horse-railroads, tramways, etc., are represented by medium lines, single
or double, through the middle of the street. In 26, the posts, or longer lines, are perpendicular
to the edge of the road; and if no road exists, the bases should be connected by a fine line.

An embankment is represented by hachures alone; while a cutting has an outline drawn
along its outer edges.

The direction of the road in 29 is indicated by a heavy dotted line, and other subter-
ranean passages are indicated in like manner.
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Parts of communications, the positions of which are not fully determined, are repre-
sented by dotted or broken lines.

Buildings :
30. Building, wooden. 33. Light-house. 36. Village.
3I. . masonry. 34. Windmill. 37. Town.
32. Church. 35. Settlement. 38. City.

The main distinction observed in representing buildings is as to the material used in
their construction. In Plain Topographical Drawing, wooden buildings are represented by
fine, and buildings of masonry by heavy, outlines; and in either case the interior space is
usually filled with fine, parallel lines, close together. These filling-in lines should be parallel
throughout the map, and at the same time diagonals of the figures. Therefore, when the
buildings face different points of the compass, a direction for these lines is chosen that will
make them diagonals of the greatest number of buildings. If it is desired to make a distinc-
tion between brick and stone buildings, use very heavy outlines for the latter.

The outlines may be shaded, but in black and white maps shadows are not usually
drawn.

In maps drawn to a very small scale, no distinction can well be made as to material; and
to make them clearly visible, all buildings are represented by solid black figures.

Signs pertaining to Water :

39. Well. 54. Aqueduct. 69. Direction of current.
40. Spring. 55. Head of navigation. 70. Ford, foot.

41. Pond. 56. Buoy. 71.  *° wagon,

42. Marsh, fresh. 57. Rocks, bare. 72. Bridge, foot.

43 salt. s8. ‘‘ sometimes bare. 73. wooden,
44. Brook. 59. ‘°  sunken. 74. ¢ draw.

45. Creek. 60. *°  dangerous. too7s. truss.

46. Practicable for all arms. 61. ‘  position uncertain. 76. stone.

47. «“ ‘ inf'y and cavalry. 62. Bar. 77. pontoon.
48. Impracticable. 63. Shoal. 78. “ suspension.
49. River. 64. Fog-bell. 79. Ferry, rowboat.
so. High and low water. 65. Light-ship. 8o. ¢  steam.

s1. Dam. 66. Anchorage. 81. ‘“ rope.

52. Falls. 67. Wreck. 82. *“ flying.

53. Canal, with locks. 68. Surf.

Pond.—The outline properly shaded is filled with fine lines, with small equal intervals
and parallel to the lower edge of the border of the map. Any unevenness in the lines or
irregularity in the spaces is particularly noticeable, and must be carefully avoided.

Marsh.—This is a combination of the signs for pond and cleared land. The former is
drawn first. For fresh-water marshes, irregular spaces are left in the ruling, and these spaces
are afterwards filled in with the sign for cleared land: the latter sign is also drawn here and
there at irrcgular intervals, between the ruled lines. The proper outline of each space is
produced by not having consecutive lines terminate in the same vertical.

For salt-water marsh, no spaces are left in the ruling.

Reclaimed marshes are indicated by the addition of confined streams or ditches.

If it is desired to distinguish between a marsh, which may be sometimes dry, and a
swamp, for the former use rows of dots here and there in place of the full lines.

Brook or Rivulet.—An irregular line following its course, fine at the source, and increas-

5
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ing slightly in breadth to the mouth. Frequent curves near the source are characteristic of
small streams, especially in rugged tracts; and whip-lash, snaky-looking lines should always
be avoided.

An important consideration in regard to streams, particularly in a military point of view,
is the practicability of crossing them; and a conventional sign to express this condition, used
for sketching-purposes in the English military schools, is shown.

River, or Large Body of Water.—The space between the shore-lines is filled with parallels
termed * water-lines.” The shore-lines are drawn first, then a water-line next to eack shore-
line, carefully conforming in its direction to the various projections and indentations of the
latter. Another water-line is then drawn parallel to the first, and so on. The final line or lines
will thus be in the middle or axis of the stream, and proper junctions corresponding to the
varying widths will be formed.

To produce the best effect, the water-lines and intervals are both graded so that the
finest line and broadest interval shall be in the axis of the stream; but, as it is very difficult,
especially for a beginner, to preserve both gradations, the lines are usually all made fine. The
irregularities are lessened in consecutive lines, so that in a broad stream the curves of the
. central lines are quite smooth.

In drawing a water-line, the preceding one should be at the left hand, the line drawn
towards the body, and the paper so disposed as to facilitate this operation. To preserve the
proper interval, it is better to keep the eye on the interval rather than on the line.

The general rule for shading is sometimes applied to shore-lines. The direction of the
current is indicated by an arrow, as shown.

In tidal waters, two sets of shore- and water-lines may be used as shown, one set corre-
sponding to high- and the other to low-water mark. The high-water shore-line is made the
heaviest. '

For Rapids and Torremts (XII. Plate V1.), the water-lines are broken into short,curved
lengths; and for Whiripools they are given spiral shapes, still preserving the local gradation
of the intervals. )

For Canal-locks, the V-shaped figures have their vertices up-stream.

The anchor for anckorage is pointed up-stream.

Sand.-shoals and Bars—A dotted contour-line defining the boundary. If permanent, the
depth of this line is noted upon it.

Mud banks.—As at % in Plate ; or by two sets of dotted lines crossing each other obliquely.

For sunken rocks, the depth in fcet is noted in the attached circle. Rock-formations of
considerable extent are drawn as described in Section III.

Soundings are represented by numbers giving the depth in feet, as shown near the bottom
of the plate. The I, 2, and 3-fathom curves may be indicated by dotted lines, the dots
being respectively continuous, in pairs and in groups of three.

The direction of the current should always be indicated at fords.

The flared ends of the sign for a bridge indicate the approaches or abutments. The
bases of the piers are usually pointed at the up-stream cxtremities.

PLATE V.
72. Conventional Signs—Miscellancous.—As to the military signs, the side on which the
blackened portions of those for infantry and cavalry, in line, is placed, indicates the front or
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direction of the movement; and in the sign for artillery, the short arm of the figure projects
towards the target. The direction, in march, is usually indicated by an arrow-head placed at
the head of the column.

The heavy line in the signs for fortifications represents the interior crest; and the width of
the interval between it and the adjacent fine line on the exterior, the thickness of the parapet.

On maps to a very small scale, fortifications are represented by a single heavy line,
giving the position of the interior crest. The hachured slopes of trenches, etc., are on the
right, left and front.

The 40 signs * For Deciphering Maps” in the plate, are introduced for the service they
may afford in reading old maps (see par. 68). At least 800 others have been in use wichin a
comparatively recent date, but those given are more commonly seen. Their names are:

1. Mill, water-power. 15. Rope-walk. 29. Sentinels.
2. ‘‘ steam-power. 16. Quarry. 30. Vedettes.
3. Saw-mill. . 17. Chapel and church. 31. Indians, with firearms.
4. Ship-mill. 18. Custom house. 32. “ without *
5. Powder-mill. 19. Post-office. 33. Gold.
6. Cotton factory. 20. Hotel. 34. Silver.
7. Woollen ** 21. Inn, 35. Copper.
* 8. Sugar “ 22. Railroad station. 36. Mercury.
9. Silk ‘“ 23. Telegraph ** 37. Lead.
10. Indigo “ 24. Mineral spring. 38. Tin.
11. Iron-works. 25. Gate, turnstile. 39. Iron.
12. Glass-works. 26. Weir. 40. Coal.
13. Brick kiln. 27. Buoys.
14. Lime-kiln. 28. ‘*  mooring.

The right-hand half of Plate V. contains signs used for Vertical Sections.

PLATE VI.

73. Conventional Signs—U. S. Coast Survey.—The signs in this plate are typical examples
photo-engraved from the present standard topographical drawings of the U. S. Coast Survey.
The different features represented in the rectangles are as follows:

I. Oak woods and orchards. VII. Arroyos.
II. Rice-dikes. VIII. Soft stratified rocks and gulches.
III. Abraded rock-faces, granite. IX. Railroad, mid-river sands and common rock escarpments,
IV. Granite cliff—crest, face and talus. X. Railroad, tunnel, mid-river drift, canal and dam.
V. Town and pine woods. ' XI. Eroded drift-banks, with boulders set free.

VI. City, villas, salt and fresh marsh, and docks. = XII. River-torrent, eruptive rocks and basaltic escarpments.

74. An ingenious and rapid method of printing the signs by hand, due to J. A. Ocker-
son, Am. Soc. C.E., is described in the Report of the Mississippi River Commission. It
consists in electrotyping a tasteful arrangement of signs for any feature on a very thin copper
plate, about 3X I4 inches in size, backing the plate with rubber, and wrapping it around a
wooden cylinder of corresponding dimensions. '

The cylinder revolves about a handle passing through its centre and projecting at the
ends. The plate is inked at each revolution by means of an ink-roller—the best quality of
German printing-ink being used. Due pressure is applied to the handles, and the cylinder is
rolled slowly over the map. Impressions are readily joined by placing a strip of paper along
the edge of the part already printed, thus permitting the cylinder to overlap as much as may
be desired.

To prevent any sign or name upon the map from receiving an impression, a pencil made
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of common starch is drawn over it once ; and after the printing is finished, the starch is easily
brushed off. .

Electrotypes are made for the different signs to be used in a map of any particular tract.
The time required for printing is at most one tenth of that spent in drawing by hand, and
the process is exceedingly well adapted to maps of large extent, and to all which do not
require a fine grade of lines.

This process is also extended to include the lettering, as described in par. 12}.

SECTION II.—REPRESENTING THE DETAILS.

75. Pencilling the Details.—The positions of the details are first carefully determined by
lines or dots in pencil, lightly drawn; the shading, shadows and filling-in of outlines being
omitted. Thus the edges of roads, the shore-lines of streams, are accurately represented by
fine lines drawn through the plotted points, and following their various bends and curves, as
given in the field-notes ; buildings, fields, forests and all features of which the boundaries are
given, by outlines; orchards, by outlines with properly spaced dots indicating the positions of
the different trees ; and so on, until all the features are so completely located that no doubt
or delay can arise, nor liability to erasure be incurred, in the subsequent inking.

The following order to be observed in the pencilling is found from experience to
facilitate the work:

1. The communications; 2, the streams, beginning with the principal one; 3, the cities,
towns, villages and detached buildings; 4, the enclosures; 5, the marshes, woods and remain-
ing features; 6, the contours (par. 86).

To avoid mistakes, it is well to indicate verbally, or by a few hastily drawn signs, the
kinds of wood, field productions, material, etc., within the various outlines as soon as drawn.
The location of rocks should be shown, so that the contours in ink may not be drawn
through them.

A space may also be outlined for the scale, compass and legend.

76. Inking the Detatls.—~The construction-lines, and all lines not needed to fix the posi-
tions of the features or in finishing the map, are then erased by means already described ; and
those left should be reduced as much as possible consistent with visibility. The drawing is
then ready for inking; and in this operation it will be found convenient to preserve the same
order as prescribed for the pencilling.

It is advisable to begin with such a part of the drawing that, in the progress of the work,
lines already inked may not be defaced by rubbing, or by leaning upon the drawing.

SECTION III.—REPRESENTING THE CONFIGURATION OR SURFACE-FORMS OF GROUND.

77- There are two general methods of representing hills or mountains and surface-
undulations, viz. :
I. By contours.
I1. By contours and hill-shading.
Surface-forms are also represented by hill-shading alone; but the contours are first sur-
veyed and plotted in pencil, so that, although the contours may not appear in the finished
map, this operation virtually resolves itself into Method II. It may be remarked, however,
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that in the representations of slight changes of form and in field-sketching, hill-shading alone
is frequently used.

Method I. has the advantage of simplicity, and the topographical signs are never
obscured. In Method II., the elevations and depressions are more forcibly presented to the
eye; and if the shading is so light as not to obscure the signs, the addition of the relief thus
obtained is evidently an advantage.

METHOD 1.—BY CONTOURS.

78. Contours, Equidistances and References (Plate VI1.).—The intersection of the surface
of the ground by a horizontal plane is a contour (the term is also applied to its projection
upon a map). Shore-lines of still water are familiar illustrations of contours; and if they
should be determined for an elevation, by survey at each considerable rise of water, and all
projected vertically upon a horizontal plane, it is obvious that by giving to each of the pro-
jections a number representing its vertical distance from this plane, the general shape or con-
figuration of the surface would be at once shown.

It is also apparent that the less the rise of water between consecutive measurements, the
greater would be the number of shore-lines, and consequently of projections, and the more
complete would be the representation.

In Fig. 28, the hill, of which DSP is a profile, is cut by the horizontal planes, of which
aa’, b6’, and cc’ are the traces, and a”, 6", and ¢” are the projections of the contours thus de-
termined, upon the horizontal plane D'CP’; the numbers 40, 80 and 120 giving the heights
of @”, 8" and ¢” above D'CP".

Contours are determined at equal vertical distances apart. Their heights are all referred
to a single horizontal plane called the datum plane. These heights are indicated by numbers,
called references, placed upon the contours, and the equal vertical distances are called egui-
distances. Thus, in the figure, D'CP is the datum plane, its reference is o, and the equi-
distance is 40. If the datum plane is intermediate in a system of contours, the — sign is pre-
fixed to the references of contours below it.

It is apparent that the greater the degree of declivity, the closer are the projections,—
compare D’'a” and §”¢", the projections of Da and &c respectively,—which condition enables
the observer to see at once upon the map the relative steepness of different slopes.

79. The slope between consecutive contours, along a normal or line perpendicular to
both, is considered uniform; therefore the degree of declivity can readily be determined from
the projections upon the map—e.g., in the figure (drawn to a scale of yg4;), the degree
of declivity of a”"D’ is the angle aDd of the right-angled triangle, of which Dd = 8o
feet, as determined by the scale, is the base: and the altitude ad = 40 feet, is the equidis-
tance. This angle may be constructed and measured with a protractor; or determined trig-

; d
onometrically from the relation tang. aDd =§71= 43 =4, .. aDd = 27°, very nearly ; but the

simplest means is a scale of inclination described in the following paragraph.

80. The Scale of Inclination (Fig. 29). also called a scale of horizontal equivalents, is con-
structed as follows:—Draw AB and AC perpendicular to each other; through 4 draw the
radials making with 48 angles of §° 10°% 15° ..... 45°, as shown; set off Ag equal to the
equidistance according to the scale of the map, and draw gf parallel to 45. The parts of
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gf intercepted between g and the points of intersection of the different radials are the cotan-
gents of the angles to the radius Ag—ec.g., in Fig. 35, the tang. and cot. of 25° are B4 and Ce
respectively ; and of 30°, B4’ and C¢'; and these are the projections of the inclined lines A4e
and A¢’ respectively. Similarly, in Fig 28, D'a” = Dd is the cot. of VaD (the angle of de-
pression of al), to a radius corresponding to the equidistance ad, and it is also the projec-
tion of Da. The application of the scale is thus apparent; e.g., to ascertain the angle of in-
clination, or the degree of declivity along a normal as D’a’, between two consecutive con-
tours ;—with the dividers, set off from g, (Fig. 29), gd =D'a"; the position of & between the
25° and 30° radials indicates a slope of 27°, as in par. 7q.

To ascertain intermediate slopes and those exceeding 45°, it is only necessary to add the
corresponding radials. By cutting it out along fz, the scale can be applied directly to the map.

For another form of this scale see close of par. 81.

81. Since Ce, C¢'.....(Fig. 35), the horizontal projections of Ae, Aé',.. ..., are the cotan-
gents of the vertical angles 25°, 30°.....; a table of cotangents gives at once the ratio of the
height to the base, corresponding to a unit of distance and to any angle of inclination; and
the following table thus obtained is of general use:

RATIO OF HEIGHT TO BASE, AND LENGTH OF BASE CORRESPONDING TO THE EQUI-
DISTANCE, FOR SLOPES FROM 1° TO 60°.

Ratio of | Base for | Base for | Base for | Ratio of | Base for | Bage for | Base for
height to base| 1 unit of | Sypits of (10 units of|! height to | 1 unitof | S upis of |10 units of
Slopes.| ™ (approxi- |height (cot height. | height Slopes.| pase (ap- |height (cot height. | height.
mate). of slope). : proximate). | of slope). '
1° Ito 57 57.29 286.45 | 572.9 | 15° It0.3.7 373 18.6 37.3
2 1to 29 28.64 143.2 286.4 16 Ito 3.5 3.49 17.5 34.9
3 I1to 19 19.08 90.4 190.8 |l 17 1to 3.2 3 27 16.3 32.7
4 1to 14 14.30 71.5 143 i 18 1t03 3.08 15.4 30.8
5 Ito Ix 11.43 57.2 114.3 19 1to3 2.9 14.5 29
6 1to 10 9.51 47.5 95.1 20 1to2.7 2.75 13.7 27.5
7 1to 8 8.14 40.7 81.4 25 I1to2 2.14 10.7 21.4
8 1to 7 7.12 35.6 71.2 30 1to1.7 1.73 8.6 17.3
9 1to 6 6.31 3.5 63.1 35 1to 1.4 1.43 7.2 14.3
10 1to 6 5.67 28.3 56.7 40 1tor1.2 1.19 6 11.9
11 1to § 5.14 25.7 51.4 45 1torx I 5 10
12 | 1t0 4.7 3.7 23.5 47 | 50 | 1t00.8 | 0.84 2.2 8.4
13 1to 4.3 | 4.33 21.6 43.3 55 1to0.7 | 0.7 3.5 7
14 1to 4 4.01 20 40.1 | 60 1to 0.6 | 0.58 2.9 5.8

Lengths of base corresponding to heights or equidistances not given in the table, are
readily found by multiplication. Thus, for an equidistance of 15 feet and a slope of 6°, the
base is 3 X 47.5 = 142.5, or three times the base for 5 feet; for an equidistance of 50 feet and
a slope of 19°, the base is 145.0, or 5 times the base for 10 feet, etc.

The length of base corresponding to a unit of height is roughly obtained by dividing 60
by the number of degrees representing the slope; e.g., the base for 10° = 4§ =5; for 15° it
is 4, for 20°, 3 ..... A scale of inclination for any equidistance can also be constructed by
use of this table, as follows:—From G on the right line GF (Fig. 30), set off, according to the
scale of the map, Ga, Gb, ..... Gk, corresponding respectively to the bases for the different
slopes and the given equidistance, and mark the points of division as shown.

82. The reduction of surface-measurements to the horizon is of frequent application in the
plotting of contours. A case often presented is: given the angle of elevation CAB (Fig. 31). or
of depression VCA, (or VaD, Fig. 28), and the distance AC; to find 4B. Let @ repre-
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sent the vertical angle, and 4, @ and 4 the distances AC, BC and 4B respectively; thené =4
cos @—e.g., @ = 15° of which the cosine is 0.9659, and 4 is 320 feet; then the horizontal
equivalent 4 = 320 X 0.9659 = 309 feet.

If the vertical angles are very small, say less than 10° it is better, for great exactness,
to use the sine of the angle in the computation, since the cosines of small angles differ but
little from each other in value. Thus, referring to the figure, 2 — b=k —/k cos @==4%

2
This reduction may be made graphically by constructing a right-angled triangle in
accordance with the given conditions. Taking the foregoing example; at 4, on the right line
AB, construct the angle @ = 15°, and make AC = 320 feet, according to the scale; from C,
let fall the perpendicular CB, and find the length of 4B from the same scale.
83. The handiest means, however, for making this reduction is Goulier's scale, which is
constructed as follows: Let AB (Fig. 32) be the scale of the map; from C, distant from A B at

AB . . .
least %-, as a centre, describe the arc of a circle tangent to the scale, as shown ; and begin-

(1 — cos @); and since I — cos @ = 2 sin’ %, b=~ (1 — 2 sin? @)

ning at the tangent point, subdivide the arc into degrees. Join C and the points of division
of the scale by right lines, and through the degree divisions of the arc draw .parallels to the
line of the scale, terminating and marking them by numbers, as shown. Each of these
parallels is a scale of reduction for the slope indicated by the number of degrees at its
extremity—e.g., the scale being g5, £F is the reduction of 120 feet measured on a slope of
15°; for from the similar triangles CEF and CDG, EF : DG :: CE: CD; denoting the radius
CD by R, CE = R cos 15°, .. EF = DG cos 15 = 120 ft. X cos 15°.

Therefore, in the use of this scale, the reduction is obtained at once from the parallel
corresponding to the degree of declivity.

This scale, like others of frequent use, can be engraved with great exactness on metal.

84. A similar scale is adapted to the reduction of distances obtained by stadia measure-
ments to their horizontal values. The rod being vertical, the angle of inclination of the
optical axis to the horizon represented by ¢, and the reading by L; then the horizontal dis-
tance H = L cos’ ¢. To construct the scale, draw CD as in Fig. 32, perpendicular to and

equal in length to at least Q%B With the middle point of CD as a centre, describe an arc

tangent to A8 ; beginning at D, mark every second degree up to 72°; draw the parallels and
radius, as in Fig. 32, through the second degree divisions, and from C respectively: and
mark each of the parallels at its extremity, by a number representing one half the number
of degrees corresponding to the division of the arc through which it passes. Denoting the
14cos’ g
2
= DG cos® ¢. Then, as in the preceding case, the horizontal distance required is obtained at
once from the parallel marked at its extremity with the number corresponding to the degree

radius C;—f by R, any distance, as EF: DG :: R+ Rcos'¢p:2 R; or EF = DG X

of inclination.
85. When the difference of level @ and the surface-measurement % only are given, the re-
duction or base & may be obtained from the expression §* = 4' — a'; or for rough approxima-

i)
tions, since a® = &' — &' = (h— &) (h+ 6). k — b= /&Z' from which &= & — sub-

a
k46’
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stituting 2k for 2+ 6, 6 = /2 — :—k. Or trigonometrically, & may be obtained by first ascertain-

ing the angle @ at the base, from the expression sin @ = g-; then & = a cot @.

86. Plotting the Contours.—The method employed in the field-work decides the way in
which the contours shall be plotted. By the “regular method” of contouring, the equi-
distant points are determined in sufficient number to require but the plotting of these points,
and the tracing or drawing of the contours through them, while at the same time carefully
considering the accidental forms of ground between adjacent points, as noted in the field
record or sketches. By the “irregular method,” the heights of prominent points are deter-
mined either separately, or by profiles along characteristic surface-lines, such as those of
greatest and least declivity; or again, by levelling the intersections of lines traced upon the
ground. These points are then plotted, and the contours are drawn through the equidistant
points, which are fixed by interpolation as follows:

87. Case I.— When the surface line joining any two of the determined points is regarded as

of uniform inclination.
In Fig. 33, 4, B, C and D, with references as shown, are plotted; required the equidis-

tant points for the 120', 140" .. ... 200’ contours.

Join the different points by right lines as shown. Each line, the length of which is
obtained by referring it to the scale of distances, (155), is the base of a right-angled triangle, of
which the difference of the references of its extremities is the altitude. Beginning with the
line AB, the distance from 4 to g, the 200" equidistant point, may be obtained from the fol-
lowing proportion.

The difference of the references of 4 and B : the difference of the references of 4 and
2 s AB . Ap = the distance required; or directly, 98’ : 12’ :: 250" : Ap = 30'.6, which laid
off from A on AB, according to the scale of distances, fixes p.

It is advisable, however, to use the shortest methods and preserve uniformity in making
the computations. Thus, 82 = 2.551 is the cotangent of the angle of inclination of AB; there-
fore Ap = 12’ X 2.55 = 30'.6, and Bp’ = 6’ X 2.55 = 15.3; which laid off on 4B, from 4 and
B respectively, fix the 200" and 120’ equidistant points.

The interval pp’ is then subdivided into four equal parts, and the points of subdivision
are the required points of the other contours. Similarly, 152 = 2.0, is the cotangent of the
angle of inclination of AC; the 200" point is 12’ X 2.0 = 24/, distant from 4 on AC; and the
140’ point is 3’ X 2.0 = ¢’, distant from C;—the 120’ contour evidently passing below C, and
cutting the line BC at a point 44’'.4 from B. The equidistant points on AD are fixed in
like manner.

If the angle of inclination of 4B is also given in the record, the cotangent is obtained
at once from the table, and the operation is still further simplified.

88. Fig. 34 illustrates a method of fixing the cquidistant points graphically.

The references of the plotted points A4 and B are respectively 62" and 93’. To inter-
polate the five-feet contours from 65’ to go’: join 4 and B by a right line; then draw AC,
making a convenient angle with AB, and subdivide it with a scale of equal parts, according to
the equidistances desired. Thus, using the tenths of inch-divisions, place the scale along AC,
the 6'.2 division coincident with 4, and mark the 6”5, 7".0, 7’.5 . . . .. 9"".0,and 9"’.3 points as
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shown; join C and B by a right line, and through the marked points draw lines parallel to
CB. Their intersections with 4B are the equidistant points required.

In most cases the line AC may be dispensed with—the required points being dotted
along the edge of the scale of equal parts placed at a convenient angle.

When the heights of the different points are obtained by levelling the intersections of
lines traced upon the ground, the slope between adjacent points is considered uniform, and
the operation of plotting the equidistant points is similar to that just described.

89. Case I1.—When the surface line is not regarded as of uniform inclination.

Thus, in Fig. 36, the profile K% is obtained by section-levelling. To fix the equidistant
points of the 50, 40 ... .. contours: set off from K, on KA, Ka, Kb ... .. , respectively
equal to 2’, 12’,22" and 32’, according to the vertical scale ; and through the pointsa, 4, .. ...
draw aa’, 66/, . . ... parallel to AB. From the points of intersection of these parallels with
Kk, let fall the perpendiculars intersecting AB at m, n, 0 and p; then the distances Am,
An..... , set off from A on the plotted profile, will fix the required points.

The positions of the equidistant points are frequently estimated by eye in the field-work;
and the plotting is simply a copy of the field sketch, according to the scale of the map (see
Topographical Sketching).

9o. Scale of Slopes.—If the references of the extremities, or at least of one extremity,
and the angle of inclination of a line, are given, the scale of slopes affords a ready means for
fixing the equidistant points. It is constructed as follows: From 4, Fig. 37, set off on 4B the
distances 4 45°, 4 40°,..... A4 15°, proportional to the cotangents of 45°, 40°, ..... 15°, and
draw horizontals through the extremities. Subdivide the 15° horizontal into equal parts, each
représenting the cot. 15° to a radius of 0”.05, or 3.7320 X 0".05 = 0”.186, which represents the
horizontal distance between two points, having a difference of level of §’, 10’, 20’, 50/, or 100/,
according as the scale of the map is 1344, 35y, 7855 13350 OF Trdvo

Join these points of division with 4; then each of the upper horizontals will also be
subdivided into equal parts in length proportional to their distance from A, and which
represent the horizontal distances, corresponding to the degree of inclination marked at the
left-hand extremity. Horizontal distances corresponding to smaller equidistances may
be represented by a further subdivision, as shown in the left-hand intervals, below the 15°
horizontal.

Choosing another point A4’ at pleasure, the distances 4’ 10°, 4’ 9°, 4’ 8°, proportional to
the cotangents of 10°, g° and 8°, are set off from A4’; the 8° horizontal is divided into equal
parts, each representing the cot. 8° to the same radius as before, or 7.1154 X 0".05 = 0".353,
and lines are drawn from the points of division converging at A’, as shown.

In like manner, proportional distances are set off from A4” and from A4’ ; the 4° and 2°
horizontals are similarly divided into equal parts, and lines are drawn as before, converging at
A" and 47",

Horizontals for the intermediate degrees are readily drawn; and a scale of tangents is
added on the right, for use in plotting when the measurements are taken with instruments
which give the tangents of inclinations only.

This scale is of very simple application. Thus, in Fig. 38, to interpolate the 70’, 80/, .....
110’ equidistant points in the line 4B, the angle of inclination being 4° and the scale g4
(diminished in the Fig.). Presuming the scale to be on tracing-linen, place 4, the subdivision

6
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of the 4° horizontal, coincident with A, of which the reference is (62"), and prick through the
required points 4, ¢, 4. ....

If the scale is on metal, transfer the points with a paper slip.

91. Drawing of Contours.—The equidistant points having been plotted, and the contours
completely represented in pencil, the contours are then drawn, usually in red ink or crim-
son lake. Burnt sienna is sometimes used for this purpose,—(See Plate V1.)

The lines should be of the medium grade (I. par. 43), even and distinct, and are best
drawn with a curve-pen (par. 17), carefully following the pencilled contours. After consider-
able practice, a less stiff and consequently more pleasing effect may be produced by using
the common pen for this purpose. They are never drawn through the sign for rocks or
buildings, and, except on maps to a very small scale, they should not cross the signs for com-
munications.

The references, in small, distinct figures, are sometimes placed in breaks left in the con-
tours, but it is just as well to place them immediately above the corresponding contours, with
their bases resting upon the latter; and it makes them more conspicuous to place them along
a line, normal to all the contours included between the summit and base of each slope—the
tops of the figures, as above implied, being toward the summit. For convenience in reading
the map, the references may be repeated in different parts of it, more particularly where the
contours make marked changes of direction. ' )

The value of the equidistance,  Equidistance (so many) feet or yards,” is noted on the
map, either in the vicinity of the scale of distances, or immediately below the left-hand ex-
tremity of the lower edge of the border.

For convenience in reading the map, every fifth or tenth contour, counting from the
datum plane, is made a triflc heavier than the others: e.g., if the equidistance is § feet, the 25°,
50" ..... ,or the 50’, 100" ..... are emphasized; if 2/, the 10’, 20’ ...... A contour of doubt-
ful position is represented by a dotted line.

92. Intermediate contours, represented by dotted lines, are sometimes necessary to define
the outline of a summit, or to represent intervening or accidental slopes, when the equidis-
tance is relatively great. Thus, in Fig. 39, the summits Sand S'..... and the configuration
of the ground about them are thus defined. The reference of a summit is placed within
this upper contour.

Auxiliary contours, as applied in the text, are those used especially for determining the
directions of hachures, and are described in the appropriate place.

93. Study of a Contoured Map.—Fig. 39, Plate VIIL, shows various surface-forms of
ground as represented by contours, and also the positions of certain surface-lines and other
"details, preparatory to a description of Method I1. The references are purposcly omitted,
but relative heights are readily ascertained by assuming the datum level at pleasure, say 50
feet below the lowest contour, and applying the equidistance. Watercourses naturally indi-
cate the lower surface-lines of a tract; and the main stream or body of water, the lowest sur-
face-line; therefore when these are contained ina contoured map, no difficulty usually arises
in determining the general configuration, cven without the references. Thus in the plate,
the general slope from S’ (near village) is to the right, left and front down to the main stream,
and is interrupted on the right by the plateau containing the village. An exceptional case
however, is presented SW from S. With no streams or references it is impossible to decide
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whether Dis a summit, or the base of a depression; in the plate it represents the latter feature,
and is marked with the letter D. All depressions situated in tracts generally level, or where
any ambiguity might exist, should be marked with the letter D in red or black.

The irregular forms marked » indicate rock-surfaces; and it is observed, as heretofore
described, that the contours terminate abruptly at their outlines.

The ridges SCS”" and S'C"S” are called water-partings, because at these lines the surface
water parts and begins to flow down the slopes on either side. The position of a water-part-
ing is determined, as in the case of the ridge SCS’”, by joining the points S, C and S”” by a
line which intersects the intervening contours at their points of greatest curvature (see also &,
par. 100). ‘

The lines S’P and S/ are also water-partings, and are similarly drawn. A water-
parting of great extent is termed a divide. The slopes extending from a water-parting in
either direction are called water-sheds. The lines BW, B'W and CD are termed watercourses,
because the water from the adjoining slopes unites along this line and follows it to the outlet.
Watercourses, like water-partings, cut the contours at their points of greatest curvature. The
watercourse or axial line of a valley is termed the thalweg: it is the line of meeting of the
slopes on either side.

It is observed in the case of a water-parting that the contours are concave, and in the case
of a watercourse convex, toward the summit of the slope which they immediately define.
Adjacent descending normals (par. 100) diverge from a water-parting and converge toward a
watercourse, as shown at S'Y” and BW respectively. (See also lines of greatest descent, par.
100.)

The depressions C, €' and C”’ between adjacent summits are termed Co/s, necks or saddles,
and are important details in regard to hill-shading. ,

Geometrically considered, a col is the highest point of the line of interscction of two ad-
joining slopes. As in Fig. 42, AB is the line of intersection of two slopes or spurs,determined
by joining the points of intersection of contours having like references; and C, the highest
point of this line, is the col. It is the lowest point of the ridge SS’. The general surface
between the summits S and S’ is therefore of double curvature, ascending from C to S and
S’, and descending from C to 4 and B. ,

The natural surface is more like that shown in Fig. 43. The col C is ordinarily a small
plateau sloping as above described, and limited as shown by the dotted lines, which are the
intersections of the surface by a horizontal plane intermediate between the.* 20" and ** 30"
contours. Other forms of cols are shown in the plate.

94. To Construct a Vertical Section from a Contoured Map, as through A4 (Fig. 39).—
Draw AA, and at a convenient distance below, 4’4’ parallel to it.

Set off from o, near 4’'A,’ the equal vertical distances o—1, 1—2,. . .. ., according to the
vertical scale and corresponding to the equidistance, and through the extremities draw lines
parallel to 4’4’ ; the latter are the traces of contour planes. From the points v, V0, ey
in which 44 intersects the contours, let fall perpendicularsvv,, v'v, ... .. ; then the line V'V,
through the intersections of the latter with the corresponding traces, is the section required.
Various intersected details, such as roads, streams, rocks and buildings, are represented in a
similar manner by projecting the extreme points of their outlines and filling the space by
characteristic lines, as shown.
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The Sectograph (Fig. 41) is a convenient instrument for this purpose. It consists of a
rectangular piece of cardboard on which lines, parallel to the longer edge M, are ruled with
intervals corresponding to the equidistance and the scale of the map; and lines perpendicular
to MN are drawn at convenient intervals to assist the eye in determining vertical directions.

In use, it is so placed upon the map that the edge MN coincides with the line, as

. HH'’,along which the section
is required. From the points
in which MA intersects the
contours, verticals are then
{ drawn to the corresponding
] parallels as shown, and a
line £GF through the points
thus determined is the sec-
tion required. The secto-

’ Elevation

graph is particularly con-
venient when several sec-
tions are required from the
same map. It is also handy
for ascertaining if any point
is visible from another.
Thus, to determine the in-
tervisibility of H and H',
construct the section as
above and apply a straight-
edge from £ to F, if it in-
tersects the section, the
points are not intervisible,
otherwise they are. Only
such portions of the section
need be drawn as will contain
the doubtful points.

The simpler plan, how-
ever, would be to join the
points by a right line ; then, at the only points of it which from inspection could obscure the
view, erect perpendiculars to this line; lay off on each its corresponding height as given by

Plarm

the contours, and apply a straight-edge, as above, to the outer extremities.

An Elevation is the orthographic projection upon a vertical plane of the visible outlines
of all the features, both near and distant, which it may be desired to represent, and gives at
a glance a comprehensive idea of relative heights. The above figure illustrates the method
of construction from a contoured map.

No explanation is considered necessary. The projecting lines are simply tangent to the
contours ; and because the nearer outlines obscure those beyond, the former are constructed
first.

95. To lay out a Road of a Given Grade, say of 6°.—Referring to the table, par. 81; for a
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“rise” of 50 feet, the base is 9.51 X 50 = 475.5 feet ; therefore, with this distance reduced
to the scale of the map (Fig. 39) as a radius, and the starting-point @ (at right of bridge) as a
centre, describe an arc intersecting the next higher contour ; from 4, the point thus deter-
mined, as a new centre, and with the same radius, find ¢, and so on. A line through these
points, conforming to the general configuration of the surface, gives the direction of the
road. Strictly, it defines the edge nearest the summit of the different slopes.

METHOD II.—BY CONTOURS COMBINED WITH HILL-SHADING.

g6. Three different systems are in use:

1. The Horizontal System, in which the spaces between the contours are filled with
strokes parallel to the contours.

I1. The Vertical System, in which these spaces are filled with strokes normal to the con-
tours.

III. Contours and brush-shading, which may be termed the Brusk System.

Various methods, named after the inventors or the countries in which they are generally
used, are employed in the different systems.

The first two systems have been in general use up to the present time. A knowledge
of them is therefore necessary to understand maps constructed in accordance with them.
For the engraver to accurately represent a tract in relief, a hachured map (¢, par. 100) is neces-
sary as a model to work from. Practice in hachuring cultivates accuracy of observation, and
an appreciation of forms of ground, and also gives a manual skill not otherwise readily ob-
tainable. These systems are therefore fully described in the text. The principal objections
to their employment, at least for the manuscript maps usually required, are the obscuration
of details, particularly upon the steeper slopes, and the great amount of time consumed in
the work of hachuring.

System IIL, or the “brush system,” combines the elements of exactness and rapidity of
execution, which are most desirable in the production of manuscript maps; and since the art
of engraving by * crayon-lithography” is being rapidly perfected, it is reasonable to conclude
that this system will soon be generally adopted for all purposes of hill-representation where
relief additional to that given by the coutours may be desired.

A description of hill-shading naturally comes first in the explanation of Method 11.

HILL-SHADING.

97. The object of hill-shading is to produce a relief more pronounced than that afforded
by detached contours.

The surface to be represented is considered as lllummated by either vertical or oblique
rays of light, and different kinds of relief are thus produced. Rules are deduced governing
the application of the shading in these two general cases, and are modified to suit each par-
ticular method or system of shading. As in the representation of other features, the visual
rays are considered as vertical. With vertical illumination, the angl