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PLANE TABLE MANUAL.

By D. B. Wainwrianr, Hydrographic and Geodetic Engineer.

PRELIMINARY STATEMENT.

A topographic map is the delineation upon a plane surface, by
means of conventional signs, of the natural and artificial features of
locality.

Every point of the drawing corresponds to some geographic position,
according to some method adopted for representing the surface of the
spheroid on a plane, which is called the projection.

Since it is & representation in miniature, the distance botween any
two points on the map is a certain definite fraction of the distance
between the same points in nature. This ratio is called the sacale.

Each point, besides being projected on a horizontal plane, has its
elevation relative to a level surface, in some way indicated. The level
surface adopted for the map is called the datum plane and the rep-
resontation of the variations in the vertical element, the modeling
of the country, is called the relief.

CONTROL.

All topographic surveys of importance are based upon a system
of triangulation.

A sufficient number of points, whose geographical positions have
been determined by triangulation, properly distributed over the area
to be surveyed, forms the framework for controlling the accurate
location of the various details.

1



INSTRUMENTS AND ADJUSTMENTS.
THE PLANE TABLE.

The principal instrument in use by the Coast and Geodetic Survey
for mapping details is the plane table. For this purpose it is 2 univer-
sal instrument. All the necessary operations for producing a map ate
executed with it in the field directly from the country as & model.

Other instruments are employed as auxiliaries to it under certain
conditions, as will be seen later on under the head of ‘‘Tield practice,”
but in general it fulfills all requirements alone. -

Historical note.—The invention of the plane table is an interesting
example of two well-known and exceedingly simple appliances being
combined and adapted to a novel use and then as the wide scopg of
the combination was realized its gradual evolution from its simfple
form to a complex surveying instrument highly specialized in its
mechanical details.

In its earliest form the plane table consisted of nothing more elab-
orate than a sketching board with a sheet of drawing paper fastened
on one face, and an ordinary wooden ruler with a necedle at each end
a8 a convenient means for sighting one edge of the ruler toward a dié-
tant object. In addition, on the upper face of the ruler there was
drawn & scale of equal parts.

The novel use of this simple apparatus consisted in locating the
salient features of an area by the graphic solution of the problem of
a triangle with two known angles and one known side.

A base line was actually measured on the ground by means of
wooden rods or a knotted rope. The subsequent operations were
gimilar to those of our modern graphic triangulation.

This elementary form is so useful and convenient for & rapid recon-
naiesance, securing in a limited time a map with details relatively
well located, that it is still employed, particularly in connection
with military opérations,

A more elaborate design was invented in the latter part of the six-
teenth century by Johann Praetorius and is described by his pupil,
Daniel Schwenter, in a tract published in 1626. The design included
a box compass attached to the board, and the latter was mounted on a
simple tripod. A device was provided for measuring heights.

2
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No. 4.—Hassler plane table.
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No. 5.—Section topographic sheet, early survey.
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No. 7.—Plane table and alidade, 1865 type.
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No. 8.—Plane table. U. 8. Geological Survey, 1893 type.
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No. 10.—Plane table and alidade.
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INSTRUMENTS AND ADJUSTMENTS. 13

In the succeeding century a tripod head with a crude ball and
socket movement was mentioned, and it was proposed to replace the
alidade sights with a telescope.

There was no general demand for the employment of the plane
table in topographic surveys until the beginning of the nineteenth
century, and although the foregoing useful features had been pro-
posed from time to time they were not combined in an efficient design
until the plane table was adopted as a standard surveying instrument
by the European Governments and in this country.

In the latter part of 1815 Ferdinand Hassler, who later became the
first Superintendent of the Coast Survey, returned from London bring-
ing with him, among other instruments, two plane tables which he
had constructed to serve as models for others to be made in this country
for the survey of the coast which was then in prospect. They were not
used until 1834, as Hassler's plans were interrupted by congressional
action. At this date the systematic topographic surveys were com-
menced, and sheet No. 1 is a plane-table sheot which includes the
north shore of Great South Bay, Long Island, from Patchogue to Baby-
lon.:~" It was surveyed by C. Reynard in November and December.
The surveyed area extends back from the shore as far as the main road
connecting the two towns. The details represented include the shore
line, all roads, the limits of marshy and woodland areas, and individual
buildings. The symbols representing the woods are tinted green and
the marsh areas blue.

During the first 10 years several of the best features of the plane
table were ignored in practice. Only the most salient points of the
shore line were delineated and located with any degree of accuracy,
the bighta and coves being sketched with the greatest freedom. The
hills were represented by hachures and also freely sketched. The first
improvement in plane table practice was its use to furnish additional
control by graphic triangulation and the more accurate determination
of sketching stationa by the graphic solution of the three-point problem.
The next step was the representation of the relief by a system of con-
tours instead of by hachures or shade lines. The adoption of this
aystem by the Coast Survey was coinéident with its adoption in Europe,
but it is beliaved it was developed independently of foreign sources.!

On traverse lines it was customary to make the measurements with
a chain along the line and also from sketching stations to important
details too distant to rely on pacing. Under the best of conditions
this was a slow method, but it was not displaced for & number of years.

Up to 1861 the chain was used with the transit in making topographic
surveys by the U. S. Lake Survey. The stadia rod was then intro-

1 Herbert G. Ogden in paper prepnred for International Engineering Congress, Colum-
blan Exposition (1893).



14 PLANE TABLE MANUAL.

duced to replace the chain., but ite use did not become general until
some years later. Previous to 1865 the stadia rod became a part of
the plane-table outfit. The first plane-table manual, published in
1865, refers to it as an exceedingly useful improvement, but_ also
described the 20-meter chain in detail and states that it is not likely
it will be entirely superseded by the stadia. In the manual published
in 1880 the chain is not mentioned.

The plane table was used in the survey of the Rocky Mountain
region between the years 1869 and 1877 and when the Geological
Survey was organized in 1879 it wasadopted as the standard instrument
for their topographical surveys.

Description (illustration 10).—The plane table is composed of a
well-seasoned drawing board about 30 inches in length, 24 inches in
width, and three-quarters of an inch thick, with beveled or rounded
edges. It is commonly made of several pieces of white pine, tongued
and grooved together, with the grain running in different directions
to prevent warping. It is supported upon three strong brass arms,
to which it is attached by screws passing through them and entering
the underside of the board, the three holes for the reception of the
screws being guarded by brass bushings and situated equidistant
from each other and from the center of the table. By means of these
screws the board can be removed at will.

The movements.—The principal parts of the movement and their
functions are as follows:

1. The arms for attaching table board.

2. Cone-shaped axis at center of lower casting.

3. Hollow cone at center of upper casting which fits over axis.

4,5. Flangeson edgés of upper and lower castings furnishing circular
bearing faces of wide diameter for the rotary movement of the upper
upon the lower casting.

6. Clamp attached to the flange of the lower casting.

7. Tangent slow-motion screw connecting the upper casting with the
clamp.

8. Tripod head, metal block of hollow and ribbed construction.

9. Bolt passing upward and through center of tripod head and into
the center of the lower part of the lower casting. The upper end of the
bolt expandsin the shape of a hemispherical head which fitsin a socket
inside the lower casting. This arrangement of bolt head and socket is,
in fact, a ball and socket device, by which the plane of rotation of the
movement can be placed at an angle.with the tripod head.

10. Milled head nut working on lower end of bolt and which clamps
the movement to the tripod head.

11. Milled head leveling screws.

12. Bolt for attaching tripod leg to tripod head.
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MOUNTAIN PLANE TABLE.

A small plane table, with a board measuring only 14 by 17 inches,
is employed in reconnaissance, mountain work, or as an auxiliary to

No. 11,—Plane table movement, 1903 type. \

N

one of the standard size. All the various parts are reduced in size to
correspond with the board, and the construction of the movement
gimplified.
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THE ALIDADE.

The type of alidade in general use (illustration 12) consists of a skele-
ton rule (12 inches long by 214 inches wide) nickel-plated underneath,
from and perpendicular to which riees a metal column (3 inches high),
surmounted by Y’s, receiving the transverse axis of the telescope, to
one end of which axis is firmly attached a graduated arc of 30°, each
side of a central 0°, an accompanying vernier being attached tothe Y
support. The arc moves with the telescope agit is raised or depressed,
and it is used in the measurement of vertical angles to determine
heights. A clamp and a tangent screw placed on the other side of the
telescope, opposite the arc, controlsits vertical movement.

The telescope is fitted accurately near its center of gravity within a
closely fitting cylinder, to which is solidly attachéd the transverse axis.
The telescope revolves within the cylinder 180°, stops being fitted for
that range. This affords an easy mode of adjusting the cross lines to
the axis of revolution, and for correcting with a striding level the errors -
of level and collimation and revolution of the telescope.

Upon the tube of the telescope are turned two shoulders, on which
rest a striding epirit level, which can be readily reversed or removed at
pleasure. The eyepiece carries the usual reticule with screws for the
collimation adjustment, and to this is attached a glass diaphragm,
having one vertical and three horizontal lines engraved upon it. One
of the horizontal lines crosses the middle of the diaphragm, the other
two are placed equidistant from it, one above and one below. The
interval between them' remains a constant chord for the measurement
of distance upon a graduated staff orrod. Insome casesshort auxiliary
lines have been added, dividing the interval into still smaller chords.

Several, of the alidades are furnished with a micrometer eyepiece so
attached that the thread is horizontal, and has a vertical movement
for measuring the angular distance of a fixed length on a rod which
remains a constant chord.

To the rule of the alidade are attached two spirit levels, one in the
Jongitudinal direction of the rule and the other at right angles to it.

Declinatoire.—A declinatoire (shown in illustration 10) sccom-
panies the alidade and is carried in the same packing box. It consists
of a rectangular brass box 654 inches long by 24§ inches wide, with an
arc at each end graduated to 8° 30/ on each side of the 0°. It contains
a needle long enough to extend from arc to arc, and resting on a pivot
midway the box. The sides running lengthwise the box are parallel
to a line connecting the zero marks of the two arca.

Metal clamps.-—The metal clamps for holding the projection on
the board are of two kinds: U-shaped for the ends and the side clamps,



No. 12.—Alidade, 1893 type.
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18 PLANE TABLE MANUAL.

the latter being made of thin metal strips about 12 inches in length,
with two or more springs attached to grip the underside of the hoard.

Adjustments.—From the nature of the service in some sections of
the country the plane table is often necessarily subjected to rough
usage, and there is a constant liability to a disturbance of the adjust-
ments; still, in careful hands, a well-made instrument may be used
under very unfavorable conditions for & long time without being per-
ceptibly affected. One should not fail, however, to make occasional
examinations, and while at work, if any difficulty be encountered which
can not otherwise he accounted for, it should lead directly to an
examination of the adjustments.

1. The fiducial edge of the rule.—This should be a true straight edge.
Place the rule upon a smooth surface and draw a line along the edge,
marking aleo the lines at the ends of the rule. Reverse the rule and
place the opposite ends upon the marked points and again draw the
line. If the two lines coincide, no adjustment is necessary; if not,
the edge must be made true.

There is one deviation from a straight line, which, by a very rare

,possibility, the edge of the ruler might assume, and yet not be shown
by the above test; it is when a part is convex and a part similarly
situated at the other end concave, in exactly the same degree and pro-
portion. In this case, on reversal; a line drawn along the edge of the
rule would be coincident with the other, though not & true right line;
this can be tested by a true straight edge.

2. The levels attached to the rule.—Place the instrument in the middle
of the table and bring the bubble of either level to the center by means
of the leveling screws of the table; draw lines along the edge and ends
of the rule upon the board to show its exact position, then reverse 180°.
If the bubble remains central, it is in adjustment;’if not, correct it
one-half by means of the leveling screws of the table, and the other
half by the adjusting screws attached to the level. This should be
repeated until the bubble keeps its central position whichever way
the rule may be placed upon the table. This presuppgses the plane
of the board to be true. The other level should now be examined and
adjusted in & like manner.

Great care should be exercised in manipulation lest the table be
disturbed.

3. Parallax.—Move the eyeglass until the cross hairs are perfectly
distinct, and then *direct the telescope to some distant well-defined
object. If the contact remains perfect when the position of the eye is
changed in any way, there is no parallax; but if it does not, then the
focus of the object glass must be changed until there is no displacement
of the contact. When this is the case, the cross hairsare in the common
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focus of the object and eyeglass. It may occur that the true focus of
the cross hairs is not obtained at ﬁrst in which case a readjustment is
necessary, in order to see both them and the object with equa.l dis-
tmctness and without parallax.

4. Auxis of revolution.—Since the bearings of the pivots are fixed, the
axis of revolution is assumed to remain parallel to the plane of the rule.

5. Vertical line of diaphragm.—Point the intersection of the vertical
and the middle horizontal lines of the diaphragm on some well-defined
distant object; revolve the telescope in its collar 180° and again ohserve
the object. If the intersection covers it, the adjustment is perfect; if
not, one half the error must be corrected by moving the diaphragm, by
means of the adjusting screws, and the other half with the tangent
screw of the table. - This operation should be repeated until the adjust-
ment is perfect.

6. Middle horizontal line of diaphragm.—(1) Adjust the striding level
by reversing it end for end and correcting its error—half the differenco
by its own adjustment, half by the tangent screw of the tolescope.

(2) Point the telescope to a target and note the reading or make a
mark where the wire points when the bubble is in the middle.

(3) Revolve the telescope in its collar 180° and note the reading or
mark the place where the wire points when the bubbleisin the middle.

(4) The mean of the two pointings is the true level line upon which
the wire is to be adjusted, which may be done in this way: Keep the
bubble in the middle and by means of the adjusting screws bring the
middle wire to bisect a point half way between the two readings or
marks. The adjustment may be verified by revolving the telescope
as in (2) and if the middle wire again bisects the point the adjustment
is perfect.

(5) If it is now desired to make the vernier read zero on the vertical
arc, the table must be carefully leveled; and in order to do this more
perfectly than can be done with the levels on the ruler, it may he done
by observing the striding level; the telescope remaining clamped, the
striding level should -read the same in every position of the alidade
when theé table is perfectly level. (In general, this will be found too
delicate a test, as the table is not sufficiently even for 8o sensitive a level
to be employed.) The table being leveled, move the telescope with
the tangent screw until the hubble is in the middle, and then set the
venier to read zero; the screw holes in it are oblong, so that it admits
of being pushed either way.

(6) It is easy to have the a.d]ustments near enough to serve for run-
ning curves of. equal elevation, but in determining the heights of
stations it is best to make the observations complete, with reversals,
both of level and of telescope, taking the mean of the observations by
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which the errors of adjustment are eliminated. This, in fact, is always
done with the theodolite, and should be done with the alidade when
precision is required.

The following may serve as an example:

TELESCOPE DIRECT.

Reading of vernier, level direct with bubbleincenter...................... + 00 v

Reading of vernier, level reversed with bubbleincenter.................... 0’
. - + 0° 0.5

S17:3370 018 -V 11 3 - S Y + 2°17
Angle of elevation (difference)..............coeon.... e 2°16".5

TELESCOPE INVERTED.

Reading of vernier, level direct with hubbleincenter...................... —-0° 2

Reading of vernler, level reversed with bubbleincenter.................... - 1’
BT O S P -0 15

1783 10 + 2°12'
Angle of elevation (difference)...... ... vuiiiiiiiiiiiieeneaaannns + 2°13.5
) G} PPN To2°1p

It will be seen, from analyzing these observations, that the level was
one-half minute out of adjustment, the horizontal wire one and one-
half minutes, and that revolving the telescope in its collar 180° changed
its relation to the index on the vernier by 1/. The mean is free from ,
all errors of adjustment.
~ Btadia rod.—The stodia rod ? (illustration 13), used in the Coast and
Goedetic Survey, is simply a scale of equal parts painted upon a
wooden rod about 10 feet long, 4 inches wide, and 1% inches thick, so
graduated that the number of divisions up:n it, as seen between the
upper and lower horizontal wires of the telescope when the rod is held
at right angles to the line of sight, is equal to the number of units in
the distance between the instrument and the rod.

Graduation.—In all cases the rod should be graduated for the par-
ticular instrument, and, if the best results are to be obtained, to suit
the convenience of the observer.

In practice the alidade is mounted on a stand, and its center is
plumbed over one end of a hundred-meter base, measured on level

3 For further detalls of the theory of stadia measurements see: Elemente der Vermes-
sungs-Kunde, Bauernfeind, 1873, p. 322; Handbuch der Vermessungs-Kunde, Jordan,
1888, p. 554; Theory and Practice of Burveying, Johnson, 1910, p. 273; Gillespie’'s Higher
8urveying, Staley, 1897, p. 311; Experimental 8tudy of Fleld Methods, 8mith, Bulletin
of University of Wisconsin, Engineering serles, Vol. I, No. 8; U. 8. Coast and Geodetic
Burvey Special Publication No. 26, pars. 169 and 170.
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22 PLANE TABLE MANUAL.

ground. A line, representing the zero of the graduation, having been
drawn about 5 inches from one end of the rod, the latter is held ver-
tical at the other end of the base, zero mark upward. The observer
at the alidade then makes the upper horizontal line of the diaphragm
coincide with the zero and directs the rodsman by signals where to
draw a line which coincides with the lower horizontal line. This
intercepted space on the rod is subdivided to read meters and the
graduation continued to within a short distance of the bottom.
This graduation is represented by the equation

d= %H—(‘H—c).

where d the distance from the center of instrument to rod (in this case
100 meters); -
JS=the focal length of the telescope (which is 350m for the average
ahdado)
i=the distance between the upper and lower wires of the dia-
phragm (4™%);
s=the length of the intercepted portion of the rod (1™.185);

c=the distance from objcct glass to center of mstrument( A )

As indicated in the preceding equation. the rcadmgﬁ of a rod gradu-
ated in this manner are not quite true for distances above or below
100 metera, since the vertices of the constant and similar angles (one
subtending the chord represented by the intercepted space on the rod
and the other by the space between the upper and lower wires) do
not lie at the center of the instrument, but at a distance beyond the
object glass equal to the focal length of the telescope, and therefore
the intercept on the rod will not be proportional for all distances from
the center of the instrument. To have it so, the instrument should
be mounted at a distance back from the end of the base equal to one
and-a-half times the focal Iength of the telescope (f+c¢). To all read-
ings of a rod graduated according to this last method the constant
quantity /+c must be added.

The correction for the first method is small and can be ignored for
mapping on a scale of 1-10000 or smaller.

The formula for the correction ia:

R=(C+F) (1“-%,

Where K =correction in meters,
B =distance read on rod in meters,
B’ -—length of base, in meters, for which the rod was graduated.
The corrections for 50, 200, 300, and 400 meters are 4-0.202, —0.525,
—1.050, —1.575 meters, respectively.



INSTRUMENTS AND ADJUSTMENTS, 23

Inclined sights.—When the rod is held at a point above or below the
instrument, the line of sight is inclined at an angle with the horizon,
and a correction has to be applied to the reading to obtain the horizontal
distance. If the rod is held perpendicular to the line of sight the re-
duced distance is simpty the product of the cosine of the angle of in-
clination into the rod reading. If the rod is held vertical, which is
the usual and also the safest method, there is an additional correction
on account of the oblique view of the rod. These corrections can be
ignored in the ordinary work of the survey; that is, on a scale of
1-10000 of smaller, since for short distances they are too small to plot,
and when the distances are long enough for them to become appreciable
they are still small as compared to the uncertainty of the rod reading

For the convenience of the topographer engaged on large scale work.
tables for reducing readings of inclined sights can be found at the end of
the Manual. :

Micrometer eyepiece.—When a micrometer eyepiece is used in
place of the stadia lines, a rod about 3.7 meters in length is employed,
attached to which aro two targets. A base is measured on level ground
and the instrument either plumbed over one end or back of it a distance
equsal to f+¢, depending upon the manner the rod is to be held for an
inclined sight. The rod is then taken to one of the subdivisions of the
hase, consisting of an even multiple of the unit adopted; say 100, 200,
or 300 meters, and the upper target being fixed, the lower target is set
and fixed so that the angular measure of the interval by the microm-
eter will consist of an even multiple of turns of the micrometer screw.
The rod is now held at the other subdivisions of the base and the read-
ings tabulated. A distance table is then prepared, by interpolation,
for the intermediate distances.

Plane-table sheet.—From the standpoint of efficiency the plane-
table sheet is the least satisfactory portion of the plane-table equip-
ment, Owing to its hygrometric nature it is very susceptible to atmos-
pheric changes, expanding and contracting unceasingly. This would be
but an insignificant source of error or annoyance if it were equal in all
directions, The map or plan would then simply change its scale, for
which an allowance could readily be made. But the objectionable
feature arises from the unequal expansion and contraction which
changes the relative distance and directions of the points. 1t has been
determined by experiment that strips cut longitudinally from drawing
paper varied from 10 to 25 per cent more than strips cut transversely
from the same paper.

Various substitutes ® have been tried, but none have proved entirely
satisfactory. The United States Geological Survey, to eliminate this

8 Coliulold sheets have been used in Alaska. The pencil lines are neither washe:l out
nor blurred by water accumulating on the sheet.
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distortion, employs two sheets of paragon paper the size of the plane-
table board, mounted with the grain at right angles, and with cloth
between them. '

This method is applicable to small scale surveys where a sheet the
size of the table board covers a large area of country, or, on the other
hand, to large scale cadastral surveys where the great amount of detail
makes the rate of progress slow. But for intermediate scales and an
area containing a moderate amount of detail, a longer sheet is much,
more economical, because a smaller number of points are needed to
keep the work yithin the control of the triangulation than would be
required if it was limited to the size of the table. A certain amount of
overlapping work, of which there is ‘more or less at the junction of the
two sheets, would also be avoided.

The plane-table sheet of the Coast and Geodetic Survey consists of
a sheet of Whatman's cold-pressed, hand-made antiquarian paper,
52 by 30 inches. It is backed with muslin, which extends about 1
inch beyond the edge of the paper-to protect it from fraying.

To reduce the distortion to ¢ minimum a sheet should be thoroughly
seasoned before it is taken to the field or a projection laid down on it.
This is effected by exposing it alternately to & very damp and a very
dry atmosphere. On testing a sheet after a ‘week of such exposure
it will be found to have much less tendency to expand or contract
unequally.

Paper stored away, piled up in stacks, does nqt properly season.

Scale.—The selection of the scale to be employed depends so much
on the character of the country to be surveyed, the amount of detail
to be included, and the uses to which the completed map will be put,
that no general rule can be given for guidance. It must be remem-
bered, however, that nothing is gained, either in economy or rapidity,
by the use of small scales when the details to be shown are plentiful.
The minute drawing involved proves a tax on the topographer and is
a great time consumer.

The scale adopted by the Coast and Geodetic Survey for the coast
line from Maine to Delaware Bay is 1-10000; from Delaware Bay
southward, 1-20000, Special surveys have heen made on a scale as
large as 1-1200.

PROJECTIONS FOR FIELD BHEKTS.

It is assumed that determination has heen made, by triangulation,
of points most suitable for the uee of the topographer who follows with
the plane-table work, and that a sketch of the same is at hand, giving
an approximate skeleton map of the area to be surveyed. The selec-
tion of the limits of the sheet is then based upon several important
considerations.
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It may be taken as a rule that the intervisibility of the points ex-
tends across valleys, from summit to summit, or across rivers, bays,
and other bodies of water. So that generally the line of greatest de-
prassion of the valley (thalweg) should follow as nearly as practicable
the middle of the sheet, regard being had for any abrupt change of
direction or importance of lateral features; or, in other words, the -
arcas to be surveyed should be divided as far as possible into water
hasins, extending from divide to divide, and not center upon a ridge
forming portions of two basins. The reason for this being that from
cither slope of the basin points are visible on the opposite summits
which will be common to the sheets which include the adjoining val-
leys, while from the middle of the valley points will be visible on -
both summits,

FFrom the written descriptions of the points determined, discrimina-
tion should be made in regard to their temporary or permanent char-
acter. A flag in a tree is likely to have disappeared soon after its
determination, and the usual cut of a triangle in its bark may have
disappeared before the lumberman’s ax, while a church spire, a light-
house, a house chimney, or standard station mark is more likely to be
recovered and to be of service to the topographer. .

Two intervisible points, one of which may be occupied, or three
inaccessible points, are all that are absolutely necessary for the com-
mencement of work, as they will serve as a basis for the extension of
the control to all parts of the sheet by graphic triangulation.

1t is desirable to cover an area with as few sheets as possible, but this
ohject should not be attained at the sacrifice of important control or a
sufficient overlap of adjoining sheets to include points in common,

The draftsman will be materially assisted in laying out the limits of
the projection by drawing on a piece of tracing vellum a plan of the
sheet corresponding in size to the scale of the triangulation sketch.
Take, for example, a sheet 52 inches in length by 30 in width. on which
a projection on s scale of 1-10000 is to be drawn, the triangulation
sketch being an a scale of 1-100000, The dimensions of the plan will:
then be one-tenth those of the sheet, viz, 5.2 by 3inches. Placing the
pattern over the sketch and shifting its position about over the locality
to be surveyed, the limits which include the most favorable conditions
for the projection will scon become apparent.

Polyconic projection.—The Polyconic projection ¢ hasbeen adopted
by the Coast and Geodetic Survey for mapping its work. The method
of constructing one is as follows: -

Thelimits of the sheet having been determined, the middle meridian
A (soe illustration 14) is located and drawn; then itsintersection with
themost central pa,rallel isfound, and the perpendicular B erected there.

¢ See Eloments o! Map Pro}octlon, bpecml Publication No. 68,
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Next turn to the page of the ‘“Tables for a polyconic projection of
maps” & in which is given the degree of latitude which includes the
limits of the sheet. In this instance the latitude is 40°, to be found
on page 91 of the tables. The number of minutes of latitude on the
central meridian, above and below the central parallel, being known,
take the corresponding distance from the column headed ‘‘ Continuous
sums of minutes from latitude 40° 00’” and lay it off (C) above and
below the central parallel, and with the same distance as radius
strike arcs D D D D above and below, from near the extremities of
the perpendicular B. With a well-tested straightedge draw lines
E E through the north and south minutes on the central meridian
and tangent to the two arcs D D to the right and left. This gives
three parallel lines perpendicular to the central meridian. On the
opposite page 90, from under the head of ‘“Arcs of the parallel in
metors,’’ take out the value corresponding to the number of minutes
of longitude east and west of the central meridian and lay off the whole
distance F F’ I’/ on each perpendicular, taking each distance from
its appropriate latitude. Subdivide these into minutes G G’ G”.

Tor the areas usually covered by plane-table sheets the corrections
X, for dotermining the abscissas from the arcs of parallels (p. 90, head
“Coordinates of curvature”), are inappreciablo and may be disre-
garded, the ordinates Y only boeing used. These give the distances
to be set off from the lines B and E, perpendicularly toward the pole,
for each minute of longitude counting from the central meridian. TFor
ordinary field projections of scale 1-10000 the ordinate of the extreme
minute only need be used, and the parallel drawn & right line from
the point so found to the central meridian. This ordinate H being
et off on each of the parallels, the meridians aro all drawn in with a
fine ruling pen, then subdivided into minutes, and the parallels
carefully ruled in through the points of subdivision.

The projection is verified by applying the measure of & number of
minutes of latitude and longitude, and by a comparison of diagonal
measurements on different parts of the sheet.

All measurements should be carefully taken from the scale with a
keenly pointed heam-compass, and the marks pricked in the paper
should he as light as possible to bo seen, 8o as to insure the greatest
possible accuracy.

The draftsman is supplied with & list of triangulation points, which
gives their relative distances, their latitudes and longitudes. and also
the equivalents in meters of the scconds of latitude and longitude,
according to which the points are now plotted on the sheet by measur-
ing from the corresponding minutes. Thusin the diagram the distance

5 United States Coast and Qeodetio Survey Special Publication No. 5, 4th ed.
98000°—22—3 .
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J represents the seconds of latitude; K, the seconds of longitude of
the trigonometric point.

The accuracy of the plotting is tested by a measurement of the re-
spective distances hetween the points with a beam compass, these
distances being also given. The latitude and longitude are then
plainly marked, usually on the north and east sides of the sheet. at
one extremity of each parallel and meridian, and the pencil marks
erased, _

It sometimes hecomes necessary to base topographic work upon a
detached scheme of triangulation, hefore the usual astronomic ohser-
vations have been made. In this case the only elements given are the
distances from the points to two projected ares of rectangular coordi-
nates (which are assumed) and the distances between the points,
The projection for plotting these consists simply of axes of ordinates
and abhscissas so laid on the sheet that it will embrace all the points
required by the surveyor and in the manner most convenient for his
\\grk; and the points are plotted from these by the intersection of
two arcs with the distances of the points from the axes as radii, cither
north or south, cast or west of the axes, as the plus or minus sign given
may indicate. The only test is by the distances between the points,
and there should be at least two from cach. 1f the work be correctly
done, o regular projection can be constructed on the sheet after it is
finished and the required astronomic work is completed.

In case it 8o happens that for some special purpose it hecomes urgent
to undertake a picce of topography, when neither the data for pro-
jections nor coordinates are at hand, plotting by distances is the only
resource left, and, of course, great care is necessary.

When a sheet has no projection—that is. no meridiansand parallela—
it is advisable to draw squares of 1.000 or any specified number of
meters on it, by means of which the projection can ultimately bo laid
down correctly.

Accessories.—The usual acceesories for plane-table work are:
Large umbrella for shading table, binocular, pocket compass, 10 or 20
meter steel tape, Locke's level, clinometer, metal scale, dividers,
pencils, rubber, block of emory or sand paper, table of heights, note,
and sketch hook.®

A metal chart case should always accompany the table to secure the
gheet from sudden rain and other injury liable to occur in transportation
of the sheet to and from the field and for its safe-keeping when not in
use. Its diameter should not be less than 3 inches, for ng sheet can be

¢ For the Locke’s lovel, clinomoter, and pockot compass a Casclla pocket alt-azimuth
instrument may besubstituted, asit combinesall threoin a very conveniont form.
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rolled to a less diameter without serious rupture of the fiber of the
paper. It is also advisable to have a rubber cloth for covering the
table when it is carried from station to station,

Approximate weights.—Planc-table movement, 814 pounds,
boxed, 24} pounds; plane-table board, 8] pounds, boxed, 264 pounds;
plane-table alidade, 7 pounds, boxed, 211 pounds; plane-table tripod
legs, 11 pounds; 2 stadia rods, 164 pounds. Mountain plano table, sct
up complete with alidade, 19§ pounds, boxed, 36 pounds; 2 stadia
rods, 124 pounds.



FIELD WORK.
ORGANIZATION OF PARTY.

In organizing a party for field work it is necessary to have one man
to carry the table. His duty is to remain constantly with the instru-
ment, never to leave it unguarded; and while the topographer is at
work he holds the umbrella to shade the table from the sun and thus
protect the observer’s eyes from the glaring reflections from the paper
and instruments. The table bearer should be taught at the beginning
of the work the mode of setting the table over a point and taking it up
from the same. In the first instance to grasp firmly two legs of the
tripod and with the knee to extend the third one until it reaches the
ground at the proper distance from the point, and then place the other
two in position. The distances from the point will vary, a8 the ground
may be level or sloping, in order to keep the tripod head vertically
over the point.and approximately horizontal, securing the latter con-
dition by sighting over the head to the horizon. In taking up the
table two legs should be grasped firmly and the table raised, resting
upon the other leg, upon which the first two are closed, when the table
is raised in place upon the shoulder.

Two rodsmen are needed, and the rapidity with which the work
is executed largely depends upon their efficiency. When well trained
they should be able to recognizo the salient points of the features to
be mapped, so that the topographer can draw in correctly the details
from the least number of readings, in the absence of an aid to make a
sketch of the intricate portions.

The amount of assistance an aid can give to his chief is limited only
by his skill and experience. The logical inference being that he is in
training to become a topographer himself, he takes charge of an increas-
ing share of the work as he becomes more and more familiar with the
methods employed. This enables his chief to turn his attention in
other directions, which will expedite the survey and increase the
output. 1

An outline, merely, of his duties can be suggested: Building signals,
drawing plans of intricate details, sketching contours, selecting sta-
tions in advance, running traverse lines with auxiliary instruments,
and finally in taking charge of the plane table in the absence of his
chief, who is thus afforded the opportunity of inspecting some difficult
area and formulating some plan to meet the conditions found there.

30
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The additional number of men required to complete the party will
depend mainly on the means of transportation—automobile, wagon,
horseback, or boat. .

Preliminary reconnaissance.—Before commencing the instru-
mental work, a reconnaissance of tho country should be made for the
purpose of recovering triangulation stations and to locate signals at
suitable points for subsequent determination and use. In the location
of signals, cither as permanent points or simply for temporary forward
lines, a great deal depends upon the good judgment of the person
placing them. Two purposes are to be subserved: Tirst, the seeing
of sufficient known points to give a good determination; and, second,
to command a view of as great an area of country, and as many natural
and artificial features for filling in the topography as possible. It
should be remarked, also, that in the course of prosecution of the
regular work no favorable opportunity must be allowed to pass for
locating o signal or determining a point which may at some future
time be of service.  Advantage should be taken of open places in the
woods commanding roads or ravines. Piers or draws of bridges, or
piles, giving lines up and down streams, which have precipitous and
wooded banks; trecs of unusual appecarance in prominent positions,
or bearing flags placed upon them for the purpose; points of rock,
offshore or otherwise; lightning rods, cupolas, weathercocks, chimneys
of factories, and other peculiar and marked objects come within this
category. In fact, it may be set down as a rule that well-determined
gignals located at convenient distances over the sheet are more likely
to be too few than too many.

SIGNAL POLES.

Signal poles should be straight and perpendicular, and tho flags
upon them adapted in color to tho background against which they will
he seen when observed upon,

GRAPIIC TRIANGULATION.

Signalc having been erccted at each triangulation station, and also
on all prominent hills within the arca of the sheet, where they will
be useful in providing additional control, the next proceeding will be
to occupy one of the former points.

Caro should be exercised in choosing a day for this portion of the
work, as it is essential to have favorable weather for a satisfactory
test of the plotted pointsin the field and for the determination of new
ones.

On arrival at the station the table is set up approximately over the
center mark, and the sheet secured to the table, so that it will be held
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irm}y and evenly and not be disturbed in its position by the friction
of the alidade, nor by ordinary winds. As the longest side of the board
ig usually made equal to the width of the sheet, and the sheet is usually
longer than this width, the excess of length is rolled up inward, turned
underneath the sides of the table and fagstened with a metal spring
clamp, biting from the top of the sheet on the table to the inside of
the roll beneath. One clamp at cach end of the roll serves to hold
the roll ends securely. The sides of the sheet are sometimes held
to the table by similar but shorter clamps, but it is preferable for the
free movement of the alidade, and more secure against strong winds,
that a metal strip, the length of the side between the end clamps,
with spring clamps fastened to the outer edge, and biting the under-
gide of the table, be used for holding down the cdges of the paper.

The chief and controlling condition in work with the planc table,
and without which no accurate work can be done, is that the table shall
be oriented—that is, that all lines joining points on the sheet shall be
parallel to the corresponding lines of nature.

Let T, T/, T, T/ (fig. 1, illustration 15) represent the board of
the plane table, upon which is spread the sheet; the plotted triangula-
tion point a upon the sheet representing the signal A upon the ground;
b, the spire B; ¢, the signal C; and p, the station P; the small letters
on the sheet representing the centers of the signals on the ground,
which are referred to by corresponding capital letters.

The table is placed approximately level over the station occupied,
P, and oriented, also approximately, by the eye, so that the plotted
points on the sheet are in approximate range with the station P and
the signals or objccts they represent in tho field. Then plumb the
point p over the station I, fixing the legs of the table firmly in the
ground. .

In maps of large scale it is important to plumb the plotted point
exactly over the station, but on the usual ficld scales of the Coast and
Geodetic Survey (1-10000 and 1-20000) an approximation with the
eye is all that is requisite. To effect it more closely a small stone is
held underneath the point and then dropped to test the position, or a
plumb bob fastened to the table below the point serves the same pur-
pose. Plumbing arms or forks are made and supplied by the instru-
ment dealers.

The plotted point having been plumbed over the station as accu-
rately as the scale of the work demands, place the alidade on the table
8o that the rule shall extend across and parallel ‘with the line joining
two of the leveling screws; loosen the large clamp screw under the
tripod head and with the leveling screws bring the bubbles of the two
levels on the rule to the center; clamp the screw under the tripod head,
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and the table is level. Now, unclamp the revolving plate, place the
edge of the rule upon the plotted points p gnd b, the telescope being
directed toward the spire 13, as shown by the arrow head of the figure,
and revolve the table until IB is seen in the field of the telescope clamp
the revolving plate, and with the tangent screw of the movements
bisect the top or center of the spire 13 with the vertical wire of the tele-
scope. The table is now oriented, if the points have been correctly
plotted and the proper objects sighted. To verify this, place the rule
upon the point p again, and upon the points a and ¢, consecutively,
and if the two signals A and C are bisected by the vertical wire of the
telescope, the position is assured, and the lines connecting points of the
sheet afe parallel with the corresponding lines on the ground.

The failure to bisect A and C would indicate an error of plotting or an
unequal change of the dimensions of the paper (distortion), which
must be examined, and in case of the former, corrected, and in case
of the latter, allowances'made for, asindicated later on. (See distortion
errors, p. 471.)

The next proceeding is to draw the line to the next point which it is
desirable to occupy or determine, either some natural object which
can be occupied, or a temporary signal placed for that purpose, as the
signal D. .

The edge of the rule is placed upon the point p, and moved about
that point as a center until the gignal D is bisected by the vertical
wire, and then a line, f, is drawn along the edge of the rule from p far
enough to reach the estimated position on the sheet of the point d, and
at each end of the rule the short check lines n n are drawn. These
check lines can be used in reversing the alidade with the accuracy that
is obtained by the greatest length of a range line. They may be indi-
cated on the sheet, with names of objects, as in fig. 2—ch., chimney;
t., tree; cup., cupola; sp., spire; w. m., windmill; or numbered, and
a record kept of the objects sighted, where details are complex.

In the same manner lines should be drawn to such objects as it is
desired to determine. This determines only the one element of direc-
tion; it will be neccssary to determine the distance from the point
occupied either by messurement or by intersection from some other
fixed point, at an angle not less than 30° nor more than 150°; wherever
possible intersections must be verified by a direction from a third
point.

The table is moved to the station A (IFig. 2) and placed over the point,
oriented approximately, leveled, and the axis of revolution clamped as
at station P. The rule is then sct upon the line ¢ p, the telescopo
directed toward the signal P, and the table put in position in the
manner described. Then, keeping the edge of the rule upon ¢, direct
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the telescope to the signal I) and draw the line a d, intersecting f, and
determining the position of the point d upon the sheet, corresponding to
D, and bearing the same relation in directions and distances from the
points p, @, b, and ¢ as the signal D does from P, A, B, and C. All lines
to other objects which were drawn from p, and which can be seen from
A, are intersected and determined in the same manner.

When a direction has been drawn from a station to any undetermined
point that may be occupied, the position of the point may be deter-
mined by occupying it with the table, and orienting the table by the
line drawn to it, and resecting upon a signal whose corresponding point
is plotted upon the sheet. i

The table is placed over the point D (Fig. 3), oriented approximately,
leveled, etc., as at the previous stations. The edge of the rule is then
placed upon theline d p, passing through the point p, 8o that the checks
n n are just vigible along the edge, and the telescope directed toward
the signal P, and the table oriented. The rule is then placed with its
edge bisecting one of the plotted points, such as b, which will give a
good intersection (the necarer 90° the better) with the line f, and is
moved about that point as a center until the spire B is bisected by the
vertical web. A lineisnow drawn accurately along the edge of the rule
through b, crossing the line /. If this line intersccts the line f at the
point d, the position of the latter is agsured, and a small hole with the
dividers should be pricked at the point, surrounded by asmall circle in
pencil.

Resection upon any other determined point will verify its position.

Irom this point, d, directions are observed and drawn to verify the
previoue intersections upon chimney, tree, cupole, windmill, etc.

There are occasions when occupying some station that several objects
are seen whose position it is desirable to determine by prosection, but
there is doubt of their being recognized from other stations. A new
station is then occupied close by the first one and new lines drawn to
the objects. The intersection thus obtained will necessarily be acute,
but will materially assist in their identification from other localities.

All lines should be drawn lightly and carefully, close to the edge of
the rule, with a hard, finely sharpened pencil. If thetableandalidade
bein proper condition, the contact of the edge of the rule with the paper
will be perfect throughout its length, and in drawing a line along the
edge care must bo taken to preserve thesame inclination of the pencil
and tokeopitsharp. 1{thorule should be raised from the paperatany
part, great care is to he observed that tlie pencil does not run under the
edge and thus deviate from a straight line.
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Amount of control. 7—There is no fixed ratio between the number
of determined points and the number of square miles of the region to
be surveyed or square inches of plane-table sheet.

The greater the number of points well distributed over the latter the
less likelihood of error due to distortion of the paper.

A large number also makes it easy for the topographer to determme by
resection subordinate stations for mapping the dctails, and in conse-
quence fewer traverse lines need be run.

Standard of accuracy.—The Coast and Geodetic Survey has pre-
scribed that the -position of any part of a well-defined and permanent
shore line shall not be in error more than 10 meters, where the shore
line is less than 1,000 meters from a triangulation or other control
station; not more than 20 meters for distances between 1,000 and 4,000
meters from such a station; and not more than one-half of 1 per cent
of the distance from a control station where the distance is greater
than 4,000 meters from such a station.

When the details are important, such as improvements along a
water front, including docks and prominent buildings, a control point
should be established at a distance not greater than 500 meters from
such improvements.

THE THREE-POINT PROBLEM.

A subordinate station is located at any desired place where a good
view of the surrounding features can be obtained. 1f the position of
this point has not been previously determined it is now effected by
means of the resection of lines from three fixed points.

The special advantages of the plane table as a mapping instrument
are due to the rapidity with which it obtains results by the method of
graphic triangulation and to the facility it affords the topographer in
determining his position at an unknown point by the graphic solution
of the three-point problem.

When the latter method is applicable—that is, when the country is
open and signals can be casily seen—its superiority over a system of
traverse lines is manifest. The topographer is then at liberty to choose
his ground without reference to his last station or to one succeeding.
He is not tied down to a hacksight nor restricted by the conditions
imposed by a foresight. e need not sct up his instrument on an area
barren of detail nor cut his way through obstacles (bushes. hedges,
trees) 10 establish a station at a commanding point of view. The
number and situation of the stations are governed solely by the amount
and location of the information to be mapped. On the other hand,
traverse stations are chosen on account of their intervisibility, and

7 Sec 8pecial Publication Na, 26, pars. 146 and 147.




FIELD WORK. 37

many of them are of no service whatever beyond carrying the line
forward.
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No. 16.—Throoe-point problom

When the tablo is imperfectly oriented, the lines drawn from the
three projected points, when sighting on the corresponding actual
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points, will not intersect at one point unless all four are on the circum-
ference of a circle. (See illustration 16, Fig. 3, Indeterminate posi-
tion.) Except inthis case, two of the lines will be parallel. inter-
sected by a third (see I'ig. 4, Station on range line between two fixed
points, and I'ig. 2, Station on prolongation of range line), or they will
form a small triangle called the triangle of error. (Figs. 1, 3, 5, and 6.)
The solution of the three-point problem determines the location of
the station occupied and orients the table simultaneously.

The relative positions of the three fixed points with reference to the new
station have an important bearing on the strength of its determination.

In the following statement in regard to the different groupings of
points met in practice, for the sake of brevity, the term ““fixed points”
will be understood to mean points already determined and plotted on
the sheet; the ‘‘great triangle” referred to is one formed by the three
fixed points, and the ‘‘great circle” is the circle passing through them.

When the new station 18 outside the great circle, the strength for determi-
nation of a position will be weak when the middle point as seen from
the new station is the farthest of the three and the angles are small.
(See illustration 16, Fig. 3.) If the new station is located outside the
circle, and some distance below it, the angles are small and the determi-
nation correspondingly weak.

The determination increases in strength for given angles as the middle
point approaches the new station. (Fig. 1.)

When one angle is small or 0° (points in range), the determination
will be strong, provided the two points making the small angle or range
are not too near each other when compared to the distances to the new
station and to the third point; provided also the angle to the third
point is not too small. (Fig. 2.)

When the new station lies on or near the great circle, its position is in-
determinate. (See illustration 16, Fig. 3.)

When the new station 18 within the great circle, the strength of its de-
termination increases as it approaches the center of gravity of the great
triangle. (Figs. 3, 4, 5.)

There are a number of graphic solutions, but many of them are hetter
suited to the drafting room with its appliances than to conditions which
exist in the ficld. The first two methods following solve by estimation
instead of by actual construction. They utilize certain geometrical
relations of the lines and points to serve as guides in making an esti-
mate. They are the most rapid methods in the hands of an experienced
topographer, but for those who may have only occasional use for a
graphic solution the tracing-paper protractor method is recommended.

Lehmann’s method.—The directionsare stated in the formof rules.
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The term *“ point sought”” will be understood to mean the true position
on the sheet of the projected point of the station occupied. The sur-
veyor is assumed to be facing the signals, and the directions right and
left are given accordingly. .

Rule 1.—The point sought is always distant from each of the three
lines drawn from the three fixed points in proportion to the distances
of the corresponding actual points from the station occupied,® and it
will always be found on the corresponding side of each of the lines
drawn from the fixed points.”

The simplest case for the apphca.tlon of this rule occurs when the
station to be determined is within the triangle formed by the three
fixed points; the point sought must then be within the triangle of error
to satisfy the conditions. (See illustration 16, Fig. 5.)

Although rule 1 is sufficient in itself for the solution of the problem,
there are two subordinate rules which matcrially assist the topographer
in reaching a decision as to the proper location of the point sought with
reference to the lines from the fixed points.

Rule 2.—When the point sought is without the great circle it is always
on the same gide of the line fromn the most distant point as the intersec-
tion of the other two lines. (See illustration 16, I’ig. 1.)

Rule $.—When the point sought falls within either of the three seg-
ments of the great circle formed by the sides of tho great triangle the
line drawn from the middle point lies between the point sought and
the intersection of the other two lines. (See illustration 16, Figs. 3,
4,6.)

Application of rules.—In practice the topographer first decides the
relation of the new station with reference to the fixed points, whether
it is within the great triangle or in one of the segmenta or outside the
great circle. He then determines the position of the point sought with
reference to one line (if within one of the segments or without the
great circle by rule 2 or 3); it then follows from rule 1 that it must be on
the corresponding side of the other two lines. Finally, ho cstimates
the relative distances of the three actual points from him and marka
the position of the point sought a proportionate distance from the three
lines.

& Licmonstration.—A, B, C (lllustration 18, Fig. I) are projoctions of tho threo signals
from which it is desired to detormine by resection the position of a fourth point, D
The table boing out of position to the right, the triangle of error formed by tho throu
Hnes from A, B, and C I3 ab, ac, be. Tho true point occupied lies at D, belng at the
intersection of the circles AB ab, AC ac, BC be. Now, if porpendiculers be drawn
from D to the lines drawn from A, B, and C, wo shall havo

Da:Db:uDA:DBor Db:Dec:: DB :DC.

 That is, if it Is on the right side of one line, it 18 on tho right side of each one of the

othor two, and if on the loft sido of ons, it is on the loft sido of each one of the other two.
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Examples.—Illustration 16, Iligure 1: When the point sought is
without the great circle, the intersection of the lines from B and C
fall to the right of the line from A, the most distant point; therefore
(rule 2) the point sought must be on its right, and also (rule 1) on the
right of the line from B and C. Its exact position is then estimated
according to rule 1.

Illustration 16, Figure 2: When the point sought is on or near the pro-
longation of a range line, it must be outside the parallel lines on the
side of the line to the nearest fixed point of the range. In the figure
it will be seen that the point sought must be outside the lines from A
and B, and to their right to satisfy rule 1, and also to the right of
the line from C.

Ilustration 16, Figure 3: When the point sought is on the circle
passing through the three fixed points, the position is indeterminate, as
the three lines will intersect at one point, although the table is imper
fectly oriented. Another selection of points must be made.

Tllustration 16, FFigure 3: When the point sought falls within one of
the segments of the great circle, the line drawn from A, the middle
point is to the right of the intersection of the lines from B and C;
therefore (rule 3) the point sought must be on its right side, and alse
(rule 1) to the right of the line from B and from C. Locate it exactly
according to rule 1.

Ilustration 16, Iigure 4: When the pomt sought is on or near the
range line between the fixed points, the point sought must be between
the parallel lines to satisfy the conditions of rule 1. Its position with
reference to the intersecting line follows from the same rule. In the
figure the point sought being between the lines from B and O, is to the
right of each, therefore it is to the right of the line from A. v

THustration 16, Ifigure 5: When the point sought falls within the
great triangle, it must fall within the triangle of error. No other posi-
tion would satisfy the conditions of rule 1.

Illustration 16, Figure 6: When the three fixed points are in a straight
line. In this case the points are considered as being in the circumfer-
ence of a circle of infinite diameter and the point sought always lying
in one of the segments of the great circle. The treatment of this case
is then identical with that of illustration 16, Itigure 3.

The preceding cases are all examples of the conditions which may
occur when the table is deflected to the right. By turning the printed
side of the illustration to the light and looking at the figures through
the paper they will appear reversed, and they will then be examples
of conditions which may occur when the table is deflected to the left.

Repetition.—When the true point has been estimated and marked
on the sheet in accordance with the foregoing rules, & new orientation
is made. If the lines from the three stations now intersect at that
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point, it proves the estimate to have been correct and the position is
determined. If & new triangle of error ia formed, it indicates an crro-
neous estimate, and the operation must be repeated.

Intersecting ares.—1If an arc of a circle is constructed so that it will
pass through two of the fixed points and the intersection of the lines
drawn from them which form one of the vertexes of the triangle of error,
it will also pass through the point sought. (Illustration 18, Fig. 1.)

Advantage is taken of this geometrical relation to estimate by in-
spection the trace of these arcs. Their intersection depending on the
accuracy of the estimate is a more or less accurate location of the point
sought. With the plane table in approximate orientation, the triangle
of error will be small and the point sought will lie close to this triangle.
Hence only very short scctions of arcs will be needed. Each short
section will be controlled by the condition that it must pass through
its appropriate vertex, and owing to this fact a sufficiently accurate
control of its direction may be obtained by eye estimate. These
ghort, lightly sketched arcs will usually intersect at the point sought
on first trial. After some practice in eye estimate of location of the
circles, the sketching may be omitted and the point directly
located by pencil dot.

Orienting by estimation.—A small triangle of error is the result of a
close orientation which the topographer endeavors to accomplish at
the first trial by taking advantage of any range that may exist either of
signals or other details already plotted on the sheet. It will serve the
same purpose if they are near enough in line to estimate a direction on
the sheet to the farthest object, and then to orient by it.

The declinatoire may be used, butitis a slow and inaccurate method
of orientation.

Ttis employed for this purpose by placing the straight edge of the box
containing the needle upon a magnetic meridian, previously traced
upon the map, and revolving the table until the needle points to 0°,
or north, on the graduated arc at the end of the box. The magnetic
meridian is roughly determined at any well-determined station, when
the table is properly oriented by the use of the declinatoire itself, the
meridian line being drawn upon the sheet along the straight edge of the
box when the needle points to 0°. Or the table may be oriented by
making the straight edge of the box coincide with one of the meridians
of the projection and then turning the board until the needle points to
the right or left of the zero, according to the amount and direction of
the magnetic variation.

Bessel's method by inscribed quadrilateral.—This is the simplest
method by construction. The objection to it arises from the fact that
in practice the intersection of the construction lines often falls beyond
the limit of the board.
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By this method & quadrilateral is constructed with all the angles in
the circumference of a circle, one diagonal of which passes through the
middle one of the three fixed points and the pointsought. On thisline
the alidade is set, the telescope directed to the middle point, and the
table i3 in position. Resection upon the extreme points intersects in
this line and determines the position of the point sought.

Illustration 17, figures 1, 2, 3, and 4. " Let a b ¢ be the points on the
sheet representing the signals A B C on the ground. The table is set
up at the point to be determined (d), and leveled. The alidade is
set upon the line ca, and a directed, by revolving the table to its cor-
responding signal A, and the table clamped; then, with the alidade
centering on ¢, the middle signal B is sighted with the telescope and
the line ce drawn along the edge of the rule. The alidade is then set
upon the line ac and the telescope directed to the signal C, by revolving
the table, and the table clamped. Then, with the alidade centering
on «, the telescope is directed to the middle eignal, B, and the line
ae is drawn along the edge of the rule. The point e (the intersection
of these two lines) will be in the line passing through the middle point
and the point sought. Set the alidade upon the line be, direct b to
the signal B by revolving the table, and- the table will be in position.
Clamp the table, center the alidade upon ¢, direct the telescope to the
signal A, and draw along the rule the line ad. This will intersect the
the line be at the point sought. Resection upon C, centering the ali-
dade on cin the same manner as upon A, will verify its position.

The opposite angles of the quadrilateral adce being supplementary,

Zace and £ ade are subtended by the same chord ge, and £ cae and
Z cde are subtended by the same chord ce; consequently, the intersec-
tion of a¢ and ce at ¢ must fall on the line db; or, the segments of two
intersecting chords in a circle being reciprocally proportional, the tri-
angles adf and cef are similar, and the triangles edf and aef are similar,
and d, f, and ¢ must be in a right line passing through b.

In using this method the triangle formed by the three fixed points
can be contracted or extended, as may be desirable, by drawing a line
parallel to the one joining the two extreme points, and terminated by
those joining the extremes with the middle point. The graphic solu-
tion can then proceed in the same manner as that described for an
original triangle.

Tracing-cloth protractor.—The third method consists in laying off the
angles between the three known points on tracing cloth or paper, and
using this as a protractor, determine the position of the unknown point.

Fasten a sheet of tracing cloth or paper to the board, marking upon
it a point to represent the unknown point, Draw through it lines
toward the three known points. Then shift the tracing cloth over the
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sheet until each of the three lines passes through the plotted point
corresponding 1o the point toward which it is drawn. The position of
the unknown point will be at the intersection of these lines.

d
Fig. 4
No. 17.—~Bossol’s solution of throo-point problom.

This method is less exact and nof so convenient as the other two
Previously described, and is impracticable when the wind blows.

08000 °— 22~
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TWO-POINT PROBLEM.

The occasion may arise where it is desirable to place the table in posi-
tion atagiven point, from which only two determined points are visible.
This may he done by the following methods:

One method possesses the virtue of requiring no linear measurements
and demonstratesin a very satisfactory manner the effectiveness of the
table in determining position by resection.

(Ilustration 18, Figs. 2, 3, 4, and 5): Two points, A and B, not con-
veniently accessible, being given, by their projections a and b, to put
the plane table in position at a third point, C. (The capital letters
refer to points on the ground and the small ones to their corresponding
projections.)

Select a fourth point, D, so that the intersections from  and D upon
A and B make sufficiently large angles for good determinations. Put
the table approximately in position at D, by estimation or by compass,
and draw the lines Aa and Bb, intersecting at d; through d draw a line
directed to C. Then set up at C, and assuming the point ¢ on theline
dC, at an estimated distance from d, and putting the table in a position
parallel to that which is occupied at D, by means of the line cd, draw
the lines from ¢ to A and from ¢ to B, These will intersect the lines dA
and dB at points ¢’ and ¥/, which form with ¢ and d a quadrilateral
stmilar to the true one, but erroneous in size and position,

The angles which the lines eb and a’l’, make with each other is the
error in position. By drawing through ¢ a line cd” making the same
angle with cd as that which ab makes with a’d’, and directing this line
cd’ to D, the table will be brought into position, and the true point ¢
can be found by the intersections of «A and bB.

Instead of transferring the angle of error by construction, we may

“conveniently proceed as follows, observing that the angle which the
line a’?’ makes with ab is the error in the position of the table. = Asthe
table now stands, a’d’ is parallel with AB, but we want to turn it so
that ab shall be parallel to the same line. Place the alidade on a’d’
and set up a mark in that direction, then place the alidade on «b and
turn the table until it again points to the mark, then ab will be parallel
to AB, and the table is in position.

Another method is as follows (illustration 18, Fig. 6):

Two points, A and B, not conveniently accessible, being given by
their'projections « and b, to put the plane-table in position at a third
(undetermined) point C.

Set up the table at the point sought as closely oriented as can be done
by estimation, and resect upon A and B, intersecting the line bc at ¢’.
The angle ac’b is the true angle at the point occupied, subtended by
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AB, being the angle of nature actually drawn; therefore, the true point
must be on the circumference of the circle passing through ab¢’. Con-
struct this circle. Measure off & base, CD, at least half the length of

2
Fig. 3 h

Fig. 6
No. 18.--Threc-point and two-point problems.

CB, at right angles, or nearly so, to be, in either direction most conven-
ient, Set up asignal at D, and with the alidade draw the line ¢/d.
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Remove the table to D, and, by means of a signal at C (the point
sought), and the line d¢/, bring the table into a position parallel to that
which it occupied at C. With the-alidade centering on d, observe the
signal B, and draw the line d)’ intersecting cb at ¥’. ¢/}’ isthe distance
of the point C from B, and this distance laid off on the circle a«c’b as a
chord from b will give ¢/, the true position of the point C. A fourth
point may then be occupied, and by resection upon A, B, and (' the
accuracy of the determination of C verified.

Where it is possible to get the two signals A and B in range, it is casy
to determine the position of a third point by a method long practiced
by topographers.

Set up the table anywhere on the range line. and orient by the latter.
Resect on the unknown point, drawing the line anywhere on the sheet
most convenient, Leave a signal at the occupied point on the range
line and set up the instrument at the unknown point. Orient by the
line drawn when at the station on the range line, sighting on the latter
station. The table willnow bein a parallel position to that when onthe
range line, which is the true position, and the unknown point may he
determined by rescction upon the two fixed points and their projec-
tions,

Deflection of long lines.—In adjusting lines of intersection upon
& point or object from a series of stations, when these lines do not coin-
cide in one point, as they are usually derived from signals at unequal
distances, the error should not be divided equally among them, but
in proportion to their lengths if the discrepancies are not eliminatod
by the rules for distortion errors given later.

It should be borne in mind that very short lines from a determined
point—as, for instance, to the corners of a fenced road, where the table
occupies the center of the intersection of two roads—may be taken with
no apparent error when the table is deflected to some extent from its
true azimuth, but in this case a prolonged line will be considerably
out at its further extremity.

A long line should never be obtained by the prolongation of a short
one from g back station where there is no small check line, or some
other point in that prolongation already fixed.

1t will bo apparent that the more nearly at right angles intersecting
lines cross cach other the more clearly the point will be defined; acute
intersections, as far as possible, should be avoided, and, even when
they are crossed by a thjrd line at a satisfactory angle, a fourth line, or
an accurate rod reading from a well-determined point, is advisable
if within reach.

Sometimes a position is established by measuring along the estimated
direction from a near-by fixed point and orienting by this assumed
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position and a distant point. This method should ‘be used with
caution, but is generally reliable for rodding the detail in the
vicinity.

Distortion errors.'*—The distortion of a plane-table sheet destroys
the perfect proportions which cxist between the fixed points and their

_plotted representatives on the sheet.

The diagram illustrates the effect distortion- would have in the
determination of a point.

A, B, C, otc., are plotted in their true relations. After the sheet has
contracted, ¢, b, ¢, etc., represent the relations those points have
assumed. The paper contracts at & uniform but different rate in each
direction.

The plane table is supposed to be at X, the exact center of the figure,
and is required to determine the position by the distorted pointsa, b, c,
etc. By reversing the telescope, wo immediately ascertain that we
are directly on the line JID. Reversal will also show that we are on
the lines AE, CG, and BF. But the distortion is not apparent until
the telescope is pointed at the signals, and the lines are drawn on the
sheet. Then if we orient by the line /1D, we shall produce the figure
of the diagram, giving five determinations, 1, 2, 3, 4, and X, each made
with four well-conditioned points. Any one of these conditions would
be considered satisfactory if we had not the other points to show that
something was wrong. To orient by the line BF will produce the samo
result. But if we take the diagonal AE, we shall have two positions
at 5 and 7, formed by the intersection of the diagonal points, with the
lines from the other points running wild. Using the diagonal CG would
give two points &t 6 and 8, with the lines from the other points running
wild as before.

Position by compromise.—There is no question that out of the nine
positions d@veloped by these settings, that at X is the only true com-
promise. When tho sheet is distorted, all positions are compromises;
and X is the true compromise in this cese, for it is on the lines -CG,
AL, ete.: a below and e above, the line connecting 4 and E, by equal
quantities. A line drawn through the distorted points a and e must
pass through the middle point X. The positions 5, 6, 7, and 8 can
not be true, because lines forming them will not pass through the
opposite points when extended, which we know to be the condition
that must be filled.

Rules:

(1) A station made with three points that are on the lines of con-
traction, the resecting lines forming nearly right angles at their inter-

10 8eo Distortion of Plane Table S8heets, Ogden, Scicnce, Vol. X1, No. 270,
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section, will give the true position in relation to all points in the sheat
(as h, b, d). .

(2) A similar condition of right-angular intersection at the station,
but the lines forming diagonals to the lines of contraction, will give the
worst, possible position for the station (as a, ¢, and ¢).

(3) A station made with three points on one of the lines of con-
traction will give the correct orientation of the table (e, k, and ) but
not the correct position.

(4) In estimating orrors of the point due to distortion, those situated
on the lines of contraction require no gllowance, however distant.

Application.—1f the change in the sheet due to contraction or
expansion gives the same percentage of the units of length, both
lengthwise and transverse of the shect, the points are still in their true
relative position, and the projection is practically as good as when
laid on the paper, but is on a slightly altered scale. When the per-
centage of change in the units of length is greater in one direction .than
the other, the sheet and projection are distorted; and to make a station
by the three-point problem, the change of scale in each direction
must be allowed for. The difficulty in making such allowances is
not great, if the principal effects of distortion in the shect are borne
in mind. It would not be permissible, even were it practicable, to
make new points on the sheet, as this would destroy the geographic
position. It is necessary, therefore. to assume the new points by esti-
mation, applying the percentage of change to the distances measured
between the points on the lines of change—that is, on lines parallel
to the edges of the sheet.  1f the point occupied and the point sighted
to are on a line parallel, or nearly 8o, to one edge of the sheet, its move-
ment from the distortion can only be along that line. When the
position of the point sighted to is found situated to one side of the line
parallel to the edge of the sheet, the distortion will also aff#8¢ it in the
direction at right angles to that edge, and the effect of the distortion
will be most apparent when the angle of deflection is 45° and the posi-
tion at as great a distance from the point occupied as the paper will
permit, As the angle of deflection increases above 45° the effect be-
comes less and disappears at 90°, when the position will fall again in a
line parallel to an g¢dge of the sheet.

Referring to the diagram, illustration 19, to make a station with the
three points a, b, c: 1f the sheet were not distorted, the station would
be at X; A, B, and C being the true positions plotted when the pro-
jection was drawn. But the sheet having contracted, ¢, b, and ¢
show the relative positions of these points; therefore we make such
allowance for the contraction derived from measuring the unit of
length that we can place or imagine ¢ and ¢ to be where they belong.
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at Aand C. brequires no change, asitis on g line parallel to the edge
of thesheet. Tolocate 4 we must know the distances (approximately)
htoaand h to X, which, multiplied by the percentages of contraction
(in this case), will give the distance of 4 above and to the left of «.
The same process locates C.

If the station were to be made with the points g, ¢, and e, all three
points would have to be imagined in a new position by the same
process that A has been located.

Stations made in this way will be good for all local sketching within
an area that the contraction of the sheect is inappreciable; but to take
cuts on distant objects from such a station the orientation of the table
must be changed. If an object is somewhere near the direction of a
and the table at the compromise station X, the table must be oriented
by a and X, the imaginary position A4 being discarded.

The same processes apply to all positions on the sheet for the station
occupied.

Height of instrument.—Having obtained the horizontal position
on the sheet of the occupied point, the next proceeding in the logical
sequence is the determination of the height of the instrument above
some datum plane, in order to locate and draw the contours of the area
surrounding the station. The angle read and the distance between
the occupied point and the observed point measured from the map,
the height is computed by means of the tables to be found at the end
of the Manual, or the result can be obtained mechanically by using
the hypsograph.

Hypsograph.—This instrument was designed by Iremont Morse,
hydrographic and geodetic engineer, for use in the Coast and
Geodetic Survey and differs from the ordinary form of topographic
slide rule used by engineers in three particulars: First, it is circular
instead of rectilinear; second, it does not give elevations in tho same
unit as the distances, but gives heights in feet when the distances are
measured in meters; and, third, the arguments used for determining
the heights are the horizontal distance and angle of elevation instead
of inclined distance and angle of elevation.

The instrument will indicate the difference of height (uncorrected
for curvature and refraction) for any distances and angles encountered
in ordinary topographic work, with an error much smaller than the
probable error of observation of the plane-table alidade.

For complete description and directions for use, seo Appendix 4,
Report for 1902,

Relief.—There are three methods of representing it—by hill sha,dmg,
by form lines, and by contours.
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Hill shading is generally effected by a system of lines, called hachures;
drawn in the direction of the slope. When it is steep, the hachures are
thick and closely spaced. On the other hand, a gentle incline will be
indicated by fine lines widely separated.

Form lines occupy an intermediate place between hachures and
contours. They have been used by the topographer in the field to

No. 20.—Hypsograph.

indicate the modeling of the terrene and later to serve as guides for
drawing the hachures in the office. They are also used in place of
contours when it is important for the benefit of the navigator to include
a large area of rugged country back from the shore, so that its general
configuration will be indicated and the peaks and hilltops charted to
serve as landmarks. They are given a definite value and their loca-
tion is controlled by as many determined heights as it is practical to
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secure, but not a sufficient number to conform to the standard of accu-
racy usually required for contours.

The Coast and Geodetic Survey has prescribed the use of form lines
for indicating the relief in Alaska and the Philippine Islands, except
in the case of a large-scale survey. In general, the determined heights,
reference points, together with the elevations of prominent summits,
shall be distributed over the area so that there will be at least one
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No. 21.—Hypsograph, section and views.

reference point for every 4 square inches of field sheet, with such addi-
tional elevations as can be obtained without unduly delaying the
progress of the work. :

Contours.—Contours '! or horizontal curves are the outlines of hori-
zontal sections of ground at different elevations with designated equal

11 Por interesting articles on the diagrammatic properties of the contour line see: On
Contour and Slope Lines, Cayley, London & Ed. Mag., 1859, pp. 264-268; On Hills
and Dales, Clerk Maxwell, ibid., 1870, pp. 421-426; Properties of Matter, Tait, 1800,
pp. 70-81. "
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intervals between their planes, delineated in their true positions
relatively to each other and to the rest of the map, and conforming to
the scale of the map itself; or, briefly, a contour is a curve produced
by the intersection of the horizontal plane with the surface of the
ground. They may also be described as imaginary shore lines formed
at stated or regular elevations by water which is supposed to rise
successively to these elevations over the face of the country.

Profile,.—As cach curve has equal vertical ordinates at all points,
the elevation or profile of a hill, as well as a model in relief, can be
constructed from the map, when it is accurately executed on a large
scale, without further field measurements.

A profile of a hill is the outline or trace formed with its surface by a
vertical plane cutting the hill in any direction.

Illustration 22 shows the profile through the line A’ B’ of tho hill 4,
as ropresented on a topographic map. The full parallel lines upon the
profile represent the successive heights or sections of the hill of 20
feet, and the broken or intermediate lines z z z thoso of 10 feet. A
reference to the letters of the diagram is all that is necessary to a full
understanding of the subject: a is the shore line or high-water line
upon the map, z z z are the auxiliary 10-foot curves; f the coincidence
of curves upon the chart at the perpendicular face of the hill f, upon
the section. This is the only case where contours of different heights
run into each other upon a topographic plan. D’ is a depression in the
face of the hill, represented on the profile by D. @’ is a barranca or
dry, broken gully, and ¢’ ¢ a watercourse.

It will be plain that if we were to suppose the water to rise to & height
of 20 feet above the high-water line, to & on the profile, the 20:foot curve
upon the map would become tho shore line and the depression D’
would fill up and become a pond of water; and if the water were to
rise to a height of 30 feet, the dotted broken line would form a shore
line, and the knoll G would become an island.

Advantages and disadvantages of hill shading and contours.—In a
mountainous country the method of hill shading presents a picture
which expresses more forcibly to the eye the configuration of the
country than a system of contours. But the objection to its sole use
arises from the fact that, although one ridge is perceived to be higher
than another, there is no guide for stating in terms of some linear unit
this difference in elevation. It also obscurcs the aymbols representing
other details on the surface.

A system of contours furnishes a convenient means for obtaining the
heights on any part of a map but does not adapt itself to the representa-
tion of the small but important accidents of the ground, such as gullies,
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ledges, rocks, etc.; nor does it satisfactorily delineate such features as
cliffs, bluffs, quarries, railroad cuts, and embankments.

For these reasons the Coast and Geodetic Survey has adopted both
methods, employing hachures for the smaller features and where the

steepness of the slope would make the contour lines approach together
so closely that individual lines would become indistinguishable and
relying on the contours to delineate less precipitous ground.

The two systems can be seen combined when it is necessary to indi-
cate a rocky and broken mountain face. (Illustrations 23 and 24.)

No 22.—Diagram; construction of profile from plan.
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Contour interval.—The contour interval customarily used on the
Cosst and Geodetic Survey ficld sheets is 20 feet. When, however,
the contour runs very near to some remarkable accident of ground,
a8 a prominent spur or indentation, a slight deviation above or below
its true plane is admissible to include this feature, although it is
preferable to avoid doing so, if possible, by the introduction of an
auxiliary curve. .

In open country on slopes of 5° or less no part of a contour should be
out of position more than one-hali the horizontal distance between
each successive contour.

Datum plane.—Probably the best plane of reference for heights of
points on the carth’s surface is the mean level of the sea, since the mean
of the rise and fall of the tides is approximately this level. In prac-
tice, however, mean high water is usually taken, as it includes all land
not covered by the tide range and is the line dividing land and water.

Reference signal. —It is advisable in commencing the survey of a
region bordering on tide water to locate one or more signals at the
assumed high-water line, carefully noting the height of the top of the
flag above the same, to be used in mcasuring angles of depression for
heights from points occupied during the progress of the graphic trian-
gulation. As the heights of other points are determined in the course
of the survey and verified from observations from two or three other
points, these in turn may be used for the same purpose.

The following are the methods of surveying curves of equal elevation:

Tirst. The determination of the position and heights of a number of
characteristic points of the terrcne, and with these as guides tracing the
contour lines.

This is the method generally used in surveys embracing such areas
as the sheets of the Coast and Geodetic Survey on scales of 1-10000 and
1-20000.

Sccond. Surveying and leveling the skeleton and its traverses.

Third. Surveying and leveling the profilo lines.

Tho profile is a traverse line on which are determined the heights of
the points at which the surface changes slope. The points where this
line is intersected by the successive contour interval aro easily deter-
minable with tho level and rod.

Tourth., Surveying and leveling the base of each level section.

To determine the basc of cach level section the table is sct up in
position whero this level intersects the profile, and using the alidade
a3 a leveling instrument, with a targot fixed on the rod at the height of
the optical axis of the telescope, tho line is traced by locating the rod
in successive positions at characteristic points of the terrene, when the
target comes in the horizontal plane of the optical axis, direction and
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distance of the rod being determined and drawn in each case. A line
drawn through these points, recognizing features between the stations,
locates the curve. In this operation allowance should be made for
curvature and refraction when the distance becomes sufficiently great
to make it a factor.

Fifth, Surveying and leveling the parts of several level sections
from one station.

When parts of several level sections are run from one station, set up
the table at a point on a contour, and observe on a staff the height of
the optical axis of the alidade. Set a target on the staff above this
height as many contour intervals as its length will include. The aid
carries the staff below the instrument and i signaled to stop when the
target comes in the horizontal plane of the optical axis and at successive
steps trgyerses the lower curve.  The target is then lowered on the staff
onc contour interval and the next curve above is traced in the same
manner, continuing the proceeding until the level of the instrument
is reached, when the table is moved to an upper station and the pro-
ceeding continued until the summit is reached. (Applies only to
very small contour intervals.) :

Sixth. The division of the terrene into squares, triangles, or paral-
lelograms. '

By the mode of regular division of the surface into squares, triangles,
or parallelograms, pegs are driven at regularintervals, and their heights
determined by level in the way that may be most convenient, a spirit-
leveling instrument being the most accurate.

8TATION ROUTINE.

The topographer having determined his position on the sheet and
also the height of the instrument, proceeds to map the natural and arti-
ficial details of the area surrounding the station. TFor this purpose the
direction of each detail is obtained by pointing the telescope upon it,
the edge of the rule cutting the station point; its distanceis determined
by reading the stadia rod held there for the purpose. This distance is
then taken off the metal scale with a pair of dividers and plotted along
the edge of the rule.

While this is in progress the alidade is used both as a level for the
observation of objects of the same height as the instrument and for
meaguring angles of elevation and depression to such of the plotted
details whose position at critical points of the contours would materially
agsist the topographer in tracing them.

Number of elevations to be determined.—No rule can be laid
down as to the number of elevations that should be determined from
each plane-table station or for a given area. It will depend on the skill
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of the topographer and the modeling of the ground. The number will
be adequate when he is confident of tracing, by their aid, the contours
with an accuracy sufficient for the scale and the purpose of the survey.

Tt would indicate careless and slovenly work if the contours were
found on examination to deviate frequently irom their true position
on the sheet by more than half an interval for a slope of less than 5° in
an open country. When the slope is steeper, or in wooded regions, a
greater latitude is permissible, but even here, in representing the crests
of ridges, prominent hilltops, and valley floors, this limit of half an
interval should not be departed from for good work.!3

Contour sketching.—The topographer will bo ussisted in sketch-
ing contours, where the modeling is intricate, by lightly drawing a
skeleton composed of the ridge lines and thalweg lines (lowest lines of
valleys) in their proper positions around thestation. Ontheridgelines
will be found the extreme outward or convex bends of the contours,
and on the thalweg lines the extreme inward or concave bends.

It can be readily imagined that if each spur and each small depression
wasg represented by its appropriate line, and on each of them were
located, either by observation or estimation, points having elevations
equal to some multiple of the contour interval, it would be only neces-
sary to connect those points having the same elevation with a smooth
curve to have a correct plan of contours.

It will simplify the sketching at a station to draw the highest, lowest,
and middle contours first, as they will then serve as guides for estimating
the position of the others.

~Typical contour groups (illustration 25).—It should be remem-
bered that a contour never splits, as shown in figure 1; nor do two
contours run into one, as shown in figure 2; nor cross each other, except
in the rare instance of an overhanging cliff, as shown in figure 3. )

When an auxiliary contour is introduced, no more of it is drawn than
is sufficient to delineate the special feature which makes it necessary.
A principal contour, on the other hand, can not have an end within
the map; ifit commences at one edge it must terminate at another.

A closed contour encircled by one or more closed contours is either
a hill, as shown in figure 5, or a depression, as shown in figure 6, the
arrowsshowing the direction in which water would run. Thesummits
of all the hills of importance should have their elevations determined
and marked on the map. All depressions without an outlet and which
do not contain a pond or lake should be marked with a D at their
lowest point. .

A series of contours, as shown in figure 4, is either a croupe (the end
of a ridge or promontory) or a valley. If a croupe, the contours will

11 Boe Bpecial Publication No. 26, par. 152.
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have their concave sides toward the higher ground; if a valley, the
contours will have their concave sides toward the lower ground.

A combination of four sets, like figure 7, with convex sides turned
toward each other, represents a dip in a ridge or the junction of two
ridges, and is called a saddle.

A passin amountainrangegenerally takesthe form shownin figure8.

Order of development of contours.—As the progress of topo-
graphic work is usually from the shore line inward, this affords the
most favorable direction for drawing the curves of equal clevation,
and as it ie desirable that all work at a station shall be completed
when it is first occupied to avoid the necessity of returning to it, the
curvesshould be drawn by estimation from the shore line to the points
sighted and determined for position and height, to be checked by
drawing from those points when in turn occupied. The heights of a
sufticient number of poinis must be determined to guard against any
wide range of estimate of height by the eye.

In abruptslopes of considerable extent the use of a pocket clinometer
is valuable in determining the degree of slope and in order to draw
the-curves by the widths of their zones (the cosines of angles of slope)
from a paper scale prepared for the purpose. (Sce illustration 44.)

Filling in.—Having completed the work at a given station, the
topographer proceeds with his party and instruments to an adjoining
locality, where he selects a new station from which he can gather the
details of an arca bordering upon the one last surveyed. In this
manner the skeleton map is filled in by successively occupyingstations
over the whole expanse of the sheet.

Traverse lines.—When the country is not open or there are other
conditions which do not afford the required number of well-placed
fixed points to determine the position of the instrument by resection,
the method of traverse lines is employed to map the details.

Main traversc.—The standard table is used on all shore lines of im-
portance and on the main roads. The height of instrument, for con-
touring is carried along with the line by observing vertical angles
with the alidade upon some mark on the stadia rod, taking fore sights
and back sights at alternate stations.

The traverse line is started by occupying some point previously
determined and sending the stadia rod ahead to a place selected
for ita advantageous position, in reference either to the surrounding
features or facility in obtaining a new section of the traverse.

Having sighted to this point, read and plotted tho distance, short
guide lines should ho drawn along the edgo of the ruler at both ends
and numbered or lettered, so they may be identified from others of

98000°— 22—
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like character. The table is then moved to the forward station, ap-
proximately oriented by estimation, and the plotted point carefully
plumbed over the one on the ground.

The alidade is now placed on the table, and the table oriented by
bringing the edge of the ruler close up to the guide lines; then revolv-
ing the table until the vertical wire bisects the rod or signal left for
that purpose at the last station.

The same processes which were employed at the initial station are
now repeated; the detail is mapped and the new station in advance
occupied in turn, the line progressing in this manner by success-
ive steps.

In running traverses, great care should be taken to sight as low as
possible upon the fore and back signals, so as to avoid any error of
deflection which might arise from the inclination of the signal poles.

Subordinate traverse.—When the line is unimportant and fow features
present themselves to be noted, an auxiliary plane table oriented by
a declinatoire may be employed.

When this method is pursued with a second table the forward rod
station is not occupied, but another is chosen in advance of it, from
which it can be seen where the instrument is set up and oriented
with the declinatoire. Sighting the alidade to what is now the back
station, the distance is read and plotted along the edge of the ruler,
and the point 8o determined represents the one occupied by the table.

The pivot on which the declinatoire needle rests should be examined
frequently, as the least roughness will cause the needle to drag and
introduces serious deflectione in azimuth.

All traverse lines should start and end at well-determined points.!*
This will serve to check the accuracy of the work. If the closing error
is not too large, the line should be adjusted by distributing it through-
out its length. The line is run on a spare sheet when an suxiliary
table is used; then traced, ‘‘swung in,” and adjusted between the
two fixed points.

Determinations for hydrography.—Where the topography sur-
veyed includes the shore line of a body of water the hydrographic
survey of which is intended to follow the topographic work as in the
Coast and Geodetic Survey, it is the duty of the topographer to locate
and determine the shore signals, and it is only nocessary to state that
they should be so placed as to furnish the hydrographic party with a8
many points as is desirable for the determination of positions on the
water.

13 Special Publication No. 26, par. 147,
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Natural or artificial objects along the shore, or in plain sight from the
water, such as fence ends, rocks, prominent houses, etc., should be
determined and marked upon the sheet.

Lines to buoys and other prominent floating objects at anchor should
be, as far as practicable, taken at the same stage of the tide or direction
of um-ent

The mean low-water mark should be delineated, and when it is
beyond the reach of the plane-table and presents no marked points
for determination, or is of a character that will not permit the use of
the instrument—as along the swampy shores in the South, where the
muddy shoals are of great extent, and among the shifting quicksands
of our great estuaries and bays—it may be left to be traced by the work
of the hydrographic parties. The channels through mud flats of this
character should be indicated, however, if only approximately, by
cuts and tangents, or the determination of stakes at the turning points.
Where the fall of tho tide exposes rocks and ledges, shingle beaches,
etc., their character and extent should be delineated and distinguished
from the sandy beaches, as these features are most difficult and labori-
ous for the hydrographic survey to represent.

High-water and storm-water line.—In tracing the shore line on
an exposed sandy coast care should be taken to discriminate between
the average high-water line and the storm-water line.

Determination of inaccessaible points.—On a precipitous coast,
where the shore line is inaccessible and can not be determined by
ordinary methods, the salient features are located, when occupying
commanding stations, by observing the vertical angles upon them
and drawing direction lines to them. Then, using the clevation of
each station as a ba.so, the distance to each feature is computed and
plotted.

The same method applics to outlying rocks and is often employed
where there is any doubtof their being identified from different places.

Large-scale surveys.—As has been previously stated, 1-10000 and
1-20000 are the scales customarily used in the execution of the topo-
graphic work of the Coast and Geodetic Survey, as they are the ones
best suited for the charting of the coast line and harbors of the United
States.

Other surveys for special purposes have been made from time to
timo on scales both larger and smaller, and the field practice has been
modified according to the requiremeonts of the scale used.

A topographic survey of the District of C'olumbia outside the thickly
populated limits of the city of Washington was made between the
Years 1880 and 1891 on a scalo of 1-4800.
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The methods pursued are here described, as they are typical of other
surveys on a large scale.

Based on a sufficiently minute triangulation, the plane-table and
stadia, wye level, and rod were used for all determinations of details.
The relief was elaborately indicated by contour intervals of 5 fect.
The datum plane is the same as used by the engineer department of
the District, on which is based all the levels used for grades of streets
and sewers in the city of Washington, the survey being made for the
purpose of extending streets and avenues beyond the city limita.

From this datum, along all roads, avenucs, and railroads, and where
roads were infrequent, across country, lines of level were run, and
after careful checking in the usual manner bench marks were placed
in position convenient to all parts of the region.

The plane-table stations were established so as to casily overlook
every patt of the field and so close together that each was surrounded
by the others within the range of a single reading of the stadia rod.

The mode of procedure was, in general, as follows:

The plane-table was placed in position by a graphic solution of three-
point problem. At the same time the height of the level was deter-
mined above some near bench mark and the target of the level rod
fixed, so that when it was in the line of sight of the level the bottom
of the rod would rest on the ground where the clevation corresponded
to that of some contour. The level rodman then began his journey
along this imaginary horizontal line, holding the rod for the observa-
tion of the levelman at each noticeable change in the configuration of
the ground. The levelman directed the rodman by signals at cach
point until the rod was in position on the contour line, when the stadia
rod was substituted and its distance read and plotted on the planc-
table sheet. The rodmen followed the contour line in both directions
from the table as far as the stadia rod could be conveniently read.
Generally two and sometimes three contours were run from one level
station, and on their completion a turning point was fixed and the
level shifted to higher or lower ground, as the circumstances required.

A survey of Craney Island, Va., was made in the same manner on a

scale of 1-1200.
RAPID S8URVEYS.

“Use of sextant and theodolite.—Where located signals are in sight
and the shore is lined with swamp or mangrove, and in other situations
presenting no suitable locations for the table, the sextant may be
used to advantage in filling in topography by locating each principal
feature by two or preferably three sextant angles, with additional
angles to tangents of points and other objects. A continuous sketch
should be made in a sketchbook, with the angles written opposite the
corresponding points on the sketch. (‘ascs may also arise where the
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topography may be obtained advantageously with a theodolite traverse
line (the transit and stadia or chain method).

A rapid and sufficiently accurate method of mapping rivers which
are comparatively unimportant yet navigable by small boats is by a
modification of the stadia method, in which the distance readings aro
made on & stadia rod by a plane-table alidade, supported on a board
nailed on top of a pole thrust into the river bottom at the side of the
boat, the angles being measured by a sextant.

When any of thesc auxiliary methods are used, the work should be
plotted and combined by the topographer and added to the gencral
topographic sheet.

With compass and notebook. —-Plane table methods can be uti-
lized to advantage when compass, pencil, notebook, and ruler are the
substitutes for an instrumental outfit. The book serves as the sheet
and board combined, and the ruler, as it was in the carly days of the
art, becomes the alidade.!*

Photogrammetry.'>—In the topographic reconnaissance made for
the Alaska Boundary Survey by the Coast and Geodetic Survey, the
camersa with constant focal length has been used as an adjunct to the
small mountain plane table. The latter was used to plot the shore
line and adjacent topography, also to determine as many peaks of the
interior country as possible by the intersection of lines of direction.
All camera stations were determined geographically and hypsomet-
rically, and plotted upon the plane-table sheet. The topographic
details beyond the reach of the planc table were added to the map in
the office by the photogrammetric methods.

The rugged mountains of southeast Alaska appear particularly well
adapted for this mode of procedure, as identical points can be readily
picked out from different panorama views, owing to the characteristic
shapes of the mountain peaks, snow fields, glaciers, etc.

Periods of fair weather are also very short and of rare occurrence in
that locality, and a great deal of topographic material can bo gathered
photographically in a short time, which when plotted will cover a
large territory if a'sufficient number of reference points on the views
have been located instrumentally.

The plotting proper can be carried out to any degree of minutencss
and dectail; the only requirement is that a suflicient number of camera
stations shall have been occupied to fully cover the territory in ques-
tion, so that every topographic feature of prominence has been seen or
photographed from at least two stations.

14 8co *“ Skotching without instruments,” in Topography, Drawing, and Sketching, by
Licut. Henry A. Roeod, U. 8. Army, 1886,

i Bee Unltod States Coast and Gieodetic SBurvey Report, 1893, Appendix 3, and Report
for 1%97, Appendix 10,
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By this application of photogrammetry the plane-table methods of
determining topographic details are extended to the office, inasmuch
as the same features are selected from the panorama views and plotted
geographically which would have been located by the plane table.
But the actual time spent in the field is reduced at the expense of the
time needed for office work.

Survey in advance of triangulation.—Where it is necessary to
make a topographic survey in advance of the determination of points
by triangulation, a reconnaissance is first made for the location of a
base line and selection of points to be determined with the plane
table.

The base is measured with sufficient accuracy and conveniently,
with a steel tape which has been compared with a standard at a fixed
tension, and to one end of which is attached a spring balance to secure
the same tcnsion during mecasurement. The successive lengths are
marked by lines cut on copper tacks driven in wooden stubs firmly set
in the ground. The temperature is noted at frequent intervals as the
work progresses, and the corrections are applied to the length of the
base when completed.

The base is then properly located on the sheet in reference to the arca
to be embraced and its length carefully set off. It is well at the same
time to mark in three or four different parts of the sheet lengths of 1,000
meters for the purpose of determining at any time the true scale of the
sheet, variable by the different hygrometric conditions of the atmos-
phere.

Signals having been erected at the selected points, the extremes of
the base are occupied with the table and the points, as far as may be
reached with good intersections, determined from them and lines of
direction drawn to all the points visible, to serve as checks upon their
determination from other points furnishing directions for good inter-
gections. The survey then proceeds as usual.

It is well at the beginning of work to draw (using the declinatoire)
the magnetic meridian, at some determined point near the middle of
the sheet for the purpose of putting the table in approximate position
at any station with the declinatoire. The manner of doing this is
described elsewhere.

Before finishing the field work it is important, when the sheet has no
projection, to provide data for drawing a true north and south line.
This is done by drawing from a point upon the sheet, when the table
isin position, a line in the vertical plane through Polaris and the point
occupied and recording the time of observation. The azimuth of the
star at that time being known, a true north and south line can accord-
ingly be sot off.
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If a small transit instrument is at hand and carefully adjusted for
movement in vertical plane, an assistant with a lantern can be located
where the vertical plane through Polaris and the point occupied inter-
sects the ground, at as great a distance from the point as the ground will
admit within the limit of communication by light sighals. When such
a position is marked the direction from the point occupied may be
determined by daylight.

1f, in the absence of a transit, the alidade has not vertical range suffi-
cient to observe Polaris, an illuminated plumb line may be used for the

alignment.
OFFICE WORK,

All the topographic features of a survey should be drawn in pencil
upon the sheet in the field, while they can be seen. Sketching and
plotting in the office from notes, unless the country be near at hand
for ready reference in case of doubt or defective data, is objectionable.
When this is unavoidable, the sketches should be transferred to the
sheet as soon as possible after being made, while fresh in the mind of
the person by whom they were made, and by whom they should be
plotted. Days which, frominclemency of the weather, are unfavorable
for out-of-door work should be allotted to this purpose, and advantage
should be taken of them, also, for retouching any details of the sheet
which may have become indistinct, as it is very important that they
should not be left indefinite or become obliterated; for when the inking
is done, as it generally is, at a distance from the field of operations, the
neccssity for this care is obvious. Nos. 4 and 5 pencils are good for
this purpose, for which very hard or very soft and black pencils are
equally unsuited.

In the inking of a topographic sheet three roquisites to its proper
appearance when finished should be borne in mind-—clearncss, neat-
ness, and uniformity.

The lines and objects should be clear and sharply defined, nothing
being left obscure or doubtful; the paper should be kept unsoiled, and
erasures avoided as far as possible, and the style and strength of the
drawing should be the same throughout. It is an important matter
that an easy and natural appearance should be given to the sheet, for, as
beiore remarked, a mere rigid adherence to conventional signs is not all
that is necessary; while there should be no deviation in this respect, at
the same time the draftsman should strive to represent the country.
Thereisagreat difference with regard to thisamong topographers. Two
correct sheets of the same section of ground, executed by different per-
sons, may bheinked, and while one will have a stiff and ungraceful look,
the other will appear artistic and natural. giving at once the impression
of a truo representation of the country surveyed.
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Office work should not be commenced untjl the topography is en-
tirely completed, as no inked or partially inked sheet should ever be
used in the field. Sometimes, for the special examination of old worl:,
or for the insertion of some recent artificial or natural changes, this
hecomes necessary, but there is always a risk of injuring an inked
sheet by exposure to the weather or by using it upon a plane table.

The inking should begin with the high and low water lines. The
high-water line or shore line proper should, in all cases. he full and
black, the heaviest line on the sheet, and in this, as in all the rest of
the ink work, the lines of the surveyor should be strictly adhered to.

The topography as drawn in the field is supposed to be correct when
the sheet is finished, and no office amendments or changes are admis-
gible. The low-water line is drawn, not so full as the former. but clear,
black, and uniform, consisting of a dotted line for sand and mud and the
conventional sign where it is formed by shells, rocks, or coral reeis.

Neither the inner border of a marsh nor a shoal covered at high tide
hasa distinct continuous line to mark its limits, each being represented
in its proper form and within its area by its conventional sign only. hut
the shape should be well and correctly defined. All objects between
high and low water, covered at full tide, should be represented less
boldly than the other features on the sheet, but not faintly or indefi-
nitely. .

The roads should be inked plainly and evenly, with their sides
parallel, except where the gurvey shows a deviation from the general
width. Main thoroughfares when fenced are drawn with a full line,
subordinate roads where fenced should be shown by the usual sign, and
where there is no inclosure aline of dashes should indicate the roadside,
and then should follow the fences and houses. In drawing the latter,
care must be taken that the corners and angles exhibit a sharp, clear
outline, which adds much to the appearance of the gheet.

The general skeleton of the survey being now completed, the con-
tours are drawn with a bold, uniform, plain red line, without break,
over all the other work, following accurately the full range of level of
each of the contours on the sheet.

After this comes the general filling in, by conventional signs, of sand,
marsh, grass, cultivation, orchards, rocks, hachures, etc. Some prac-
tice is necded to execute the sand work regularly and neatly. 1t
should never be done hurriedly, though of course rapidity in this re-
spect follows practice. The lines representing marsh, and the delin-
eation of grass on the fast ground, should always run in the same direc-
tion over the whole sheet and be parallel to the top of the sheet and the
title. The appended drawings (illustrations 26 to 39) give the con-
ventional signs as adopted by the United States Geographic Board.
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It is expected that every topographer shall have learned to draw
sufficiently well to ink his sheet in a clear and distinct manner and
letter it with some regard to neatness and graphic effect, as the appear-
ance of an otherwise well-inked sheet is marred by careless or in-
different lettering. Accuracy, neatness, and clearness are necessary,
rather than fine drafting.

The location of the names upon the sheet should be such as not to
cover or obliterate any detail or feature of the survey, and the letiers
should be put on neatly and gracefully, and in point of size and form
according to the specimens furnished. The title should follow, with
such notes as may be necessary to explain any peculiarity of the sheet
or survey.'s The title and lettering should, as far as practicable, be
80 placed that when the sheet is held with the top (the north end of the
map) from you it can be easily read; in other words, as nearly parallel
to the top or upper end of the sheet as the nature of the work will admit.
All names well established and recognized in a neighborhood, both
general and local, should be collected during the survey, and their
correct orthography ascertained, and in case of any doubtful or dis-
puted orthography a report should be made giving any traditions or
authorities which bear upon the subject. No illuminated or German
text, old Engli¢h, or what is known as ‘‘fancy printing,”’ should be
indulged in, a strict adherence to simplicity being required.

Two plats showing standard lettering adopted by this service for
field sheets and charts are given.

The minutes of the parallels of latitude and meridians of longitude
should- be marked in figures at the upper and right-hand ends, re-
gpectively, the degrees on the center parallel and center meridian
only. .

When buoys are determined by the topographer, and their names,
colors, numbers, or kind are known, they should be placed on the sheet
and so marked.

The triangulation points should besurrounded by a small red triangle.
Barns, houses, prominent trees, and other objects determined Ly the
plane-table that may be used as points of reference in making additions
to the sheet subsequent to the survey should be indicated by a smell
blue circle. .

16 Tho topographors in the Coast and (ieodetic Survoy aro roquired to writo the title
and notes on a soparato sheet of paper and attach it to tho plane-table shoet. This
portion of thoe lettering is dono at tho ofiice.
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TABLES AND FORMULZX.

Table for reducing readings of inclined sights on a rod held perpendicular
to the Line of sight.

Hypothenuse.
Angle.
100 200 300 400 500
meters. | meters, | meters. | meters. | meters.
. e
5 99.62 199. 24 298. 80 398. 48 498.10
10 08.48 196, 90 205. 44 393.92 492, 40
15 U6, 59 193.19 289.78 388,37 482, 9t
20 93. 97 187.94 281,91 375. 88 46085
25 90.63 181. 26 271.80 362. 52 453.15
30 86.60 173.21 259. 81 340,41 433.01
35 81.92 163,83 245.75 327,66 409. 5%
40 76. 60 153.21 229, 81 300. 42 383,02
45 70.71 141,42 212,13 282, 84 353, 55 |

When it is desired to use the preceding table, a sight must be attached
to the rod or the proper position of the rod left to the judgment of the
rodsman. The usual and safer way is to have the rod held vertical
for all readings. There are then two corrections to be applied, one to
reduce the inclined distance to a horizontal one and one for the oblique
view of the rod.

The equation for reducing the readings is:

Horizontal distance=r cos? v+ (c4f) cos v

Where r=reading of vertical rod;
r=angle of elevation or depression;
c=distance of object glass to center of instrument;
S=focal length of telescope.

The following table gives the coefficient of reduction by which the
rod reading is to be multiplied. It is based on the assumption that
c+f is to be added to the result to obtain the distance to the center of
the instrument.

Example: Given an angle of elevation or depression 8° 10/ and the
reading of the inclined sight on vertical rod=173.1 meters.

From the statement:

Moters.,

Factor for 1 meter for 8° 10/ multiplied by 100.. .. ... il 97.98
Factor for 7 meter for 8° 1 multiplied by 10....... ... . ... ... .. 68,569
Factorfor 3meter for 8° 10/ . ... ... i .20
Factorfor 0.1 meter for 8% 1Y .. ..o i ittt .00
Horfzontal distanee.. . ...t iieiiettaiaianaacnaa.s 169. 60

To which ¢ + fis to be added.
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Table of coefficients for reducing readings of inclined sights on a vertical rod
to horizontal distance.

Angle of Horizontal projection of—

incling- ———-  ——-— |—‘ - o T T S mm o mm e

ton. | oom. 3m. 4m. sm. | 6m. | 7m. | o« m.,  9m.

o v |
0 l() 0. 99099 1.90008| 2.00007| 3. 90007 4. 000MG( 5. 90004 . 99901| 7. 999‘\!: 8. 00003
. 1.00003| 2.900000| 3. 99986 4. 00083 5.80080( 6. 99977} 7. 00073 B, 94970
30' . 99992 1. 00084 2.99077] 3.00060( 4. 00962 5. 00054] 6. 09040] 7. 9OU3Y. R. 09032
40 O9URG|  1.99973 2.99059] 3. 09946| 4. 99032 90019 6. V9005 7. 0OR2( R.HOKTS
50 .O9070; 1.90057| 2.99836| 3.09915| 4.00894( 5.90873( G. 9'852( 7. 90R31| 8. 00810
1 00| .09970| 1,00039( 2.90009| 3.00878| 4.09848] 5.909817 0.90787| 7. 09757 8.89726
10- 000500 1.99017) 2.09875| 3.00%34| 4. 00703 5. 90752] 0. 00711] 7. 669" 8. 28
L00046) 1.00801| 2.90838| 3.99783| 4. 99720 YYGTO} 6. 622| 7. BI5HR] 8. 00514
| L9932 1.008G3| 2.90794) 3.90725) 4. OGT| 5. YO580] 6. 08520 7. 90452' R. 09384
4() L000150  1.00831 2.00740] 3.90G59| 4.09572( 5. 98480( G. 90400 7.99323! &. 99230
50 J99008] 1.99801] 2.99603| 3.900590( 4. 09488 09386 6. 90284| 7. 99182 8. Y9080
00260 6. 001471 7. 99025, R. 08904

200 00878 1.90756) 2.90G35 3.99513] 4.99391
10( . 908571 L.OUT14| 2.90571] 3.00428| 4. 00285| 5.091a2] 6. 00000( 7. URS5T| 8. 98714
201 .99834[ 1.00GUO| 2.90503| 3.00337| 4.09171] 5. 69000 6. Y8840 7. ORGTS| 8. OKGW
30 . 0U810[ 1.996200 2.00420| 3. 90239 4. 00040f 6. ORRSO| 6. 0866Y| 7. OR470| R, 08289

e

ro oo

40| .90784| 1.095G81 2.003511 3.90135| 4. 98VIR| 5. 987021 . 9’485] 7. 03268| 8. PR053
50; . 99756) 1.99511] 2.99267| 3. 90023 OE534] 6, 98200] 7. 98044| 8, 97802
3 00/ .90720) 1.004562) 2.90178] 3.0R004| 4. 08G30( 5. 98357| (. 9B0O83| 7.07809| 8. 97635
100 . 90093] 1.00300] 2.00085 3.08780] 4.98474| 5.98169] . 97865| 7. 97500 8. 87255

20| .90602| 1.99324] 2.0898G] 3. ORA4R
30 . 09627( 1.00255 2.988821 3. 085O
40] 99501 1.981821 2. 08773] 4. OR3G4
500 .00553] 1.98106] 2.98659) 3.98212

07072 6. 97034 7. 97206 B. W058
07764| 6,97301] 7.07019] B, 645
97546 G, 071371 7. 00728| 8. 96319
97705 5. 97318] 6. 05871] 7. 06424) B. 95978

97607] 5.07081} 6. 96505 7. 06108] 8. 05621
Y7300 5. 968321 6. V34| 7.956776| 8. 05249
97145| 5. 0674 0. B6003] 7. 95432 8. 84862
006022] 5. S63008) 6. 95601] 7. 95075 8. 94460
8090] 5. 06028 6. B5366] 7. 94704| 8. 94043
06150) 5. 95740 G. 95030 7. 94320| 8. Y3311

96202 5, 95443] 6. 04683% 7.03023| 8. 93104
050450 5. 05134| 6. 04323] 7.03512| 8. 42702
05680) 5. 4816 6. 03052| 7, 03083| 8, 02224
05407| 5. 9448 6, 83570 7. 92052| 8. 01733
86125 5. 94150 6. 83175 7. 92200] 8. 91225
04835) 5. B3%02 6. 92769 7,91736] 8. 00703

04537} 5. 03445] 6. 02358 7.01260| 8. 00107
04230 5. U077 0. V1923 7. BOT60| 8. KO016
93915 5. 92608( 6. 014811 7. 90204| 8. BO048
03501] 5. 92310 6. 01020 7. BOT4R| B, BR467
03201] 5. V1913 6. 005664 7. 8U218] 8. 87870
929211 5. 91500 6. 00D0| 7. K8LT4[ 8. 87250

02574] 5. 910R)] 6. BUGUH] 7. R&114| 8. R6034
022181 5.00002( 0.89105( 7.%87549] 8. 85993
91854] 5. 00225 6. 88506 7. ROUGT| ¥. 85337
01481 5. 80777 6. 88073| 7. 86370 8. 84667
91101} 5. 80322 6. R7542| 7. 85702| 8. 83982
90712] 5. 888551 6. 869971 7, 85140] 8. 83282

<

&

3

-3

S x
gopeoy e

4 00 .9095131 1.99027| 2.08540| 3.08054
10| L0472 1.08044] 2.98416] 3. 97K8Y
20 .09429] 1.98858 2.98247] 3.97716
30 (00384 1.987601 2.08153[ 3.97547
40 .900338! 1.908676/ 2.08014| 3.97352
50] 99200 1.88580 2.07870] 3.97160

500 .09240) 1.08481] 2.07721| 3. 96961
100 001890 1. 9N478[  2.075067) 3. 96750
200 901361 1.98272{ 2.07408] 3.06544
30{ .99081( 1.98163] 2.07244) 3.90320
40) (H)()Zo 1080501 2.97075 3. 86100]
50| 98067 1.97034] 2.96001] 3. 95868

6 00] .08007] 1.97814] 2.06722) 3.95630
10] . 08840] 1.97692] 2.96538] 3. 95384
200 Y8783 1, 97506 2.96349) 3. 65132
30| UN718] 1.97430] 2. 96155, 3. 4873
40 . 98652 1.97304) 2.05956( 3. 04609
S0f L USS840  1.97168] 2.05753| 3. 04337

7 00p 08515 1.070300 2.85544] 3. 94009
10| 08444 1.90858 2.953311 3.93775
20 .U83711 1.90742| 2.95112 3.03483]
30] .9N200] 1.068502 2.04880 3.93185|.
40 . 08220| 1.90441) 2.04601| 3.02841
50 .08142] 1.90285] 2.94427] 3.02570

BB R Es RRRRRE BRARSR AEeRRE SERbes BR
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Table of coefficients for reducing readings of inclined sights on a vertical rod
to horizontal digtance—Continued.

Angla of! Horizontal projection of-—
inclina- |—— -—-l e e e e - e

tlon. + oy 1o, | 3m. im. | 5m.

o s,

% 00| 0.08063 1.06126| 2.941%0| 3.02252
10007982 1.05004] 2.03946] 3.91928
Ay .97809" 1.05708 203698
30 97815, 1.0530| 2.93446
40, 0TT20 19559 2 03188

5 BRITK 6. R6441| 7. R1504) B %2368
5. RTR02) 0. 85874| 7. K366 R 813D
5.K7306] 6. 5200] 7. K3196| & K109

“RO076, 5. 86%D1| 6. KATOT) 7. 82522 K. K437
5. 86377| 6. K4100| 7. RIKIG| M. 70505
55851 0.K3403] 7.81134° 878777

3. 01598
3.91261
3. 90018

50 .{)7042-l 1.95284| 2.92926! 3. 0368

i |
900{ .97553, 1.05106 2.9%5?{' 3.00211| 4 87764 5. 85317| 0. 82870] 7. K423

10 (97402 101924 2 92488 3. soRak| 4. 87310, 5 84772) G.82234] 7.79600 K. 77159
2 5. 84210; 6.K15%9| 7. 7RD5] K. 76321
30, 07276, 1.94552 2.01828 3.80104| 4.84370] 5.<3635! 6. 80031| 7. 78207: K, T54K3

40 .97180]  1.943611 2,01542| 3.88722
i LO70N3)  1.04186)  2.81250] 3. 88333

EExEEP
Vs
g

LR3002 5. K3083) 6. 80203| 7. 77444,
5. RATH) 0. 7955 7. 76067,

10 00 . 96085 1.03070 2.00054| 3.87038|

L LP6KRR4 1.93760)  2.00003 3.87537

L 90782[ 1.93565 2.90347| 3.

300 06070 1.934358] 2.90037) 3. 86710
3

5. RI907) 6. TRRY2( 7.7H876 K. 72861
. 5. 813001 8.78100] 7.75074 K.71059
LRA912 5. ROGYS| 6. 77477 7.74260] 8. 71042
5. 80074 6.76753| 7.73332] 8. 70111
L R2¥CO| 5.79443] €.76017| 7.72501| 8.G0165

4
4
4
4
4
4
4
4
L97370,  1.94740 2.92110° 3. 80480 4&‘.849‘ !
4
4
4
4
4
4
4
. 5| 4
3. 858091 4. K2336) 5. 78803) 6.75271 7.7173ﬁI 8. 65200

40 L0574 1.9314K)  2.89721
50 .90467) 1.920934| 2.89402

11 00: . 68358 1.92718 2,89()77! 3.85436. 4.81705 5. 7R154( 0. 74513) 7. 70872 R. 67232
10 982401 1.O2408) 2.8R7481 3.84007) 4. 81247 §. 77400/ 6. 73746| 7.60995) K. 66245
201 .96138) 1.02276) 2.8%414 3. M552l 4. 80880 5. TOR2R( 6.72066] 7.60104 R. 65242
L98025  1.020511 2.88076. 3 P4.BM28 5.70152] 6. 72177 7.6%202 K. 64227

40 .95011 1.01822 2.87732' 3.83643: 4.70553 5.75404| 6.71375 7.67246 8. 43106
50 95795 1.91590| 2.87385, 3.K3180 4. 78974| 6. 747689] 6.70564] 7. 06358; 8.62153

12 00: . 93677| 1.91355| 2.87032] 3.K2708 4.78380 5. 74003| 6.60741] 7.6541K] R.61005
10. 96538 1.O1H6 2.K60674 3.82232; 4, 77700 5. 73348| 6. 68006] 7. 64464| K. 60023
20 05134 1.O0KTH) 286313, 3.R1750 477187 5.72625) 6. 6ROG2| 7. 03500| 8. SR
300 . 053150 1.9063Y  2.85046  3.K1201| 4. 76570, 6.71802) 6.67207| 7. 62522 R. 5738
40 . 951027 1.O03R4]  2.85575° 3. 80766 R| 5. 71150 6. 668341 7.61533] R. 56724

8.

’)(!I L5006 1.900320 2.K5190. 3. 80265! 4. 75332 5. 70300} 6. 05465 7.60332; 8. 55508
i i .
13 0(): L94040]  1.RO8R0O; 2. 84820| 3.79759) . 74698 5.00038) 6.04577] 7.50516] . 54450
10, 91811 1. 80023 2.84434. 3.79245) .74050" 5. ORROR) 6. 63670] 7. 58491 8. 53302
! 5. BROSK| 6. 62770} 7. 57152! K. 52133

30; 94350 1891011 2.R36511 3.78201
40| 917 1 RSKR35 2.83252  3.77069,
LBy LD42830  1.NR506  2.828400 3.77132

14 000 04147} 1.RN2DN|  2.82442!  3.706580
100 .94010]  1.88020{ 2.82030: 3. 76040
20, 93871 1.&7742 2.81013 3.75484
30( 937311 1.87462) 2.811927 3.74923
40| 93589 187178 2.80767 3.74350
50T L 03446] 1. 80892] 2.80338' 4.737¢4

15 00 93801 1.83602) 2. 70903] 3. 73204 -
1? 00| . 02402| 1.848050 2.77208: 3.09610
1

727517 5.87301) 1. BIRG2] 7. 50402 K. 50052

LT2087  5.60505! 6. G1022] 7. 55330, R 40757

3. ARG48

8

8

8

8

LT1415 5. 056081 6. HODRL| 7.54204]
- 648841 6. 5ON31] 7. 53170] K. 47326

3

&,

8

8

w

70736
. 70050
. 69355
. BR054:

b=

. 640601 6. 58070 7. 520801 K. 46000
. 63220 6. 57007, 7. 50908] 8. 44840
. B2385| 6. 501151 7. 49840) R, 43578
-67945 5.61544| 6. 55123] 7.48712] &, 42302
.07229i GOGT75; 6. 54121 7. 47607| 8. 41013

4
4
4
4
4
4
4
4
200 .946K2| 1.89304]| 2 84045 3. 78728 4. 73407,
4
4
4
4
4
4
4
4
4 7.
L6A5035 5. 508061 6. 53107} 7. 46408] 8. 39710
7.
7.

Grnsien

1
4.062011 5. 54414 6. 40R16( 7. 392i%] K. 31620
001 . OL4562( 1.B2OO4E 2.74355,  3.66800| 4. 57258, 5. 48710 6. 401611 7. 316131 K. 23005
1800 90451 1. 80902[ 2.71352) 3.61803( 4. 522531 5. 42704] 6.33154| 7, 23605 K. 14056
4
4

19 000 . x0400] 1. 7RS00F  2.68201| 3. 57600 4. 47001 6. 30402 6. 25802| 7.15203| R. 04603
20 00| .88302] 1.70604 2.64900] 3.53208| 4. 41510] 5. 20812| 6. 1K114] 7.06416| 7.94718
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TanLe 1.—Table showing the height in feet corresponding to a given angle
of elevation and a given distance in meters.'

Meters. 300 400 500 w0 700 800 i 900’ | 1,000 | 1,100
Angle. |
¢ ' Fed. Feet. Feet. Feet. | Fect. | Feel, | Feet, | Fect. | Feel.
01, 0.3 0.4 0.6 0.6 0.% 0.9 1.0 1.2 1.3
2 .6 .8 1.0 1.2 1.5 1.7 1.9 2.1 2.4
3" .90 1.2 1.5 1.8 2.2 2.5 2.8 3.1 3.4
4! 1.2 1.5 2.0 2.4 2.8 3.2 3.0 4.1 4.5
5 } 1.5 1.9 2.4 2.9 3.5 4.0 4.5 5.0 5.5
06l 18 2.3 200 35| 42| 48| 53] 590 6.6
7 2.1 2.7 3.4 4.1 4.8 5.5 6.2 6.9 7.6
8 | 2.4 31 3.9 4.0 5.5 6.3 7.1 7.9 8.7
9 2.7 3.5 4.4 5.2 5.2 7.0 7.9 8.8 9.7
10 2.9 3.8 4.9 5.8 6.8 7.8 8.8 9.8 10.8
on ‘ 3.2 4.2 5.3 0.4 7.5 .0 0.6 10.7 L8
12 3.5 4.0 5.8 6.9 8.2 0.3 10.5| 1L7 12.9
13 3.8 5.0 6.3 7.5 8.8 10.1 11.4 12.6 13.9
14 4.1 5.4 6.8 8.1 0.5 100 12.2] 138 15.0
15 4.4 5.7 7.2 86 10.2] 11.6] 13.1] 14.5 16.0
016} 4.7 6.1 7.7 9.2l 18| 124| 1391 155 17.1
17 ; 4.9 6.5 8.2 9.8 1LS| 13.1] 14.8| 165 18,1
1% 5.2 6.0 x| 10.4] 122] 139| 157l 17.4 19.2
19 \ 5.5 7.3 9.1 109! 128} 4.7 16.5| 18.4 20.2
20 ] 5.8 7.7 9.6 115 | 13,5 154 1747 193 21.3
02! 6.1 8.0 0.1 121( 4.2{ 102/ 182° 20.3 22.3
22 | 6.4 8.4 0.6] 126 1490} 1720} 19.1; 212 23.4
23 | 6.7 8.8 1.1 2| 155l 17l Wwor 2.2 24.4
24 6.9 9.2 1.5 1 182 185 208 231 25.5
25 7.2 9.6 12.0 14.4 1 16,9 19.3 21.7 ’ 24,1 20.5
o' 7.5 9.9 125 14.9] 1.5 20,0 2251 250 27.6
27 . 7.8 10,3 1B3.0] 155 182] 2008] 234 260 28,0
28 8.1 10.7 13.4] 161 Ko} 2.5 242 { 26.0 20.7
2 R4 1n.1 130 167 ws| 23| 251, 219 30.7
30 8.7 11.5 4| 12| 2002 B wo| 2x 318
040 1L5 15.3 9.2 229 20.0] 30.7[ 346 | 334 42.3
5 14.4 1.1 23.9 28.7 33.5 38.3 43.2 47.0 52.7
1000 17.2 22.9 9R.71 a4 40.2] 480 57! 5L5 63.3
110 2.1 26.7 3.5 40,10 469 | 63.0( 60.3 { 67.0 4.8
120 23.0 30.5 3| 4580 83.6| 61.2| 9.0 76.0 84.2
130 25.8 34.4 0| ste] e0.3f eeol| 7.7, Re 4.7
1 40 28.7 38,2 7R 573 BB 70.6 | K. | 95.6 | 105.2
150 3.6 42.0 s | 6301 THe[ se2| o490 105.2| 157
2 M 34.4 45.8 67.4 8.0 80 02 103 l 15 126
2 30 43.0 67.3 7170 86,0 100 115 120 1 144 158
360 516 68, % #6.2 | 103.2] 120 1R | 156 | 172 190
330 0.2 B0.4 | 100.5 1 120.5 141 161 181 201 | 221
490 i 08.9 01.8 | 1148 137.7 ] 101 184 207 | 230 | 233

should not bo used for angles of dopression.

I Curvature and refraction taken into nccount for angles of elevation.  Thix tablo
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TasLE I.—Table showing the height in feet corresponding to « given angle
of elevation and a given distance in meters—Continued.

|
Meters.| 1,200 1,300 1,400 1,500 | 1,600 1,700 1,800 1,000 | 2,000
Angle. .
° 7| Fec. Feet. Feel. Feet. | Feet. | Fect. | Feet. | Feet. : Fecl.
01 L6 1.7 1.8 2.0 2.2 2.3 2.5 2,71 2.8
2 2.6 2.9 3.1 3.4 3.7 3.9 4.2 4.5 | 4.7
3 3.8 4.2 4.4 4.8 5.3 5.6 5.9 6.3 0.6
4 4.9 5.4 5.8 6.8 6.8 7.2 7.6 8.1, 8.6
5 6.1 0.6 7.1 7.7 8.3 8.8 9.4 9.9 10.5
08 7.2 7.9 8.5 9.1 9.8 10.4 11.1 11.7 12.4
7 8.4 9.1 9.8 10.6 | 11.4 12.1 12.8 13.5 14.3
8 9.5 10,4 11.1 120 0 12,9 13.7 14.5 15.3 16.2
9 10.7 11.68 ; 12.5 13.4 14.4 15.3 16.2 17.2 18.1
10 11.8 12.8 13.8 14.9 15.9 16.9 17.9 19.0 20.0
011 13.0 14.1 15.1 16.3 17.5 " 18.8 18.7 20.8 ° 21.9
12 14.1 15.3 16.5 17.7 16.0 20.2 21.4 22.6 | 23.8
13 15.2 18.6 17.8 19.2 . 20,5 21.8 2.1 24.4 ! 25.7
14 16.4 17.8 19.1 2.6 22.0 2.4 24.8 26,2 27.6
15 17.5 19.0 2.5 220, 2.6 25.0 20.5 28.0 2.5
016 18.7 20.3 21.8 23.5 25.1 26.7 28.2 31. 4
17 19.8 21.5 23.1 24.9 20.0 28.3 30.0 33.4
18 21.0 22.8 4.5 26.3 28.2 29.0 31.7 35.3
19 22.1 24.0 25.8 27.9 29.7 31.5 33.4 37.2
20 2.3 25.2 27.2 20.2 31.2 33.2 35.1 39.1
G421 4.4 26.5 28.5 30.8 32.7 34.8 36.8 38.9 41.0
22 25.5 27.7 20.8 32.0 34.8 36.4 38.5 40.7 42.9
23 26.7 29.0 31.2 33.5 ' 35.8 38.0 40.3 42.5 44.8
24 27.8 30.2 32.5 34,0, 37.3 39.6 42.0 44.3 40.7
25 29.0 31.4 . 33.8 3.3 38.8 41.3 43.7 46.2 48.0
028 30.1 32.7 35.2 37.8 40.4 42.9 45.4 48.0 5.5
27 31.3 33.9 36.5 39.2 41.9 4.5 47.1 49.8 52.4
28 32.4 35.2 37.%8 40.6 43.4 406.1 48.8 51.0 54.3
20 33.6 30.4 30.2 42,1 45.0 47.8 50.6 63.4 56,2
30 .7 37.0 40,5 43.5 46.5 49. 4 52.3 55.2 55.2
0 40 46.1 50.0 53.9 57.8 61.7 5.6 09.4 73.3 77.3
b 57.6 62.4 67.2 72.1 77.0 81.8 80, ¢ 1.5 90.3
100 9.0 74.8 80.60 804, 4 92,3 98.0 | 104 110 115
110 %0.5 87.2 93.9 100.7 107.5 114.3 121 128 134
120 1.9 9.0 107.3 115.1 123 131 138 146 154
130 103.4 112,0 120.7 ] 130 138 147 155 164 173
140 115 124 134 144 153 163 173 182 192
1 50 126 137 147 158 169 179 190 200 211
2 00 138 149 161 172 184 195 207 218 230
2 30 172 180 201 215 230 244 picH] 273 287
3 00 207 24 241 259 276 203 310 328 345
330 241 281 281 302 322 342 362 382 402
4 00 276 299 322 345 368 301 414 437 460
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Example of use of table of heights.

[Angleof elevation from point A to point B, distant from cach other 1,756 meters=1° 56'.]

‘ Meters. Feet.
o
150 1,700 | 179.00
150 50 | 5.26
150 i .63
006 | 1,700/ 10.40
000 50 .
0 06 ] 6| o4
o | 105. 62

Point B is 195.62 feet above point A.

Formula for determining heights by a vertical angle and distance.—The
difference of level consists of two parts—that which arises from the
angle of elevation above the horizontal plane of the station and that
which is due to the curvature of the earth. The former depends
upon the angle and distance, the latter upon the distance and the
carth’s radius. If a’ be the angle of elevation in minutes of arc, d the
distance, h the height, then, as the tangent of 1/ is , 43w, we have for
the first part h=yjya’d, if & and d are both expressed in the same
units of length, but if d is expressed in meters and 4 in feet, one meter
being 3.28 feet, we get h=rg45a’d. For tho fraction yg4y we may
conveniently and with suflicient acecuracy put yyy5 less 4y of vy, and
thus find the rule: Multiply the distance in meters by the number of minutes
of are, point off the thousandth part, and subtract the twenticth part of the
number thus obtained. This will give the first portion of difference of
height, whether elevation or depression.

The second term, depending on the curvature, varies as the square
of the distance, and amounts to 0.22 foot in 1,000 meters, including the
effect of ordinary refraction. As with the instruments under con-
sideration extreme accuracy is not attainable, it is plain that for dis-
tances under 1,000 meters this term may be neglected. When the
distance is greater, we have the following rule: Take the thousandth
part of the distance in meters, squarc the same, having regard to the first
decimal figure, and multiply by 0.22. This term is always positive.
If the first term be an elevation, it is increased; if a depression, it is
diminished by the second term.

Ezample.—Distance=>5,500 meters; angle of elevation, 36”.

rénod Xa' = 198.000 ydood - 5.5
subtract & 9.9 square =302
— multiply by 0.22

first term  188.1 —
second term 6.0 second torm 6.84

sum 104.7=diflorenceo of elovation in feet.
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TaBLE 11.—Table showing the height, in meters, corresponding to given

angles of elevation and distances in meters.}

[Curvature and refraction taken into account.]

| ! : ! ! ] |
100 | 200 | 300 400 500 600 700 800 | 800 I 1,000| 1,100 7 1,200 ' 1,300
3 1, '

., - . | ‘ [

0 110,03 0.06 0.09; 0.13] 0,16 0.20, 0.24] 0.28 0.32; 0. 36! 0.4()‘ 0.45! .49
2 Lo8[ .12 .18 .24 .31 ,37[ .44 .51[ .58 . 05 .72 L RT
3 08 IR 27 . 36 45, .55 .64 .74 .84 94 1.4 1.4 1.2
4 .12 36 .48 0 .72 . 85 07, L1100 1,230 1.36 1.39 1.43
S .15 29, 44 .59 7 .90, 1.05) 1.21) 1.36] 1.62 1.08’] 1.84) 2.00

a6 L1810 .35 53 0 .88 .07 1,260 1,44 1.62] 1.8 2.00 2,10 238

7 .20 .41 .62 82 1.04] 1.24 1.46] 1.67] 1.%9; 2.10] 2.32 2.44] 2.76
8 .23 47] L70 94 1.18] 1.42 1.66f 1.00( 2.16] 2.301 2.64, 2.8 3.14
9 .26 b3 .79 106 1.33) 1.59, 1.87 2.14] 2.4]| 2.68 2.960 3.24] 3.52
10 29 .5 JR8) 1,18 1.47 1.77 2.07] 2.37  2.68) 2.98 3.28° 3.59; 3.00

011 .32 .64 97) 1.20) 1.02] 1.04, 2.27] 2.60] 2.03 3.27 3.60 3.74 4.27
12 ca5l 70l 1,050 1,41 176 2,12 2.48) 2.8 3200 3.56) 3,02, 4,20 4.65
13 L35 .76/ 1.14] 1.52] 1.91f 2,20 2,68 .{.07| 3.400 3.8 4.24° 4,63 5H.03
!l .4l k2] 1.2 1.e4] 2,05 2,47 2.x8] 3.30°0 3,720 4.14] 4.56 4,080 5.41
15 L44] skl 1320 1.76) 2.20] 2,64 3.08 3.530 3.9% 4.43) 4.88 5,33 5.78

!
!

016 .47 .93 1 3.20] 3.77| 4.24) 4.72] 5.200 5.6% 6.16
17 500 L0090 1 3.49) 3.00] 4.500 5,011 5.562 037 6.54
18 .52 1.05 1 3.50] 4.23 4.77) 5.3y H.oN4 6.38‘ 0,92
19 .65 111 1 3.90| 4.460 5,03 5,50 6.16. 6,63 7.30
20 A8 L1 411 4.707 5.200 S.%8) O.48  T.0R 7.68

021 61 1.23 1. 1,31 4.93] 5£.55 6,171 6.80 7.43 K.03
22 64] 1.28, 1. 4.5l 65.16] 5,81 6,471 7.12  7.78 K.43
24 67 1.34; 2. 4,72 5.401 6,08 6,76 7.44! 8.12] K.81
24 70| 1.400 2,10 4.92| 5.63] 6.34] 7.0 7.70; R.47 919
25 73] 1.46] 2.19] 5,120 5,88 6.60] 7.34] B.08 8.82] 0.57

020 | .7 1.52 2.28 5,33 6.09 6.860 7.63 R.400 9.171 0.94
2 700 1,570 2.34) ﬂ..’siill 6,330 7.120 7.021 R.720 9.52] 10.32
28 82| 1.63 2‘45| 5,74 6.56] 7.3% K.211 9,04 9.87 10.70
29 4] 1.69, 2.54 3.38 4. . 5,040 6.79( 7.050 850 9.36° 10.22] 11.08
30 &7 1.75‘ 2.62 . . 5260 6,14 7.02] 7.91 R.79] 0.68 10,57 11.46

040 ] 1.18) 2.33 3. &.18  9.35 10,53 11.70] 12.88) 14,06 15.24
50 | 1.45) 2.91, 4.: 10,22 11.68] 13,14 14,620 16.08 17,565 19.02

1001} 1.75) 3.49. 5. 12.25; 14,01 15.76\ 17,52 19.%‘ 21.04) 22.81

1 10| 2.04] 4.08, 6. 14.20° 16.33] 15,38, 20, 43) 22,48 24,53 26.59

120 2.33) 4.66, 6. 16.33] 18,600 21,001 23.34! ’25.(\&! 28,03} 30.37

i

130 ¢ 2.62 5.24| 7. 1K.36° 20,00 23.62! 206.20] 28.88. 31,52, 34.16

1 40 | 2.91| 5.82, &, 20400 23.32] 20.24° 29,16} 32.09; 3:’).01] 37.04

1 50! 3.20| 6. 40] 9.61: 12, . . 22.44) 25,65 2% 86| 32,08 35.20. 38.5H1, 41.72

200; 3.49 0.99| 10.48) 13. | . B 24,48 27.081 31.4%] 34.09| 38.491 42.00| 45.60

230 [ 4.37 8.74' 13,11 17.28 21,85 26.22) 30,60, 34.07) 39.35 43.78) 48.11! 52.49. 56.87

300 | 5.24{10.48 15.73| 20.97| 26. 22| 31.47 3('».72| 41,97 47.22) 52.47| 57.73 €2.99( 68.24

3 30§ 6.12;12. Zil 1K.300 24. 48| 30.060| 36.72| 42.85 44.97] 65.10; 61,23} 67,361 73.4% 70.63

400 u.wilrs.og m).ﬂxi 27.08] 34.98| 41.98| 4% U8 55.98) 62.90 69, 99| 77.00 x4.()1‘ 91,02

' : J :
1 Curvaturo and refraction taken into account for angles of clovation, This table

should not he used for angles of depression.
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TaBLe I1.—Table showing the height, in meters, corresponding to given
angles of elevation and distances in meters—Continued.

1,400 ' 1,500 | 1,600 | 1,700 | 1,80 | 1,900 ; 2,000 2,100|I2,2on 2,300 | 2,400 | 2,500

o+
0 1| 054 0.50 0.64 060 0.74 0.80 0.85 0.00{ 0.9 1.02 L.08 1.14
2 950 102l 110 118 1.28| 1.35 1.43| 1.52| 160 1.60] 1.78 1.87
3] 135 148 157 108 179 190 201 213 2.24| 2:36 2,48 260
4 L76 Lon 203 217 231 245 250 2.74 2.8 3.03 318 3.3
5| 217 2 2500 267 2.88| 3.00 3.18 3.35 352 370 3.88 405

1
o8| 250 277 208 310 235 3.5 3.70 3.00 4.16| 4.37 4.57 4.7
71 208 320 3.43| 3.660 3.8 411 431 457 480 508 527! 5 51
8| 3390 3.64 3.50 4.15 4.5 4.66! 4.02 518 b5.44| 570 597 6.2
91 380 40v 430 404 493 52 550 59 608 637 607 0.0
10| 4.200 451 4.82 65.14] 5. 45 5.77i 6.08 6.40 6.72| 7.04 7.36! 7.60
I
011 4.6l 495 5.2 5063 598 0.32 6.67 7.0U 7.30 7.71 8.0 8 42
127 6502 5.39 56.76] 6.13 6.50 6.87| 7.25/ 7.62] 8.00 838 876 9.14
13| 642 5.82 6.22| 6.62 7.02) 7.43| 7.83| 824 864 005 0.46 0 87
14| 5.8 6.20] 6.69| 7.12| 7.85 7.08] 8.41 8.85 9.28 9.72 10.16 10.60
15| 6.24 6.70 7.15 7.62 807 8.53 899 9.46| 9.92 10.30 1080/ 11,32
1
016| 0.65 713 7.62 &.11] 8 59 9.ox! 9.58) 10 07] 10.50] 11.06 11.55] 12 05
17| 7.05| 7.56] 8.08) 860 9.12 0.64 10 16| 10 68| 11.20] 11.73 12,25 12.78
18| 7.46| 8.00] 853 0.00' 9.64| 10.19' 10.74| 11.20| 11.84] 12. 40 12. 95| 13. 51
lo| 7.871 844 9.0 9.59 10.10( 10.74' 11.32| 1100 12 43 13'06, 13.65] 14.23
20, 8280 888 0.48 10.08! 10.69) 11.30l 11.00] 12.51| 13.12] 13.73' 14.35] 14.96
| :

o2t 868 9.3 9.01 1058 10.21) 1085 12,48 13,12 13 76| 14.40; 15.04] 15 69
22| 9.09 0.75 10.410 11.07 11.74 12.40| 13.07 13.73 14.40| 15.07] 15.74: 16.42
23 0.60 10.10/ 10.88 11.57 12.20| 12.95 13.05 14.34] 15.04| 1574 16 44 17.14
241 00| 10.62{ 11.34] 12.06] 12,78 13.51' 14.23 1408 15,68 16.41, 17. 14| 17.87
25| 1031 1105 1L 12,66 13.31) 14.00! 14.81) 16.57| 16.32] 17.08! 17.84] 18,60
026 10.72) 10500 12.27] 13.05 13.%3 14.61| 15.30 16.18 16 06{ 17.75 18,54 19.32
27| 1113 1103 1274 13.55 14.35 15.16 15.08 16.70] 17.60| 1x.42| 10. 23| 20. G5
26| 10530 12,37 13.20] 14.0% 14 k8l 15.72| 16.50] 17. 40 1824 19.00] 19. 93, 20,75

20 | 194 12,80 13.67| 14.53 15.40| 16.27| 17. 14| 18.01] 18. &4/ 19. 761 20.63i 21. 51
30 ° 12,350 13.24] 14.13] 15.03; 15.92} 16.82| 17.72! 18.62 19. 52 20.42| 21.33 22.23

0 40 | 10.42) 17.00) 18.79| 10.07| 21.16| 22.35 23 54| 24.73| 25 R2| 27.12¢ 28.31{ 29. 50

50 20.4Y 21.97| 23.44| 24.92 20.40| 27.88| 29. 36| 30. 84| 32.32; 33.811 35.20| 36. 78

100 24.57) 20.33( 28.10/ 290.87) 31.64 33.41f 35.18; 36.95| 38. 72! 40.50° 42.28) 44.08

1101 28.84] 30.70; 32.75| 34.K1| 30.%7| 38.94; 41.00| 43.06| 45 13" 47.191 40.26] 51.33

120 32.72) 35.06| 37.41) 39.76; 42.10| 44.40. 40.82| 49.17| 51. 53, 53.89. 560.25) 58.61
| :

130, 30.78 30.43 42.07] 44,71 47.35 49. 94| 52.64| 55.28| 57. 93, 60. .")8‘ 63. 23| 05, 88
140 | 40.87| 43.80| 46.73) 40.00| 52.50; 55.52| 58. 46| 61.40( 04.34. 67. 28! 70.22 73. 16
150 | 44.04 4816 51.38) 54.61| 57.83) 61.06( 04. 28] 67.51) 70. 74! 73.97) 77. 21 80. 44
200 40.02 52.53) 50.04f 59.50) 63.07| 66.50| 70. 10| 73.63} 77.15' 80.67| 84.20| 87.72

230 | 61.20| G5.04| 70.03] 74.42| 78 81| 83.20| 87.50] 91. 08| 96. SR!I(K). 78 105.171109. 67
300 | 73.51| 78.76( 84.02 80.20| 04. 55| 99. 82(105. 10,110. 36/115. 62,120. 80:120. 16'131. 44
330 85.76] 91.801 B8 (3] 104. 15140 31110, 45[122. 50,128, 74|134. RX 141. ()liil47. 1K 153. 8
| 98.03] 105. 04 112.06] 117.07]120. 09[133. 10{140. 121147 14|154. lSIl(}l. 10|168. 21‘]70. 2

Hlustration 49 is a diagram showing the method of constructing a
scale for taking off the heights corresponding to & given angle and
distance. '

98Y0Y°--22——6
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MANUAL.

TaBLe III.—Factors for computing differences in elevation.

{To obtain the difference in elevation in feet multiply the horizontal distance in meters

by the factor in this table corresponding to the observed angle of clevation or dopros-
The factors are glven for each 10 minutes, but the value for the neurest minute
may be interpolated, using the column of differences for 1 minute. The result is still
to he corrected where necessary for the effect of curvature and refraction.]

sion.

|
|
Augle. o 20’ 30 40 50

|
0] 0.0000| 0.0005| 0.0191] 0.028
1] 00573 0.066% | 0.0761 | 0.0859 !
20 01148 | 0.1241 | 0.1337 | 0.1432 :
3| 01719 | O0.1R15, 0.191t | 0.2007 i
4] 0.2204| 0.2300| 0.248 | 0.2582
51 0.2870 | 0.2057 | 0.353 ] 0.3159
6| 0.3314%| 0.3535 | 0.3641 [ 0.3738
7] 0.402¢| 0.4125 ] 0.4222 | 0.4319
& 0.4611 | 0.470% |  0.4%06 | 0.4903
9| 0.5193] 0.5204 | 0.5302 0.5190
10| 0.57%5 | 0.5%84 | 0.59%2 |  0.G6081
1| 0.6377° 0.6476 | 0.8576 | 0.06875
12| 0.6974 " 0.7073{ 0.7173 | 0.7273
13| 07574 07675 - 0.7776 | 071877
11 O.8180 © (LK2R2 ; 0.K3X3 Q. R485 .
151 0.8791 . 0.8%03 | 0.599% [ 0.9099 0. 9304
16| 0.9408 - 0.9511 - 0.0615| 0.9718 0. 9926
17 10031 L0135  1.0240 | 1.0344 10555
I8 [ LOs60 L0766 1.ON72 | 1.097H 1. 1190
191 11207 L1404 | LISIE | LIGIK 1. 1833
20 | 11941 - 12050 ' L2158 | 1.2266 1.2485
21 L2594 | 12704 1281 1. 2924 1.3144
220 L3285 L3367 1.347% | 1.3590 1.3%14
23] .1.3026 | 1.4039 14152 | 14260 1. 4493
241 L4607 14722 LK | 1.4952 1. 5153
25| 1.5209 | LAI5| 15532 | 1.5649 1. 5881
26° L6002 | 16120 | 1.6239 | 1.635% 1.6597
27 167170 1.6X37 [  1.695 1.7079 1.7322
28 | 174441 L7A6T| 1.7690 | 17814 1. %031
20| LRISG . LR3I | 1436  LR562 1. 8815
300 K42 | LO069 | 1.9197 | 1.9326 1. 9584
31 19713 | L9%43 | 19974 | 2.0105 2. 0368
321 200501 2,038 20767| 20001 2. 1171
33| 21306 2.1442( 21578 | 21715 2.1991
34| 22180 22260 | 2,2408 |  2.2548 2. 2831
35| 22073 | 23115 | 203268 | 2.3402 2. 3691
36 2.3%37 | 2.30%3 [ 24130 [ 204277 2. 4574
371 24723 | 24ta| 25023 | 25175 2. 5470
8| 2.5683 | 2.5787 | 2.5042 | 2.0007 2.6410
39 20568 | 26720 [ 2.6885 |  2.7045 2.7367
40 275801 27002 | 2786 | 28021 2. %353
41 28520 28088 | 2.RRS7T | 2,002 2. 9368
427 2,051 | 2.9714 | 2.0MRR | 3.0063 3. 0416 |
43 30504 | 307730 3.0853 ) 3.1131 3. 1400 |
44 31083 | 31868 | 3.2054 | 3,2241 3. |

2618

Diffor-

once for
gy I minute
: ¢ (fourth
decimal

place).
0. 0573 | 9.5
0. 1146 2.6
0.1719 9.0
0. 2204 9.6
0. 2870 9.6
0. 345 | 9.6
0. 4028 | 9.7
0. 4611 9.7
0. 5106 9.8
0. H785 9.8
0. 6377 9.9
0. 6974 9.9
0.7574 10.0
0. K180 10.1
0. K791 10.2
Q. 9408 10.3
1. 0031 10. 4
1. 0660 10.5
1. 1297 10.0
1. 1941 10.7
1. 2504 10. 9
1.82585 1.0
1. 3926 11,2
1. 4607 11. 4
1. 5200 | 1.5
1. 6002 1.7
16717 LY
1. 7444 12.1
1, 8186 12. 4
1. 8942 12,6
1. 0713 12.9
2. 0501 13.1
2. 13006 13. 4
2.2130 13.7
2.2973 0
2. 3837 144
2 4723 14.%
2. 5933 15.2
2 B50K 15.6
2. 7530 16.0
2. K20 16. 5
2. 0541 17.0
3. 05014 17.0
3.16%3 %1
3. 280K | 18.%

|
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TasrLe IV.—Corrections for curvature and refraction.

[The correction in foot for the combined effoct of curvature and rotraction is given for
each 100 moters’ distance, the thousands of meters belng given in the column to the left
and the hundreds in the upper line. Tho correction is to be added to the difference of
elovation for anglos of elevation and subtracted for angles of depression, or It is always to be
added to the uncorrected elevation ot the point to boe doterminoed from point of observa-
tion. Example: At a station whoso elevation is 1,000 feot (at tolescope), anglo to sig-
nal=3° elevation, horizontal distance=5,000 meters.  From Tablo I11 factor is 0.1719,
which multiplied by 5,000=850.5 feet. From Table IV correction is5.5 foet.  Correeted
differenco of elevation=859.5-+5.5= K65 feet, which added to 1,000= 1,865 feet for elevatisn
ofsignal.  If tho ahovo angle to signal be 3° dopression, then corrocted ditTerenco of elova-
tions==850.5~5.5= 854 foot, which makes height o signale=1,000-854= 140 fect.]

o |
anee g 100 | 200 300 ! 400 | 500 | 600 ‘ 700 1 B0 | 900 | 1,000

moters | |

| ]

|

Feet, | Feet. | Feet. ' Feet. | IFeet. | Feet. | Feet. | Fect, | Fret. Feel.| Feet.
0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2
Lo0 | .20 .31 .3 ¢ 4 Y TN S S A I 9
2,000 9| rol w1 rez| 3| n4| 5| 16| L7| LO{ 20
3,000 20( 21| 23| 24| 26| 27| 291 30| 32| 34} 85
4,000 3.5| 3.7 391 41| 43| 45| 47| 49| 51} 53| 55
5000 | 55( 5.8 u.o‘ 6.2| 65 67| 7.0[ 7.2 74| 7.7] &0
6,000 | 80| 82| 8&| 88| 01| 94| 97| 10.0{10.2}110.6( 10.9
7,00 10.9] 11.2) 1.5 1.8 1211 12.5] 12.8| 13.1|13.5|13.8] 14.2
%000 | 14.2| 14.5| 140 153 15.6| 16.0| 16.4 | 16.8[17.2|17.6| 180
G000 | 180 184 JSE[ 10.2) 10.6) .04 20.4) 0.8/21.31 2.7 2.2
10,000 | 22,2 22.6] 23.0! 23.5| 24.0| 24.4| 2.0 25.4|25.8}26.3| 2.8
1,000 [ 26.8] 20.3| 27.8: 28.3| 28.8] 20.3 | 20.8| 30.3)30.8(31.47 319
12,000 | Lo | 324 | 33.0 83.5) 31.1| 36.0| 3321 35,7 30.3|36.9| 37.4
13,000 | 87.4| 38.0| 36! 30.2| 39.5| 40.4| 40| 41.0]42.2)428] 444
14,000 | 43.4 |. 44,1 44.7 0 45.3 | 46.0| 46.8| 47.2] 47.0 [ 48.56 | 49.2| 40.5
15,000 | 49.81 50.5| 51.2 5191 52.5| &3.2| 53.0| 64.6855.3|60.0| 56.7
000 | 567 | 57.4 | 58.2| B89 58.6| 00.3| 61.0] 61.8,02.5]63.3] 64.0
17,000 | 64.0| 64.8| 05.6 | 66.3 | 67.1 67.0 1 64.61 60.4,70.2|71.0] 71.8
18,00 [ 708 72.6| 73.4, 42| 7500 TAK| 70.7( 705183701 80.0
10,000 | 80.0| 8.8 | BL7, 8.5 83.4| 8.2 8.1 | 8.0 8.0 | &.7] 880
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TaBLe V.—Factors for computing differences in elevation.

[To obtain the difference in elevation in meters, multiply the horizontal distance in
meters by the factor in this table correspondlng to the observed angle of clevation or
deprossion. The factors are given for each 10 minutes, but tho value of the nearcst

minute may be interpolatol, using the column of differonces for 1 minute.

The result

is still to be corrected where necessary for the effect of curvatiure and refraction.)

Angle.

ORISR WN =D

10

Differ-
ence
for1l

20 30’ 40/ 50 o0 minute
fourth
ecilmal

(place).

0. 0058 0.0087 | 0.0116 | 0.0145 [ 0.0175 29

. 0233 . 0262 . 029 .0320 .0349 2.9

L0407 L0437 . 0166 . 0405 L0524 29

- 0582 L0612 . 0841 . 0870 . 0899 29

L0758 L0787 L0816 . 0848 . 0876 29

. 0034 . 0063 . 0992 .1022 . 1051 29

L1110 . 1139 . 1169 . 1198 L1228 2.9

. 1287 L1317 .1318 1376 . 1405 29

. 1465 . 1495 1524 . 1554 . 15684 3.0

. 16844 .1673 L1703 . 1733 .1763 3.0

. 1823 . 1853 . 1883 .1914 . 1944 3.0

. 2004 . 2035 . 2005 . 2096 .2120 3.0

. 2186 L2217 . 247 2278 . 2309 3.0
. 2370 . 2401 L2432 . 2482 L2403 3.1

. 2555 . 2588 . 20617 . 2048 L2079 3.1

L2742 2973 L2805 1 L2836 . 2807 3.1

<2031 . 2062 . 2904 . 3 . 3057 3.2

L3121 . 3153 3185 .3217 . 3249 3.2

.3314 . 3346 3378 .3411 .3443 3.2

. 3508 .3541 .3574 . 3607 . 3640 3.3

. 3706 .3738 . 3772 . 3805 . 3839 3.3

. 30068 3039 .3073 . 4000 . 4040 33
L4108 L4142 . 4176 . 4210 L4245 3.4

.4314 <4348 . 4383 . 4417 L4452 3.4

.4522 . 4567 . 4592 . 4628 . 4683 3.5

. 4734 .4770 - 4800 . 4841 4877 3.5

. 4950 . 4986 5022 . 5050 . 5005 3.4

. 5169 . 5200 . 5243 . 5280 . 6317 3.7

. 5302 . 5430 . 5467 . 5505 . 5543 3.8

. 5019 . 5668 . 5696 . 5736 .b774 3.8

. 5851 L5800 | .5930 | .5900 | . 3.9

. 6088 .6128 .6188 .8208 .0249 4.0

. 6330 L8371 L0412 . 6453 . 6404 4.1

.8577 .6619 .6601 @ .6703 .0745 4.2

L6830 . 8873 - 6916 . 8959 . 7002 4.3

7089 . 7133 77 L7221 . 7265 4.4
7355 . 7400 . 7445 . 7490 . 7536 4.6

. 7627 L7673 L7720 . 7760 . 7813 4.0

. 7907 L7854 . 8002 . 8050 . 8008 4.7

.8196 . B2A43 . 8202 . 8342 . 8391 4.9

. 8491 . 8541 . 8591 . 8642 . 8693 5.0

. 8796 . 8847 . 8899 . 8952 . 9004 5.2

L9110 . 91063 L9217 L9271 . 9325 54

. 9435 - 9490 L8545 . 601 . 9657 5.6

.9770 . 9827 . 9884 L9942 | 1.0000 5.7




FIELD WORK. 79

TABLE VI.—Corrections for curvature and refraction.

[The correctlon in meters for tho combined cffect of curvature and rofraction {s given
for cach 100 meters distance, tho thousands of metors being given {n the column to the
left and the hundreds in the uppor ling. The corroction is to be added to tho difference
of clevation for angles of elevation and subtracted for angles of depression, or it is always
to bo added to the uncorrected elevation of the point to be determined from point of
observation. Example: At a station whose olevation {s 304.80 meters (at telescope),
angle to signal 3° elovation, horizontal distance 5,000 metors. From Table V factor is
0.0524, which multiplicd by 5,000=262.00. From Table VI correction {s 1.67 moters.
Corrected difference of elovation=262,00+-1.67=203.67 moters, which added to 304.80=
568.47 metors for clevation of signal. If the abovo anglo to signal be 3° depression, then
corrected differenco of olovation 262.00—1.67=+260.33 moters, which makes height of
signale304.80—2060.33= 44.47 meters.]

Dis-
“‘i',‘f" 0 100 | 200 | 300 | 400 | 500 | 600 [ 700 | 800 | 900 | 1000
meters.:

ol 000 0.00/ o. 0.01| 0.01f 0.02| 0.02{ 0.03| 0.040.05| 0.07
1,000, .07 | .08| .10 .11 18| .18 .17 .19 .22| .24| 2
2000 .27 .20| .32 .36 .38| .42| .46| .40} .52| .58| .60
3,000 .60 .64 .68 .73 N .82 .80 .91 .90 | 1.01 1.07
4,000 | 107} L12| L18] L& 1.20] 1,35 1.41 1,471 1.64 (1,60 ] 1.67
5000 1.67| 1.74( 1.80| L.87| 1.94| 2.02( 2.00| 217 | 224|232 240
6,000 | 2.40| 2.48| 2.56 | 2.85| 2,73 | 2.82| 2,01 3.00( 3.00 8,18 3.27
7,000 | 8.27| 3.38| 8.48| 3.55| 8.65| 3.75| 3.85| 3.06 [ 406|418 4.27
8,000 | 4.27 | 4.38 | 4.40| 4.60 | 4.71 4.8 | 4.93| 505| 5.16 | 5.28| 5.40
9,000 540 | 5.52| 6.65| 577 5.80| 6.02| 6.15| 6.28 | 6.41 [ 6.54 [ 6,67
10,000 | 6.67| 6.80) 8.94( 7.08| 7.22| 7.80| 7.60| 7.64| 7.78 | 7.8 | 807
1,000 | 8.07| 8.22| 837 852 | 867 88| 8.98| 0.1/ 0.20 (9.45| 0.61
12, 000 | 9.61 | 9.77 | 9.63110.09110.26 | 10.42 [ 10.59 | 10,78 | 10.92 11,10 | 11,27
13,000 | 11,27 | 11,45 | 11,62 [ 11,80 | 11,98 | 12,16 | 12.34 | 12,52 | 12.71 [12.89 | 13.08
14,000 | 13.08 | 13.20 | 13.45 | 13.64 { 13.83 | 14,03 | 14.22 | 14.42 | 14.01 [14.81 | 15.01
15,000 | 15,01 | 15.21 | 15.41 | 15.62 | 16.82 | 16.03 | 16,24 | 16.44 | 16,05 (16,87 | 17,08
16,000 | 17.08 | 17.80 | 17.61 | 17.73 | 17.05 ( 18.17 | 18.30 | 18.61 | 18.83 [10.05 | 19.28
17,000 | 19.28 | 10.51 | 19.73 | 19.98 | 20.19 | 20.43 | 20.68 | 20.89 | 21.13 [21.37 | 21.61
18,000 | 21.61 ; 21,86 | 22.10 | 22.34 | 22,68 | 22,83 | 23.08 | 28.33 | 23.58 [23.83 | 24.08
10,000 | 24.08 | 24.34 | 24.60 | 24.85 | 25.11 | 25.37 25,63 | 25.89 | 26.15 [26.42 | 20.68

- 1

Comparison of feet and meters.

[1 moter=3.250868 feot.] *

I
Maters. l Feot. |l Meters. Feot.
! |

1 3. 2808 1 0, 3048
2 0. 5617 2 . 6096
3 9. 8425 3 . 8144
4 13, 1233 4 1, 2102
] 16, 4043 ] 1, 5240
(] 19, 6850 ] 1, 8288
7 22, 9658 7 2, 1338
8 28, 2467 8 2. 4384
9 29. 275 9 2,7432
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PLANE TABLE MANUAL.

WORKS AND STRUCTURES

Ganalor Ditch— . - ___ _-_--.{

—————————————

Aqueduat or Waterpjpe. . ........_.

Aqueduct Tunnel. ... ..c.we e e o omme—asssipsssd———

Ganal LoCk (point up SIreAMY « ..o veveavmes cvvemsunssoncesninn {.

M"‘I’d~-"- R e —
GO0 r aimeas meen cov s - msme—————————
Wagon Roads.

Poor or Private_ _ _.._ cestsvensnmtarevensaseaany

On small-scale maps.. ..
Trail Or Path........ o e es wmmemecemmmnsmnce aem =

Railroad of any kind
{or Single Track)

Double Track . . .c.oennc

Juxtaposition of. ..

EICCIrfC oo e ceneae {

Steam Electric
—_—

Railroads

In Wagon Road or Street

Tunnel.-.--._.-..--, P U R S ura s Y T TYZY sananan]

Railroad Station of any kind.._.. ..
Symbol (modified below)y « « + « 1« ¢ 0 o

Along road. ... .... . comup—————

Telegraph Line
Al 80 mecene ——ep———T——T—
(s?nnaﬂlfgcalo maps)
Along trail cmevieneman ey ¥ TV Tow®

Electric Power Transmission Line. ... « = - =

No. 26.—Conventionalsigns.
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WORKS AND STRUCTURES

CONTINUED
Fence of any kind. St
(or board fence)
Stone..... 5o
Fences .. Worm . i i L i
Wiraico - s i ohbn i Barvad con Smootn g
\Hadge ——— m .- () D 1Y DD D Be

General Symbol

Drawbridges (on large-scale
charts leave channel open)

Truss (W Wood: S. Steel). ... ..
Bridges
Foot

Suspension...... R L e

Aroh v s -

Poptoon. ' ., + w——

Ferries .......

General Symbol.......
(or Wagon and Artillery)

Fords { infantry and Gavairy.......

GaVRIY .

Dam e

No. 27.—Conventional signs.
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PLANE TABLE MANTUAL,

WORKS AND STRUCTURES
CONTINUED

Buildings in general . ._ . ... . _{l que %

Ghurah : Beinon i a ke op
Hospital Sl NoP
Schoolhouse... s e A or v N

Post Office o L R T

Telagraph:Offlibe’ 7= - b v b B = S g U

SWaterworks s a0 s Lo e e e

Windmill .. . Al dpiei gl s e R or e

Gity, Town, or Village . . .......... .. {, ' \

City, Town, or Village(generalized). i

Caplial . e i o

Gity, Town, or Village Gounty Seal .-
(small-scale maps)

OUhOr-TOWNS - i e iy o ismmibsaseti s SO

Cemetery.— i ~

Mine or Quarry of any kind (or open -Guf) .. ... a..®
No. 28.—Conventional signs.



FIELD WORK,

WORKS AND STRUCTURES

GONTINUED
Prospeotsciagie ool sl Sl i Bl X
SHAIL, i b e i e e e e B
Mine Tunnel {Openinx-‘-» e e 4
Showing direction.... ... e o~

Oll Wells. oo e 0%%0

0i] Tanks (abbreviation OT). ...

Coke Ovens . . ... ..

DRAINAGE

Streams in general............ -_,-.{

- - -

Intermittent Streams..- -—w------- ---.(._ el

Lake or Pond in general...... .- ceeemmm =ms < @

(with or without tint. waterlining. etc.)

Salt Pond (brokan shoreline if intermittent)

Intermittent Lake or Pond .- e e &\\\“

Spring. .. . s emesieestecmemenicsssomsssceoeiooes g

Falls and Rapids

83



84 PLANE TABLE MANUAL.

DRAINAGE
CONTINUED

Gontours. . . -
(or as below)

Glaciers |/

(LTSRN

\

X7

Form Lines showing flow..« « -

LETTERING

Names of natural land features. vertical lettering
Names of natural water features, slanting lettering

RELIEF

( Shown by contours. form lines. or shading as desired)

! o Form lines, hachures.
Hill:Shapes: 1o oi o e s it stipple.

or other shading

Contour System .. ... — o

Depression Gontours, if otherwise.. ......... W
ambiguous, hachured thus C::::D

Sand Dunes. — . ... e

No. 30.—Conventional signs.



FIELD WORK.,

RELIEF
CONTINVED

Rocky (or use contours).....

Bluffs
ther than rocky (or use contours) ...
Levee
LAND CLASSIFICATION
(Marsh wn general \or Fresh Marsh).\-
Salt
Marsh
Wooded i i N e

Cypress SWamp ... ... e

No. 31.—Conventional signs.
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86 PLANE TABLE MANUAL,

LAND CLASSIFICAT
CONTINUED

ION

Woods of any kind (or as shown below)........ .

Flat.green tint

Woods of any kind (or Broad-Leaved Trees) [ {

Pine (or Narrow-Leaved Trees)..e............,

23 xT2 T
T3 T T

Palm_—.._.

TT L2 107

Palmetto........ : il

Mangrove - i o o L

Bamboo

Syt At
AATER b G
rant ml‘ b iy X
&t }r-* ,; A s
e A )
o .’f—r: AN
L N O G e
PieL At Tt
,**0 xp t #'r'

No. 32,—Conventional signs.



FIELD WORK,

LAND CLASSIFICATION
CONTINUED

o ey
a
D?A (&, a ab>

Cacfys= 'L St Bom 4 y& /9
o %o
) o &Y o
% o Fo 2
e T g
: ;(-{‘ :¥ *:*:
Banana.... $ig ot
£ oy
4

<

Orchard &
; ()

L)

TR RO S L PR T
s
1 72 AR
Grass!and iN eNOTal.— ... e e wo e
oWy, Wik a2
it G S e
B W “'".-u. R
Wy “"'., A '..n. ey
MWe o W o W
Wy e WY
Wz,
Tall Tropical Grass e G
W, \/
7 Uy N\/78 S
W Nz,
B % '.\"' D1 T
Wy M N

Gultivated Fields in general............... 558

Cotton.

No. 33.—Conventional signs
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PLANE TABLE MANUAL.

LAND CLASSIFICATION

CONTINUED

Rige.....
P S G O B S Y
# b '”M;M.w
UL L

Sugay Cane UL M'M’f% A
H**’M"*M**ﬂﬂ #
gttt
T himeisy
b 1 ¢ T

Gorn.. YTl oo

Y
Teigoafiog
T Tyl e
BOUNDARIES,
MARKS, AND MONUMENTS

National, State, or Province Line. il

Gounty Line. it

Civil Township, District,............. e il o RN

Precinct, or Barrio
Reservation Line

Land-Grant Line..

City, Village, or Borough. ... . e i

Comeatery, SmalliPark. 010 s v i iSistiescss e

Lines (any one for township:line alone, any "

Township, Section, and Quarter Sestion
two for township and seétion lines)

Township and Section Gorners chovered»_..,._-.i._. ,-L

No. 34,—Conventional signs.
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BOUNDARIES,
MARKS, AND MONUMENTS
CONTINVED

Triangulation Station.........

s —————————" S - oo . ®weme

Bench mark

P R e B M
1252

U S. Mineral Monument

HYDROGRAPHY, DANGERS. OBSTR'UCT'IAONS

. ; Surveyed... e e
Shorelines {
unsurveved..... .

Tidal f'lats of any kind
(or as shown below)

Rocky Ledges............|

Shores and

S Sandss: v
Low-Water Lines

Gravel and Rocks.. ...

Mud.......

No. 35.—Conventionalsigns.
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PLANE TABLE MANTUAL,

HYDROGRAPHY.DANGERS, OBSTRUCTIONS

CONTINUED

Goral Reefs &

Kelp [ f% I

Eel Grass.... : B

Rock under water.

Rock awash (at any stage of the tide). ...

Rock whose position is doubtful.... .. . v v

Rock whose existence is doubtfiul.. i

Overfalls and Tide RIipS........ e, e

Limiting Danger Line....................

Whirlpools and Eddies

Wreck of any kind (or Submergea Derelict). ... ......

Wreck or Derelict not submerged. ... ..

Gable (with or without lettering)... ......ow. = = == == ===
Gurrent, not tidal, velocity 2 knots. ..

Flood, 1AKPOlS i i

Ebb, 1 knot. ..

Tidal Gurrents

1 kn
Flood, Bd-ROUL. .. i et OT it
Ebb, 3d hour b PR v O N A T

.50 80

No bottom at 60 Fathoms ...

No. 36.—~Conventional signs.




FIELD WORK.
HYDROGRAPHY DANGERS.OBSTRUCTIONS
CONTINUED

Depth Gurves
1 Fathom or 6 Foot Line. ... ...

© Fathom or 12 FOOt LiN®. ... e e i vmiaie
3 Fathom or 18 FOOt LiNG. . ... e eeecaes cee cas o man ove i tee e e e

4 Fathom Line.. S s e o ae et e
QY Fathom LING. oo m o
& Fathorh Line
6 Fathom Line con meo com eun mam
10 Fathom Line B e —————— _
Q0 Fathom LING. .o e i e s

B0 Fathom LiD@.......oooovocs w0 i o m vn
40 Fathom Une, e e i s e om
80 FAhOM LINO...... oo e e vt s memrisremsntom
100 Fathom LiNe. .. .......oee ot eienmeeepmnnsenanaas
900 Fathom Lin@. ... oo o ee e e am me o e
300 Fathom Line.... ... oo e aom = om s maw
500 Fathom Line....... ... ... v e cmmen vmme-
1000 Fathom Line. ... ... . ....... o o\ o e i e
000 FathomlLine. .. . . ... .. .. ;e ;e
3000 Fathom Line..." ... ......... . .

Abbreviations relating to Bottoms

M. mud, S. sand, G. gravel, Sh. shells, P pebbles. S,

C!. olay. St. sténes. Co. coral. Oz. ooze, bk. black, wh. whl‘t’o ’m.

yI yellow. gy. gray, bu. blue, dk. dark, it. lleht. &n. green, br brown,
rd, hard, aft. soft, fne. fine, crs. qoarse, [ sticky

srk brglmni qut laru’; omlk’aolgn,l{ a’(’! ctl//. oal. oﬁ:mous deo,

ecayed, rot. roften, spk.apec y. flinty, gty. gritt

atr streaky, vol.voloanfo. gty. gritty. grd ground.

No. 37.--Conventioual signs.

98909°—22——7
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PLANE TABLE MANTUAL.

AIDS TO NAVIGATION. ETC.

et s caigion 2
Light of any kind (or Lighthouse)_ e el
Lighthouse, on small scale ohart. .
Light Vessel of 8ny Kind.....—— ... ey
Light Vessels showing number of masts .__.__. e B2
Light with Wireless — e
Light Vessel with Wireless........ ... ... .o .. @

Light with Submarine Bell e ¥ e
Light Vesse] with Submarine Bell . . &

Light with Submarine Bell and Wireless_.,‘.__,__@ ®
s
Light Vessel with Submarine Bell and Wireless._. . @

Lighted. . . I -2 - o

Beacons {

Not lightéde— oo . . Bna A 2L I XT

Sectors, shown by dotted lines

Abbreviations relating to Lights

R. Jixed, Fig. flashing, F1. flash, F18. flashes. Sec. sector, Rev. revolv.
ing. B. alectric, W. white, R. red, V. varied by, Grp. group, Occ,
occulting, Int. Inlermitient Alt. alternating. m. miles, min. minutes,
soc, seconds

No. 38.—Conventional signs.



FIELD WORK,

AIDS TO NAVIGATION, ETC

CONTINUED
(8uoy of any kind (or Red Buoy). . _I — Q
Blok_...... . A |
Striped horizontally .. .. . ... . .. 9
Stripsd vertically ... ...ce .\« it e e s ?
Checkered ... .. . . - ?
Buoys .
Porch and SQUATE. ... ... v e s § ; § §
Parch and.Ball .. ... . e e e et i é §§ §
Whistiing \or use first four Symbols. ... .. ... 99? ?
with word " whistling '') .
Ball tor use first four symbols with I § .. 0. 6
word ' bell*")
LIGMEOA ... oo e i e e 3§
Spindie or Stake (add word " spindle... .. ... ..oeuenn b
if space allows)

Abbreviations relating to Buoys

G can, N. nun, S. spar. H. S. horizontal stripas, B. black. R. red,
W white V. S, vertical stripes, Q. green. Y. yellow, Gh. aheckered.

Of any kind (or for large vessels) .. ............ %
Anchorage :

For small vessels.... . . ... .c..ov e ...._..'t
Mooring Buoy . . . .. e e e e @
Range or Track Line ... . corm wommmmm mocmme - -

No. 30.—Conventional signs.
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- ABCDEFGHIJKLMNOPQRSTUVWXY.Z&

~ ABCDEFGHIJKLMNOPQRSTUVWXYZS..

abcdefghikimnopgrstuvwxyz

abcdefghiklmnopgrstuvwxyz

1234567890 12345671890.

No. 40.—Standard lettering for C. & G. 8. field sheets.

-6

MIVANVIL TTaVL INVId



e r R, % Kk Y e R

kKK ok F 5t x H
Tk SRR s
£

ek

62

e ©

€ o

S T

No. 42.—Sparsely settled town, salt marsh, pine woo

7
Wy
Yl




C.& 6.5 Print ~Al76

canal, iron bridges, etc.

Ralilroads,

No. 43—



*ava,
Ui,

’/////lnvr,,, 7
» )

-
|
|
/

/ o 5 5\.' \

o
5

C.&G.8 Print=Al17

No, 44 —Eroded drift banks with bowlders set free.



C.&6.8 Print ~A118

No. 45.—Blocking of cities

etc.






AB.CDEF. GHLIKLMNOPQRSTUVWXYZ &

ABCDEEGHIJKLMNOPQRSTUVWXYZ &..

abcdefghijklmnopgrstuvwayzs

abcdefghijklmnopqrstuvwxyz

1234567890 1234567890

No. 41.—Standard lettering for C. & G. S. charts.

‘TIOM dTAIX

96
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as®

A 48 st 33 60

PLANE TABLE MANUAL.,

30°

a°

o°

3

Slope MP:F ‘on lL :o,;‘lll'é!olgz;;l: :oe ;‘Su o‘;zcl:i‘g:: ié?f’lf{.ful:féf.

HeightoBanes * '\ pect.) (infoer) | (inmeters)
g 110 57 57 29 n45 8 349 .1
2 11029 28 64 572 8 174. 86
3 119 19 08 381 G N6.3
& 1twl4 14 30 286 O 87 1
4 ltoll n 43 228.6 69.7
10 106 5 67 u3 4 34.6
15 1t 4 3 n 74.6 22.7
20° 1t 3 2 75 55 0 18.7
25 |12 2 42 0 131
30° 1t017 1 13 34 6 10 5
35 11014 1.43 28.6 8.7
40° 1t01,2 119 23.8 72
45° ltod 1.00 20.0 6.1
“ ' 50° 1%08 0.84 10.8 5.3
55 11007 0.70 0 4.3
60" | 1106 0.58 .6 3.6

No. 47.—Hl1l curves for every 20 feet difference of lovel.  Scale yyirow.
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No. 48.—Scale of shade.
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