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PREFACE

This book is divided into two parts: The first gives 270 pages of the seven

place natural sines, cosines, tangents and cotangents to ten seconds together
with proportional parts to seconds. The second part consists of a variety of

miscellaneous tables, information and examples especially adapted to subdi-

vision work. The result is that a large amount of material previously scattered

or not available is made accessible.

Much thought was spent on selection and arrangement of the material.

Several specimen pages were set up before a final selection was made.

In the case of cotangents which change rapidly, the differences in some
cases appear to change irregularly. This is due to the fact that all quantities

are given to the nearest place and were checked by fifteen place tables.

The original manuscript was twice checked. The pages when set in type
were proof read four times and by three different persons. It is confidently

believed that the book is unusually accurate.

Thanks are due: Mr. Herbert E. Hayes, C. E. who checked the entire

manuscript and who also gave valuable suggestions and advice; Mr. Alfred B.

Osborne, C. E. Industrial Engineer for Larkin Co., Inc., Buffalo, N. Y., who
read the entire proof besides giving expert advice; and to the publishers, com-

positors, printers and binders who have spared no thought, time or expense in

the endeavor.

H. C. I.
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38 20'

51 30'
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233
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40 60'
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251

48 10'



252 TEN SECOND NATURAL TRIGONOMETRIC FUNCTIONS

41 60'
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47 40'
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43 50'
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44 40'

269
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TABLE 8. CORRECTIONS FOR TANGENT DISTANCES
After Dividing Tang. Dist. (Table 7) by Degree of Curve, Add Quantity Tabulated Below

TABLE 9. CORRECTIONS FOR EXTERNAL DISTANCES

After Dividing Ext. Dist. (Table 7) by Degree of Curve, Add Quantity Tabulated Below
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

TRIGONOMETRIC FUNCTIONS

There are three common methods of denning the trigonometric functions.

1. By certain ratios.

2. By reference to the sides of a right triangle.

3. By use of a circle whose radius is unity or 1.

1. By ratios.

In the figure, the ratio -is called the sine of A and written sin A
c

is called the cosine of A and written cos A
c

j-
is called the tangent of A and written tan A

~ is called the cotangent of A and written cot A
ci

s*

, is called the secant of A and written sec A
b

is called the cosecant of A and written cosec A
a

c b
To these may be added, versine A 1 cosine A = and written versin A

c

c b
exsecant A = secant A I = r and written exsec A

b

coversine A = 1 sine A and written covers A
c

and
f ~~ CL

coexsecant A = cosecantA 1 = and written coexsec A

2. By reference to the sides of a right triangle.

A a opposite side n
sin A = =

-T: r cos B
c hypotenuse

A b adjacent side . n
cos A =-=-,--, - = sin B

c hypotenuse
,

. a opposite side , Dtan A = r = -~v- r. j- = cot B
b adjacent side

, A b adjacent side , n
cot A = = - - -

.-- rj- == tan B
a opposite side

A c hypotenuse
sec A = ^ = ^ - r-T- = cosec B

b adjacent side

A c hypotenuse n
cosec A = - =

., r^- = sec B
a opposite side
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

3. By use of a circle whose radius is unity or 1.

In the figure, let A = angle BAG = arc BF, and let the radius AF = AB
AH = 1.

We then have,

sin A = BC
cos A = AC
tan A = DF
cot A = HG
sec A = AD

cosec A = AG
versin A *= CF
covers A = IIL
exsec A = &D

coexsec A = J3(7

chord A = BF
chord 2A = BI = 2BC

SOLUTION OF RIGHT TRIANGLES
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

SIGNS OF FUNCTIONS IN THE DIFFERENT QUADRANTS

In the solution of oblique triangles, and in the discussion of trigonometric equa-

tions, the question of proper sign of the particular function will arise. The fol-

lowing discussion and table is pertinent.

Ouod L

O

y

The figure shows the division of the circle into quadrants together with the

customary designation I, II, III and IV, the first, second, third and fourth quadrants.

The following will be of assistance in determining the signs of the functions in the

different quadrants:
When x is measured in the direction OX it is positive (+ ), and when in the

direction OX' it is negative (-); similarly, when y is measured in the direction

OY it is positive (+), and when in the direction OYr
it is negative (-).

For instance, consider the sin of an angle in the second quadrant (II).

The general equation is sin A =
^.

Here y is + and therefore sin A is +;

A = -
. Here x is - and cos A is - . Similarly for the other functions in

cos

various quadrants.
From the above, the table given below has been compiled.

SIGNS ov THE FUNCTIONS IN THE Fouu QUADKANTS
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

TRIGONOMETRIC LAWS

In the solution of triangles there are three laws on which the different solutions

are based. While these will apply to both the right and oblique triangles, they are

usually used for the latter only.

Law of sines. In any triangle the sides are to each other as the sines of their

opposite angles. Expressed in the form of equations we have

a _ sin A b _ sin B a _ sin A
b sin B '

c sin C '

c sin C

Law of cosines. In any triangle, the square of any side is equal to the sum
of the squares of the other two sides minus twice their product times the cosine

of the included angle.

a 2 = 62 + c2 - 2 be cos A
b2 = a2 + c

2 2 ac cos B
c* = as + 52 _ 2 ab cos C

When the included angle is obtuse, the cosine is negative, and should be used

accordingly in evaluating.

Law of tangents. The difference between two sides of a triangle is to their

sum as the tangent of the difference between the opposite angles is to the tan-

gent of \ the sum of the opposite angles.

a - b = tan % (A - B)
a+b tan \ (A + B)
a c __ tan ^ (A C)
a + c

~
tanf (A + d)

b - c = tan % (B - C)
b + c tan J(J5 + c)

In the first of these equations a is greater than b, and when not the members of

the equation should be changed to b a, and so on.

Checking results. The following fundamental properties of triangles will help
in checking results:

1. In a right triangle, the sum of the two acute angles = 90, and either acute

angle is the complement of the other.

2. In a right triangle, the square of the hypotenuse is equal to the sum of the

squares of the other two sides.

3. The sum of the interior angles of any triangle = 180.

4. In any triangle, the larger angle is opposite the larger side and conversely.

5. In any triangle, the sum of two sides is greater than the third.
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

SOLUTION OF OBLIQUE TRIANGLES BY USE OF FORMULAS

Let A, B and C be the angle8 of the triangle and a, b and c the sides opposite these angles.
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

TRIGONOMETRIC FORMULAS

SOLUTION OF OBLIQUE TRIANGLES MY RESOLVING INTO RIGHT TRIANGLES
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

FUNCTIONS OF AN ANGLE IN TERMS OF OTHER FUNCTIONS OF SAME ANGLE
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TABLE 10. TRIGONOMETRIC FUNCTIONS, FORMULAS AND
SOLUTION OF TRIANGLES

FUNCTIONS OF ANGLES IN ANY QUADRANT IN TERMS OF ANGLES IN THE FIRST QUADRANT

NUMERICAL VALUES or THE FUNCTIONS OF SOME ANGLES
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Length

United States and British Standards.

1 inch - 0.083333 foot = 0.027778 yard
1 foot = 12 inches = 0.333333 yard
1 yard 36 inches = 3 feet

1 rod = 16 5 feet

1 Gunter's chain = 66 feet = 4 rods = 0.012500 mile
1 engineer's chain = 100 feet = 0.018939 mile

1 mile = 5280 feet = 1760 yards = 320 rods = 80 Gunter's chains

Metric Table of Linear Measure.

10 millimeters (mm) = 1 centimeter (cm)
10 centimeters (cm) = 1 decimeter (dm)
10 decimeters (dm) = 1 meter (m)
10 meters (m) = 1 dekameter (Dm)
10 dekameters (Dm) = 1 hektometer (Hm)
10 hektometers (Hm) = I kilometer (Km)
10 kilometers (Km) = 1 myriameter (Mm)

Table of Equivalents for Length.

1 inch = 0.02540005 m
1 foot = 0.304801 m
1 yard = 0.914402 m
1 Gunter's chain = 20.11684 in

1 engineer's chain = 30.480061 m
1 mile = 1.609347 kilometers
1 millimeter = 0.03937 inch
1 centimeter = 0.3937 inch
1 decimeter = 3.937 inches
1 meter = 39 37 inches

1 hektometer = 0.0621370 mile
1 kilometer = 0.621370 mile

Square Measure

United States and British Standards.

144 sq. inches = 1 sq. foot

9 sq. feet = 1 sq. yard
10 square chains (Gunter's) = 1 acre

640 acres = I square mile

43560 sq. ft. = 1 acre.*oumj n . 1 1 . i itc 1 1_- .

Metric Table of Square Measure.

100 sq. millimeters = 1 sq. centimeter
100 sq. centimeters = 1 sq decimeter

100 sq. decimeters = 1 sq. meter
100 sq. meters = 1 sq. dekameter
100 sq. dekameters = 1 sq. hektometer
100 sq. hektometers = 1 sq. kilometer

100 sq. kilometers = 1 sq. myriameter

Table of Equivalents for Square Measure.

1 sq. inch = 6.451626 sq. centimeters
1 sq. foot = 9.290034 sq. decimeters
1 sq. yard = 0.836131 sq. meters
1 acre = 404687 hectares
1 sq. centimeter = 0.15499969 sq. inches
1 sq. meter = 10.763867 sq. feet

1 sq. meter = 1.195985 sq. yards
1 hectare = 2.4710439 acres
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DEFINITIONS AND THEORY

For ease of access certain definitions and fundamental theory will be given.

Definitions

Trigonometric functions. The explanation of the trigonometrical functions will

be found in Table 10.

The latitude of a course is the projection of the course on the meridian, or it is

equal to the length of the course times the cosine of the bearing. North latitudes

are plus and south latitudes are minus.

The departure of a course is the projection of the course on an east and west line,

or it is the length of the course times the sine of its bearing. East departures are

plus and west departures are minus.

The meridian distance of a course is the perpendicular distance from the middle

point of the course to the reference meridian.

The double meridian distance of a course is equal to the sum of the meridian dis-

tances to the extremities of the course.

The azimuth of a course is the horizontal angle which it makes with a north and
south line. In surveying, the south point is taken as zero, the azimuth being meas-
ured to the right through west, north, and east to 360. The reference line may be

the magnetic meridian, or the true meridian. A course has a forward and a back-

ward azimuth which differ by 180 from each other. The use of azimuth is quite

general in topographic surveying. The reader is referred to treatises on surveying
for a complete explanation as to details.

Determination of area by the use of latitudes, departures and double meridian

distances. Coordinate surveying is largely based on the employment of the

quantities latitudes, departures, and double meridian distances.

A traverse consists of a series of consecutive lines whose lengths and directions

have been determined. The directions of the lines may be obtained from bearings,

azimuths, deflection angles, or interior angles. ^

The method of finding areas of figures with straight lines as boundaries will be

given and also the fundamentals of circular curves.

Computations preparatory to finding the area. A survey
"

closes
"

if, upon plot-

ting the different courses, the first and last points which are common coincide.

If reliance is placed on a graphic construction, it is difficult to tell whether failure to

close is due to errors in the field or to errors in plotting. For this reason, the lati-

tudes and departures of the courses are usually found, and provided a proper set of

computing tables is used, and no mistakes are made, the amount by which the

figure fails to close will be the error of the field work.

The difference between the total plus and total minus latitudes will give the error

in latitude, and the difference between the total plus and the total minus departures
will give the error in departure. The square root of the sum of the squares of

these errors will give the amount by which the survey fails to close. This distance

divided by the perimeter of the figure will give what is termed the "
error of closure."

If the error of closure be within certain prescribed limits the errors in latitude and

departure may be distributed so as to make the survey close, but if not, after

checking the computations, a part of the survey or all of it must be repeated. A
careful investigation will often place the probable error in a certain region.

Balancing the survey. The operation of distributing the errors in latitude and

departure of the closed survey is called balancing. Various methods have been

proposed for such work depending upon whether the survey was made by transit
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or compass. Since this book deals with tables intended for use with transit work
the transit rule for balancing will be described.

A specimen form is given which may be modified to suit conditions. The bal-

anced quantities may be inserted at proper places in red with pencil or ink.

Rule for balancing a transit survey. The correction in latitude (or departure)
of any course is to the total error in latitude (or departure) as the latitude (or de-

parture) of the course is to the arithmetical sum of the latitudes (or departures).
The correction in each case is applied so as to diminish the total error. For

example, if the sum of the plus latitudes is greater than the sum of the minus

latitudes, the corrections are subtracted from the plus latitudes and added to the

minus latitudes. Similar corrections are applied to the departures.

Expressed in the form of equations we have:

Correction in latitude = / Total error in latitude \

\Arithmetical sum of latitudes/
(Latitude of course)

Correction in departure = I
Total error in departure^ \

) (Departure of course)
Lires/

v * 'Arithmetical sum of departures

It is to be noted that the fraction in each equation is, for any particular survey,
a constant. These constants may be found and multiplied by the latitude or

departure of the particular course to give the desired correction. Considerable

time will thus be saved. In actual work, depending upon the accuracy desired,

errors may be distributed by use of the slide rule with sufficient closeness, or even

by inspection, but based on the two equations just given.

Determination of area by use of latitudes and departures. Let ABCDEF
represent a figure whose area is to be found. The bearings and lengths of all

courses have been measured or computed. A meridian is passed through the most

westerly point and perpendiculars are let fall from each vertex to this meridian.

Other additional lines are drawn as shown in the figure.

Then the area

ABCDEF = cCDd + dDEe - cCBb - bBA - AFf - fFEe,

or

ABCDEF = J (cC + dD)cd + $ (dD + eE)de - 4 (cC + bB)cb - J (bB) (bA) -
| (fF) (fA)

-
I (fF + eE)fe

It may be noted that the quantities enclosed in the parentheses are the double

meridian distances of the courses, and the distances by which these are multiplied,
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arc the latitudes of the corresponding courses. Inasmuch as the meridian is taken

through the most westerly point, the quantities in parentheses are all positive,

while the latitudes of the courses CD and DE are positive, and the latitudes of the

other four courses are negative. The signs conform to the rule previously stated,

viz. : latitudes of north courses are plus, and those of south courses are minus.

Both sides of the equation may be multiplied by two. We may then express

the equation in the form of a rule :

The double area of a figure is equal to the algebraic sum of the products of the double

meridian distances of the different courses and their corresponding latitudes.

If the figure is traversed counter clockwise, the resultant algebraic sum of the

areas will be positive; if traversed clockwise, it will be negative. The numerical

value only, of the area, is the result desired.

The double meridian distances of the courses may be found either by use of a

sketch, which is recommended, or in the following way, which it is advised that the

reader prove to his own satisfaction.

The double meridian distances of the two courses adjacent to the reference merid-

ian are equal to their respective departures. The double meridian distance of any
other course is equal to the double meridian distance of the preceding course, plus

the departure of that course, plus the departure of the course itself; the usual at-

tention being paid to the signs of the departures.

Remark. The plan above outlined of taking the meridian through the most

westerly point and also the reference east and west line through the same point is

that given in most text books on surveying. The east and west line may better

be taken through the most southerly point of the survey. In this case when using
"
coordinates

"
as explained below, all coordinates will be measured to the right of

the line eAc and above the line cC.

Coordinates. A point may be located by distances from two fixed reference lines.

For instance in the figure, the point F may be located by the distances Af and fF
which are at right angles to each other. Similarly the point E by the distances Ae
and eE. The method of coordinates is quite generally employed in mining sur-

veying, city surveying, and in the subdivision of tracts of land into lots. In such

cases there is an advantage in having the east and west axis chosen to go through the

most southerly point in the survey. Or, reference axes may be taken entirely

without the area such as in the case here given to the left of the line eAc and below

the line cC. Should this be done, corresponding proper changes should be made in

the equation for area and in finding the double meridian distances by rule.

CURVES

The center line of a railroad or highway is composed of a series of straight lines

and curves. The straight lines are called
"
tangents." The curves may be simple,

compound, reversed, or spiral.

Only some of the fundamentals of simple curves will be here given. For com-

plete details both on simple curves and the other forms, the reader is referred to the

various field books on highway and railroad work.
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Simple Curves

A simple curve is a circular arc joining two tangents, and is always considered

as limited by the two tangent joints.

The parts of a curve are shown in the figure, and are:

R = the radius; T = the tangent distance (sometimes called the semi-tangent
or sub-tangent); M = the middle ordinate; E the external distance; C the

long chord; and A the exterior or deflection angle between the tangents as well as

the central angle of the curve.

The beginning of curve is designated by P.O. (Point of Curve) the end by P.T.

(Point of Tangency) ;
the intersection of the two tangents is the Vertex, and is

designated by P.I. (Point of Intersection).

The terms B.C. (Beginning of Curve) and E.C. (End of Curve) are used by some

engineers. Also the terms T.C. (Tangent to Curve) and C.T. (Curve to Tangent)
are recommended by the American Railway Engineering Association.

The following general formulas apply to simple curves both for railroad and

highway work.

T = R tan J A
M R vers -J

A
E = II oxsec \ A
C = 2 R sin } A

Differences between highway and railroad practice. As will be explained later,

where the term "
Degree of Curve "

is used it has different meanings in highway and
railroad work. Also a highway curve is measured on the arc of the curve, while

in railroad work the curve is measured by a series of chords.

Highway practice. Simple curves for highways are designated either by the

radius or by the degree of curve. The Degree of Curve for Highways is designated
as the central angle subtended by an arc of 100 ft.

Let D = the degree of curve, and R = the radius.

Then we have the proportion,

D : 360 :: 100 : 2 irR

n _ 100 (360) _ 5729.58
or u _

g ^j^
-

#
, D 5729.58

and R =
j^

In words, the radius varies inversely with the degree of curve.

Where the degree of curve is given, the length is found from the equation

L = 100 ~ .
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When the radius is given, the length is usually found by use of the table entitled
"
Length of Arc for Radius Unity.

" For the method of use, the reader is referred

to the explanation for Table 2.

Railroad practice. The equation connecting the radius and the degree of curve

is R - -51O JLlf . 1 T\sm D
Table 5 gives values of the radii based on this equation.

Curves in railroad work are measured on chords. The length of curve is given

by the formula, L = 100 ~ .
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USE OF TABLES

TABLE 1. SINES, COSINES, TANGENTS AND COTANGENTS

Theory. The explanation of the terms sine, cosine, tangent and cotangent are

given elsewhere. Many of the computations of surveying are made by use of

this table.

Example. Values of the various functions are given directly to 10" and to

single seconds or closer by use of the columns of proportional parts. A single
illustration will suffice.

To find the latitude and departure of a course whose length is 468.67 and bearing
25 52' 14".

The sine of 25 52' 14" = 0.4363220 + 0.00001744 = 0.43633944.

The cosine of 25 52' 14" = 0.8997906 - 0.00000848 - 0.89978212.

Then the latitude = 468.67 X 0.89978212 - 421.701 and the departure =
468.67 X 0.43633944 = 204.499.

TABLE 2. LENGTH OF ARC TO RADIUS UNITY

Theory. Let r = radius of circular arc of length I, the central angle of which is

a in degrees. Then

a :360 ::l : 2 irr

or

1 180
a -

and

r = and I =~ ar = .01745329 ar
a TT 180

The table gives the product of the constant .01745329 times the central angle in

degrees. For any radius other than unity, the coefficient is multiplied by the

radius.

Problem. To find the length of arc of a circle whose radius is 240.00 and for a

central angle of 59 40' 40"

Coefficient for 59 40' 1 . 0413798

Coefficient for 40" .0001939

Coefficient for 59 40' 40" 1.0415737

Then the length of arc for radius 240.00 will be 240.00 X (1.0415737) = 249.978.

Note. In some offices where calculating machines are available, this table is

not used, but the values of 1, 1', and 1" are kept in mind, and the proper coefficient

is found by use of the calculating machine. This coefficient multiplied by the given
radius will give the desired length of arc. The coefficients are given below to eight

decimals, constituting material for an abridgment of the table and an example

illustrating the use of the shorter table.
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Coefficients for Finding Lengths of Circular Arcs

Degrees Minutes Seconds

1 0.01745329 0.00029089 0.00000485

2 0.03490659 0.00058178 0.00000970

3 0.05235988 0.00087266 0.00001454

4 0.06981317 0.00116355 0.00001939
5 0.08726646 0.00145444 0.00002424

6 0.10471976 0.00174533 0.00002909

7 0.12217305 0.00203622 0.00003394
8 0.13962634 0.00232711 0.00003879

9 0.15707963 0.00261799 0.00004363

Example. To find the length of arc for a circle of radius 20 ft. and central angle
of 18 24' 30".

Coefficient for 10 = 0.1745329

8 = .1396263

20' = .0058178

4' = .0011636

30" = .0001454

0.3212860 times 20 = 6.426

TABLE 3. CENTRAL ANGLES FOR ARCS OF EVEN FOOT RADII

Theory. This table is the reverse of Table 2. It is based on the following:
Let a = the central angle (in degrees) of an arc whose radius and length are R
and Z, respectively.

Then a - 57.2957795
*̂\j

If a' = the central angle in minutes

a' = 60 (57.2957795) 4 = Kl
ri

Certain values of the radius are assumed as shown in the table, the corresponding
values of K are found.

Example. To find the central angle for an arc of 75 feet on a curve of 150 foot

radius.

From the table, the coefficient K for a curve with 150 foot radius is 22.9183118.

The central angle in minutes for a 75 foot arc will be 75 (22.9183118) = 1718.873385'
= 28 38' 52.4".

Check. The example may be checked by use of Table 2. The coefficient for

the angle 28 38' 52.4" will be 0.4999999, and this multiplied by 150 will give the

length of arc as 75.000.

TABLE 4. RADII FROM ARC DEFINITION

Theory. The equation based on the arc definition for degree of curve is

_ 5729.58K ~
D

The radius of a 1 curve is 5729.58; that for a 2 curve is f (5729.58) and so on.

The use of the table will shorten calculations and will serve to check computations
as made from the formula.
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TABLE 5. RADII FROM CHORD DEFINITION

Theory. The equation based on the chord definition for degree of curve and that
used in railroad work is

50
R

sin D

A comparison of the values in this table with those in Table 4 will naturally
show slight differences in the radius for a particular degree of curve.

TABLE 6. CURVES WITH EVEN FOOT RADII

Description. Many highway commissions use only an even foot radius curve,
and do not use the term degree of curve. In subdivision work the same fact is true.

This table gives a list of common values for radii. Probably engineers will

wish to extend this table. Certain other information is given for staking out the

curves, which includes a recommended length of arc; the deflection and chord for

the particular arc; and the deflection for 1 foot of arc. An explanation of these

matters is given under "
Theory

"
below.

Theory. If d = the central angle for a certain arc of radius R, then

, 360
d =

tttm
The deflection angle for any arc is one-half the central angle, or,

i , 360 1718.8 times the arc , . . x
^ a =

-5 s arc = s expressed in minutes
4 TT/t fC

Table 6 gives the deflection angle for 1 foot of arc, a recommended length of

arc and the deflection angle and chord for that particular arc. This table will be

found of special use in the field.

TABLE 7. FUNCTIONS OF A 1 CURVE

Description. The table contains the exact values of the tangents, T7

,
the ex-

ternals, Ey and the long chords, C, for a 1 curve for every 10' of central angle from
1 up to 121. Values for other degrees may be had by simply dividing the tabular

values opposite the given central angle by the given degree of curve, expressed in

degrees. These values are exact where the arc definition for degree of curve is

used. But where the chord definition is used, corrections must be applied to find

the exact values of T and E for which see Tables 8 and 9.

Theory. The values in this table are found from the formulas T = R tan j- A;
E R exsec \ A; and C = 2 R sin J A, where the value of R is that for a 1 curve.

As noted in the previous section, where the arc definition for degree of curve is

used, to find the proper quantities for any other degree of curve simply divide the

amount opposite the particular arc by the degree of curve, but where the chord defi-

nition is used, corrections must be applied to the various quantities. Those for

T are given in Table 8 and those for E are in Table 9. A special correction table

for C is not given, and in case the chord definition for degree of curve is employed,
the formula should be used with the correct value of R as found in Table 5.

Example. To find the tangent distance, external distance and long chord of a

10 curve, where A = 20 0'.
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First for highway work. The quantities for a 1 curve are 1010.3, 88.39 and
1989.9 respectively. For a 10 curve they are one-tenth of these amounts, viz.

101.03, 8.839 and 198.99.

Second for railroad work. Correct the value of T which was 101.03 by adding
.13 which gives 101.16. Correct the value of E by the amount .003 which gives
8.842. The value of C is found from the formula C = 2 R sin \ A, the value of R
being taken from Table 5.

TABLE 8. CORRECTIONS FOR TANGENT DISTANCES

After Dividing T (Table 7) by D, Add Quantity from Table

Theory. The chord definition of degree of curve is used in railroad work and
in such case the tangent distance, T R tan J A, or T varies with R. Again

R =
-rY~~f\f or the radius varies inversely with the sin ^ D, and not inverselysin 2 u

with D. The net result is that in this case a small correction must be applied to the

approximate value of T as obtained from Table 7 to obtain the exact value.

Example. A numerical example in the use of this table is given under the

outline for Table 7.

TABLE 9. CORRECTIONS FOR EXTERNAL DISTANCES

After Dividing E (Table 7) by D, Add the Quantity Found in This Table

Theory. By reasoning similar to that given in the explanation of Table 8 a

correction must be applied to the approximate value of E as obtained from Table 7

to secure the exact value of E.

Example. A numerical example in the use of this table is given under the

outline for Table 7.

TABLE 10 TRIGONOMETRIC FUNCTIONS, FORMULAS AND SOLUTION OF
TRIANGLES

No special explanation need be given for this table. The following items are

included :

a. Explanation of the trigonometric functions.

b. Signs of the functions of angles in the different quadrants.
c. Equations for the solution of right triangles.

d. Equations for the solution of oblique triangles, both by general formulas and

by separating the oblique triangle into right triangles.

e. Three tables on the functions of angles.

TABLE 11. MINUTES IN DECIMALS OF A DEGREE

This table contains the values of minutes and seconds, expressed in decimals of

a degree, for every 10" of arc, and also for quarter minutes up to 1.

TABLE 12. UNITS OF LENGTH AND OF SQUARE MEASURE

Sufficient information is here given to reduce one unit of length or area to another,-

both for English units and for Metric.
















