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GEOGRAPHIC TABLES AND FORMULAS.

Compiled by S. S. GANNETT.

RULES FOR SOLUTION OF RIGHT-ANGLED TRIANGLES.

The "parts" of the figures are

H= hypothenuse,
P= perpendicular,

B=base,
and the six circular functions of the angle a at the base of the triangle.

FIG. 1. Solution of right-angled triangles.

RULE I. The product of two opposite parts = 1, .*. either is the

reciprocal of the other.

Example: Tan a x cot a 1, tan <*
of a

'

Rule II. Each part= adjacent part divided by the following part,

.*. each part=the product of the adjacent parts.

cos of P
Example: Sin a r> sin a B=HXcos a.
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REDUCTION TO CENTER.

In fig. 2 let

P= place of instrument;
C= center of station;

Q=measured angle at P between two objects, A and B;

y angle at P between C and the left-hand object, B;
r= distance CP;

C'=unknown and required angle at C;
D= distance AC;
(r and D must be reduced to same unit, usually meters.)

G=distance BC;
A= angle at A between P and C;
B= angle at B between P and C.

FIG. 2. Reduction to center.

Then, from the relation between the parts of the triangle,

G : r :: sin y : sin B;
hence

sin B=^P-
As the angles at A and B are very small, their sines may be regarded

as equal to A sin 1" and B sin 1", respectively; hence

. r sin y
B=(m seconds)Gsinl ,,

and
sin (Q=by) r sin y
D sin 1" G sin 1"'
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In the use of this formula, proper attention should be paid to the

signs of sin (Q+y) and sin y\ for the first term will be positive only
when (Q+y) is less than 180 (the reverse with sin y) ;

D being the

distance of the right-hand object, the graduation of the instrument

running from left to right.

r being relatively small, the lengths of D and G are approximately

computed with the angle Q.
The following quantities must be known in addition to the measured

angles in order to find the correction for reducing to center:

1. The angle measured at the instrument, P, between the center of

the signal or station, C, and the first-observed station to the right of

it, A.

2. The distance from the center of the instrument to the center of

the station = r.

3. The approximate distances, D, G, etc.^ from the station occupied
to the stations observed. The latter may be computed from the

uncorrected angles.

Example: Reduction to center from P to C.

Constants: a. c. log sin 1" =5. 31443

log feet to log meters =9. 48402

log constant (for any station) 4. 79845
/=6.5 feet: log =0. 81291

log constant for this station 5. 61136
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GRAPHIC REDUCTION TO CENTER.

Approximate closure errors of triangles may be tested in the field

before distances have been computed by scaling from the plot the

distances between stations in miles and the perpendicular distance in

feet from signal to line joining instrument and distant station.

Then, since 1 foot at a distance of 40 miles subtends an angle of V
(nearly),

length of perpendicular in feet X 40
i = n = correction in seconds.

number ot miles

Example: Station P. Correction for swing on line B P, 30 miles

in length from instrument to signal

_3.8 feet X 40 _
-^- = 5 .1,

correction for swing on line A P, 25 miles in length,

2.6 feet X 40

and correction to angle B P A = Q to reduce from instrument to sig-

nal = 5.1" -f- 4.2" = 9.3", agreeing closely with the exact compu-
tation.

APPROXIMATE SPHERICAL EXCESS IN SECONDS.

This may be obtained by dividing the area of the triangle in square
miles by 75.5.

SOLUTION OF TRIANGLES.

Given two sides and included angle, to solve the triangle:

FIG. 3. Solution of triangles; two sides and included angle given.

Let x be an auxiliary angle; then

tan wfr or log tan %=log a log J;

tan i (A-B)= tan (a 45) tan (A+B);
i (A+B)+* (A-B)= A;

i(A+B)-i(A-B)=B;
from which remaining parts can be computed.
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Example:
Gwen log a=4. 3666779 Given C (spherical angle) 21 14' 54". 10

Given log 6=4. 2050498 Given | sph. exc. -
. 10

(1) tan *=0. 1616281

=55 25' 25".41

-45

(5) Logtan(z-43)=1025' 25". 41=9. 2647291

(6) Log tan 79 22 33 .00=0.7268100

C (plane angle) = 21 14 54 .00 (2)

180

180 C=A-(-B=158 45 06 .00 (3)

i (A+B) = 79 22' 33". 00 (4)

9. 9915391=tan i (A-B) 44 26 30 .90

sum=A=123 49' 03". 90 (8)

difference=B= 34 56 02 .10 (9)

(10)

Check.
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Examplefor each of the three cases.

Given the side a=11204.5

Given the side 6= 7289.0

Given the side c= 6273.8 x

Given the angle A =111 10' 54"

Angle observed A P C=P'
Angle observed A P B=P"
To find A B P=x
To find A C P =v

FIG. 4. Three-point problem; computation.

P'... 50 06' 12"

P".. 43 50' 38"

S.... 180 -i(A+P'+P")
S.... 77 26' 08"

c sin P'

P' 49 47' 20"

P".. . 44 09' 30"

S. KA-P'-P")
S 8 37' 02

tan Z=

P'... 104 00' 00"
P".. 100 20' 00"
S ____ 180 (A+P'+P"
S ____ 22 14' 33"

tan =cot (Z+45P
) tan S

b sin P"

y= S
,
but if tan be negative, then x= S

, y= S-{-s

logc 3.7975307

log sin P7 9.8849100

colog b 6.1373320

colog sin P" 0. 1594574

log tan Z 9.9792301

Z... 43 37X 49". 6

logcot(Z-f45) 8.3785397

log tan S 0.6519386

log tan . , 9. 0304783

6 07X 21".7

S... . 77 26' 08".0

x.:.. 83 33' 29".7

y 71 18X 46".3

Hence,
P AB 52 35X 52".3

P AC.. .58 35X 01".7

Computation.

logc 3.7975397

log sin Px 9. 8839061

colog b 6.1373320

colog sin P".... 0.1569894

log tan Z 9.9747583

Z... 43 207 09".2

logcot(Z+45) 8.4631818

log tan S 9.1805366

log tan 7.6437184

15X 08". 1

8 37X 02".

x 8 52' 10". 1

y 8 21' 53".9

Hence,
P A B 126 58' 19".9

P AC .. . 121 50' 46". 1

logc 3.7975307

log sin P' 9. 9869041

colog 6 6.1373320

colog sin P" 0. 0071016

log tan Z 9.9288684

Z... 40 19' 43".3

log cot (Z+45) 8. 9122794

log tan S 9.6116787

log tan 8. 5239581

... 1 54' 50".04

S... 22 14' 33".00

x... 24 09' 23". 00

y... 20 19' 43".00

Hence,
PAB.... 55 30' 37".00

PAC.. . 55 40' 17".00
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As all the angles and a side in each triangle are now known, the

other sides, or the distances from P to the three given points, can be

readily computed.
TO

PB 7194.87

PA 8999.89

PC 8107.98

P A . . 8999. 89

PB 7194.94

PA 1388.54

PC 8107.91

PA., . 1388.54

P B 5256. 29

PA 2609.75

PC 6203.63

P A . . 2609. 75

The results are verified when both triangles give the same value for

the line P A.

GRAPHIC SOLUTION OF THE THREE-POINT PROBLEM.
,

1. When new point is within the triangle formed by the three

points, point sought is within the triangle of error.

2. When new point is on or near the circle passing through the

other points, the location is uncertain.

3. When new point is within either of the three shaded segments of

the circle (see diagram below), orient on middle point; then the line

from middle point lies between true point and point of intersection

of lines from other two points.

4. When new point is without the circle, orient on most distant

point; then the point sought is always on the same side of the line

from most distant point as the point of intersection of the other two

lines.

NOTE. Since a location can be made from any three points, whether

correctly plotted or not, therefore always check such locations by
means of a fourth point if possible.

FIG. 5. Three-point problem; graphic solution.
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MICROMETER ALIDADES DETERMINATION OF CONSTANT
AND VALUE OF DIVISION.

R', R" = readings of micrometer screw.

R =R' R" = difference of readings.
d = value in seconds of arc of 1 division of micrometer head.

A =
angle subtended by targets in seconds of arc.

C = micrometer constant or ratio.

H = distance to targets, supposed at right angles to line of

sight.

B = length of base, or distance between targets.

(D d =

(2) C

B
HR sin. I"

1 HR
B

EXAMPLE.

Readings taken on two targets 21.25 feet apart at right angles to

the line of sight and at a measured horizontal distance of 2859.5 feet

from the point of observation.

R' R" R
550.0 -88.0 = 462.0

540.5 -76.5 = 464.0

etc. etc. etc.

462.075 mean of 20 readings.

Computation of d by formula (1) :

B =21.25 ft.. _ log. 1.32736

H =2859.5 ft..colog. 6.54371

sin 1" colog. 5.31443

R =462.075 ft. colog. 7.33528

d=-3".317 log. 0.52078

Computation of C by formula (2) :

B = 21.25 ft.. colog. 8.67264

H = 2859.5 ft.. .log. 3.45629

R =462.075 ft. Jog. 2.66472

C =62180.. ..log. 4.79365
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For computing distances use this formula:

(3) H =^
When the base is not at right angles to the line of sight as at b, or

at the same elevation as the point of observation, the factors sin a

and cos V must be introduced, a being the angle between the base

and line of sight and V the vertical angle at A.

The full formula for distances then becomes

(A\ TT ^C sin a cos V
R

The plotted position of the base b should be prolonged on the field

sheet in order to permit the measurement of the angle a with a large

paper or other protractor, with greater accuracy.
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METHOD OF FIXING A MERIDIAN AT ANY TIME BY HOUR

[Extracted from United States Land Survey Manual.]

The annexed diagram (fig. 6) will show in their proper relation the

various aspects of Polaris in its daily apparent motion around the

north-polar point.

This must be carefully studied, as the illustration of Table 1, for

finding at any hour the hour angle and azimuth of Polaris, and the

resulting meridian, at times when more direct methods are not available.

Hour angle of Polaris. In fig. 6 the full vertical line represents a

portion of the meridian passing through the zenith Z (the point

directly overhead), and intersecting the northern horizon at the north

point N, from which, for surveying purposes, the azimuths of Polaris

FIG. 6. Aspects of Polaris.

are reckoned east or west. The meridian is pointed out by the plumb
line when it is in the same plane with the eye of the observer and

Polaris on the meridian, and a visual representation is also seen in the

vertical wire of the transit, when it covers the star on the meridian.

When Polaris crosses the meridian it is said to culminate; above the
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pole (at S), the passage is called the upper culmination, in contradis-

tinction to the lower culmination (at S').

In the diagram which the surveyor may better understand by hold-

ing it up perpendicular to the line of sight when he looks toward the

pole Polaris is supposed to be on the meridian, where it will be

about noon on April 10 of each year. The star appears to revolve

around the pole, in the direction of the arrows, once in every 23h 56m.l

of mean solar time; it consequently comes to and crosses the meridian,
or culminates, nearly four minutes earlier each successive day. The

apparent motion of the star being uniform, one quarter of the circle

will (omitting fractions) be described in 5
h 59m

,
one half in ll h 58m

,
and

three quarters in 17h 57m . For the positions sn S
2 ,

S
3 , etc., the angles

SPs1? SPs2 ,
SPs3 , etc., are called hour angles of Polaris, for the instant

the star is at s19 S
2 ,

or S
3 , etc., and they are measured by the arcs Ssn

Ss2 ,
Ss3 , etc., expressed (in these instructions) in mean solar (common

clock) time, and are alwa}
Ts counted from the upper meridian (at S), to

the west, around the circle from Oh Om to 23h 56m.l, and may have any
value between the limits named. The hoar angles, measured by the

arcs Ssn Ss2 ,
Ss3 , Ss4 ,

Ss6 ,
and Ss

tt ,
are approximately l

h
8
m

,
5
h 55m

,

9h 4m
,
14h 52m

,
18h Olm

,
and 22h 48m

, respectively; their extent is also

indicated graphically by broken fractional circles about the pole.

Suppose the star observed at the point S3 ;
the time it was at S (the

time of upper culmination), taken from the time of observation, will

leave the arc Ss3 ,
or the hour angle at the instant of observation;

similar relations will obtain when the star is observed in any other

position; therefore, in general:

Subtract the time of upper culminationfrom the correct local mean
time of observation; the remainder will be the hour angle of Polaris

expressed in time, w the
"
argument for Table 3."

The observation may be made at any instant when Polaris is visible,

the exact time being carefully noted.
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TABLES.

TABLE 1. Local mean (astronomical} time of the culminations and elongations of
Polaris in the year 1902.

[From Magnetic Declination Tables, U. S. Coast and Geodetic Survey. Computed for latitude 40

north and longitude 90 or 6 h west of Greenwich.]'

Date.
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B. To refer to any calendar day other than the first and fifteenth of
each month: SUBTRACT the quantities below from the tabular quantity
for the PRECEDING DATE.

Day of month.
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E. To refer to any other than the tabular longitude: ADD Om.16 for

each 15 east of the ninetieth meridian, and SUBTRACT Om.16 for each

15 west of the ninetieth meridian.

A few examples will illustrate the use of table 1.

1. Required the time of upper culmination of Polaris for a station in longitude 90

west, for March 3, 1904.
h. m.

Astron. time, U. C. of Polaris, 1904, March 1 2 46. 6

Reduction for two days, 7m.9 (B) (subtract) 7.9

Local mean time U. C. of Polaris, 1904, March 3 2 38. 7

The required time may also be obtained by using the table in the

opposite direction, i. e., by taking the time for March 15, and adding
the reduction as follows:

h. m.

Astron. time U. C. of Polaris, 1904, March 15 1 51. 6

Reduction for twelve days, add 47. 3

Local mean time U. C. of Polaris, 1904, March 3 2 38. 9

In this case the two results are practically identical. If the compu-
tation is made both ways, the results will check each other. B has

been inserted to save the surveyor the -little trouble of making the

multiplications; thus, for the above example, in the table under B,

opposite the third or seventeenth day of the month in the left hand

column, will be found the correction 7
m
.9.

Computing from a preceding date, for days between April 11 and

15 of any year, the reduction in B will be greater than the tabulated

time of culmination, in which case 23h 56m.l will be added, to make
the subtraction possible.

2. Required, for a station in longitude 90 west, the time of U. C. of Polaris for

April 14, 1906:
h. m.

Astron. time, U. C. of Polaris, 1906, April 1 47. 1

Add.. 23 56.1

Sum 24 43.2

Reduction to April 14, subtract 51. 2

Local mean time U. C. of Polaris, April 14 23 52.

Working from a following date, for days between 9th and 15th of

April, the sum will exceed 23h 56m.l, and when this occurs subtract

23h 56m.l from the sum, and the remainder will be the required time.

3. Required, for a station in longitude 90 west, the time of U. C. of Polaris for

April 10, 1904.
h. m.

Astron. time, U. C. of Polaris, 1904, April 15 23 45.6

Reduction for five days, add 19. 7

Sum 24 05. 3

Subtract.. ... 23 56.1

Local mean time, U. C. of Polaris, 1904, April 10 09. 2

For further application of table 1 see pp. 24 and 25.
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TABLE 2. Azimuth of Polaris when at elongation for any year between 1902 and 1910.

Latitude.
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TABLE 3. Azimuths of Polaris

[From U. S. Land Survey Manual. The hour angles are expressed in mean solar time. The occurrence

STAB AND AZIMUTH.

W. of N. when hour angle is less than llh 58m .

E. of N. when hour angle is greater than llh 58m .
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for the use of surveyors.

of a period after minutes of time or of an hour angle indicates that its value is Om.5 greater than printed.]

STAR AND AZIMUTH.

W. of N. when hour angle is less than 11>> 58m .

E. of N. when hour angle is greater than llh 58.
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Table 3 gives for various hour angles, expressed in mean solar time

and for even degrees of latitude from 30 to 50 degrees, the azimuths

of Polaris for eight years, computed for average values of the north

polar distance of the star, the arguments being the hour angle (or 23h

56
m
.l minus the hour angle when the latter exceeds llh 58m), which

is termed the time argument,
a and the latitude of the place of obser-

vation. The table is so extended that azimuths may be taken out by
inspection and all interpolation avoided, except such as can be per-
formed mentally.
The hours of the "time arguments

" are placed in the columns headed
"
hours," on the left of each page. The minutes of the time argu-

ments will be found in the columns marked u
m," under the years for

which they are computed, and they are included between the same

heavy zigzag lines which inclose the hours to which they belong.
The time arguments are given to the nearest half minute; the occur-

rence of a period after the minutes of any one of them indicates that

its value is Om.5 greater than printed, the table being so arranged
to economize space.

The table will be used as follows: Find the hours of the time argu-
ment in the left-hand column of either page; then, between the heavy
lines which inclose the hours, find the minutes in the column marked
at the top with the current year. On the same horizontal line with

the minutes the azimuth will be found under the given latitude, which

is marked at the -top of the right-hand half of each page. Thus, for

1904, time argument Oh 43m
,
latitude 36, find Oh on left-hand page,

and under 1904 find 43m on tenth line from the top, and on same line

with the minutes, under latitude 36, is the azimuth 17'. For 1908,

time argument 9h 33i
m

,
latitude 48, the azimuth is 1 Ij-', found on the

twenty-first line from the top of right-hand page.
If the exact time argument is not found in the table, the azimuth

should be proportioned to the difference between the given and tabu-

lar values of said argument.
The table has been arranged to give the azimuths by simple inspec-

tion. No written arithmetical work is required, all being performed

mentally. It will always be sufficient to take the nearest whole degree
of latitude and use it as above directed, except for a few values near

the top of either page where the difference of azimuths for 2 differ-

ence of latitude amounts to four or five minutes of arc.

aThe vertical diameter SS', fig. 6, divides the apparent path of Polaris into two equal parts, and for

the star at any point Se on the east side is a corresponding point st on the west side of the meridian,

for which azimuth Nw is equal to the azimuth Ne. The arc, Ss! 8%, taken from the entire circle (or

23P 56*.!), leaves the arc Sse, and its equal Sslt expressed in time, may be used to find, from table 3,

the azimuth Nw, which is equal to Ne.

The hour angles entered in table 3 include only those of the west half of the circle ending at S,

and when an hour angle greater than llh 58m results from observation it will be subtracted from 23h

66m .l, and the remainder will be used as the "time argument" for the table. The surveyor should

not confound these two quantities. The hour angle itself always decides the direction of the azimuth

and defines the place of the star with reference to the pole and meridian, as noted at top of table 3.

See examples.
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The attention of the observer is directed to the fact that he should

always use one day of twenty-four hours as the unit when he subtracts

the time of culmination from the time of observation. In any case

when the time of upper culmination, taken from table 1, for the given
date would be numerically greater than the astronomical time of

observation, the former time will be taken out for a date one day
earlier than the date of observation. The surveyor will decide when
such condition exists by comparing the time given in the table with

his astronomical time of observation. (See Example 4 and explana-

tions in footnotes, page 24.)

The watch time to be used when making observations on Polaris at

all times except elongation should be as accurate as can be obtained.

Looking at table 3 near top of page 20, the surveyor will observe

that for a difference of four minutes in the time argument there is a

change of about two minutes in azimuth; consequently, to obtain the

azimuth to the nearest whole minute of arc, the local mean time, upon
which all depends, should be known within two minutes. When the

observer uses standard railroad time he will correct the same for the

difference of longitude between his station and the standard meridian

for which the time is given at the rate of four minutes of time for

each degree of the difference in arc. Thus, if the difference in longi-

tude is 6 45', the equivalent in time will be twenty-seven minutes.

The difference of longitude may be taken from a good map. The cor-

rection will be subtracted from the standard railroad time of observa-

tion when the surveyor's station is west, or added when east of the

standard meridian, as the case m&y require, to obtain local time. It is

immaterial where the surveyor obtains the standard time provided he

gets it right, a result which will be gained most easily by a direct

personal comparison at a telegraph office.

If the direction of the meridian is known with an error not greater

than one-fourth of a degree, the local time can be obtained to the

nearest minute by observing the sun's transit by the following method,

suggested by Mr. H. L. Baldwin, jr.

The transit being in meridian and carefully leveled, place the tele-

scope so that it will point toward the sun at the time the latter comes

to the meridian and allow the magnified image of the sun to fall upon
a notebook or sheet of white paper about 1 foot distant from eyepiece.

The telescope should be slightly out of focus (lengthened) to get best

results, the best focal position to be determined by trial. When the

vertical cross wire bisects the sun's image, note the time by watch.

This will be the time of apparent noon. To get time of mean noon,

correct the noted time by adding or subtracting the equation of time,

taken from the Nautical Almanac u
to reduce apparent noon to mean

noon," or get this from any almanac giving "sun fast" or "sun slow"

time.
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Example.
June 20, 1903. h. m. s.

Watch time of sun's transit 11 50 25

Equation of time +1 04

Local mean noon 11 51 29

Or watch slow 8 31

The error of observation should not exceed two or three seconds

and the error resulting from incorrect meridian will be approximately
four seconds for each 1' error in meridian.

APPLICATIONS OF TABLES 1 AND 3.

1. Required the hour angle and azimuth of Polaris, for a station in latitude 46

N., longitude 90 W., at 8h 24m p. m., November 7, 1910.

h. m.

Astronomical time of observation, 1910, November 7 8 24.

Equivalent to time of November 6 32 24.

h. m.

Astron. time, TJ. C. Polaris, November 1 (table 1) . . 10 45. 3

Reduction to November 6 (
B

) ,
subtract & 19. 7

Astron. time, U. C. Polaris, November 6 10 25. 6, subtract . '10 25. 6

Hour angle of Polaris, at observation 21 58. 4

Subtract from.. ... ^23 56.1

Time argument for table 3 1 57. 7

Azimuth of Polaris, at observation 51' E.

2. Required the hour angle and azimuth of Polaris, for a station in latitude 4i

12' N., longitude 94 W., at 6h 16m a. m., November 19, 1904.

h. m.

Astronominal time of observation, 1904, November 18 18 16.

h. m.

Astron. time, U. C. Polaris, November 15 (table 1) . . 9 47. 1

Reduction to November 18, subtract 11. 8

Astron. time, U. C. Polaris, November 18 9 35. 3, subtract . 9 35. 3

Hour angle of Polaris, at observation, and time argument for table 3 ^8 40. 7

Azimuth of Polaris, at observation (table 3) ,
72' or fl 12' W.

The following four examples illustrate any difficulties in the use of

tables 1 and 3:

a By reference to the above table, the surveyor will observe that the times, between November 1

and 15, are greater than 8>> 24">; consequently, the culmination for one day earlier, November 6, will

be used.

bFrom table 1, opposite sixth day of month.
cTo subtract, take one day from November 7, and add its equivalent, 24h

,
to8h 24m

, making, Novem-

ber 6, 32h 24m (which is the time expressed by November 7, 8h 24m ); then subtract in the usual manner.

dSee last clause of footnote, page 22.

In case the hour angle comes out greater than llh 58m
,
subtract it from 23h 56m .l; see example 4,

above.

/The hour angle being less than 11>> 58>, the azimuth is west; see precepts? top of table 3.
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EVENING OBSERVATIONS.

1. February 20, 1904, at 7h 42m.5 p. m., local mean time, Polaris is observed at a

station in southern California, latitude 36, longitude 117.
h. m.

Time of observation 7 42. 5

h. m.

From table 1, U. C. Polaris, February 15 3 45. 7

Reduction to February 20 19. 7

3 26.

Time elapsed since preceding culmination 4 16. 5

From table 3 corresponding azimuth is 80/.5=1 20'.5.

2. May 9, 1904, at 8h 56m.4 p. m., local mean time, Polaris is observed at a station in

northeastern Minnesota, latitude 48, longitude 90. The nearest culmination is that

of May 8.

h. m.

Time of observation May 9, 1904, 8h 56m.4, or May 8 32 56. 4
h. m.

From table 1, U. C., May 1, 1904 22 42. 7

Reduction to May 8 27. 6
22 15. 1

Time elapsed since preceding culmination 10 41. 3

From table 3, eorresponding azimuth is 34'.

MORNING OBSERVATIONS.

3. May 10, 1904, at 5h 13m a. m., local mean time, or May 9, 17h 13m
,
astronomical

time, Polaris is observed at a station in northeastern Minnesota, latitude ^8,
longitude 90.

h. m.

Time of observation, May 9, 1904 17 13.

h. m.

From table 1, U. C., May 1 22 42.7

Reduction to May 9 31. 5

22 11.2

Time to elapse to next following culmination 4 58. 2

From table 3 corresponding azimuth is 104'.3=1 44'. 3

4. February 21, 1904, at 5h 10m a. m., local mean time, Polaris is observed at a station

in southern California, latitude 36, longitude 117. The nearest culmination is on

February 21.
h. m.

Time of observation, February 20 17 10.

h. m.

From table 1, U. C., February 15 3 45.7

Reduction to February 20 19. 7
h. m.

3 26.0+23 56.1=27 22.1

Time to elapse to next following culmination 10 12. 1

From table 3, corresponding azimuth is 39'. 3.
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TABLE 4. AZIMUTH AND APPARENT ALTITUDE OP POLARIS AT DIFFERENT HOUR ANGLES.

[From U. S. Coast and Geodetic Survey Report for 1895.]

The accompanying tables are intended for field use, to facilitate

placing an instrument in the meridian. They are also suitable for

determining the approximate latitude or meridian. They contain the

azimuth of Polaris at intervals of fifteen minutes in hour angle for

each degree of north latitude from 30 to 60, and the apparent alti-

tude at the same intervals and for each fifth degree of latitude. The
tables are computed for the declination of Polaris 88 46', but the rate

of change in both azimuth and altitude is given with the argument V
increase in declination. 6 The tables are intended to be used in con-

nection with the American Ephemeris, where are given the apparent

right ascension and declination of Polaris for each day in the year.
The approximate local time will in general be known with sufficient

accuracy from standard time and the approximate longitude of the

place. The following example explains the use of the tables and the

derivation of the hour angle of Polaris:

Position, latitude 36 20' N., longitude 5h 20m 30s W. of Greenwich.
h. m. s.

Time of observation, July 10, 1895, standard (75th mer. ) mean time 8 52 40 p. m.

Reduction to local time 20 30

Local mean time 8 32 10

Reduction to sidereal time (Table III, Amer. Ephem. ) -f 1 24

Sidereal time mean noon, Greenwich, July 10, 1895 7 12 38

Correction for longitude, 5h 20m 30s

(Table III, Amer. Ephem.) + 53

Local sidereal time 15 47 05

Apparent right ascension of Polaris, July 10, 1895 1 20 18

Hour angle before upper culmination 9 33 13

a The tables were computed with the following formulas:

sinjten a =
cos.9~taiTfi

- siiF^TcosY
sin h = sin <p sin S + cos <p os 8 cos t,

cos 5
8111 a'=c^'
cos <e=cot S tan <p;

where & azimuth from true north,

t hour angle,

g>
= latitude,

8 = declination,

h = true altitude,

ae
= azimuth at elongation,

te hour angle at elongation.

b As the corrections are given with proper sign for increase in declination over 88 46', they are to

be applied with reversed sign while the declination is less than 88 46', as it will be until near the

close of the century.
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Declination of table

Apparent declination, July 10, 1895

Increase in declination

o / //

88 46

88 44 47

- 1 13=

Values from tables (interpolated) azimuth 54 12, apparent altitude 35 21.8

Correction for 1'.2 increase in declination +52 1.0

55 04

East of north

35 20.8

It is to be remembered that Polaris is east of the meridian for twelve

hours before upper culmination, and west of the meridian for twelve

hours after. By setting the instrument at the apparent altitude and

sweeping- near the meridian Polaris can ordinarily be found and the

instrument placed in the meridian some time before dark. With
transit instruments not provided with horizontal arc, the value of the

azimuth adjusting screw may be readily determined and used.

Without the American Ephemeris these tables may be conveniently
used for obtaining the approximate meridian or latitude, in connection

with Bulletin 14, United States Coast and Geodetic Survey,
a where

are given the approximate mean times of culminations of Polaris, and

the mean declinations for various epochs.

aApproximate Times of Culminations and Elongations and of the Azimuths at Elongation of Polaris

for the Years between 1889 and 1910.

The mean places of Polaris are given as follows:
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TABLE 4. Azimuth and apparent altitude

Hour angle before
or after upper
culmination.
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ofPolaris at different hour angles.

29

Azimuth of Polaris computed for declination 88 46'.
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TABLE 4. Azimuth and apparent altitude
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of Polaris at different hour angles Continued.

31
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TABLE 4. Azimuth and apparent altitude

Hour angle before
or after upper
culmination.
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of Polaris at different hour angles Continued.

33

Azimuth of Polaris computed for declination 88 46'.
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TABLE 4. Azimuth and apparent altitude of Polaris at different hour angles Continued.
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the value of a latitude interval of 5X
,
which is 7.588 inches; lay off half of this interval

or 3.794 inches, on the central meridian above and below the horizontal line; these

distances will give points e and/, on the parallels of 40 10X and 40 05X
, respectively.

The distance, 7.588 inches, laid off above and below the latter points will give points

g and Ti for latitudes 40 15' and 40 OO7
. Through each of these points draw a

line parallel to the horizontal line and perpendicular to the vertical line first drawn.

In a similar manner lay off points on the east and west lines through latitude

points 40 (h), and 40 15X
(g), by measuring from the meridian east and west dis-

tances obtained from the columns headed "Abscissas of developed parallel" in

Table 9, page 82, for the -appropriate latitude and for the longitude intervals of 2Y
and 7Y- Thus, for 40, the tabular value for 2J

X
is 2.919 inches, for 5' it is 5.837

inches, and for 1\' it is 8.755 inches. The points so found (i, j, k, I) will be on the

meridians of 90 00', 90 05', 90 1(K, and 90 15'. Find similar points for latitude

40 157
,
and join corresponding points with light pencil lines. In order to find points

on these meridians where each parallel of latitude crosses, take from the columns
headed "Ordinates of developed parallel" in Table 9, on the same page, opposite
the given latitude 40, the distance for the "Longitude interval" 2y and 7J' (the
value of 2y for the 1:48000 scale is inappreciable, being less than 0.001 inch); lay
these distances off northward along the meridian from the horizontal lines, giving

points x, y, z, etc., on the desired parallels, and through these points draw curved

lines concave toward the north. After testing the accuracy of the plotting by com-

paring the length of the diagonals /-i=/-Z, h-m=h-n, etc., the projection may be
inked in.

In a similar manner projections may be constructed for other scales or areas,

Table 7, for the scale of 1:63360 (1 mile to 1 inch), may be used for any even fraction

or multiple of a mile. The distance between parallels being found from column
"Meridional distance;" distances not given may be found by simple proporticn

except for "ordinates of developed parallel," which increase as the square of the

distance from the central meridian. For scales of any number of thousands of feet

to 1 inch, use suitable fractions of the distance given for scale 1:12000 (1,000 feet to

1 inch) in Table 10.

For maps of large areas Table 5 gives the actual or full scale distances in meters.

These may be divided by the proper scale ratio and the distances so found platted with

a metric scale or reduced to feet by the table on page 268; the X values are the dis-

tances from the central horizontal line measured to the north or south, and the

corresponding Y values give the offsets northward to points on the curved parallels.

The distances measured east and west from the central meridian are those in the

part of Table 5 entitled "Arcs of the parallel" (p. 39), each to be taken for the

proper latitude. For projections of large extent the meridians differ sensibly from

straight lines and they as well as the parallels must be drawn as curves.
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TABLE 5. For projection of maps of large areas.

[The ratio of the yard to the meter as stated by Clarke, namely, 1 meter = 1.093623 yards = 39.370432

inches, is that used in the table.]

LENGTHS OF DEGREES OF THE MERIDIAN.
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TABLE 5. For projection of maps of large areas Continued.

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.]

LENGTHS OF DEGREES OF THE PARALLEL.

Latitude.
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TABLE 5. For projection of maps of large areas Continued.

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.]

ARCS OF THE PARALLEL IN METERS.

Latitude.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters. -
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 5. For projections of maps of large areas Continued.

COORDINATES OF CURVATURE.

Natural scale. Values of X and Y in meters.
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TABLE 6. Coordinates for projection of maps (scale

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale T2sVoo) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale j^V^o") Continued.

[From Smithsonian Geographical Tables.]

51

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale TITTTOTT) Continued

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale T^nnr) Continued.

[From Smithsonian Geographical Tables.]

53

Lati-
tude of

parallel.



54 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 6. Coordinates for projection of maps (scale T^\nnj) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale i^-sWo) Continued.

55

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale y^V^o ) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale yWinnr) Continued.

[From Smithsonian Geographical Tables.]

57

Lati-
tude of

parallel.
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TABLE 6. Coordinates for projection of maps (scale T^V^o) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE?. Coordinates for projection of maps (scale ^3^7) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.



GEOGRAPHIC TABLES AND FORMULAS. 61

TABLE 7. Coordinates for projection of maps (scale

[From Smithsonian Geographical Tables.]

Continued.

Lati-
tude of

parallel.



02 aEOGKAPHIC TABLES AND FOKMULA8.

TABLE 7. Coordinates for projection of maps (scale -$3^-3} Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale ^3^) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale -$-3^-5) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale ro^nr) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale -5^-5-5) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinate* for projection of maps (scale ^STS) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale TOOT) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale ^0-5-7) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 7. Coordinates for projection of maps (scale -$-3^-5-0) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 8. Coordinates for projection of maps (scale

71

Lati-
tude of

parallel.
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TABLE 8. Coordinates for projection of maps (scale ralrnr) Continued.

Lati-
tude of

parallel.
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TABLE 8. Coordinates for projection of maps (scale srl^) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 8. Coordinates for projection of maps (scale ^^0) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE S. Coordinates for projection of maps (scale ssi^y) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 8. Coordinates for projection of maps (scale TI^) Continued.

[From Smithsonian Geographical Tables.]

Lati-
tude of

parallel.
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TABLE 9. Coordinates for projection of maps (scale

[Prepared by S. S. Gannett.]

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale 53-^) Continued.

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale ?J%-Q-Q) Continued.

79

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale ^ozr) Continued.

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale 53-^7) Continued.

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale ^^o) Continued.

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale Continued.

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale ^5-^^) Continued.

Latitude
of

parallel.
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TABLE 9. Coordinates for projection of maps (scale ) Continued.
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TABLE 10. Coordinates for the projection of maps (scale T

[Prepared by S. S. Gannett and George T. Hawkins.]
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TABLE 10. Coordinates for the projection of maps (scale TT^rnr) Continued.
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TABLE 10. Coordinates for the projection of maps (scale i^oo) Continued.

Latitude
of

parallel.
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TABLE 10. Coordinates for the projection of maps (scale Tuihro) Continued.
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TABLE 10. Coordinates for the projection of maps (scale j^y^) Continued.
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TABLE 10. Coordinates for the projection of maps (scale TSTT^) Continued.

Latitude
of

parallel.
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TABLE 10. Coordinates for the. projection of maps (scale y^iy^oO Continued

Latitude
of

parallel.
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TABLE 10. Coordinates for the projection of maps (scale ystUff) Continued.

Latitude
of

parallel.



94 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 10. Coordinates for the projection of maps (scale T^O) Continued.
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TABLE 11. Areas of quadrilaterals of earth's surface of 1 extent in latitude and

longitude.

From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 11. Areas of quadrilaterals of earth's surface of 1 extent in latitude and
longitude Continued.

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 12. Areas of quadrilaterals of earth's surface of 30f extent in latitude and

longitude.

[From Smithsonian Geographical Tables.
|

Middle lati-

tude of

quadrilateral.
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TABLE 12. Areas of quadrilaterals of earth's surface of 30' extent in latitude and longi-

tude Continued.

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 12. Areas of quadrilaterals of earth's surface of SO' extent in latitude and longi-
tude Continued.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilat-

eral.
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TABLE 13. Areas of quadrilaterals of earth's surface of 15' extent in latitude and
longitude.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilateral.



GEOGRAPHIC TABLES AND FORMULAS. 101

TABLE 13. Areas of quadrilaterals of earth's surface of 15f extent in latitude and longi-
tude Continued.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilateral.
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TABLE 13. Areas of quadrilaterals of earth's surface of 15' extent in latitude and longi-
tude Continued.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilateral.
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13. Areas of quadrilaterals of earth's surface of 15f extent in latitude and longi-
tude Continued.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilateral.
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TABLE 13. Areas of quadrilaterals of earth's surface of 15f extent in latitude and longi-
tude Continued.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilateral.
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TABLE 13. Areas of quadrilaterals of earth's surface of 15' extent in latitude and longi-

tude Continued.

[From Smithsonian Geographical Tables.]

Middle latitude
of quadrilateral.
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TABLE 14. Areas of quadrilaterals of earth's surface of 10' extent in latitude and
longitude.

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 14. Areas of quadrilaterals of earth's surface of 10' extent in latitude and longi-

tude Continued.

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 14. Areas of quadrilaterals of earth's surface of 10' extent in latitude and longi-
tude Continued.

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 14. Areas of quadrilaterals of earth's surface of 10' extent inlalitude and longi-

tude Continued.

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.



110 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 14. Areas of quadrilaterals of earth's surface of 10' extent in latitude and longi-
tude Continued .

[From Smithsonian Geographical Tables.]

Middle lati-

tude of

quadrilateral.
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TABLE 15. For conversion of arc into time.

Ill

o
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TABLE 16. For conversion of time into arc.

Hours of time into arc.
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TABLE 17. For conversion of mean time into sidereal time.

113

.
m
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TABLE 18. For conversion of sidereal time into mean time.

s
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TABLE 19. For inlerconversion of feet and decimals of a mile.

115

Feet. Miles.
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TABLE 20. Converting wheel revolutions into hundredths of a mile.

[Prepared .by J. H. Jennings.]

[Scale divisions outside; revolutions inside.]

CIRCUMFERENCE OF WHEEL, 9.5 FEET.
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TABLE 20. Converting wheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF WHEEL, 9.8 FEET.
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TABLE 20. Converting wheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF .WHEEL, 10.1 FEET.
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TABLE 20. Converting ivheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF WHEEL, 10.4 FEET.
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TABLE 20. Converting wheel revolutions into hundredth* of a mile Continued.

CIRCUMFERENCE OF WHEEL, 10.7 FEET.
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TABLE 20. Converting wheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF WHEEL, 11.0 FEET.



122 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 20. Converting wheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF WHEEL, 11.3 FEET.
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TABLE 2Q. Comerling wheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF WHEEL, 11.6 FEET.
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TABLE 20. Converting wheel revolutions into hundredths of a mile Continued.

CIRCUMFERENCE OF WHEEL, 11.9 FEET.
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TABLE 20. Converting wheel revolutions into hundredth* of a mile Continued.

CIRCUMFERENCE OF WHEEL, 12.2 FEET.
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TABLE 21. Five-place logarithms of natural numbers,

[Fractional change in a number corresponding to a change in its logarithm.]

Computed from the formula,

N '

fi

//=modulus of common logarithms = 0.43429448.

For
A log N

= 1 unit in
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TABLE 21. Five-place logarithms of natural numbers Continued.

127

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

129

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

131

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

138

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

137

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

139

N;
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

141

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

143

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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TABLE 21. Five-place logarithms of natural numbers Continued.

145

X.
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TABLE 21. Five-place logarithms of natural numbers Continued.

N.
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Formula for using quantities S and T:

log sin a = log a" + S.

log tan a = log a" + T.

log cot a = a. c. log a" -fa. c. log 7!

log a" = log sin a S = log tan # T
7
.

log cos a = log (90
-

a)" + A
log cot a = log (90

-
<*)" + T7

.

log tan a = a. c. log (90
-

a}" + a. c. log T.

log (90 a)" = log cos a 8= log cot a T.



148 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 22. Five-place logarithms of circular functions, expressed in arc and time.

Oh

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 2

m. s.
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TABLE 22. five-place logarithms of circular functions, etc. Continued.

0* 3

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 4

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 5

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

& 6

m. s.
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TABLE 22. five-place logarithms of circular functions, etc. Continued.

Ah
ijro

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 8

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 9

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 10

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 11

m. s.
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.TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 12

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 13

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

Oh 14

m. s.
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TABLE 22. Five-place logarithms of circularfunctions, etc. Continued.

l
h 15

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h

16

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 17

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc, Continued.

l
h

18

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 19

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 20

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 21

m. s.
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TARLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 22

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h *

23

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 24

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 25

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 26

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 27

m.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 28

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

l
h 29

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h 30

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2h 31

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h 32

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h 33

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h 34

m. s.



GEOGRAPHIC
'

TABLES AND FORMULAS. 183

TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2h 35

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2h 36

m. s.
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TABLE 22. Five-place logarithms of circular functions, ete. Continued.

2h 370

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2h 38

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2h 39

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2h 40

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h 41o

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h

42

m. s.
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TABLE 22. Five-place logarithms of circular functions, etc. Continued.

2
h 43

m. 8.
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TABLE 22. Five-pl&ce logarithms of circular functions, etc. Continued.

2
h 44

m. s.
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TABLE 23. GEODETIC POSITION COMPUTATIONS.

TABLE OF LOGARITHMS OF FACTORS A, B, C, D, E, F^ BASED UPON THE CLARKE SPHE-
ROID OF 1866 AND THE METRIC SYSTEM, BETWEEN LATITUDES AND 72.

[Extracted from reports of the U. S. Coast and Geodetic Survey.]

CONSTANTS.

A=

~

(1 g2 sin2
<?)*

a arc l //

a (1 e2 ) arc 1"

(1 (? sin2
cp)

2 tan cp
~~

2a2
(I /) arcl"

_ f & sin cp cos cp arc \"
1 e

2 sin2
cp

(1 + 3 tan2
cp) (I e

2 sin2
cp)

F = y^- sin cp cos2
cp arc2 1"

log

log a = 6.804 698 57

log b = 6.803 223 78

log e* = 7.830 502 57

77=8X509 726 56
a arc 1

lQga
(l-^)ar^

= 5 -51267615

1

log; = 1.406 947 6
2a2

(1 e
2
)
arcl/x

log (f e2 arc l x/
)
=2.692 168 7

log^ = 5.612 45

log (TVarc
2
1") = 8.291 96

Ratio adopted in this table is the Clarke value of the meter, namely, 1 meter =
39.370432 inches.

The formulas for the computation of the geodetic differences in latitude Acp, in

longitude AX, and in azimuth Aa are as follows:

{Acp=s

cos a . B+s2 sin2 a . C+(6<p)
2 D h . s

2 sin2 a . E
AX=s sin a sec <?/ . A

-Aa=AX sin $ (<p+g/) sec (^/<p)+( ^A)
3 F

where

g/--=

A /=
a'=

A
and

f <5<p=s cos a . ^+s2 sin2 a . C h . S* sin2 a . E
a=a a+180 t also A= cos a . J?

For subordinate triangulation when the sides do not exceed say 25 kilometers, or

about 15 statute miles, the term involving E in Acp and the factor sec \ (Acp}, as

well as the term involving j^in Aa, may be omitted.

4606108-13
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EXAMPLES OF COMPUTATION OF GEODETIC COORDINATES.

Azimuth a: Nell (

Spherical angle:

Azimuth a7
: Nell 5

d a+180

Azimuth (a): Zuni

Latitude.

/ //

0: 35 25 13.473 Nell.

d (p -17 47.546 Geo. Pos. No
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Azimuth a: Chusca

Spherical angle:

Azimuth ax
: Chusca

da +180

Azimuth (a) : Zuni

Latitude.

o / //

0: 35 53 06.746 Chusca.

d(p 45 40.818 Geo. Pos. No
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TABLE 23. Geodetic position computations Continued.

LATITUDE 0.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 1.

197

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 2.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 3.

199

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 4.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 5.

201

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 6.

Lat.
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TABLE 23. Geodetic position computations Continned.

LATITUDE 7.

203

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 8.

Lat.



GEOGRAPHIC TABLES AND FORMULAS.

TABLE 23. Geodetic position computations Continued.

LATITUDE 9.

205

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 10.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 11.

207

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 12.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 13.

209

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 14.

Lat,
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TABLE 23. Geodetic position computations Continued.

LATITUDE 15.

211

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 16.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 17.

218

Lat.
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TABLE 23. Geodetic position computations Continued.

sLATITUDE 18.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE. 19.

215

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 20.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 21.

217

log A***
diff. 1"= -0.05
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TABLE 23. Geodetic position computations Continued.

LATITUDE 22.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 23.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 24.

Lat.
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TABLE 23. Geodetic position computation* Continued.

LATITUDE 25.

221

T at 1& ALat -

diff.l"=-0'06



222 GEOGRAPHIC TABLES ADD FORMULAS.

TABLE 23. Geodetic position computations Continued.

LATITUDE 26.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 27.

223

Tit log ALat -

diff.l"=-0.06
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TABLE 23. Geodetic position computations Continued.

LATITUDE 28.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 29.

225

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 30.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 31.

227

Lt.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 32.

Lat.
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TABLE 23. Geodetic position computation* Continued.

LATITUDE 33.

229

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 34.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 35.

231

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 36.

Lat.
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TABLE 23. Geodetic position compulations Continued.

LATITUDE 37.

238

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 38.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 39.

285

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 40.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 41.

237

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 42.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 43.

239

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 44.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 45.

241

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 46.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 47.

243

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 48.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 49.

245

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 50.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 51.

247

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 52.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 53.

249

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 54.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 65.

251

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 56.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 57.

253

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 58.

Lat.
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TABLE 23. Geodetic position computation!) Continued.

LATITUDE 59.

255

Lat.
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TABLE 23. -Geodetic position computations Continued.

LATITUDE 60.

Lat,
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TABLE 23. Geodetic position computations Continued,

LATITUDE 61.

257

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 62.

Lat.
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TAHLE 23. Geodetic position computations Continued.

LATITUDE 63.

259

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 64.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 65.

261

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 66.

Lat.
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TABLE 23. Geodetic position compulations Continued.

LATITUDE 67.

263

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 68.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 69.

265

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 70.

Lat.
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TABLE 23. Geodetic position computations Continued.

LATITUDE 71.

267

Lat.
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Table of values of log sec % {Aq>).

A<p
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Table of corrections to longitude for difference in arc and sine.

269

logs(-)
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position, using distance and azimuth found as above. The order of

solution is shown by figures in parentheses. The cosines of latitudes

are proportional to the intercepted parallels.

Latitude = 9 =38 23' 27" .00 Given.

<p'
= 37 45 09 .30 Given.

A<p =- 38' 17" .70

=2297".70 (1)

log A <p
= 3.3612933

log C = 1.30360

log 82 sin2a = 8.75770

log (II) 0.06130 (7)

(II) = 1" .152

log D = 2.3812

log (I + II)
2 = 6.7226

log (III) 9.1038 (8)

III = 0" .13

log E = 6.0711

log I = 3.3613

log IV - 8.1901 (9)

IV = -" .02

(II) = + 1.15"

(III) =-- + 0.13

IV = - .02

Sum = + 1.26" (10)

A <p
= 2297.70

(I) = 22%.44

Longitude = A = 104 32' 48" .20 Given
A' r= 104 49 05 .50 Given

A A = 16' 17" .30 +
= 977" .30 + (2)

log A A = 2.9900279

log A A correction = + 16

log S (scaled distance) correction = 99

(apply with opposite sign) 83 (3)

log A A' = 2.9900362 (4)

log A' = 8.5091750 (5)

Sec <p' = 0.1020092

8.6111842 (+)
= 2.9900362 (+)log A A'

log S sin a

log S COS a

4.3788520 (+ ) (6)

4.8500742 (+) (11)

= tan a = 9.5287778 (12)

log (I)

log (B)

3.3610475

8.5109733

log S COS a = 4.8500742 (11)

Azimuth = a - 18 40' 10" .8 (13)

log S sin a = 4.3788520

log sin a = 9.5053013

log distance = log S = 4.8735507 (14)
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TABLE 24. Log m, for use in computing spherical excess.

[Computed for the Clarke spheroid of 1866.]

Lat.
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APPROXIMATE SPHERICAL EXCESS.

This may be obtained by dividing- the area of the triangle in square
miles by 75.5.

TABLE 25. Mean refraction.

If

%*
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TABLE 26. Corrections for currofurc and refraction, infed 0.574 (distance, miles}
2

.

[Difference in feet between the apparent and true level at distances varying from 1 to 66 miles.]

Distance,
miles.



274 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 27. FOR OBTAINING DIFFERENCES OF ALTITUDE FOR ANY MINUTE UP TO 15

DEGREES, AND FOR ANY DISTANCE.

[Prepared by Arthur P. Davis.]

EXPLANATION OF TABLE.

The left-hand column is the minutes of the vertical angle, the

degrees being denoted by the large number at top of page. The bold-

face figures at top of column is the distance in miles. Numbers in the

body of the table denote the difference of elevation corresponding to

the angle on the left and the distance at top. The correction for

curvature, refraction, and height of instrument is always plus; it there-

fore increases the difference of level for angles of elevation, and is

subtracted from the difference of level for angles of depression.

Example. Required the difference of altitude corresponding to a

vertical angle of -f 9 18' at a distance of 3.628 miles. On page 284

the tabular number corresponding to 9 18' and
Feet.

A. distance of 3 mites is 2, 594

For a distance of 6 miles is 5, 188 for 0.6 is therefore 519

For a distance of 2 miles is 1,729 for 0.02 is therefore 17

For a distance of 8 miles is 6,917 for 0.008 is therefore 7

Correction for curvature, refraction, and height of instrument for 3.6 miles is -f - 12

Total difference of altitude -f 3, 149
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

1
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TABLE 27. For obtaining differences of altitudefor any minute, etc. Continued.
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

3
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

5
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

6
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

7
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

8
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TABLE 27. 'For obtaining differences of altitude for any minute, etc. Continued.

9
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

10
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

11
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

12



288 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

13
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TABLE 27. For obtaining differences of altitude for any minute, etc. Continued.

14
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TABLE 28. HORIZONTAL DISTANCES AND ELEVATIONS FROM STADIA READINGS.

This is a most generally useful stadia table for rods reading 1 foot to

the 100 feet and with angles up to 30. The values of other measures

than those given in the table are obtained by multiplying the quanti-

ties under the proper vertical angle by stadia readings in hundreds of

units. The quantity representing the focal distance is very small and

is given at the bottom of each page for focal lengths between three-

fourths and 1-f feet and is represented as a constant equal to c.

For ordinary work it is not necessary to take the latter into account.

The direct use of the table involves a multiplication for each result

obtained.

Example. Let rod intercept be 3.25 feet, and the angle of inclina-

tion be 5 35'. Then the distance on the horizontal would be

^=325 feet.

If we accept the focal distance /*+ c as 1.25 feet, we have from the

tables

<Z'= 3.25 feetX 99.05+1.24=323.15 feet,

and

.A=3.25 feetx 9.68+0.11= 31.57 feet.
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TABLE 28. Horizontal distances and elevationsfrom stadia readings.

0.
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TABLE 28. Horizontal distances and elevationsfrom stadia readings Continued.
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TABLE 28. Horizontal distances and elevationsfrom stadia readings Continued.
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TABLE 28. Horizontal distances and elevations from stadia readings Continued.
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TABLE 28. Horizontal distances and elevationsfrom stadia readings Continued.
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TABLE 28. Horizontal distances and elevationsfrom stadia readings Continued.
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TABLE 28. Horizontal distances and elevations from stadia readings Continued.
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TABLE 28. Horizontal distances and elevationsfrom stadia readings Continued.
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TABLE 29. For converting metric into United States measures.

LINEAR

299

Meters. Inches.
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TABLE 30. For converting United States measures into metric.

LINEAR.

""he, L
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TABLE 31. FOR INTEKCONVERSION OF MILES AND LOGARITHMS OF METERS, FOR DIS-

TANCES FROM 10 TO 100 MILES.

The value adopted for the meter is 39.3700 inches. Distances

between triangulation stations are given in logarithms of meters, but

for general use distances in miles are most frequently desired.

The following examples illustrate use of the table:

To find the number of miles corresponding to log. distance in meters . . 4. 56857

Next lower log. in table is for 23.00 miles 4. 56838

Difference

Corresponding to tabular difference for 0.01 mile.

Hence distance required is 23.01 miles.

19

For distances less than 10 miles proceed as above; first adding 1 to

the characteristic of the given logarithm and afterwards dividing the

corresponding number of miles by 10. Example:

Having given the log. 3.84062, which is less than any given in

the table, and therefore for a distance less than 10 miles, adding
1 to the characteristic of the logarithm gives 4.84062, which cor-

responds to a distance of 43.05 miles. Hence the distance sought is

43.05
=4.305 miles.

To change '(Add.)

Log. of miles to log. of meters f 3. 2066498

Log. of yards to log. of meters 9. 9611371

Log. of feet to log. of meters 9. 4840158

Log. of inches to log. of meters 8. 4048346

Log. of meters to log. of miles 6. 7933502

Log. of meters to log. of yards 0. 0388629

Log. of meters to log. of feet 0. 5159842

Log. of meters to log. of inches 1. 5951654

TABLE 31. For inttrconversion of miles and logarithms of meters.

[Prepared by S. S. Gannett.]

Miles.



302 GEOGRAPHIC TABLES AND FORMULAS.

TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconverslon of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion. of miles and logarithms of meters Continued.

Miles.
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TABLE 31. For interconversion of miles and logarithms of meters Continued.

Miles.



314 GEOGRAPHIC TABLES AND FORMULAS.

1 meter =? 39.37 inches. Log. 1.5951654.

1 meter = 3.28083 feet. Log. 0.5159842.

1 meter = 1.093611 yards. Log. 0.0388629.

1 meter = 0.00062137 mile. Log. 6.7933502.

1 kilometer = 3,281 feet = five-eighths mile, nearly.
1 cubic meter = 35.314 cubic feet = 1.308 yards.

1 liter = 1.0567 quarts.

1 gram = 15.43 grains.

1 kilogram = 2.2046 avoirdupois pounds.
1 tonneau (metric ton) = 2,204.6 pounds.
1 cubic meter per minute = 0.5886 second-foot.

1 second-foot = 50 California miner's inches.

1 second-foot = 40 Arizona miner's inches.

1 second-foot = 449 gallons per minute.

1 second-foot for one day = 1.9835 acre-feet.

1 second-foot for one day = 646,272 United States gallons.

1 second-foot = about one acre-inch per hour.

1 acre-foot = 325,850 gallons.

1,000,000 gallons = 3.07 acre-feet.

1,000,000 cubic feet = 22.95 acre-feet.

1,000,000 gallons per 24 hours = 1.55 second-feet.

1 horse power = 550 foot-pounds per second.

1 horse power = 76 kilogrammeters per second.

1 horse power = 746 watts.

1 horse power = 1 second-foot water falling 8.8 feet.

1 second-foot falling 10 feet 1.135 horse power.
1 foot per second = 1.077 kilometers per hour.

1 foot per second = 0.68 miles per hour.

1 inch = 2.54 centimeters.

1 foot = 0.3048 meters.

1 yard = 0.9144 meters.

1 mile = 1.60935 kilometers.

1 square yard = 0.836 square meters.

1 acre = 0.4047 hectares.

1 square mile = 259 hectares.

1 square mile = 2.59 square kilometers.

1 cubic foot = 0.0283 cubic meters.

1 cubic yard = 0.7646 cubic meters.

1 gallon = 3. 7854 liters.

1 pound = 0.4536 kilograms.

{15

pounds per square inch.

1 ton per square foot.

1 kilo per square centimeter.

Acceleration of gravity = 32.16 feet per second.

To change miles to inches on map:
Scale 1: 125000, 1 mile = 0.50688 inches. Log. = 9.7049052.

Scale 1 : 90000, 1 mile = 0. 70400 inches. Log. = 9. 8475727.

Scale 1:62500, I mile = 1.01376 inches. Log. = 0.0059352.

Scale 1:45000, 1 mile = 1.40800 inches. Log. = 0.1486027.

To change log. of meters to log. of inches on map :

Scale 1:125000 add 6.4982552.

Scale 1:90000 add 6.6409228.

Scale 1 : 62500 add 6. 7992853.

Scale 1:45000 add 6.9419528.
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CONSTANTS.

Basis of natural logarithms . ...





INDEX.

Page.

Alidades, micrometer, determination of con-

stant and value of division 12-13

Altitude, differences of, table for obtain-

ing 274-289

Arc into time, table for conversion of Ill

Astronomical constants 315

Azimuths of Polaris at any hour angle, ex-

planation of 22-25

at any hour angle, table of 20-21

at elongation, table of 19

Center, reduction to, example cf 7

reduction to, figure and formula for 6

reduction to, graphic 8

Circular functions expressed in arc and

time, five-place logarithm table

of 148-192

Constants, table of 315

Culminations of Polaris, table giving times

of 16

examples for computing times of 18

Curvature and refraction, table of correc-

tions for 273

Elongations of Polaris, table of azimuth at. 19

table of times of 16

Equivalents, convenient, table of 313-314

Expansion, linear, of metals 315

Feet to decimals of a mile, table for conver-

sion of 115

Feet to meters, table for conversion of 268

Geodetic position computations, formulas

and constants for 193

inverse solution, example of. 270

logarithms of factors A, B, C, D, E, F,

latitude 0-72 193-270

Hour angle of Polaris 14

Kilometers to statute miles, table for con-

version of 268

Logarithms of circular functions expressed
in arc and time, five-place table

of 148-192

of natural numbers, five-place table

of 126-147

Longitude corrections, difference in arc and

sine, tableof 269

M, logarithm of, for use in computing
spherical excess 271

Mean time into sidereal time, table for con-

version of 113

Meridian, method of fixing 14-15

Metals, linear expansion of 315

Meters, logarithms of, and miles, table for

interconversion of 301-313

Meters to feet, table for conversion of 268

Metric into United States measures, table

for converting 299

Page.

Micrometer alidades, determination of con-

stant and value of division 12-13

Mile, decimals of, into feet, table for con-

version of 115

Miles and logarithms of meters, table for

interconversion of 301-313

Number, fractional change in, correspond-

ing to a change in its logarithm. 126

Numbers, natural, five-place logarithm
tableof , 126-147

Physical constants 315

Polaris, apparent altitude and azimuth of,

at different hour angles 26-34

aspects of, figure showing 14

azimuths of, at any hour angle, explana-
tion of table 22-25

at any hour angle, table of 20-21

at elongation, tableof 19

culminations of, examples for comput-

ing times of 18

culminations and elongations of, table

of times 16

hour angle of, definition 14

Projection of maps of large areas, table of. . 37-48

Projection of maps, scale 1:12,000, table of

coordinates 86-94

scale 1:48,000, table of coordinates 77-85

scale 1:62,500, table of coordinates 71-76

scale 1:63,360, table of coordinates 59-70

scale 1:125,000, tableof coordinates 49-58

tables for, examples of use of 35-36

Projection, polyconic, construction of, figure

showing 35

Quadrilaterals 10* extent in latitude and

longitude, areas of 106-110

.15' extent in latitude and longitude,
areas of

%
100-105

30' extent in latitude and longitude,
areas of 97-99

1 extent in latitude and longitude,
areas of 95-90

Reduction to center, example of 7

figure and formula for 6

graphic, explanation of 8

Refraction, mean, table of 272

Sidereal time into mean time, table for con-

version of 114

Spherical excess, approximate, method of

obtaining 8, 272

Spherical excess, log. m. for use in comput-
ing 271

Stadia readings, horizontal distances and

elevations, table of 290-298

Statute miles to kilometers, table for con-

version of 2P8

317
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Page.

Three-point problem, computation of 10

graphic solution of 11

Time to arc, table for conversion of 112

Time, local, method of obtaining 23

Time, mean, table for conversion of, into

sidereal, and vice versa 113-114

Triangles, solution of, two sides and in-

cluded angle given 8

Page.
Triangles, right-angled, rules for solution of. 5

United States measures to metric, table for

conversion of, and vice versa. 299-300

Wheel revolutions to hundredths of a mile,

table for conversion of 116-125
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