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PREFACE.

Thirty-six years have elapsed since the publication of the first edition of the
Auxiliary Tables of this Department, which was issued in 1851 under the title “ Tables
“to facilitate the computations of a trigonometrical survey and the projection of maps
“for India. Computed and arranged by Babu Radhanath Sikdhar, Chief Computer in the
“ Surveyor General’s Office.” This edition contained but seventeen tables, two of which
consisted of symbols, formule and constants. In 1868 this was “revised and extended
 under the direction of Lieut.-Colonel J. T. Walker, R.E., F.R.S., &e., Superintendent
“of the Great Trigonometrical Survey of India, by J. B. N, Hennessey, Esq., F.R.A.S,,
« Deputy Superintendent 1st Grade, Great Trigonometrical Survey, in charge Computing
 Office,” and issued as a second edition under the title of *“ Auxiliary Tables to facilitate
“ the calculations of the Survey Department of India.” This edition contained twenty-six
tables which were also, like those of the first edition, confined to tlie requirements of a
trigonometrical survey and the projection of maps. Since 1868, however, ten other tables
were from time to time added, which were generally numbered in continuation of the
twenty-six as they were brought out, and now that the 1868 edition has been exhausted
a new issue is imperatively called for, which of necessity requires a new arrangement
of the old tables, grouping those together which relate to the same subjects; so
that it has been impossible to retain the old familiar numbering by which many a
table was popularly designated in the department. The present issue is moreover
somewhat eularged in scope and includes tables that will be useful to geographical
explorers and save them the trouble of carrying other and perhaps cumbersome com-
pilations, while at the same time it includes some new tables within the old scope
which will also be found useful. The range of latitude—where it is the argument—has
been somewhat enlarged, and now exteuds in all cases from the equator to 40°, except
in Tables XXIX, XXX and XXXVI to XLI inclusive in which it extends to 46°.

This edition contains sixty-three tables of which the following numbers were to
be found in the previous editions with the less extended range of latitude :—1I, 11, 111,
V to XIV, XXIV to XXX, XXXII, XXXIII, XXXV to XL and XLIX to LI. Four
concise tables, XLV to XLVIII, occupying but one opening now take the place of the
more voluminous table of Mile Bquivalents in Feet and Links,

A set of four Star Charts containing all the stars of the first, second and third
maognitudes, originally published by General Walker in 1873 for the use of geographical
explorers, has been reduced to a suitable scale and inserted in this edition.

For the assistance of the ordinary computer the Tables are preceded by the
usual explanations regarding their use, and these are now supplemented by additional
explanations in smaller type, shewing low the tables themselves or the formule on

which they are based have been obtained : with these the ordinary computer need have
no concern.
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To assist officers employed beyond the Frontier in reducing the astronomical
observations that may require to be taken, a few examples of such calculations are added

in an Appendix.

The preparation and printing of these Tables have been accomplished under
the superintendence of Mr. W. H. Cole, um.a., Deputy Superintendent in charge of
the Computing and Printing Offices, but my acknowledgments are also due to Mr.
J. Eccles, .., Assistant Superintendent, for the preparation of the explanations and
appendix and for the trouble he has taken to make them ns complete as possible.

C. T. HAIG, CoLonEL, R.E,

July 1887,
Deputy Surveyor General,

In charge of Trigonometrical Surveys.



CONTENTS.
PAGH.
PREFACE . . . . . . . . . 3
Sympors aNp Formurz . . . . . . . . 8
ConsTaNTS EMPLOYED IN THE Carcurarion oF THE TaBLrs . . b,

TABLES AND THEIR EXPLANATION.
EXPLANATION TABLE
PAGE. PAGE.

I. Normals terminated by the Minor Axis, and their

Logarithms . . . . . . . . 9 2)
II. Radii of Curvature to the Meridian, and their Logarithms 12 (4)

I1I. Logarithms of the Factor(”—“é):,—cffﬂ for computing the
Spherical Excess of a Triangle . . . . b, (6)

IV. For determining the Spherical Excess in Secondary '

Operations . . . . . . . . 13 ib.

V. Reciprocals of Numbers to facilitate the Computation of
Weights of Observed Angles . . . . .14 (7}

VI. Logarithms for facilitating the Computation of Terrestrial
Latitudes, Longitudes, and Reverse Azimuths . . b (8)

VII. Directions for applying the Signs to the Terms of the
Latitude, Longitude and Azimuth Formule . .19 (16)

VIII. For calculating Azimuths and Distances of Points of which
the Latitudes and Longitudes are known . . . b (17)

IX. Computation of Heights.—Reduction of Log. Distance in
Feet between two Stations A and D to reduce to the

Level of Station A . . . . . T (20)

X. Computation of Heights.—For converting Geodetic Dis-
tance in Miles into Seconds of Contained Arc . . 2 (21)

XI. Computation of Heights.—For converting Geodetic Dis-
tance in Feet into Seconds of Contained Arc . . 26 (22)

XII. Computation of Heights.—Log. Secant of Observed Angle
at Station B . . . . . . . . b ib.

XIII. Computation of Heights.—For obtaining the Quantity 8”
in the formula for finding the Terrestrial Refraction . 28 (23)

XIV. Computation of Heights.—To facilitate finding the Sub-
tended Angle when ouly one angle has hecn observed and
the Distauce between Stations A and B is given in Feet 30 (24)

XV. Computation of Heights.—To facilitate finding the Sub-
tended Angle when only one angle has been observed
and the Distance between Stations A and B is given in

Log. Feet . . . . . . . . 81 ib.
XVIL. Computation of Heights.—Correction for Curvature and

Refraction in determining Heights with the Clinometer  ib. (25)
XVII. Computation of Heights,—Naturul Tangents to 5 places

of Decimals . . . . . . . . 33 (26)

XVIII. Computation of Heights.— For determining Differences of
Hecight with the Barometer.—Loouis . . . b, (28)



XIX.

XX.

XXI.

XXII.

XXIII.
XXIV.

XXV.

XXVI.

XXVIIL

XXVIIL
XXIX.

XXX.

XXXI.

XXXII.

XXXIII.

XXX1V.

XXXV.

XXXVI

XXXVII.

XXXVIIL

XXXIX.

XL.

CONTENTS.

Computation of Heights.—For determining Differences of
Height with the Barometer.—~BaiLy

Computation of Heights.—Local Corrections for Com-
parison with the Barometer at Simla.—BoiLeavu

Computation of Heights.—For determining Heights with
the Boiling Point Thermometer.—BoiLEAU

Astronomical Refractions . . . .
Parallax of the Sun

Computation of Circumpolar Azimuths.—To Facilitate
the Calculation of the Corrections—for Instrumental
Errors of Collimation, Inclination and Deviation—to the
Observed Times of Transit

Computation of Circumpolar Azimuths.—To Facilitate the
Computation of A or the Reduction to Elongation

Linear Value in Feet of one Second of Arc and its
Logarithm, measured along the Meridian

Linear Value in Feet of one Second of Arc and its
Logarithm, measured along Parallels of Latitude

Arc-versines of Spheroidal Arcs of Parallel 1° in length .

Linear Value in Miles of aDeg'ree of Arc measured along
the Meridian .

Linear Value in Miles of a DEgree of Arc measured along
Parallels of Latitude . . .

Graticules of maps.—Sides and Diagonals of Squares of
3th of a Degree of Latitude and Longltude, on the
Scale of 1 Inch to } 2 mile .

Graticules of maps.—Sides and Diagonals of Squales of
{th of a Degree of Latitude and Longltude, on the
Scale of 1 Inch to 1 mile

Graticules of maps.—Sides and Dxagonals of Squa.rcs of
4 of o Degree of Latitude and Lougltude, on the Scale
of 1 Inch to - miles .

Graticules of maps.—Sides and Diagonals of Squares of
4 of a Degree of Latitude and Lougitude, on the Scale

of the Atlas of India or 2—51&’1 of Nature

Graticules of maps.—Sides and Diagonals of Squares of
1 Degree of Latitude and Longltude, on the Scale of
1 Inch to 8 miles . .

Graticules of maps.—Sides and Dngonals of Squares of
2 Degrees of Latitude and Longltude, on the Scale of
1 Inch to 12 miles

Graticules of maps.—Sides and Dmgonnls of Squares of
2 Degrees of Latitude and Longltude, on the Scale of
1 Inch to 16 milcs .

Graticnles of maps.—Sides and Dmgonals of Squares of
2 Degrees of Latitude and Longltudc, on the Scale of
1 Iuch to 24 miles .

Graticules of maps.—Sides and Dlagonals of Squares of
2 Degrees of Latitude and Longltudc on the Scale of
1 Inch to 32 miles .

Graticules of maps.—Sides and Dmgonals of Squares of
2 Degrees of Latitude and Longitude, on the Scale of
1 luch to 48 miles . . . . . . .

PAGR.

34

36

ib,
37
ib.

a8

ib.

44

ib.

48

49

1b.

50

ib.

ib.

ib.

ib.

ib.

ib.

ib.

ib.

PAGE,

(30)
@1)

(32)
(34)
(35)

(36)
37)
(44)

(48)
(52)

(56)

ib.

(67)

(62)

(65)

(66)

(68)

(69)

ib.

70)

ib.

(71)



XLI.
XLIIL

XLIIIL

XLIV.
XLV.
XLVI
XLVIIL.
XLVIIIL
XLIX.
L.

LI

LII
LIII.

LIV.
Lv.

LVI.
LVIIL

LVIIIL
LIX.
LX.

LXI.

LXII.
LXIII.

Alternative Formnlee for Computing Differences of Latitude, Longitude and
Azimuth in Secondary Triangulation, and for the Reverse Process

Methods of determining Time, Latitude and Azimuth from Astronomieal

CONTENTS.

Graticules of maps.—Sides and Diagonals of Squares of
2 Degrees of Latitude and Longltude, on the Scale of
1 Inch to 96 miles

Rectangular Co-ordinates in Chams of the Corners of gth
Degree Squares, referred to the centre of the Degree
as Origin . . .

Convergency between Meridians 1 Mile apart measured
on Parallels of Latitude . . . .

Lengths of Circular Arcs

For converting Feet into Miles

For converting Miles into Feet

For converting Links into Feet

For converting Feet into Links .

Gauss’s Sum and Difference Logarithms

Common Logarithms to 4 places of Decimals

Common Logarithms to 5 places of Decimals .
Logarithmic Sines and Cosines to 5 places of Decimals .

Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17', and Mean Re-
fraction . .

Elements of Clrcumpolar Sturs for lst J anuary 1887

Values of 2 :": 1*, ! for the Reduction of Circum-meridian

Observations for Latitnde . . . .
Factors for Bessel’s Prohable Error Formulee

Quadrilateral Surfaces of 15’ in Latitude and in Longi-
tude on the Terrestrial Ellipsoid

Semi-diurnal and Semi-nocturnal Ares, showing the time
of the rising and scttmg of the Sun, Moon, or Equa-
torial Stars . . .

Corrections for reducing Apparent to Mean Solar Time .

Showing Links to be subtracted from each Chain, in an
ascending or descending line, in order to reduce it to

the Horizontal Measure

For the conversion of Versts and Kilometres into Miles
and vice versd

For the conversion of French into English Measures
For the conversion of English into French Measures

APPENDIX.

Observations

Formulxe frequently cmployed in Caleulations

Certain Numerical Quantities frequently required

Tie MorsE ALPHADBET .

Star CHARTS

PAGH,

50

53

ib.
654
1b.
55
ib.
ib.
ib.
60
ib.
ib.

ib.
61

63
64

ib.

65
66

ib.

ib.

ib.

PAGE,

(71)

(7?)

(80)
(81)
(82)
ib.

(83)
ib.

(84)
(88)
(90)
(7)

(106)
(117)

(118)
(119)

(120)
(121)
(122)
(123)
ib.

(124)
ib,

69

73
82
84
85

Prates I 10 IV.



SYMBOLS AND FORMULAZ.

Q

= Equatorial radius of the earth.
b = Polar radius »» »
A = Geodetic latitude.

¢ = Compression or ellipticity = E—:——b .

9 _ 39 1
= Eccentricity = {a 4 }’.

a®

L)

= Normal to the meridian at A terminated by the minor axis

=

a

TN
p = Radius of curvature to the meridian at A
a(l — ¢
- {1 — € sinf® 7\.)%'
p = Radius of curvature of an oblique section at an azimuth of 4 in latitude M

- pv
T psin®d + vcos* 4

CONSTANTS EMPLOYED IN THE CALCULATION OF THE TABLES.
EVEREST'S CONSTANTS, 18T SET.

See Account of the Measurement of an Arc of the Meridicn belween the parallels
of 18° 8’ and 24° 7/, A.D. 1830, page 115.

e = 2092293180feet-. . . . . . . . log a= 73206225 395

b= 2085337458 ,, . . . . . . . . logb= 73191763 443
. . 1 — 73

e = 0003324449014 = 3008 ° log ¢ = 3:621 7196 767

¢ = 000663784607 . . . . . . . . . loge = 88220271770

(1—¢) =099336215393 . . . . . . . log(l=¢) = 1'997 1076 098




AUXILIARY TABLES
TO FACILITATE THE CALCULATIONS
OF THE

SURVEY OF INDIA.

EXPLANATION OF THE TABLES.

TABLE I.—Normals terminated by the Minor Axis, and their Logarithms.

The Normals are given for every 10’ of latitude between the parallels of
0° and 40° to the nearest tenth of a foot, and their logarithms to nine places of

decimals.

The formula by which they have been computed, vz,

a

v AT da ot

follows at once from the simple geometry of tho ecllipse, a being the semi-nxis major of the ellipse, e the
eccentricity and v the normal at e point whose latitude is A.

The argument with which to enter the table is the given latitude, and the

corresponding Normal must be found by interpolation either in the ordinary way or,
where extreme accuracy is required, according to the method exhibited in the foot note

on the next page.
ExamrLe.—To find the Normal at a point in latitude 9° 15" 2577,
1°.  Approximately.
In latitude 9° 10 Normal = 209246944 feet

(Difference = 64-1) » 5443 ... = + 348 ,,

Therefore in latitude 9° 15° 25”7 Normal = 209247292 feet
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2°. Rigorously*
It F = the value of the Normel corresponding to 9° 10° 0”
and FW = » » » 9 15 257

where n = 5’ 25”7 reduced to the decimal of 10’
= +543

the formula in the Note gives

(n—l)b+n(n—1) (n—2)

(n) = n
Fo=F+nat+ —1— 1.2.3

¢+ &ec.,

* NoTE.—On Interpolation by Differences of any order.

(Seo Chauvenet’s Astronomy Vol. 1.)

Let it be required to determine intermedinte values of n function from tabulated values corresponding
to equidistant valucs of the variable on which they depend.

Let T, T+a, T+2w, T+ 3w, &c, express equidistant values of the variable, ¥, F(!), F (%),
F(®), &c., corresponding values of the given function, and lot thoe differcnces of the first, second end following
orders be formed us expressed in the following table :—

Argumont. Function. et Diff, 2nd Diff. | 3rd Diff. | 4th Diff. | &th Diff. | 6th Diff.
T F
a
T+ w F®) b
a(") ¢
T+ 2w F¢) 110 d
a(’) (Y e
T +3w Fe) () () s
a(®) (¥ e(!)
T+4w F() () i@
a(*) e()
T +6w F(°) 5(Y)
a(’)
T+ 6w F(%)

These differences are found by subtracting each number from the one below it and the proper algeb-
raical signs must be prefixed. The differences of any order aré found from those of the preceding order in
the same manner es the first differences are found from the given functions.

The even differences (2nd, 4th, &e.) fall in tho same lines as the argumonts and functions and the
odd differences (let, 3rd, &c.,) between these lines.

Now, denoting the vnluo of tho function corresponding to 8 value of the srgument T + nw by F(»)
we have by algebra

F() = F+na + "("-l)b+”("_1)-(n—2)o+”(”—1) (”_2)(”—s)d+&c
12 12 N

. 8 1.2.3.4

in which the coefficients are those of the alh power of o binominl. If n be taken snccessively 0, 1, 2, 8, &c.,

we shall obtain the function F, £('), F(?), F(%), &c., ond intermediate valucs are found by using fractionol
volués of ».

The formula is usually applied only to interpolating between the function from which we set out and
the ncxt following one, in which case » is less than unity,

To find the proper value of # in oach caso let T + £ bo the valuo of the argument for which we wish
to interpolate a value of the function : then

mw =¢ and »n=-i
w

that is, » is the valuo of ¢ reduced to n fraction of the interval .

ExaurLe—Bupposo that, instead of being given for every honr ns it is, the Moon's Right Ascension
had been given in the Nautical Almanac for every twelfth hour s follows : —



EXPLANATION OF TABLES.

11

where the 1st, 2nd, and 8rd differences, a, 4, ¢, are found from the following data given

in the table:

Differences.
1st 2nd 3rd
In latitude 9° 10’ . . . Normal = 209246944
+ 641
»» 9° 20" . .. »» = 209247585 + 11
+ 652 0-0
» 9° 30" . .. » = 209248237 + 11
+ 663
) 9° 40 ... , = 209248900
Sothat e = + 64°1, b= +1‘1, ¢=0-0,

therefore
F = 20924694-4 + 34°81 — 014,

= 20924729-1.

Hence the Normal at a point in latitude 9° 15’ 25”77 is 20924729-1 feet.
D’s R. A. 1et Diff. 2nd Diff. | 3rd Diff. | 4th Diff. | 6th Diff.
& k m s m 8 8 8 8 8
1886, May 28, O| 0 20 5474
: + 23 29-98
" 28, 12| 0 44 2472 +20-88
23 50°86 +6:05
" 29, 0| 1 8 1558 2593 -029
24 1679 4-76 -0-22
. 29, 12| 1 82 8237 30-69 051
24 47-48 425
» 30, 0 1 57 19'85 84°94
25 22-42
» 30, 12 2 22 42°27
Required the Moon’s Right Asceneion on Moy 28, at G,
Here T' = May 28,0k ¢ = Gh; aw =120, ' n = i = —;—; ond if we denote the coefficients of a, 5
¢,d, eby 4, B, C, D, E, we have
A m ]
F = 0 20 6474
m s 1
a= +323 29-08, d=n =+ 5 da= + 11 4499
-1
b=+ 2088, B=4 - L Bb = - 261
2 8
» -2 1
e = + 5-085, C=B-3" =+ 1 Cc = + 0-32
d= - 0-29, p=c¢c*=3__ 6§ - .
R UL D=+ 0-01
n—4 7
- - 0 =p2>=_ 4 .0, = - .
e 22, E=D 5 * gns Ee 0-01
Thereforo
D's Right Ascension on May 28,1886, at GA= F) = 0 82 97-44
—

which is the value given in the Noutical Almanne for that hour.
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TABLE I1.—Radii of Curvature to the Meridian, and their Logarithms.

The Radii of Curvature are given in feet for every 10’ of latitude between the
parallels 0° and 40° to the nearest tenth of a foot, and their logarithms to nine places
of decimals.

The formula by which they have been computed, viz.,

_a(l-¢)
Pl =Fan’ N}

follows very simply from that given for v on puge 9, p being the Radius of Curvature to the meridian at a
point whose latitude is A.

The argument with which to enter the table is the given latitude, and the
corresponding Radius of Curvature must be found by interpolation in exactly the same
way that the normal is found from Table I.

D] ”
TABLE III.—Logarithms of the Factor % Jor computing the Spherical

Excess of e Triangle.

The Spherical Excess of a triangle ABC may be found with all necessary
accuracy from any one of the formule

cosec 1”7

€ =absmme;

& = c®sin Asin B cosec 1”7
sin C 2 (radius)®’

€” = 2 area of triangle x ————3;
where e” is the Spherical Excess in seconds.

cosec 1”7 : : pv
The factor .————— has been computed with a radius = p oot 45 + v ST I

2 (radiug)?
= ;—_F:—I, the radius of curvature of an oblique section passing through the centre of the
spheroid and having an azimuth of 45°, wheve p is the radius of curvatnre of the meridian
and v the normal terminated by the minor axis, for the mean latitude of the triangle,
{p + v)? cosec 1”

8 p* »?
rithm is given in the table to five places of decimals for each dcgree of latitude from
0° to 40°.

p and » being taken in feet. The factor thus becomes

, and its loga-

Exampre.—For a triangle of which the mean latitude is 24728 —

log ain feet = 4-97554

Given qlogéd ,, = 4-98531
log sin € = 1-97054

Tabular log for lat, 24°-28 = 10- 87407
e’ = 27020 log= 030546

4
The Spherical Excess of each angle of the triangle may be considered =%
when the lengths of the sides do not exceed 100 miles,
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TABLE 1V.—For determining the Spherical Excess in Secondary Operations.

This table* is intended to be used only in Secondary Operations where the
Spherical Excess is not required with greater accuracy than the nearest tenth of a
second, or in observations to distant snow peaks when the nearest second of Spherical
Excess is sufficient.

In using the table the area of the triangle will be found with sufficient accuracy
by measuring the base and perpendicular with a pair of compasses from a working
chart and taking their lengths from a scale,

Having obtained the ares, enter the table with it as the argument, and the Sphe-
rical Excess will be found in the column corresponding to the mean latitude of the
triangle which need not be known with greater accuracy than the nearest 5°.

ExaMprLe.—To find the Spherical Excess of a triangle whose area is 545 square
miles in mean latitude of 26°.

For area of 500 square miles Spherical Excess = 6”60

’”» 40 s » = *53

» 6 » » = 07

For area of 545 square miles ... Spherical Excess = 7-20.
Therefore

Spherical Excess of the triangle = 7”-2,

* The table is further ueeful in readily calculating with fair approximation the effect of neglecting
spherical cxcess in a triangulation of some mugnitude.

Supposo that a trinngulation of an average width of 5 miles proceeds, at any azimuth, for a distance of
200 miles, then the spherical excess applicable is 187 of which one half or say 7” may be applied to each fank.

The computations being made with plane angles will give erroneous values of the nzimuth of the termi-
nal side, that obtained from the ‘l}‘?:;\f} flank being too {f::;lti } by half the spherical excesa (= 7”), while

the difference in latitudes and longitudes will depend on the direction in which the scries runs.
1s¢.—For & Meridional Serics.

The latitudes of the two extremities of the terminal side will be insensibly affected.

: ( cnstern : . . { too small "
The longitude of the L western } extremity will be { . great} by the subtense of 3 at 200

miles, i.e. by 174 feet or 0”°19.

2nd.—For e Longitudinal Beries.
The longitudes of the two extremitios would be practically unaffected.

i '1 . ”

The Intitade of the {:(?‘,l.”::,r: } extromity would bo {t?'o sgl:_l:;:} by tho subtense of 72— at 200
miles, 1.6. by 17} feot or 0717,

3rd.—For a series in & diroction whose azimuth is A.

In this case, fqr ench extremity of the terminal side the subtense of 17} feet will be divided up be-
tween tho latitude and longitude in the proportion of sin A ; cos A.

It must aleo be noted that if tho length of the terminal eide were computed from the latitudes and
longitudes, it would be 35 foet in dofect of that given by the triangular calculations,
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TABLE V.—Reciprocals of Numbers to facilitate the Computation of Weights of
Observed Angles.

This table has beeun prepared for use in the calculation of ¢weights of observed
angles’ which are employed in the reduction of geodetical figures by the ¢ method of
least squares’.

The table has been so constructed that each number in the second column is
the reciprocal, to two places of decimals, of all quantities between the corresponding
upper and lower numbers in the first column,

Thus the reciprocal of 8:000 being -125

» 1) 7-407 *135
» » 6-897 +145

any number between 8:000 and 7:407 has a reciprocal between ‘125 and -135 i.e.
13 to two places of decimals; and any number between 7°407 and 6:897 has a
reciprocal -14.

TABLE VI.—Logarithms for facilitating the Computation of Terresirial Latiludes,
Longitudes and Reverse Azimuths.

This table gives the logarithms of the quantities P, Q, R, S, T, U, V, W, X,
Y, Z used in the forms employed in this Department for the computation of terrestrial
Latitudes, Longitudes and Reverse Azimuths.

The formule on which the calculations are based are due to Puissant and ore demonstrated in the
“ Measurement of the Meridional Arc of India, 1847 by Colonel Everest und also in Vol. II of the Account
of the Operations of the G, T. Survey of Indic.

Suppose that A and B are two stations and that the latitude and longitude
of A and the azimuth of B from A are given, together with the distance at the mean sca
level between the two stations, and it is required to compute the latitude and longitude
of B and the azimuth of A from B.

We have given :—

A = latitude of A,

L = longitude of A,
A = azimuth of B from A measured from S. by W. round the horizon,
¢ = distance at mean sea level between A and B,

and we require :—

hl

latitude of B,
L’ = longitude of B,
B = azimuth of A from B measured in the same way,
It we put
N=A+Ar; L'=L+AL; sndB=7+ 4+ A0d4;
It will be seen that we require the differences

AN, AL and AA.
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each of which consists of four parts :—
5N &N A, &N
8L, &L &L, &L,
84, 54, 84, 84

The formule for AA, AL and A4 as given in Vol.IT of the dccount of the Operations &c., pages 116 to
118, are as follows :—

e b r
- —P—cosA. coseo 17 + BA
I I sin?4 tan A cosec 1” + Bar
1.2 p. v B .
AA = in seconds of arc 4 s L = 9
- —i— el 18 2 cos? 4 sin 2 A cosec 17 + B\
pov 11—
+ L2 gin? 4 cos 4 (1 + 3 tan? A) cosec 1” + §A
1.2.3 p. ¥ J L J
s . ~
_ & sind cosec 17 W +5,L1
Y COo3A
1 ¢® sin24dtanA ”
= L e - +8, L
s cos A cosec 1 1
A L = in seconds of arc < 52 sin 5 A cop 4. L o= < L
- ; . _g (1 + 3 tan c};)s;lnz cosd  ec1” +8,L
1 @ 2sin°4 tan®A
— — ———— cosec 1” +5, L
k+1.2.3va cos A cos J L")
r ~ ~
— £ &in 4 tan A coseo 1” +5, 4
v
1 o 3 &3 cos® A . ”
ro2 (1 +2tan? A + S50 6in3 4 cosec 1 +5, 4
a 4 = in eeconds of arc < L = < L
——:; (—2— + l:un’)\) E;—A— sin 2.4 cos 4 cosoo 1” +38y4
+L£sin’AtunA(l+2l:an’A)cosecl" +5, 4
L7233 J L J

where  is the radius of curvature of the meridisn and v the normal torminated by the minor axis, both at A,
and e the eccentricity of the ellipso.*

In theso formule put,

eosee 17 [ 1 P, - 9 v cob A cos A |
P=T Q=4 B-g: B=2merl; T (2ta.n.\+P) SRR
1—¢f i A 3 et
U c(—%—+tan’7«) sec? A cosce A —5; 2—(37?2; Vo SnAcos v ll_ee.‘:
(2tnu*l\+—) e
P
5 s 1.1, 1 .
-E+lan7\. 6+§mn§ v 2 tan?A sec A p 2+tnn)\
W= sindy X =—¢ ctA s Y= Stanta vi 2T lanaeech
3+ tan? A st tan® A P n v

® The above valuos of AA, AL, and A 4 are only the firat three terms of infinite series in which each
of them may be expanded. Thoe magnitudes of the neglected terms depend on ¢ and A. Tn the operations of
this Burvey c averages about 80 miles in hilly tracts and 11 miles in the plains: a very few of the sides of
principal triongles exceed GO milos but not ono is as great as 70 miles: tho latitude A ranges in the Tables

'3
from 0° to 40°. If then wo take ¢ = 70 miles and A = 40° and compute the maximum values of the terms in %

(from the formule e given in Vol. II, page 119) wo find thet they and the azimuthe on which they oocur are
aa-follows :—in AA, 070024 onaszimuth40°26’; inA L, 070079 on azimuth23°60"; inA4,0”0087 onaci-
muth 24° 21’, whioh are within the Limits of instrumecntal errors.
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The terms §, A, &e., 8, L, &c., 8, 4, &c., assume the forms :—

SA=P.cosd.¢c; S L=382.Q.secrtan d; & 4=3 Lsink;
SGA=8 4. R.sind.¢; 8§ L=8n.8.cot4d; 8, A=8L.T;
S,A=84.V .cotd; S L=8xr.U.sind.c; & A=8L.W;
r=8,4.X.tan 4; 8, L=6N.Y .tan 4; 8,4=9%,L.%;

which are the expressions used in the form for computation. It will be noticed that
by this method the terms are found consecutively each from the preceding one. "The
proper sigus to be given to the quantities will be found in Table V1L

Each of the quantities P, Q is given in logarithms to 7 places of decimals
for every 10" of
”» 2 R,S,T 2 6 7 2 latitude from
0° to 40°.
2 » U) vl WI X) Y) Z » 3 ” bE

For latitudes other than those given in the table the quantities must be found
by interpolation.

Exampre.—To find P for latitude 24° 8’ 3”-723 or 24° 8'-G62
From the table, P for 24° 0’ = 3-9959792
Tab. difference for 10’ = — 94
Therefore ,, 8:062=—8'062 x 94 = — 76
Therefore P for 24° 8’ 3”723 =  8-9959716

The other guantities must be treated in a similar way,

To illustrate the use of this table we will now give examples of computations of
latitude, longitude and reverse azimuth both of a principal and of a secondary station.

Examrere 1.—Principal Triangulation. Given

Btations. Bpherical Angles. Log Bides opposite Angles.
e o Feet.
Bhaorésa H.S. 56 22 7-472 49853089
Pardho H.S. 69 8 3-472 5-0354039
Handiapéro H.S. b4 29 51-076 49755350
o ’ 4 © ’ "

Latitude of Bhaorfisa = 24 8 3:728, of Pirdho = 24 16 17867

Longitude » =78 3 7913, ” = 77 48 40-557
o ’ ”
Azimuth of Haudiapfro at Bhaordsa = 178 15 53-888
» ” Pérdho =232 39 47353

To find the latitude and longitude of Handiapsro and the azimuths of Bhaorfss
and Pardho at Handiapiro.
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COMPUTATION OF LATITUDES, LONGITUDES AND AZIMGTHS OF PRINCIPAL StATIONS.

Stn. A, Bhaories H.S.
=24° 8 3”728

Stn. B, Handiapéro H.8.
A = 178° 16’ 53”-888

Stn. A, Pardho H.B.

A =24

16’ 177867

Stn. B, Handiapdro H.S.
A = 232° 39 477-353

L=78 3 7913 Log ¢ = 5°0354039 L =77 48 40 -557 Log ¢ = 4-9853089

P 3-9959716 A= 24 8 3728|P 39959639 A =24 16 17°867
Cosd 1-9998009 | AX = + 17 54-404 | Cos 4 1-7828307 AN=+ 9 40°264
¢ 5° 0354039 N= 24 2558132 | ¢ 49853089 A =24 25 58131
(8,\) 3-0311764 + 10744257 (8, A) 27641035 + 5809028
Q 1-9975%98 L= 78 3 7913|Q 19975950 L =77 48 40°557
SecA 0:0397247 | AL= — 85549 | SecA 0°0401924 | A L= + 13 51-807
Tan 4 2°4813174 L'= 78 2 32-364 | Tan 4 0°1175821 L'=78 2 32364
(5, L) 1-5498083 —  35-4657 (8, L) 2-9194730 + 8307551
SinA  1-6115937 | SinA 16189084 |

(8, 4) 1-1614020 —  14°5011 (8, 4) 2°5333814 + 841°4927

R 8:38051 |r+4 =358 15 53'838 | R 8-38051 |7+ 4 =52 39 47°353
Sin 4 2-48112 Ad= — 14°619 | Sind 1-90041 Ad=+ 5 $2:992
) 503540 B =358 15 39-269 | ¢ 498531 B =52 45 30°345
(8, 1) 3-05843 — -0011 (3;A) 179961 - *6304

] 0-33835 S 0-333882

Cot 4 1-51868 Cot 4 1-88242

(3, L) 2-91516 - -0823 (3 L) 002085 + 1-0492

T 0°15624 | T 0°15458 |

(8, 4) 1-07170 — - 1180 (5, 4) 017543 + 14977
v 3-728 \% 3-728

Cot 4 1-519 Cot 4 1-882

(3 \) 2319 - 0208 | (8,1) 3785 - -0061
U 6869 U 6870

Sin 4 2-481 Sin 4 1°900

¢ 5035 ¢ 4985
(8 L) 4-704 - -0005 (8 L) 3-540 + 0035
W_ 1899 | W io000 |
(3 4) 4603 - * 0004 (5, 4) 3-440 + *0028
X 1763 X 1-762

Tan 4 2-481 Tan 4 0°118

(8, M) 6847 - *0000 (8,2) 3320 - *0021

Y 1436 Y 1440
| Tan 4 2-481 Tan 4 0-118
(3, L) 8764 + *0000 (8, L) 4-878 - *0008

% 0°154 | 7 0-153 |

(3, 4) 8-918 + -0000 (8, 4) 3:031 — 0011
Fized Station Deduced Station B, Hendinpsra 11.S. Fixod Station Deduced Station B, llandiapiro 1.8.

A . A,
Latitude. Lougitude, Azimuth, Latitude. Loungitude, Azimuth,

B , o ’ ” o ’ " Qo ’ " o ’ ”

ll‘;‘_‘g““} 24 26 58132 (78 2 32364 | 358 15 39-260 |Parano 118, 52 45 30-345
[Pirdho 1 8. 131 ‘364 260 mlljﬂ.:lr.‘im} 945

Meon (24 25 58°192 (78 2 82°364 858 15 39-260 Mean 52 45 30'345
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ExampLE 2.—Secondary Triangulation. Given:—
Stations. Angles. Log Bides opposite Angfés.
° s Feet.
Shadau s. 62 53 15 4-8399742
Malani  ,, 56 52 30 48135035
Kingridli hs. ... 60 14 15 48290939
o ’ 14 o ’ ”
Latitude of Shadau s. = 32 3 34-03, of Maldni s. = 32 7 22:66
,» = 71 3 29-80, ” » = 71 15 46-72

Longitude

Azimuth of Kingriali h.s. at Shadau s,

2 »

Maléni ,,

To find the latitude and longitude of Kingriili
Shadau s. and Maldni s. at Kingridli h.s.

CoMrrTaTION OF LATITUDES, LONGITUDES AND AZIMUTHS

o] ’ 14
187 2 O
126 54 15

h.s. and the azimuths of

OF SECONDARY STATIONS.

Stn. A, S8hadau s. Stn. B, Kingridli h.s. Stn. A, Malini s. Sto. B, Kingriili h.s.
A = 32" 3 34703 A4 =187° 2 0 A =232 7 22":66 A = 126° 54' 15”
L=71 38 20 80 Log ¢ = 4°8135035 L=71 15 46 -72 Log ¢ = 4°8399742
P 3-9954755 A= 32 33403 |P 3-9954712 A= 382 7 22:66
Cosd 19967196 | A= + 10 3928 | Cosd 1:7784974 | AA= 4+ 6 5064
e 4°8135035 | N = 82 14 13°31 |e¢ 48399742 A= 32 14 13-30
(5,1) 28056986 + 639-291 | (8,A) 2:6139428 + 411-096
Q19979206 L=171 3278 |Q  1-9979235 = 71 15 46-72
SecA 0-0718G14 | AL= + 13250 | SecA 0-0721633 | AL= — 10 4412
Tan 4 1:0012277 L'=71 5§ 260 | Tan 4 0-1243977 L= 71 5 260
(8, L) 1-9667083 + 92-621 | (3, L) 2-8084273 — 643320
| SinA 17249301 | SinX 1-7256978 |
(8, 4) 1-6916384 + 492 | (5, 4) 2-5341251 - 342°1
'R 838002 [r+d= 7 2 0 R 839001 [r+ 4 =306 5% 15
Sind 1:08793 Ad= + 49 Sin 4 1-90290 Ad= — 543
c 481350 || B= 7 249 e 4° 83097 B = 306 48 32
(3,A) 3-97311 - -009 | (3,A) 1:65701 - -454
|3 0-37082 8 0-37112
Cot 4 0-90877 Cot 4 1°87560
(3, L) I-25270 + 179 | (5, L) 190373 — ‘801
T 0-09301 | T 008258 |
(5,4) 133571 + 2 | 5,4) 198631 — 1-0
ResvLts of THE ForecoIiNg CoMPUTATION.
Mean Latitude of Kingridli h.s. = 32° 14’ 13”-31
» Lougitude of ' = 71 b 260
»» Azimuth at Kingridli h.s. of Shadau s. = 7 2 48
» ” ” 5 of Maléni » = 306 48 33
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TABLE VIL.—Directions for applying the Signs to the Terms of the Latitude,
Longitude and Azimuth Formule.

This table is to be used in conjunction with the preceding one and gives the
proper signs to be applied to the terms &, &c., 8,L, &c., and 8,4, &c., in the com-
putations of Latitude, Longitude and Reverse Azimuths.

TABLE VIII.—For Caleulating Azimuths and Distances of Points of which the
Latitudes and Longitudes are known.

When the latitudes and longitudes of two Stations A and B are known and
we require the distance between them and the azimuth of each station at the other,
this table is to be used for finding the guantities R’, 8’,1", U’, V', W', X', Y’, Z’ em-
ployed in the forms for calculation.

el The formule on which the calculations are based are those given under Table VI, and the treatment is
og follows :—

Taking the formule for AA, AL, and A4 and remembering that

A = — —::— cos 4 cosec 17
5L=-— e snd cosec 1”
v coshA

we got by eliminating 4 from each term in succession

[+ 3 A [+ & A
i - R 5 12 + &A
AN = in seconds of arc { = 4 ¢ of Table VI, poge 15.
-V 3\ + B3A
L= X' 8ad, L% ) L+ 8,A )
(+ 3L {+ 5 LY
+ 848 L + &L
AL = in seconds of arc < = 4 r n »
+ U 55, L + 8L
- Y512 L+ 84LJ
(+snAd L (4 8,40
. + T HA§L + 854
8.4 = in seconds of arc { o= q " "
+w’s,ms,LJ + 8y d
|~ Z' 8 I3 L+ 8,4
whero R', 8, T, &e., havo the following values :—
R = - sin 2A8in17; B = £ ton Asin17; = 1142w in 17
" 5 ; = 2( - an A)cos)\sml ;
, 1 pPr2—con2ry ., , .8 e . 1 p? sinA
U=y 25(_ch4’—A_ sin?1”; V' = 3 5 T %a2A sin 1, Wea i3 5—, :;:,A(ll-cos2l\)sin’1”;
X'=IT(2—cos2h)sin"l”- Y = L gin? A sin? 17, % =Lsina(s 2A) gin? 1”
G f 3 ; —l—ésmk(—cm A) 8in? 17,

It thue appenrs that 8, A end 8, L aro found by the first pair of equati d th
only on these and the quentitics given in the table ; ind ad onl}; ncedsuiln ':ui?l!;t;:all:':i.nt)\?n arsnd AL dopend

Again in tho reverse process, if AA nud AL are givon, we have the 3rd and 4th i i
r ; b . £
snd 8, L and then the first pair of equations will give 4 and ¢ ;and Ad will be foundegzmb:ﬂ'g:e.or finding &, A
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The difforences aA, AL and A4 in the explanation to Table VI may be computed ae follows :—

Station A, Bheordsa H.S. Btation B, Hendiapiro H.S.
A =24 8 3”728 A =178 15 53”-888
L=78 38 7-°913 Log ¢ = 50354039
e = 50354039
c = §5-0354039 8ind4 = 24811183
Cos 4 = 1-9998009 Sec A = 00397247
1 1.
- = 56815465 > = 56791363 SinA = 1-6115937
cosecl”= 53144251 cosec 1” = 53144251 Y 8 L = 15498083
” ”
5,A = 30311764= +1074:4257 | 3) L = 15498083 = —35'4657 | §, 4 = 1'1614020=—14°6011
8’ = 033448 . T/ = 849072
R = 795882 5A = 303118 5A = 303118
5, L7 = 309962 5§ L = 154981 5L = 154981
S.A = 305844 =-— ‘0011 | 5, L = 291547 =-— 0823 (8,4 = 107171 =- ‘1180
v =11'094 W =12992
v = 8258 5A? = 6062 6, A2 = 6062
AT = 6062 oL = 1650 5L = 15650
A = 2318 =— ‘0208 | 5, L = 3706 =~ 0005 834 = 3604 =— 0004
X =12718 _ _
A = 3031 Y =12117 z =12272
5,17 = 8100 I3 = 4649 5L = 4649
SA = 8849 = ‘0000 | 8, L = B766 = ‘0000 5,4 = 8921 = 0000
” ” ”
AA . . . . . =+10744038 | AL . ., . . . =-355485 ad . . . . . =-=1406195
=17 5474038

Norz.—Bome slight sbbreviation may be introduced into this calculation by employing P from Table
VI for :—eosec 1” end the co-log from Table XXVII for —i— sec A cosec 17,

It remaine now to explain how, having given AA and AL, we can obtain 3, A and 3; L, the quantities
required for finding 4, ¢ nnd ad.

We have
AA = QAR {L = VIN-X'BABLL, . . . v . . ...

AL =3 L+ SBAQL+UBNEL-Y 58I, . . . . . . . . (D

and the terms involving U’, V’, X’, Y’ are very small compared with those involving R’, B'; therefore, omitting
the last two terme of AA and putting AL for 8, L, we gel as 8 first approximation

Sha=ar+RALL ., ., ..., ... @
Bubstitute this for 3, A in (2) and we get

B.LsAL+{1+S'B|Aa+U’BlA¢."—Y’AL"} S )

where we have put AZ? for &, L? in the last term, which we may safely do coneidering the magnitude of Y.

Returning now to (1) and putting &, Aa for 8, A in the third and fourth terms, we get a more nccurate
value of 8, ), iz,

SGA =N+ RHL + VBAS + X’'B 2By LY ., . ., . . . . . . (®)

In the practiral in].icntinn of these formnle it will be sufficient to use 6 places of decimals of logarithms
in the terma involving R', 8’, T°, and 3 places in the terms involving U’, V', W', X", Y/, Z’. Hencein the great
majority of cases the values of & A and &, L, obtained from equations (5) and (4) will be aa accurate ns can
be desired : and this accurmcy can be tested by comparing & A from (6) with 8, Aq used in (4), and &, L from
(4) with AL omployed in (4), and should the differences be sensible another approximation can be made.
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The method just deseribed is applicable to principal triangulation where great accuracy ie required.
In the case of socondary triangulation and for topographical purposes wo mey neglect the last two terms in
each of the equations (1) and (2).

We ghall then have
BA=AN +RAL%L . . . . e e e e e s (8)

8,L=aL + {1+s'm}.. A (4|

If necessary we can further approximate by using this value of &L for AL in (6) and the new value of 8 A
in (7), but this will rarely be required.

Haring now obtained 5,A and 8,L we find 4 and ¢ from the formule :—

HA = — % cos 4 cosec 1",
L= — csind cosec l”.J
v cos A
From which
- L RIS
cotd = v sec A 5L
c=—8Asec 4 ¢sinl”;

and finally A4 will be found as hefore.
The signs of §A and 8, L will define the quadrant in which A4 lies ; see Table VII.

The quantities R’, 8’, T" are given in logs to 5 places and U’, V', W', X', Y', Z’ to
3 places of decimals, the former for every 10’ and the latter for every 1° of latitude
from 0° to 40°,

The method of computing will then be as follows : —
1s¢.  Principal Triangulation :—

Subtract the latitude and longitude of A from those of B, and we get A\
and AL with their proper signs.

Find 8),, an approximate value of 8\, from the formula
Sr. = AN + RV ALS,
and find the quantity a from the formula
a=1+88r+U dN\2-Y AL,
then
&L = AL = a,

and

SN = AN + R/ L + V' 802 + X’ 5, 8, L%

With these values of &\ and 8,L find 4, ¢ and A4 from the equations :—

_ Y R
cot A = Qsech 5,
c= — M_;fLA_, L
and
Ad = sin A8 L+ T SN 8L + W s\ 8L — 7' 8,15, )

in which P and Q are ohtained from Table VI.

to Tabl?{?lf,igns of 5\ and §,L will determine in which quadrant A4 lies according
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ExaMPLE.
Station A, Péardho. Station B, Handiap4ro.
A= 24° 16’ 177-867 A= 24° 25’ 587-132
L=177 48 40 '557 L=178 2 32 -364
To find 4, ¢ and B.
(=] ! " (-] ! "
Station A, A 24 16 17°867 L 77 48 40°557
, B, A 24 25 58°132 L 718 2 32364
B—A, A\ + 9 40°265 AL 4+ 13 51-807
Logarithms. Nat. Nos. Logarithms.
» . Q 1:9975950
ar = + 580°265 | gooa 00401924
R 796066 A 27641041
. 1
ALS 5°84005 =
W + -632 Co-log SIL 30805269
=30-507 Cot 4 1-9824184
Bk + 5 +4 = 232° 89’ 477233
1°000000 | 5,2 2-7641041
g 6-33727 Co-log P 2°0040361
8\ 276410 Sec 4 0°2171690
3:10137 *g 001263 ¢ 4-9853092
Lo 11096
82,2 §'528 Nat. Nos.
6624 + -000004 | 8,.L 2:9194731
Y 12-122 Sin A 1:6139084
AL 5840 2°5333815  *+ 341°4928
7-962 - +000001 | T G- 49185
a 00005494  +  1°001266 | % 276410
AL 29200225 8L 2-91947
8, L=AL—a 2-9194731 0°17542 *+
w 12-996
8\ 5-528
AA _ *+ 5807265 | &L 2:919
R 7-96066 3443 *4+
8L’ 583895 7 15275
1-79961 + 6304 | 813 8759
v . 8258 3033 t—
Sk 5-528 ad + 8429922
3746 + -0061
X 12°719 o 1 .
8\, 2764
8, L? 5-839 w4+ A=52 39 47-233
339 .y 0021 Ad=+ 6 42:992
8\ + 580°9036 B =52 45 30-225

* Plus or minus us the cose moy he.

t Adisin 1t 2nd
when »61‘)\_ i *
. =

[ ¥/ —_

3 Tbhis term is + when 8,L ia —, and ~ when 5,Lis +.

ard 4th Quadrant,
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2nd. Secondary Triangulation :—
In this case it is sufficient to take
SA=An + R ALY,
SL=AL+ {148 3n};
with these find 4 and ¢ as on page 21, and then
Ad =84+ 84,
where 8,4 = sin A §,L, and 54 =T & § L.

23

EXAMPLE.
‘Station A, Shadau s. Station B, Kingridli h.s.
o ’ ” o ’ ”
A 32 3 3403 A 32 14 13-31
L 71 3 2980 L 71 5 260
To find 4, ¢ and B.
Station A Shadau . S,A 28056972
» Kingridli h.s. Q 1-9979206
- . ; Sec X 0-0718614
A, 32 89403 4 'lsn Co-log §,L 2°0332894
A 32 14 13-31 — Ot L 90876
71 32980 Sum=Cotd 0-9087686
LB 71 5 2:60 1.A 1870 2 0".2
Ag —A, =AX  + 10 39°28
Lg—Ly=AL + 13280 S\ 2-8056972
o Colog P 2°0045245
- R ©03969 e 3‘“ Sec 4 00032804
[ 9 .097
,§° S AL 893510 Sum =c 48135021
( R AL 3-97479
W T o0 | Cor Sin A I-7249301
7, % AN+ 63928 1 .
5 S Sum =84 1°69164
L2 (Sum=8r + 639-280 g | o 16407
S ) T $°56330
o 8 648029 A 2'80520
g &\ 2°80570 &L 1°96671
(=} R —
= S' SN 3-28599 B - U Sum =4 133571
.. - o ! "
R , + 0°00193 .
S L3 me, { 14882 1-00193 3 44+ 49-2
S Rals A 100193 b Sd  + 02
s (a) 0°0008374 s
5 " AL(h) 1'9675180 “ Sum = A4 494
& r+ d 7 2 02
=3 ) — .
L M:a,‘?} 1°9667106 LB=r+4+Ad 7 2 496

t See note to page 22,
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TABLE IX.—Computation of Heights.—Reduction of Log. Distance in Feet between
two Stations A and B to reduce to the Level of Stalion A.

In the computation of the difference of height of two statipns i‘t is necessary to
find the distance between them at the level of the station whose height is known.

The sides of the triangles are the distances at the level of the sea, and this table
gives the corrections in the 7th place to be added to their logarithms so as to get the
values at any required height.

The correclion is determined as follows :~—

Let ¢ = length of side ot the sea level,

¢ = » at height of station A,
h = height of A above sea level,

R = radiue of earth,

4 R+ !A

i

R
Therefore

loge’ = loge + log —'R%—h , 8and R is taken equal to f—%, see page 12 of explanation of Table ITI.

ExaMpLR.—Let 5 = 1000 feet in latilude 20°,

From Teble IT . . . . p = 208082797 ... ... log p = 7-318236178
” I....v=20931059°7 ...... log v = 7:320791216

log 2 = 0301029996

log 2 v = 14°94005789

p+v=41739339'4 ... .log, +v = 7 62084567

R = 208694892 . . ... . log R = 7.81951182

R +h =20870480-2 . .. log R + b = 7-31953263

tlog 222 = 00002081

s0 that the correction to the 7th place of loge = 2081 as in the table.

The table gives the correction for every thousand feet from one to ten, and for

each degree of latitude from 0° to 40°.

For other heights and latitudes the correction must be found by interpolation.

Examrre.—To find the log distance in feet between A and B in lat. 30° when

the height of A is 5,679 feet above sea level.

From the table the correction for 5,000 feet is 1039'6

» » 600 ,, 124-8

» » 70 14-6

” » 9 , 19
Therefore the correction for 5,679 feet is 1181
Thus if the log distance between A and B at sea level = 498260566
Then the log distance between A and B at level of A = —; 9827237
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If the difference of height between A and B is less than 5,000 feet, five-place
logarithms are sufficient. In this case the small table at the foot of the page, which
is the same for all latitudes, may be employed.

Examere.—To find the log distance in feet between A and B when the height
of A is 4679 feet above sea level.

From the table the correction for 4,000 feet is 8
» » 600 » 1
» » 79 » 0

Therefore the correction for 4,679 feet is 9

Thus if the log distance between A and B at sea level = 467015

Then the log distance between A and B at level of A = 4°67024

TABLE X.— Computation of Heights.—For converting Geodetic Distance in Miles into
Seconds of Contained Are.

In the computation of difference of height it is necessary for the calculation of
terrestrial refraction to convert the distance between the two stations iuto Seconds of
Contained Are, and this table is to be used for the purpose when the distance is given
in miles.

Seconds of Contained Are are determined as follows :—
Let ¢ = the distance in miles,
and ¢” = the corresponding contained are in seconds §

cosec 17

then ¢” = ¢ x 5280 x ——————)
radius in feet

and the radius is taken = invv a8 in Table III, page 12.

EXaMPLE.—Buppose ¢ = 10 miles in latitude 20°,
log 52800 = 47226339
log cosec 1" = §5-3144251

sum = 10'0370590
log radius = 7-3195118, sce page 24.
log ¢ = 2:7175472

Therefore the contnined arc or ¢” = 521”9 a8 in the table.

The tahle gives the Contained Arc in seconds for geodetic distances ranging in
length from 10 miles to 90 miles, for eacli degree of latitude from 0° to 40°, and also

for two places of decimals of a mile, the latter part of the table being independent of
the latitude.

Examrre.—To convert 42- 58 miles in latitude 24° into Seconds of Contained Are.

~ From the upper table, 40 miles = 2086”'7
”» » » 2 = 104°3

» lower *58 = 303

Therefore the Contained Arc in Scconds = 2221°3
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TABLE XI.—Computation of Heights.—For converting Geodetic Distance in Feet
into Seconds of Contained Are.
This table is to be used instead of Table X, when the distance is given in feet.
1t is calculated ae follows :—
Let ¢ = distance in feet;
then, from the last table, we have for latitude 20°

log ¢’ = log ¢ + 3-9940138;

v . - L { -
therefore o = ¢ x 0-009884 = 7o {1 — -0116 }
(4 [
- 06~ 1o X 0116
. c .
The quantity — 1000 * 0°116 is tabulated.

The table is constructed for geodetic distances in feet reckoned from 1000 feet
to 9000 feet for each degree of latitude from 0° to 40° but a sufficient number of
decimal places is given to admit of its being used for distances up to 500,000 feet.

To find the Contained Arc proceed by the following rule :—

RuLe.—Divide the number of feet in the geodetic distance by 100 and diminish
the quotient by the quantity in the table corresponding to the number of feet reckoned
by thousands and the result gives the number of Seconds of Contained Are.

ExamrLe.—To convert 224,822 feet in latitude 24° into Seconds of Contained Are.
224,822 feet = 225,000 feet approximately.

For 200,000 feet the table gives — 23-9
20,000 ,, ” - 24

»n

5,000 ,, » - 06

»

Therefore for 225,000 ,, »» » — 269

224,822 divided by 100 2248-2

Therefore the Contained Arc in Seconds = 2221-3

TABLE XII.—Computation of Heights.—Log. Secant of Observed Angle at Station B.

The formule for computation of Difference of Height and of Terrestrial Refraction between two stations
are deduced as follows :—(see Account of the Operations of the Great Trigonometrical Survey of India, Vol. II).

Let A and B he two stations at which reciprocal vertical observations have been
taken, the height of A above see level being kuown it is required to find that of B.

Let H = the height of A in feet,
H+h= ' B

»

¢ = the distance between the normals of A and B at the level of the sea,

’

¢ = ) » » » » of AJ
obtained with the aid of Table IX.

Also let & = the chord of the arc ¢/,

R = the mean radius of curvalure;

g )
th, = int =g =,
en 3 ZE.mZR 4 FYY::]
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Now c’=a(1+%).

]
Therefore l=c(1+%—ﬁ):.

or neglocting the third term which is inappreciable, 1sf, in principal triangulation on account of the small-
poss of the side, 2nd, in high secondary points or distant snow peaks in comparison with the uncertainty in

refraction ;—
k=c ( 1+ %) =/,

Let D, and D, be the vertical angles, both assumed to be depressions, which would be observed at A and
B if there was no refraction and the heighta of the signal and instrument were equal;

. sin § (Dy — D))

then A= cos D,

= ¢’sin & (Dy — D)) sec Dy,
Let i,, iy = the heights in feet of the instruments at A and B respectively,

» ”» Blg"a'ls » »

Gas G
)

7o, s = the refractious in the vertical angles at A and B respectively,
assumed to be the same and = »”

ya"'gb"'ia—ib;

D., D, = the observed vertical angles at A and B respectively, both assumed
to be depressions,

also let 8’ = the subtendod angle, that is the angle at A between the line joining A and B and
the chord «,
then h = ¢ ¢in B sec Dg,
But Dy =Dy + 7y 4 %2 "%
¢’ gin 1”7

D| - Da + s + '?1‘;1_'7’;
. ¢ ein 1
therefore if we take r, = r, = ", we got

D, - D, )

4
8 3~ (D= Do) * oy

and neglecting ineignificant quantities,

h=¢ sin} (D — D,) sec D, +%;

or if S is put for § (D, — D,)

h=c'siuSsecDb+%.

It will he seen from the formula for / that the sec D, is required, and it is the
logarithm of this which is given in Table X1I. The log secant is rejectauneous if the
angle is less than 16’ 25’, while it is seldom greater than 2° 7 : the table has accord-
ingly been given withiu these limits,

To calculate the refraclion,
if ¢” = the contained arc in soconds,

¢ =D, +D,,

«D,+Dy+2r="2"9a*h =g

¢ sin 17 :

Put Y=t~ gat i — g

and 28" =

¢ e 1

then =} {¢' = (Da + Dy} + @~



928 EXPLANATION OF TABLES,

If either of the observed angles at A or B is an elevation — E; or — E, must
be substituted for D, or D,.

As the difference of height is only required to the nearest foot, it will be sufficient
to take & to the nearest 0°1 foot, while y need only be kept to the nearest 05 foot.

TABLE XIII.—Computation of Heights.—For obtaining the Quantity 8" in the
formula for finding the Tervestrial Refraction.

The coeflicient of refraction hetween the two stations, at which reciprocal verticals
have been observed, is usually deduced at the same time as the difference of height, the
former being required in the calenlation of heights of surrounding points from which re-
ciprocal observations have not been taken. 'The table gives 8”7 where, as in the preceding
table, :

8" = v feet. cosec1” _ v feet. cosec 1” = 19" ¥
T 2c feet T 2 x 5280 (distance n miles) distance in miles’

The table is constructed for values of « up to 12 feet and for all distances likely
to be required ; where the limits of the table are exceeded, 3” must be calculated by the
above formula.

To obtain B” enter the table with the value of o and look under it for the
number of miles representing the distance hetween the stations, and take the corre-
sponding value of B8” given in the margin. [3” has the same sigu as v,

The following form las been adopted for the computation of differences of
height and of refraction :—

Examrre 1.—Angles at A and B both ohserved; height of A above sea level
27900, and log distance A to B at same level 513535 in mean lat. 26°.

. ]
=] a
=1
'5: Astronomical Dates Btati K = Observed 8=¢(D-D)or} (D + E)|
ation,
-E of Observation. ;2 E Vertical Angles. [R =} (D + D) or 4 (D — E)|
[= I
- (=]
(-1
- 18 lh. m. 1) (2) (3) 4)
-] ’ ” o ’ 4
i Dec. 31{2 55(A Bhit . . . . H.S8. 4 D=042 23| S=
1
w 212 B9|BL&li . . . . 4 E= 022302 =
|
i
) . . . ) . . Terrestrianl
Measured Heights in Feet. Computed Iecights in Teet. Distance Relmetion. Height
: in Biles, of Tower
| Above Sen Level. and or
Tnstru- | Bignal ’ Contained " ! Platform
ment "7 B-A - Arc or r 4 in foet
ori. | 9g- Y o ¢ in feet.
B Mean B
©)] (6) (7) (®) ()] (10 (11) (12) (13) (14)
1,63 [ 9,28 |5 25-87 3
563 | g, 27 |y
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Then S = D—j—E = 0°32 16:”3 [enter this in the blank space for S in col. 4;]
R=2"2 - 0 94 [ ” " . R, 5]
5= ~0-1; y=+5 [enterthese in the blank spaces for & and v in col. 7;]
also from Table X, ¢” = 1349” [ ,, this s space for ¢” in col. 11.]
Now enter the following form :—
Corrn. for height of A (Table IX) = 0-00006 , v
g | Angle at 8 (Table XII) sec = 0°00001 B’ (from Table XIII) = 4
=8 sin= g-9o7r252| —R' . . . . . .. =—10686
5 | Geodetic distance A to B in feet = 513535 < = o735
& 2
= e = 310794 s = o3
Enter in col. 12.
Angle at B being less than that at A, a =— 12822 ”
8 . Coeft. of refraction = -, = +068
5 = 1 c
Enterincol 8 B—A =—1282'3 Enter in col. 13.
which added to height of A gives the quantity to be
entered in col. 9.

When only one angle has been observed the following form is employed :—

Examrre 2.—Angle at A only observed.

o ‘ Mecan lat. = 27°
A Menai TS [E=2217|S= la=+5}8=+5|AtoB miles = 113'76
Height of A = 237 fect
B ML. Everest ¢ = r” - 075
o = /o
I'rom Table X, ¢” = 5933” {enter this in the blank space for ¢”.]
Now Dy =¢"— D, — 20", = | Correction for height of A = 0-00000
' e 2 | Angle at B (Table XII) sec = 0-00078
¢ = . . ... 13853 =5 sin = 2-67924
— Da= «+2 2 17| £ | Geodeiic distance A to B in feet = 5-77863
_| JR
341 10| ™ a = 4-45863
— 2
=—2x 075 x 5933" =— 14 50
D, = b—p +3 26 20 Augleat B being greater thanthatat A, « = + 28751
s=’”~27-—" = 244 19 8 = + 5
Enter 8 in the blank space provided B—A = + "515—6_
for it. -

Instead of employing the foregoing method of finding S we may use eith
Table XIV or Table XV. BOmE 8 Y use e

It will be noticed that we add & to a instcad of g The reason of this is that

as we only observe one angle, and that from a height 8 above A, we get the difference of

height between B and A too small by this quautity and must therefore add it to the
result to obtain the true difference of height.
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TABLE X1V.—Computation of Heights.—To facilitate finding the Subtended Angle
when only one angle has been observed and the Distance between Stalions A
and B is given in Feet.

The table is constructed for coefficients of refraction ranging from <00 to -5,
for distances from 100 feet to 400,000 feet, and for latitude 20°, the mean between the
limits generally adopted in these tables; by means of it the subtended angle can be
found at once when the distance is given in feet and the coefficient of refraction is
known.,

The table gives a quantity, which may be called K, and from it the subtended
angle 8 is found by subtracting depressions or adding elevations.
The quantity K is obtained as follows, using the notation in Table XII:—

B=Db_2D¢,
Db =¢’"—Da — 2¢;

¢ — 2Dy — 27"

therefore B = 2

Now ¢ = k ¢”, where k is the coefficient of refraction;

-2
therefore Be=¢ 1 3 L Da,
But o =cl¥ copec 1”;
2pv
1 -2k p+vy »
therefore B=-"—"—. .ccosec 1” — Do
2 2py
=K-D

ExaMprLE.—To find K when ¢ = 10000 feet and k = ‘08

F+ v
2py

log cosec 1”7 = 3:9949133 from Teble XI as on page 25.

-I'T“= 42 . . . . log = 16232493

e=10000 . . . log=4

Nat. No. = 415 « « . log = 16181626
Therefore K = 42” as in the table.

Examere.—To find S when the coefficient of refraction is -07, the distance
18 77,746 feet and the observed depression is 0° 14" 35",

It is sufficient to keep the distance to the nearest 100 feet.

From the table, for 70,000 feet . . . . . K = 00 4: 58”
s 000 ,, . . . . . = 30

» 700 ,, .. ... , = 3

therefore ,, 77,700 ,, . . . . . K = 0 531
D= 01435

Therefore S=K—D = 0 9 4
If the observed vertical angle be an elevation of 4’ 177, then

S=K+E=0°9 48",
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TABLE XV.—Computation of Heights.—To facilitate finding the Subtended Angle
when only one angle has been observed and the Distance between Stations A and B
is given in Log. Feet.

This table is designed to meet both variation of refraction and change of
latitude, and at the same time it is only necessary to know the log distance in feet
between A and B. The range for the coefficient of refraction is from 03 to ‘20, while
the latitude is given for every 5° from 0° to 40°.

. . 1 - 2k
The quantity given in the table is the co-logarithm of 2k o pty

cosec 1” of the preceding

2
table.
Taking the example on the last page, oiz., k = +08, and latitude 20°, we get
1-2k p+ v ” _ 3.
log 3 " 2, cosec 17 = 3-6182,
1-2k p+ ¥ v _ o
therefore co-log 3 Y cosec 1”7 = 2-3818,

which is the quantity in the table corresponding to the given conditions.

If any refraction between those given in the table is to be used, it will be
sufficient to interpolate by simple proportion between the next lower and the next
higher.

As before we have

S=K—-DorK + E.
To find K :—
RuLe.—Subtract the quantity in the table from the log distance in feet and

look out the result in the 4-place logarithms. The natural number corresponding is
K in seconds of arc.

) ExamprLe.—Given log ¢ = 4°8907 and D = 0° 14’ 85", to find S in lat. 20°
with a coefficient of refraction = -07
Log ¢ = 4-8907
Tabular No. = 2-3716

Log K = 2-5191

therefore
Q s #”

K=2330"=0 5 30

D=014 35

Hence S=K—-D=0 9 5

TABLE XVI.—Compulation of Heights.—Correction for Curvature and Refraction in
determining Heighls with the Clinometer.

This table gives the correction, for curvature of the earth and for refracti
to the difference of height found by multiplying the distance in feet by the tang:n:ng[t’l(t)ll:é
aqgle of depression or elevation obtained from the clinometer. It has been calculated
with a radius equal to the radius of curvature to the meridian in latitude 20° and with
coefficicnts of refraction 0:10, 0-07 and 0-05. The correction is only required to the
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nearest foot, and the table is so arranged as to give this by inspection for any distance
up to 48,000 feet.

The correction is found thus:—

Let the tangent at A meet the normal at B in B; then if B’ is vertically below B at a height equal
to that of A

. distance)?
the correction for curvature = B’ B = M .
2 radius
. . . . distance . . .
Again, the correction for refraction = distance x k ok where k is the coeflicient of refraction,

(distance)®
=k
radius

. 2 _
therefore the total correction = (distance)? {‘—“ } .

radius 2

ExAMPLE.—@Given k = -10 and the correction = 0-5, find the corresponding distance ;

(distance)? = E_dsis
log radius = 7:3182362
’ log 8 = 1-9030900

log (distance)? = 7-4151462
log distanco = 3:7075731;

therefore distence = 5100 feet.

The argument with which to enter the table is the distance in feet. Thus
suppose the distance was 20,000 feet and the coefficient of refraction 0-10; then as
20,000 lies between 19,752 and 21,028 the correction will lie between 7-5 and 85,
and will consequently be 8.

ExamrLe.—Computation of Clinometric Heights.

(1) Fixed Station A -} Hill temple. | Pamta Cone Rock.| Pamta I1.S. {PamtaN.po.2.
(2) DeducedStationB| Rampur @ Ditto Tiri © Ditto

(3) Reading at -|A - -115 A—- 0775 B+ 096 [B+ 0375
(+) Distance feet - 9,950 13,230 10,900 10,100
5y h=(3) x 4 -] —1,14¢ - 1,025 — 1,046 - 379
(6) Correction -+ 2 + 3 - 2 - 2
(7) i—s - - - 4 - 4 + 4 + 4
(8) Differenceof ht. -| — 1,146 — 1,026 - 1,014 - 377
(9) Height of A - 2,181 2,063 1,961 1,295
(10) Heightof B - 1,035 1,037 917 918
(11) Mean Height - 1,036 918

Nofe.—Tho correction fromn table is always — when the angle observed is at B, and + whon the angle
observed is at A.

When the angle observed is at A, h and i — 8 are to be enterod with their proper signs.

Whon tho angle observed is st B, h and i — s are to be entered with their signs changod.
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TABLE XVII.—Computation of Heights.—Natural Tangen!s to & places of Decimals.

The table gives the tangents of angles for each minute from 0° to 16° =nd is
intended to aid in the calculation of heights when a clinometer is not available,

TABLE XVIII.—Compulation of Heights.—For determining Differences of Height with
the Barometer.—LooMis,

The formula on which this table depends as investigated in works on Hydrostatics (sce Besant’s Hydro-
Mechanics, page 123) is as follows :—

Let H = height of barometer in inches at lower station,
H = »” 2 3 upper

T = temperature of barometer in degrees Fah. at lower station,

T = ” » ”» upper »
t = ” air s lower ,,
t' = » » » “PPer ”
A = mean latitude.

Let 8 = height in feet of lower station above sea level,
x = difference betweon tho heights of the two etations,
p = the modulus of the common system of logarithms,

8 = the difference of cxpansion between mercury and brass for 1° Fah,,
H
then x = 60166-G foet. { log E—por-m}

t+t'—64} ,
x {“T x (1 + 0-00265 cos 21)

x{1+x+52251+ ] }
20888629 10444315 5 *

taking the mean radius of the earth = 20888629 feot.
Tho coelficient of cxpansion of mercury for 1° Fah, = *0001;
" » braes scale = 0000104 ;

therefore if we take the difference, viz., ‘0000896 for 0, the first line becomes
a ,
601686 log " 2:3409 (T - T').

Tho formula then stands as given by Loomis.
Part T of the table gives the value in feet of the expression 60158°6 log T for heighta of the barometer

sl;.(&m 11 to 31 inches, only that each value has been decreased by 275416 feot, which doos not change the
erenco.

€0168:6 log H — 60158+6 log H'.

Part IT givos the corrcction ~ 2:3409 (T ~ T') depending on the difference of temperatures of the
burometors nt the two atations. This correction is to be omitted if aneroid barometers are employed.

Part IIT givos the correction due o the Lerm 0° 00265 cos 2A.

Part IV " " ‘2;8:::2551
Pert V ” " " L
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The method of using the table is as follows :—

From Part I take out the two numbers corresponding to the heights of the
barometers at the upper and lower stations.

To their difference apply the correction in Part IT corresponding to the value of
T — T, the difference of readingof the two attached thermometers, unless the barometers
are aneroids, when this correction is mot required. This gives a first approximate
a , o
505 X (t+t —64)
for the temperature of the air; this gives a second approximation &.

difference of height; denote this by @ and apply the correction

Enter Part I1I with the two arguments, b and the latitude;
» IV »» argument &;

»» A\ »» two arguments, 4 and the height of the barometer at
the lower station.

The sum of the three corrections thus obtained when applied to 4 give the required
difference of height.

ExaMPLE :—

inches
Dehra (Lower Station) H =27-563, T =79°0 Fah,, t = 79°-6 Fah,,
Mussooree (Upper Station) H'=23-408, T"=70°1 ,,, t=65"-1 ,,,

Mean latitude = 30°.

Part I givesfor H . . . . . . . . . 253961 fect
s H o o . .. . . 211272
Difference = 4268:9 ,,
Part II gives for T — T = 8°:9 e .. — 209
1st Approximation . . . . . a= 42480 ,
ﬁ)x (t + t' — 64°) = + 3809 ,,
2nd Approximation . . . . . b= 46289

foet

Part I1I gives for & = 4629 and lat. 30° . . + 6-°1

»”
o IV, 5=4620 . . . . . . 4+ 126

inches

w V., b5=4629and H=2756 + 1-0

)

Therefore the height of Mussooree above Dehra = 46486

TABLE XI1X.—Computation of Heights.—For determining Differences of Height
with the Barometer. —BaivLy.

¢ The formuls on which this table depends is the same ns that given in the last table, but in a modified
orm.
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The eonstants employed by Baily are in some cases different from those of Loomis: he takes the
coeflicient of cos 2 A na -002695 instead of -00265, and the mean radius of the earth as 20898240 feet.

Assuming & to be 4000 feet, and taking on approximate velue of x, the expression
601586 { 1+ T+2ux + ?5} , from which the formula in the preceding table is derived, becomea equal to
r r
6034551, So that the formula is, if we leave out the expansion of the thermometer scale,

x= 60345'51{ 1+ t—’“;oo;e"’} x (L + 0002695 cos 2A)

];_[ 1
x log {H’ {1+ -0001 (T - T’)}}'

ity Ain Part T is the logorithm of 60345-51§ 1 + £2¥= 641
The quantity A in Po is the logarithm 500 ,
” B » I " of 1 + *0001(T - T,
» c » III " of 1 + *002695 cos 2 A.

The method of using the table is as follows ;:—

From Part IT take out the quantity B corresponding to the difference T — T
of the attached thermometers (if averoid barometers are employed B is zero), add it
to log H’, and subtract the sum from log H. This gives a quantity D.

To the logarithm of D add the quantity A from Part I corresponding to the sum
t + t’ of the detached thermometers, and the quantity C from Part IIT corresponding
to the latitude. The natural number of the resulting logarithm will be the required
difference 0f height in feet.

ExaMPLE :—

inches

Dehra (Lower Station) H = 27-563, T = 79°:0 Fah., t =79°-6 Fah.,
Mussooree (Upper Station) H’ = 23408, T'=70-1 ,, ,t'=65"°1 ,,
Mean latitude = 80°,
Part II gives for T— 1" =8°9 . . . B = 0-00039
log H' = 1-36936

Sum = 1-36975
log H

1-44033

D = difference = 0-07058

log D = 2-84868
Part I givesfort +t =144°"7 . . . A = 4-81794
» III » lat. =30° . . . . C = 000058
Sum = m
Therefore the height of Mussooree above Dehra = 46473 feet.
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TABLE XX.—Computation of Heights.—Local Corrections for Comparison with the
Barometer at Simla.—BoILEAU,

The observations from which this table has been constructed were made at the
Simla Magnetic Observatory, height above sea level about 7100 feet, during the years
1843-44-45, and the table is to be considered as applicable to observations taken on
mountaing in the neighbouring provinces.

The corrections furnished by this table were obtained as follows :—The means,
m,, m,, &c., were found for the three years for each hour of the day in each particular
month, and also the mean M of all the readings taken during the three years : the differ-
ences, M — m,, &c., give the corrections exhibited in the table for the séveral hours of
the corresponding months.

The numbers in the last column were obtained by taking the mean of all the
readings registered at the corresponding hours during the first halves of these three
years and also during the second halves. The mean of the numbers in this column is
23185 inches which was the yearly mean reading at the Simla Magnetic Observatory.
This quantity can also be arrived at by applying to any of the readings in the last
column the mean of the corrections in the same horizontal line.

In using the table the observed reading of the barometer must first be reduced
to 32° Fah,, and the tabular correction for the month and hour of reading applied;
the result will be the mean yearly reading at the place of observation which may be
used in conjunction with the mean yearly reading at Simla, viz., 23-185 inches, to find
the difference of height.

ExamrrLe.—A reading of the barometer taken at the top of the Dukanee Hill,
ahove Chadwick’s Bungalow, in the month of May 1846 at 2t 30™ ».M., corrected for
capillarity and temperature, was found to be 22:657 inches; what is the reading
corrected for mean variation according to Table XX.

Observation of the barometer . . . . . . = 22-657 inches

Correction from table for May at 2! 29° p.M. = 4032

”

Reading corrected for variation from the mean = 22:689 ,,

TABLE XXI.—Computation of Heights.—For defermining Heights with the Boiling
Point Thermometer.—BoILEAU.

The heights of the barometer corresponding to different hoiling points are derived from the results of
Regnault’s Experimenta (see Deschanel's ** Notural Philosophy,” eighth edition, pages 374-5) by conversion
from French into English units.

The approximate heights in the third colamn of Part I mey be obtained by subtracting the feet of Tablo
XVIII from 275416 feet, which is the value in that table corresponding to the reading of the barometer at
the sen level, viz., 29:921 inches.

The multipliers in Part II are found, on the supposition that dry air expands 0°00208333 of its volume
for 1° Fah., from the formula—multiplier = 1 + (t° — 32°) x 0-00208333, where t° is the menan temperature
of the stratum of sir pnssed through, Now the temperature of the nir decreases 1° Fah. for every 331 feet

sacended ; ao that if T is the temperatare at a height A, tho temperature at the sea level is T + 5%., and the

mean temperature = T + @z'() nearly.
The method of using the table is as follows :—

Enter Part I with the given boiling point as argument and take out the approxi-
mate height,

Divide it by 660 and add the result to the air temperature. This gives the mean
temperature of the stratum of air passed through.
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Enter Part TI with the mean temperature as argument, and the corresponding
quantity when multiplied by the approximate height will give the required height above
the sea level.

Examrre.—The boiling point of water at Dehra is 208° 14 Fah. when the tem-
perature of the air is 78°'5 Fah. To find the height of Dehra above the sea level.

Part I gives for 208°-14 . . . approximate height = 2023 feet ;

20237°
therefore . . . mean teroperature = 78°°5 + [6663" = 81°:6.

Part II gives for 81°-6 . . . multiplier = 1-103;
therefore height of Dehra above sea level = 1:103 x 2023 feet = 2231 feet.

TABLE XXII.—At¢mosphericel Refractions.

This table gives the mean refractions of celestial objects for altitudes ranging
from 0° to 89°, when the height of the barometer is 30 inches and the air temperature is
50° Iah.

The table (as stated in thoe Nautical Almanac for 1826) is computed upon principles explained by
Dr. Young, in the * Philosophical Traneactions” for 1819, from the formula : —

: ” o 73 I " I
0002825 = » 3 + (2:47 + 0°5¢°) ) + 3600 v at 3600 (1+235 + 0°25 »?) =¥

where 7 is the refraction oxpressed in circular measure, o is the sine of the altitude, and s the cosine,

In addition to this, the third, fourth and fifth columns of the table supply the
requisite data for computing the refraction for any altitude and for other readings of
the barometer and thermometer. The refraction and differences which correspond most
nearly to the apparent altitude are to be employed.

If + is the refraction corrceponding to a height 4 of the barometer and an air temperature t; then

B . 30

Rl e T v o

, A
therefore r=r3—0{1+E(50—t)};
where E = coefficient of expansion of air = 0021 nearly for 1° Fab.
This formula is accurate, for all practical purposes, for altitudes down to within o few degrees of zero.

_EXAMPLE.—TO find the refraction for an altitude 13° 43’ with the barometer at
29-85 inches and the temperature of the air 45° Fah.

’ ”

The table gives for altitude 13°40°,- . . . . . . . refraction = 3 55'5

3' of altitude = — 0”29 x3 = - 087
s»» correction forq — '15in. of barometer = — 7 ‘89 x0:15 = — 1-18
— b°of temperature = + 0 '482x5 = + 2-41

Total correction = + 0:36

Therefore the required refraction = 3 55°86

TABLE XXIII.—Parellaz of the Sun.

” This table gives ghe parallax of the sun for different months of the year at
altitudes increasing by 5° from 0° to 90°. The values of the parallax for altitudes other
than those given in the table may be found from inspection by simple interpolation.

The quantitios givon in tlie firet line of Lhe table are tho an i i
wt 1i he table glos subtonded by the equatorinl radius of
the earth at the sun; and s the sun's distance is constantly changing, this quuntityyis grogtoat when the sun
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is nearest, that is in January, and least when the sun is furthest oway, that is in July. The ratio of these two
. 1 1 L oo L
quantities is 1 + 0! 1- o tince the eccentricity of the earth’s orbit & nearly.
The velues given in the first line are the * horizontal parallaxes” for the partioular months, and for
other altitudes the varallaxes have been found by multiplying the quantities in the firat line by the cosines of
the corresponding altitudes.

TABLE XXIV.—Computation of Circumpolar Azimuths.—To Facilitate the Calculation
of the Corrections—for Instrumental Errors of Collimation, Inclination end Devia-
tion—to the Observed Times of Transit.

The use of the table will be seen at once from the formule for the corrections.

Let a, b, ¢ be the corrections in seconds of are for deviation, inclination, and
collimation respectively.
Then the correction to the observed time of transit in seconds of time

_asinZ.D. + b cos ZD +c
15 sin N.P.D. '

The table gives the values of the sine and cosine of the star’s zenith distance
for N. or 8.

1
oy o o S
for each degree from 0° to 90°, and the value of the factor 5 sn NPD.

declinations of stars for each degree from 0° to 45°.

The three quantities in the numerator of the ahove expression ought to be kept
to the first place of decimals, while the resulting correction must be obtained to two
places of decimals.

The rules for the signs of the corresponding corrections are as follows :—
with the star above the pole,
Collimation + when F. L. reads highest with circles reading from left to right
1mation and the transit is obscrved with the face to the east.
Inclination + when west pivot of telescope is highest.

Deviation § T for north stars) when the reading of the azimuth circle is too
— ,, south ,, high with circies reading from left to right.

TABLE XXV.—Computation of Circumpolar Azimuths.—To Facilitate the
Computation of 8A or the Reduction to Elongalion.

Let A = the azimuth of the star at maximum elongation,
P = the corresponding hour angle in arc,
8P = the interval in time from maximum elongation at a given moment,
8A = the corresponding change in azimuth;

then 84 is found in seconds of arc (see Account of the Operations of the Great Trigono-
melrical Survey of India, Vol. 11, pages 145—7) from the formula :—
SA = —°fin? § 8P cosee 17 tan A cos® N.P.D.
1 —2sa® N.P.D.sin? § 6P + cot Psin 8P °
The sign of the last term of the denominator is + or — according as the star is
below or ahove its position of maximum elongation.

Part T of the table gives the valnes in natural numbers of 2 sin®N,P.D.sin®}8P
for every minute of time of 8P from O™ to 30™ and for every degree of ave of the star’s
N.P.D. from 0° to 10°.  Enter the table with 8P in minutes of time and carry the eye
along thelinec until the quantity corresponding to the N.P.D). of the star is reached. 'T'he
variation either for N.P.D. or for 8P is so slow that the quantity can readily be taken out
by inspection. Subtract it from unity aud enter the result in the form for computation.
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Part II contains values of the term cotP sinSP in natural numbers between the
limits P = 82° and P = 90° and for values of 8P from O™ to 30™. The differences for
each minute of time and for each 10 minutes of arc are so ncarly constant that the
column for 1" may be taken as giving the former, and the horizontal line correspond-
ing to P = 89° 50" as giving the latter.

To use Part IT of ‘the table, enter with P to the nearest 10" and carry the eye
along the corresponding horizontal line until the column headed with the integral part
of 5P in minutes of time is reached. Iuterpolate for minutes and docimals of a minute
of P in arc, using the quantity in the last line but one as the common difference. Next
add the product between the decimals of 8P in minutes and the quantity in the column
for 1™ correspouding to the value of P.

Exasrre—To find the value of cotP sindP, when P = 87° 42" 16” or 87° 423
and 6P = 15"-72.

For P = 87° 40/, the column for 15™ gives . . . . . 00266
Common difference for 10° = — +00019
thercfore difference for 23 . . . = — 00019 x 23 = — 4

P = 87° 42" 3 gives e e v e e e e e . t00262
Common differcuce for 1™ . = + 00018
» difference for 02-72 . . . = + 00018 x 72

»

+ 13

fl

Therefore the required result =  -00275

Part IIT contains the logarithmic values of 2 sin®48P cosec 1” for every second
of time of 8P from 0™ to 30", and is to be used in computing the numerator of the
expression for 87, 8P for the purpose being kept to two places of decimals of seconds.

Tables XXIV and XXV have been coustructed to facilitate tlie calculation
involved in determining the meridian from ciretumpolar star observations. The method,
which is described below, is a rigorous one and is ouly to be employed in the principal
operations of the Survey of India. It is not to be adopted except where great accu-
racy is required.

Olservations are made between some fixed mark or station, which is called the
referring mark, and a circumpolar star near its elongation. As the position of the
star at each obscrvation has to be referred to its position at clongation the time must
be carcfully noted, and it is necessary therefore to employ a clironoweter of which the
error and rate are known. These may be determincd in scveral ways, but the usual
method, when the station at which the ohservations are made appertains to triangula-
tion, is to place the telescope of the theodolite in the plane of the meridian as given by
the triangulation, and to observe the transits of suitable stars every night throughout
the time occupied by the observations for azimuth.

When commencing work the first thing to be done is to level the instrument
with extreme care. As the transit axis level does not show crrors of level in the body
of the instrument, the readings of a level fixed near the base of the pillars of the in-
strument parallel to the transit axis are necessary.  With this level any residual ervors
which may exist prior to and at the conclusion of the observations, mre to be carcfully
noted in the four positions of the vertical cirele facing N., 8., L., and W., both cuds of
the level being read and entered in the field book.

The instrument should now be set to the adopted meridian and the transit
axis tested for inclination with the transit axis level, the two ends of the level being
rcad with its cross-level both east and west, the position of the face of the iustrument
E. or W., being also noted, as this position must he maintained when observing the
time star. These readings are required for finding the corrections to the times of
transit of the time stars due to the dislevelment of the transit axis, but the operation
should be repeated at the end of the observations as a test of the stability of the
instrument.  Level readings on one face are not to be combined with those on the
opposite face for the determination of the correction to the time star. The time stars
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should for convenience be taken from the Nautical Almanac and ought to be near the
equator. One time star each night is all that is absolutely necessary, as the rate of the
clironometer for 24 hours is what is wanted, but it is preferable to have two in case of
accidents. It is not material whether they are observed before or after the azimuth
observations, but it is safer to commence with the time star lest clouds interfere with
its observation afterwards. In setting for the star it should be remembered that

zenith distance = latitude + declination ;
the sign being — for north stars and + for south stars.

The time stars being chosen, let us suppose, to precede the azimuth observations,
the telescope should be brought round, say, trom left to right to intersect the referring
mark and the readings of all the microscopes taken and recorded in the field book. It
should then be moved on in the same direction till placed in the adopted meridian, when
the first time star should be transited and the readings of the microscopes again taken
and entered. The method of reducing these observations will be explained hereafter.

To enable the observer to find the circumpolar star to which observations are to
be taken it is necessary to compute its horary angle P, its altitude, and its azimuth A,
all at elongation, by the formule :—
1. logcos P = logtan N.P.D. + log tan A,
2. logsin A = log sin N.P.D. + log sec ),
3. log sin Alt. = log sec N.P.D. + log sin A,

where A is the latitude of the place. The true altitude thus found must be corrected
for refraction by adding the proper quantity given in Table XXII.

The horary angle reduced to time will, when added to the star’s right ascension,
give the sidereal time of western elongation and when subtracted it will give the time
of eastern elongation; from these the chronometer times of elongation may be found.
It is convenient to know the different apparent altitudes of the star during the observa-
tions, and for this purpose the change in altitude from elongation may be found with
sufficient approximation by the formula:—

Increment in altitude for 1 minute of time for 2° of polar distance

__27rn°
T 60 x 24

A small table showing the apparent altitude and zenith distance at intervals of say 5
minutes before and after elongation may with advantage be constxucted and placed
couveniently for reference, as follows :—

Bradley 402—for 1st January 1887, Latitude 30° N., Longitude 75° E. of Gh:
N.P.D. =5° 29' 21”: n = 5-49.

" x 3:141592 = 15”71 x =.

Chronometer Time Apparent Altitude Appil-)fii?:nzczmth
h m 8 o ’ " o ’ ”
7 27 40 29 27 42 Go 32 18
82 40 34 B3 25 7
37 40 42 4 17 66
42 40 49 15 10 46
47 40 66 27 3 33
652 40 30 3 38 69 56 22
At E. Elongation 67 40 10 49 49 11
8 2 40 18 0 42 0
7 40 25 11 34 49
12 40 32 23 27 387
17 40 39 34 20 26
22 40 46 45 13 15
27 @ 63 66 6 4
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About 20 or 30 minutes hefore elongation the observer intersects the referring
mark, moving the telescope from the side opposite the star, and registers the reading.
He theu raises the telescope to the required altitude and moves the instrument to within
half a minute of the star's azimuthal reading, when he clamps the instrument and em-
ploys the tangent screw to bring it into such a position that the star, after the lapse
of a few secouds, may transit the wire, and directs the assistant to count the beats of
the chronometer aloud, so that when the star appears hisected on the wire the obscrver
may be able to call out the exact second, which is recorded with the hour and minute.
The level on the body of the instrument is theu read and recorded and also the micros-
cope readings of the horizontal limb. The observer next unclamps and overshoots the
star and then with a reverse motion he again observes first the star and then the mark :
this gives a pair of observations on one face. A similar pair is then taken on the other
face beginning with the referring mark. Four pairs of observations are generally taken,
and they should be so timed that two are before aud two after clongation.

In circumpolar star observations two different systems may be adopted. Tirst,
one star may be observed at both elongations, or secondly, two stars may be sclected,
of approximately equal polar distauce, but differing by about 12 hours in right ascen-
sion, and the one observed at its eastern and the other at its western elongation. The
advantage of the first method is that any errors which may exist iu the tabulated place
of the star do not affect the result; but on the other hand the ohservations must be
conducted near sun-rise and sun-set, when Dboth star and referring mark may be
difficult to see. The second method has the advantage that the stars can be chosen so
as to be observed at night when small stars are easily visible, but the results of the
observations are burdened by the errors in the stars’ places, so that the first method is
the preferable of the two.

When the second method is adopted, care should be taken to select stars of which
the north polar distances are nearly equal, and it is advisable that their times of elonga-
tion should differ by about 45 minutes so as to allow of tlie observations to one star being
completed before those to the other are beguu. When they are simultaneously at
elongation both may be observed in the same round of angles with the referring mark,
but this should not be attempted by any but a rapid and experienced observer.

If the selected stars are not in the Nautical Almanac, their mean places must be
computed for the first day of the year either from a catalogue or from Table L1V,
by the formula:—

Mean Right Ascension on Ist Jannary (1887 + y) = Mean Right Ascension on
~ sy
Ist Jannary 1887 + (p +pu + g(i()) ¥,

where p = annual precession in Right Ascension,
# = annual proper motion ,,
s = secular variation ’

y = number of years,

with a similar formula for North Polar Distance.

The following is a specimen of the observations as entered in the field book : —

Observations for Azimuth to Polaris at its Western Elongation, taken at Asu H.S. on
the 18th February 1880, with Barrow’s 24-inch Theodolite No. 2.

Faco of Vertical Readings of Level on Body of Tnstrument (14 = 17-103)
Cirele. at commencement.
East . ., . . . East end 735, West end 76°5,
South . . . . . South, 73-0, North ,, 775,
West . . . . . West s 7370, Kast ,, 77°5,

[o1]

North . . . . . North,, 740, South ,, 76-
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Face of Vertical Cross Level Transit Axis Level (1¢ = 0”:875)
Circle. ross Level at commencement.
East East . . . East end 56-0, West end 525,
ast . . .
West . . . West ,, 839°0, East ,, 70-0.
Level on
. . body of
Face Micrometer Readings Chrono-
Instru-
Object and Angle meter | nent
Zoro Time |
A l B|C|D|E| Men ot | Wost
I |
o 4 ” oy ” 7 " » a ’ " o ’ ” h m s
Referring Mark Lamp 100 45 l'()i19'4 33-128-2(26'6,100 45 2166
v Geminorum . 5734 45°061-7|77-8:71-0|71:0| 5735 5-30/431016-36/63017'5
East 4
Sirfus . . . . . 57 3-1,35'8|52‘5 68°2:63-1(63-8| 57 34 56°68(43 1023-12/1639 215
Referring Mark Lamp 100 44 58'9‘75'6 91-2(87 5858|100 45 19 80|
Referring Mark . . 280 44 47'9|GO'1 73-2(70-3]71°5(280 45 4°60
Polaris . . . . . L [236 5 7-9/20:6(35-0,27-1|30-2:236 524-16443940-44/7 0 8:0(77-0,78-0
{
Polarie . . . . . 259"12" 236 610-R25-3/39-832-1|34-72396 528-54/443937-16/7 2105 77:577-5]
\

Referring Mark 28044 45-802-2:76'0{72-2(72328045 5°70

|
Referring Mark . . (1100 44 53-2,72-3,87-2!83-2|78°6/100 45 14-90
Polaris . . . . .| R 56 512'8%29‘2-18'041'538'8 56 534-00[443940:84/7 7635 76'578‘5‘
Polaris . . . . .70°12' || 56 515-032-849-244-8/42-3) 56 537°00{443939:40{710 3:0(77-5/78)
Referring Mark . . k1004-4-55'1{70‘538'285'083'21004-516'40
Referring Mark . . 280 44 47-2/60°0(72-6/69-1(72-8,280 45 434
Polaris . . . . . 236 5 3'2!!6'530'8‘23‘026'25236 519944439 44°40/7 16 220 |77:0,78"5
Polaris . . . . . b 236 5 8'7!23'336'8I30'031'1236 525-98144 3942-14/7 1827-0{78- 0770}
Referring Mark . . L2804447'8'65'478'0'76'273'228045 8-12

|
Referring Mark . ({100 44 53'9:72'1 86'8181'7 79°8i100 45 14 86
Polaris . . . . . 56 522'1!38'556'2"50‘347‘1 56 542°84443932:02:72435-0(77-0,78"0f
Polarie . . . . . ) 56 528'3!49'2'}4'059'4‘53'8 56 551‘91443925‘1(3'72636'5 78:078-0
Referring Mark . . [ [100 44 55'6!73'2287‘2!81'8:&1'7 100451710

Here follow level readings similar to those at the commencement but in the
reverse order.

In these observations I denotes that the face of the instrument is to the left and
R that it is to the right of the observer, while 259° 12’ and 79° 12’ arc the zero-scttings
of the instrument which remain the same for one night but are changed on successive
nights in accordance with the system of zero-settings adopted in observing horizontal
angles.

The reduction of the observations now remains. The corrections to the times of
transit of the time stars for collimation, inclination and deviation must first be obtained.

The collimation correction is found from the observations of the referring mark
taken during the azimuth observations, by comparing the readings on faces right and left
in which the instrument has been moved in the same direction ; thus a reading of referring
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mark, before intersection of the circumpolar star, on face left will be compared with
a similar reading on face right. Following this method in the exarqple given, we get
the numbers 107-3, 10”-7, 10”75 and 9”-0. Hulf the mean of these is 5”0, so that the

correction for collimation in seconds of time 13 — 5 15 om NPD.’ the sign being

dctermined by the rule given in Table XXIV.

The readings of the transit axis level are W. 915, I, 1.26'0, and the diﬂ‘et_‘ence
divided by the number of readings, or 8:6 divixions, multiplied by the value of one
division of the scale, viz., 0”875, gives 77°5. The correction for inclination is therefore

—75cosZ.D. x '175‘§iElN'._P'.D~. seconds of time, the sign being determined by the
rule in Table XXIV.

To ohtain the deviation correction apply the angle between the referring mark
and the transit star to the azimuth of the referring mark, to deduce the azimuth at
which the star was transited. ‘The difference between this and 180° gives the horizontal
deviation of the instrument in arc 1. or W. of the meridian, and when multiplied by

sin Z. D.
15 sin N.D.D.
the correetion is determined by the rule in Table XXIV. For the example given, the
azimuth of the referring wark is 223° 10" 257+ 33 ; heunce the horizontal deviation for «
Geminorum is 8”-97 E. and for Sirius is 2”21 E.

we have the correction to the transit in seconds of time. The sign of

The smn of tlie three corrections gives the total correction to be applied to the
star’s transit and for v Geminorum it is — 18- 0 and for Sirius — 0°°8.

The chronometer times of transits of the stars as noted were 6" 30™ 17¢:5 and
6" 39™ 2135 so that the corrected times were 6 30™ 1685 and G* 39™ 20%-7. The right
ascensions of the stars were 6" 30™ 49%-3 and 6" 39™ 5358, therefore the error of
the chronometer as deduced from the two time stars was 33*:0 slow. The observations
of the next night furnish the rate of the chronometer.

Now proceeding to the calculation of the azimuth: the right ascension and north
polar distance of the circumpolar star or stars have to be deduced rigorously for the times
of elongation. These elements ave first found for the times of the upper local transit on
the first and last nights of observation, and the rest of the process is by interpolation. A
list of circumpolar stars for the epoch Ist January 1887 1s given in a subscquent table:
the star constants if not available from a recent catalogue should be computed as re-
quired by the formule given in that table as they vary rapidly for stars near the pole.

The horary angle P and azimuth at elongation A of the circumpolar star, are
found for the first day from the formule previously given. Instead of computing these
for each day their changes are found corresponding to the daily chauge in N.P.D. from
the formula 1 —

change in hour angle = — sec® N.P.D. tan A cosec P x change in N.P.D,,
» azimuth = + cos N.P.D. sec A sec A x change in N.P.D,,

whence follow the N.P.D., azimuth and sidereal time at clongation on the dates of
obscrvation,

The recorded times of ohserving the star are now corrected for the error of the
chronometer and for the rate of the chronometer for the interval elapsed from the time
star’s transit.  ‘The corrected times being subtracted from the sidereal time of elonga-
tion give the interval in time between each observation and elongation, aud the
differences hetween the azimuth of the star at these times and at elongation are found
by the formula in Table XXV, the several terms being found by means of that tahle.
The observed angle between the star and the referring mark 1s corrected up by this
quantity and the corrected angle applicd to the agimuth of the star at elongation, the

result heing the angle between the referring mark and the north point. 'T'he mean of
these results is taken for each zero on eacli face.
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There is still one further correction to be applied due to the dislevelment of the
body of the instrument. To obtain this, take the level readings for each star reading and
add the mean of all the east readings on face left to the mean of all the east readings on
face right, doing the same for the west readings. A quarter of the difference reduced
to seconds of arc and multiplied by the tangent of the star’s apparent altitude at the
time of elongation will give the correction to the deduced angle between the referring
mark and the north point, due to dislevelment. The sign of this correction is found by
the following rule :—

If the sum of the east end readings is greater than that of the west, the sign
will be + when the referring mark is to the east of north, and — when the referring
mark is to the west of north, the reverse holding when the west end readings are the
greater.

The correction will have the same sign for all observations of the same group
whether on face right or face left and whether the instrumeunt reads from left to right
or from right to left. It must be determined separately for each star and should be
applied to the zero means of face left and face right. If the referring mark is not in
the horizon a further correction to the angle, which is generally insignificant, is neces-
sary, viz., a quarter of the difference of the level readings multiplied by the tangent of
the altitude of the mark. The sign of this correction is always opposite to that of the
former one.

The dislevelment in divisions of the level scale obtained as above is 0°3 and this
multiplied by 17103 x tan Alt. gives 0”+17 : the sign is — because the west end read-
ipgs are greatest and the mark E. of north.

Applying the corrections the angle between the referring mark and the north
point is obtained for the different zeros; the means are then taken out by eastern and
western elongation, and finally the gencral mean deduced. 180° + this angle gives the
azimuth of the rcferring mark.

TABLE XXVI.—Linear Value in Feet of one Second of Arc and its Logarithm,
measured along the Meridian.

The formula on which this table is based may be deduced as follows :—

Let ¢y = the length in feet of the arc botween lats A and A + »‘l—,
!
$ = » i ” A and A - P
.., de 2. 9 11 s n1” s
then no= sin 1 an sin? 1 el iz 3( ) 1 aa t &e.,
l , s 1 IN\? . B d2s 310 d*s
g = — n s e o fls ] y &e. s
83 2x;ml dA+1.2(2)sm1 A 2.1( )sml J+ [
therefore if # =  the length in feet of an erc of ",
&m =  + 8,
o s 1 , A
= lsml’——+?‘~4!a sin? 1" 7+&c.
- ds a(l - ) , , S
N iR o S I A, Int. A;
Now —- F i = st A} where p is the radius of curvature to the meridinn in laf
f s ] i in et
therefore = 3 e? p cos 2 A, neglecting terms in e';
s #m = pleainl" + } pPain®1”e?cos 2 A + &c.

The value of this second term when A = 0° is <000 000 000 002 I3 feet; or -09 feet for an arc of 1°.
80 that for calculating the length of an arc of 1” we may use the formula :—

am = plsinl",
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The table is computed for every 5 of latitude from 0° to 40°, and is to be used
in conjunction with the two succeeding tables in computing rectangular co-ordinates,
as is explained on page 47. :

TABLE XXVIL.—Linear Value in Feet of one Second of Arc and its Logarithm,
measured along Parallels of Latitude.

The formula on which the table is based is deduced as follows:—

Let sp = the length in feet of arc of p” in & parallel of latitude where radius isr.

_ L 1
then % = 5o < 300" TP
But r =wvCcoBA;
therofore sp = '00000 48481 36811 v cos A p".

The table is computed for parallels of latitude 5° apart between the latitudes
0° and 40°, and is to be used in conjunction with the preceding and succeeding table in
computing rectangular co-ordinates, as is explained on page 47.

TABLE XXVIIL.—dArc-versines of Spheroidal Avcs of Parallel 1° in length.

If O and P are two points on the surface of the earth, and if the parallel through
P cuts the meridian through O in p: and if a great circle through P be drawn perpen-
dicular to this meridian cutting it in N, then p N is called the Arc.versine of the arc P p.

We can find this quantity as follows :—Equations (1) and (2) on page 20 give the expressions for the
differcnces of latitude and longitude of two points. If we employ them for finding the position of P referred
to N we shall have, soe page 19, sinco the azimuth of P at N is 270°,

BA= - % cos A cosec 1" = 0,
80 that AN = — R’ 8, 14,
end AL=5 L -Y' 8, I3
Now if 8, L is taken as 1°, we have

Y’ 8, L = 0”-04 in latitude 20°

So that if we take AL = 8;L wo commit an error of 0”04 or 4 feot in 1°,

Now Pp=AL and PN =3,
therefore P p inay be employed in place of P N;
and AA = p N = arc-versine of P p.

Therefore we have Arc-versinoof Pp = — R’ AL?,

where R’ is that for the latitude of N which is practically tho same as for P.

., The table gives the arc-versine in seconds and in feet for an arc of 1° at every
5' of latitude from 0° to 40°. It also gives for the same latitudes the logarithm of the
nm.nber of seconds in the arc-versine of an arc of 1”7, and it is this last logarithm
which is to be nsed in conjunction with the two preceding tables in computing rect-
angular co-ordinates, as is explained below.

Tables XXVI, XXVII and XXVIII have becn prepared to enable surveyors
whose operations are based on rectangular co-ordinates to convert the latitudes and
longitudes of the Trigonometrical Survey Stations, which fall within rauge of their

operations, into rectangular co-ordinates, and thus obtain data for correcting the errors
of their operations by simple proportion.
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The operations of the Revenue Survey are based on rectangular co-ordinates
computed on the supposition that the earth is a plane, and this assumption introduces
errors which are insensible in small areas, and insignificant when compared with the
ordinary errors of measurement.

Suppose O, P, Q are three stations of the Trigonometrical Survey whose lati-

tudes and longitudes are known, and we want
the co-ordinates of P and Q with respect to
O which are respectively perpendicular and
parallel to the meridian at O.

Draw the parallels Oo, Pp, Qg, cut-

ting the meridian through O in O, p, ¢, and
draw P N and Q S perpendicular to the meri-

dian through O. \7’?

Then the co-ordinates of P and Q are:— |
X =PN, X=QS,
311d \_/
Y=O0ON, Y=0S. o
As explained on the preceding page, the
X co-ordinates P N and Q $ may be consi- e s
dered equal to the arcs P p and Q g. \t_/

Also ON=p»N+ Op,

and 0§ =8 g — Oy,
O S being negative because § falls south of O. Fig 2.

Therefore X = the difference of longi-
tude converted into feet by Table XXVII, and

\ |
q \
1 [+)
the areverine | (18, (e 8 "
q

Y =4 in feet fromt+ latitude convert-

Table XXVIIL| Ler(: e Joct by

The + sign being used when the point is nerth of O,
and the — » » » south of O;

in the latter case Y will be + or — according as the arc-versine is greater or less than
the difference of latitude.

We have thus the following rules :—

Rutre 1.—To find the perpendicular co-ordinate X in feet.

Find the difference of longitude hetween the point and the origin in seconds ; take
its logarithm and add the logarithm from Table XXVII corresponding to the latitnde
of the point. This will give the logarithm of X in feet.

X will be + or — according as the longitude of the point is greater or less
than that of the origin.

RuLe II.—To find the arc-versine in seconds.
To twice the logarithm of the difference of longitude in seconds add the log-

arithm from Table XX V1II corresponding to the latitude of the point. This will give
the logarithm of the arc-versine in seconds.
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Ruie II1.—To find the meridional co-ordinate Y in feet.
Find Y in seconds from the equation,
Y seconds = arc-versine + latitude of point — latitude of origin,
and note its sign. To the logarithm of Y in seconds add the logarithm in Table XX VI
corresponding to a latitude = latitude of origin + § Y. This will give the logarithm
of Y in feet; the sign of Y in feet will be the same as that of Y in seconds.
EXAMPLE :—
Let the latitude of the origin be 20° 15' 30”- 62, the longitude 72° 10" 13”73
, ” ,  pointQ, 20 15 26 -50, , 71 201025
To find the rectangular co-ordinates of Q.
Difference of longitude = 50" 3”-48 = 3003”-48 . . log = 3-4776247
From Table XXVII corresponding to latitude of Q log = 1-9786412

Therefore X = — 285,934 feet . . . . . log = 5-4562659

6-9552

Twice logarithm of difference of longitude .

From Table XXVIII log cqrresponding to latitude of Q = 7:8987

Therefore arc-versine = 77:14 . . . . . log = 0-8539

Y secs. = 77:14 + 20°15’ 26”:650 — 20° 15" 30”62 = + 3”:02, log = 04800069
Latitude of origin + } Y” = 20° 15’ 32”-13. From Table XXVI, log = 2:0038236

Therefore Y = + 305 feet . . . . . log = 2-4538305

Tables XX VI, XXVII and XXVIII may also be employed, with all the accuracy
desirable for most practical purposes, for determining the latitude and longitude of a
Revenue Survey Station whose rectangular co-ordinates have been corrected for errors
of measurement and made consistent with the corresponding co-ordinates of the Trigo-
nometrical Survey Stations in the districts under survey. The latitude and longitude
of the origin must of course be known, and the given rectangular co-ordinates must
be perpendicular and parallel to the meridian of the origin.

The method of proceeding will be as follows : —

Rure L—Divide the given value of Y in feet by 100 to obtain an approximate
value of Y in seconds (see Table XXVI): find the approximate middle latitude = lati-
tude of origin + 4 Y and with it enter Table XXVI and take out the corresponding

logarithm : subtract this from the logarithm of Y in feet, and the result will be the
logarithm of Y in seconds of are.

.R.ULE II.-—_Find.the logarithm of X in feet to 4 places of decimals; subtract
frqrq it the logarithm in Table XXVII corresponding to a latitude = latitude of the
origin + Y in are; multiply this by 2 and add the logarithm in Table XXVIII cor-

responding to the same latitude: the result will be the logarithm of the arc-versine
in seconds.

Ruce III.—To find the latitude of the point,
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The required latitude = latitude of origin + Y in arc — arc-versine, where Y
has the same sign in arc as it has in feet,
Rure IV.—To find the longitude of the point.

From the logarithm of X in feet subtract the logarithm in Table XX VII corres-
ponding to the latitude just found. This will give the logarithm of the difference of
longitude in seconds. This difference must be added to the longitude of the origin if
X is + and subtracted when X is —.

ExamrLE.—The rectangular co-ordinates of a point P are

X = + 217,482 feet; Y = + 189,919 feet:
and the latitude of origin = 20° 15’ 30”-62; longitude = 72° 10’ 13“-78.

To find the latitude and longitude of P.

Yinfeet=189,919 . . . . . . . . . . log=5-2785684
therefore Y in arc = 1,899 seconds approximately, = 31’ 39",
corresponding log
»” latitude of origin + § Y = 20° 31’ 20, = 2-0038367
in Table XXVI
» Yin arc = + 31° 22749 =1882”-49 . . . . log = 3'2747317
Xinfeet=217482 . ... . . . . . . . log=5-3374

Latitude of origin + Y in arc = 20° 47’, from Table XXVII log = 1-9772

Difference = 3°3602
2

6°7204

From Table XXVIII correspouding to latitude 20° 47, log = 7-9079

therefore arc-versine =4"'26 . . . . . . . . log=0'6283

Latitude of P = 20° 15" 30”7+ 62 + 31’ 22”:49 — 4”-25 = 20° 46' 48”-86.

X in feet = 217482 . . . . . . . . . log=>5-3374233
Table XXVII corresponding to latitude 20° 46' 48”7:86 . . log = 1:9771G63
Xinare = + 38 127-22 = + 2292”-22 . . log= 8-3602570

Therefore longitude of P = 72° 10" 13”:73 + 38’ 12722 = 72° 48’ 25”-95.

TABLE XXIX.—Linear Value in Miles of a Degree of Arc measured along the
Meridian.

This teble is computed from the same formula as Table XX VI, the unit being changed from feet to
miles. The term ! sin 1”7 gives tho result correct to 4 places of decimals of & mile.

The argument in this table is the mean latitude of the extremities of the given
arc. Thus the meridional distance between the parallels of 74° and 84° is 68-7159
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miles and may be reckoned as the length of a degree af the latitude of 8°. The table
is constructed for mean latitudes ranging from 0° to 46°.

Examrre.—Required the meridional distance between the parallels of 8° 5’ and
8° 38’

8° 5 + 8° 38’

The mean latitude . . . . . . . . . = —a = 8°-358.
Miles

The teble gives the length of degreeat8 . . . . . . . . =068-7159

Difference for 1° = + °0035

Therefore difference for 0°°358 . . . . = + -0035 x *358 =

+ 0013
Length of a degree at 8°-358 68-7172
Therefore distance between the parallels of 8° 5’ and 8° 38’

= 2—3 x 687172 miles = 377945 miles.

TABLE XXX.—Linear Value in Miles of a Degree of Arc measured along
Parallels of Latitude.

This table is computed by the same formula as Table XXVII, the unit being changed from feot to miles.

The argument in this table is the latitude of the parallel on which the length is
required. Thus the distance on the parallel of 28° between two meridians 1° apart is
61-1109 miles. The table is constructed for parallels of latitude 1° apart from latitude
0° to latitude 46°.

Examrre.—Required the distance between the meridians 78° 24" and 78° 53’ on
the parallel of 28° 41’ = 28°-683.

If F™ = value in miles of 1° on the parallel of 28°-683
F = » » ) 28°

then F® = F{na+ nil_—_zl—b + &c. (see note to Table I.)

where n = +683, and @ and 4 are the 1st and 2nd differences given by the table.

Mil
The teblegives . . . . . , . . . . . . . F= 61'“?)9
»» 6= — '5734; therefore . na = —-3916
. b= — -0185 . an—16 _ +-0020
1.2
therefore F» = 60-7213

- 68gherefore the distance between meridians 78° 24’ and 78° 53’ on the parallel of

29
=86 % 607213 miles = 29-3486 miles.

TABLE XXXT.—Graticules of maps.—Sides and Dia l
‘ ) 8. gonals of Sguares of ¥th
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to } a qmile. /¥
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TABLE XXXII.—Graticules of maps.—Sides and Diagonals of Squares of }th
of a Degree of Latitude and Longitude, on the Scale of 1 Inch to 1 mile. .

TABLE XXXIII.—Graticules of maps.—Sides and Diagonals of Squares‘ of }of
a Degree of Latitude and Longitude, on the Scale of 1 Inch to 4 miles,

TABLE XXXIV.—Graticules of maps.—Sides and Diagonals of Squares of % of
a Degree of Latitude and Longitude, on the Scale of the Atlas of India or
of Nature.

255561

TABLE XXXV.—Graticules of maps.—Sides and Diagonals of Squares of 1
Degree of Latitude and Longitude, on the Scale of 1 Inch to 8 miles.

TABLE XXXVI.—Graticules of maps.—Sides and Diagonals of Squares of 2
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 12 miles.

. TABLE XXXVII.—Graticules of maps.—Sides and Diagonals of Squares of 2
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 16 miles.

TABLE XXXVIIL.—Graticules of maps.—Sides and Diagonals of Squares of 2
Degrees of Latilude and Longitude, on the Scale of 1 Inch to 24 miles.

TABLE XXXIX.—Graticules of maps.—Sides and Diagonals of Squares of 2
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 32 miles.

TABLE XL.—Graticules of maps.—Sides and Diagonals of Squares of 2
Degrees of Latitude and Longitude, on the Scale of 1 Inch to 48 miles.

TABLE XLI.—Graticules of maps.—Sides and Diagonals of Squares of 2
Degrees of Latilude and Longitude, on the Scale of 1 Inch to 96 miles.

Tables XXXI to XXXV are computed for latitudes ranging from 0° to 40°, and
Tables XXXVI to XLI for latitudes ranging from 0° to 46°.

The quantities givon in the tables are:—m = Q R or P S, the meridional distance between the parallels
there slated, n = P Q and p = S R, tho lengths of the corresponding portions of thesc parallels, nnd 7 =S Q
or R P the dingonnl of the square : m is obtnined from Table XXIX, and # and p from Table XXX by simple
proportion, while ¢ may be determincd os follows :—

7 =m? + 03 — 2m n cos P,
and 2?=m+p? + Zmpcos P,
since angle R = 180° — angle P;

therefore @t =m?+ np,
and 7=

These tables are for use in constructing the graticules of maps on the different
scales mentioned. Supposc that a graticule has to be drawn comprising
4° of latitude and 4° of longitude between the latitudes A° and A° + 4°, Fig. 3.
on any particular scale. Select the corresponding table and construct
with great accurncy, on a piece of tracing paper, a quadrilateral figure 8 R
P QRS whose sides P Q@ = » and S R = p shall be the length of
a degrec of parallel in latitudes A° and A° 4 1° respectively, and whose
sides P S and Q R each = m shall be the meridional distance between

those parallels.  Construct also a similar quadrilateral for parallels
A% + 3% and A° + 4°,
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Draw a line H € down the middle of the paper to represent the central meridian
and cut off parts C¢,¢O, Ok, and 2 H
each to represent a degree in the cor- .
responding latitude on the given scale. Fig. 4.
Place the first quadrilateral with QR on
C ¢ and prick through the point P thus F [ H / K
giving the point B : similarly placing the
second quadrilateral on H 7% obtain the
point G. Join BG and cut off B =
Cc,and Gg = HA  With B and Gy
as bases for starting proceed as before and ¢ g b I N
determine the points A and F and the line
A F which will be one of the outside me-
ridians. A similar process on the other
side of H € will give the points D, E, I, K.
Join the points A,B; B,C; C,D; D, E, 0
&c.,andF,G; G,H; H, I; 1,K, &c.,and
we get the parallels of latitude which cut
each of the meridians at the same angle
different for each parallel. We have now
only to divide the lines fe, gb, &c., into o b ¢ d e
parts equal to 2O and O ¢ and unite the
points of intersection and the graticule is
complete. The practical check on the
process is that if it has been constructed
accurately, the meridians A F, B G, D |,
and E K, will be scnsibly equal to the A B c 3} [
central meridian € H, and the diagonals
AH CF, C K, E H, will be sensibly
equal to each other.

ATLAS SHEETS.—With reference to Table XXXIV it may not be out of place
to give the following additional information extracted from a memorandum on the subject
by Colonel J. T. Walker, written in 1872 and published as an appendix to Markham’s
“Indian Surveys.”

After explaining the difficulty he experienced in obtaining reliable information
owing to the circumstance that the publisher of the Atlas of India, Mr. John Walker,
who had lately died, “had been in the habit of constructing the projections and com-
piling the materials of the Atlas Sheets with his own hands,” Colonel Walker goes on to
say that :—

The projection “is one of the numerous modifications of the conical development;
it represents the parallels of latitude by concentric arcs, but the meridians by arcs con-
cave to the central meridian, and not by straight lines as in the true conical development.
A cone is assumed to roll over the spheroid tangentially to an adopted central parallel
of latitude, the distance from the vertex of the cone to this parallel ( = normal x cot
latitude) is the radius of projection of the parallel, and may be considered as the funda-
mental radins of the projection; for the radii of all other parallels are determined by
addiug to or subtracting from it the distances betwcen those parallels and the central
parallel.  The angle subtended at the vertex of the cone by a longitudinal arc of 1° in
length is ealled the “ angle of the projection” for the parallel of latitude to which the
arc appertains; as this angle varies with the latitude, its value is computed for each
parallel.

* * % * * * * *

“The clements of the figure of the earth which are employed are not stated, hut
there can be no doubt that they must have been those determined by Colonel Lambton
from his measurements on the Great Indian Arc, and are given in Volume xiii of the
‘“Asiatic Researches”. * % x The longitudinal degrees of the projection are all
but identical with Colonel Lambton’s, and the differences between the radii of projec-
tion practically correspond with his meridional degrees in every case, excepting between
33° and 34°, wherc there is a considerable error, which, however, has been allowed for
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in the practical construction of the projection, and has not very materially influenced
the accuracy of this portion of the Atlas.

* * * * * * * *

“ With these elements of projection, the rectangular co-ordinates of the points of
intersection of the principal meridians with the principal parallels were computed with
reference to an adopted central meridian, and the points of its intersection by the
parallels. Putting 6 for the “angle of projection” for 1° of longitude on any given
parallel, and r for the corresponding radius of projection, then the co-ordinates of the
extremity of an arc of » degrees on that parallel, as referred to the central meridian
and the point at which it is intersected by the parallel, will be

r sine nf, and 7 versine 2,

the former perpendicular and the latter parallel to the given meridian.

* * * * * * * *

““The meridian which has been adopted as the central meridian or axis of the pro-
jection is 76° 30’ east of Greenwich. * * What parallel was adopted as the central
parallel is nowhere stated, and the data by which it might be ascertained are incomplete,
but the values of the radii of projection clearly shew that it must lie between 24° and
25°, and most probably is 24° 30’.

““The sheets of the Atlas are rectangular, their dimensions as taken between the
marginal lines on the copper plates being 38 by 244 inches, representing a distance of
134,850 fathoms lengthways, on the perpendicular to the central meridian, and a
distance equivalent to the length of a meridional arc of 1° 28 breadthways.

““The sheets are situated unsymmetrically with reference to the central meridian,
for it passes over the central sheets at a distance corresponding to 37,100 fathoms from
the west, and 97,750 fathoms from the east margin. This is exceedingly inconvenient,
entailing separate computations for the projection of the sheets east and west of the

central meridian, which would have been avoided if a symmetrical arrangement had
been adopted.

““The origin of co-ordinates is at the intersection of the parallel of 5° with the
central meridian ; but each of the points at successive intcrvals of 1° 26" on the central
meridian, from latitude 5° upwards, may be said to be origins of co-ordinates, and

employed as such in the calculations for the corresponding belts of sheets, right and
left.

* * * * * * * *

““ There can be little doubt—though it is nowhere stated in words on the Atlas
sheets—that the acale of the Atlas must originally have been intended to be that of

1 inch to 4 miles, or the %;Tibth part of nature: for this, the entire length of the

fathom scale, from O to 60,000 should be 17-045 English inches, but on comparing it
with a standard yard by Troughton and Simms, it was found to be only 16-904 inches;
the scale of the Atlas is therefore the Qb%ﬁth part of nature or somewhat less than
1 inch to 4 miles, as has hitherto been supposed. The value of the meridional degree
on Mr. Walker’s scale is taken at 60,500 fathoms, and the actual length of this degree
on the scale is equal to 17055 inches of Troughton and Simms’ standard yard, or very
nearly what the length of the fathom scale should have been. On the other hand, the
fathom scale has been prolonged to a point heyond the 60,000 fathom division, at a
distance from the zero of that scale which is almost exactly equal to what the length
of the meridional degree should have been. Hence it seems probable that the lengths
of the scales were laid off with all desirable accuracy in the first instance, but by some
mistake the fathom scale length was mistaken for that of the meridional degree and
sub-divided accordingly, and vice versd. In consequence of this error the dimensione
of the copper plates, which should have been 88-31 by 2465 inches within the border
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lines are only 38:00 by 24-45 inches. The error necessitates a reduction in scale
of all geographical materials which are drawn on the quarter-inch scale, before they
can be correctly iuserted on the .copper plates, but otherwise it is of little impor-
tance”,

TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners of }th Degree
Squares, referred to the centre of the Degree as origin.

This table gives the rectangular co-ordinates in chains of the corners of }th
degree squares referred to the centre of the degree as origin for latitudes ranging
from 0° to 40°.

1t is computed according to the principles laid down in Tables XX VI, XXVII,
and XXVIII, and is for the use of Revenue Surveyors and others whose operations
are based on rectangular co-ordinates referred to the centre of a square degree as
origin, but which are intended for publication in maps based on spherical co-ordinates.
The points of which the rectangular co-ordinates are given in the table are the cor-
ners of 7' 30” squares.

TABLE XLIIL.—Convergency between Meridians 1 Mile apart measured on
Parallels of Latitude.

The formula from which this table has been constructed may be deduced as follows : —

Let P and Q be two points 1 mile apart on the parallel of latitude A®; draw tangents at the points
P and Q to tho meridians through P and Q; these tangents will meet. at a point T on the polur axis of the
enrth,

Then the convergency = the angle P T Q = ALsinA

t_up_h tan A

or = P Q cosec 17 i 65280 cosec 1" -

where A L is the differenco of longitude between P and Q and v is the normal to the meridien in latitude A.
Exaurie.—To find the convergency of two points 1 mile apart in latitude 17° 40,
log 6280 = 3-72263
log cosec 1”7 = 5°31443

logtan A = 1-50311

8-67924 from Table I

log %

Nat. No. = 16:67 . . . . log = 1:21941

thereforo the convergency = 16”6 as given in the table.

The table is constructed for every 5’ of Iatitude from 0° to 40° and enables
Revenue Surveyors and others who employ rectangular co-ordinates, to refer observed
azimuths or azimuths obtained through triangulation to their meridian of origin.

) RuLg.—TEnter the table with the latitude of the point at which the convergency
is wanted, and multiply the quantity so obtained by the number of miles in the per-
pendicular co-ordinate of the point: the result will be the convergency required, and
will be additive to the observed azimuth if west of the origin, subtractive if east,

ExamreLe.—In latitude 30° 25° let the length of the co-ordinate perpendicular to
the meridian of origin be 15°67 miles,

Then the convergency = 15'67 x 30”5 = 47779 = 7' 57”0,
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TABLE XLIV.—Lengths of Circular Arcs.

This table gives, to 7 places of decimals in terms of radius unity, the lengths
of arcs of a circle subtending angles at the centre ranging from 0”01 to 180°,
The tabular numbers are also of course the circular measures of the corresponding
angles.

Rure I.—To find the length of the arc which subtends a given angle at the

centre of a circle of given radins. Find the tabular number corresponding to the given
angle and multiply it by the radius.

ExaMpPLE.—
To find the length of an arc of 57° 17° 44”8 with a radius of 100 feet.
Tabular No. for 57° is 0-9948377

” » 17, 49451
» s 4, 2133
o T8, 39

1-0000000

Therefore the length of the are = 100 feet.

Rure II.—To find the degrees, &c., subtended hy a given arc at the centre of
a circle of given radins. Divide the arc by the radius; from the result subtract
the next lower tabular number; from the difference the next lower and so on till no
subtrahend remains; and opposite the several numbers subtracted will be the degrees,
minutes, &c.

ExamrLe.—-To find the angle subtended by an arc of 13:6578 feet in a circle
whose radius is 100 feet.

arc -+ radius = *1365780

The table givesfor . . . . 7° — 1221730
+0144050

" ” ... .49 — -0142535

+0001515

» " R ) 1503

0000012

» ” R S 12

Therefore the required angle = 7° 49" 31725, 0

TABLE XLV.—For converting Feet into Miles.

The table gives the equivalent in miles of any number of feet from 1 to 99999,
aud by simply altering the decimal points it can be used for any larger number.

ExamrLe.—To find the number of miles in 35,798 feet.
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The table gives 35,000 feet = 66288 miles
» » 790 ,, =0-1496
g8 , = 00015 ,

i3 »

Therefore 35,798 ,,

6-7799 ,,

TABLE XLVI.—For converting Miles into Feet.

The table gives the equivalent in feet of any number of miles from 0-01 to 99-99,
and by altering the decimal place it can be used for any number of miles.

ExamprLe.—To convert 6-7799 miles into feet.

The table gives 6 miles = 31680 feet,
» » -7700 ,, = 40656 ,,
» » 0099 ,, = 523 ,,
Therefore 6:7799 , = 385798 »

TABLE XLVII.—For converting Links info Feel.

The table gives the value in feet of any number of links between O and 99,999
aud may be used for any other number by altering the decimal place.

ExampLe.—To find the number of feet in 7721052 links.
The table gives 77000 links = 50820  feet,

” ” 210 » = 138' 6 ”
”» ) 62 ,, = ‘34,
Therefore 77210-52 ,, =50958-94 ,,

TABLE XLVIII.—For converting Feet into Links.

The table gives the value in links of any number of feet hetween O and 99,999
aud may be used for any other number by altering the decimal places.

ExampLe.—To find the number of links in 50958 94 feet.
The table gives 50,000 feet = 75757:6 links,

” " 950 , = 14394

» ” 8 , = 1271

‘ " ” ‘94, = 1-42

Therefore 50958‘91 » =m »”»

TABLE XLIX.~Gauss's Sum and Difference Logarithms.

This table contains Gauss’s Logarithms adapted from Shortrede’s Mathe-
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matical Tables, and Galbraith and Haughton’s Manual, and by means of it the
logarithms of the sum and difference of two numbers may be immediately derived from
the logarithms of the numbers themselves. The table consists of three parts headed
respectively A, B and C, the construction of which is as follows :—

A=logm
B =log (l + nl) for successive values of m from 1-001 to 1000.
(]
C =log (1 + m)
Hence it follows that C = A + B.

First, let it be required to find the logarithm of (@ + 4) when loga and logh

are given, ¢ being > b. Put m = ‘Zl ; then .

log m = log a — log & = Ain table,

log (e + 6) = loga(l + %):loga+ log(l + %):loga+ Bin.table,

orlog (a+8) =logs (1 + 5 )=logs+log (1 + m) =1logb + C in table.

RuLe.—Subtract the lesser logarithm from the greater; with the difference
enter part A and find the corresponding number in part B, which must be added to the
greater logarithm; or enter part A and find the corresponding number in part C,
which must be added to the lesser logarithm. Either process will give the logarithm
of (a + b).

ExaMpLE.—Find the logarithm of the sum of the numbers whose logarithms
are 036173 and 0-23045.

loga = 0:36173
log b = 023045

loga — log b = 0'13128 = A,
corresponding value in B = 0'.‘1§£Q33
log a = 0-36173

0:60206

log (e + b)

or corresponding value in C = 037161

log b = 0-23045

log (e + ) = 0:60206

Next, let it be required to find log (2 — 4) with the same data. There will be
two cases, one in which ‘; will be > 2 or log @ — log & > 0-30103, the other in which

; will be < 2 or loga — log b < 0'30103, a being > & in both cases.
In the st case let % =14+ m,thena—-3= —‘—'-——l
‘ 1+

m



EXPLANATION OF TABLES. 57
loga — logh = log( 1 + m) = C in table,
1 .
log(e — &) = loga — log( 1+ —,;) = loga — B in table.

RuLe.—When loga — logd is > 0-30103, with the difference enter part C,
and find the corresponding number in part B, which must be subtracted from the
greater logarithm to find log(a — 8).

a
1 +m

In the 2ud case let = = 1 + —1—, thena — b =
b m
1 .
loga — logb = log(l + 77;) = B in table

log(e — &) =loge — log(l + m) = loga — C in table.

RuLe.—When loge — logd is < 030103, with the difference enter part B,
and find the corresponding number in part C, which must be subtracted from the
greater logarithm to find log(e — ).

Examere 1.—Find the logarithm of the difference of the numbers whose log-
arithms are 3-44134 and 1:21352.

loga = 344134
logh = 1-21852

loga — logh = 2:22782

Next lower number in C = 2:22261 . . . corresponding valuein B = 000261
Remainder = 621
. . 521 x 6
Tabular difference in C = 994 . . . . subtract —995 = 3
’s » inB = 6
B = 000258

loga = 3:44134

log(a — b) = loga — B = 3-13876

ExamrLe 2.—Find the logarithm of the difference of the numbers whose log-
arithms are 0-25042 and 0-08395.

loga = 0-25042
logh = 008395

I
o |
—
=
(=)
iy
Q|

loga — logd
Next lower number in B = 016633 . . . corresponding value in C = 049733
Remainder = 14
Tahular difference in B = 39 sul 14 x 68
= e ubtract gy = 30

” 3 inC

6s )

C = 049703
loga = 0-25042

log(a — &) = loga — C = 175339
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Gauss’s Tables give logarithmically the correlations of the following functions :—

A B C
x 1+ l 1+
z
Y

z 1 1
1-=z z 1 —=2
tan®@ cosec*d sec?d

-}A- c B

Thus if the log of tan®@ is given, enter part A of the table therewith as an argu-
ment ; the corresponding number in part B will be the log of cosec?d, and in part C the
log of sec®d.

Examrre.—Given log tan®@ = 047712, part A; then from part B log cosec’d
= 012494, and from part C log sec’d = 0-60206.

When the index of the given logarithm is negative enter part A with the corres-
ponding negative logarithm, then the logarithm of the function B will be found in part
C, and the logarithm of the function C will be found in part B. Conversely when the
logarithm of B or C is only to be found in part C or B the corresponding logarithm
of the function A will be negative,

Exaurre.—Given log tan®d = 2:04324 = — 1'95676, part A; then from part C
log cosec’d = 196153, and from part B log sec’d = 000477,
Agaiu loga being given let it be required to find log(l + a).

Ruie 1.—When a is greater than 1, i.e., loga positive, enter part A with the
given log, the corresponding number in C will be log(l + a).

Roie 2.—When a is less than 1, i.e., loga negative, enter part A with the nega-
tive log of a, the corresponding number in B will be log(1 + a).

ExaMpLEs.
1. Given loga = 2:62562
Next lower number in A = 2:62000 . . . corresponding value in C = 2:62104
Difference = 6562 odd 662 x 998  _ 561
Tabular differencein C = 998 1000

log(l + a) = C = 2:62665
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2. Given loga = 2:62562
Then the negative log of 2 = 1-37438

Next lower number in A = 1-:37400

Difference = 38}

Tabular difference in B = 4

59

corresponding valuein B = 0-01798

38 x 4 _ 9

subtract oo~ -

log(l1 + @) = B = 001796

Lastly, loga being given let it be required to find log(¢ — 1) or log(1l — a).

Rure 1.—If loga is > 0-30103, i.e., ¢ > 2, enter part C with it, the corres-
ponding number in A will be log(a — 1).

Rure 2.—If loga is < 0'30103 but > 0, i.e.,, ¢ < 2 but > 1, enter part B with
it, the corresponding number in A will be the negative log of (¢ — 1).

RuLe 3.—If loga be negative, i.c., @ < 1, with the negative log of a enter pari B
or C and take the corresponding number in C or B; this will be the negative log of

(1 —a).

ExamrLEs.

= 2:62562
Next lower number in C = 2:62104

1. Given loga

Difference = 458

Tabular difference in C = 998

= 003981
Next higher numberin B = 0-03987

2. Given loga

Difference = 6
Tabular difference in B = 8
therefore
therefore

3. Given loga = 162562

Then the negative log of a = 0-37438
Next lower number in C = 0-37433

Difference = 5

Tabular difference in B = 42
” ” imnC = b8

therefore

therefore

)

)

corresponding valuein A = 262000

458 x 1000

dd = - = 5
a 598 439

log(a — 1) = A = 2:62459

corresponding valuein A = 1-:01700

add 6"% = 75

negative logof (@ — 1) = 101775
log(a — 1) = A = 2:98225

corresponding valuein B = 0-23833

subtract 2 X 42 _ 4
b8

negativelogof (1 —a) = B = 0-23829
log(l — a) = I'76171
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TABLE L.—Common Logarithms to 4 places of Decimals.

This table gives the logarithms to 4 places of decimals of all numbers between
100 and 1000, arranged in one opening.

TABLE LI.—Common Logarithms to 5 places of Decimals.

This table gives the logarithms to 5 places of decimals of all numbers between
1000 and 10000, and is intended especially to aid the calculations of the Revenue
Branch of this Survey. :

TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

This table gives the logarithmic sines and cosines of angles differing by 1 be-
tween 0° and 90°, and is intended especially to aid in the traverse calculations of the
Revenue Branch of this Survey.

TABLE LIIl.—Azimuth and Apparent Allitude of Polaris compuled with
North Polar Distance 1° 17" and Mean Refraction.

This table, which was originally published in an abbreviated form in the United
States Coast Survey Report for 1870, is intended for field use to aid in placing the meridian
instrument approximately in the plane of the meridian. The table is coustructed for 2
North Polar Distance of Polaris 1° 17/, but as corrections for every 10” of N. P. D. are
given, it can be used for the correct North Polar Distance as given by the Nautical
Almanac. The time being known, all that is necessary is to intersect the star and read
the horizontal circle, then the azimuth can be obtained by inspection from the table.
The table is constructed to suit latitudes differing by 2° between 0° and 40° and for
hour angles from 0" to 12". The table further gives the hour angle at elongation with
its correction for an increment of 10” in N. P. D.

The formule by which the altitude and azimuth and the changes in them due to change in N.P.D. (4)
have been computed are as follows : —

Let ¢ = hour angle at any time except elongation,
A = latitude,
& = the declination,
(

q

the zenith distance,

the porallactic angle,

" A = the azimuth,

then sin} { = nseo N andsin 4 = cosec {ein A sin £;
where tan N = %sin $4¢; m= ~cosAcosd;and n = sin {{(§—A).
- - LY PPN
a (elt.) cosgda snd dd win ¢ da;
. con A sin 4
where Bing = -— .- -—,
8In A

From the obove the true zenith distance ¢ has been computed and the mean rofraction, from Table I of
Chauvenet’s Astronomy, Vol. 11, has been applied.to obtain the apparent altitude.

The formul® af elongation, P being the hour angle, are:—
sin (alt.) = ein A sec A; sin 4 = gin A sec A; and cos P = tan A tan 4

the apparent altitude being found as before,
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The changes in the preceding elements for o cliange in A are:—

dP = — tan Acosec Paec?Ad A;
d(alt) = — dPeina;
dA = dasec (alt.).

The table may be used for two purposes. First, Given the altitude and hour
angle, the latitude may be obtained by a series of interpolations. The results only
differ by a few seconds from those arrived at by the method given in the Nautical
Almanac, but the computation is rather laborious and cannot be recommended. Second,

Given the latitude and hour angle, to find the aziwuth.

ExaMPLE :—

On Nov. 9th 1886, in latitude 27° 47" 26” an observation was taken to Polaris
at 21* 4™ 54°; determine the azimuth.

On Nov. 9th 1886, the Right Ascension of Polaris = 25 18 25

Sidereal time of observation = 21 4 54

Hour angle = 4 13 31

The North Polar Distance of Polaris = 1° 17" 37”: correcting the tabular
quantities for 37” of N. P. D., we get:—

[+ ’ ” h m s [=] ’ 14
In latitude 26 0 O at 4 0 O Azimuth = 1 15 12
2 » » 4 20 0 i1 = 1 18 38

» 2 0 0,,4 00 »» =11636}

” » » 420 0 »” =120 4
therefore ” 26 0 0, 413 31 » =117 31
and » 28 0 0O »» » =118 57}
whence ”» 27 47 26 ' ' = 118 48

so that the required azimuth of Polaris = 1 18 48.

It is evident that the arithmetic in this computation would have been much
simplified if Polaris had been observed at one of the hour angles mentioned in the
table; but as this may not be convenient at all times, an example of the most general
type has been chosen,

TABLE LIV.—Elements of Circumpolar Stars for 1st January 1887.

The table contains a list of 60 circumpolar stars down to the 7th magnitude
sitnated within 9° of the Pole and arranged in order of their right ascensions. The mean
right ascensions and declinations are given to 2 places of decimals of a second, except
those of the Nautical Almanac stars : the apparent places of the lutter can be taken out at
ouce from the almanac. The mean right ascensions and declinations, and the annual
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precessions in right ascension and declination have been computed by the rigorous for-
mule given in  Chauvenet’s Astronomy’, while the secular variations have been obtained
from the formule given in the Greenwich 1R2-year Catalogue 1836-47. The third
differences have been obtained by bringing up the right ascensions and declinations to
1887, using only first and second differences ; then subtracting the results from the value
obtained by the rigorous formule and dividing the result by one-sixth of the cube of the
number of years from the Epoch of the Catalogue so that what are denoted 3rd differ-
ences really include the remainder of the series. In most cases the 9-year Catalogue
was used, but a few stars which are not there given were obtained from the other recent
Greenwich Catalogues or from the 2nd Radcliffe Catalogue for 1860. The proper motion
was taken from the corresponding Catalogue when given there, and when not it is left
3 S
5-;' and ng is the sixth place of decimals or

the quantities are in millionths of a second.

blank. The unit in the columns headed

The formule for finding the mean place of a star on the 1st January of the
year (1887 + y) are:—

. da da ¥ | dla
e =atg VYt a0t wr e
dé a8y B

Y=t Ve aetaE s

where a and 8 are the mean Right Ascension and Declination on 1st January 1887,

and Jd‘:— and —ag are the annual precessious in Right Ascension and Declination,
d’a d .
" 7S and R secular variations s » "

The apparent place for Greenwich mean midnight will be found as usual by
applying to the mean place on the 1st January of the year of observation the
corrections :—

in right ascension. . Ee +Tf +Gy +H%2 + L +! — 300 + u x fraction of year,
,» declination . . . .Ee¢’ +Ff' +Gg' +HA + L+1'—860 + p'x ,, ' ;
where 4 and u’ are the respective proper motions in right ascension and declination ; E,
I, &ec., are Airy’s Day-Numbers, and ¢, €', f, f’, &c., are the star constants. If there is
a Cntalogue whose Jpoch is near the year of observation the star constants may be used

from it, but if not, as the constants change very considerably for stars near the pole,
they ought to be computed from the following formule :—

Let @ = mean obliquity of the ecliptic (from Nautical Almanac),
m = 46”0871 + 070002819 y,
n = 2070532 — 0”-0000863 y,

a’ = the mean R.A. in time on 1st January of year 1887 + y,

» »»” 2

A = »» N.P.D. ”

then e = + !

= cos a’ cosec A + 1'2,
15

S =+ Tl':'; sin a’ cosec A + 12,
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m n .
= — 4 — ! A+ 25
g +15+15sma cot A 4+ 295,

h =+ Ilgcosd cot A + 12,

| = 210—25xe—25xf—12xg—2 xAh,
¢ = —tinewsinA +sina cos A + 12,
J = —cosa cos A + 12,

= —ncosa’ + 25,
W = +sina’ + 12,
I =210 —25 xe =2 xf' =12 x9 —2 xh.

2Sin* 3 t
“Sinl”

TABLE LV.—Values of for the Reduction of Circum-meridian Observations

Jor Latitude.

This table is intended to be employed in the computation of latitude {rom
circum-meridian observations of the sun or a star. The formula for finding the latitude
is as follows:—

If A = the true latitude,

¢ = the true meridian zenith distance,
£, = an observed ex-meridian zenith distance corrected for refraction, and in
the case of the sun or a planet also for semi-diameter and parallax,
8§ = the declination of the sun or star,
X = 8 + § = an approximate value of A,
t = the hour angle;
then t = & F Am where d = ‘35_;[1‘;0“ 8 and m= 25—8‘:;:—*#

the negative sign being used when the star is above the pole and the positive one when
the star is below it,

and A =8+¢

In the ahove formula ¢ should be less than 20 minutes and £ greater than 10°, and
consequently the table is only constructed to give m for all values of the hour angle

from O° to 20m.  The logarithmas of the scveral quantities m, should they be required,
will be found in Table XXV,

In practice a number of observations (say ten) should be taken, and it is better
that some should be on one side and some on the other side of the meridian, but it is
not necessary to reduce each of these separately : the above formula is sufficiently
accurate if ¢, represent the mean of the zenith distances corrected as above described

e 2sin? § ¢ . :
and m the mean of the quantities ‘éinﬁl’i’w corresponding to the respective hour angles
of obscrvation. In case of the Sun & is the declination corresponding to the mean of
the times of observation.
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ExampLe.—Circum-meridian Observations for Latitude to A Sagittarii, (South),
at Camp Kilki, August 3, 1885.

Circle Readings Chrono-
Face meter t m
A B Meun Times
et wp " ko s|m s hm s
L (3027 0[2730|2715(181155(814|133|R. A. of Star = 182056
B {592550|2520|2535 1351|618 | 78| Chronometer Error =— 4
4
R 1592520245025 5 15134 56 | 48 Chronometer Time of transit = 1820 9
L (30284029 02850 17241245 | 15
L |302820(29 20128 50 18341 35
R |592420(2410(24 15 211211 3 2
R (5924302350 |2410 2237(228| 12
L [302820|28 302825 2549|540 | G3 o+
L |302710|2740|2725| 2736|727|109/% = 692948 .. log cosec = 0-06469
R (592640(2620(2630| 29 4(855|156|8 =—252852 .. logcos = 1'95556
A= 384 056 ..logcos = 1-91849
e’ "t Meanm=¢621. . . . . . . . . log=179309
Mean of altitudes =30 31 31 _—
Refr"ction = 1 19 Am = 541 . PR log = 1 '73183
_ (=86 — Am = 59°28 54
303012 8 . . . . =—2952852
L., =592948 _—
A = 3+ 0 2

TABLE LVI.—Factors for Bessel’s Probable Error Formule.

The formulz for finding the probable error of a single observation of a group,
or of the mcan of the group, are given in “ Airy’s Theory of Errors of Observations,
1875” article 60, as follows :—

. . 0-6745 i
p-e. of a single observation = ;/nil_ »/sum of squares of apparent errors.

0-6745
p-e. of the mean = \_/;f(_n::l)f + 4/sum of squares of apparcnt errors.

The table gives the values of the two factors 06745 067&.— for values of

vn—1 an Vn(n—1)

n from 2 to 100 inclusive,

TABLE LVII.—Quadrilateral Surfaces of 15’ in Latitude and in Longitude
on the Terresirial Ellipsoid.

This table gives the areas in square miles, to 3 places of decimals, of squares of
15" side between the latitudes 0° and 40°.
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The table is computed from the formula : —

py COB A

i ne 152 P
G280 x (circular measure of 15')% = (%) pv cos A sin? 17,

Aren =

For purposes of interpolation each area given in the table must be considered as
corresponding to its middle Jatitude and the interpolation carried on, as in the foot-note
to Table I, for the middle latitude of the space required.

If the area of a 5’ space is required, the areas in the table must first be divided
by 9 and then considered as the 5’ spaces corresponding to the middle latitudes, and the
interpolation carried on as before.

More generally, if the area of an n’ space is required, multiply the 15° arcas by
9

n .
295 and interpolate as before.

TABLE LVIII.—Semi-diurnal and Semi-nocturnal Arcs, showing the time of the rising
and setling of the Sun, Moon, or Equatorial Stars.

The table, abridged from that in  Hints to Travellers,” gives half the time
that a celestial body continuesabove or below the horizon when the latitude and declina-
tion are of the same or of contrary names : it affords the means of computing the rising
and setting of the sun, moon and equatorial stars, and the length of the day and night.
No allowance is made for refraction which in extreme cases will cause au error of 3%.
For convenience a table of the dates corresponding to sun’s declination is added.

To find the time of the sun’s rising or setting. Enter the table with arguments
latitude and declination. 'I'hen the tabular number is the apparent time of the sun’s
setting or rising according as the arguments are of the same or contrary names, and this
subtracted from 12 hours will be the apparent time of rising in the former case or set-
tin§i in the latter, Twice the time of rising or setting will give the length of the night
or day.

Exanmrre.—To find the apparent time of sunrise and sunset and the length of the
day and night in lat. 32° N., declination 18° N.

For arguments, lat. 32°, declination 18° . ., . tabular number = 6 47

k om
Therefore the time of sunset = 6 47 . . . Length of the day = 13 34

-

And n sunrise = 5 13 ., . . ’ 5, night = 10 26

To find the time of a star’s rising and setting. Find the right ascensious of the
sun and star from the Nautical Almanac and subtract the former from the latter
increased by 24 hours if necessary. The difference is the approximate time of the star’s
passing the meridian. Enter the table with arguments latitude and declination, the
tabular number is half the time the star is above or helow the horizon according as the
latitude and declination are of the same or different names, and in the latter case it must
be subtracted from 12 hours to get half the time of continuance above the horizon ;
subtract or add half the time above the horizon from star’s meridian passage and the
result will be the time of the star’s rising or setting.

i lat. %ﬁA;?’;E.—At what apparent time does § Ophiuchi rise and set on May 1st 1887

A
Star’s Right Ascension on 1st May 1887 . . . . = 16 g‘

Sun’s

” » bl 2 33
Approximate time of stur’s meridian passage 13 35
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Arguments, lat. 30° N., declination 3° 24" 8,

kR om
Tabular number = 6" 87, subtract from I2 hours . = 5 5
Time of star’srisng . . . . . . . . . . = 7 43prm.
»» s setting . . . . . . . . . . =1927 ,, or=727aMm.

TABLE LIX.—Corrections for reducing Apparent to Mean Solar Time.

These corrections must be applied to the apparent time with the signs given in
the table to reduce to mean time. 1 greater accuracy is required the Nautical Almanac
must be used where the quantities will be found under the heading ‘ Equation of
Time,” on page 1 of each mouth.

TABLE LX.—Showing Links to be sultracted from each Chain, in an ascending or
descending line, in order to reduce it to the Horizontal Measure.

This table gives the number of links to be subtracted from each chain on differ-
ent ascents or descents from 1° to 30° so as to reduce it to the horizontal.

The horizontal space passed over in ascending 1 chain on a slope of @ degrees is 100 cos8 links, so that

H:o numbers given in the tubles are the values corresponding to 100 versin @ for different values of 6 from
1° to 30°.

O
Thus if the slope be 12°,

Tabular expression = 100 versin 12° = 100 X '021852 = 2'19.

Exaupre.—"To find the horizoutal measure corresponding to a distance of 2
chains 56 links on an incline of 3° 20".

Tabular number corresponding to 3° 20° = 014 + (2>_8 x ‘10 = 0173 ;
therefore the number of links to be subtracted = 2:56 x °173 = ‘44,
and the horizontal distance = 2 chaius 55-56 links.

TABLE LXI1.—For the Conversion of Versts and Kilomelres into Miles
and vice versd.

This table gives the valnes, to 4 places of decimals of miles, of distances from
1 to 10 versts and from 1 to 10 kilometres: and it gives valnes of distances from 1 to 10
miles in versts and kilometres: it also gives the accurate value in kilometres of 1 mile
and the value in feet of 1 verst.

TABLE LXII.—For the conversion of French inlo English Measures.

TABLE LXIII.—For the conversion of English into French Measures.
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§ (1). Alternative Formule for Computing Differences of Latitude, Longitude
and Azimuth in Secondary Triangulation, and for the Reverse Process.

Let A and B be two points on the earth’s surface, and let A, L be the latitude
and longitude of A and A the azimuthof B at A,and A + AN, L+ ALand 7 + A+ Ad
be the corresponding quantities for B, and ¢ = the distance AB.

Let O be the middle point of A B, and let ite latitude and longitude be A and ! respectively, and the
azimuth of A at O be a and of B at O be w + q, and let Ag A, &c., &p A, &c., represent the differcnces of lati-
tude, &c., between O nnd B end A,

Then the formule on page 15 gives : —

ApAeinl” = —;—Pcosn— % ::v sin? atan A — % T‘:—v- i'_’—e,cos’an'm 2A
+ % epiv,sin’acosn (1 + 3 tan? A);
apAsinl” = + 704—' cosa = % 4:2:: sin a tan A — % {:—v l% cos® a #in 2A
_% E:a_ sinacos a (1 + 8tan?A);
therefore 4\ sin 1" = : cos a — 2%:—:', sin? a cos a (1 + 3 tan? A).
Bimilarly A L sin 1” = E:::—% + éli,":: {}lcgaan’A gin 2a cos @ — 2 sin’a . :):?:}

tan A

3 sin 2a cos a

adsinl" = S g _1_‘"{ 8 '
sin 1 vamctanA+4v, (a+tan A)
1.,
L atanA(l+2tan'A)}.
Nowwx +a + Apa=d4 + A 4,

ad 1 ¢

3
therefore r+--4+T—1—éF(1+iun'A+f;°2—!; sin 2 a cosee 17,
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Now the maximum value of the last term for a distance of 60 miles and A = 45° is between 8” and 9”;
therefore —~ co8 a = co8 (A + ‘%) <+ 8in (A + 5—;) w 00004,
= cos (A + A—ZA) very nearly ;
and - #in a = sin (A + 4_24) very neanrly.
Also A=A—AAA=(A+%) +%%sin’utan/\cosecl",

and the maximum value of the second term is about 6”;

therefore 8in A = sin (A + 92—7\) and cos A = cos (A + A—;) pearly.

Consequently leaving out the terms containing third powers of ¢ which are small we get :—

e AA »
AA ?cos(A+T)cosec1

sin (A + ATA

cos(A+A—2’l)

ad<aLsin (A4 ‘%‘)

aL=-SX cosec 1” %
v

The terms in ¢ are :=—

1 8 ., 2 v
Inanx . . ., ﬂ;,.sm 8cos 0 (2 + 3 tan? ¢) cosec 1%,
al -l sinaseccpfsin’(?nec’gb—l} cosec 17,
” 24 33 e '
ad .12 sin @ tan {2+tan’ sin’o} cosoo 175
» e TR ¢ [ H
whero 0=A+ATA nnd¢=h+-A—2—A,

and the greatest values of these for a distance of 60 miles in latitude 40° are:=—

In ax . . . 0”:05o0nen azimuth 54° 44’
s aLl . . ., 003 ” 90°,
., Ad . . . 0707 N 90°.,

_ Woe have therefore with all requisite amount of accuracy for secondary triangu-
lation and snow peaks, the three formula :—

Ah:—%cos(A+A‘TA)cosecl” e £ 0]

sin (A + ATA

cos (7\. + A—;—)

cosec1” . . . . . . . . (2

[~

t~

|

|
LAY

AAd _AL. A
TT!ID(X-‘-T ..........._(3)
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In the preceding formule

1”
log 22%¢ 1 _ co.log (Tab. XXVI), and log — 2
P

v cos (7\. -+ Azk)

The Reverse Process follows at once ; for since A, AX, L, A L, p and v are given

we have :— N
tan(A+ )-"‘”s(“' )AL
A)\.

or log tan (4 + A.4) = log (Tab. XXVII) — log (Tab. XXVI) + log AL — log A

= co-log (Tab. XXVII)

This gives 4 + ATA: ¢ follows from equation (1) and A 4 from equation (3), so

that 4 and ¢ are determined.

The Forward Process, viz., Given ¢ and 4 to find A A, A L and A 4, is effected
by approximatiou as follows :—
AX A L
P

are first obtained from the formule

—;— sin 4 and 3 cos 4 or from a traverse md)cator, to which has been added scales of

latitude and longitude, by laying off the distance % along the given azimuth. Putting

these in equation (3) ézil is obtained approximately. A2A is now introduced into

equation (1) and a new value of A A obtained, by the aid of which a new value of A L
is obtained from (2), and then from (3) A 4 is found, which has always the same sign
as A L. The process may be continued, but as a general rule this will suffice.

ExampLe 1.—Given the latitude and longitude of station A, and the azimuth
and distance of station B; to find the latitude and longitude of station B and the back
azimuth of station A.

Given data at Station A
A=24°8 3"72; L =783 7"91; A =178° 15’ 55”7:09;

log ¢ = 5:0354049. ¢ = 108494 feet.
A—z—k = + 642" = + 9’ 27, and A—I—' = — 16" approximately.
[ log Az—L = 1-2041
1G]
g log sin ()\ + é:zl) = 1-6141
e
log%=0'8l82 Coe %é= -7
( log ¢ = 5-0354049 " log ¢ = 5-0354049
co-log (Tab. XXVI) = 3-9959631 co-log (Tab. XXVII) = %-0337969
= A «
E log cos (A + g ) = 1-9998005 = log sin (A + Az—A) = 2-4815273
< R g 9
o
& log AX = 30311685 = log A L = 1-5507291
AX = + 1074741 AL = — 35”54
L = 17 54741 L

therefore latitude of B = 24°25’58”-13, and longitude of B = 78° 2’ 32”-37.
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Again log AL =1-55072
2 1ogsin (» + 5Y) = 161411
g 1 2
[+]
& logA A4 = 116483
L Ad= —14"-62

and the azimuth of A at B = 358° 15" 40”-47.

Exavrre 2.—Given the latitude and longitude of stations A and B, to find the
distance between them und their mutual azimuths.

Given data
o ’ ” o 7 ”
Station A, Lat. = 24 8 3'72 Long. = 783 7:91
, B , =2425818 , = 782 3237
A+ — 9417 093 AL - _ 777
2 2
Ar= + 175441 AL = — 3554
log 2% = 124969
log sin (7\ + -A;) = 1:61411
log 2 = o-seas0. . .24 = 73
2
log (Tab. XXVII) = 1-9662079 log AN = 30311700
co-log ( ,, XXVI) = 3-9959632 log (Tab. XXVI) = 2-0040368
e AA .
logAL = 1:3507174  log sec (A + %) = 0-0001995
co-log AN = %-9688300 log ¢ = 5-0354063
log tan (A + A—.ﬁ): 3-1817185

A+A‘TA = 178° 15" 487 as A\is 4+ and AL —

Therefore azimuth of B at A = 178° 15’ 65"

and azimuth of Aat B = 358 15 41.
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§ (2). Methods of determining Time, Latitude and Azimuth from Astronomical
Observations.

The following methods for determining Time, Latitude and Azimuth by astro-
nomical observation are those in most general use among explorers and surveyors
engaged in Trans-frontier work, and are here given to obviate the necessity of consult-
ing larger works. The methods for determining Longitude are purposely omitted, as the
results will in general not be found more accurate thau those derived from dead reckoning.

I—To find the Time.

1st Method. By a single altitude of a star or of the sun when the latitude is
known,

The altitude should be observed with a sextant, or with a theodolite on both faces,
and the time noted by a clock or watch. For greater precision observe several altitudes
in quick succession, noting the time of each, and take the mean of the altitudes as cor-
respouding to the mean of the times. Correct the observed altitude for instrumental
errors, refraction and also, in case of the sun or a plauet, for semi-diameter and parallax.

Then if ¢ = the resulting zenith distance,

o = the co-latitude,

o
il

the north polar distance,
t = the hour angle,

T = clock time corresponding to {;

sin}? = \/Si"%(§+A—ry)sin§(;’+7_m,

sin ¢ sin A
or tan} ? = ;\/ sin§ €+ A — ) sin} (¢ +q—4)
sin C+ A+ s @+y—1¢)

If a = the right ascension of the star or planet for the approximate time

of observation, then the sidereal time of observation = a + Ttﬁ" the upper or lower sign

being used according as the star is west or east of the meridian; and the error of the
. . . t . .
clock on sidereal time is 7' — (a + E) If the clock employed gives mean time, the

sidereal time nt mean noon must be subtracted from the sidereal time of observation

and the result converted to mean time; the difference from the clock time is the clock
error.

If the sun be observed, then the apparent time = if on the west side, or

-
c:l. ~

AW .
(12 hrs. — 15) if on the cast side of the meridian. To this must be applied the equa-

tion of.timga to obtain the true mean time of obscrvation. The difference from the
clock time is now the clock error.

The body ohserved should not have less than 10° of altitude and should be
as near the prime vertical as possible.

EXAMPLE’.;—-T}’lc z’onith distance of 8 Orvionis (west of the meridian) observed at
Dehra,.m lat. 30° 19" 29” N. and long. 78° 6’ E., on 9th April 1883, when corrected for
refraction was found to be 67° 0’ 2”7, and the clock time of observation was 7* 53" 5+ 5,
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r = 6 0 2

v = 59 40 31 . . . . Logsin 1-9361002

A= 98 20 26 . . . . »  1°9953825
2s=t+y+A=2% 0 58 Sum 1-9314827

s =43 +A+y)=112 30 29 Ar. compt. 0-0685173
s—y =% +A—v)= 52 49 58 . . . . Logsin 1-9013906
s—A=4(¢ +y—A4)= 14 10 4 . . . . , 1-3887443

Sum = Log sin? 4 ¢ 1-3586522
Log sin 4 ¢ 1-6793261

o 7 ”

4 tin arc 283251-2
t ,, b7 542°4

b m s

* ¢in time + 348228

Star’s Right Ascension. . . . . . . . . . . . . . . B 9 07

True Local Sidereal Time of Observation . . . . . . . . 8572385

»» ,, atMeamnNoom . . . . . . . . . . 11043:3
Sidereal Interval from Mean Noom . . . . . . . . . . 746402

Corresponding Mean Interval, i.e., True Mean Time of Observation 7 45 237

Clock Time of Observation . . . . . . . . . . . . .753 55

Clock error + 7 41-8
2n0d Method. By equal altitudes of a star or the sun.

If T, T, be the times marked by a clock when & star has the same altitude before
aud after crossing the meridian, then T = § (T, -+ Ty) will be the clock time of its
meridian trausit, and the error of the clock can at once be found.

If instead of a star the sun be employed, the clock time of apparent noon will
be equal to
tan A cotA\ ¢80
siné tan¢/ 15’

where 2 ¢ = the elapsed time between the observations, # = the small horary decrease

® If the sun has been observed, the remainder of the calculation will be as follows :—
tintime . . . . . ., . . =
Equation of time . . . . . =
True Mean Time of Observation =

Clock time. . ., . . . . . =
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of polar distance: if the polar distance is increasing 6 will be negative. The equation
of time having been applied the clock error on mean noon is known.

For equal altitudes of the sun before and after midnight, i.e., on the afternoon
of one day and the morning of the next, tan \ changes sign and the clock time of
ent midnioht is T tan A | cotA\ 16
apparent midnight s T + \ oo + 77 ) 15
The most favourable condition of observation will he when the ohject is observed
nearly east or west of the meridian, but the altitude should not be less than 10°.

The advantage of this method is that any error of graduation of tle sextant or
theodolite will have no effect; aund the disadvantage is that some hours must elapse
between the two observations, as the star should not be near the meridian.

II.—To find the Time and the Latitude simulianeously.

1st Method. By simultaneous altitudes of twe known stars.

When there is only one ohserver he may proceed as follows :—Take the altitude of
the first star, S,, then the altitude of the second star, S,, and again the altitude of S,
noting the correspouding times. During the few minutes that this will occupy the
changes of altitude may be supposed uniform, and therefore the altitude of S; corre-
sponding to the instant of the observed altitude of S, can be found.

Let ¢, and & be the true zenith distances of the two stars,
A,and 4, ,, north polar ” ”
d ,» difference of right ascension;
and put tan 2 = tan A, cos d,

_cos A; cos (A, — 7)
cos » ’

ton gz = 4/ E By ¥ B — g s d Byt y — &)
sin} (3; + 4, +y)sin § (&, +y — &y’

tan § w = \/ sind L+ 6 —ysini G +y—1)
sind (G+L+ysind G +y—8)

=z —w;

cos A, cos (&, — 6)

then inA =

8111 cos B
where tan @ = tan A, cos u;
and sin (hour angle = ¢) = sin £ sin u

cos A

The values of the quantities y and z may be tabulated for certain pairs of
stars and much labour saved.

The most favourable conditiou of ohservation will be when the verticals of the
two hodies are on the same side of the meridian and equally inclined to the prime
vertical, the difference of the azimuths being near 90° if possible.
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Exampre.—The altitudes of a Persei and 8 Orionis observed at Dehra on the
11th April 1887, were found to be respectively 29° 41° 51” and 28° 11’ 50” both stars
being west of the meridian, and the clock time of observation was 8% 29 33+5.

a Persel B Orionis
o 1 » [«] L "
Observed altitude . . . . . 29 41 51 28 11 50
Refraction. . . . . . ., . — 128 — 134
True altitude e« . . . . 294023 28 10 16
s»» zenithdistance . .= ¢ =60 19 37 & = 61 49 44
A m f] A m :
Right Ascension . . . . . . 316 14-3 5 9 58
North Polar distance = A = 40° 32" 34” Ay = 98° 20" 15”
A m s
Difference of Right Ascension . . . . . . =d= 1352515
» ” . +« . . . in are = 28° 12 53"
Log tan A, = 19321554 Log cos A, =" 1-8807684

» cosd = T1-0450656 ,» cos (A, —2) = 1-6810162

, tanzx = 1:8772210 ,, Seca = 0-09768935
xz =37° 0 24 » COS Y = 1:6594741
Ay—2 =61 19 51 y = 62°50' 11"
o ’ ” [} ’ ”
A, = 982015 t;, = 61 49 44
A = 403234 L, = 6019 37
y = 625011 y = 625011
Sum =2s= 20143 0 Sum = 2 5 = 184 59 32
(o] ’ »
= =100 51 30 Log cosec 0-0078461 & = 92 29 46 Log cosec 00004123

a-0,= 23115 , , 1-3567186 s—¢ = 3040 2
s — A = 601856

» o 02923865

» #in 1-9389028 s+ —~¢ = 3210 9 ,, sin I-7262550

s—y =38 119 , , 17895548 s—y = 293935 , , 16944717

Sum = Log tan®} z = 1-0930223 Sum = Log tan® § w = T1-7135265
,, tan § z = 0-5465112 ,» tan } w= T-B367628
{z = 74 822 fw= 3543 ¢”

z = 148 16 44 w=171 26 12
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=2z —w= 76° 50" 32"

Log tan A, 1-9321554 Logsin &, 19389520
, cosu 1:3572359 5 sinu  1-9884461
,, ten 8 T1-2893913 » Sech 0°-0638591
6 11° 1' 6" Sum = Logsin ¢ 1-9912572
tLL—9 49 18 31 ¢ in arc 78° 32’ 31"
A m s
Log cos (¢, — 6) 1-8142372 ¢ in time 5 14 101
Log cos 4, 1-8807684 R. A. of a Persei 316 14'3
» secf 0-0080803 S. T. of observation 8 30 244
Sum = Log sin A 1-7030861 Clock time of observation 8 29 335
| A 30° 18 56" Error of clock — 0509

2nd Method. By fwo observations of the altitude of a star and the elapsed time.

This is the same problem as the last: the elapeed sidereal time reduced to arc
will give d.

. . . d
Here sin 12/— = sin A sin o9

cot z = cosAtang;

and the remainder of the solution will be as before.

The same solution will evidently apply to two altitudes of the sun and the
elapsed time, provided this elapsed time be reckoned iu sidereal hours. The north polar
distance of the sun may be considered constant.

III.—To find the Latitude by Observation.
1st Method. By circum-meridian altitudes of a star or the sun.

If a number of altitudes be taken when the star or sun is very near the meridian,
either all on one side, or better still some on one side of the meridian and some on the
other; and if §, ¢, &c., be the zenith distances corrected for refraction—or for re-
fraction, parallax and semi-diameter in case of the sun—and if ¢, #,, &c., be the hour

. ol
2f
angles at the times of observation, and m,, m,, &c., the values of 2 sin 2, (see Table LV),

sin 1”7
then if § he the mean of {,, &, &c., m the mean of m,, m,, &c., 8 the declination for

the mean of the times, and A, = & + §, the true meridian zenith distance ¢ is given by
the expression

—- _ cony con 8
t=¢ —A4d.m, whered = s ¢,

and the latitude = & + &
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If the star is below the pole, £ = §, + 4.m, reckoning the hour angle from the
lower transit. The intervals ¢,, &c., should be in sidereal time for stars and in apparent
time for the sun, and they should in no case exceed 20 minutes, nor should the zenith
distance be less than 10°,

For an example see page 64.

2nd Method. By altitude of the pole star out of the meridian.

Adopting the notation employed in the Preface to the Nautical Almanac.

If I = the latitude,

a = the true altitude of the star,

p = the apparent polar distance,

h =8 — a; 8 beingthe sideral time of observation and a the right ascension
of the star;

then Il =a—pcosh + }sinl” (psin A)? tana.

The Nautical Almanac, pages 477-9, gives tables to facilitate the computation
as follows : —

Table I gives p cosh, or the first correction.

II ,, 4sinl” (psinh)? tana, or the second correction on the assumption
that p = 78’ 0” and a = 19° 15",

Table I1I, which depends on the difference between the true and assnmed
values of p and a, contains the third correction increased by 1’ to render the quantities
additive, and this accounts for the 1’ which is snbtracted from the ‘“ corrected altitude”
in the example given in the explanation of the Nautical Almanac.

For an example see the Nautical Almanac.
IV.—To find the Azimuth by Observation.

Ist Method. Given the time and the latitude. The azimuth can he obtained
from Polaris at once by means of Table LIII; the method of proceeding will be found
in the explanation of that table.

2o0d Method. Girven the latitude and also the time approximately. Observe the
angle between the referring mark and a circumpolar star at elongation.

The time of elongation of the star, its azimuth and the altitude for setting the
telescope may all be found from formule 1, 2 and 3 on page 40. The azimuth of the
mark from north will be the angle hetween star and mark + the azimuth of the star
at elongation according as the star is between the mark and the pole or otherwise.

3rd Method. Given the time and the latitude approzimately. Ohserve the
angles M, and M, between the referring mark and two circumpolar stars at their respec-
tive elongations, selecting stars which are nearly in opposition or nearly in conjunction
and will attain their maximum elongations nearly at the same time.

Let their azimuths from the north be A and A,,
" declinations be &, and &,,

then M, + M, = A, + A,
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and tan § (A, — A,) = tan § (A; + A)) tan § (§, + &) tan § (5, — 3)),
or tan } (A; + A;) = tan } (A; — A,) cot § (§, + &;) cot § (3 — &y).

The azimuth of the R. M. from north will be found by applying A, to M, or
A,to M,.

ExanmpLe.—Observations for Azimuth were made at Dehra New Observatory on
the 4th June 1887, to § Ursae Minoris at Eastern Elongation and Cephei 51 (Hev.) at

Western Llongation. The observed angles were :— o .
I

8 Urse Minoris = M, = 3 56 53

Between Referring Mark and
Cephei 51 (Hev.) = M, = 311 46

Sum=M,+ M, =A, + A;=7 839

o 1 w
5 =86 36 42
5, =87 13 20
}(A,+A)= 83342 . . . Logtan 2-7953791
35, +8)=855 1 . . . , 1-2687218
3 —8)= 01819 . . . » 37265767

Sum = Log tan § (A, — A;) = J'7906776
1A —A) = 021 14"
1A +A) = 3 34 20

A, = 3 55 34

A, = 313 6

Azimuth of R. M. fromnorth =M, —A, = 0 1 19
» ” =A,-M = 0 120

_4th Method. Given the latitude and time. Observe the angle between the
referring mark and a circumpolar star near elongation.

If ¢ be the hour angle at elongation, and d ¢ the interval before or after elongation,

and & A the corresponding difference in azimuth,

. dl .
then tan § A = — 2 sin? 7 - sec A.cotd.cosect approximately ;
sin® dt
ordA" =~ 2 2 . sec A.cotd. cosec .
sin 17

The log. of the first part is given in Table XXV, Part II1.

]g‘,n’ml,n.—From observations taken at Kanjamalai, latitude 11° 36’ 56”7, longi-
tude 78° 6/, on 27th November 1869, to & Ursee Minoris near Western Elongation, the
angle between the referring mark and star was 138° 20’ 58”, the sidereal time of obser-
vation being 235 53= 52+ 5.
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The declination & = 86° 86" 35”

First to obtain d¢, the time from elongation, employ formula 1 on page 40
which changing symbols may be written,

log cos ¢ = log tan A + log cot &
Log tan » = T1-3129248
5, cot & = 2:7726199

2-0855447

yy €08 ¢ =
tinarc = B9° 18’ 8”
A m s
tintime = 5 57 12°5

Star’s Right Ascension at elongation . .18 14 4-6

Sidereal time ” . . 011171

”» of observation . . . . 23 53 525

dt . . . . . . . . .., 017 246

Log 2 sin? ‘% cosecl” = 277450

» s€CA . . . . .0:00899

» cotd . . . . .2-77262

» cosect . . ., ,0-00003

Sum =Logd A . . .1:'55614

A . ., — 36"

Angle between R. M. and star . . = 138° 20° 58”
Corrected angle » . . =138 20 22
Azimuth of star at elongation . . = 38 27 41
. Mark from north . . =141 48 3

5th Method. Given the latitude. Observe the angle hetween the referring
mark and the star and the star’s altitude simultaneously, which is done by getting the
star on the intersection of the cross wires of the theodolite. The star should not be
at & high altitude : it should be near the prime vertical and rather on the side towards
the apparent pole than on the other side.

Then if ¢ = zenith distance of the atar,
A = north polar distence ,,
A = the azimuth

bl

¢ = co-latitude,

é_____ sinf (A +y—=C)sing (A+E—19)
then R e e e T =
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Examrre.—From observations for Azimuth made on a Canis Majoris East of
Meridian at Dehra Din New Solar Photo-Observatory, on the 26th January 1887,
the zenith distance corrected for refraction was found to be 68° 11’ 26” and the angle
between the referring mark and star to be 35° 14’ 97, the mark heing south of the star.

o ’ ”
Zenith Distance =¢(t= 6811 26
Co-latitude =y= 59 40 31

North Polar Distance = A = 106 33 69

Sum =2 s = 234 25 56

s+ =117 12 58 Log cosec 0°0509577
¢ +y—-A)= s—A= 10 38 59 1 ,, 0°7332880
JA+f—w) = s—y = 57 3227 , sin 1-9262262
tQ@+yv—=9s—-t= 49 1 32 » s 1-8779482
A
Sum = Log tan 3 0-5884201
A
Logtan ; 0-2942101
A Q ’ "”
b 63° 4’ 24
A 126 8 48
Angle, R. M. andstar . . . . . . . 3 14 9
Azimuth of Mark from north . . . . . 161 22 57

_ 6th Method. Given the time and latitude. Observe the angle between the re-
ferring mark and any star. ‘Ihe best result will be got when the star is near the pole,

Then if ¢ = the hour angle of the star,
A = north polar distance ,,
A = azimuth of s

v = the co-latitude ;

and if tan ¢ = tan A cos ¢,
then cot A = "_i“_(“r_:,@;&“,
sin ¢

An example does not appear necessary.

N(.)Ts.—In all these cases, as the zenith distances must be corrected for refraction,
barometric and thermometric readings should be taken.
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§ (8). Formule frequently employed in Calculations.

Solution of Obliqgue Angled Spherical Triangles.

Given the three sides, a, b, c.

1. cos A = M—e)—, where tan § = M-
sin 4 sin ¢ cos 8 sin a
9. sin*A:\/sin(sTb)sin(s—c);cos&A \/smssm s—a)'
sin bsin ¢ sin b sin ¢

tan*A:/\/Sln(s—b)mn(.?-—C) where s = 4 (a + & + o).
sin ¢ sin (s — @)

Given two sides and the contained angle, a, &, C.
1. cosc =cosacosbd + sin @ sin b cos C

_cosacos (b—0)
- cos @

, Where tan @ = tan a cos C.

A+B _cos}(a—b) . A—B_sinj{a—29
2. tan T— coTé—(dTb)_ICOt*c' tan p) = sin i(a ¥ b) cot#c.

Given two sides and an angle opposite one of them, a, b, A.

Let tan @ = tan b cos A,

and cos & =2 0 cos a a’
cos b

then c=0+¢.

There are two triangles fulfilling the given conditions, except that values of ¢
greater than 180° or negative must be neglected.

The other parts can be found by one of the formulw, 2, of the first group.

Given the three angles, A, B, C.

_ sin{A+ 0 _cos BeosC
1ocos a = W Ceing® “herecotd = —p 35—
2. sinja= 4/ 03808 B—4), =4/ B =P cosS-C,
sio fa \/ sin Bsin C ; cosha \/ sin Bsin C
tan § a = —cosScos(S—A)  whereS=4(A+ B+ C).

cos (S — B) cos (8 — C)

Given lwo angles and the side adjacent, A, B, ¢c.
1. cos C = — cos A cos B + sin A sin B cos ¢,

- €08 A sin (B-20

, where cot @ = cos ¢ tan A,
sin @
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a+b _cos} (A-D
2 ~ cos 3 (A+ B)

a—b_sin{(A—B)

5 —sni(a s B PUic

2. tan tan 4 ¢; tan

Given two angles and a side opposile one of them, A, B, a.

Let cot & =tan Bcosa,

. sin @ cos A
and sin & = s B’
then C=0+¢.

There will be two triangles fulfilling the required conditions, except that values
of C greater than 180° or negative must be neglected.

The three angles being known, the other parts can be found by one of the
formule, 2, of the fourth group.

Solution of Right Angled Spherical Triangles.

Arrange the five parts a, 90° — B, 90° — ¢, 90° — A and & in a circle leaving out
the right angle C; consider any one of them asa middle part, then all the formulz follow
from Napier’s two rules :—

1. The sine of the middle part = The product of the tangents of the adjacent parts.

2. »”» ”» = » cosines ;; Opposite

Solution of Oblique Angled Plane Triangles.

Given the three sides, a, b, c.

Ao, =0 =0, A_ /i —a,
sin 55 —e cosz_\/ e

tan%: V(%,wheres:&(a+b+c).

Given two sides and the angle conlained, a, b, C.

1.
Let 1 =92
e tan? ¢ 5

and sin § = sin 2 ¢ cos 4 C,
then R ¢ = bsec® ¢ cos 6.
Let tan # = g— sin C

sin C sin #
then tan A = sin (C — a)
and ¢ can be found from the formula, ¢ = a—-.s—il—l«g.

siu A

Given the angles and a side, A, B, C, a.
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Given two sides and an angle opposite one of them, a, b, A.

asinC
sin A °

sin B =%sinA; andc =

If 5 > a there are two triangles fulfilling the required conditions.

Reduction of the reading of a Mercurial Baromeler to any temperuture,
Let A = observed height of the Barometer,
¢ = temperature of the Attached Thermometer,
T = temperature to which the observed height is to be reduced,
m = expansion, in volume, of mercury
! = linear expansion of scale,
¢ = normal temperature of standard scale (generally = 62° Fah.)

then the reduction to the required temperature will be

ZamE—T —1(t—6)
-0 l+m((—T1T)

For reduction to the freezing point if the temperature is given in degrees Fah.
T = 32°.

§ (4). Certain Numerical Quantities frequently required.

Base of Napierian Logarithms . e = 2718 2818 285.

0434 2944 819.
7 = 3-141 5926 536.
0497 1498 727.
e 57° 17" 44"8.
log sin 17 = 8685 5748 668.
log cosec 17 = 5314 4251 332.
Weight of alitre of dry air (har. = 760 millimetres, ther. = 0°C) =

Modulus of the common Logarithms . log €

Ratio of the circumference of a circle to its diameter .

log =

Arc of a circle equal in length to the radius
Sin 1” = 0-0000048481 .

1:293 grammes.

" cubic foot of water = 436247-424 grains . . . =62'321bs. avoir.
Length of the seconds pendulum in latitude of Greenwich . . =239'1393 inches.
Acceleration produced by gravity ” ” =32'190784 ft. per sec.
Co-efficient of expansion of air in volume per 1° Fahrenheit = 0-0020361.

» ' mercury in volume ”» = 0'0001001.

” of linear expansion of brass ’ = 0'0000104.

”» ’” " iron ' = 0-0000065.

»” ” " glass " = 0'0000014.

Velocity of light = 186000 miles per second.

”» sound in air at 32° Fahrenheit = 1090 fect per second.



THE MORSE ALPHABET.

As employed in Army Signalling.

The system adopted in the army and navy is called the flasking system, and has
for its elements a long and a short flash, representing a dash ( ) and a dot (-).
Every requisite signal is formed of a combination of these symbols with pauses of
proper duration. A dash occupies the space of three dots. 'The pause between the
symbols composing a letter or other sign equals a dot; that between the letters of a
word a dash. .

All messages are spelt ont by means of the Morse alphabet. No abbreviations
are used, except such as are common in ordinary writing, or may be specially authorised.

A - — B —— - -

C — - — - D — - =

E - F--— -

G — —— - II-—---

1 -- J - — ——
K—rm - — L - — — —

M — N — -

0o — — P - —_ - -
Q - R - — -

77
I

I

1
=3

U == — Voo
W — X — -~ —
Y - Z — - -

Miscellaneous Signs.

Station sign - —~— —— - Repent - - —— —— — -
Right - —_ — Cipher - - - -
Comma - - - Full stop -~ - - - - -

Preparative or Erasure = - = = = — - ~ - ete.

Stop etc.

(eneral answer - - - ete.
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The station sign followed by a letter is the distinguishing signal of the station
to which that letter has heen assigned. This is used at the beginning of every message
as a call sigual, and at the end to show that the message is finished.

The repeat sign is used after receiving a message to show what words require re-
petition. The numerical order of such words is indicated by the letters a. b.e. ...... k
instend of the figures 1. 2.3. . ..... 0. Thus “repeat” bk means repeat the 20th
word of the message.

The cipher sign is used when the whole or part of a message is to be transmitted
in cipher. It should precede and follow the portion in cipher.

The preparalive is used when communicating with two or more stations in sight
to call their attention. It is also used to call the attention of an unknown station.
To acknowledge this sign, the receiving station should give, instead of the ““ general
answer”, its own distinguisking letter (without the prefix P.), aud repeat this till the
next sigual 1s begun.

This sign is also the erasure, and is used to erase a word that has been wrongly
sent. It should in this case be acknowledged by the erasure.

The stop denotes the end of a message that has been preceded by no distinguish-
ing signal.

The general answer is the acknowledgment of a signal received.

Every word must be repeated till answered before the next word is sent,
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STAR CHART PLATE No. V.

Showing all Stars of Uhe 1st, 2nd, and 3rd Magnitudes,

“IN FOUR PLATES.
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TABLE I.—Normals terminated by the Minor Axis, and their Logarithms,
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20 | 248361 11%?3 58]2‘2; 100,36 :O i?iﬂq 1 :722 2619,01 no,‘(tﬂ
: . 5910, K f 3 579" O X
iz ::;;gg 42-‘_“ 6017,09 ;ZT'E: 40 53262_7 5806 :éggZSg 120,89
50 | 26286-3 48575 6118,34 B 50| 58043°3 -
’ 817 ,
6 101,69 . el 2081,68
27 o w1739 427'8 612008 | o000 87 2 59;:;-2 5826 | o209 1“’3;
0| 272637 | 390 | 632205 | 10000 ol IELR I R IS .
20| 2775504 | 42171 642469 102,97 o) coaats | ssye 3346,20 | 201"
A IR e ey I I Bl I ol R
4 8 . 2. 6 31,0 - 1 "5 K ;
o] doniie | 979 | Giasy | roaks so| 621478 | 8 3590,17
. . : e &87°3 122,27
28 ] 29742°9 499,9 6839,10 :21'(2)-: 38 o ?273_-,.1 882 gg:i»gg 122,44
10| 202448 gg;g 694273 | job 1o 63323°3 | gy ot | 12263
A EAUARELE Rirdinort) I G AN Sl I R
3ol atzs4a | Loh.g 7!_(;4.2.; 1os 85 ig ﬁ:&)a-? 590°8 | a6 :::,«l)z)
762- o, 2060,0 P £09; e . 1
So| Gaap-s | 5090 | Tl66ss | 106 so| 656846 | 595 | 4326,38 .
° 6,6 i 5923 66 123.2
29 , 3:783'.& ;:;: 747297 :27_01( 39 2 22;;23 8931 :':;2‘10 ::::;
10 331;)(,- R 75B80,01 42 0 ) 593" 6 l(,ﬁ 38
) e g e R G g | ok | e
301 3432072 | yg.0 | 779523 | o8 Pt (:s(r':rz §95°2 1 (o44,30 | 12387
4o | 348482 | 200 o3t | 108’56 :2 Gprsg-s | 9579 | OAH3 :::c:;
: ; 1, ; 5 . 5068, .
gto: :;gg?g 52276 s(:;o,gg 108,93 60 | 69B46°1 59 §192,47
208 7 318 208 7°319
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TABLE III.—Logarithms of the Factor% for computing the
Spherical Excess of a Triangle.

Latitude. | Logarithme. | Latitude. | Logarithms. | Latitude. | Logerithms, | Latitude. Logarithms,
© o o o
0 0" 37505 1 10°37484 22 10° 37424 93 10°37333
1 505 12 480 23 417 34 324
2 504 13 476 24 409 35 313
3 503 14 471 25 402 36 308
4 503 15 466 26 394 a7 295
6 §00 16 461 27 386 88 286
6 498 17 455 28 377 39 276
7 496 18 450 29 369 40 266
8 494 19 444 30 360
9 491 20 437 a1 35t
10 487 a1 431 a2 343

TABLE IV.—For determining the Spherical Excess in Secondary

Operations.
Mean Latitude of Triangle,
Area of Triangle in
Bquare Miles.
0° 8° 10° 16° 20° 25° 30° 95° 40°
” ” ” » ” ” ” ” L4

5 ooy 0‘07 o'oy 0 0y o'oy o'o} RV 0'07 ooy
10 13 ‘13 "13 "13 13 ‘13 ‘13 ‘13 ‘13
15 ‘20 *20 ‘10 ‘20 ‘20 ‘20 10 *20 20
20 26 26 26 26 26 <26 +26 26 -6
80 "40 40 ‘40 ‘40 ‘40 *40 ‘40 *39 *39
40 ‘53 53 ‘53 "53 ‘53 ‘53 53 *53 ‘53
60 <66 66 *66 <66 166 <66 <66 66 66
€0 79 79 ‘79 79 ‘79 "9 *79 *79 79
70 ‘93 "93 ‘93 '93 *92 ‘93 *92 ‘93 ‘92
80 106 1°06 106 106 1°06 1°06 1°0§ 1'0§ 1’08
90 119 119 1'19 1'19 1'19 1°19 119 118 1-18
100 132 132 1'32 1°32 133 1°32 1°32 1°33 1'32
200 264 2:64 2°64 2:64 2'64 2°64 2:64 2°63 2°63
300 397 | 397 | 3797 | 3796 3796 | 2°96 | 3795 | 3'95 | 395
400 529 §°29 5719 5§18 528 528 §-27 527 536
500 661 6:61 661 661 660 660 6:59 658 658
600 7793 7°93 7793 7°93 7'92 7°93 7°91 7°99 7'89
700 926 916 91§ 928 9°24 923 9°123 922 911
800 10'58 10-58 10'§7 10°§7 10°56 10'5§ 10°54 10°53 10°§3
900 11°'go | 11°go | 11°go | 11'8Bg | 11'BB | 1187 11'86 | 11°8§ 1184
1000 13°23 13°22 13°22 1331 13°130 13°19 13718 13°%7 13°1§
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TABLE V.—Reciprocals of Numbers to facilitate the Computation of
Weights of Observed Angles.

Numbers. R':iif:o' Numbers. Ru;zils‘ro- Numbers. Rzii}:o' Numbers. szll:fo' Numbers. Re:;f’m

200° 000 4-878 2469 1°653 1°243
o'ol 021 041 061 0’81

66667 4°051 2°410 1636 1°227
‘o2 *23 '42 62 83

40° 000 47444 27353 1-600 1°213
*03 ‘23 ‘43 *63 *83

28571 425§ 2°299 1°575 1°198
‘o4 ‘24 ‘44 *64 +84

22°222 4082 2247 1°550 1183
05 25 a5 65 -85

18-183 3'922 2°198 1°527 1170
‘o6 26 46 <66 <86

15° 385 3774 2'1§1 1'504 1°156
‘o7 ‘27 ‘47 *67 ‘87

13°333 3:636 2°10§ 1°481 17143
‘o8 +28 °48 68 88

11765 37509 2'062 1-460 1130
) ‘29 '49 *69 *89

10°526 37390 27020 1439 17119
10 30 50 70 90

9°524 3°279 1'980 1°418 1'10§
11 3t ‘51 71 91

8:696 3'rys 1°942 1399 1°093
‘12 "33 *53 ‘73 ‘92

8000 3077 190§ 1°379 1081
‘13 "33 ‘53 *i3 "93

7407 27985 1869 1°361 1°070
14 "34 "54 74 ‘94

6897 2°Bgg 1°835 1°343 1-058
15 35 °55 °15 95

6452 2'B17 1-802 1°328 1 047
‘16 *36 56 *76 ‘g6

6°061 2'740 1°750 1'307 1'036
v ‘31 ‘57 77 ‘97

5714 2°667 1'739 1°290 1°026
18 38 ‘58 -8 98

5405 2°597 1°509 1°274 1°01§
19 39 59 79 99

5128 2°532 1°681 17258 17005
‘20 ‘40 6o *8o0 1'00

4878 2469 1°653 173243 0°99§
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TABLE VI.—Logarithms for facilitating the Computation of

Latitude. P Diff. Q Diff. R Diff. 8 Diff. T
o ’
— - |- + - +
0 o 3799669350 ¢ | 19971076 o | 838124 ° *29814 o | Infinite
10 6949 1 1076 1 24 ° 814 1 223814
20 6948 1 1077 I 24 ° 815 1 193712
30 6947 3 1078 2 24 o 816 1 76105
40 6944 1080 2 24 ° 817 1 63614
50 6941 3 1082 24 818 53927
1 ) 379966937 ; 19971085 g 8-38r24 g *20820 ; 1°46014
10 6932 ¢ 1088 4 24 ° 823 3 39325
20 6926 6 1092 3 24 ° B26 3 33532
30 6920 ’ 1096 p 24 o 829 3 28423
40 6913 8 1101 5 24 ° 832 3 23856
50 6903 1106 24 B36 19525
2 o 3°9966897 g 1°9971111 g 8-38124 ? *29B41 i 1°15956
10 6888 Io 117 7 23 ° 845 c 12490
20 6878 Io 1124 4 23 o 850 3 09283
30 6868 12 1131 8 23 ° 856 6 06299
40 6856 12 1139 3 23 o 862 6 03500
50 6844 1147 23 868 ooBgo
3 o 379966831 :2 1°9971153 g 8:38123 2 *29874 ? 0°98423
10 6818 14 1164 o 23 ° 881 7 g6ogo
20 6804 15 g | o 23 . 888 3 93879
30 6589 e ndy |0 22 ° Bg6 8 91777
40 6773 | 16 194 | 22 ° 94! g 89775
50 6757 1203 22 912 87863
4 o 3'9966739 ;g 1°9971216 :; 8+38122 g *29921 g 0°86034
10 6722 19 1228 13 22 ° 930 10 84282
20 6703 19 1241 l} 22 ' 940 o 82600
30 6684 20 rzs4 |y 31 ° 95° | 1o 80983
40 6664 21 1267 1 21 o 96o I 79427
50 6643 1281 4 21 971 77927
b o 3'9966621 :: 1°9971295 :: 8°38121 ? 29982 :: o' 76479
10 6599 23 1310 l% 20 ° 993 12 75080
20 6576 z} 1325 16 20 ° 30003 12 73728
30 6553 23 1341 16 20 ° o1y 12 72418
40 6528 25 1357 | gy 20 ° 029 | o 71150
50 6503 1374 20 042 E 69919
6 o |39o66ar7| 26 |Tooorizer | 1 |8a8g| I |ors00ss 12 | or68y2s
10 6451 27 1409 18 19 ° obg 14 67560
20 6424 28 1427 19 19 ' o83 18 66439
30 6396 ; 146 | 18 ° og8 14 65342
40 6367 29 1403 19 18 ° 2 g 64276
50 6338 9 1484 9 18 127 63237
7 o 39966308 3? 1'9951504 :? 838118 ? *30143 :g 0-62224
10 6277 2, 1525 21 17 ° 159 6 61238
20 6245 2 1546 | o) 17 o AT o275
30 6213 | - 1365 22 17 ' 192 17 59336
40 6180 33 1589 16 o 209 ' 58410
50 6147 3 1012 23 16 226 7 57523
B o |3oesbuiz 3 | Tggmueas | 23 886 | 9 forzorgs 18 ] o-s6hun
10 6077 32 1658 23 15 o 262 . §5792
20 6o41 36 1681 24 15 o 281 13 54935
30 6003 17 1706 ’: 15 5 300 | o 54136
40 5908 8 A g 4 ° 319 | L4 53135
50 5930 1756 14 319 52551
9 o [Foohshoa | B | Tger1sha 2 &8s | L [erzoaso | 22 forsuifa
1o 5852 40 1808 ¢ 13 ° 379 | 2y 51030
20 5812 10 1834 27 13 ' 400 | o, 50293
30 8752 2 1861 28 12 ° 421 22 49570
40 spao | 42 1889 | 22 | 3 43| 33 48801
50 5688 | 4 1917 | g 1 o 465 | o 48166
6o 5646 4 1945 11 487 47484

Diff.

Infinite
joioz
17607
12491
9687

7913
6689
5793
5109
4567
4131

3769
3406
3207
2984
2790
2619

2467
2333
2211
3102
2002
1912

1829
1782
1682
1617
1550
1500

1448
1399
1352
1310
1268
1231

1194
1159
1127
1097
1066
1039

1013
986
963
939

62
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths.

Latitude. v Diff. U Diff. | W Diff. X Diff. Y Diff. Y/ Diff.
o ’
0 + - + - + -
o Jinf ety qnice | oAt |1 nie ] TR0 P8 | nanite | TRt [1ianiee | IOE POR | 1naniee | TOANIt D poanite
1o 51766 gor | 47735 301 3862 301 1840 301 §:226 |, | 27238 301
20 4067 ‘176 434 | |- 2°103 176 539 | 1.6 __ 828 17934 | 1.
7 7 17 . 352 17
30 243 | 128 258 | 125 339 | ya¢ 3631 55 | 47180 | 36 758 | y2g
40 368 | o 133 | oy 464 | o7 238 7 430 | | 633
50 465 036 561 14 ) 9 623 | '3 | s36| V7
1, 4°544 Zg 5957 g? 2:640 69 1062 gg 4782 :59 1°457 gq
10 610 58 890 57 706 g | o995 g _ 916 1?4 390 g
20 668 | 833 | &1 764 | 3 037 | 37 303 | |33 332 | 5
30 719 | 16 782 6 815 46 886 [ S 134 ? 281 5
40 765 e 736 X 861 ' 841 45 228 g 236 45
50 806 695 | 4 9oz 4 8oo | 4! 308 3 194 | 4*
— a —_ = —_
2 o |Tsu 3¢ | 57658 31 [5040 B logea| B [F083] B sy | 37
10 878 M 623 77 | _ 974 34 g2y | 38 452 69 122 | 35
20 gt | 3 s92 | 3 1-006 | 32 695 | 32 517 5 ogo | 32
30 30 3o b 30 59 jo
30 940 | 3 562 2y 036 28 6635 P 576 6 o6o 8
40 967 26 535 26 obg 26 638 2 632 5 032 6
50 993 509 090 611 7 685 53 006 | 2
3 ] 3018 :g 5484 :i I°11§ :2 o587 :4 37734 49 o° 981 :5
10 o041 22 462 22 138 22 563 2: 781 47 958 23
20 063 | Ly 40 | o 160 [ ¢ 541 21 825 4: 936 2
30 o84 20 419 19 181 20 520 20 867 40 915 2
40 104 | g 400 | | 201 1 soo (-4 4 LT 20
50 122 381 9 220 9 481 9 946 39 876 9
4 o |Fio| '8 |56 :: 1238 :g oaby | 18 13082 | 3 losge o
10 18 [ 16 | 346 | 17 255 | oF | 4at | (T h3en | 3L 840
20 e | e | 330 e 22 | T aze | 31| egr | 3| 8 U
30 190 1 . 314 | L, 288 15 413 | L6 o84 3? Boy :
40 205 | g 3001 ¢ 303 97 1y 8 792 5
50 220 285 318 5 382 5 145 30 777 's
b o 3234 :: 5271 :: 1°332 :4 o368 :* 27174 zg 0762 | 5
10 248 3 258 ‘- 346 14 354 4 202 2 748 4
20 261 13 245 12 360 l: 340 :4 229 2% 734 4
30 a4 | 3 233 | 1; 372 | 327 | 13 255 | 3¢ jan | 44
40 286 | 221 2 385 3 315 12 281 3 709 12
50 208 209 307 2| 3ez| | 06| | 6g6| "3
6 o |30 1 5ol vy | Taoe | 31 lotzor | 13 1 7aa0| 24 o6my | M2
10 3| 1 187 | 10 a0 | 1 279 | ! as3 | 23 673 | !
20 a3z o 177 Io 431 . 268 11 176 23 662 11
Jo 3 e A I 442 5 257 :; 398 :: 651 iy
40 352 | o 157 1o as3 | 19 247 | 1 419 640 | U
50 362 147 463 236 40 | 630 | '°
7 o 1 1o 57 9 | 7. 10 -
3°372 5 138 1472 9 Jo-226 2461 | %' o6 1
10 a81 9 129 g :;z 1o a6 | '° :ﬂo 19 6:2 9
20 3oo 9 121 491 2 207 9 500 20 6oo ro
30 399 g 112 g 501 'g 198 9 519 9 591 2
40 408 H 104 8 509 188 | 12 537 18 581 e
50 416 096 518 9 180 8 555 18 573 8
8 o T4z 9 |- 8 |- 9 . 9 17 18
3°425 g [ 5088 1°527 g |t 2'573 0°564 9
to 433 y o1 7 535 8 162 g s90 | 17 555 2
ot “el s o74 H 543 | g 54| g 6oy | 7 se7| 8
J 557 1 6
40 456 : obo 6 izq 8 I:R 8 6:: 16 gg? 8
50 463 os3 | 7 566 | 7 10| 8 656 | 19 s21| °®
9 . 3470 ; 5°046 z 1°8%4 8 0133 7 |2-632 16 o 51§ 8
10 477 7 040 6 581 7 g 8 68y | 'S soR 7
20 a8g| 1 o3| 881 7 w8 | 7 joz | 15 g0 | 8
o 40 o | o8i g | so5| 7 or | 7 76| 4| 403 7
40 497 6 012 6 6o3 7 094 7 731 'S 486 7
go 503 6 o1 5 6ot 6 oB7 7 7;5 4 479 7
o 509 011 615 7 oo 7 759 14 472 7




TA i
BLE VI.—Logari
ogarithms for facilitating the Computati
ation of -

Latitude. P .
Diff. Q .
Diff., .
R | Diff
. s .
Diff. T .
o 4 Diff.
10 o |Fo06s6e6 |
504 - . +
1o 5602 44 179971945 8-18 -
20 ‘5553 44 1974 29 38111 o o' 3048 + _
30 514 44 2004 | 3° 11 ° ‘ 511 23 047484
40 5468 46 2034 30 10 o 53 23 46815 669
50 5422 46 2064 | 3° 10 ° 55-; 24 46159 656
11 - 2095 | 3! 29 ° 81| 4 45514 245
° 3'9965375 47 | 9 Bog | 24 44881 33
10 2328 47 19972126 31 |58 , 44260 621
s 5280 48 2157 | 3 38108 o ] o-30630 25 ]
30 S231 49 2190 33 o8 . 6.45 25 043649 611
40 SIh[ 50 2222 3z o7 ° 680 25 43050 599
50 5131 50 2255 33 0% ' 706 26 42460 | 39°
12 - 228 | 34 o6 122 | 26 41881 | 579
° 3'9965080 | 3T T o6 759 | %7 1311 | 570
10 soz2g | 5! 19972322 | 33 | 838 L 4075 | 860
o ao77 | 52 0 s [P o ot 27
30 4024 | 53 2392 | 35 °5 | 4 Brg | 27 040201 | 55°
40 4870 54 2427 35 o4 o 841 28 39659 542
se 4816 | 54 2462 | 38 o4 1 869 28 39127 | 532
13 - 2499 | 37 23 S8 | 29 8603 | 524
. ° o 9 ; .
o |3oo64r61] 55 |71 3 ooy | 9 38087 | 5
1o 55 | 119972535 36 |3 37580 | 597
4706 5 818 1
z0 < 6 257 37 38102 .
4630 | 3 572 o | o°300s6 29
3° 4503 | 57 2610 | 3 oz | 986 | 3° 0"37080 | 5°°
40 4335 | 8 2647 | 37 or | 1 |orzior6| 32 36589 | 42!
50 a7 | 58 2686 | 39 o | o6 | 3° 36105 | 484
14 2724 | B |3 co 3t 35628 | 417
- 8- 380 1 077 ; ar ¢
-] 379964419 8 |- 99 100 32 35159 409
1o 4359 6o | 119972764 40 15 .5 ° 34697 462
o 4209 | G0 2803 | 32 8099 | T |ozimge | &
30 s8] & aRy3 | 40 98 o2 | 32 0 34242 | 453
40 a7 | O 2884 | 4 97 o 205 | 33 33704 | 448
50 4115 62 2925 41 97 1 238 33 33352 442
1 - 2966 | 4! 96 g BT Jagry | 435
6 | 6 o 271 RS 42
° 39964053 6: |7 9 303 34 32488 9
10 398¢ 64 |! ‘9973008 | 42 = 32066 | 422
20 999 ;| 83809 1
3925 64 3050 4 5 I 0°31339 34
o 3861 | 64 3002 | 4 9| 4 T | 3 o 31649 | 417
40 3706 | 83 i35 | 43 94| o8 | 35 31239 | 419
se 3730 66 atzg |+ 93 1 443 | 38 30835 | 494
16 - * 3223 44 92 ° 4_‘9 36 30436 99
° 3°9963664 66 |— 92 5:5 36 30043 333
10 3507 67 1-9973267 4 |58 . 29655 | ¥ 8
it 3529 | 08 e [T T 37
3o ';'46? 68 3357 | 43 92| o aag | 30 0 29273 | 382
40 3392 69 3302 | 43 90 . 06 | 38 28896 arr
5° 3323 ] 99 3448 | 40 89 626 | 5, | 2sis 37
17 _ 3323 3404 46 88 ; 70-? 38 28158 367
° 3°9963252 F2 N 88 740 | 39 27797 361
1o g2 | 70 Tro973541 | 47 | & 27440 | 357
: : 38087 1
20 3110 72 3588 47 ' 0°31779 19 .
30 3039 mn 3636 48 B6 o T A o- 27089 as)
40 .29.6(; 73 3684 48 86 I R28 40 26742 347
50 28 73 3732 | 48 85 gon | 4° 26400 | 347
18 - ? 37hl 49 B4 : 9:3 40 20002 338
o |39962819] T4 |7 83 o | 41 25729 | 433
1o 2745 | T4 19973830 [ 49 | 8 3808 o 25400 | 329
20 2670 | 78 pOrad EPTRE R S I o gz0m | 47
3o 2505 | 13 3929 | 59 B2 o6z | 41 or25076 | 324
oS ag1g | 1 agho | 3 S 105 | 43 24756 | %2
50 24 77 4030 50 8o . 42 24440 A6
19 _ 442 40'81 51 8o ? l;z 43 24128 anz
o |3os62365| 77 |7 79 ool . 23821 | 37
10 a8y | 18 1-9974133 | 52 |8 ' ) 23517 | 3%
20 2209 | 18 wBg | 52 o8 | 1 oz | 4
30 qu 79 437 | 52 7| o 332 | 45 o-23217 | 3%9
40 10. ° fo 4289 52 717 ' .‘466 44 220232 295
50 ,,)?o 8o 4342 | 53 76| | 48 22630 ’3‘
6o 18 80 4396 | 54 75 4 46 22341 | 237
9° 4450 | 54 74| . 57| 46 azogy | P4
=l 503 | 46 2ireh | 281
549 21498 278
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths.

Latitude. v Diff. U Diff. | W | Diff. X Diff, Y Diff. z Diff.
o ’
_ + _ - _ + - - + -
10 » 3°509 6 5011 6 1°615 6 o-oo 6 2°759 13 T472 6
10 515 6 =13 5 621 6 074 7 772 14 466 7
20 521 6 _ ooo 627 ’ oby é 786 13 459 é
30 s27 | o |69es| % 635 I | ofi| ¢ 99 | 3| 4sa|
40 532 | ¢ 990 | 640 p o35 | ¢ iz | |7 446 [ ¢
50 538 985 645 049 824 440
11 o 317543 g 6981 ; 1651 g 0°043 g 2°837 :2 ‘434 g
10 548 | 2 976 | 3 657 p °37 | ¢ 849 | 1, 428 | ¢
20 554 p 972 5 662 é o031 6 861 12 422 6
30 559 | 3 967 | 4 668 | oz5 | 8731 |, 416 1
40 563 p 963 M 673 5 oz0 ¢ 885 - 411 6
59 568 959 678 or4 896 405
12 o [3sr3| 5 |Goss| 2 |76t : otoog | ¢ 27908 | 17 | e300 :’
10 5781 4 95t | 4 08g | ¢ [o003) 919 | |, a4 ¢
20 5821 947 | 3 oy | 2 |99 ¢ 930 | o a8y 3
30 5861 ¢ 944 | 68 | ¢ 993 [ 940 | ] M| 6
40 st | 4 940 | 73 [ 988 | ¢ 95t | || 38
50 595 937 | ¢ 708 983 962 313
13 o 13509 | & |Goss| 4 [oms) § [rom| & |2ga) (2 Joaes) 2
10 boz | 4 930 | 3 Nl 973 | ¢ 98z | 0 363 4
20 6oy 4 927 3 722 : 968 3 — 992 o 359 p
30 611 M 924 3 726 964 P 1-002 Io 354 5
4 615 g21 | 1 730 | 4 959 o012 ag |
50 68| 3 o8| 3 e 4 os4 | § o2t | 9 s | 4
14 3622 : 6:915 : 1739 : 1°950 : 1'031 '; 340 :
10 626 3 913 3 943 936 M 040 ° 336 4
20 629 3 910 3 747 : 941 A 049 ° 331 4
30 632 4 907 . 10 9374 os8 9 327§
40 636 3 gos 2 755 933 o6y 323
50 639 903 758 | 3 929 | 4 o6 9| 38| S
15 o 3042 g 6900 : 1°763 4 1°925§ ; 1°085 g T34 :
10 645 3 898 2 766 4 920 093 310
20 648 896 2 769 3 916 4 102 g 306 4
30 651 | 3 894 | 2 773 4 913 | 3 o [ 9 oz | ¢
40 654 | 3 89z | 2 77| 4 909 ug | g 293
50 657 8yo 780 | 3 gos | 4 127 294 | *
16 o 3659 2 6-888 : 1-783 3 1°9ol 4 1135 g 290 4
10 66z | 3 886 | 787 | 4 897 | # 143 8 287 | 3
20 665 | 3 885 | 790 | 3 84 | 3 50| 283 | 4
30 667 | 7 883 | 93| 3 8go 158 |k 279
40 670 | 3 B82 | 796 | 3 a8y [ 3 166 8 276 | 3
(1] 672 880 8oo 4 883 4 174 272 4
17 o 37678 : 6-879 ; 1'803 3 1"880 3 1181 g 269 3
10 677 | 3 877 | 3 Aob | 3 876 | 4 189 265 | 4
20 679 2 876 . Bog | 3 872 3 196 7 262 3
30 681 2 873 ' 8r2 3 869 4 203 Z 258 4
40 683 2 B74 ' 813 3 866 3 210 ! 285 3
50 685 873 gy | * 863 | 3 ar| T 22| 3
18 o 3°087 : 6872 : 1-820 | 3 1'860 | 3 17224 7 249 3
1o 689 | 8 . a2y | 3 Bs6 | 4 231 7 245 | 4
20 691 2 870 ' 826 3 853 3 238 7 242 3
30 603 2 869 ' 828 2 850 3 248 g 239 3
40 695 | 2 868 | 1 By | 3 847 | 3 251 236 | 3
50 697 867 f34 | 3 B4y | 3 258 7 233 | 3
19 ° 3'698 ; 6-867 ‘: 1°836 2 1841 3 1265 Z’ ‘230 3
10 d i 866 | 1 Ri9 ; g8 | 3 271 6 227 3
20 502 : 866 : 831 833 3 277 224 3
3o 703 2 BGs ° Bagq 3 832 3 284 ‘75 221 3
40 708 . BOS : 846 | 2 819 | 3 290 6 arg | 2
so 706 2 864 ° B48 2 817 2 296 s 216 3
6o 708 R64 851 3 82y 3 301 213 3
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TABLE VI.—Logarithms for facilitating the Computation of

i i Diff. 8 Diff. T Diff.
Latituds. P Diff. Q Diff. R
- + -
o ’ +
3 N I . ‘32 21498
20 o |G-gg6i8g0 | g, |T-go7aase 54 “3°Z§ ° el 4 21azg | 318
10 1808 81 4504 54 ;’ 1 643 47 20054 i
20 1727 | g5 4558 55 7[ 1 690 4; 2068; 264
30 1644 83 4613 55 ’s 1 78 | 4 10424 | 263
e o 8 :(7)33 56 69 ! 187 49 20163
® e 257
3 T 6 . ! 132836 | 49 * 19906
2L o |Sostusss | gy |Tommarte | I |swee | ] Targ | 49 17 106 | 283
1o 1310 1 g¢ 4R36 57 67 1 035 | 5° 19407 | 251
20 1224 | g, 4893 57 e 1 o8 | 5° ig1sy | 248
30 139 | g2 4950 | o7 6| 1 33035 | 5° ifgro | 24
w oot | 7 sa0y | 58 6| ! o8| 51 | istes
50 0gb6 gobs 4 . s
3 T 8 18- ! *33138 *18430 ¢
22 o |3 og60879 ﬁg 19975123 gq Sasog.: . 33139 51 e ::i
10 o791 88 5182 59 62 o 242 53 17962 z.a.o
20 0703 89 5241 59 61 1 204 52 17732 | 239
30 ob14 89 5300 | o9 6o 1 148 | 54 17506 e
40 o525 | 7 5359 | 22 . el I s
50 o435 | 7 5419 59 ) "
T - 6o | 3. 1 . 5 “ 17060
23 o |3oobosss | 99 | Tgorsare | B0 | Begtess | 3uss | 55 | oot w19
10 0254 9, 5540 | oo 5% 1 565 55 16623 213
20 0163 92 5601 61 5 1 P2s4 5;’ 16412 | 213
30 |- oopi gs 5662 1 oo gi 1 616 | 5 16301 | 21
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths.

Latitude. v Diff. U Diff. w Diff. X Diff. Y Diff. Z Diff.
o ’
_ _ - + |_ - 1= + -
20 o 3708 . 6:864 |_ 1851 2 1824 1°302 6 0°213
10 709 1 864 L 853 2 821 3 308 6 210 3
20 710 1 863 ° 855 818 ‘: 314 6 208 2
30 711 2 863 ° 858 i 816 320 p 20§ 3
40 713 L 863 ° 860 813 3 326 202 3
50 714 863 862 z 810 3 333 6 200 2
21 o 371§ : 6-863 z 1°864 2 1808 1 1°338 6 o197 3
10 716 863 866 2 Bos 3 343 5 195 2
20 1 ! 86 e 86 2 ; 3 34¢ 6 3
717 ' 3 ° 8 2 Bo2 349 192
2o | oqel | msy| 0| #e] 2| sl 2| Ass| &} e 3
40 719 : 863 ° 872 2 797 3 360 5 187 3
50 720 863 874 795 2 366 6 185 2
22 o b 1 |g. +1 - 2 |7 2 |
3721 6-864 1876 1793 1ra7e | 3 |oi82| 3
10 722 ; 864 z 878 2 790 3 3;6 § 180 2
20 722 1 864 ' 880 2 788 2 382 6 178 2
30 723 | | 865 | ) 882 | 2 785 | 3 387 | S 75| 3
2 2
4 724 | o 865 | 7 884 783 392 | § 73] 3
50 724 866 885 ! 781 2 397 5 171 2
28 o 13- 1 |g o | 2 |- - 6
37728 6866 1-887 177 3 1°40 0°16 2
10 726 ; 867 r 889 2 ;16 2 :og 5 169 z
1 2 ! 2 7
20 726 I 868 ° 891 774 413 5 164 3
30 727 ° 868 1 892 ! 77 3 418 ] 162 2
40 727 ° 869 1 894 2 769 2 433 5 160 2
50 727 870 896 2 767 2 428 5 158 2
24 o |3p8| ! |G| ° T . kT z |7 4 2
37 o 70 ' 1897 1765 1°432 o156
10 78 o 80| I 8gg | 2 63| 2 ar] S vsa | 2
20 728 ' 872 1 900 ! 761 2 442 5 1:52 2
0 729 | 0 873 | | goz | 2 768 | 3 447 | 3 150 | 2
40 129 | o 874 | | 903 | 756 | 2 a5t | 4 48 | 2
50 729 875 905 | ? 754 | ° 4s6 | S 6 | *
26 o }7:9 ° 3'876 ! 1906 ! T 2 746 5 2
10 -] I 2 -752 2 17401 o'144
7129 [ o 877 | & goB 750 465 | 4 43|
20 729 | o 88| . go9 | ! 748 2 470 | S 41| 2
30 739 o 880 1] 2 746 3 474 4 2
° 5 j / 2 139
4 729 | o 881 | 912 744 49| 8 137 2
50 729 882 g1y | 2 42| ? B3] ¢4 135 | ?
26 o |7 ° [Fass| t [T : :
3°729 6-883 1:91§ ! 1°740 2 1487 | ¢4 . 2
10 729 g 885 | 2 g6 | ! ;.:R 2 19; s |° :g‘: !
20 739 o 886 ; 918 2 736 2 496 4 130 2
30 729 | O 888 g19 | ! 734 | 1 goo | 4 8| ?
1 1 12
40 729 | _ B89 920 732 3 505 5 12 !
50 728 Bgo | ! 9 | ! 730 | 2 sog | ¢ lz: 2
- -] ry - - -
27 o 3728 o 6892 : 1923 : 1729 1 1513 4 o 123 2
SRR R R
95 925 728 521 ]
30 | ° sl 2 1 . 2 o
40 ;I; ° gof’; 1 926} 723 |, s3s | 3 19 ;
' 9 927 711 g29 | 4 1
[ 726 goo 2 929 2 719 2 533 4 “; 2
. o |- - - -
28 o |3 O LR A IR XN SR PR ITN R FRFET BN ICT V)
° ;:i ° 30:) z 931 | ! 716 ; 541 : 12| 2
o 932 714 545 ) !
kLS 724 ! 905 ! I 2 "
° 7 933 12 4 2
40 734 | ] 909 | 2 934 | ! T | 3 A g | !
. 50 123 9t 935 | 709 | ' 557 4 wy | !
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9 .° s o 160913 : 1936 ! 1°707 2 1561 4 lo'ios 2
o 723 | 915 | 3 97| * 708 | 2 s65 | 4 108 |
3 721 ' 917 2 938 ! 703 2 s68 | 3 102 2
30 710 | | or9 | 3 939 | ! 702 | ! 53| 4 10 !
40 (A A 921 3 940 | j00 | 3 5;(‘ 4 xotla !
g: 7:: ° 924 P 941 : 698 2 £Ro 4 098 2
7 926 943 697 | ! ¢8| 3 o9y | !
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TABLE VI.—Logarithms for facilitating the Computation of

Latitude, P Diff. Q Diff. R Diff. 8 Diff. T Diff,
-] ’
- - |- + |- - + -
30 o 39956130 1o 1°997828¢ | 838016 0°36133 0°09821
10 6021 “g 8362 13 18 ! 207 74 ogigo | 13!
20 59111 o 8433 ;3 14 : 281 74 09560 130
30 5801 10 8508 3 13 356 75 oqlul 129
40 5691 I 8582 ;i 11 : 431 7g 09304 | "7
g 50 5580 B6356 10 507 7 09179 125
1 . o™ mr |7, 74 | g X 7
3°9955469 1°9978730 8- 38009 0:36584 | 17 | o-ogogs | 124
10 5358 ::; 8804 [hd o! ! g(w? 77 ogZﬁ 123
20 5246 12 8879 75 o7 : 738 7 o881 | 2!
30 5134 | |} 8953 74 o6 816 8 o869z 119
40 s021 “*: go28 ;g o5 : Bo4 8 o8574 118
50 4909 9104 o4 973 | 19| oBasy| ‘M7
32 o | 39954706 na L rresrorre | I8 | 838002 | 3 |e3r0s3 8o | ooBass | 118
10 4682 Vg 9255 7 o1 ! 133 8o oBz28 | 114
20 4568 i1y 9330 ZS _ 00 : 213 Eslo oBrig 113
30 axss | o4 9406 | 70 | 837999 294 | g1 | oBoos | 111
40 a0 | 1 9483 | 17 o8 376 | gi | er8os| rio
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L) 3531 19980022 90 961 5 07161 tor
34 o 3'9953414 :i; 1'gg98o100 73 5-37989 ! 0° 38047 86 0°07062 99
10 3297 g o178 73 87 2 133 86 06063 99
20 3i80 | 117 o256 | 18 86| ! 20| 87| oeses | 97
30 3062 117 0334 7 85 ! 307 87 ob770 96
40 2945 | 1.4 og13 | 19 84| ! 305 | B oebys | 9
g0 2827 o492 | 79 83| ! 483 | 98 o6s81 | I
- N . - —
35 o 3°'9952708 ”g 19980571 79 B-37982 ! o 38572 89 006488 93
10 2590 119 obso 29 8o 3 662 9° 06397 9!
20 URIETES oj29 | 79 79| 1 752 | 92| o6 | 2
30 1352 | .9 oBoR é" 28| ! B2 | 9° 06217 By
40 2232 1, o888 ° 77 I 934 93 ofi129 88
50 2113 o967 | 79 76 | ' Joragozg| 9* obogz | 7
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36 o s 995:30.: 120 | Trovbrosr | B 1837074 2 Jor39118 g: 0-05956 §§
7 1127 3 B os8
20 1753 | 1ae 1207 g° ;z I ;;; 93 oi;g; 84
30 1632 ¢ 27 1288 | ot TR 308 | 94 osjos | 53
40 1512 | o0 1368 | o9 0] ! 203 | 95 05622 g’
50 1391 1449 6| 2 88 | 95 | osser| O
37 o 39951270 ::; 1'9981530 g:, 537967 ! 039683 95 0'05461 8o
10 1148 121 1610 8 66 ! 736 97 o.qqaz 79
20 1037 | 0 1691 Hl 65 1 877 97 05304 78
30 0995 | 15, 1773 8: 64 ! 974 97 03227 7
40 OE,RA 123 1854 | g 62 : o'qo072 | 98 05151 76
50 0661 1935 61 171 99 05076 75
- 122 | —
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10 o194 | 33 abo | g 57 3 470 | 122 | oaBs6 i T
30 o171 b 22062 56 ror 8 n
40 | oo8) 7 2344 | B2 sl ! b | | o I
50 3'9949925 2416 54 ! 775 | 102 04644 7°
- 12 - =
39 o |3 9949803 ,,i 19982508 g’ 837053 | | §o40878 | 193 |oroass6 | O
10 9678 | 23 2591 3': s 2 oftr | 193 04508 68
20 9585 1 |54 1673 | g, 50 ' Jo-g1085 | 194 04441 b7
3o 9431 124 2755 8 49 ! 196 1os 043174 b7
40 9397 | 424 2838 83 48 ! 295 108 04309 65
& 9183 oy 2931 | o3 6| 2 w01 | 199 ogee 5
9959 3003 45 ! 508 | '°7 o4181 63
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Merrestrial Latitudes, Longitudes, and Reverse Azimuths.

Latitude. v Diff. U Diff. | W | Diff. X Diff. Y Diff. z Diff,
o ’
_ - 1_ + |- + |- - 1= + -
30 o 3718 . 6°926 2 17942 L 1697 2 1°583 4 0097 L
10 71y I 928 2 943 I 695 2 587 3 o096 2
20 716 | 930 | 944 | 603 | | 590 | o o094 | |
30 715y 93z | 945 | 69z | 594 | 4 °93 | |
40 74| 935 | 946 | | Ggo | 598 ) 3 o9z |
50 713 | 937 947 688 6o1 091
31 o 3 712 : 6-939 : 1'947 : 1687 ; 1605 : o089 :
10 711 I 942 P 948 I 683 I 608 4 088 '
20 710 2 944 3 949 L 684 2 612 3 o87 L
30 708 L 947 5 950 I 682 2 615 ; 086 '
40 797 { o 949 | 2 95t | | 680 | 69 3 ofs |,
50 706 952 E 952 679 622 o83
32 o 3°705 : 6954 : 1°952 ? 1°657 : 1°625 i o'o82 :
10 704 2 937 3 933 p 676 2 629 3 oB1 1
20 702 ' gbo | 7 954 1 674 2 632 3 oBo 1
30 701 I gh2 3 955 ° 672 p 635 3 079 I
40 joo |, 96s | 2 955 | 671 |, a0 1 3 o8| |
50 698 968 : 956 669 642 o717
33 o 3697 i 6-g71 : 1957 : 1°668 ; 1°645 : o076 :
10 696 2 973 3 958 ° 666 I 649 3 075 .
20 694 L 976 3 958 X 665 2 652 3 074 L
30 603 | , 979 | 3 959 | | 663 | | 655 | 3 o131
40 691 I 982 : 960 ° 662 2 658 3 073 I
50 690 085 | 3 960 660 661 071
34 o |Fess| * [Goss| 3 |u-o6c| ! |T6sef 1 |T665| ¢ Joopo| !
10 687 2 991 3 962 ° 657 . 668 3 069 I
20 683 2 994 ; 962 L 656 2 671 g o68 .
30 6831 1 =997 | 3 963 [ o 654 | | 674 | 3 o6y i
40 682 2 5000 b 963 653 2 677 066 L
50 680 003 3 964 ! 651 680 3 obs
35 3°658 : 5006 3 17965 ! 16350 ; 1:683 3 o064 :
10 676 ' o10 4 965 ° 648 1 686 3 063 I
20 675 2 or3 3 966 ; 647 3 689 3 062 1
30 673 . orfi | 3 966 | T 645 | | 692 | 3 of1 | !
10 671 | 2 org | 4 967 | o 6ad | , 695 | 3 obo | 1
50 669 oz3 4 967 642 698 3 059
36 o 3667 : 5'026 3 1°968 I 1°641 ; 1501 3 cos9| ©
10 6635 2 019 3 969 ; 639 . 704 3 058 :
20 663 | 3 oy | 4 969 | © 638 | 1 07| 3 os7| 1
30 661 2 036 1 950 ° 636 . 710 3 056 L
40 659 | 3 os0 [ 3 970 | 3 635 | 73| 3 055 | &
50 657 043 971 633 ne | 3 055
37 . 3653 : 5047 : 1°971 ";' 1°632 : 1'719| 3 ]ovoss :
10 653 | oso [ 3 973 | & 63| ] 723 | 3 053 | |
20 651 2 054 3 9732 L 629 1 725 3 052 '
30 649 2 057 b 973 ° 628 2 728 3 os1
pes 647 | 3 obr | 4 973 | § 616 | 731 3 ost| ©
50 645 ob5 | 4 974 625 734 | 9 oso | !
88 o 36| 3 |For 2 rore| 5 |v6aa| T [Tas6| 3 foress| &
1o a0t 5 | o 97§ 621 39| 3| oa9
20 638 1 o6 | 4 975 | ©° 620 ? 742 | 3 048 I
30 636 ofe | 4 o15 | ° 619 | ! 3 o !
6 3 4 t 1 745 3 47 X
40 33 2 ofl4 976 618 748 046
50 631 o88 | 4 976 | °© 616 | 2 751 | 3 046 | °
39 o [Feam| 3 [Toor| 3 |Tgyr| * |Tes| 1 |Tass| 7 fovess| !
10 626 1, oos | 4 | o77] S | 63] 2 756 | 3 oag | 1
20 624 | ogg | 4 97| ©° 612 | ! 759 | 3 o44 | ©
30 621 ) 103 | 4 o8| ! 60| 2 s61 | 2 o43 | !
40 brg | 3 o7 2| 98| S| 60| I 764 | 3 | oqa] !
50 616 | Tt : 979 ; 608 ; 767 | 3 o4a| °
6o 614 s 979 606 770 3 041 !
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TABLE VII.—Directions for applying the Signs to the Terms of the
Latitude, Longitude and Azimuth Formulee.

Magnitude of the given Azimuth A,
Torms of the Formule.
0° to 90° 90° to 180° 180° to 270° 270° to 360°
8, A - + + -
8 L - - + +
5,4 - ~ + +
5 A —~ - - -
8, L + - + -
82 4 + - + -
8, A - - - -
8 L - ~ + +
5 4 - - + +
8, A + - - +
S, L + + - -
S, A + + - -
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TABLE VIII.—For calculating Azimuths and Distances of Points of
which the Latitudes and Longitudes are known.

Lat. R’ Diff. 8’ Diff. T Diff, | Lat. R’ Diff. 8 Diff. T Diff.
. o ’

° + + |_ + 7 - + |- + - +

0 o |1t ues. Inf.meg. | ;¢ |6-38454) | ol7-ag004}, o |7 77187 1033 6°39411 46
10 J9-85116 814641 jorog] 38435 10| 48ooj o77] 782201005 39457 47
20 |8 15218 ] 24744 17610 3g4g7 3 20 4398=i 053 gqn? g87] 395°4| 48
30| 32826 2354|5106 38460] 3 30 aga3s) ooo| Bozib) el 3956z 7

95 8671 94 81182| 9 6 9
40| 45318 74849 gbga| 384031 ¢ 4ol soB67L i) 18z 6] 3900t o5
50 §5007 B4541 38468 50 51778 82128 39651
= I = 6 - 891 |7 26 |-,

1., B-62923 8-92460 gg;? 6°38474 7 8 o 7° 52669 ?: 7:83054 goﬂ 6°39702 g;
10| 69614 - 99155 8ot 33481 9 o] 53540 eé; 33362 890 3057{54 %3
20 | 75410 7°04958| 2 .1 38490 20| 54393| g2 4852 g | 39807/ ¢
30| Bosu 1eo7s ol 38490 2 sof ssaB as Bs724| g 39861 P
40 5092 14053 (14 38500l 40] 56046} o ] B6581 8yo| 399161 ¢
s0| Bog226 18795 38521 so| 56847 87421 39972

3 173l 82| - 8s|- 826 |-

2 o [8:92090] 37137 2057 | 371%2G-a8e33) 12 | O o|7osy6aa| 157 88247 | B201E 4eorg| 7
1o 96469 26056 | 3479 38547 4 10] sB402 770 89057 40087| 5
20 99681 29278 3222 Ypl6r| 4 20 59157 755 89854 97 40146 59
30 |7-02670 32278 2204 38s;8| 17 go| soBor| 4°] gohar| 133} Yozop| &
40 | 05405 35085 2637 8s04| g 40 2061.-; ;’/’ 91407 ;;7 40208
50 o8ogo 37722 38612 50 1337 92164 40330

- - 87l - - = 6

3 o |7 10563] 24737 40209 ayso|o-38631| 22 10 o[7-62037| 1921792909 T4 16403031 3
10 12902 42561 2.213 38652 21 1o 62725 675 93642 7‘2'2 40457 | ¢e
) I AL B ] eI IS Y B I
30 lll 9 48‘) 2026 38 9§ 23 30 64" ‘(4 652 95 :5 joof 4 g 6) 67
40 9239 48944 1936 3871 25 4 4710 641 95775 689 4005 68
50| 21158 50880 38743 so| 65357 96464 40724

- - 8s54] . 6 - 631 680 |, 6

4 . 722095 752134 | 1546 38760 | 20 11 o 765088 6207797144 g0 6:40103 a4
| ] el sinal e s e | o) ) ol o) ) ek
30| 28072 57868 :ggf 38852 :g 30| 67817 :;g 3912'6 23; 41367 ;'
40 29633 594551 o qf 388821 O 40 ?9407 81 E_99760 634 41080 7i
50 3114 60986 38912 50 H8y88 00403 41154

b o 732606 762466 1480) 6 38044 32 12 , 769560 522 6 oto28 223 G-41229] 73
1o 34014 63897 f431 38977 43 10 70122 502 01646 ! 413058 76
20 35378 6l518.| 1387 .:;r)on 35 20 70656 554 02255 6og 41}8} 7
30 :;6?:93 66629 :zii :39047 :g 30 71212 §:6 018:;} (:M 41:¢()o 7
4| 37978 67933| 1368 30083 7 o) 71750) 7| o452 0| 41530l 22
5o | 39220 9201 39120 50| 72289 °° 04039 41619

6 o |7 4045 129870433 1232[6- 30150 pi 13 of7-52810 S1a]erestio 5?: 641700| 81
1o 41597 71233 1165 39198 :ﬂ 10 73;114 o7 05193 %6 41781 83
2 2 3 - 5 ;
so| aes o 3 Sodal 41| ol Tivel soa| Shiiol seel 1Al &
10| 41026 75047 | 1ogo) 30323| 43 ao| B2zl 422 o6y 58| azcaz o3
so| 45978 161301 12t 30367 44 sof 7sa07 273 07421 '5:, 4n8| oo

7 o] 47004 77187 39401 14 o] 75785 07962 43204

Lat. U b4 Diff. \4 Dift. X’ Diff. w Diff. z Diff.
° 11— + + + | = + + +
(1) ”'::s 1 Il_nf.‘ne;, Tofinite IE‘-!:"B‘;" Infinite] 127593 o l_nr ne;. Infinite l—n"_""‘" Infinite
2 | omeo| Il ZEGke| o2 |50 de | d) o |MEE] ea | B e
3 8oz |3 s ] ® 176 pheR IR B Rod IR PP RN IS

9 3 4332 o0 4or | 2, 59 : (27007 | 3¢ 13| 4f
4 895 581 526 597 132 439

— u— — ( —_— — —_—

5 12'808 3 14575 | 194 9632 9% | 72-600 3 12°230 98 13°537 98
6 903 4 932 | 157 701 79 6oz 2 31 8 61 8o
g 9o8 : a'oéﬁ :‘:; 266 :; 606 : 380 gg 682 28

913 181 823 . 610 440 4% o
9 90| 7 83 | 102 873 | 5° 61| 4 494 | 54 T8 | 88

i A T IR I R R T I T e
12 944 9 sgé 1% ggz aé 6:; 5 (5'12' 41 829 4;3
13 953 | .9 so8 | B Fors| B 6 6 o5 | 38 g6t | 3

53 10 63 5 39 35 6 vbg 6 | - 966
14 963 661 o054 641 701 3 12'001 35
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TABLE VIII.—For calculating Azimuths and Distances of Points of
which the Latitudes and Longitudes are known.

Ist. | ® |pit.] & |Dif|] T |Difi| Tat. | ® |Dig] s |Dif|] T |Dim

o ’ (-] ’
_ + |- + |- + _ + |- + |- +

14 , 775785 a1 6°05962 536 6°42204| oo 21 » 7°9UIs5 | . g 6-26723 y 646629
1o 76236] 41| ofye8| 42292 10| gry33| ¥ 27100 | 377 | 46753| 124
20 =6721 463 09028 530 42380 88 20 91708 275 27475 375 6876 | 123
30 177180 459 | ogssa| 53] 42469 89 30| 91980 zgz 257847| 372 :7021 128
sof 7632|4501 reopi| 3171 42s59| O 40| o92249| 27| a8any 5| e 128
50| 78078 10585 | ° 43650 so] 92515 28584 47253

15 o|7-58518| H° [6- 11093 528 6-42742] 92122 ol7-92797 122 628950 326 6-47380| 21
so|’ 8053|435 | 1156|593 | i283s| 93 0] gz037| 200 | 20313, 303 | 4508|128
20| 70381] 438 12094 493 | 42929| 94 20| osz03] 258 | sl 361 | ilase| 28
30| 7oBoy| 423 | 12g88| 4W | 43024| 25 308 o3s47] 25| 30033| 359 | 47765| 129
ol Bozzi| 4'7 or6 | 438 aiig] 95 40 o8| 25! 00! 357 130
4 o sz | 13078 g | 43119l oo 4o] 93798 0 | 30300 2L 47895
§o| 80633 13560 43216 so| 94045 30745 48026| 13

16 o ;'81040 407 5'14040 4?? 6—'43313 9; 23 o -7"94190 245 5'31097 352 3'48158 32
1o’ Bragr] | aqsrs| 475 | 43ann| 9 1o gus3z| 242 | 31448{ 351 | 38290 132
20| 8i83r| 390 | 14gs6| 47t ] 43510| 90 20| germ| 239 3ui797| 349 | 48423] 133
30| 82228 ;g;] 15452 422 43610 :g? 30| 93008 :37 32144 | 347 ] 4Bgs56]| !33
qo| 826041 30| rsors (M| 4a7rr| O] g0 os2ar) M| 32489 318 | 4860 3
so| Bagy6 16373 43813 so| 95472 32833| 3+ | 48826| '3

— -6 1= —_ — - -

17 . 7'83372 311 6-16827 45: 6°43916| 193 24 o 7°95700 212 6-33174| 34" |6- 48962 132
10 83744 37 17277 45 44019 re3 10 95926 22 33514 340 49098 13
20] 8111 367 trrzg| ML 44123] 14 20| obigg] 223 33852 338 49236 138
o Buyra| 33| mie;| 3L 4iang| 100 3o o660l 220 | 34iss| 336 | 4o374| 138
ol 818 358 8606 | 439 106 6ig, | 218 : 338 8 138
4 Baaf 0| 186eb) Lol 33| o, qof ofisB7| o | 34523 49g1z| o7
5ol B5180]| ° 19041 44442 5o} o680z 34850 333 49652 ¥

18 o|7-8seas| 34916 10473] 432 {6 auza0| 17 |25 o]7-97015| 213 [6-35187| 33! [6-40792| 14°
10| 83880 345 19902 429 446358 1e9 10 97225 210 35517 330 49933 141
20| 8b221| 3! 20327 | 425 4a767| 1°9 20 ();41} 207 358 328 co74| 14!
30 865358 37 zo}.m 422 44878 b 30 976.33 206 gg:ﬁ) 326 guiﬁ 142
40| 86891 ;g; 21168 ::Z 44989 ::; 40| 971840 :g: 36496 ;:i 50359 ;11
so] 87220 21584 45101 so] oBoyr 368320 50503

19, 787544 3:':’ 621996 | 4'% |6- 45213 112 26 o 798239 198 6-37142| 322 6—'50647 144
10| 87B6s) 3 azq05| 4991 45327| 114 10| 08434 195 62| 322 | so79s| 143
20 8;1181 ) 22812 497 4q:Nl 14 20 98627 193 g;iﬂz 320 50938 146
30 88496 ':;4 23215 43}’ 4:;_.',57 : :g 30 98818 lgl 39clv99 317 51084 :"6
40| B88Bojz :302 23016 ;98 45673 16 40| 99007 :Bz 3B416 3:7 51231 l:;
$o1 Boin 14014 45789 sol 99193 38731 3'5 | 51378

20 o |7-8o414] 3°3 [G-24400 | 395 [6- 45907 8127 of7-00a77| 183 |8 30044 | 313 J6 51527 | 149
10| 897131 2991 a4801( 322 | 4bozg| !! 10 559| 102 33| <1676 49
20 l)otl:voh 295 25190 3y 46145 120 20 ?)37§g 179 gg(’,zg S 51823 149
30| gozoo| 2024 agsyy| 37 Lea6g| 120 30 99916] 1781 390771 399 | sugys| 157
40] 90588 ::g z:q;)()z 3:‘2 46383 ::: :;o E'ooom :75 401286 329 52116 :g;
so| 9073|285 | 263443 46507| 122 sol ooaby| 731 4osga| TN s2a78| B0

91 ° 91155 26723 379 46629 28 o 00435 7 40899 3 52430

Lat. Lig Diff. Y Diff. v Diff, X’ Diff. w’ Diff. z Diff.
M + | + _ + _ + _ + - +
Wopraobs ) o | ratery g Brose | a8 "'245" g 1N e 1O a

20 k 3]
6 | oon| ) Tl s e | | e 8| Ja| m | ol
17 6l 13 ¥ g1 23 54 8 7 kL p 3o
— 99 ‘2 826 8 130 22 662 799 ° 093 28
18 11008 874 152 669 7 Bzg | ¥ 133
;g 11031 :: G'o(l)q :i 5'171 :; 1—1'276 g E'857 :g ;'149 :g
014 B — 962 . 191 B4 883 175
21 o048 :: 12'003 :é 209 :2 692 g 912 :g 200 :i
22 o062 rs 041 37 214 ' 700 938 26 224 23
23 077 078 240 5 709 | 9 964 247 :
g; Ti'002 :i T;‘Ilg 3§ 8254 :; T3y ; E'qﬂg :g T3-269 ::
A AR BTN I A T I A
27 ol a8 | 30 agr |1 41| 2 oba | 24 | 3o
28 156 237 9 j02 | M 752 | 9 o6 | 24 381
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TABLE VIII.—For calculating Azimuths and Distances of Points of
which the Latitudes and Longitudes are known.
Lat. ): 14 Diff. 8 Diff. T Diff.| Lat. R’ Diff. B’ Diff. T Diff.
-] ’ o ’
+ _ + |- + - + |_ + |- +
28 o 600435 6°40899 652430 34 o 605267 6-51257| ., |6°58319
10| oo0603 ;gs 41204 3:5 52583 :53 10 05368 w!li §1530 :;: 58493 :;é
0] 00770 :61 41508 ‘ZO: 52736 lg: 20] 05466 37 51803 27" 58669 175
30| 00934 163 41810 :;oz 52890 158 30 05263 o6 52074 271 58844 176
40 01997 0 421121 2o, 53045 ;5 40| 05059 03 52348| 54y 59020 177
go| o1257 42412 53201 so] o5752 52616 59197
29 o ‘01415 :gg 6'42711 :gg 6_'53356 :g‘; 36 o 3'05844 g: 3'52836 :g; 3'59374 :;g
1o or57i} L, 43°°z 297 53?'3 157 :g 0.(4‘935 88 5.}1.:5 269 5‘)55; 178
20| o1725 152 4.1.(30 206 53;7; 158 °6°13 87 5"2 4] 268 5973’ 179
go| o877 2 | 436oz) S0 1 538281, jol oburol ool 53692] Seq | 59999) (g4
40| o2027 12‘9 43897 298 53987 159 40 obigh 84 53960 267 60089 180
go] oz2176 44191 54146 s0] obz80 §4227 602069
—_ -— —_ —_ —_ 6 -—
30 o *02322 :46 644484 :9: 654300 :22 36 o|6°06362 g; 654404 :6% 660450 :2:
10| 02466 l:‘: 44776 23] §4406 161 10| 06442 79 54760 266 60631 182
20 ozﬁog 140 45007 290 546;7 162 zg 2251; e 55;)7.(; 265 22813 182
30| o274 139 4535Z 290 54789 | ¢, E) 59 76 55 9( 265 ¢ 99g 183
4o 028871 og ] as647] gg | 54959| 16, 40| ob674| . | 55550) o, 11781 g3
50 03023 45935 55114 50 00748 55820 61361
31 o 603158 ::2 646222 ::; 6°55277 :21 37 o6 06820 ;: 6- 56084 :21 6'61545 :gi
rol e3z90p %, 4?§°9 283 5524:3 165 fo 023?1 69 52%“8 203 g:?fo 186
20 03421 129 4),?4 283 5560 163 20 o_qxg 68 56}1:] 262 ¢ )og 18¢
Jol 035501 ;5. 47°79| L8, S§S5771| 66 3ol ojo2 66 50873 46, 21 186
4o o3677| o0 47363 o7 | 839371 166 400 o7o04] .| 87135| ¢, 62286 185
so| o380z 47040) 56103 so| o759 57397 62473
32, 603926 ::‘: 647928 :g: 3'56170 :2; 38 o 607232 g: 657659 :2: 662660 :gg
'g 24?27 120 45“0 280 5?335 109 10 02283 6o 5{;9;0 260 22242 188
zo 04187 118 484?'0 280 5(:.° 168 20 °_’_'”3 58 5Bl ? 261 63{: 189
3 4285 | |16 48770 279 50774 170 30 o740l 57 554471 00 3225 190
4o oagor| | 49049] 0] 50944 169 40| o7458 55 58701 259 63415 189
so| o4516 493128 §7113 50| 97513 58960 63604
33 o 6-04628 ::: 649606 :;: G 57284 :;: 39 o (_»'07567 g‘: E-sqno :‘:; 663795 :g:
bd IRerAH Y Wb cave] LY I Y B B B R v R
30| os0ss| 2| Sosss| 25| E77e9| 27 30| orrn| 49| soe6| 252 | 64s70| 192
:go 0506} 106 :50-;:9 278 57971 172 40 07166 47 60254 258 6.{562 193
6c| 104 raal 275 | 4 174 : 46 257 194
so] o165 50984 273 58145 174 50 oyfira 6o511 2:8 64756 10
34 o os267 svzs7| 73| sBaig 40 o| o78s7| 45| 6oj69| 25° | 64950 9
Lat. U Diff. Y Diff. v’ Diff. X’ Diff. w Diff. z Diff.
2; ol T ln i i b Un "l *
11°1§ 12°337 8302 12' 753 11°086 127351
29 173 :g 265 :!; 312 '; 760 g 109 :i 350 :3
30 191 17 292 16 321 H 769 133 2 389 8
31 208 318 329 778 9 156 3 407 !
82 |1 1 [aaer | 3| ®ay g RSN KOS iR I NPT 18
33 245 | 1o 306 | 74 3 ] 795 | 202 | 443 | 1
34 204 19 389 23 351 6 804 2128 a2 459 6
35 383 41 357 g1z | 9 a8 M as| !
T1- 1 - Y — — —_
g(; 1 3:: 12 12°432 :: 8'3?1 g 12°821 g 11°270 :: 12°491 :g
4 3 I o 483 | Lo 367 4 830 2 294 | 5, 507 | ¢
s 32 at 13| 4y n 3 Ba8 | ¢ 316 . §22 | ¢
a3 g 492 18 374 3 846 o | 537
10 384 s10 377 855 | 9 363 | 23 ssi| 4
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TABLE IX.—Computation of Heights.—Reduction of Log. Distance in
Feet between two Stations A and B to reduce to the Level of Station A.

Correction to the 7th place of decimals.

Height in Feet of Btation A.
Latitude.

1000 | 2000 | 3000 | 4000 5000 6000 7000 8000 9000 10000

o
0 208°3 | 416°5 | 624'8 [ B33'0 | 1041°3 | 1249°6 | 1457°8 | 16661 1874'4 | 20826
1 3 5 8 o 3 6 8 1 4 6
2 3 5 8 o 3 6 8 1 3 6
3 3 5 8 o 3 [ 8 1 3 6
4 3 5 8 [ 3 5 8 Y 3 6
B 20831 41675 | 624°8 | 833°0 | 1041'3 | 1249°§ 1457°8 | 16660 1874°3 | 20Ba2's
6 2 5 7 ° 2 5 7 ° 2 5
7 3 5 7 ° 2 5 7 | 166579 2 4
8 2 5 7| 8329 2 4 6 9 1 3
9 2 I 7 9 1 4 6 8 1 3
10 208°2 | 416°4 | 624°7 | 832°9 | 1041°1 1249°3 | 1457°% 16658 1874°0 | 2082'2
1 2 4 6 9 1 3 5 7 | 1873°9 1
12 2 4 6 8 o 2 4 6 8 ]
13 3 4 6 8 o 1 3 5 7 | 208179
14 2 4 5 7 | 10409 1 3 4 6 8
15 208-2 | 416-3 | 624°5 [ B32'7 | 10409 1249°0 14573 1665°4 18735 20817
16 3 3 5 6 8 | 12489 1 3 4 6
17 1 3 4 6 7 9 o 1 3 4
18 1 3 4 5 6 8 14569 o 2 3
19 1 2 3 5 6 y B | 16649 ° 1
20 208°1 | 416°2 | 624°3 | 8324 | 10405 | 1248°6 | 1456'7 | 1664°8 | 1872'9 | 2081'0
21 1 2 3 3 4 5 6 i 8 | 2080'8
22 1 1 2 3 4 4 5 6 6 7
23 1 1 2 2 3 3 4 4 5 5
24 [ 1 1 1 3 3 2 3 3 3
25 308'0 | 416°0 | 62470 | B32°1 | 1040°1 12481 1456°1 1664° 1 18721 2080°1
26 [ [ [} o o [ [} ° -] o
27 o 415'9 | 623'9 | 831°9 | 1039'9 1247°8 14558 16638 1871°8 | 2079'7
28 o 9 9 8 8 7 7 6 6 6
29 20779 9 8 7 7 6 6 5 4 4
30 207'9 | 415°8 | 6238 | B31°7 | 10396 1247'§ 1455'4 1663° 3 18713 20792
3l 9 8 7 6 5 4 3 1 o | 20789
32 [} 7 6 5 4 2 I o | 18709 7
33 9 7 6 4 3 1 ° 1663°8 7 5
34 8 7 [ 3 2 o | 1454°8 6 [ 3
35 207°8 | 415°6 | 623°4 | 831°2 | 10390 | 12468 14546 | 166a°g 18703 | 2078°1
36 8 6 3 1| 10389 7 5 3 o | 2077°8
a7 8 5 3 ° 8 6 3 1 18698 6
3s 7 5 1 | B30°'9 7 4 2 | 16619 6 4
39 7 4 1 9 6 3 o 7 4 1
40 7 4 1 8 I3 1 | 1453°8 3 3 | 20769

Correction to the bth place of decimals
for any latitudoe between 0° and 40°.
‘ 2 4 l 6 ‘ 8 10 13 15 1y 19 23
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TABLE X.—Computation of Heights.—For converting Geodetic Distance
in Miles into Seconds of Contained Arec.

Geodetic Distance in Miles.
Latitude.
10 20 30 40 50 60 70 80 90

o ” " ” " ” " ” " ”n
0 52273 10445 15668 20890 2611°3 3133°5 3655-8 41781 4700°3
1 3 [ 8 o 3 5 8 I 3
2 3 5 8 ° 3 5 8 ° 3
3 2 5 7 o 2 5 7 o 2
4 2 5 7 ° 2 4 7 4177°9 2
6 §22'2 | 1044°5 15667 | z088-9 | 2611°2 | 31334 | 36556 | 4177°9 | 4500°1
6 2 4 7 9 1 3 5 8 o
7 z 4 6 8 ° 2 4 7 | 4699°9
8 2 4 6 8 o 1 3 5 7
9 2 3 5 7 | 261079 o 2 4 6
10 522°2 1044°3 1566°5 20886 2610°8 3132°9 36851 4177°2 4699° 4
11 1 3 4 5 7 8 [ 36549 T 2
12 1 2 3 4 5 6 8 | 4176°9 o
13 1 2 2 3 4 5 6 7 | 46987
14 1 1 2 2 3 3 4 4 5
15 §22'0 1044°1 15661 2088*1 2610°1 3j132°2 3654°2 4176°2 46982
16 o o o ) o ‘o o o 4697°9
17 o 10439 15659 2087°8 2609'8 3131°8 36537 41757 7
18 521°9 9 8 7 6 6 5 4 3
19 9 8 7 6 4 3 2 1 o
20 52179 10437 1565'6 20874 2609° 3 31315 3653 0 4174°8 46967
21 8 6 4 2 1 | 31309 | 365277 s 3
22 8 5 3 1 26089 6 4 2 46959
23 7 5 2 20869 6 4 1 41738 6
24 7 4 1 7 4 1 3651°8 5 2
25 g21'6 1043'3 1564°'9 2086°6 26082 3129°8 3651°3% 4173°1 469477
26 6 2 8 4 o 5 I 4172°% 3
27 5 1 6 2 2607°y 3 3650°8 3 46939
28 5 ° 5 o [ ° 4 | 417179 4
20 4 1042°9 3 2085'8 2 31287 I 5 [
30 521°4 1042°8 1564°2 2085°6 26070 31283 3649°7 41711 4692°§
31 3 7 o 3 2606°7 o 4 41707 o
32 3 6 15638 1 4 31277 o 4691°5
33 3 5 7 20849 1 4 3648°6 4169°8 [}
34 2 3 5 7 20059 ° 2 4 | 469o°6
35 §21°1 1042°2 1563°3 2084°5 26056 31265 3647°8 41089 4690°0
36 1 1 2 2 3 4 4 5 4689°5
37 -] ° o [} o [ ) o <)
a8 §20°9 1041°9 1562°8 20838 26047 31287 36466 4167°8 46885
89 9 8 6 5 4 3 2 1 40879
40 8 6 5 3 1 312479 h45°8 41666 4

Milos. ‘00 01 ‘02 ‘03 ‘04 *06 06 07 ‘08 09
” ” ” ” ” ” " " ” ”

0 '8 1'0 16 27 26 31 3'7 4°2 4°7
1 52 57 63 68 7°3 7°8 83 89 9°4 99
2 10°4 11'0 1§ 12°0 12°§ 130 13'6 14°1 14°6 1501
‘3 15°6 163 1647 1772 1777 183 18°8 19°3 19°8 20°3
‘4 20'9 21°4 21°9 22°4 230 23'§ 24'0 24°§ 35°0 256
6 261 266 271 27°6 282 287 29°13 297 3o'3 308
6 a3 38 3273 a9 334 339 344 aso 35°5 360
-7 368 370 37°6 ELAD 386 39°1 396 40°2 40°7 41°3
‘8 4177 43°3 42°8 43°3 438 44'3 449 454 45'9 46°4
‘9 469 475 480 485 49°0 49°0 §0°1 50°6 §1°1 51°6
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TABLE XI.—Computation of Heights.—For converting Geodetic Distance
in Feet into Seconds of Contained Arec.

Geodetic Distance in Feet.
Latitude.
1000 2000 3000 4000 6000 6000 7000 8000 9000
o ” ” " ” ” ”n ” ” "
0 —0°'109 | —0°218 | —0°326 | —0'435 | —0°544 | —0'65 -0°76 —0°87 ~0'g8
1 109 218 326 435 544 65 76 87 o8
2 109 218 326 435 544 63 76 87 98
3 109 218 327 436 545 65 76 87 98
4 109 218 327 436 545 65 76 87 98
[ 100 219 328 437 546 66 76 By 98
6 109 219 328 438 547 66 77 88 99
7 110 219 329 439 549 66 77 88 99
8 110 220 330 440 550 66 17 88 99
9 110 221 331 441 552 66 77 88 99
10 ur 221 332 443 854 66 48 89 1°00
11 111 222 333 445 556 67 78 89 100
12 112 223 3358 446 558 67 78 89 1:00
13 112 224 336 448 560 67 78 90 1ol
14 113 225 338 450 563 68 79 90 1'01
15 113 226 339 433 566 68 79 91 1°03
16 114 228 341 455 569 68 8o 91 1'02
17 14 229 343 457 572 69 8o 91 1°03
18 115 230 345 460 575 69 81 92 1'04
19 116 331 347 463 579 69 81 93 104
20 116 233 349 466 582 70 82 93 105
21 1y 234 352 409 586 70 82 94 1°0§
23 118 236 354 472 5§90 71 83 94 1°06
23 119 238 356 475 594 71 83 95 1°07
24 120 239 359 479 598 72 84 96 1-08
25 121 241 362 482 6o3 "2 B4 96 108
26 121 243 364 486 6oy 73 835 97 1°09
27 122 245 367 489 612 73 86 9B 110
28 123 246 370 493 616 14 86 99 111
29 24 248 373 497 621 75 87 99 112
30 12§ 250 376 go1 626 75 88 1'00 1'13
31 126 252 379 505 631 76 88 101 1°14
32 127 254 ELF] 599 636 76 89 102 1°74
33 128 257 3835 513 641 77 90 1'03 1°15
34 129 259 388 517 647 78 91 103 1716
35 130 261 391 522 652 78 91 104 11y
36 131 263 304 526 657 79 93 1°08 1-18
37 133 265 399 530 663 8o 93 1°06 1°19
38 134 267 401 535 668 8o 094 1°0% 1°20
39 135 270 404 539 674 81 04 1'08 1°21
40 136 272 408 544 680 82 95 109 1°22

TABLE XII.—Computation of Heights.—Log. Secant of Obscrved Angle
at Station B.

Angle. Log. Secont. Angle. Log. Secant. Angle. Log. Sccant.
o ’ ~ o ’ r” o ’ ”

o 16 133 0'00000,5 1 15 3§ 0'60010,5 1 45 37 ©'00020,5
o 28 32 1,5 1 19 6 1,5 I 48 10 21,5
o 16 51 3,5 1 22 28 12,5 1 50 39 12,§
o 43 37 35 1 25 43 13,5 1 53 § 33,5
o 49 138 4,5 1 28 49 14,8 1 55 28 24,5
o 54 42 55 t 3v go 15,5 1 57 47 255
o g9 28 6,3 134 48 16,5 2 o § 36,5
T 3 5 s 1 37 35 17,8 2 2 19 27,5
1 8 o 8,5 1 40 120 18,5 2 4 3 ELA
o1 g4 9,5 1 43 o© 19,5 2 6 4 19,5
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g the Quantity

inin

hts.—For ohta
B’ in the formula for finding the Terrestrial Refraction.

o
o

i

TABLE XIII.—Computation of He

S.o e |€.561 g 8L | €981 1 L.ofx |z Lin|L.L61.82]9.85]1.6E15.61|€.0
S.1 v |z.yor| L.L6 |z.56|9.¢g| 1.8L [9.1L[1.59 |9.g5 [1.z§ |9.5 |1.6F [9.2f|0.9z5.61 0.2 S.9 [§.1
S.z | g.€6 6.6 | 6.5 | 0.2g | 1.8L | z.¥L | €0l | .99 S.29 [ 9.g5 (L.#E)g.05| 6.9 |0.€F 1.6 [2.5F |€.0€ (£.Lz |¥.€2 {5.61]9.51 (L. ur|g.4 S.t
$.€ |o.lglc.¥g|¥.19]9.85|8.55 | 0.5 | z.0f | b.L¥ lg.¥b [6.1¥ [1.6E|E.of | 5. [L.0f|6.Lz |1.5¢ [€.2e (§5.61 [L.g1 [o.¥1|z.11|b.g S.€
S.¥ | 1,285 | 6.6¥ [ L.LY | 9.7 | ¥.8F | z.xb | 1.6 | 6.9t (L.¥E [ 9.2€ [¥.0f 2.8z 0.9z |6.€2(L.az [§.61 (¥.Lr |2.51 [o.£1 [6.01[L.g [S.g S.¥
§.5 |g.zv | g.o¥ | 1.6€ | €.L8 | §.5€ | L.€€ | 0.2 | z.0F |¥.gz | 9.9z |6.bz (1.2 E.uz [§.61)g.Lr |o.91 |z.t1 [¥v.zx |L.ot [6.g [1.f | =« | o | - |58
S.9 | 1.9€ [ g.¥€ | 1.6t | g.1f | 1.0f | S.gz | 0.lz | §.9z |o.¥z | S.zz |o.1z|€.61|0.g1 |F.91(0.51 |S.€1 [o.21 |§.01 |0.6 [S./ 5.9
§.L | €.1f | 0.0f | 9.9z | £.lz | 0.9z | b.¥z | ¥.fz | 1.2z |g.0z | §.61 |z.g1l6.91|9.51 |E.¥r]o.€1 |L.11 [P.o1 [1.6 |g.4 §.Z
§.8 |9.le|¥.9z | €.62 | 1.z | 0.tz | g1z | Loz | §.61 |v.gr | z.Llr |1.91(6.F1|g.€1 |g.2t|S.11 [€.01 (2.6 |o.g S.g
§.6 | L.¥z ) 9.6z | 9.2z | 9.1z | 9.0z | 5.61 | S.g1 | S.4x [¥v.91 | ¥.Syx k. b1 (v x| €.zr [E.n1(€or |€.6 |z.g [z. 5.6
Sor|€.zz | v.1z | S.oz | §.61 | 9.g1 | L.L1 | L.gr | g.81 |6.%1 | o.¥1 |0.€x|1.21|Z.11 |z.01 (.6 [¥.g |[¥.L o v |§,01
S.r1| ¥.oz | §.61 | L.gr | g.hr|o.ly | r.or [ €.850 ) ¥.¥1 (9.7 | L.zy |6.11]0.11|2.01 |£.6 |S.8 [9.4 S.11
S.er| g.gr |o.ge | z.lt | ¥.ou ) 9.5t | g.¥r | n.¥r | €.€0 (S.zx | Loar |6.o1|z.01({#.6 |9.8 [g.L S.z1
S.€1{v.l1 [9.9r [6.50 | 2.5t | §.pr | L.€r | 0.1 | €.21 [9.11 | 6.ox [1.01|¥.6 |L.g |o.8 S.€1
S.kr(z.9r | S.5r|g.br | 1.br | S.€r | gz | x.zr | S.xxfg.o1 | 1.0t [¥.6 /g.g |1.8 S.¥r1
S.§1| 1.S1 | S.41 | 6.€0 | z.€1 [ g.zx |o.z1 | €11 | Lot f1.01 [ §5.6 |g.8 |z.g8 |9.L A - ¢
S.9r) z.¥1 | 9.€1 | 0.€1 | ¥.21 | g.11 | z.11 | L.or [ 1.01 [5.6 6.g |f.8 (4.2 S.91
S.L1| t.€1 | g.zr | €z | L.t | z.11 | g.o1 001 [ 6.6 [6.g v.g |8.4 §.l
S.gi|l.zr [ rer lg.xr [ roxr [ g.0o1 o001 |S5.6 |0.6 |¥.8 6.4 5.g1
§5.61}o.zr | S.1rlo, 11| S.o1lo.01| 5.6 |0.6 .8 |o.8 §.61
Soz| t.11 ] o.11 ]| S.o1 | 0.01 ] 6.6 1.6 9.8 1.8 9.4 " i o e e . e o e . ver |8, 0t
S.1z| 6.0r [ V.ot (001 [ 5.6 [ 1.6 | 9.8 |z.8 |[L.4 S.1z
S.zz| ¥.o1 |00t [ 5.6 (1.6 |L.g |z.8 | 8.4 f.es
S.fz|oc.0o1 | 9.6 [1.6 |[L.g |f.8 §.€z
S.¥z| 9.6 |z.6 (g.g |¥.8 [o.8 5.tc
§.5z| z.6 8.8 v.8 s ™ o ™ s e s e .o s o o e ' ee .- e o o |6 62
S.9z|/ 8.8 | 5.8 [1.8 5.9t
§.lz| 5.8 |z.8 |8.4 §.lt
S.8z| z.8 §.gz
8.6z 6.4 So]TJ{ W { PUB Y SUONE)E UAIMAIIq BIURISIT §.6¢
" o
gL | S-1T| 1T [ ¢.01 | O g6 6 | S8 8 ¢.L | 4 |s9}) 9 [¢s] 9 9% 14 s-e ¢ |%%|[ ¢ 9T T |90
) )
9907 ur A Jo senjep
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TABLE XIV.—Computation of Heights.—To facilitate finding the Sub.
tended Angle when only one angle has been observed and the
Distance between Stations A and B is given in Feet,

Con- Adopted Refraction expressed in Decimals of Contained Are.
tained
Arc
in Feet |0°5|0°4| 03 [ 0201 (0°09]|0-08(0-07 (006005004} 0-03 | 0-02 | 0-01 | 0-00
+r n r L rn o r m ’ ” r” LA ’ o r ” ’ ’” ’ " ’ ” ’ ”
100|oo|o 0| o o) 0o 0| 0 0| 0 0| 0 ol O ©o|] O 0] © O| © O] © ©o| © o © o] O0 ©
200 |ooc|o 0ol 0o 0| 0 1| 01| 01|01l o0oT1lor101|]01|01|o01|lo01|o01
300 |cocflo ol o 1l 0o 1|01|01|[01|]01]01|01|0T1I|lo0 1|0 1|0 1{or1
0|(oo|jo ofo 1| 01|00 2|02 0202 o2lo02|0202loz2|o02oa
500{oo)Jo ol o 1| 0 1| 0 2| 0 2| 0 2( 0 2/ 0 2| 0 2| 0 2| 0 2| 0 2| 0 2|0 2
600|oofo 1| o 1| 0 2| 0 2{ 0 2] 0 2| 0 3]0 3|03 03 0 3]0 3|03 03
700|oofo 1| 0o 1, 0 21 0 3] 0o 3] © 3] 0 3| o 3/ © 3| 0 3]0 3| 0 3|0 3|03
Bow|oofo 1| 0 2| 0 2, 0 3] 0 3] 0 3] 0 3| 03| 04] 04| 0 4| 0 4| 0 4| 0o 4
900 |co 0 1| 0 2| 0 3] 0 4| 0 4| 0 4| 0 4| © 4| © 4| 0 4| © 4| © 4| o 4| 0o 4
1000/oojo 1| 0 2| 0 3| © 4] © 4| 0 4| © 4| 0 4| o 4| 0o 5| o 5| © 5] o 5| o §
2000]|oofo 2| 0 4| 0 6| 0o B| 0o 8] o B| 0o g|] 0o 9| 0 9! 0 9] o 9 o 9| o10| o010
3000|0ojo 3| 0o 6| 0o gl o11| o12| 0o12| 013 013| 0o13| 0o14| o14| 014 015| 015
4000|000 4] o B| o12| 016| 016| o017 o017 017| 018| 018 019| 019 019| 020
5000000 5| o10[ or5| o20| o20| o21| o21| 022 022| o023| 023| o024 o024| 028
6000|000 6) 0o12| 018| 024| 024 025 026 026( 027 027 028] 028| 029 030
700!00:0 7| or4| o21| 028| 028| o29( 030 o30| 031 032 033| 033| 034 035
B00Di00 0 B| 016 024| 032| 032 ©033| 034| 035| 036 036) 037] 038| 039| 040
9000|oojo 9| 018 027| 036| 036| 037| 038| 039| 040| o041 042 043 044 | 044
10000 |co'o10| 020] 030 040| 041 | 042 043| 043 044| 045| 046 047 048 049
20000 j00!020| o040 059 | 119 121| 123| 125| x27{ 129| 131 133 135| 137 139
3V ]ooio30| o59] 129 1§59 2 2| 2 5| 2 B| 210 213 216| 219 222 225| 228
4000000 040 119 150| 238| 242 246 250| 254| 258| 3 2| 3 6| 310 314| 318
50 vuo °0i049| 139 228| 318| 323 328! 333| 337| 342 347 352| 357| 4 2| 4 7
GOOND oo 039 159| 258 387| 4 3| 4 9] 415] 421| 427 433 439 445] 451| 457
7000 o001 9| 218f 328| 437| 444| 451 458 5 4| 511| 518| 525 533| 539 546
BoOU oo 119l 238| 357| 516| 524| 532| 540| 548| 556{ 6 4| 612] 620 627! 635
QUMD ioo|129| 258| 427 556 6 5| 614{ 623| 631| 640| 649 658 7 7| 716| 725
10000 100 139| 318| 436) 635| 645| 6s5( 7 5| 15| 725| 735| 745| 754| 8 4| 814
200000 100318 635| 953[1311]1330(1350(1410|1430|1430(15 9| 1529|1549 16 91628

300 000 ooi457 953114501046 2016|2045 |21 152145 2214(2244|2314|2343|2413|2443
400000100,635|1311{1946|2621]27 1{2741|2820|29 0|2939[3019| 303583138 |3217]|3257

TABLE XV.—Computation of Heights.—To facilitate finding the Sub-
tended Angle when only one angle has been observed and the
Distance between Stations A and B is given in Log. Feet.

Adopted Refraction expressed in Decimals of Contained Aro,
Latitude. |
0-20 0-10 0-09 0-08 0-07 0-06 0-05 0-04 0-03
0 2°5276 2°4027 2°31920 3° 3818 2°3713 2-3613 33518 2" 3420 2°3327
b 5277 4027 3920 3815 3713 63 3516 3420 3337
10 5277 4028 3921 3816 3714 3614 3516 3421 3327
15 5278 4029 3922 3817 35 3615 3517 3422 3328
20 5280 4030 3913 FLIT] 3716 3616 3519 3423 3330
25 528¢ 4032 3925 3f0 3718 618 3521 3425 iz
80 5284 4034 3927 3822 3720 3620 3523 3427 3334
35 5380 4036 3929 ELEL a7 3623 3328 3429 3336
40 5288 4039 3932 3817 37258 3625 3527 3432 3338
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TABLE XVI.—Computation of Heights.—Correction for Curvature and

Refraction in determining Heights with the Clinometer.

Adopted Refraction expressed in Decimals of Contained Are,
0-10 0-07 0-05

Distence Correction Distance Correction Distance Correction
in feet. in feet. in feet. in feet. in feet. in feet,

5 100 o's 4900 o's 4808 0§

8834 15 8 487 15 8328 15
11 404 2§ 10957 2°8 10 752 25
13 493 35 12 964 35 12722 35
15 300 43 14 700 45 14 425 45
16 916 55 16 251 55 15 948 55
18 388 65 17 667 65 17 337 65
19752 7'5 18 977 78 18 623 7°8
21 028 85 20 203 85 19 825 8
24 231 93 21358 98 20 959 9°5
23371 10°§ 22 454 10°§ 22 035 10°§
24.459 1§ 23 490 g 23 060 g
25 500 12'§ 24 500 123 24043 12§
26 501 13'§ 25 461 13°% 24 985 13°§
27 465 14°5 26 387 14°5 25 894 14°§
28 396 15°§ 27 282 15°5 26772 15°58
29 297 165 28 148 16'8 27 622 165
30172 1778 28 989 17°5 28 447 17°§
31022 183 29 RO3 185 29 248 183
31 R50 19°5 30 600 19°5 80 028 19°§
32656 20°§ 31375 20°§ 30789 20°§
83 443 21°§ 82131 a1°g 81531 21°§
84212 22°5 3z 870 22'§ 32 2565 22'§
84 964 238 93 592 23§ 32964 2375
35700 24§ a4 300 24§ 33 659 24§
36 422 25°§ 84993 25§ 34349 25°§
87129 265 85672 265 85 005 26°8
37 823 27°5 86 339 27°§ 85 660 27°%
38 504 283 36 994 28°5 36302 285
39174 29§ 37 637 29§ 86 934 29§
39 833 30§ 88 270 30'5 37 554 30°§
40 480 3t's 38 892 31°s 38166 ELR
41118 32°§ 89 505 3rg 38 766 325
41746 3315 40108 335 39 358 338
42 364 345 40 702 34738 39 941 348
42974 35°§ 41 288 35°5 40516 35'5
43575 36°s 41 865 365 41083 365
41-1‘_}8 37°% 42 435 3i°% 41 642 37°§
41753 385 42997 385 42193 383
45 330 39°§ 43 652 395 42 738 39°5
45 900 40°§ 44100 40°5 43 275 40'§
46 464 4175 44641 418 43806 418
47 OEO 4275 45176 42°5 44331 42'5
47 570 43§ 45 704 43'% 44849 43°5
483 114 44°5 445 226 4475 456 362 445
48651 45°§ 46743 45°% 45 869 45§
49183 4fg 47 253 465 46370 6
49 709 47°5 47759 475 46 A66 s

5 : 47°8

60 ..39 483 48 259 485 47 357 485
60 745 49°5 48 754 49°5 47813 49°8
61 266 50°§ 49 244 50°§ 48 323 50°§
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TABLE XVII.—Computation of Heights.—Natural Tangents to 5 places
of Decimals.

! 0° 1° 2° 8° 4° (3 6° 7° 4

0 a'coooo | 0'01746 | 0°03492 | 005241 | 0'0bgg3 | 0'08749 | o'10510 | 0'12278 0

1 029 775 521 370 ‘07022 778 540 308 1

2 058 804 530 299 o5t 8oy 569 338 2

3 oB7 833 579 328 080 837 599 367 3

4 116 862 609 357 110 B66 628 397 4

5 148 891 638 387 139 895 658 426 6

6 175 920 667 416 168 925 687 456 [}

7 204 949 696 445 197 954 716 485 7

8 233 978 725 474 227 983 746 515 8
9 262 *02007 754 503 256 ‘09013 7758 544 9
10 291 037 783 533 285 042 803 574 | 10
11 0'00320 | 002066 | 003812 | 0'05562 [ o'oy314 | 0'09071 | 0710834 | 0°'12603 11
12 349 095 842 591 344 101 863 633 | 12
13 378 124 871 620 373 130 893 662 13
14 407 153 goo 649 402 159 922 692 14
15 436 182 929 658 431 189 952 722 15
16 465 311 958 708 461 218 981 781 16
17 495 240 987 737 490 247 ‘11011 781 17
18 534 269 104016 766 519 277 040 810 18
19 553 298 046 795 548 306 ojo0 840 19
20 582 328 075 824 578 335 °99 869 [ 20
21 0'00611 | 0'02357 | 0’04104 | 0'05854 | 0'05607 | 0'09365 | 011128 | 0'12899 21
22 640 386 133 883 636 394 158 929 22
23 669 415 162 912 663 423 187 958 23
24 698 444 191 941 695 453 217 988 | 24
25 727 473 220 970 724 482 246 *13017 26
26 756 502 250 999 753 st 276 o47 | 26
27 785 531 279 ‘06029 782 541 308 076 27
28 Big 560 308 os8 Biz2 570 335 106 28
29 844 589 337 ofly 841 600 364 136 29
30 873 619 366 116 870 629 394 165 a0
aa 0'00002 | 0'02648 | 004395 | 0'06145 | 0'0589g | 0'096s8 | 0'11423 | 0°13195 a1
a2 931 677 424 175 929 688 453 azy | 32
33 960 706 454 204 958 717 482 254 | 93
a4 989 735 483 233 9By 746 511 284 | 34
B *01018 764 513 263 ofo17 y76 541 313 35
36 047 793 41 291 046 8og 570 343 86
37 076 822 gyo 321 o7s 834 6oo 372 a7
38 105 Bsr 599 350 104 864 629 402 | 38
39 135 881 628 379 134 893 659 a3 | 3
40 164 910 658 408 163 923 688 401 40
41 0’01193 | 0°02930 | 0°04687 | 006438 | 0'0B192 | 0’09952 | o 11718 | 0'13491 41
42 223 968 716 467 222 g8t 747 521 42
43 as1 997 748 496 agr | ‘roonr 777 sg0 | 43
41 280 *03026 774 525 280 o40 806 s8o | 44
45 309 os$ 803 554 309 obg 836 609 | 45
46 338 ofi4 813 B4 13 o099 865 639 | 46
47 367 114 8632 o 3 363 7o 895 669 | 47
48 396 143 891 643 397 158 924 698 | 48
49 415 173 920 671 427 187 954 728 49
60 455 101 049 700 456 216 983 758 60
51 0°01484 | 003230 | 004978 | 0°06730 | 0'08485 010246 012013 | 0°13;87 61
b2 513 259 | ‘os007 759 514 275 042 817 | 62
53 £42 188 037 788 544 305 073 847 | 63
54 571 317 obhi B1g 573 334 101 876 | 54
65 600 346 995 B47 602 363 131 go6 | &6
66 629 376 124 8;6 632 393 160 935 66
67 658 405 153 905 661 42: 190 965 67
58 687 434 182 934 690 453 219 99§ 68
69 716 463 2132 963 730 481 149 ‘14024 | 69

60 746 492 241 993 749 510 278 os4 | 60
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TABLE XVII.—Computation of Heights.—Natural Tangents to 5 places
of Decimals.

’ 8 9° 10° 11° 12° 19° 14° 16° !
0 |o'14054 |[o0°15838 | 0717633 | 0°19438 | 0°21286 [ 0°23087 | 024933 | 0°26795 0
1 o84 868 663 468 286 1y 964 826 1
2 113 898 693 498 316 148 995 857 2
3 143 928 723 529 347 179 *25026 888 3
4 173 958 753 559 377 209 056 920 4
6 202 988 783 589 408 240 o8y 951 &
6 232 ‘16017 813 619 438 271 118 982 []
7 262 047 843 649 469 301 149 *37013 7
8 291 o377 873 680 499 332 180 044 8
9 321 107 903 710 529 363 211 076 9
10 351 137 933 740 560 393 242 107 10
11 0'14381 | 0°16167 | 0°17963 | 019770 | 021590 | 0°23424 | 025273 | o0-27138 11
12 410 196 993 8o1 621 455 304 169 12
13 440 226 ‘18023 831 651 483 335 201 13
14 470 256 053 861 682 516 306 232 14
18 499 286 o83 891 712 547 397 263 15
16 529 316 113 921 743 578 428 294 16
17 539 346 143 952 973 608 459 326 17
18 588 376 173 982 Bo4 639 490 a5y 18
19 618 406 203 20012 834 670 521 388 19
20 648 435 233 042 864 700 552 419 | 20
21 o' 14658 0°16465 018263 020073 021895 0°23731 025583 0°27451 21
22 707 495 293 103 925§ 762 614 482 22
23 737 528 323 133 956 793 645 513 | 23
24 767 555 353 164 986 824 676 545 | 24
25 796 585 384 194 | rzaory 854 797 576 | 25
26 826 615 414 224 047 885 738 607 26
27 856 645 444 254 078 916 769 639 27
28 886 674 474 285 108 946 8oo 650 28
29 915 704 504 3ts 139 977 B3t 701 | 29
3o 945 734 534 345 169 ‘24008 862 732 | 30
81 0'14975 | 016764 | 0'18564 | 020376 | 0°22200 | 024039 | 0'25893 | o'24764 31
3z ‘15005 794 594 406 231 069 924 795 | 32
a3 034 824 624 436 261 100 95§ 8126 33
84 -1 8:4 654 466 202 131 986 858 34
33 094 884 684 497 332 162 *26o17 889 35
36 124 014 714 527 353 193 048 921 36
a7 153 944 743 557 383 223 o79 952 | 97
38 183 974 775 588 414 254 110 o3 | 98
39 213 *15004 Bog 618 444 285 141 28013 39
40 243 033 835 648 475 316 172 046 | 40
41 1 o'rg272 | 0'17063 | 0°18R65 | o'20679 | 0-22505 | 0°24347 | 0-26203 | 0'28077 41
42 302 093 895 709 536 a7y 238 tog | 42
43 33s 123 925 739 567 408 266 140 43
44 362 153 93§ 770 507 439 297 173 | 44
45 391 183 986 8oo 628 470 328 203 45
46 42t 213 ‘19016 830 658 sor 359 234 45
47 451 243 a46 861 68g 532 390 266 47
48 481 273 056 Bg1 719 562 421 297 48
49 511 303 106 921 750 593 452 329 | 49
5O 540 333 136 952 781 624 483 360 50
51 o'15870 [ 0°17363 [ 0'19166 | 0°20082 [ 022811 024655 0'26515 | o0 28391 61
52 6oo 393 197 sa1013 842 686 546 423 63
53 630 423 227 043 872 717 877 454 63
b4 66o 453 357 073 903 748 GoB 486 654
b5 689 483 28y 104 934 »78 639 517 [
66 719 513 g 134 964 809 670 549 56
57 749 543 147 164 995 840 701 580 57
68 779 873 378 195 *23026 871 733 013 68
59 809 60y 408 22§ o56 903 764 643 69

6o 838 633 438 256 ofi7 933 795 675 60
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TABLE XVIII.—Computation of Heights.—For determining Differences
of Meight with the Barometer.—Loomis,

Panr I.
Argument :—The observed Height of the Barometer at either Station.
Baro. Baro. Baro. . Baro.
in Feet Diff. in Feet Dift. in Feet Diff. in Feet Diff,
Inches| [nches Inches Inches
11-0 1396° . 16:0 | 11186°3 R 210 | 18B291°0 . 26-0 [ 2387170 R
11-1 1623'2 236.4 16°1 | t1349°1 122.3 21'1 | 184181 ”4,:5 26-1 | 23971°3 l°°_3
11-2 18.67'6 234_3 16:2 | 11510°9 161.3 21-2 1 18538-7 ”3_ 26:2 | 24071°2 99_9
11-3 2009°9 :‘3:: 163 | 11671°7 :q;'B 21-3 | 186616 ::;2 26:3 | 241707 ?)gf
11+4 1330:1 2282 }6:4 11331:5 138'8 21:4 13;84:; 1218 Eg‘; 24223:2 088
11-5 25583 6 16:5 | 11990°3 , 21-5 | 18gog . 243 o5
116 7845 | 22°°2 1 16-6 82 | 157791 21-6 | 1902570 266 | 24467'0 :
17 | Geobs | 2472 [1a | asogr | 509 | my | 0N [ rer | gy | TGS | oA
W | may | e[ iee| s s ) et e |20 | e | S
1 345176 | 2702 1 togen | 219 | 1938774 | 9.0 | 260 | 2azbore | O
12-0 36702 170 | 12770°2 5 22:0 | 19506°4 9 270 | 248570
12-1 3887°0 2168 17-1 | 129233 153:3 22:1 | 19624°9 "8:5 271 | 249536 92:6
122 | 410270 ::23 17:2 | 13075°8 :gfz 222 | 1974279 :;’;2 272 | 250498 35_;
i) s L s il e | el | e i |
41 452009 | Do g |17 13377°9 | 307 | 22 WIT'2 | gy | 204 ] 252402 1 g0
125 4736°7 17-5 | 13527°6 225 | 20093°6 8 7 25336°4 "
126 4944°9 2082 17:6 | 13656°3 148,9 226 | 20209°4 “5, 276 | 254312 9“1
12-7 151° 206§ 17-7 |.Bz4'5 148-0 22:7 | 20324°8 T15°4 F o7y 25525°7 945
12-8 556'4 205'0 | 1m0, ]3 - 1472 | 55.9 204396 114°8 27-8 z‘.f,“).‘) 94°2
120 | 53303 [ 2033 | 17.0 | 1oties | 14673 | 520 rosaa-0 | 1144 1570 | 2ayi3q | 938
130 | 57614 | 27180 142636 | 14570 230 | 200678 | "'3'8 | 28-0 | 258071 | 93¢
13-1 5961°6 200°2 | 181 14408'3 144°7 | 93.1 207811 “3:3 28-1 | 25900°3 9:;
13-2 6160" 3 :g:z 18-2 | 14552°3 ::‘:? 23-2 | 20894°0 :::3 28-2 2501)3';) 31,5
B3| G | mrr | | e | B e o 8] e |
553°2 | 09, 14837 141°6 3 g |28 : 019
136 67475 M3l 185| 14979°4 23-5 | 212297 285 | 262696 ]
13-6 6940°3 192°8 1 14.6 15120°3 | T49°9 1 93-6 | 213406 | 119°9] 28-6 | 263611 9::
13-7 71317 :3;3 18-7 | 152603 :'_:;: 237 | a1481°1 ::g,g 28-7 22452‘3 30.9
AR o R B F R R A R EE I S S
14-0 7697-6 187°3 19:0 | 15676°2 137°9 Y 2¢-0 21779°7 199°1 {990 | 26724'0 9
141 | gea6 | 860 oy | regiges | T L ogen | aamsmeg | PO 2000 | 268139 | 5272
14-2 fo68-2 | 18470 19-2 | 15949°8 136°5 21:2 | 21996°6 108:2 1495 26003°5§ 39-
133 | Bagig | B33 10-3 | 180855 | 1357 1 24-3 | 2av0403 | 1977 | 29-3 | 269928 | 2.3
1+4 84:1'5 18271 19-4 16226": 135°0 54-'-& 2221176 107°3 1 99-4 2708179 R().:
14°5 86.1:4'4 180°8 195 16354'3 1343 1245 223184 1o6-8 20-5 | 271700 2: !
146 | 87940 | 17126 19-6 164885 | "33 1 256 | 22424°8 ‘°2:4 20-6 | 25259°0 ns-t
14-7 B952'3 :;:‘2 19°7 | 166214 ::;2 247 | 225308 :gq,z 20:7 | 25347°1 878
149 | guind frroe |0 | IGEET [ aee [0 1 BhE Lress [ 5515 | S | Ao
. 9328°8 1 4048 1083873 ) 3o | S5 7405 1 j0y8 o | st 2| 87ta
16°0 9500°3 it 20°0 | 17016°3 R 25°0 | 22846°3 30°0 | 27609°7
. . . 6
18:1 | ghr3e8 | T8 1201 | 170466 | 13073 | 251 | 2295076 | 19473 | 90-1 | 25696°6 2,,.‘;
15-2 98462 :Z:‘; 20°2 | 172763 ::gg 26°2 | 23054°4 :gg,s 30-2 27;23'3 864
SRR AR AR F T R P L g
16:5 | 10356°8 | "9 | 20:5 | aj661-4 | "*777T | 25-5 ] 233636 | "°* " | 30-5 | 2804175 8c-6
15°6 | 105248 16!::0 20'6 | 17788°6 ”7:2 256 | 23465'9 lozrg 30-G | 28127°1 82'2
157 |o?Jg|'B :2{; 20°7 | 17915°1 ::;’; 257 | 23867°7 :g:‘: 30-7 | 28212°3 850
- e J . . 925, . b . . §
oy L [ e | B abe ) a0 a0n ) ey | 3
16:0 { 101863 | 03B 210 1829100 | 1247 | 260 | 338700 | "7 | 810 284664
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TABLE XVIII.—Computation of Heights.—(Continued).

Part II

Correction due to T —T", or the Difference of the Temperatures, in degrees Fuhrenheit, of the Barometers
at the two Btations.

Negative when the Temperature at the Upper Station is the lower, and vice versd.

T — T’ |Correction | T =T {Correction | T = T’ |Correction | I'— T’ (Correction | T — T’ |Correction| T — T |Correction|
° Feet ° Feoet ° Feet ° Feet ° Feet ° Feet
1 23 14 32°8 27 632 40 93°6 53 1241 66 15475
2 47 15 35°1 28 65°5 41 960 64 126°4 67 156-8
3 7°0 16 37°§ 29 679 42 083 65 1287 68 159" 2
4 9 4 17 398 30 702 43 100" 7 56 131°1 69 1615
5 11°7 18 42°1 3l 726 44 103°0 67 133°4 70 1639
6 14°0 19 44°5 32 74'9 45 105°3 58 135°8 ! 1662
7 164 20 46-8 33 57°3 46 1077 59 138°1 72 1686
S IO I S I ORI Il Ol B ) I RO
21°1 22 51°§ 5 1°9 112°4 4z° 173°3
10 23'4 23 538 36 843 49 1147 62 145°1 75 175°6
11 258 24, 562 37 866 50 117°0 63 147°§ 76 177°9
12 281 25 85 38 890 51 119" 4 64 1498 77 180°3
13 3o 4 26 609 39 91°3 52 12077 65 152°2 78 1826
Parr III Part IV. Panr V.
s Correction due to the Change of | Correction ) @
E Gravity from the Latitude of 45° for Correction due to tho Height of the 3
Fs to the Latitude of the Place of | Decrense Lower Station. ;_:
T; Observation. of Gravily -
D
g Positive from Latitude 0° lo 45°; Ton.“ Always Positive, E
k=1 Negative from Latifude 45° {o 90°. Vertical. b
5 £
& : . . &
< Latitude. Height of Barometer at Lower Station.
Alwoays B «
o o o o o Positive.
o | e | 20 | ooe | 2o | 4° 16in.|18in. |20 in. |22 in. {24 in. 26 in. |28 in.
Feot |Fect | Fect | Feet | Foet | Feet | Feet Feet Feet | Feet | Fect | Feet | Feet | Fect | Feet| Feet
1000] 2:6] 2:5| 20| 1°3| 0'5| o 25 16 13! 1'0| 08| 0°6| o'4| o'2] 1000
gggg ;; 5-: g: :: o'g| o g'z 31 z'g 2°0f 1'§| 1°'1| 0°7| 0°3 ‘;g%
. 7o . . 14| o . g 30| 2:3] 1 . .
4000106 lé'o 8-1] 53/ 18] o lo‘g glq 5'r :'o 3'? z'z :.: 2'? 4 000
6500013°2|12:¢4|10°1| 66| 23| o 13°7 7°8) 6°4| 5°0| 38| 2°8] 1'8( o'8] b 00O
6000 )15°9|14°9|12°2( 7°9| 2°B| o 1677 9°4] 7°6]| 6°0| 46 3°3]| 2a*1| 1°0] 6000
700018 5|17°4(14'2| 93| 372| o 19°9 11o| B9) 7°1| 5°4| 39| 2:5| 2] 7000
8000]|21°2|19°g|16-2]10°6| 3:7| o 23°1 12°5]10°2| 81| 6°2 :4.'4 28 1-3] 8000
9000123Bfz22-4[183]l11°9g| 41| o 264 14'} 11°4 91| 69| 50| 32 l; 9 000
10000 ]26°5|24'9|z0°3|13°2| 46| o 29'8 15 ylrecyitorn) 7-7| 5751 35| 1-7]10000
11000 291 |27°4)22°3(14°6| 51| o 33'3 1772|140 {111 85| 61| 3°9| 1°8]11 000
12000 1318|299 | 244 |15°9| 55| o 369 IR 8|15°3012°1 9'.2 6°6 :;'1 2:0] 12 000
13000344 |32°4|26:4(1y°2| 60| o '40'6 2074|165 13't]10'0] 72| 46| 2°2[13 000
1400037°1134°9i28-4{185{ 64| o 444 219 |7'h 1.4'1 10°8} 777 4°9| 273 l-.l 000
15000 139°7137°3|30°4|19°9| 69| o 483 23's|19°v|ig st 830 5°3( 2°5]15 000
16 000)42°4!39°8 (325 |21°2| 74| o 5273 25°1120°3116°1|12°3| 88) 5°6/ 2:7]16 000
};&L)K(,; :;c; ::g :2: ::; g!: g _(56'4 zg'(v Zl'(l‘lg'l 13":l 94 g'o 2-8]17 000
) 4°8130° 512, K bo" 5 282229181 13" 9'9 ‘3( 3'0|18 000
;3383 50'3 4,4-: 38:& zg'z 8:7 o 648 29'8 24'1119'1 14°6,10°5) 67| 3°2]19 000
§3°9(49 40°6)26 5| 92| o 69°2 31°3(25°4.20°2|15°4(11'0 70| 3-3]20000
21000 )55°6152°3|42°6|27'B] 97| o -6 2926 6" 6| 7° ‘
g;g{og ?8'3 54'H'4:'7 29°1 lo'; ° ;3'2 ;42 18'(7: :;: :ﬁnl) :;l ;‘; 2; :;333
o g | 57°3146°7|30°5]|10°6| o Bi-g 36-0(29°2|23°2f17°7|12°7| 81 :;'B 23 000
‘ ) AT : . k J 3
;; 8((;8 2%(; gq.ij.L 31'3 n.o o 876 37760 (305|242 185 |13°2| B°4) 4-0] 24000
2'2lp0r7 a3 r|1rs| o 925 39 v |308|25 2/ 19°2113°8| B8] 4-1]25 000
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TABLE XIX.—Computation of Heights.—For determining Differences
of Height with the Barometer.—BAILY.

Parr I.—Thermometers in the Open Air in degrees Fahrenheit.
t+t’ A t+t’ A t+t’ A t+t’ A t+t’ A
° ° ° o °
1 4774913 37 476743 73 478497 109 480183 145 481807
2 74905 38 76791 74 78544 110 80229 146 81851
3 75016 39 70841 75 78502 111 80275 147 81896
4 75068 40 76891 76 78640 112 80321 148 81940
[ 75120 41 76940 ” 78687 113 80367 149 81984
6 4775171 42 4° 76990 78 4° 78738 114 480413 150 482028
7 75223 43 77039 79 78;82 115 Boys8 151 82072
8 75274 44 77089 80 78830 116 80304 152 82116
9 75326 45 77138 81 78877 117 805350 153 82160
10 75377 46 77187 83 78925 118 80595 154 82204
11 4° 75429 47 4° 77236 83 4 78972 119 480041 155 4°82248
12 75480 48 77283 84 79019 120 806806 156 82291
13 75531 49 77335 85 79066 121 80731 157 82335
14 75582 60 47384 86 79113 122 80777 158 82379
15 75633 51 77433 87 79160 123 8o822 159 82423
16 4°75684 52 4777482 a8 4°79207 124 4°BoRoy 160 482466
17 75735 63 77530 89 79254 125 Bog13 161 82510
18 75780 54 77579 920 79301 126 Bogs8 162 82553
19 L ELEYE 55 77628 91 79348 127 81003 163 Bz597
20 75888 56 77677 92 79395 128 81048 164 82040
21 475038 57 4777725 93 4°79442 129 4°81093 165 4-820684
22 73089 68 77714 94 79489 130 Bri38 166 82727
23 76040 59 77823 95 %9535 131 g8} 167 82770
24 76090 60 77871 96 79582 132 81228 168 82814
25 76141 61 77919 97 79628 133 81273 169 82857
26 476191 62 4°77908 98 479675 134 4'81317 170 482900
27 76241 63 78016 09 79721 135 81362 171 82043
28 762093 64 78065 100 79768 136 81407 172 82986
29 76342 65 78113 101 79814 137 81452 173 83029
30 76392 66 78161 102 70861 138 81496 174 83072
al 4776442 67 478209 103 4779907 139 481541 175 483115
32 76492 68 78257 104 79953 140 81583 176 83158
33 76542 69 783035 105 79999 141 81630 177 83201
34 76392 70 78353 106 Booys 142 B1674 178 83244
35 76642 71 78401 107 8oog1 143 Biy19 179 83287
36 76692 72 78449 108 80137 144 81763 180 83330
Part I1.—Attached Thermometers. Parr I11.—Lat. of the Place.
T-T B -7’ B T-T B Latitude C
L] o o L]
0 000000 20 0°0co0087 40 ©'00174 0 o*oo117y
1 00004 21 00091 41 oo178 6 ool1§
2 00009 22 00096 42 oo182 10 oot10o
3 00013 23 00100 43 co1fiy 16 oorol
4 00017 24 00104 44 00191 20 00090
3 0°00021 25 0'00109 45 0°0019§ 26 0'0007§
6 00026 26 oo} 46 00100 30 ooos8
i 00030 27 col117} 47 00204 a5 00040
8 0003% 28 00122 48 ooz08 40 00020
9 00039 29 oco126 49 o0o212 45 00000
10 0°'00043 30 0°'001 30 60 000217 60 T'ggqﬂo
11 00048 31 co135 51 oco221 11 99960
12 00032 32 00139 52 00224 60 999412
13 00056 a3 oo143 58 00230 65 99925
14 00061 34 00148 64 00234 70 99910
15 0°'0006% a5 0'001§12 65 0°001238 76 7'99000
16 00069 38 00156 66 00243 80 99890
17 00074 a7 00161 67 00247 85 99885
18 o008 38 oo16g 58 00261 80 99883
19 ooofy 39 oo169 69 00256
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TABLE XX.—Computation of Heights.—Local Corrections for Compari-
son with the Barometer at Simla.—BOILEAT.

Corrections to Readings of the Barometer at 32° Fahrenheit, taken at the Hours
indicated in the first column.
Mean
Meen Time. Jonuary. | February. March. April, May. June. Roading
at Simla.
h. m Inches Inches Inches Inches Inches Inches Inches
Midn. 0 29 —0'046 —o0'022 —0'021 —0'028 +0°042 +0'121 323177
1 29 043 016 o1z o1y 052 129 170
2 29 o3 aos ooo o006 059 137 161
3 29 028 + oo4 + o10 000 063 139 154
4 29 022 ooy or4 + oo1 os58 137 152
6 29 025 oob 007 -~ o005 051 130 158
6 29 —0°'029 —0°004 ©0°000 -0’01} +0'038 +0°120 23167
7 29 043 016 - oi§ 031 025 109 180
8 29 063 033 031 047 o14 099 195
9 29 079 o048 044 058 oob 092 207
10 29 ofi3 056 050 ob3 ooz oflg 212
11 29 077 053 050 obo oo3 090 299
Noon O 29 —o'o38 —-0°'040 —0°'040 —0°053 +0'009 +0°096 23198
1 29 045 oz§ 026 042 o1g 104 188
2 29 037 o13 oi4 o027 032 115 156
8 29 033 006 oob o016 045 125 167
4 29 032 oo4 003 013 053 136 162
6 29 034 006 000 or1 056 137 162
6 29 —0°041 —0'0oI1 —o0'or1 —-0'017 +0'052 +0°133 23168
7 29 047 o020 oz1 o028 044 128 166
8 29 032 027 o3o o038 036 120 184
9 29 039 031 035 042 031 13 189
10 29 057 o031 o35 041 o312 1y 189
11 29 o54 028 030 03y 038 113 185
Mean
Meon Time. July. August, | September. | October. | November. | December. Rending
at Simla.
h. m Inches Inches Inches Inches Inches Inches Inches
Midn. 0 29 +o0'117 +0°087 +0°'003 —o0'081 —o0'101 —0°08§7 313'190
1 29 125 097 009 074 094 052 “183
2 29 133 104 016 066 085 o4y ‘156
3 20 139 109 oz20 oo oflo 040 ‘170
4 29 139 108 o8 061 o771 033 1169
6 29 133 103 or1 067 o3 037 ‘175
6 29 +0°125 +0°090 + 0001 -0°076 —0°093 —~0°048 23184
7 29 114 ofg ~ o12 091 109 062 ‘198
8 29 106 o076 01§ 107 12§ o832 211
9 29 101 o8 034 11y 136 og8 °231
10 29 097 ofi4 037 119 138 102 t224
11 29 100 o6y 033 112 127 091 *218
Noon 0 29 +0106 +0°074 —o0°02§ —0'099 —0°'I132 —o0'077y 23°207
1 29 1§ ofg o131 ofg °99 ©63 ‘195
2 29 127 097 4+ o003 056 091 053 ‘1B4
8 29 138 108 oll o71 o8y 049 177
4 29 147 114 ol4 071 ofi; 047 ‘173
65 29 151 15 o14 074 o88 048 ‘173
6 29 +0°144 +0° 109 +o0-o010 —o0-0B2 —0°096 -0-058 23181
7 29 134 o098 oot oflg 103 064 “189
8 29 125 o8y - oof o9l 108 072 ‘197
9 29 115 79 o11 098 1 o7s ‘202
10 29 Iio o76 oro 096 1o o714 *202
1n 29 1o 078 oo 090 104 068 ‘199
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TABLE XXI.—Computation of Heights.—For determining Heights with
the Boiling Point Thermometer.—BoILEAT.

ParT I.—Approximate Hoight in Feet corresponding to the Observed Boiling Point in Degrees Fahrenleit,
Boiling| Baro- |Approx.|Boiling| Baro- |Approx.|Boiling| Baro- [Approx.|Boiling| Baro- |Approx.
Point | meter | Height | Point | meter | Height | Point | meter | Height | Point | meter Hoight

e | Inches Feet e | Inches Foet ° Inches Feet ° Inches Feet
2120 | 29' 921 2060 | 26°521 3151 200°0 | 23-461 6354 | 194°0 | 20°690 9638
9 862 52 9 468 3204 9 413 6408 9 647 9693

8 8o2 104 8 415 | 3237 8 365 6462 8 6oy 9749

7 743 156 7 361 | 3310 7 317 | 6516 7 560 9804

6 684 208 6 308 | 3363 6 269 | 63550 6 516 9859

1 625 260 -] 255 { 341§ 3 221 | 6624 5 473 9914

4 565 312 4 202 | 3468 4 172 | 6678 4 429 9970

3 500 363 3 149 | 3521 3 124 | 6732 3 386 | 10023

2 447 417 2 095 | 3574 2 076 | 6786 2 342 | 10081

1 387 470 1 o42 | 3627 1 o028 | 6840 1 299 | 10137

2110 | 29’329 522 ] 205°0 | z5°989 | 3680 | 199-0 | 22:980 | 6895 193:0 | 20°255 | 101903
9 270 575 9 937 | 3733 9 933 | 6949 9 212 | 10249

8 12 627 8 884 | 3786 8 885 7003 8 170 | 10304

7 153 679 7 832 | 3839 7 838 [ 7058 7 127 | 10360

6 095 732 6 780 | 3892 6 791 7112 6 084 | 10415

] 037 784 6 728 | 3945 5 744 7166 5 o042 | 10470

4| 28-979 836 4 675 | 3998 4 6g6 | 7220 4| 19°999 [ 10526

3 921 888 3 623 | 4051 3 649 | 7273 3 956 [ 10582

2 862 941 2 571 4104 2 602 | 7329 2 g13 | ro638

1 804 994 1 518 | 4157 1 554 | 7384 1 871 | 10694
210°0 | 28:746 | 1046 | 204°0 | 25:466 | 4210 | 198:0 | 22507 | 7439 | 192:0 | 19-828 | 107350

9 689 | 1099 9 415 | 4263 9 461 7493 9 786 | 10806

8 632 1151 8 363 | 4316 8 414 7548 8 744 | 10861

7 574 1204 7 312 | 4369 7 368 7602 7 7oz | 10917

6 517 1256 6 260 | 4423 6 321 7650 6 660 | 10972

6 460 1308 6 200 | 4476 6 275 7710 6 619 | 11028

4 403 | 1361 4 158 | 4529 4 228 | 7763 4 577 | 11084

3 346 1413 3 106 4582 3 182 7820 3 5§35 | 11139

2 288 | 1466 2 o55 | 4635 2 135 (7874 2 493 | 11195

1 231 1518 1 003 | 4688 1 o89 | 7929 1 451 | 11251

209°0 § 28 174 | 1571 | 203:0 | 247952 | 4741 197-0 | 22042 | 7984 | 191°0 | 197409 | 11307

9 0B | 1623 9 902 | 4795 91 217996 | Rojg 9 368 | 11363

8 o6z | 1676 8 8351 4848 8 950 | 8og3 8 327 | 11419

7 oob | 1728 7 Bor | 4902 7 9o5 | 8148 7 286 [ 11475

G| 27950 ] 1780 6 750 | 4956 6 859 | B203 6 245 | 11531

[ Bo4 | 1833 6 700 | 5009 5 813 | 8258 6 204 | 11587

4 B37 | 1886 4 649 | 5063 4 767 | B33 4 162 | 11043

3 781 1939 3 509 | 5116 3 721 8168 3 121 | 11699

2 725 | 1992 2 548 | 5170 2 676 | 8423 2 oBo | 11755

1 669 | 2044 1 498 | 5224 1 630 | 8478 1 039 | 11801

208°0 | 27613 2097 202:0 | 24°447 5258 196-0 | z1°584 | B33 1900 | 18-998 | 11867

9 558 ) 2149 9 397 | 5332 9 539 | 8388 9 958 | 11923

8 503 | 2201 8 348 | 5385 8 494 | 8643 8 9t7 | 11979

7 448 | 2254 7 208 | 5438 7 449 | 8698 7 877 | 12038

¢ 393 | 2306 6 248 [ 5492 6 404 | 8733 6 B37 | 12097

b 338 | 2330 b 199 | 5545 5 359 | 8Ro8 6 797 | 12147

4 282 2413 4 149 5500 4 33 8863 4 %56 | 12203

3 227 2403 3 099 | 5633 3 268 | B8 3 716 | 12258

2 172 | 2518 2 049 | 5507 2 2231 | 8973 2 676 | 12314

1 1y 2571 1 oco | 5761 1 178 | go29 1 635 | 12370
207°0 | a7'062 | 2624 | 201°0| 23°950 | sBts ] 195-0 | 21°133 | gofa | 189:0 | 18-595 | 12436

9 co8 | 2676 9 9ol 5869 9 o89 | 9ig0 9 555 | 12482

8| 267954 | 2728 8 832 | 5923 8 o044 | 9195 8 5§16 | 12538

7 goo | 2781 7 Bo3 | 5976 7 ooo | 9250 7 476 | 12504

6 846 2833 6 754 | 6o3o0 6 | 207956 | 9305 6 437 | 12650

6 792 | 2886 5 706 | 6oB4 6 912 | 9360 5 197 | 12706

4 737 | 2939 4 fs7 | 6138 4 867 [ 9416 4 357 | 12762

3 683 | 2992 3 608 | 6192 8 823 | o4 3 318 | 12848

2 619 | 3045 2 559 | 6246 2 778 | 9527 2 378 | 12874

1 §75 | 3098 1 gt1o | 6300 1 734 | 0582 1 239 | 12931
2060 §a1 | 3151 | 200°0 461 | 6354 | 1940 6go | o638 | 1688-0 199 | 12988
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TABLE XXI.—Computation of Heights.—For determining Heights with
the Boiling Point Thermometer.—(Continued).

Pant L—(Continued) Panr II.—Multipliers for Mean Temperature
A * ' (Fahrenheit) of the Btratum of Air passed through.
Boiling| Baro- | Approx. |Boiling| Baro- | Approx.| Mean | Multi- | Mean | Multi- | Mean | Multi-
Point | meter | Height | Point | meter | Height | Temp. | plier | Temp. | plier | Temp.| plier
Inches | Feet o | Inches | Feet o ° °

188:0 | 18:199 | 12988 | 1820 | 157964 | 16412 00 | 0°933 30 0'996 60 1-058
9 16o | 13045 9 929 | 16470 0-5 934 30-6 997 60-5 059

8 121 | 13102 8 894 | 16528 1 935 31 998 61 obo

7 082 | 13158 7 B6o | 16585 1-6 936 316 999 | 616 o61

6 043 | 132158 6 Bag | 16642 2 938 32 1°000 62 ab2

(1 oo4 | 13272 (1 y90 | 16700 2- 939 326 oo1 62:6 063

4| 17965 | 13328 4 755 | 16757 | 3 940 | 33 ooz | 63 obg

3 926 | 13385 8 720 | 16815 3 941 33'6 oo3 63°6 o66

2 B8y | 13442 2 686 | 16873 4 942 34 004 64 o6y

1 848 | 13499 1 651 | 16931 45 943 346 0035 64'6 068
187:0 | 17°80g | 13556 ]| 181:0 [ 15°616 [ 16989 [ 1 0°'944 as 1'006 65 1°069
9 771 | 13612 9 582 | 17047 66 945 35-5 007} 655 oj0

8 732 | 13669 8 548 | 17104 6 946 36 ooB 66 o71

7 694 | 13726 7 514 | 17162 66 947 365 oog 665 073

6 656 | 13783 6 480 | 17219 7 948 | 37 oto | 67 °73

1 618 | 13839 [ 446 | 727y 76 949 378 o11 675 074

4 579 | 13896 4 411 | 17335 8 950 | 38 o13 | 68 07§

3 541 | 13953 3 377 | 17393 86 951 38°5 o14 685 076

2 §03 | 14010 2 343 | 17451 9 952 39 o1 69 o077

1 464 | 14067 1 300 | 17509 9-5 953 396 o16 695 o78
186°0 | 17°426 | 14124 | 180°0 | 15275 | 17567 10 0°954 40 1°017 70 1°079
9 388 | 14181 9 242 | 17624 | 10°6 955 406 o18 705 oBo

8 351 | 14237 8 208 | 17082 11 956 41 019 71 oB1

7 313 | 14204 7 175 | 17739 11'6 957 41-6 oz0 716 ofla

6 276 | 14351 6 141 ) 17797 12 958 42 021 72 o83

5 238 | 14408 [ 108 | 15855 12'6 959 42'5 021 725 o84

4 200 | 144635 4 074 | 17913 13 gbo 43 oz3 73 o8g

3 163 | 14522 3 o41 | 17971 13'6 961 436 o024 735 ©86

2 125 [ 14579 2 ooy | 18029 | 14 963 4 oz§ 74 o87

1 o8B | 14637 1 14974 | 18087 | 145 964 | 446 026 | 746 o8g
185°0 | 17°050 | 146094 | 1790 | 14°940 [ 18145 15 0°g6% 45 1" 027 76 1'090
] o13 | 14751 9 goy | 18203 15-6 966 466 028 766 og1

B 16°976 | 14808 8 B74 | 18261 16 967 46 o9 76 093

7 919 | 14865 7 841 | 18319 16'6 968 465 o030 766 093

6 902 | 14923 6 808 | 18377 17 969 47 031 77 094

B 865 | 14980 6 776 | 18435 178 970 47-6 032 776 09§

4 829 | 15037 4 743 | 18493 | 18 971 | 48 o33 | 78 096

] 792 | 15004 ] 710 | 18551 18-6 972 486 034 785 097

2 785 | 18181 2 677 | 18609 | 19 973 49 035 79 og8

1 718 | 15209 1 644 | 18667 196 974 49-6 036 798 099
1840 | 16681 | 15266 | 1780 | 14°611 | 18725 20 097§ 60 1'038 80 1'100
9 645 | 15323 9 579 | 18784 206 976 60'6 039 806 101

8 609 | 15381 8 540 | 18842 21 977 51 040 81 102

7 579 | 15438 7 514 | 18go1 21'6 978 616 041 816 10}

6 536 | 15495 6 482 | 18960 | 22 979 52 042 82 104

6 500 | 15853 [ 450 | 19019 225 gRo 62'6 043 82:6 10§

4 464 | 15610 4 417 | 19077 23 ofr 53 O44 83 106

3 428 | 15667 3 3Bs | 19136 | 235 9Ra 63-6 045 835 107

2 391 | 15725 2 353 | 19194 24 983 64 0406 84 108

1 355 | 15782 1 320 | 19253 | 245 984 546 047 846 109
1880 | 16°319 | 15839 | 177-0 | 14°288 | 19311 25 o' gfg 656 1°048 86 1110
9 a4 | 15896 9 256 | 19370 25'6 986 65-F 049 85°5 1

8 248 | 15953 8 224 | 19428 26 988 66 o050 86 13

7 213 | 16010 7 193 | 19487 266 989 66'5 051 865 114

6 177 | 1606y 6 161 | 19545 27 990 57 052 87 11§

3 142 ) 16124 5 129 | 19604 | 27-6 1 676 ) 878

4 106 | 16182 4 o097 | 196632 28 33: 68 o;i 88 ::g

8 o71 | 16139 3 obs | 19721 28-5 993 686 5§ 88-6 118

] o35 | 16297 2 034 | 19779 29 994 69 056 89 1y
18’-(1) .ogo 12355 .1 003 | 19838 29-6 995 696 osy 896 120
157964 | 16412 | 176:0 [ 13°g970 | 19897 30 0°996 60 1°058 90 1'121




( 342 )
TABLE XXII.—Astronomical Refractions.

Mean Refraction of

Celestinl Objects for Barometor 30 inches and Temperature 50° Fehrenheit.

Diff. |Diff. for . Diff. |Diff. for| Diff.
iﬂ}’: rﬁn’“ Refraction. for + lin. | for —1° ﬁfg::&gt Refraction. for + lin. | for —1°
ttude. 1’ Alt. | Baro. | Temp. ' 1" Alt. | Baro. | Temp,
o [ ’ " " " " o ’ ’ " ” " "
0 o 33 st 1y 74 81 7 0 7 a7 1'0 15°0 098
6 32 53 13 71 7'6 10 Y o‘9 146 95
10 3t g8 109 | 69 7°3 20 7 8 9 14°3 93
15 ELO 10°§ 67 70 30 6 59 8 14°1 91
20 30 13 10°1 63 67 40 6 s1 8 13°8 89
25 29 24 9°7 63 6°4 60 6 43 8 13°§ 87
30 28 37 9'4 61 61 8 o 6 35 0y 133 o-8s
85 27 1 90 59 50 10 6 28 y 13°1 83
40 27 6 87 58 5°6 20 6 21 Fi 12°8 82
45 26 124 84 56 5'4 30 6 14 7 12'6 8o
50 a5 43 80 | 55 51 40 6 7 7 12°3 79
66 25 3 77 53 4°'9 60 6 o 6 12°1 77
1 0 24 2§ 7°4 52 47 9 0 5 54 o6 19 076
6 23 48 71 50 46 10 5 47 6 1y 74
10 23 13 69 | 49 45 20 5 41 6 s 73
16 22 40 66 48 44 30 5 36 6 11°3 71
20 22 8 6-3 46 4°2 40 5 30 5 -1 71
25 21 37 61 45 4°0 60 5 25 5 11°0 70
80 a1 7 59 44 39 10 o 5 120 o' 10°8 o-6g
85 20 38 57 43 38 10 § 15 5 10°6 67
40 20 10 55 42 36 20 § 10 5 10°4 65
45 19 43 5°3 | 4o 35 30 5 5 5 10°2 64
60 19 17 51 39 34 40 5 o 5 10°1 63
66 18 53 49 | 39 33 60 4 56 4 9'9 62
2 0 18 29 4'8 38 33 11 o 4 §1 o4 98 o-6o
6 18 5 46 | 37 31 10 4 47 4 96 59
10 17 43 44 36 30 20 4 43 4 9°5 58
15 17 21 43 | 36 2°9 a0 4 39 4 94 57
20 17 o 41 EH 28 40 4 35 4 9'2 56
25 16 40 4'0 34 28 60 4 31 4 91 55
30 16 21 39 33 2y 12 o 4 281 038 900 | 0°556
85 16 2 37 33 27 10 4 244 37 8:86 548
40 15 43 36 32 26 20 4 20°8 36 874 541
45 15 15 33 32 2'3 30 4 17°3 35 8:63 533
50 15 8 34 | 31 24 40 4 139 33 8:51 524
65 14 51 33 30 2°3 50 4 10°y% 32 B-41 517
8 o 14 38 32 30 2'3 18 o 4 78 031 8-30 | 0°509
6 14 19 31 29 2°2 10 4 4'4 31 8-20 503
10 14 4 3'0 29 2°3 20 4 1°4 30 8-10 496
15 13 g0 3°9 28 2°1 30 3 884 30 8-00 490
20 13 38 28 28 2'1 40 3 55°'s§ 29 7°89 483
25 13 a1 2y 27 z'0 50 3 52°6 29 7°79 476
30 13 7 37 29 2'0 14 o 3 499 028 7°70 | 0°469
35 12 53 2'6 26 20 10 3 471 28 761 464
40 12 41 2°g 26 1'9 20 3 44°4 27 7752 458
45 12 28 24 28 19 30 3 41°8 26 7°43 453
60 12 16 14 a3 1'9 40 3 39°2 26 7°34 448
65 12 3 23 25 18 50 3 367 25 726 444
4 o 1 52 2'2 24°1 1°70 16 o 3 343 014 718 | ©°439
10 11 3o 21 2374 1°64 30 3 27'3 22 6°95 424
20 I 10 2'0 2277 158 16 o 3 1306 a1 6°73 411
30 10 g0 1°9 22°0 1°53 80 3 14'4 20 651 399
40 10 32 18 13 148 17 o 3 B8 19 631 386
650 10 1§ 7 0y 1°43 30 3 29 18 612 374
b o0 9 38 16 20°1 1°38 18 o 2 g7°6 o1y 5°98 | o-363
10 9 4a 15 19°6 1°34 19 0 2 4777 16 561 340
20 9 27 1°§ 191 1’30 20 o 2 38y 1§ 53t 3
30 9 11 14 186 1726 21 o 2 30's 13 §°04 305
40 B 8 1°3 181 1722 22 o0 2 233 12 4'79 290
50 8 45 1°3 17°6 119 28 o 2 16°g 1 4757 276
6 o 8 32 13 1772 171§ 24 0 2 10°1 o'10 435 | o264
10 8 30 13 168 1t 25 0 2 42 o9 4716 252
20 8 ¢ 1t 16°4 1'09 20 o 1 588 -1 397 241
30 7 8 11 160 1°06 27 o 1 538 o8 381 230
40 7 47 10 15°7 1°03 28 0 1 49°1 o8 365 219
60 7 37 170 | 1573 1o | 20 0 1 44°7 oy 3’50 299




( 8 )

TABLE XXII.—Astronomical Refractions—(Continued).

Moan Bofraction of Celestial Objects for Berometer 30 inches and Temporaturo 50° Fahrenheit.

Diff. |Diff. for| Diff. A " Diff. |Diff. for| Diff.
Apparent | poeroction. for | +1 in. |for —1° | 2TPBreNt | pafraction. for | +1in. | for =1°
Altitude. 1’ Alt. | Baro. | Tomp. Altitude, 1’ Alt. | Baro. | Temp.
-] ’ ” L4 " " -2 " L n ”
80 1 40°5 o'oy 336 0'201 60 33°6 0-023 1'13 o°067
81 1 36°6 o6 3723 193 61 32°3 o2z 1-08 065
82 1 330 06 3 186 G2 3o 022 | 1704 062
88 1 29°§ o6 2'99 179 63 297 oz1 0'99 obo
84 1 26°1 o§ 288 173 (2} 284 oz1 95 037
35 1 230 o3 2978 167 65 272 020 91 053
86 1 200 o°o5 268 0°161 66 25°9 0°020 o 87 0°052
87 1 171 o5 258 155 67 247 0z0 83 os0
38 1 144 os 2'49 149 G8 23°5 020 79 047
89 1 11°'8 o4 2°40 144 69 22°4 0z0 75 045
40 1 9°3 [ 232 139 70 21°2 oz0 71 043
41 1 69 04 224 134 1 19°9 020 67 040
42 1 46 0-038 216 | o°130 72 188 o019 | o0°'63 0038
43 I 24 036 2709 12§ 73 17°7 o018 59 036
44 1 03 034 2'02 120 74 16°6 018 56 033
45 o 581 034 1'94 17 0 15°5 or8 52 031
46 56°1 033 1'88 112 76 14°4 o18 48 029
47 54°2 032 1°81 108 77 13°4 o1y 45 027
48 o 52°3 01031 1°75 | o'1o4 78 12°3 o'ory | o'41 o-0z25
49 50°8 030 1-69 101 79 -2 o1y 38 023
50 488 029 1°63 097 80 10°2 o1y 34 oz1
51 471 o028 1°58 094 81 92 o17 3n 018
52 45°4 o2y 1'§2 ogo 82 2 o1y 27 016
53 438 026 1°47 088 83 71 o1y 24 014
54 o 4272 o026 141 o085 84 61 o017 o'20 0‘o012
55 40°8 025 1°36 082 85 81 o1y 17 010
56 39°3 025 131 079 86 41 oty 14 oo8
b7 37°8 02§ 126 076 87 31 o17 10 oo
b8 364 o2y | 1°22 073 88 20 o1y o7 004
59 35'0 o024 [ 1°17 o70 89 1’0 o1y 03 ooz
TABLE XXIII.—Parallax of the Sun.
Fobruary March April May June
Altitude.) January. and and and ond and July.  [Altitude.
Decombor. | Novembeor. | October. | Septembor. | August.
-] ” ” ” " ” " ” o
0 9'0 9'0 89 8-8 8-8 87 8-y 0
6 90 89 89 8-8 8-y 8-7 8-y 6
10 8-9 88 88 87 86 8'6 86 10
15 B3 8-y 86 83 85 8-4 84 15
20 B 84 84 83 83 82 83 20
25 82 81 81 80 80 79 79 25
30 7°8 78 77 77 76 76 %5 30
35 774 7°3 7°3 7°2 73 71 7°1 35
40 69 69 68 68 67 6y 6°7 40
43 64 63 63 63 62 63 62 45
50 58 58 57 57 56 56 56 60
b5 52 51 g1 §°1 50 50 5o 83
60 4’5 4's 45 4°4 44 4'4 44 60
65 38 38 38 37 37 37 37 65
70 ER 31 30 30 30 30 30 70
78 23 23 23 2 2 23 5 -
80 1'6 16 16 l-; l.‘; 1§ l'g 80
86 o8 o'B o8 o8 o8 '8 o8 88
90 -N] oo oo oo o0 o'0 P 90
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TABLE XXIV.—Computation of Circumpolar Azimuths.—To Facilitate
the Calculation of the Corrections—for Instrumental Errors of
Collimation, Inclination and Deviation—to the Observed Times of

Transit.
Zenith . Zenith Zenith . Zenith Declination 1
Distance. Cos. | Bin. Distance. | Distance. Cos. | Bin. Distance. N.or 8, 16 sin. N.P.D,
(-3 (-3 o o o
0 1°000 90 45 0'707 45 0 0067
1 1000 89 46 695 L] 1 067
2 0999 68 47 683 43 2 067
3 999 87 48 669 42 3 aby
4 998 86 49 656 41 4 067
3 996 86 50 643 40 [ 067
6 099§ 84 51 0619 80 6 0067
7 993 83 53 616 88 4 067
8 990 82 53 602 87 8 o6y
9 88 81 54 588 36 9 a6y
10 9835 80 66 74 85 10 a68
11 0° 983 79 56 0°559 84 11 0°068
12 978 78 67 5458 83 12 o68
13 974 77 58 530 32 13 068
14 970 76 69 §1§ 81 14 obg
15 966 75 60 500 30 15 abg
16 0°g61 74 61 0°485 29 16 0°o6g
17 956 73 63 469 28 17 ojo
18 951 72 63 454 27 18 o0
19 946 71 64 438 26 19 o7t
20 940 70 66 433 25 20 071
21 ©°934 69 66 0°407% 24 21 o°oy1
22 917 [ ] 67 391 23 23 072
23 921 67 68 378 22 23 073
24 914 66 69 358 21 24 073
25 906 65 70 342 20 26 074
26 o-899 64 7 0° 326 19 20 0°074
27 891 63 72 309 18 27 07§
28 883 62 79 292 17 28 076
29 875 61 74 276 16 29 076
30 866 60 75 359 15 80 077
31 o'Bsy 89 78 0'243 14 81 o078
a2z 848 68 77 215 13 32 079
33 Big 87 78 208 12 33 079
34 Bag 66 79 191 11 84 o8o0
36 Big [T 80 174 10 a8 ofls
36 0'Bog 54 81 0186 9 36 o-oB3
37 799 53 82 139 8 87 o83
a8 788 62 83 122 7 88 ofig
39 771 61 B84 105 6 89 oB6
40 766 60 85 087 6 40 087
41 0758 49 86 o 070 4 41 o-0B8
42 743 48 87 053 3 42 9o
43 731 47 88 038§ 2 43 ogt
4+ 719 46 89 o1y 1 “ 093
45 707 45 90 oco V] 45 094




37)

TABLE XXV.—Computation of Circumpolar Azimuths.—To Facilitate
the Computation of 8A or the Reduction to Elongation.

Panr 1.
2 Sin? N. P.D. Sin? 4 §P.—Natural Numbers.
N.P.D.
5P
0° 1° 2° 3° 4° 5° 6° 7° 8° 9° 10°

m.

0 | "00000 | *00000 | '00000 | ‘00000 | "00000 | "00000 | ‘00000 | ‘0oO0O | ‘00000 | ‘00000 | ‘00000

1 o o o [} o o ) [} o ] [

2 -] -] -] o o -] [-) -] -] -] -]

3 o ] o [} o o o o [} o ]

4 o [} o o o o o o ] o o

6 o [ [} [} o o o o [} 1 1

6 o [} [ o o o o 1 1 1 1

7 o [] -] o o [ 1 1 1 1 1

8 o o ° o o ° 1 ] I 1 2

9 o o o o o 1 1 1 X 2 2
10 [ o ° o [} I 1 1 2 2 3
1 [} o o [} 1 1 1 2 2 3 3
12 o o o -] I 1 1 2 3 3 4
13 o o ] [ 1 1 2 2 3 4 5
14 o -] [ 1 1 1 2 3 4 5 6
15 ] o o 1 1 2 2 3 4 5 6
16 o [} o % 1 2 3 4 5 6 7
17 [ ° o H 1 2 3 4 5 7 8
18 o o o H 2 2 3 5 [ 8 9
19 [ o ° 1 3 3 4 5 y 8 10
20 o ° [ 1 2 3 4 6 7 9 1
21 -] ° 1 1 2 3 [ 6 8 10 13
22 [ [ 1 I 2 3 5 7 9 11 14
23 -] o 1 1 2 4 5 7 10 12 15
24 o [} I 2 3 4 6 8 11 13 17
25 o ° 1 2 3 5 6 9 12 15 18
26 ° o 1 2 3 5 7 10 12 16 19
27 ° ° 1 2 3 5 8 10 13 17 21
28 ] o 1 2 4 [ 8 1 14 18 22
29 [ -] I 2 4 6 9 12 15 20 24
30 | *00000 | 00000 | ‘00001 | ‘0000z | "00004 | ‘00006 | -cocog | ‘00013 | ‘ooo: 7 | ‘o002t | '00026
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TABLE XXV.—Computation of Circumpolar Azimuths.—(Continued).

Panr II.
Cot P sin 8 P.—Natural Numbers.
5P
P
o= 1= gm 3= 40 o em 7m gm gm 10=
-] ,
82 . 000061 (0°00123 [ 0°00184 | 0-00245 | 0°00307 | 0°00368 | 000429 ]| 0° 00400 | 0* 00552 | 0 0013
10 6o 120 180 240 300 360 420 480 540 600
20 59 117 176 235 294 352 411 470 528 587
30 57 115 172 230 287 345 402 459 517 574
40 56 1z 168 225 281 337 393 449 505 561
50 55 110 165 319 274 329 384 439 494 548
83 o 0°'00054 | 0700107 | 6° 00161 |0°00214|0°00268 | 000321 | 0’00375 | 0' 00429 | 0° 00482 | 0’ 00536
10 532 105 157 209 261 314 366 418 470 513
20 51 102 153 204 255 306 387 408 459 510
30 50 099 149 199 249 298 348 398 447 497
40 48 097 145 194 242 291 339 387 436 484
so 47 094 141 189 236 283 330 377 424 4n
84 [} 0'00046 | 0'00092 | 0°00138 | 0°00183 | 0°00229 | 0'00275 | 0°00321 | 0-00367 | 0*00413 | 0* 00458
10 45 089 134 178 223 267 312 357 401 446
20 43 o8y 130 173 216 260 303 346 390 433
3o 42 084 126 168 210 252 294 336 378 410
40 41 081 122 163 204 244 285 326 367 407
50 39 o079 s 158 197 237 276 316 355 394
856 o 0°00038 | 0°000;6 | 0°c0115 | 000153 | 0° 00191 | 0°00229 | 0°00267 | 0- 00305 | 0° 00343 | 0°003R2
10 37 074 1 148 184 221 258 295 332 369
20 36 o071 107 142 17 214 249 185 320 56
30 4 069 103 137 172 206 240 278 300 343
40 33 066 °99 132 165 198 23 264 297 an
50 g 32 064 095 127 159 191 222 254 286 318
86 0| 9 [0'00031 000061 |0°00092|0'00122|0°00153|0°00183 [0 00214 | 0'00244 | 0" 00275 | 0" 00305
10| o 29 038 o88 17 146 174 205 234 263 292
20 28 056 o84 1z 140 168 196 224 252 280
30 3y 053 o8o 107 133 160 187 213 140 167
40 F] os51 076 102 127 152 178 203 229 254
50 24 048 o7z 097 121 145 169 193 217 241
87 ] ©°00023 | 0° 00046 | 0°00069 | 0°00091 [ 000114 | 000137 |0° 00160000183 |0 00206 | 0°00229
10 22 043 obg ofi6 108 130 151 173 194 a6
20 20 041 ob1 oB1 102 122 142 163 183 203
30 19 038 057 076 095 114 133 152 17t 190
40 18 036 053 071 089 107 124 142 160 178
50 16 033 050 066 o83 099 16 132 149 165
88 o 0°0001§ 000030 | 0°'00046 | 0°00061 |0'00076 | 0° 00091 | 000107 (000122 | 0°00137 ©°00153
10 14 028 042 036 o070 o84 o098 112 126 140
20 13 o025 038 os1 063 076 oflp 102 114 127
30 1y 023 034 046 057 ofig ofio 091 103 T4
40 10 020 030 o041 051 061 071 of1 091 102
50 o9 o18 027 036 044 053 062 o71 oBo o089
89 ° 000008 | 000015 [ 0°00023 | 0°00030 | 0-0003B | 6-00046 | 0°00053 | 0* 00061 | 0° 00069 0'00076
10 o6 o1} 019 025 032 038 044 o5t 057 063
20 os oio org 020 02§ o310 036 041 046 o5t
30 04 oo or1 o15 o19 013 017 030 034 038
40 o3 oog ooB o1o o13 oIg 018 o10 oz} o025
[{J o1 003 004 oos 006 ool 009 o10 o1t o1
90 o ©°00000 | 0°00000 | 0° 00000 | 6°00000 | 0° 00000 | 0° 00000 | 000000 | 0' 00000 | 000000 | 0° 00000




( 3 )

TABLE XXV.—Computation of Circumpolar Azimuths.—(Continued).

Part II.
Cot P sin 8 P.—Natural Numbers.

5P

11= 12= 13= 14m 15m 16= 7= 18= 19= 20

°
82 , 000674 |0°00736 | 000797 [0°00858 | 0'00g19 | 0°00g80 [0'01043 [0 01103 |0 01164 |0°0r225
660

10 y20 980 830 900 960 1020 1079 1139 1199
20 646 705 763 822 880 939 0998 1056 111§ 1173
30 632 689 746 Bog4 861 918 0976 1033 1090 1147
40 617 674 730 786 84z 898 0954 1010 1066 1123
50 603 658 713 468 822 877 0932 o987 1041 1096
83 o 0°00589 | 000643 [ 0°00696 | 000750 | 000803 | 0-00857 |0 00910 (0" 00963 |0 01017 |0‘01070
10 575 627 679 732 784 836 oB88 0940 0993 1044
20 561 612 663 714 764 815 oB66 og17 0968 1019
30 547 596 646 696 743 795 oBq4 oBg4 0943 0993
40 533 581 629 678 726 774 o823 o851 o919 0967
50 518 565 613 660 707 754 oflo1 oB48 o893 0942
84 o |0°00504 | 0°00550 | 0°00596 | 0' 00642 |0°006B7 | 0°00733 |0°00779 |0'00B25 |0 00870 |0° 00916
10 490 535 579 624 668 713 o757 oBoa o846 oBgo
20 476 519 563 606 649 692 0735 0779 0821 oB65
30 462 504 546 588 630 671 o714 0755 0797 o839
40 448 489 529 570 611 651 o692 0732 0773 o814
50 434 473 513 $52 591 631 o670 0709 0749 o788
85 o |0'00420 | 0°00458 | 0:00496 | 0-00534 |0'00573 [0 00610 [0°'00648 |0°00686 |0° 00724 |0° 00763
10 406 443 479 516 553 §90 ob27 0663 0700 0737
20 392 427 463 498 534 569 060§ ofi40 0676 o711
30 378 412 446 480 515 549 0583 o617 0652 0686
40 364 397 430 463 496 529 0562 0595 o627 obbo
50 350 381 413 445 476 §of 0540 0572 obo3 0635
86 o (0700335 |©°00366 |0°003096 |0 00427 |0°00457 |0° 00488 |0-00518 | 000549 | 0°00579 | 0' 00609
10 321 351 380 409 438 467 0497 0526 0555 o584
20 307 335 363 391 419 447 0478 0503 0531 0559
30 293 320 347 373 400 427 0453 0480 os06 0533
40 279 305 a30 356 381 406 0432 0457 0482 o508
50 265 290 314 338 362 386 0410 0434 0458 0483
87 o |0'00251 (0°00274 |0'00297 (0700320 |0°00343 | 000366 |[0°00388 | 0°00411 |0°'00434 | 000457
10 237 259 281 30 324 348 0367 0388 o410 0431
20 223 244 264 284 305 325 0345 0365 0386 0406
30 209 229 248 267 286 305 0324 0343 0362 0381
40 195 213 231 249 266 284 o301 0320 0337 0355
50 182 198 214 231 247 264 oafle 0297 0313 0330
88 o |0'00168 |0 00183 [0-0019B |0 00213 (0°00228 {0'00244 (000259 | 0’00274 |07 00289 |0 00304
10 154 168 181 195 209 223 0237 o251 0265 0179
20 140 152 165 158 190 203 o216 oza8 o241 0354
30 126 137 148 160 17t 183 0194 o208 o217 0228
40 12 122 132 143 152 162 o173 o183 o193 01203
50 o098 107 11§ 134 133 143 o151 o160 o169 o1yy
89 o |0 00084 0700091 {0°00099 |0°00107 |0°00I14 [0°00I22 000129 |0°00137 |0 00145 |0 0O1E2
10 o070 076 o8z o8y 095 101 oro8 ori4 o120 o117
20 036 ob1 066 o7t 076 of1 ooB6 0091 oogb o101
30 042 046 049 ©353 057 ob1 oobg 0068 0072 0076
40 [.}1.] 030 033 036 038 o41 0043 0046 0048 oog1
50 o14 ots 016 o1 oI1g o0 0022 0023 0024 0025

90 O | 0700000

(-]

‘00000 (0'00000 [ 0°00000 (0°00000 | 0°00000 | 0'C0C00 |0°00000 |0' 00000 | 000000
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TABLE XXV.—Computation of Circumpolar Azimuths.—(Continued).

Panr II.

Cot P sin §P.—Natural Numbers.

sP
P
21 22= 23 24 25 2¢~ 27> 28« 29= 30=
o ’
82 o |o-01186 0°01347 [0'01408 [0°01469 |0"01530 |0’01591 (001652 |0°01713 |0°01774 |0 01834
10 1259 1319 1378 1438 1498 1557 1617 1677 1736 1796
20 1232 1290 1349 1407 1465 1524 1582 1641 1699 1757
30 1205 1262 1319 1356 1433 1490 1547 1604 1661 1718
40 1178 1233 1289 1345 1401 1457 1513 1568 1624 1680
50 1151 1208 1260 1314 1369 1423 1478 1532 1585 1641
83 o o'o1123 |0'01177 |0°01230 |0'01283 |0'01337 {0'01390 |0°01443 001496 (001550 | 0° 01603
10 1096 1149 1201 1253 1305 1357 1408 1460 1512 1564
20 1070 1120 1171 1223 1272 1323 1374 1424 1475 1526
30 1043 1092 1141 1191 1240 1290 1339 1389 1438 1487
40 1016 1064 1112 1160 1208 1256 1308 1353 1401 1449
50 0989 1036 1083 1129 1176 1223 1270 1317 1364 1410
84 . 0009632 | 0'01007 (0°01053 | ©'01099 [0'0IN44 |0" 01190 {0'01235 |0 01281 |0°01326 (0*01372
10 0935 0979 1024 1068 11z 115% 1201 1245 1289 1334
a0 ogo8 0951 0994 1037 1080 1123 1166 1209 1252 129§
30 o881 0923 0963 1006 1048 1090 1132 1173 121§ 1257
40 o854 oBgg 0935 0976 1016 1057 1097 1138 1178 1219
50 o827 o807 ogob 0945 0984 1024 1063 1102 1141 1180
85 o |o-coor 000839 | 0'00877 |0'00915 | 0°00952 |0°00gg0 |0' 01028 |0°01066 |0 01104 |0 01142
10 0774 o810 of4” 0884 o921 0957 0994 1031 1067 1104
20 0747 0782 o818 o853 0889 0924 0959 0995 1030 1065
30 0720 0754 0589 ofi23 o857 o8g1 0925 0959 0993 1027
40 o693 0726 0759 o793 0823 o858 o891 0923 0956 0989
50 0667 0698 0730 0761 0793 o82§ 0856 ofgs 0919 0951
86 o 000640 | 0°00670 (0" 00701 [0'00731 [0'00761 |0'00792 [0°00821 [0‘00852 [0 00BBa (0’00913
10 0613 o643 o671 0700 ojz9 o759 0788 o817 0846 oBys
20 0586 o6y 0642 o670 o6g8 0728 0753 o781 oflog 0836
10 o560 0586 o613 0639 0666 0692 o719 0745 0772 o798
40 0533 0558 o584 obog 0634 ofisg o6 o710 0735 o760
50 05006 0530 0554 o578 0602 0626 obso 0674 0698 0732
87 0 |0°00480 | 0'00502 | 0°00525 | 0°00548 |0°00571 |0'00g03 |0°00616 000639 | 0'00661 | 0*00684
10 0453 0474 0496 o517y 0539 o560 o582 obo3 o625 0646
20 04126 0446 0467 0487 o507 o527 0547 0568 o588 obo8
30 0400 o418 0437 0456 0475 0494 0513 0532 0551 o570
40 0373 0391 o408 0426 o444 0461 0479 0497 o514 0532
50 0346 0303 0379 0395 o412 o428 0445 0461 ©477 0494
88 0 |0°00320 |0°00335 [0"00350 | 0'00365 | 000380 |0'00395 | 0 00410 | 000426 | 0° 00441 000456
10 0293 0307 0331 0335 0348 0362 0376 0390 0404 o418
20 0266 0179 0292 0304 0317 0329 0343 0355 0367 0380
30 0140 o151 01632 03174 [.31.13 0296 o308 o319 0330 0343
40 031} 01213 0233 0343 01253 0263 0274 o284 0294 0304
50 0186 oIg§ 0204 0213 0223 0231 0239 0248 0357 0266
80 o |o-coibo 0°00167 | 0700175 [0°00182 | 0'00190 | 000198 | 0°00205 | 0'00213 | 000220 | 0700228
10 o133 o139 0146 o152 o158 0165 o1yl 0177 o184 orgo
20 o106 o112 o117} o123 orzy 0132 o137 o142 o147 or52
30 oollo oofi4 ool 0091 0095 a9y oro3 ot1ob orto o114
40 0053 0056 0058 cob1 0063 0066 0068 o071 0073 0076
50 0027 0028 0019 0030 ©032 0033 0034 0035 0037 o038
90 6 |0 00000 | 600000 | 0-00000 | 000000 | 000000 | 000000 |0-00000 | 0-00000 | 0*ac000 | 000000
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TABLE XXV.—Computation of Circumpolar Azimuths.—(Continued),

Part III.
Log 2 Sin? § 8P Cosec 1" for each Second of Time of 8P.

5P

on Im 2 3m 4m 6™ 6™ qm 8™ 9

= Infinite| - 29303 | 0 Bg509 | 1°24727 | 1749714 1°69095 | 1°84931 | 1°98319| 209917 [ 2- 20146
1'73673 30739 |0°goz3o 5208 | 1° 50075 9384 5172 8526 | 2" 10097 0307
3-33879| 32151 o944 5686| o435| 9672z| s412| By3z| o0278| o467
69097 | 33541 1653| 6162 o793 o960l 5652 Bg3z| o458( o027
94085 34909 2357 6636 1150 1° 70246 5890 9142 0637 o787

213467 | 36255 3054 7106 1508 o531 6129 9347 o817 0946
293031 37581 3747 7575 1859 o81g 6366 9551 0995 1106
42692 | 38888 4433 Bo40 2211 1099 6603 9755 174 1264
54291 40174 5114 8504 2562 1381 6840 9958 1352 1423
64521 | 41442 5790 Bgb4 2911 1663 7075 | 2° 00161 1530 1581

OCDION bLN=O
OPIIN phONM-O

10 |2:73673 |0 42692 |0°96461 | 1°29423 [ 1° 53260 1°71043 [ 1°87310[ 2700363 |2 11707{2 21739] 10
11 81951} 43924 7127 9879 3606 2223 7845 o565 1884 1897 11
12 Bgsog| 45139|  7y87|1°30332| 3952 2502 7779| 0766 2061 z055) 12
13 | _ 96461 46337 8443 o783 4296 2780 Bo12 0967 2237 2212 13
14 [1°02898( 45519 9093 1232 4638 3057 8244 1167 2413 2369] 14
15 ofBgr( 48685 9739| 1679] 4980  3333| B4y6 1367 2589 25251 15
16 14497 498351700380 2123|  §319| 360B| Bj08 1566 2764 2682 16
17 19763 [ 50971 1016 2565 5658 3883 8938 1763 2939 2838 17
18 24727 | 52092 1648 3005 5995 4156 9168 1964 3y 2994 | 18
19 29423 | 53198 227§ 3443 6331 4429 9398 2162 3288 3149 19

20 [1°33879 0" 54291 |1°02898 | 1-33878 | 1°56666 | 1° 74501 |1°Bgb2y]|2'02360 |2 13462 |2 23304 | 20
21 38ty | gs5370 3516 4311 7000 4972 9855 2557 3635 3459 | 21
22 | 42157 56435| 4130 4742| 7332| 5242 |1°gooB3| 2753| 3809|  3614| 22
23 460181 57488 4740 §I71 7663 §511 o310 2950 3981 3768 23
24 49715| 58528| 5345 559B| 7992 57Bol  o536| 3146  4use|  3922) 24
25 §3261| 59556 5946 6oz3 8321 6047 0762 3341 4326 4076 26
26 56667 [ 6og72 6543 6445 8648 6314 0987 3536 4498 4230| 26
2 59945 | 61576 7136 6866 8974 6580 1212 3730 4669 4383| 27
28 6j104| 62569 7725 72B5( g298|  6B4s 1436 3924 4B 4536 28
29 66152 63551 8310 7701 9622 7110 1660 4118 sor1t 4689 29

80 1169097 (0'64521 | 108891 | 1°38x16|1°59944 |1°77373|1°91883 |3 04311 |2 151822 24841 30
31 71945 | 65481 9468 A528 | 1' 60265 7636 210§ 4504 5352 4994 31
32 74703 Gbg3o | 1-16041 Bg1g| os5Bs 4898 2327 4697 5522 5146| 82
33 77376 67369 of1t 9348 0904 8159 2548 4888 5091 5297 | 33
34 79968 | 68298 1176 9755 1221 8420 2769 5080 5860 5449 94

36 82486 69217 1739 | 1° 40160 1538 8680 2989 5271 6029 g6oo| 35
36 84933] 70127 2297 0563 1853 8938 3209 5462 6198 5751 36
87 87313 71027 2852 0964 2167 9197 3428 5652 6366 gg9o2 ( 37
38 | Bgbagi 71918 3404| 1363 24Bo| 9454| 3646 5842 6534 Gogal 38
89 91886 | 72B00| 3952 1761 2792 9710| 3864| 6031 6701 6202 39

40 11°94085)0°73673| 1°14496 | 142156 | 163103 | 179966 | 1°94082 | 2°06220| 2" 16868 |2 26352 40
41 96229 4537 5037 2580 3412 | 1° 80221 4299 6409 7035 6502 41
42 98323  5303| s575| 2943 3721| 0476|4515 6597 7202 | 6631 42
43 {0°00366 6240 6110 3333 4028 0719 4731 6785 7368 6Roo| 43
44 | 01363\ joyg| 6641| ayar| 4335 e9B2| 4946 6972| 7534| Ggdg| 44

45 04315 7910 7169 4108 4640 1234 5161 7189 7699 7097 46
46 06224 8734 7694 4493 4944 1486 5375 7346 7865 72461 46
47 o809:| 9549 B2i5| 4By7| 5248 1736 55881 753z Bogo|  7304| 47
48 09921 | 08035y 8514 5250 5550 1986 5802 7718 8194 7543| 48
49 171 1158 92350 5639| 5851 2235 6o1y 7903| Baso 7689 | 49

60 |0°13467 |0-Bigs1 [1-19762 146017 (1766151 | 182484 | 1-96226 | 2-0B0BB |2°18523 |2 27836| &0
Bl 15187 2737 | 1*20271 6394 G40 2732 6438 8273 8686 7984 51
62 16873 3516 o778 6769 6748 2979 6649 8457 8850 8130| 52
58 18528 4288 1281 7143 7045 3225 6859 |  BO4r 9013 8277] 63
64 201511 o053 1782|7515 7341|3471 jo70| 8824] o176{ 8423 54

55 21545 £812 2280 7885 76358 3716 2y gooy 9338 Bs6g 65
56 33310 65641 2775  B2g4| 7929 :;:7;6:, ;4ﬁllg 9190 g9s00;  B715| 66
67 24848 7310 3207 8621 8222 4204 7697 9372 9662 BRO1| b7
68 36158 | Bogg)|  3y56|  RoBy|  Bsia| 4447 7908 9554| 9B24| goob| 68
69 27843 B;832 4243 9351 8Bog 4689 Brr2 9735 9985 9151| B9
60 39303 | 9509 | 4727 9714 9095| 4931 B39 gg17|2°20146|  9agh| 60




TABLE XXV.—Computation of Circumpolar Azimuths.—(Continued).

Panr III
Log 2 Sin? § 8P Cosec 1" for each Second of Time of SP.

3P

10 11 12= 13= 4= 16™ 16™ 17m 18™ 19=

0 [2°29296(2-3757312 45129 |2 52080 2- 58515 | 2-64506| 2 ;0109 (2°75373 |2 Bo33s|2 85029 0
1 9441 7705 5250 2191 8618 4602 0200 5458 0416 5105 1
2 9585 7836 53jo 2302 B722|  4698| o290 5543| o496 siBr] 2
8 9729 79671 5490 2413 8B2g| 4795| o380| 5628 o056 257| B
4 9873 BogB| s610| 2524| Bg28 4891 o470/  5713| ob56| 5333 4
6 |2°30017 8229 5730 2635 9030 4987 osfo 5797 0736| s409( 6
6 o16o 8359 5850 274§ 9133 5083 obs50 5882 o816 5485 6
7 0303 8489 5970 2856 9236 g17 0540 5967 0896 5560 7
8 0446 B61g|  GoRg 2966 9338 5274 o830  6osr o976 | 5636 8
9 0589 8749 6208 3076 9440 5370 0920 6136 1056 57| .9
10 |2-30732|2° 38879 |2°46327|2°53186|2°59543 | 265465 | 2° 71009 | 2° 76220 | 2-B1135 | 2°85787| 10
11 o874 9009 6446 3296 9645 5561 1099 6304 121§ 5862 | 11
12 1016| 9138 63563 3406 9747 5656 1188 6388 1294| 5938 12
13 158 9267|6683 3515 9849  57s1 1277 6452 1374 6orz| 13
14 1299 9396 68oz{ 3625 9950| §8B46| 1366 6556 1453 60B8( 14
15 1441 9525 6920 3734 |2 60052 5041 1458 6640 1533| 6164 15
16 1582 9653 5038 3843 0153 6036 1544 6724 1612 6239| 16
17 1722 9782 7156 3952 0255 6131 1633 6808 1691 6314 17
18 1863 9910 7274 40061 03356 6225 1722 6892 1770 6389 18
19 . 2004 | 2°40038 7391 4170 0437 6320 1811 6975 1849 6464 19
20 |2°32144|2°40166 2- 475002754278 | 2°60558 | 2°66414 | 2° 71900 | 2° 750509 | 2°B1g28 |2'B6539( 20
21 2284 0293 7626 4387 obs9 6508 1988 7142 2007 6613( 21
22 2423 o421 7743 4495 o760 6603 2077 7228 2086 6688 22
23 2563 0548 860 4604 o861 6697 2165 7300 2165 6763| 23
24 2702 067§ 7077 4712 0961 6791 2253 7392 2243 6837 24
25 2841 o8oz 8093 4820 1062 6885 2341 7475 2322 6g1z( 25
26 2980 0929 8210 4927 1162 6979 2430 7858 2400 6086 26
27 39 1055 8326 §033 1262 7072 2518 7641 2479 7061 27
28 3287 1181 Ra42| 5143 1362 7166 2608 7724 2587 7135] 28
29 33935 1307 8538 5250 1462 7259 2693 ;807 2636 7209( 29
30 |2°33533|2°41433 | 248654 | 2755387 | 261562267353 (272781 | 2:77889 | 282714 |2°87284| 30
31 3671 1539 Byg0| 5464|1662  7446| 2869 5972z|  2792| - 7358| 31
32 3809 |  1fBs| Bgog| ks7r| 1561|  7539| 2056| Boss| 2870|  7432| 32
33 3940 1810 go21 5678 1861 7632 3044 8137 2948 7506 | 33
34 4083 1935 9136 5785 1960 7725 E1ET 8220 3026 7580| 34
35 4220 20fo 9251 5892 2060 7818 3218 8302 3104 7654 0B
36 4356 2185 9366 5098 2159 79t1 3306 B384 3182 7728( 36
37 4493 2310 9481 6ro4| 2258 Boog| 3393| Bab6| 3239 7802) 87
38 4620 23341 9so6| 6213| 2357| BogG| 34B0| Bgy8| 3337| 7By5| 98
39 4765| a559| o710| 6317 2456 81Bg| 3567 B630| 3415 7949 99
40 [2-34901|2-42683 ) 2-q0R24 | 3° 56423 |2 62554 268281 | 273654 | 278712 |2°834092 | 2'88022| 40
41 5036| zBoy| goag| 6s52B( 2653 Ba;4| 3740| Bjo4| 3s70| Bogh) 41
42 5172 2031 | 3° 50043 6634 2752 8466 3827 8876 3647 8169 | 42
43 5307 3084 0167 6740 2850 8558 3914 8958 a72§ B243| 48
44 5442 3178 o280 6845 2048 8630 4000 9019 3802 8316 44
45 8557 a301| o304| Gosr| 3046 Byyz| 4087 grar| a8y9| Bago| 45
46 5710} 3424 ogo7| 7056  3ra4| BBas| 4173| gz02| 3956| B4b3| 46
47 5840 3547 ofar 7161 3242 8926 4259 9284 4033 8536| 47
48 59801  3h70| o734 7266] 3340 gory| 4345| 936s| 4110 BGog) 48
49 6114  3793| oBaz| jaze| 2438| 9109| 4a31| 9446| 4187 8682 49
50 |2°36247|2-43015 |2 50960 | 2°57475|2°63516 |2 69200 3-74517 | 2°79528 | 2-84264 (288755 6O
51 6381  4037| 1072 7580| 3h33| 9292| 4bo3! gfiog| 4341 B8R28| 6l
52 6514| 4150 1iBgi  7684)  3y30| 93R3|  4689| ohgo| 4417| Bgor| 62
63 66471  4aBi| 1297|7788 3828  g4ya| 47| 9771|  a404] Boj4| B3
54 680 4403| t409; 7B93| 3925| 9s565| 4861 oB5z| 4syr| 9046 | Bt
55 6913|  4524| 1532 7997| 4012| 9656|4046 g9933| 4647| grig| BB
668 7045 4646 1034 Bros 4119 9747 5032 (280013 4724 9192 | 06
57 7178 4767 1745 B1o4 4216 9838 5117 0094 4800 gz64 | 67
68 7310 4888 1857 8308 4313 9928 5202 0144 4876 9337 | 68
59 7442 5009 1960 B41a| 4409 2°50019 5288 0255 4953 9409 | B9

60 7573 §129 2080 8515 4506 o109 £373 0335 5029 9481 60
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TABLE XXV.—Computation of Circumpolar Azimuths.—(Continued).

Parnr IIT. .
Log 2 Sin? § 8P Cosec 1" for each Second of Time of 8P,

5P

20m 21= 22m 23" 24 25~ 26™ 27m 28™ 29m

2-89481 2793716 2797754 |37 01612 3-05306| 3-08848 | 3° 12251 | 3° 15526 (318681 | 3" 21725
9354 3783 7820 1675 5366 8gob 2307 s579| 8732 1774
9626 3854 7886 1738 5426 8964 2362 5633 8784 1824
9698 | 3923 yost| i8or| 5486| go21| 2418) 5686 BB3s| 1874
9770| 399z 8o17 1863 |  5546| 9o0i9 2473 5739| 8887 1924

9842 4060 8082 1926 5606 9137 2529 5793 8938 1974
9914 4129 8148 1989 5666 9194 2584 5846 8990 2023
9986 4197 8213 2051 §726 9252 2640 5900 9041 2073
2+goosB| 4266 B2yg| 21i4| 5786 9jop| 2095| 5953 gog3| 2123
o130|  4334| 8344| 2176| 5846| 9367| 2y50| 6oob| gr44| 2172

Q@AM WO
WX W= O

10 |2°9020212°94403 | 2798409 | 3°02230| 3-05906 | 3° 09424 | 3' 12805 | 316059 | 3 19195 | 322222 10

11 0273| 4471 B474| 2301 5066 9482 2861 6r13 9247 2271 11
12 0345 4539 8540 2363 6026 9539 2916 6166 9298 2321| 12
13 o417 4607 8603 2426 6085 9597 2971 6219 9349 2350 13
14 0488 4676 8670 2488 6145 9654 3026 6272 9400 2420 14
15 os6o| 4744 8733 2550| 6208 9711 3081 6325 9152 2469| 15
16 0631 4B12| 8Boo| 2613 6264 oy6g| 3136 6378 9503 2519| 16
17 ©703|  4BBo| 8863 2675|  6324| 9R26| 3101 6431 9554 | 2568| 17
18 o774| 4948 Bozo| 2737| 6384| o883| 3246 O6484| gbos| 2617/ 18
19 oB45 5016 Bggs 2799 6443 9940 33o1 6537 96356 2667 19
20 290916 2-95083 | 299059 | 3'02861 | 3-06503|3-09997 | 3713356 | 37163903 19707 | 3722716] 20
21 0987 5151 9124 2923 6562 | 3 10054 3411 6643 9758 2565 21
22 1058 5219 9189 2085 6621 ort1 3406 6696 98og 2814 { 22
23 1129 5287 9253 3047 6681 0168 3521 6749 9860 2864 23
24 1200|  5354| 9318| 3108  Gy40| o226 3576| 68or| o g9rr| 2913) 24
25 1271 5422 9383] 3170|6309 o282 a6 6854 9962 2962| 25
26 1342 5489 9447 3232 0838 0339 3685 6goy | 3- 20013 3011 26
27 1413|5887 9512 3204| 6918| o396 3740| 6gbo| ooby| 3obo| 27
28 1484] 5624 | 9856| 3355| 6977| o453| 3795 jo1z| org4| 3rog| 28
29 1554| s692] gb4o| a417| 7036| osog| 3B4g| yobs| o165 3158 29
30 l2'91625) 2795759 | 2799505 | 3703479 | 3' 07005 | 3710566 | 3°13904 | 3 17117 3' 20216 3°23207] 30
31 1695 | 5826| “gy69| 3540| 7is4| of23| 39s8|  yijo| o026y 3256( 31
32 1766|  sRg3|  oR33| 360z| 7213 o6Bo, 4013  y2z3i o317 3jos| 32
33 1836)  obo| oBgy| 3663  y272| o736| 4067 7275|0368  3354| 33
34 1907 60281 g961| ajae| 73| ojo3| 412z| y32;| o4rg| 3403| 34
35 1977  6095!3-00025| 3786| 73Ro| oRyg| 4176 73Bol o4bg|  3452| 35
36 2047 6162 0089 3847 7448 0goh 4231 7432 0520 3so1| 36
87 2117| 6229| o1g3| 3008| 7so7| ogbz| 42Bs| 74Bx| oszo; 3550 37
a8 21881 6295, o217| 3969| 7366] rorg| 4339| 7537 obz1| 3509/ 38
39 2258 6362 o181 4031 7625 1095 4393 7589 o671 3647 39
40 (2°92328,2°96429 ! 3°00345 (3040023707683 3 11131314448 | 3°15642| 3 207221323696 40
41 2398|6496 | ogog( 4183 7742| 11B8| agoz| ibey| o7rz| 3745| 41
42 2468 6562| o473 4214 jRoo| 1244 4556|7746 oB23|  3793| 42
43 2537 6629 o536 4275 1859 1300 4610 7798 oBy3 3842 43
4 2607 6690 o600 4336 7917 1357 4664 7850 0923 3891 44
i 2677|  6762|  of64| 4397 7976| 1atal  4718|  jo03| o974  3939| 45
i 274 6829 ojz7| 4458 Bogq| 14bg| 4yy2]  7055| 1024 39BB| 46
a 2 ;(, 6893 o791 4519 8093 1525 4826 Booy 1074 4037| 47
49 28 6962 ofis4 4579 8151 1581 4880 8ogg 1124 4085 48

2985 7028 0918 4640 8209 1637 4934 Bt 117§ 4134 49
g? 293025 :2°97094 | 3'00981 | 3 04701 | 3°0R267 |3 116093 (3 14088 | 3181633 212253 24182 50
£2 3024 7160 1044 4501 B326 1749 5042 B215 127§ 4230| b1
£ 3104 ZH7 1108 4822 8384 1805 5096 8266 1325 4279 62
51 3233 7293 eyt 4883 8442 1861 gi50 8318 1375 4327| 63

3302 7359 1234 4943 8500 1917 5304 8370 1425 4376 54
b5 A 74128 1197 5004 858 1971 525 8422 1 2 [i{]
66 3440 7401 1360 5064 8616 zZZh :;_1'1 Z 3274 lﬁi ::7: 56
g; 3510 7557 1423 s12§ Bfizy 2084 5305 8526 1575 4521 57
¥ 3.270 2623 1486 5185 8532 2140 5418 Bgy77 16258 4569 68

3648 7688 1549 [ 5245 Rigo 2195 5472 8629 1675 4617| 59

60 3716 7754 1612 5306 |  BB48 2251 £526 R681 1725 4665 60
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TABLE XXVI.—Linear Value in Feet of one Second of Arc and its
Logarithm, measured along the Meridian.

Latitude. Le‘;g: 1‘ n Logerithm. | Diff. | Latitude. Le';f‘:’k n Logarithm, | Diff,
o ’ o ’
+ +
0 o xoo-763t) 2°0033050 o 5 (-] 100°7715 2'0033379 n
5 7639 3050 1 5 7718 3390 .
1] 7639 3051 ° 10 7720 3401 ::
15 7639 3051 o ] 7723 3413 12
20 7639 3051 1 20 7726 3424 i
25 7640 3052 23 7729 3435
2
30 7640 3054 . 30 7731 3448 | 13
35 7640 3054 3 35 7734 3459 13
40 7640 3056 1 40 7737 3472 12
45 7641 3057 2 45 7740 3484 13
50 7641 30359 2 5o 7743 3497 13
55 7642 3061 55 7746 3510
1 o 100° 7642 2'0033063 : 6 [} 100°7749 2°0033522 ::
5 7643 3063 3 5 7752 3536 1
10 7643 3068 2 10 7758 3549 "
15 7644 joy0 3 1§ 7758 3563 13
20 7645 3073 3 20 7761 3576 "
25 7643 3o76 35 7764 3590
30 7646 3080 ; 30 7768 3604 :‘:
3s 7647 3oB3 4 35 7771 3618 15
40 7648 3087 3 40 7774 3633 14
45 7648 3090 : 43 7778 3647 16
50 7649 3094 4 50 7781 3663 14
55 7650 3og8 55 7785 3677
2 -] 100° 56351 2'0033103 i 7 [ 100° 7788 2'0033692 :g
5 7652 3107 s 5 7792 3708 1§
10 7653 3113 4 10 7795 3723 16
15 7655 3116 é 15 7799 3739 16
20 7656 3122 20 7803 3755 15
25 7657 27 5 25 7806 370
30 768 s | 6 30 7810 s | 4
35 7660 3138 35 7814 3803 17
40 7661 3143 g 40 7818 3820 16
45 7662 3149 45 7822 3836 5y
50 7664 3156 g 50 7826 3853 18
55 7665 3162 55 7830 387t
3 o 100° 7667 2'0033169 g 8 o 100° 7833 2°0033887 :g
5 7668 3178 5 7838 3905 18
10 7670 3182 7 10 7842 3923 17
15 7671 3189 7 15 7846 3940 | 49
20 7633 3196 l 10 7850 3959 18
23 7675 31204 25 7854 3977 8
30 7656 3211 ; 30 7858 3995 18
s 7678 3219 8 5 7863 4013 19
40 7680 32127 3 40 7867 4032 19
45 7682 3235 45 7871 4051 19
50 7684 3244 9 50 7R76 4070 19
[11 7686 3251 7 55 7880 4089
4 , 100° 7688 31'0033260 2 9 ° 100" 7885 3°0034108 ;g
5 7090 3269 9 5 7889 4128 i
10 7692 3278 12 10 7804 4147 at
5 7694 3188 1§ 7808 4168 20
20 7696 3297 9 20 2903 4188 0
25 7699 3396 9 25 7908 4208 |
30 7701 3316 :g 30 7913 4228 21
35 7703 3316 To 35 7917 4349 20
40 7706 3336 " 40 7922 4269 2t
45 7708 3347 1o 45 7937 4290 o
50 7710 3357 " 50 7932 4311 21
55 7713 3368 . 55 7937 4321 a1
6o i 1379 6o 7943 4354
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TABLE XXVI.—Linear Value in Feet of one Second of Are and its
Logarithm, measured along the Meridian.

Latitude. | Le28MiR | popurithm, | Diff. | Letitude. | LTemethin | pogurionm. | Difr
o ’ o ’
+ +
10 o 100° 7942 2'0034354 2z H.@ o _oo.w..:u 2°0035948 3
5 7947 437 5 319 5979
10 7953 4398 “w 10 8326 6or1 uw
15 7957 49 | 3 15 8334 6043 | 3}
20 7962 4442 u.H 20 8341 6074 “
25 7967 4464 25 8349 6107 | 43
30 Y972 4486 “u 30 8356 6139 az
35 7978 4509 | 2 35 8364 6i7a | W
40 7983 4532 22 40 B371 6204 3
45 7988 4ss4 | 3 45 8379 6237 | 33
50 7994 4578 23 50 8386 6270 33
55 7999 4601 : 55 8394 6303 | 3
11 , 100°Boos 2°0034625 24 16 100° 8402 2'0036336 13
5 8o10 .saam “..* 5 8410 ' muwo 34
10 8016 4672 + 10 B417 6403 33
15 Boz1 4696 “.’ 15 8425 6437 34
20 8o27 4720 u..M 20 8433 6471 34
25 8032 4745 25 B441 6504 33
30 8038 4769 o 30 8449 6539 | 35
s 8044 4794 iy 35 8457 6573 34
40 8os0 4819 um 40 84635 6608 35
45 Boss 4By | 28 45 8473 6642 | 4
50 8061 4869 um 50 8481 6678 3
55 8067 4804 55 8489 6513 35
12 , 100'8073 1°0034919 “w 17 o 1008497 1'0036747 wm
s 8079 4945 5 8506 6783
10 80853 4971 ”M 10 8514 6B1R mm
15 Bog1 4997 6 15 8522 6854 3
20 Bog7 5023 “m 20 8530 6889 um
25 8103 5949 ’ 25 8539 6925 | 3
30 B1og 5076 “w 30 8547 6961 mm
35 8115 510z M 35 8355 6997 3
40 8122 §130 wo 40 8564 7034 mm
45 8128 5156 8 45 8572 7070 | 3
go Bi34 5184 “u 50 8581 7107 37
55 8141 5211 55 8589 nes | 3
13 ° 100°814% 2'0035239 28 18 o 100°8598 2'0037181 37
5 8153 5266 nm 5 mwou .v:z 37
10 Bi6o 5294 »m 10 8615 7255 37
113 R166 5322 nm 15 8624 7292 a1
10 873 saso | 74 20 8633 7330 | 38
25 8179 5378 25 8641 7367 | ¥
30 8186 5407 “o 30 Rbso 7405 a8
35 8193 5436 b4 35 8659 7443 B
40 8199 5464 2 40 8668 :m._ 38
45 8206 5403 | 29 45 867y 7519 | 38
50 Ry £522 “N (1) 8686 7558 39
55 8110 5552 : S5 8694 7596 38
14 o 100°822% 2°0035583 ae 19 o 1008703 2*0037635 39
5 8233 s6r1 2 5 8713 Gbre | 39
10 B240 5641 o 10 m:.u 7713 39
15 8347 8671 3 15 8731 7782 39
20 8254 5701 uw 20 Bi40 7701 49
25 B261 5731 £ 25 8749 7830 39
30 8268 5762 3t o 8758 8 40
3$ Bag 8702 o 3 8;67 Wawn 40
o 8283 sRay | ! ped B777 7950 | 4°
45 8290 sRsy A 45 8786 7990 | 49
50 B297 §8Rg a 50 8795 8030 40
55 B304 sor6 | 3 55 8805 Bojo | 4°
6o 8312 5948 N 6o B814 8110 40
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TABLE XXVI.—Linear Value in Feet of one SBecond of Arc and its
Logarithm, measured along the Meridian.

Latitude, | Le28Min | pogurithm, | Diff. | Latitude. | LeREMNE | popgn | pg
o ’ L ’
+ +
20 -} 100" 8814 3*0038110 L 25 [} 100°9434 2'0040778
5 8823 8151 p 5 9445 o826 | 48
10 8833 8192 40 10 9456 o875 49
15 8842 B232 4] 15 9467 0923 48
20 8852 8253 41 20 9479 0972 49
25 8861 8314 4 25 9490 1021 49
30 8871 8356 4: 30 9501 1069 48
35 8880 8397 4 35 9513 g | 52
40 8890 8438 4 40 9524 ey | 48
45 Bgoo 8480 42 45 9536 1216 49
50 8909 8523 | 42 50 9547 1266 | 5°
55 8919 Bs6y | 4 55 9559 g | 99
21 [ 100°8929 2:0038606 42 26 o 100°9570 2°'0041365 50
5 8939 8648 42 5 9582 s | %
10 8939 8690 42 10 9593 1465 | Y
15 8058 8733 43 15 9605 1514 | 59
20 8968 8776 43 20 9617 1564 50
25 8978 8818 42 35 9628 1615 5t
30 8988 8861 43 30 9640 1665 52
33 8098 Bgoy | 43 3s 9652 g |3
40 goo8 8947 43 40 9663 1766 Sn
43 go18 8goo | 43 45 9675 86 | 5
50 9028 9034 44 50 9687 1867 gl
55 9038 9077 43 55 9699 1918
22 [ 100°9049 2°0039121 44 27 o 100°9710 20041968 5?
5 9059 9165 44 5 9723 2019 | 5
10 gobg 9209 44 10 9734 2071 51
15 9059 9253 | # 15 9746 2122 | 3
20 9090 9207 | 4 20 9758 azz | 5
25 9100 9341 “ 23 9770 2225 | °
30 9110 9386 45 30 9782 2276 g:
35 9121 9430 4 as 9794 2327 53
40 9131 9475 45 40 gRob 2380 p
45 9141 gs20 | 45 45 9818 2431 p
50 9152 9565 45 50 9830 2484 :
55 9163 g610 45 55 9842 2535 5
23 o 100°9173 2°0030655 4% 28 ° 100" 9854 2'0042588 ;‘:
5 9183 gjo1 4 5 9867 260 |
10 9194 9746 45 10 9879 1692 53
1§ 9204 9791 43 15 9891 2745 P
10 9215 9837 46 20 9903 2797 53
25 92126 9883 4 25 991§ 2850
30 9236 9939 22 30 9928 2903 | 5
33 9247 9975 6 35 9940 2956 53
40 9258 2° 0040021 4 40 9952 3009 5‘1
45 9169 0068 47 45 9965 3062 P
50 9279 o114 4 g0 9977 3uis 53
55 9390 o161 47 55 9989 3168 ’
24 o 100°9301 2'004020% 46 29 o, 101'0002 2'0043231 g:
[ 9313 0154 4; [ ool4 3278 4
10 93123 0jo2 4 10 0027 3329 53
15 9334 o349 | 47 15 0039 38 | o
20 9345 0396 47 20 0052 3436 54
a3 9356 0443 47 25 ocoby4 3490
30 9367 osgo | 47 20 coy7 asa | 5
38 9378 o538 | 40 3% ooBg 3898 | ¢y
40 9389 0586 ‘B 40 o102 3653 54
45 9400 0634 o 48 o115 3706 t4
50 9411 o682 4 g0 o127 3760 P
55 9422 o729 47 55 o140 3B1g ‘54
6o 9434 o778 49 60 o153 3869




( 47 )

TABLE XXVI.—Linear Value in Feet of one Second of Arc and its
Logarithm, measured along the Meridian.

Latitude, | L% | Togarithm, | Diff. | Letitude. | TOPERI® ) pogarithm, | Dif
° + ° ’
+ +
30 o 101°0153 20043869 35 o 10170949 2'0047292
5 o165 3924 | 55 5 o963 1350 | &2
10 o178 3079 | 35 10 0977 7411 s
15 0191 4034 55 15 o990 7469 (5,
20 0203 4088 5 20 1004 7529 °
25 0216 4144 5 25 1018 7588 59
30 0229 4198 53 3o 1032 7648 20
35 o242 4254 | ¢ 35 1046 7708 o
40 o255 4309 55 40 1060 7767 gq
45 0268 4364 58 45 1074 7827 o
50 o280 4419 52 ] 5o 1087 7887 6o
55 0293 4475 | 5 55 1101 1947
31 ) 101°0306 2°0044531 56 36 o 101°111§ 2' 0048007 go
5 0319 4586 5% 5 1129 8067 60
10 0332 4642 56 10 1143 8127 62
15 0343 4698 56 15 1157 818y 6o
20 0358 4754 56 20 1yt Bayy 6
25 0371 4810 5 25 1185 8307 °
30 0384 4866 52 30 1199 8368 g'
35 ©397 4922 5 35 1213 8428 | 7
40 o410 4978 5 40 1227 8489 6:»
45 0424 5035 57 45 1242 8549 | 4o
50 0437 5091 5 50 1256 B6og 6
55 0450 5148 57 55 1270 8670 !
32 o 101°0463 2'0045204 56 37 o 101°1284 20048730 go
5 0476 5261 57 5 1298 8791 Gl
10 0489 5318 57 10 1312 8851 60
15 0503 5375 51 15 1326 8912 | ¢!
20 0516 5431 5 20 1340 8972 60
25 o529 5488 | 57 25 1354 9033 !
30 0542 ssas | 5F 30 1369 gogs | o
35 0556 s603 | 38 1383 9155 :
40 o569 5660 57 40 1397 9216 gl
45 0582 spiy | 87 45 1411 9277 | o1
50 0596 s+ | 81 50 1425 938 | o
55 o6og 832 | S 55 1440 9399 '
33 o 101°0623 2- 0045890 58 38 o 101° 1484 2°0049461 62
5 o636 5947 51 5 1468 9522 b
10 o649 6005 5 1o 1482 9583 b
15 0663 6062 5; 15 1497 9644 61
20 0676 6120 53 20 1511 9706 62
25 o690 6178 5 25 152§ 9768 62
30 0703 6236 58 30 1540 828 6o
35 o717 6204 | 8 35 1554 oigo | 62
40 0730 6352 § 40 1568 9952 62
45 o744 G4 52 45 1583 2*0050013 b
50 0787 6469 SR 50 1597 0074 61
1] o771 6527 5 55 1611 0136 62
34 o 101°0784 2°0046585 58 39 [} 1011626 1-0050198 62
5 0798 6044 59 5 1640 o260 6a
10 oBta2 6703 59 10 1654 0321 61
15 oBas 6761 58 15 1(:69 0.183 62
20 oBag GRio Sg 20 1683 o444 61
s °:2; 6878 go 25 1698 0507 :3
30 o 6938 o !
35 oBRo 6996 58 :q :;;; :fq»g? 63
40 o8o4 7055 22 40 1741 o691 61
45 0908 711§ 4 48 1755 0755 o3
50 0921 7173 5 50 1770 08]7 62
55 0935 7231 | 39 55 1784 o879 62
60 0949 7392 6o 1799 0941 62
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TABLE XXVII.—Linear Value in Feet of one Second of Arc and its
Logarithm, measured along Parallels of Latitude.

Latitude, | LeB8tRin | pip | Logarithm. | Diff. | Latiwde | PR In | pig | poparithm, | pig,
o , o ’

0 o 101°4372 ' 2°0061974 4 b o 1010538 129 2'0045526

5 4371 3 61970 | 3 5 o409 | 7 44972 | 334

10 4368 61956 23 10 0278 1:33 44409 5 ‘:

15 4363 | 2 61933 | 73 15 or4s | 33 43837 | 57

20 43535 61901 ] 20 o010 1.17 43256 o

25 4346 9 61860 4 28 100°9873 J 42666 59

30 a3 | 4 61810 | 50 30 9733 | 141 42066 22;

35 4320 1€ 61751 6o 35 9502 | U, 41457 | 2

40 4304 .8 61682 ” 40 9448 | 46 40839 627

45 4286 20 61603 67 45 9302 148 40212 636

50 4266 23 61518 o6 50 9154 | eq 39576 646
55 4243 61422 55 9004 38930

1 o 101° 4219 ;‘; 21-0061317 :?5 6 ° 1008852 :g: 2°0038275 ggi

5 4193 29 61203 ”‘: [ 8698 187 37611 673

10 4163 be 61080 133 10 8541 138 360938 683

15 4133 | 3 Goge7 | 34 15 8383 | 2 a62ss | g3

20 4100 6 60806 er 20 B22z | oo 35563 yo1
1§ 4064 3 60655 5 2§ 8060 34862

10

30 qo27 | ¥ 60496 | 39 30 7895 :2; sars2 | 10

35 3088 | o2 60327 178 35 7728 | 6n aaz | oo

40 3946 1 T 6or49 187 40 7559 | 1,3 32703 | .8

48 anoz 45 59962 197 45 7387 | ) 3r96s | L4,

50 38s7 | 3 59765 | ,oc 50 7214 | oo arzid |,
55 3809 59560 55 7039 ‘ 30461

2 o 101°3759 §o 2°0059345 :;5 7 o 100°6861 :gg 3°0029695 ;?g

5 3706 53 59122 3 5 6681 181 28920 784

1o 3052 Sg 58889 :’: 10 6500 184 28136 7904

15 asub | 5 s8647 | 24 15 6316 | ad 27343 | 0

0 3539 | g, 58396 | 2 20 6130 | g9 26539 | g,

25 3476 6 58136 25 5941 LU B

30 sz |3 57866 | 219 30 s1st | 00 24905 | g1g

s 3348 1 o 57588 | g8 35 5880 | o 24075 | gy

40 3281 69 57300 | S0y 40 5364 | ¢ 23234 | gy

45 3212 7 57003 100 45 5168 199 22385 859

50 3141 ! 56697 o 50 4969 201 21526 868
55 3067 74 56382z | 3'5 55 4768 20658

3 o 10£°2991 ;‘; 2'0056058 az4 8 [} 100° 4568 :g‘: 3-0019781 gg;

5 2914 | {7 ss724 | A4 5 4360 | 200 18804 | go6

10 2834 82 §53Bz | 0 10 4153 ,o{, 17998 | oog

15 2752 84 55030 | ¢, 15 3044 | 505 17093 914

20 1668 8 54669 B 20 732 | 16179 024
25 2581 7 54299 e 25 ast9 3 15255

88 379 216 2 933

3o 2493 91 53920 389 3o 3303 218 1432 043

35 2402 92 53531 20n 35 3085 | Sig 13379 052

40 2310 5 53134 3;’ 40 2866 222 12427 961

45 2215 ?)7 52527 1[% 43 2644 224 11466 o7t

50 2118 52311 50 2420 22 10495 980
55 2019 99 51886 425 55 2193 7 09515

A

4 ] 1o1°1918 :g: 2°0051482 434 9 o 100° 196§ :’z 2°0008526 393

g 1By | % §1009 ::: 5 1735 2':1 07527 | 1008

1o 1709 | & 50556 P 10 1502 | 3% 06510 | 1017

15 1601 109 50095 4 ' 15 1268 2-" 05502 1017

20 1492 | 77 agb2g | 411 20 rogr | 24 04475 | 1036

25 1380 49144 | ¥ 28 0792 ‘ o439 | o .

30 1266 : :z 48654 I?: 30 o551 ::; 02394 lO;:ﬁ

15 nge | .o 48136 “:s 35 o308 | ©13319 | 405

40 1033 ‘10 47648 S16 40 0o 3 147 00274 1073

45 ogra | oo 4p132 | Lo 45 9979816 | S0 | 179999201 | o3

50 0789 ”:‘ 46005 o 50 9367 281 98118 1693

55 obts | o 46070 | 2-° 55 9315 | 3 97925 | |02
6o 0538 7 45526 544 6o 9063 53 05923




( 49)

TABLE XXVII.—Linear Value in Feet of one Second of Are and its
Logarithm, measured along Parallels of Latitude.

Latitudo, | LeB8!M i | iy | Loparithm. | Diff. | Latitude. | L3612 | Dif. | Logorithm. | Dif

’ o ’
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TABLE XXVII.—Li
I_‘Oga;‘ithhnear Value in Feet of one Second
m, measured along Parallels of Latit ;f Arc and its
ude.

Latitude. Le’;gth in Diff
oet. .| L i .
ogarithm. | Diff, | Latitude. Lel;gth in Dif
eet. . )
o s t Logarithm, | Diff,
20 i} )
° 953569 . _ '
s Job6 | 5°3 9793519 26 o _
1o 2561 | 598 o128 | 229! 919879 . _
'8 2054 | 597 88927 | 239! 5 9258 | 62! 1°9637307
20 1545 509 86616 | 23'! 10 8634 624 34372 | 2938
35 161:‘ 511 84294 2322 15 8oog 625 31426 2046
10 ) Bigbz | *33% 20 y382 | 627 28469 | 2957
k 0521 513 2 2§ 6752 630 25500 2969
35 oot | 513 79619 | 2343 25590 | 2079
2 | 949400 | 516 77266 | 2353 30 6121 | 631
45 8971 519 74902 2364 35 5488 633 19530 | 299!
50 8450 | 521 72528 | 2374 40 4853 | 635 16528 | 3902
55 7927 | 533 joras | 2394 45 4216 | 837 13514 | 3014
21 67749 2395 50 1877 639 10489 3023
55 6 o 3036
° 94°7402 525 2937 40 7453 :
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35 3672 | 539 gobgo | 2409 son | a6
40 3131 541 48211 | 2479 30 8397 654
45 2588 | 543 45721 | 249° 35 7oL | 656 Baysy |31
5o 2044 544 43221 2500 40 7083 658 79619 | 313
55 1497 547 40710 2511 45 6423 66o 76470 3';9
2 38188 2522 50 576.1 662 73308 3102
2 55 66. o126 | 3172
o 94°0948 549 5097 4 7013 a
5 o397 | 551 19733656 | 2532 | 27 66951 | 3'%5
1o 93°9R4s | 552 33114 | 2542 ° 90°4431 666 vach "
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TABLE XXVII.—Linear Value in Feet of one Second of Are and its
Logarithm, measured along Parallels of Latitude.

Latitude, | L°7€R 10 | Dift | Logarithm. | Diff. | Latitudo. | LREMIn | pigf | Logarithm. | Diff.
o ’ o ’
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TABLE XXVIII.—Arc-versines of Spheroidal Arcs of Parallel 1° in

length.
Arc-ver, in sec. Arc-ver. in sec.
Parallel of | Arc-versino | Arc-versine (3600)2. Parallel of | Arc-versine | Arc-versine {36007
Latitude. |in seconds.| in feet. Latitude. {in seconds. in feet. ’
Logarithm. Logarithm,
o ’ o ’
0 o 000 o'o —Inflnite b o 2'75 2767 73261
5 o5 46 95501 5 79 2813 3332
10 o9 9°3 __Bg1z 10 84 2858 3401
15 14 13'9 80273 15 88 290°4 3470
20 18 18°5 1522 20 93 2049 3538
25 23 23°2 2491 25 97 299°5 3604
30 28 278 3283 30 302 304°0 3670
33 32 32°4 3952 35 o6 308°6 3134
40 37 371 4532 40 11 313'x 3798
45 41 417 5043 45 15 31777 3860
50 46 463 5501 50 20 322°2 3923
55 51 51'0 5915 55 24 326°8 3983
1 5 ©°55 5576 §-6292 6 o | 31 331'3 7°4043
5 6o 60°2 6640 5 33 3358 4102
10 64 64'9 6961 10 38 3404 4160
15 69 69°5 7261 15 42 34479 4217
10 74 74°1 7541 20 47 349°4 4274
25 78 588 7804 25 st 353'9 4329
30 LE! 834 8052 10 56 3584 4383
3s 87 88-0 8287 35 6o 363°0 4439
40 9z 92°6 8509 40 65 3675 4493
45 97 97°'3 8721 45 69 372°0 4545
50 1°01 101°9 8923 50 74 3765 4598
55 o6 106°5 9115 55 78 3810 4649
2 o 1"10 1SR AN 89300 7 ° 3°83 385°% 774700
5 15 115°8 9477 5 87 390°0 4751
10 19 1204 9647 10 91 394°5 4800
18 24 12570 9810 15 96 399°0 4850
20 29 12976 — 9968 20 4°00 493°§ 4898
25 33 134°3 7'0120 25 o5 407°9 4946
30 38 1389 0269 30 09 412°4 4994
35 42 1435 0409 33 14 41679 5040
40 47 1481 0546 40 18 421°4 5087
45 53 1527 ohBo 45 23 425°8 5132
50 56 157°3 oflag 50 27 4303 5178
55 61 161°9 0934 55 31 434°8 5223
3 o 165 166°6 7°1056 8 . 4°36 439°2 775267
5 70 1712 1155 5 40 4437 5311
to 74 175°8 1290 10 45 4481 5354
15 79 180°4 1403 1§ 49 45276 5397
20 84 1850 1512 20 53 457°° 5439
s 88 189°6 1619 25 58 4654 5481
30 93 194°2 1723 30 62 465°9 §523
35 97 1088 1825 35 67 470°3 5564
40 202 203°4 1924 40 71 474°7 s6og
45 ob 2080 2021 45 75 479°3 5645
go 11 212°6 2116 50 fo 4836 568¢
55 16 217°3 2209 55 84 488°0 5734
4 o 2°30 121°8 7-1399 9 o 4'89 492°4 7°5763
[ 25 2363 2388 5 93 496°8 5802
10 29 130°9 2476 10 97 go1°12 5840
15 34 231578 2561 15 §5'02 5056 TR
20 38 240°1 2645 10 -3 g10°0 5916
28 43 2447 2737 25 10 §14°4 5953
30 47 249'3 2807 30 1§ 18R £999
35 52 2538 2886 35 19 523°2 6026
4 56 2584 2964 4 a3 52576 6o
45 61 2630 3940 45 28 531°9 6098
50 66 2676 atig 50 32 536°3 6134
5 70 272°1 3188 5 36 §40'7 6169
6o 78 2767 3361 6o 41 545°0 6104




( 83)
TABLE XXVIII.—Arc-versines of Spheroidal Arcs of Parallel 1° in

length.
Arc-ver. in sec. Arc-ver. in sec.
Parallel of | Arc-versine | Arc-versine {3600)% Parallel of | Arc-versine | Arc-vorsine (3600)°.
Latitude. | in seconds in feet. Latitude. | in secouds in feet.
Logarithm. Logarithm.
o ’ ° ’

10 o | g4 s45'0 7-6204 15 . 7790 796°8 777853
5 45 549°4 6238 5 94 8oo'g 7874

1o 49 553°7 6272 1o 98 8oy'9 7895

15 54 5581 6306 15 802 8089 7917

20 58 562°4 6340 20 o6 B12-9 7938

25 62 566°7 6373 25 10 816-8 7959

30 67 §71°1 6406 30 14 820°8 7980

35 71 575°4 6439 35 18 8248 8001

40 75 579'7 6472 40 22 8288 8022

45 79 5840 6504 45 26 8327 8043

50 84 588-3 6536 50 30 8367 8063

55 88 592°7 6567 55 34 B40°6 8084

11 5'92 5970 76599 16 o 8:38 8446 78104
5 96 6o1°2 6630 5 41 8485 B2y

10 6-01 605" 5 6661 10 45 832 4 8144

15 o5 60g°8 6Gg1 1§ 49 856-3 8164

20 o9 G141 6722 20 53 8602 8184

25 13 6184 6752 28 57 B864-1 8203

30 18 6227 6782 30 61 8680 8223

a5 22 6269 6811 35 65 8719 8243

40 26 6312 6841 40 68 875°8 8261

45 30 635°4 6850 45 72 8797 8280

50 s 63977 6899 50 76 883-5 8299

55 39 64379 6927 55 Bo 887°4 8318

12 ° 6°43 6482 7:6956 17 [ 884 B9tz 7:8337
5 47 652°4 6934 5 88 8g5°1 8356

10 5t 6566 yorz 10 91 8989 B374

15 56 660°9 7040 15 95 902'y 8393

20 60 665" 1 7068 20 99 9o 6 8411

2§ 64 669" 3 7095 25 9°03 9104 B429

30 68 673°§ 7122 30 o6 Q142 Byyy

35 72 6777 7149 as 1o 918°0 8465

40 76 681°9 7176 40 14 9218 8483

45 81 6B6- 1 7202 45 18 925°5 8501

50 85 6g0-2 7229 50 21 929°3 8518

58 89 6g4°4 7255 55 25 93371 8536

13 . 693 6986 77281 18 . 9'29 936°8 78553
5 97 702°8 7307 s 33 940°6 8571

1o 7-o1 706°9 7332 10 36 944°3 8588

15 o5 Frr-t 7358 15 40 9481 8605

20 o9 7152 7383 20 44 9518 8622

25 14 7194 7408 25 47 955§ 8639

30 18 723°§ 7433 30 51 9592 8656

35 22 727°6 7458 35 113 9629 8672

40 26 73177 7482 40 58 966-6 8089

45 30 735°9 7506 45 62 970°3 8705

so 34 740°0 7531 g0 66 97470 B7az2

55 38 744°1 7555 55 69 9776 8738

14 . 7°43 7482 7°7578 19 . 973 9813 7°8754
5 46 752°3 7602 5 76 9849 8770

10 50 75674 7626 10 8o 9886 8,86

15 54 7604 7649 15 84 993°2 8802

10 58 264" 5 7672 20 8y 9959 8818

a5 62 768:6 7695 L 9t 9995 8834

30 66 7726 7718 30 94 10031 88

35 70 776°7 7741 35 98 10067 8R65

40 74 780°7 7763 40 10°01 1010°3 8880

45 78 784°8 7786 45 o5 1013°9 8896

50 82 7888 7808 50 o9 1017°4 8911

55 86 792°8 7830 55 12 102170 8926

6o 90 796°8 7852 6o 16 10246 8941
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TABLE XXVIII.—Arc-versines of Spheroidal Arcs of Parallel 1° in

length.
Are-ver. in sec. Are-ver. in gec,

Parallel of | Are-versino | Are-versine {3600)". Parallel of | Arc-versine | Arc-versine (3600)?
Latitude. {in seconds. | in feet. ) Latitude. [in seconds.| in feet. :
Logarithm. Logarithm,

o ’ -] ,
20 10°16 10246 78941 25 o 13'10 12213 7 gy0r
5 19 1028°1 8956 5 13 12243 9712
10 23 1031°7 8971 10 16 12272 9722
15 26 1035°2 8986 15 19 1230°2 9733
20 30 10387 goot 20 22 1233°1 9743
a5 33 10422 9o13 25 24 1236°1 9753
3o 37 10457 9030 30 27 1239°0 9764
35 40 10492 9044 35 30 124179 9774
40 43 10527 9059 40 33 1244°8 9784
45 47 10562 9973 45 36 12477 9794
50 §o 1059°7 9087 50 39 125076 9804
5 54 10631 gtol 55 42 125375 9814
21 ] 10'57 10666 7°9118% 26 ] 12°44 1256° 4 7°9824
5 61 1070°0 9129 5 47 12592 9834
10 64 1073°5 9143 10 50 1262°1 9843
15 67 10769 9157 15 53 12649 9853
20 71 1080°3 9171 20 56 12657 9863
25 74 10837 9184 ag 58 1270°5 9872
3o 77 1087°1 9198 30 61 12733 9882
a5 81 1090°§ 9211 35 64 1276°1 9891
40 84 1093°9 922§ 40 67 12789 9goI
45 87 1097°3 9238 45 69 12817 9910
50 91 11006 9251 50 72 12844 9919
58 94 1104°0 9203 55 75 1287°2 9928
22 o 10°97 11073 7°9278 27 ° 12°78 1289-9 779937
5 11701 ¥10°y 9291 5 8o 1292°6 9947
10 o4 1114°0 9304 10 83 12953 9956
15 o7 1117°3 9316 15 86 1208°1 9965
a0 11 1120°6 9329 20 88 1300°% 9974
35 14 112379 9342 25 91 13034 9983
30 17 11272 9355 30 93 1306°1 - 9991
3s 0 11305 9367 35 96 1308-8 60000
40 23 1337 9380 40 99 1311°4 0009
45 27 11370 9392 45 13°01 1314°0 o018
50 30 1140°3 0404 50 04 13167 0026
$s 33 1143°5 9417 ss o6 1319°3 ©035
23 o 136 11467 7'9429 28 13°09 1321°9 6-0043
5 39 1149°9 9441 5 12 1334°§ oo52
10 43 11531 9453 10 14 1327°1 oobo
18 46 11563 9465 15 1y 132906 cobg
20 49 1159°5 9477 10 19 1332°3 0077
25 52 1162°% 9489 g 22 1334°7 o085
30 1] 1165°9 9501 30 24 1337°3 0093
35 SR 1169°1 9513 35 37 1339°8 otol
40 61 1172°2 9524 40 29 1342°3 0109
45 65 1175°4 9536 45 32 1344°8 o118
50 68 1n;8g 9547 50 34 1347°3 0116
55 n 1181-6 9559 s5 36 1349°8 0133
24 , 174 1184°7 7°9570 29 . 13°39 1352°3 6-or41
5 77 11878 9581 5 41 1354°7 o149
10 8o 1190°9 9592 10 44 1357°3 o157
15 B3 1194'0 9604 15 46 13596 0163
20 86 11971 ob1g 20 48 13632'0 o172
15 89 1200°1 9626 a5 s1 1364°4 o180
30 93 12032 9637 30 13 13668 o188
35 93 12063 9648 35 56 13692 o195
40 98 1209°3 9659 40 5B 1371°6 0303
45 12'01 12123 9669 4% 6o 1374'0 o110
50 04 1215'3 9680 50 63 13763 0217
£s o7 12183 9691 55 65 1378°7 021§
6o 10 122173 9701 6o 67 138170 0333




( 85 )
TABLE XXVIII.—Arc-versines of Spheroidal Arcs of Parallel 1° in

length.
Arc-ver. in sec. Are-ver. i
Parallel of [ Arc-versine | Arc-versine {3600). Parallel of | Arc-versine | Arc-versine ™ ;;:):;”e.
Latitude. | in seconds. | in feet. ) Latitude. | inseconds. | in feet. (3600)™
Logarithm. Logarithm.
o ’ o ’

30 o 1367 13810 60232 35 o 1483 14989 50584
[ 69 1383°3 0239 [ 84 1500°5 o589
10 72 1385°6 0246 10 86 1502°'0 0593
15 74 1387°9 0254 15 87 1503°6 o598
20 76 13902 0261 20 89 150§° 1 0602
25 78 1392°5 0268 25 90 15067 o6oy
30 8 1394°7 017§ 30 92 15082 o611
35 B3 13970 0282 33 93 15097 ob1s
40 85 1399°2 o289 40 95 151172 o619
45 87 14014 0298 45 96 1512°7 obayg
50 89 1403°7 o302 50 98 1514°3 0628
55 92 1405°9 0309 55 99 1515°6 0632
31 » 13°94 14081 3'0316 36 o 15°00 1517°1 ‘6.'0636
$ 96 141072 0322 5 02 15187 0641
10 98 14124 0329 10 03 15201 o645
15 14°00 1414°§ 0335 15 og 1521°§ of49
20 oz 1416°7 0342 20 ob 15229 obs2
25 o4 1418°8 0348 25 oy 1524°3 0656
30 o6 1420'9 0355 30 09 1525°7 0660
35 o8 1423°0 0361 35 10 15270 o664
40 10 14251 0368 40 1 1528°4 o668
45 13 142773 0374 45 13 1529°7 0672
50 15 14293 0380 50 14 15310 o675
55 17 1431°4 0386 55 15 1532°3 o679
32 o 1419 1433°4 6_0'0391 37 [-] 15°17 1533°6 60683
5 21 1435°4 0399 5 18 1534°9 o686
10 23 1437°5 o408 10 19 15363 o6go
15 25 14398 o411 15 20 15374 o693
20 26 1441°5 o417 20 21 1538*% 0696
25 28 144374 0422 25 23 1539°9 o700
30 30 14454 0418 30 24 1541°1 070,
3s 32 14474 0434 35 a5 liu's 0;03
40 34 1449°3 0440 40 26 1543°§ o710
45 36 1451°3 0446 45 27 1544°7 o713
50 38 1453:2 o451 50 28 1545°8 0716
55 40 145571 o457 §5 29 1547°0 oj19
33 o 14°42 1457°0 6:0463 38 o 15° 31 15481 60723
5 44 14589 0468 5 32 1549°2 0726
10 45 1400°8 o474 10 33 1550°4 0729
15 47 14626 0479 15 34 1551°§ 0732
20 49 1464:5 o485 20 35 1552°§ 0738
25 st 1422 3 o490 a5 36 1553°6 0738

3o 53 140871 0495 3o K 1 .
35 54 14j0'0 oso1 35 :z' 'iz.‘:; g;::
40 56 147077 o506 30 39 15567 o746
45 58 1473°5 o511 45 40 1557°8 0749
50 6o 1475°3 o516 50 41 1?;8'8 0752
55 61 147771 o521 55 42 1559°8 0754
34, ° 1463 1478°8 6_‘0517 39 o 15°43 15607 6_-0-47
5 G5 14806 0532 5 44 1561°7 o"'i‘)o
10 66 148273 o517 10 45 1.g61.'1 o"'(\:
15 68 14840 0542 15 46 1}6;'6 o§6-
o o | 1l 0546 10 46 | 156y 0767
s 7 l4s7 4 O§51 25 47 15654 o770

30 73 1489°1 0556 30 8 66+
a5 75 1490°7 o561 as :9 :§67-2 g;”
40 76 14924 0566 40 50 15681 0775
45 78 14040 o870 45 51 15689 o119
g0 79 1495°6 o575 5o 52 1569°8 o162
gi g' 1495:3 o580 55 53 1570°6 o784
3 14989 o584 6o 53 157174 0786




( 66 )

TABLE XXIX.—Linear Value in Miles of a Degree of Arc measured
along the Meridian.

Mean Latitude. Meﬁ‘il_‘i:"ﬁluze‘gm“ Difference. | Mean Latitude. Meri(}":’ﬂlﬂg‘_’gm“ Difference.
o + o +
0 687027 2 23 688072
1 685029 6 24 688160 88
] 687035 ‘o 25 688250 9°
3 685045 15 26 688343 9%
4 68 7060 s 27 688439 9
6 68" 7078 28 68-8537 98
6 687101 23 29 688638 101
7 687128 <l 30 688740 103
8 68° 7159 35 3l 68° 8845 :g;’
9 687194 30 32 688952 109

10 68-7233 ¢ 33 68- 9061 e
11 68:7276 34 689171 !
12 687322 gf 35 689283 :::
13 687373 54 36 68-9397 114
14 68°7427 38 87 689511 »
15 687485 & 38 689628 ”7
16 687547 65 89 689745 I
17 687612 40 68" 9862 7
18 68- 7680 ;’f 4 689983 e
19 68-7752 76 42 6y- o101 119
20 68- ;828 78 43 69° 0220 121
21 687906 82 44 69°0341 120
22 687988 84 45 690461 120
23 688073 46 690581

TABLE XXX.—Linear Value in Miles of a Degree of Arc measured
along Parallels of Latitude.

. Longitudinnl . . Longitudinal :
Latitude. Degrees in Miles. Difference. Latitude. Degrege in Miles. Difference.
o - ° -
0 69°1618 23 63696
1 69 1513 e 24 6';'2?77 4789
2 69'!19.9 314 26 627190 4981
o 523 19 §171
3 6090676 P 26 62° 2019 61
4 6B 9944 ;il 27 616658 ;g 4
6 68-9oo3 28 61-1109
6 6858z 1149 29 6o* 5734
7 08-64af 1358 80 5;-3':;«55 5919
8 68 4931 15635 sl . 6101
9 68" ;?'55 1773 32 :g;gsi 6283
Rt 1979 ALt 6461
}Clb gﬂ_;}:,q z.éﬁ LE] 58'0611 6638
78993 34 §7°3973
12 67°6 2392 . 6813
13 - 4oos 2296 H A Soft
14 67 120 2801 e §6°0173 715
15 66 Ra08 3004 38 58 3o 7326
16 66 4t 3207 54_5' 2 7493
“4993 3408 39 $3'Bigb 7658
17 661585 40 5370538
. 360 820
llg 25-7066 ;%g 41 272718 ;08'
20 65'“68 4008 42 5174737 A137
2 65-°I g 4204 43 g0 6600 8293
21 645956 400 44 49 8307 8446
2 47158 4596 45 489861 8596
63 6ybo : 46 481268




(¢ 57 )

TABLE XXXI.—Graticules of maps.—Sides and Diagonals of Squares
of 1th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to } a mile.

Length in Inchee.
Latitude. m n P q
1 on Lower on Upper i
on Meridian. Parallel. Pam?lel. on Disgonal.

o 4 n o 4w

From O 0 0 to O 7 30 17°176 17°290 17°290 247371
o 7 3 , 015 0 156 290 290 an
o1 o0 0 22 30 176 290 290 3n
0o 22 3 , 0 30 o0 176 290 290 371
0 30 o0 , 0 37 30 176 290 289 371
0 37 30 0 45 O 176 289 289 3o
0 45 0 0 52 80 176 289 288 370
0 52 3 , 1 0 o0 176 288 288 370
1 0 o , 1 7 30 17°156 17288 17°287 24° 369
1 7 3 1 15 0 176 287 286 369
116 o , 1 22 30 176 286 285 368
1 22 30 1 30 0 176 285 285 368
1 30 0 , 1 37 30 176 285 284 367
1 37 30 1 45 O 176 284 282 366
1 4 0 1 52 30 176 282 281 365
1 62 30 , 2 0 O 176 281 280 365
2 0 o0 , 2 7 30 17°176 17280 17°279 24304
2 7 3 , 215 0 176 279 277 363
215 0 2 22 30 176 277 276 362
2 22 30 2 30 O 176 276 274 361
2 30 0 2 37 30 176 274 272 359
2 37 30 2 45 O 176 272 271 358
2 4 0 2 52 30 176 271 269 357
2 62 30 3 0 0 176 209 267 356
8 o o 3 7 3 17°176 177267 15268 24°354
3 7 3% 3 15 0O 156 265 263 353
38 15 0o , 3 22 30 176 263 261 351
3 22 30 3 %0 0 156 261 258 350
8 30 0 , 3 37 30 156 258 256 348
3 37 30 8 45 O 176 256 254 347
3 45 0 3 62 30 176 254 251 345
3 62 30 , 4 0 O 176 251 249 343
4 0 0 4 7 30 1771477 17°249 177246 24° 341
4 7 30 4 15 0 177 246 243 339
4 15 0 4 22 30 177 243 240 338
4 22 30 4 30 O 177 240 237 336
4 30 0 4 37 30 177 137 235 334
4 37 80 4 45 O 177 235 231 33t
4 46 0 4 52 30 177 231 228 329
4 52 30 5 0 o 177 228 22§ 327
5§ 0o o0 5 7 30 17714y 17°228 17222 24335
6 7 30 , 5 16 0 177 222 218 323
6 16 o 65 22 30 177 218 21§ 320
5 22 3 5 8 0 177 21§ 211 318
& 30 0 , 6 37 30 177 211 208 318
6 37 30 6 45 O 177 208 204 313
b 4 0 B 52 30 7y 204 200 3o
6 62 30 6 0 0 177 200 196 307
6 0 o , 6 7 30 17°15 17°196 17192 24" 30
6 7 30 6 16 O 158 l?)z 7 lgﬂ * .3305
6 15 0 6 22 30 178 188 184 299
6 23 30 6 30 0 158 184 180 296
6 3 o0 , 6 37 30 ;8 180 156 203
6 87 30 6 45 0 178 176 17 290
6 46 0 6 62 30 178 171 167 a8y
6 62 30 7 0 o0 178 167 162 284
7 o o0 ,, 7 7 30 17°178 177162 17158 24281
7 73 , 715 o 178 7 158 ’ 1:23 * 28
71l o ,, 7 22 3 178 153 148 274
7 22 380 7 3 0 179 148 143 271
7 30 o 7 37 30 179 143 139 268
7 387 3 , 7 4 0 179 139 134 264
7 45 0 7 52 30 179 134 128 261
7 62 a0 8 0 o0 179 128 123 257
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TABLE XXXI.—Graticules of maps.—Sides and Diagonals of Squares
of 2th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to 1 a mile.

Length in Inches.
Latitude. m n P q
H on Lower on Upper :
on Meridian. Parallel Purn}llI:,-l. on Diagonal.
-2 ’ ” o ’ ”

From 8 0 0 to 8 7 30 17179 17'123 17°118 34°254
8 7 3 , 8 15 0 179 118 113 250
8 15 o 8 22 30 179 113 107 246
8 22 30 8 30 0 179 107 102 243
8 30 o 8 37 380 179 102 096 239
8 387 3 8 45 O 180 096 091 235
8 46 0 8 52 80 180 og1 ol 231
8 52 30 9 0 O 180 oBg 079 227
9 o 0o , 9 7 30 17°180 17079 17°073 24°223
9 7 30 9 15 0 180 073 06y 219
91 0 , 9 22 30 180 b7 ob1 214
9 22 30 , 9 30 0 180 ob1 058 210
9 3 o 9 37 30 180 055 o49 206
9 37 80 ,, 9 45 0 181 049 042 202
9 485 0 9 52 30 181 042 036 197
9 82 3 , 10 o0 O 181 036 029 193
1o o o , 10 7 38 17181 17°029 17°023 24°188
10 7 3% , 10 15 O 181 023 016 184
10 15 0o , 10 22 80 181 016 oro 179
10 22 30 , 10 30 O 181 oro oo3 175
10 30 0 , 10 37 30 181 003 16996 170
10 37 30 , 10 45 O 182 16° 996 989 163
100 4 0 , 10 52 30 182 989 982 160
10 52 30 , 11 o0 O 182 98z 975 155
iL o o , 11 7 30 17°182 16-973 16968 24°150
11 7 30 , 11 15 0 182 968 960 145
11 15 o , 11 22 30 182 960 953 140
11 22 3 , 11 30 0 182 953 946 135
1 30 0 , 11 37 80 183 946 938 130
11 37 30 ,, 11 45 O 183 938 930 125
11 46 0 ,, 11 52 30 183 930 923 120
11 52 80 , 12 0 0 183 923 915 114
12 0 o , 12 7 30 177183 16°915 16°907 24° 109
12 7 8 , 12 16 O 183 907 899 104
12 18 0 , 12 22 30 183 899 891 098
12 22 30 , 12 30 O 184 891 883 093
12 30 o0 , 12 37 30 184 883 875 o87
12 37 30 , 12 45 O 184 875 867 o81
12 45 0 ,, 12 62 30 184 867 859 076
12 52 30 ,, 13 ©0 O 184 859 850 o70
13 0 0 , 13 7 30 17°184 16-850 16-842 24064
13 7 3% , 13 15 O 185 B4z 833 o058
13 15 0 , 13 22 30 185 833 824 052
13 22 3 , 13 30 O 185 824 816 047
13 3 o , 13 37 30 185 816 Boy 041
13 37 30 ,, 13 45 O 185 8oy 798 03§
13 45 0 , 13 52 30 185 798 789 028
13 52 30 ,, 14 0 O 186 789 780 032
14 0 0 , 14 7 80 17°186 16° 780 16771 24016
14 7 30 , 14 16 0 186 271 763 o1o
14 15 0 , 14 22 30 186 762 753 003
14 22 30 , 14 30 O 186 753 743 23°997
14 30 0 , 14 37 30 186 743 734 991
14 37 30 , 14 45 0 187 734 724 984
14 46 0 , 14 52 %0 187 724 715 978
14 62 % , 16 0 © 187 ™ 708 971
15 o 0 , 16 7 3 17°187 16* 703 16-695 23964
15 7 30 , 15 16 © 187 695 685 958
15 16 0 , 15 22 380 188 68¢g 676 951
15 22 3 , 15 3 O 188 676 666 944
15 30 0 , 15 37 30 188 666 6ss 937
15 97 80 , 156 45 O 198 65z 643 911
15 45 © , 156 52 30 188 645 X1 934
16 52 30 , 16 0 O 189 635 625 917




( 59 )

TABLE XXXI.—Graticules of maps.—Sides and Diagonals of Squares
of 1th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to 1 a mile.

Length in Inches.
Latitude. m n P 7
. on Lower on Upper :
on Meridian. Parallel. Tarallol. on Diagonal.
o ’ " o ’ ”

From 16 0 0 to 16 7 30 17°189 16-625 16-614 23°910
6 7 3 , 16 15 O 189 614 6oy go2
16 15 0 , 16 22 30 189 604 593 893
16 22 30 , 16 30 O 189 593 583 888
16 30 0 , 16 387 30 190 583 5§72 881
16 37 3 , 16 45 O 190 573 561 874
16 45 0 ,, 16 52 30 190 561 551 866
16 62 30 , 17 0 O 190 551 5§40 859
17 o o0 , 17 7 8 17'190 16540 16°529 23951
17 7 38 , 17 15 0 191 529 518 844
17 15 o , 17 22 80 191 518 506 A36
17 22 30 , 17 30 O 191 506 495 829
17 3 © , 17 37 30 191 495 484 821
17 37 80 , 17 46 O 191 484 473 813
17 45 0 , 17 52 30 192 473 461 8ob
17 62 30 , 18 0 O 192 461 449 798
8 o o , 18 7 38 17°192 16° 449 16° 438 23°700
18 7 8 , 18 15 O 192 438 426 782
18 15 o , 18 22 30 193 426 414 774
18 22 % , 18 30 O 193 414 402 766
18 30 0 , 18 37 30 193 402 390 758
18 37 30 , 18 45 0 103 390 378 750
18 45 0 , 18 52 30 193 378 366 742
18 62 30 ,, 19 0 o0 194 366 354 734
9 o o0 , 19 7 30 17°194 16°354 16° 342 237 72§
19 7 3 , 19 16 O 194 342 330 q17
19 15 0 , 19 22 30 194 330 317 709
19 23 30 , 19 30 O 19§ 317 305 700
19 30 o0 , 19 37 30 195 305 293 691
19 37 3 , 19 45 0 195 202 280 683
19 45 0 ,, 19 62 30 195 280 267 675
19 62 80 , 20 0 0 196 267 254 666
2 0 o0 , 20 7 30 17196 16°254 167241 23'658
20 7 30 ,, 20 156 o0 196 241 228 649
20 15 0 ,, 20 22 30 196 228 215 640
20 22 30 ,, 20 30 O 197 21§ 202 631
20 30 0 , 20 37 30 197 202 189 633
20 37 30 ,, 20 4 0O 197 189 176 614
20 45 0 ,, 20 52 30 197 176 162 605
20 52 30 , 21 O O 198 162 149 596
21 o0 o0 ,, 21 7 30 17 198 16°149 16138 23587
21 7 3 , 21 15 0 198 135 122 578
2t 15 0 ,, 21 22 30 198 122 108 569
21 22 30 , 21 30 O 199 108 09§ 559
21 30 0 , 21 387 30 199 095 oB1 550
21 37 30 , 21 45 O 199 o81 ob7 §41
21 45 0 ,, 21 62 80 199 aby 053 £32
21 62 80 ,, 22 0 O 200 053 039 532
22 0 0 , 22 7 30 17° 200 16°03 1602 33°51;
22 7 3 , 22 15 O 200 ozg onf 3 50_:
22 16 0 ,, 22 22 80 200 or1 157996 494
22 22 30 , 22 30 0O 201 15° 996 981 484
£ 30 0 , 22 37 30 201 982 968 47§
22 37 30 , 22 45 o0 201 968 953 465
22 45 o " 22 62 30 201 953 919 45%
22 62 30 , 23 0 o 203 939 924 446
28 0o o0 ,, 23 7 30 17°202 15°924 15" go! 237436
22 7 3 ,, 23 15 o0 201 5 (:og ng 3 116
23 15 o0 , 23 22 30 203 898 880 416
23 22 30 , 23 30 0 203 880 865 406
23 30 0 , 23 37 90 103 865 850 397
23 37 30 ,, 21 4 O 203 S50 LEY3 387
23 45 0 ,, 23 52 30 204 835 820 376
23 52 30 ,, 24 O O 204 820 So4 366




( 60 )

TABLE XXXI.—Graticules of maps.—Sides and Diagonals of Squares
of 3th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to } a mile.

Length in Inches.
Latitude, m n P q
idi on Lower on Upper :
on Meridian. Parallel Pamllalil. on Diagonal.
o ’ ” o ’ ”

From 24 0 O to 24 7 30 17204 15°804 15° 4789 23°356
24 7 3 , 2+ 15 O 204 789 774 346
24 15 0 , 24 22 30 205 774 758 336
24 22 30 , 24 30 O 20§ 758 743 326
24 30 0 , 24 37 30 205 743 727 315
24 87 30 ,, 24 45 O 206 727 711 303
24 45 0 , 24 52 30 206 711 696 295
24 62 30 ,, 25 O O 206 696 680 284
2 0 0 , 25 7 30 17-206 15680 15°664 23°274
25 7 3% , 25 13 O 207 664 648 363
25 15 0 , 25 22 30 207 648 632 353
25 22 30 , 25 30 O 207 632 616 243
25 30 0 , 25 37 80 208 616 600 231
25 37 3 , 25 45 O 208 6oo 583 221
2 4 0 ,, 25 52 30 z08 583 567 110
26 62 30 ,, 26 0 0O 208 567 550 199
26 0 0 , 2 7 30 17209 15°550 15°534 23188
26 7 3% , 26 15 0 209 §34 517 178
26 15 0 , 26 22 30 209 517 5ot 167
26 22 30 , 26 30 O 210 5ot 484 156
26 30 0 , 26 37 30 210 484 467 145
26 37 30 ,, 26 45 O 210 467 450 134
26 45 0 ,, 26 52 30 z11 480 433 123
26 52 30 , 27 0 O 211 433 416 112
27 0 O , 27 7 30 177211 15416 15°399 23°100
27 7 3% , 27 16 O 211 399 382 089
27 15 o ,, 27 22 30 212 382 365 o078
27 22 30 , 27 30 O 212 365 348 067
27 3 0 , 27 37 30 212 348 330 055
27 37 30 , 27 45 O 213 330 313 044
27 45 0 ,, 27 52 30 213 313 295 033
27 52 30 , 28 0 O 213 295 278 021
28 0 0 , 28 7 30 17°214 15°248 15°260 23°010
g8 7 30 , 28 15 O 214 260 242 227998
28 15 o0 , 28 22 30 214 242 225 987
28 22 30 ,, 28 30 O 21§ 228 207 97%
28 30 0 , 28 37 30 21§ 207 189 963
28 37 30 , 28 4 O 215 189 171 952
28 45 0 , 28 52 30 15 171 153 940
28 52 30 , 29 0 O 216 153 134 928
29 0 O , 29 7 30 27216 15°134 15°116 22'917
29 7 8 , 29 15 O 216 116 on8 90§
29 15 o0 , 20 22 30 217 098 079 893
20 22 3 , 29 30 O 217 079 ob1 881
29 30 0 , 29 37 30 a1y ob1 043 869
29 37 30 , 29 45 O 218 042 024 857
29 45 0 ,, 29 52 30 218 024 00§ 843
29 52 30 , 3 o0 O 218 oos 147986 813
30 0 0 , 30 7 8 17°219 14°986 14°968 22°821
80 7 30 ,, 30 15 © 219 968 949 o9
30 16 o0 , 30 22 30 219 949 930 797
30 22 30 , 30 3 0O 220 930 ' 784
% 30 0 , 30 37 30 220 911 892 773
30 37 30 , 30 46 O 220 92 872 760
30 45 0 , 30 52 30 221 872 853 748
80 62 3 , AN 0 O 221 853 834 738
81 0 o0 , 31 7 30 17°221 14°834 14°B14 217733
31 7 8% , 31 15 0 222 814 795 710
31 15 0 , 91 22 30 222 798 778 698
31 22 30 , 31 30 O 212 77% 756 686
31 % o0 , 31 37 30 213 756 736 673
91 37 30 ,, 31 45 O 213 736 716 660
31 4 o0 , 31 52 30 323 716 (1Y 648
a1 62 80 , 32 0 O 214 697 677 638




( 61 )

TABLE XXXI.—Graticules of maps.—Sides and Diagonals of S8quares
of 1th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to % a mile.

Length in Inches.
Latitude. " » 7 q
i on Lower on Upper i
on Meridian. Parallel. Parailol. on Diagonal.
o ! ” o ’ ”

From 32 0 O to 32 7 30 177224 14°677 14°657 22°623
32 %7 3 , 32 15 0 224 657 637 610
32 15 0 , 32 22 30 22§ 637 61y 597
32 22 80 , 32 30 o0 228 617 §97 584
32 % 0 , 32 37 30 225 597 576 572
82 37 30 , 32 45 0 226 576 556 559
32 45 0 , 32 52 380 226 556 536 546
32 52 30 , 33 0 O 226 536 51§ 533
83 0 0 , 33 7 3 177227 14°51§ 147495 22520
84 7 30 , 33 15 o0 217 495 474 507
33 15 o0 , 33 22 3 229 4574 454 494
33 22 30 , 33 30 0 228 454 433 481
33 30 0 , 33 37 30 228 433 412 408
33 37 80 ,, 83 45 0 228 412 391 458
83 45 O , 33 562 30 229 391 370 442
33 52 80 , 3¢ 0O 0O 229 370 349 429
84 0 O , 3¢ 7 30 17'229 14°349 14" 328 22416
34 7 %0 ,, 3¢ 15 o0 230 328 307 402
84 15 0 , 34 2¥ 30 230 307 286 389
34 22 3 , 34 30 O 231 286 265 376
84 3 O , 34 37 30 231 265 243 362
34 87 30 ,, 34 45 O 231 243 222 49
34 45 0 ,, 34 62 30 232 222 201 330
84 52 3 , 3 O O 232 201 179 322
8% o0 o0 ,, 8 7 30 177232 14'179 14°157 22309
8% 7 3 , 38 1B 0 233 157 136 295
8 15 0 , 35 22 30 233 136 g 282
a5 22 8 , 3 30 O 233 114 ona 268
35 30 o , 35 37 30 234 092 oj0 255
35 87 30 , 35 45 O 234 oj0 048 241
3 46 0 ,, 35 52 30 234 048 026 228
3 62 30 ,, 36 0 O 235 026 004 214
3 o 0 , 3 7 30 17°235 14004 13°982 22200
3% 7 30 , 3 15 0 235 13'982 gbo 187
8 15 0 , 36 22 30 236 960 938 173
36 22 30 , a6 30 O 236 938 915 129
3 A0 0 , 386 37 30 237 01§ 893 140
9% 37 30 ,, 8 45 0 237 893 871 132
%% 45 0 , 36 52 30 237 871 848 118
36 52 % , a7 0 ¢ 238 848 825 104
3% o o , 87 7 30 17°238 13825 13'803 22° 090
97 7 % ,, 937 15 O 238 Boj3 780 056
87 15 0 , 87 22 380 239 780 7587 obz
87 22 30 , 37 30 o© 239 787 734 048
37 30 0 ,, 87 97 30 239 734 711 034
87 37 30 , 37 45 O 240 711 688 oz0
37 45 0 ,, 97 52 30 240 688 665 006
87 52 80 , 38 o0 O 241 665 642 21992
s o0 0 ,, 88 7 30 177241 13°642 13619 21'9;8
88 7 8 , 38 15 0O 241 61y 596 964
¥ 15 0 ,, 38 22 30 242 596 572 950
98 22 % , 38 30 0O " 572 549 936
as 30 o0 , 38 37 i0 242 549 526 922
38 37 30 ,, 388 45 O 243 526 502 907
38 46 O , 38 52 80 243 502 479 893
98 52 30 , 3 0 o0 343 479 455 879
M o o , 39 7 30 17°244 13°455 13'431 2186
% 7 3 , 39 16 O 244 431 3 407 852'
39 18 0 ,, 39 22 90 248 407 384 B36
39 22 30 , 39 80 O 245 384 360 822
39 30 o , 39 37 30 245 360 336 8oy
39 37 30 , 89 46 O 246 336 31 793
3 4 o0 ,, 89 62 80 246 312 288 779
3 52 30 , 40 0 O 246 288 263 764
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TABLE XXXII.—Graticules of maps.—Sides and Diagonals of Squares
of 1th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to 1 mile.

Length in Inches.
Latitude. m n P q
i on Lower on Upper :
on Meridian, Parallel. anli’lf; 0 on Diagonal.
-] , o ,

From 0 0 to 0 15 17°176 17°290 17°290 24371
o 15 , o 30 176 290 290 an
0 30 " 0 46 l76 290 289 3
0 45 n 1 (1] 176 239 288 370
1 0 , 1 15 156 288 - 286 369
1 1% 1 30 156 286 285 368
1 3 , 1 45 156 283 282 367
1 4 2 0 176 282 280 365
2 0o , 215 177176 17°280 17°277 247363
21 2 30 176 277 274 361
e 30 , 2 45 176 274 271 339
2 45 8 0 176 271 267 356
3 o 8 15 176 267 263 354
8 15 8 30 176 263 258 351
3 30 , 3 45 156 258 254 347
3 45 4 0 156 254 249 344
4 0 4 15 17°177 17°249 17243 24340
415 , 4 30 177" 243 237 337
4 30 4 45 177 237 231 332
4 45 6 O 177 231 22§ 328
& o0 5 15 177 228 218 323
5 15 5 30 177 218 211 318
6 30 6 45 177 211 204 314
5 46 6 0 177 204 196 308
6 o 6 15 17°178 17°196 177188 24°303
6 15 ,, 6 30 178 188 180 298
6 30 6 45 178 1Bo 171 292
6 45 7 0 178 171 162 285
7 o 7 18 178 162 153 279
7 16 , 7 30 179 153 143 273
7 3 7 45 179 143 134 266
7 % 8 o0 179 134 123 159
8 o 8 15 17°159 170123 17° 113 241252
8 15 8 80 179 13 102 244
8 3 , 8 45 180 102 og1 237
B 4 9 0 180 o91 079 229
9 o 9 15 180 079 ob7 221
9 15 8 30 180 o067 055 212
9 30 0 456 180 055 042 204
9 45 , 10 O 181 0412 019 19§
10 o , 10 15 718 17°029 17:016 24°186
10 16 10 30 181 016 003 177
10 30 ,, 10 45 182 003 16989 168
10 45 ,, 11 o 182 16989 978 159
1 o0 , 11 15 182 973 96o 148
115 ,, 11 30 183 960 946 138
11 30 ,, 11 45 183 946 930 128
11 45 ,, 12 0 183 930 91§ 118
12 o ,, 12 15 17°183 16°915 16- 899 147107
12 15 |, 12 B0 184 899 883 097
12 30 , 12 45 184 883 867 o085
12 46 , 13 O 184 B67 Bso 073
13 0 , 13 15 185 B0 833 ofi2
13 16 , 13 80 185 B33 Bi6 050
13 30 , 131 46 185 816 798 037
18 46 , 13 0 186 798 780 026




( 6 )

TABLE XXXII.—Graticules of maps.—S8ides and Diagonals of Squares
of 1th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to 1 mile.

Length in Inches.
Latitude. m " 4 q
i on Lower on Upper i
on Meridian. Porallel. an};lel. on Diagonal.
o ’ o ’

From 14 0 to 14 16 17°186 16 780 16° 762 24°013
14 15 , 14 30 186 762 743 o000
14 30 ,, 14 45 187 743 724 23988
14 46 , 15 0 187 724 798 974
15 0 , 15 15 187 708§ 685 961
15 15 ,, 15 30 188 685 666 948
16 30 ,, 15 45 188 666 645 934
16 45 , 16 O 188 645 625 910
6 0 , 16 15 177189 16-625 16604 23° 906
16 15 , 16 30 189 604 583 892
16 30 , 16 45 190 583 561 877
16 45 , 17 0 190 561 540 862
17 o ,, 17 15 191 540 518 848
17 15, 17 30 191 518 495 833
17 30 ,, 17 45 191 495 472 817
17 45 ,, 18 0 192 472 449 8or
18 0 , 1815 177192 16-449 16426 23" 786
18 15 ,, 18 30 193 426 402 770
18 30 , 18 45 193 4012 378 754
18 45 , 19 0 194 378 354 738
19 0o , 19 15 194 354 330 721
19 15, 19 30 195 330 308 708
19 30 , 19 45 195 305 280 688
19 45 , 20 O 19§ 280 254 670
2 0 , 20 16 17°196 167254 16228 23653
20 15 , 20 30 196 228 202 635
20 30 ,, 20 46 197 203 176 618
2 46 , 21 O 197 176 149 6oo
21 o0 , 2L 15 198 149 122 582
21 15 , 21 30 198 122 09§ §64
21 30 , 21 45 199 09§ 1.7 546
21 45 ,, 22 0O 199 oby 039 517
2 o0 , 22 15 17200 16039 16° 011 23 508
22 15 -, 22 30 201 ort 15°982 490
22 30 ,, 22 46 201 15°982 953 470
22 45 , 23 O 202 953 924 451
23 o 4, 23 15 202 924 8935 431
23 15 , 23 30 203 895 865 412
23 30 , 23 45 203 ‘ 86s B3s 393
28 46 ,, 24 O 204 835 804 372
24 0 , 24 15 177204 15°'804 15°774 23°381
24 16 ,, 24 90 205 774 743 331
24 30 , 24 45 205 743 71t 3io
24 45 ,, 25 O 200 711 680 289
25 0 , 25 15 207 680 648 269
25 15 , 25 30 207 648 616 247
25 30 ,, 25 45 208 616 583 226
2 46 , 26 O 208 583 550 204
26 0 , 26 15 17209 15°550 1578517 237103
26 16 , 26 80 209 517 484 T
26 30 ,, 26 45 210 484 450 139
26 46 , 27 O 211 450 416 1y
27 O ,, 27 15 211 416 383 094
27 16 ,, 27 30 213 182 348 o2
27 30 ,, 27 45 213 348 313 o050
27 46 , 28 O 213 33 278 03y




( 64 )

TABLE XXXII.—Graticules of maps.—S8ides and Diagonals of Squares
of 1th of a Degree of Latitude and Longitude, on the Scale of
1 Inch to 1 mile.

Length in Inches.
Latitude. m n » q
;43 on Lower on Upper :
on Meridian. Parallol. an}l)ll:el. on Diagonel.
o ’ o ’

From 28 0 to 28 15 17°214 15°2;8 15°242 23004
28 15 , 28 30 214 242 207 22981
28 30 , 28 45 215§ 207 171 958
28 45 ,, 29 O 216 171 134 934
29 o0 29 15 216 134 o098 910
29 15 , 29 30 217 o098 o671 887
29 30 , 29 45 218 061 o024 863
29 46 ,, 80 O 218 o024 14°986 839
8% o0 , 3 15 177219 14°986 14°949 22815
30 15 ,, 30 30 219 949 911 790
8 30 , 30 45 220 184 8;2 766
30 45 , 31 O 221 872 834 741
31 0 , 31 16 221 B34 795 716
31 16 , 31 30 222 795 756 692
31 30 , 31 45 223 756 716 667
31 45 ,, 32 0O 223 716 677 641
2 o0 , 382 15 17°224 14°677 14°637 22616
82 15 ,, 32 30 225 637 597 591
32 30 , 32 45 226 597 556 566
32 45 , 33 0 226 556 515 539
3 o0 , 33 15 237 815 474 514
33 15 , 33 30 228 474 433 488
33 30 , 33 45 228 433 391 461
33 4 , 3 0 229 39t 349 435
3 0 , 34 15 17°230 14°349 14' 307 22409
34 15 ,, 84 30 230 307 265 382
34 30 , 34 45 231 265 222 356
84 45 ,, 35 O 232 222 179 319
3% 0 ,, 35 15 132 179 136 302
3 15 ,, 35 30 233 136 092 27§
3% 30 , 35 45 234 092 048 248
85 46 , 36 O 235 0438 o4 221
8 0 , 86 15 17°238 14004 13960 227194
3 15 , 36 30 236 13960 915 166
3 30 , 36 45 237 915 871 139
3 45 , 387 O 237 871 Bz2g 171
37 o , 37 16 238 B2g 780 ofi3
a7 15 , 87 30 139 780 734 055§
37 90 ,, 87 45 240 734 688 017
37 46 ,, 38 O 240 088 643 21'999
8 0 , 38 15 17°241 13°642 13°596 21°971
38 16 , 38 30 242 596 549 943
88 30 , 38 45 243 §49 go3 91§
38 46 , 39 0 243 503 455 8H6
89 0 , 39 15 244 455 407 858
3 15 ,, 39 30 243 407 300 829
39 30 , 39 46 24§ 360 312 8oo
39 45 , 40 O 246 312 263 771




( 66 )

TABLE XXXIII.—Graticules of maps.—Sides and Diagonals of Squares
of } of a Degree of Latitude and Longitude, on the Scale of 1 Inch
to 4 miles.

Length in Inches.
Latitude. m n P q
- 33 on Lower on Upper 4
on Meridian. Parallel I‘nmﬁgl. on Diegonsl.
o ’ o ’

From 0 0 to 0 30 8588 8645 8645 12'186
03 , 1 o0 588 645 644 185
1 0 1 30 588 644 642 184
1 3 , 2 0 588 642 640 183
2 0o , 2 30 588 640 637 181
2 30 3 o0 588 637 633 179
3 o 3 30 588 633 629 176
3 30 4 0 588 629 624 173
4 0 4 30 588 624 619 169
4 30 5 0 588 619 613 165
5 0 , 5 30 8-5Rg 8:613 8606 12°161
538 , 6 0 589 606 598 156
6 0 6 30 589 598 590 150
6 30 7 0 589 590 581 144
7 0 7 30 589 581 572 138
7 30 8 0 589 572 562 130
8 0o 8 30 590 562 551 124
8 30 9 0 590 5571 539 16
9 o0 9 30 590 539 527 108
g 30 , 10 0 590 527 515 100
lo o , 10 30 8-591 B:515 8- 501 121091
10 80 , 11 o 591 50t 487 o81
1m o , 11 30 591 487 473 o7l
1 80 ,, 12 0 591 473 458 061
2 o , 12 30 592 458 442 o050
12 30 , 13 O 592 442 425 039
13 o0 , 13 30 592 425 408 028
13 30 ,, 14 O 593 408 390 o16
4 o ,, 14 30 593 390 372 003
14 30 , 15 0 593 372 353 11990
15 o , 15 30 8594 8-353 8-333 117977
16 30 , 16 O 504 333 312 963
16 0 ,, 16 30 593 312 291 949
16 30 , 17 O 595 291 270 935
17 o0 , 17 30 595 270 248 920
17 80 , 18 0 5§96 248 22§ 903
18 o , 18 30 596 22§ 201 889
18 80 ,, 19 O 597 201 177 873
19 0 , 19 30 597 177 152 856
19 80 , 20 O 598 152 127 840
20 0 , 20 30 B-598 8 127 8101 11°822
20 30 ,, 21 O 599 101 074 8og
2l o0 ,, 21 3 599 074 o4y 786
21 80 ,, 22 0 600 047 o1g 768
22 o ,, 22 30 600 019 77991 749
22 30 ,, 3 0 6ot 7:991 962 730
23 0 ,, 23 30 6o1 962 932 711
23 30 ,, 24 0O 602 9312 yoz 61
24 0 ,, 24 30 602 9oz 871 650
24 3 , 2 O 6o3 851 840 650
25 0 , 25 30 B-603 7-840 7808 11:629
25 %0 ,, 26 O 6ogq 808 778 608
26 0 , 26 30 6o5 775 742 586
26 30 ,, 27 O 6og v42 708 564
27 o0 ,, 27 80 606 708 674 542
27 %0 , 28 O 606 674 639 519
28 o0 , 28 30 607 639 6oz 496
28 80 ,, 29 O 6oR 6oz 565 473
'29 0 , 29 30 608 §67 530 449
29 80 ,, 80 oO 609 530 493 425




( 66 )

TABLE XXXIII.—Graticules of maps.—Sides and Diagonals of Squares
of } of a Degree of Latitude and Longitude, on the Scale of 1 Inch

to 4 miles.
Length in Inches.
Latitude. ‘m n P q
Meridian. on Lower on Upper ;
on Meridian Porallol Paraliol on Diagonal.
o ’ o ’

From 30 O to 30 80 8:610 77493 7455 11°401
30 30 , 31 O 610 455 417 377
31 o0 , 31 % 611 417 378 352
81 30 , 32 0 612 378 338 327
32 o , 3 3 612 338 298 302

2 3 , 33 0 613 298 258 276
3 o0 , 33 30 614 258 216 250
3 a3 , 3+ O 614 216 175 224
3 0 , 84 30 615 175 132 198
34 30 , 3 O 616 132 ogo 171
B/ o0 , 35 80 8:616 ’ 7°0g0 7046 11°144
3% 80 , 36 O 617 046 0oz 117
86 o0 , 86 30 618 ooz 6957 ogo
3 3 , 387 O 619 6-957 913 063
7 o , 37 30 619 913 867 034
37 30 , 38 O 620 867 821 007
a8 o , 38 30 631 821 774 10°978
38 30 , 39 o 6z1 774 729 949
9 o , 39 30 622 727 680 921
39 30 , 40 O 623 6Bo 632 893

TABLE XXXIV.—Graticules of maps.—Sides and Diagonals of Squares
of } of a Degree of Latitude and Longitude, on the Scale of the

Atlas of India or ——- of Nature.

255561
Lenglh in Inches.
Latitude. m n P q
Teridi on Lower on Upper Diagounal.
on Meridian. Parallel. Parallel. on Ding
o ’ ° ’

From 0 0 to O 30 B g1y B-374 8574 12 08¢
o 30 1 0 (1% 574 873 oBy
1 0o 1 30 517 5§73 871 o83
1 3 2 0 §t7 §71 569 oB2
2 0 2 80 517 500 566 ofo
2 30 3 0 517 566 562 o78
8 o , 3 30 517 562 558 075
3 s 4 0 517 %58 §53 072
4 0 , 430 sty 553 548 068
4 30 6 O 5§17 548 542 064
6 o 6 30 8-518 8542 8-538 1200
6 30 , 6 O 518 535 527 056
6 0 6 380 518 827 519 050
6 3 7 0 518 519 §10 044
7 0 7 30 518 510 go1 038
7 %0 8 0 518 got 491 031
8 o 8 30 519 491 480 024
8 30 , 9 o0 519 480 468 016
9 0 , 9 30 519 468 457 oo8
9 % , 10 O 519 457 445 000




( 67 )

TABLE XXXIV.—Graticules of maps.—Sides and Diagonals of Squares
of 2 of a Degree of Latitude and Longitude, on the Scale of the

Atlas of India or gg of Nature.

Length in Inches.
Latitude. m n P q
1: on Lower on Upper i .
on Meridian. | =, hel. Purallol, | °° Disgonel
o s o
From 10 0 to 10 30 8520 8:445 8-431 117991
0 3 , 11 0 520 431 417 981
11 0 , 11 30 520 417 403 971
1 30 , 12 o 520 403 388 961
12 o , 12 80 521 388 372 950
12 30 , 13 O 521 372 355 940
13 o0 , 13 30 521 355 339 929
13 30 ,, 14 O 522 339 321 917
14 0 , 14 30 522 321 303 904
14 30 , 15 0 522 303 284 891
5 0 , 15 30 8523 8284 8264 11°878
15 30 , 16 0 523 ) 264 243 864
6 0 , 16 30 524 243 222 850
16 a0 ,, 17 O 524 222 202 836
17 o , 17 30 524 202 180 823
17 80 , 18 O 525 180 157 807
18 0 , 18 30 525 157 133 791
18 30 ,, 19 0O 526 133 109 775
19 0 , 19 30 526 109 085 758
19 30 , 20 O 527 LT o6o 742
20 0 , 20 30 8 527 8060 8034 11724
20 3 , 21 o0 528 034 oo7 707
21 0 ,, 21 30 528 ooy 7980 689
21 30 , 22 O 529 7980 953 671
22 0 , 22 30 529 953 925 652
22 3% , 23 0O 530 925 896 633
23 0 , 23 30 530 896 866 614
23 30 , 24 O 531 866 837 594
24 0 ,, 24 30 53t 8317 806 574
24 8 , 25 O 532 806 778 554
2% 0 , 25 30 8'532 77718 7°743 11°§33
25 30 , 26 0 533 743 711 513
26 0 , 26 30 534 q11 678 490
26 30 ,, 27 O 834 G678 : 644 468
27 0 , 27 30 535 644 611 447
27 30 , 28 0 538 611 576 424
28 o0 , 28 30 536 576 540 401
28 3 , 20 O 537 540 504 358
29 0 , 29 30 537 594 468 354
29 % , 38 O 538 468 431 331
0 o , 30 30 8:539 77431 7°393 11307
3 3 , 3 o0 539 393 356 283
831 o , 31 30 540 356 317 258
1 3 , 32 o0 541 3 277 233
2 0o , 392 541 257 238 209
82 80 ,, 31 0 542 238 198 183
33 0 , 33 30 543 198 156 157
33 3 , 34 o0 £43 156 116 131
34 0o , 3+ 80 544 16 073 10§
3¢ 80 , 35 O 545 073 031 079
3 o0 , 8 30 B 548 7 031 6-9R8 11°052
% 80 , 3G O 546 6988 944 023§
6 o0 , 236 30 547 944 goo 10° 998
36 30 , 37 o0 548 goo 856 972
87 o0 , 37 380 548 836 Bio 943
87 30 , 388 O 549 131 763 916
$8 o0 , 38 3 550 765 718 887
38 8% , 890 o0 &50 ne 671 859
3 o0 , 39 30 §51 671 625 831
8% 30 , 40 o0 552 625 577 Bo3




( 6 )

TABLE XXXV.—Graticules of maps.—Sides and Diagonals of Squares
of 1 Degree of Latitude and Longitude, on the Scale of 1 Inch to

8 miles.
Lengtl in Inches.
Letitude, m n ? q
1 on Lower on Upper :
on Meridian. Parallel. anﬁ’;l. on Diagonal.
o °
From 0 to 1 8-588 8645 8:644 12°183
1 ”» 2 588 644 640 183
2, 3 588 640 633 180
3 " 4 588 633 624 174
4 » 6 588 624 : 613 167
5 ' [} 589 613 598 158
6 . 7 589 598 581 147
7 . 8 589 581 562 134
8 ., 9 590 562 539 120
9 , 10 590 539 515 104
10 11 8591 8515 8-487 12086
n o, 12 591 487 458 066
12 » 13 593 458 428 045
13 " 14 593 425 390 022
14, 16 593 390 353 117997
5, 16 594 353 312 970
16 " 17 595 312 270 942
17 » 18 596 270 223 912
18 " 19 596 225 177 881
v, 2 597 177 127 848
20 ” 21 8598 B 127 8074 11°813
21 » 22 599 074 o19 777
23 " 23 600 o19 7962 740
23 " 24 6o1 7°:962 9oz 701
24 » 25 603 9oz 840 660
2 ., 26 604 840 778 618
26, 27 605 775 708 575
27, 28 606 708 639 530
28, 29 6oz 639 567 484
2, 30 6og 567 493 431
30 " 31 8610 7°493 7417 11°389
31 " a2 611 417 338 339
32 ., 33 613 338 258 2Bg
33 ” 31 614 258 175 237
34 . 35 615 175 ogo 184
35 ”» 36 617 0go 002 131
36 " a7 618 Q032 6913 076
37 " a8 620 6:913 821 o2t
38 "» 39 621 821 727 10° 964
39 ”» 40 623 727 633 907
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TABLE XXXVI.—Graticules of maps.—Sides and Diagonals of Squares
of 2 Degrees of Latitude and Longitude, on the Scale of 1 Inch
to 12 miles.

Length in Inches.
Latitude, m n r q
idi on Lower on Upper i ;
on Meridian. Parallel. Parallol. on Diagonal.
o . o
From O to 2 11°451 11°§27 11'520 16248
2, 4 451 520 499 235
4, 6 451 499 464 216
6 . 8 452 464 416 187
8 , 1o 453 416 353 149
10 » 12 455 353 277 101
12, 14 456 277 187 044
14, 16 458 187 o83 157977
16 " 18 11" 460 11-083 10° 966 15'go2
18 » 20 463 10° 966 836 818
20 » 22 465 836 693 726
22 " 24 468 693 536 626
24, 26 478 536 367 518
26, 28 474 367 185 403
28 " 30 477 185 97991 280
30 » 32 481 9°991 785 151
82 " 34 11°484 9783 9566 15016
34 ., 36 488 566 336 14°836
36 , 38 492 336 093 730
38 » 40 496 9§ 8-842 580
40 " 42 - 500 8842 579 426
42, 44 504 579 3058 268
44 " 46 508 305§ oz1 108

TABLE XXXVII.—Graticules of maps.—Sides and Diagonals of Squares
of 2 Degrees of Latitude and Longitude, on the Scale of 1 Inch
to 16 miles.

Length in Inches.
Latitude. m n P q
idi on Lower on Upper i
on Meridian. Parallel. Pnralfl}ll. on Diegonel.

-] o .
From 0 to 2 8-588 B-645 8-640 12°184
2 " 4 588 640 624 177
4 " 6 588 624 598 162
6 8 589 598 562 140
8 " 10 §90 562 51§ 1
10 " 12 591 51§ 458 056
12, 14 5§92 458 a90 013
4, 16 594 ago 3 11°983
16 ” 18 8598 8312 8225 11°927
18 " 20 597 32§ 127 B6y
20 ., 22 599 127 org 795
22 " 24 6or o1g 7'902 720
24 " 26 6o3 7'go2 775 619
26, 28 Gob 575 639 552
28 ,, 30 608 639 493 460
o , 32 611 493 a38 ab4
3z " 34 8613 7-338 veryg 11°262
34 . 36 616 17§ 002 157
a6 ” 33 619 003 6821 o048
a8 " 40 622 6-821 633 10°935
40 " 42 624 633 434 819
42 " 44 628 434 229 701
44 . 46 631 229 016 581
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TABLE XXXVIIT.—Graticules of maps.—Sides and Diagonals of Squares
of 2 Degrees of Latitude and Longitude, on the Scale of 1 Inch to

24 miles.
Length in Inches.
Latitude. m n P q
idian. on Lower on Upper ;
on Meridian Parallol Paraiol. on Diagonal.
-] -]

From 0 to 2 5728 5°763 ¢ 5760 8123
2 4 728 760 750 118
4+, 6 726 750 732 108
[ ” 8 726 732 708 094
8 , 10 727 708 676 074

10 " 12 727 656 638 oso
12 " 14 728 638 593 022
14 , 16 729 593 542 7°989
68, 18 57730 5°542 5483 7951
18 ,, 20 731 483 418 909
2 , 22 733 418 346 863
22 . 24 734 346 268 813
24, 26 7358 268 183 759
26 , 28 737 183 093 701
28 , 380 739 093 4995 640
o , 32 740 4'995 892 576
2 , 34 5 742 4'892 47783 7°508
34 " 36 744 783 668 438
% , 38 746 668 547 365
|, 40 748 547 421 290
40 ” 42 750 421 289 213
2, & 75z 289 153 134
44 ”» 46 754 153 or1 054

TABLE XXXIX.—Graticules of maps.—8ides and Diagonals of Squares
of 2 Degrees of Latitude and Longitude, on the Scale of 1 Inch to

32 miles.
Length in Inches.
Latitude. m n P q
idi on Lower on Upper jagonsl.
on Meridian. Parallel. Parallel. on Dieg

From 0 to 2 4294 4°323 4320 6:092
2 " 4 204 320 312 ok8
4, 6 294 312 299 o81
6 . 8 295 299 281 071
8 " 10 295 281 25Y% o356
10 " 12 205 287 229 038
12 " 14 296 229 195 016
14 " 16 297 195 156 5991
6 , 18 47208 4156 4112 5963
18 ” 20 298 112 o4 932
20 » 22 209 064 oio 897
22 " 24 300 oto 37951 860
21 " 26 302 37951 888 819
26 ,, 28 103 8RR 819 776
28 " 30 304 819 747 730
3 , 3z 308 747 669 681
32 " 34 4 307 3069 3587 5631
3“4, 3 308 587 501 578
a5 " 38 309 sor 41 524
a8 " 40 311 411 316 467
40 " 42 312 316 217 410
42 " 41 314 217 14 ast
44 ” 416 ns T14 oofl 291
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TABLE XL.—Graticules of maps.—Sides and Diagonals of Squares of
2 Degrees of Iatitude and Longitude, on the Scale of 1 Inch to

48 miles.
Length in Inclies.
Latitude. m n P q
sridian. on Lower on Upper Di
on Meridian Parallel. Parallol. on Diagonal.
o -]

From 0 to 2 2-863 2882 2'880 4001
2 " 4 863 880 875 059
4 » 6 863 875 866 054
6 » 8 863 866 854 o047
8 , 10 863 854 838 037

10 ” 12 864 838 819 025
12 " 14 864 Big 797 or1
4, 16 865 797 m 37994
16 ” 18 2'865 2° 971 27542 37976
8, 20 866 742 7099 955
20 " 22 B66 709 673 932
22 ., 24 867 673 634 907
24 ” 26 B68 634 592 B8o
26 " 28 869 592 546 851
28 ” 30 869 546 498 8z0
30 » 32 870 498 446 788
82 , M 2'871 2446 2° 392 3 754
4 , 36 B7a 392 334 719
6 , 38 873 334 274 683
a8 " 40 874 274 211 645
40 " 42 875 211 145 6ob
42 » 44 876 145 056 567
44 " 46 877 076 oog 527

TABLE XLI.—Graticules of maps.—Sides and Diagonals of Squares of
2 Degrees of Latitude and Longitude, on the Scale of 1 Inch to

96 miles.
Length in Inches.
Latitude. m n P q
Meridian. on Lower on Upper ;
on Meridian. | 5 fallel. Paralle), | OF Disgonel
-] o
From 0 to 2 17431 17441 1°440 2°031
2 " ¢ 431 440 437 0z9
4+ 6 431 437 433 027
6 8 432 4313 427 023
8 “ 10 432 427 419 o19
10 " 12 432 419 410 013
12 " 14 432 410 398 oo§
14+, 16 433 398 383 1°997
6, 18 17433 1385 1371 1988
18 » 20 433 3n 355 977
20 ., 22 433 355 337 966
23, 24 433 337 ny 953
24, 26 434 a1 296 940
26, 28 434 296 273 923
28 » 30 435 273 249 910
30 " 32 415 249 223 894
3z " 34 1436 1223 1°196 1-877
3, 36 436 196 167 859
a6 " as 436 167 137 B41
38 » 40 : 437 137 10§ 822
40 " 42 437 10§ o072 803
42 " 44 438 072 038 783
44 " 46 438 038 003 763




()

TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of ith Degree Squares, referred to the centre of the Degree as

Origin.
:En Distences in Arc E. or W. of Origin.
é 30’ 0" 22 30" 15" 0" 7 30" o 0"
. 5}
Latitude. o -
2 Perpen-| Meri- | Perpen-| Meri- | Perpen-|. Meri- | Perpen-| Meri- Meri-
; dicular. | dian. | dicular.| dian. [ dicular.| dian., | dicular.| dian. dian.
° ’ “
40 o0 o 21227152765 29| 159161 [ 2762°68 | 1061°08 | 276082 | 530°54 | 2759" 71 (2759 33
62 30 = 2126° 02| 2075°43 | 1594°51 | 2072°83 | 1063 01 | 2070°97 [ 53150 | 2069°85 206948
45 0 E 2129°87 | 1385°58 | 1507°40{ 138298 | 1064794 | 1381-12| 532°47 | 138001 1379°64
37 30 = 2133 72| 695°75(1600°29| 693-15|1066°86| 691-30| 533°43 | 690-18| 6Bg-81
3 0 2137°55| 57931603716 3:34]1068°77] 1°48) 534°39 ©°37| oRIGIN
22 30 o |21erar 683-87 [ 1606-03| 686-46 (107069 | 688-31( 535734 | 689 43| 689-80
15 O S |2145°19]1373°66| 160889 | 13;6 25 | 107259 1378 10| 536°30 | 137921 1379"58B
39 7 30 3 2148°99) 206343 | 161174 | 206601 | 1074°49 | 206787 | 53725 | 2068°97 [ 2069° 34
0o o 2152778 | 2753°19 (1614759 1275577 | 1076°39 1 2757°62 | 538°20 | 2758-73 2759 10
39 0 0 215298 276477 I6!4'59l2762'l9 107639 | 2760°34 | 53820 275923 275886
62 30 & [2156°56 2075°03 161742 2072°45| 107828 2070°60]) 539°14 | 206949 2069°12
4 0 & [2160°34 1385°30]1620°26  1382°72|1080°17|1380°88 | 540709 [1379°77|1379" 40
37 30 7 1 2164°10| 695°59 1623'08| 693°01|1082°05| 691717 | 541°03 | 6go-06| 68g-69
0 216783 5'89)1625°89|  3°31|1083°93 1°47| 541°96 ©°37| oRIGIN
22 30 = 2171vs9 68380 1628:69| 686°37|1085°80| 688-21| 542°go | 689°31| 68968
15 o S 12075732 ,1373°47 1631749 137604 | 1087°66 | 1377°87 | 543°83 (137898 137934
7 30 3 217904 206312 | 163428 | 206569 | 1089 52 | 2067 53 | 544° 760 | 2068°63 | 206899
38 o 0 1182'76iz75r76 1637°07|2755°32 | 1091°38| 275716 545°69 | 275826275863
38 o0 o 218276 1764'26!1637'07 2761° 70, 1091° 38| 2759°86 | 545°69 | 2758562758 39
62 30 = | 218646 |2074°63 1639°84|2072°07] 1093 23| 2070 24| 54661 | 2069° 14| 206877
% o % 2190 14{1385°02 1642 61 138246 109507 | 1380°63| 54754 |1379°53|1370°17
37 30 4 [2193'B2| 695-42 1645°37| 692°86 | 1096°91| Ggr'o4| 548:40 | 689 94| 689’58
0 o 219749 584 164812 3729 1098°75 1°46| 549°37 ©°37| ORIGIN
22 30 22017 15| 68373 1650°B6| 686°29 1100°58| 688-10( 550°29 | 689°20| 6B89-56
15 0 2 |220480(1373°29 1653°60;1375°83; 1102 40| 1377°65 | 551720 | 137875 [1379' 11
7 30 2 |220B°442062:83 1656°33.2065 37 1104°22)2067 19 §52°11 2068 28 | 206804
37 o 0 2212°06 2752'35|1659'05 275490 | 1106°03 | 2756° 71| 553'02 | 2757 80| 2758"16
37 o 0 2212706 | 276374 1659'05Iz761'zo 1106°03)2759" 38| 553702 |2758°30)2757°93
62 30 = 22157682074 2311661762071 70| 110584206988 | 553°92 | 206879 | 206843
45 0 E {2219°28 "' 1384°7311664°46: 138220 | 1109°64 | 1380° 39| 554°82 | 1379 30| 1378°94
37 30 Z  :2222°88| 695 25:1667-161 692°72|1111°44| 6go-gr| 555°72 | 6Bg-Ba| 68940
3 o 222640 578 1669-85 3725 |1113°23 1°45| 556762 036 | orIGIN
22 30 a 2230704 68368 1671'53:‘ 68620\ 1115°02| 6BB-00| 557°51 | 6Bgrog| 68g-4%
15 o 5 2333601373 12 11675°2011375°64| 111680, 137744 | 558°40 [1378°52]13;8 88
7 30 S 323715 2062°54 | 167786 206506 | 111857 | 206686 | 559 29 | 2067794 | 2068° 30
36 (O] 224069 | 275196 | 1680° 52 1 3754 47| 1130° 35275627 | 560°17 [ 275734 |2757°7°
|
36 o0 o 2240°69| 276322 | 1680 52" 256070 | 1120° 35 2758'911 gho 17 |2757'83| 278747
62 30 o 2244722 2073°82 1683 17 2071°321 11227312069 52 561 06 | 2068 44 200808
45 O E 2247774 1384744 | 168581 1381°93 ! 112387 | 13R0 14 561°94 |1379°07 1378°71
37 30 & | 2251725 695 o7 1688'44i 692'57 112563 | 6ga- 58! 562-8B1 | 689711 6B 35
3 o 2254°75 571 |(v9l'1:i6I 321112738 1°43 | 56369 036 | orIGIN
22 30 o {2358724) 683°63 1693°68: 6R6-12 (1129 72] 687°91| 56456 | 088 9R| 68933
16 0 E 2261°72(1372°96{1606-29: 137545 | 1130°8B6|1377°23. 56543 {1378 30 137865
7 30 3 126518 | 2062°27 [ 169880 2064°76 | 113269 [ 2066531 566° 30 | 2067 60 206796
35 o o 2268-64 (3751757 1 1701°4B 2754°05!1134° 32 1755'83! 567-16 |2756°89|2757°3§
| |
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TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of 3th Degree Squares, referred to the centre of the Degree as

Origin.
g
& Distances in Arc E. or W. of Origin.
L3
8 30! OII 22[ 30[/ 15’ OII 7I 80” 0[ O’I
. (-]
Latitude. @&
B Perpen- | Meri- | Perpen-| Meri- | Perpen-| Meri- | Perpen-{ Meri- | Meri-
° diculer.| dian. | dicular.| dian. ] dicular.| dien. | dicular.] dian. dian.
Z
o ’ s
36 o 0 2268°64 | 276270 | 170148 | 2760°22 | 1134 32| 275844 567°16 | 2557382757 03
62 30 g |2272'08|2073'41|1704°06 | 2070°93 | ¥130°04 | 206916 56B°02 | 206810206775
45 0 'E 2275°52 | 1384°14|1706°64|1381°67 | 113776 | 1379°go | 568-88 | 137884137848
37 30 & |2278°94| 694'88| 1709 21| 692:41|1139°47| 690-65| 56974 | 6Bg 59| 689-23
a0 o 2282-3;5 564171176 3°18|1141°18 1741} §70°59 0°'35| oRIGIN
22 30 228575 683°59(1714°31| 686-05|1142'88| 687'81| 571744 | 68B-87| 6Bg-22
15 0 "E 2289 14 [1372°8Bo | 1716°86 | 1375°27 | 1144757 1377°02] 572°29 |1378°08 | 1378°43
34 7 30 S 2292752 206201 | 1719°39 | 2064°46 | 1146726 2066-22 | 57313 | 206727 | 206762
0o 0 229589 | 2751°19 | 1721792275365 | 1147795 3755°40 | 573°97 | 2756452756 80
34 o o 2205°89 (2762 18 | 1721°92 {2759 72 | 1147°95 [2757°98 | 573°97 | 2756°92|2756-57
52 30 g |2209°25|2073°00|1724°44|2070°50]1149°62|2068-81| 574°81 | 2067762067 41
45 0 E 230260138384 | 1726°95| 138140 |1151°30[1379°66 | 57565 | 1378-61 (137826
37 30 % [2305°93| 094-50|1729°45| 69226 | 1152°97( G69o-52| 556°48 [ 6Bg 47| 689°13
3 o 230926 5561731794 37131154703 1'39| §77°31 ©°35| ORIGIN
22 30 2312°87| 683°56|1734°43| 685°99 |1156°28| 6By 72| 578-14 | 688-76| 6Bg 11
15 0 '§ 2315°87(1372°66|1736°90 | 1375°09 | 1157°94 | 1376°82 578°97 [1377°86 '13;8-20
33 7 3 3 2319°16 | 2061°76 [ 173937 [2064°17 | 1159°58 | 2065°90| 5§79 79 | 2006°94 | 2067 29
o 0 232244 2750°83 | 1741°83 2753725 | 1161-22|2754°97 | 580°61 3756 01]2756" 35
33 o o 2322744 | 2761765 | 1741°83 (2750 24 [ 1161°22 2757 51 5B0°61 | 2756°482756-13
i 62 30 S [2325°71| 20727591744 28| 207018116286 2068°46| 58143 | 206742 | 206708
46 0 % |2328-97 | 1383 54 [ 1746773 [ 13817 14| 116449 | 1379 43| 582-24 1378381378 04
37 30 Z |2332°21| 694°50(1749°17] 692°10|1166 11| 6yo-3g| 583706 [ 689" 36| 689-o1
3 o 233546 548 1751°59 3'08|1167'73 1°37| 583°86 ©°34| ORIGIN
22 30 P 2338°68| 683°54 (175401 685°92 1 1169-34| 687°63| 584°67 | 688-66| 689°c0
15 0 S |2341°90]1372°53|1786°42 | 1374°92 1 1170°95 1137662 | 5B5 47 | 1377764 (1377799
o |234510]2061°52 | 1758832063 90| 1152'55|2065 60! 586°27 |2066°62 | 2066*
392 7 30 2 6 88 6 65°6 86 666 66 g6
o o0 2348729 2750749 (176123 | 2752°87 (1174714 |2754°56 ] 587°07 | 2755°58 (2755° 93
32 o 0 2348°29 | 2761° 13| 176122275875 (117414 2757°06| 587-07 | 2556 04 | 255570
62 30 | 2351°47|2072°17 | 1763760 | 2069 81| 1175732068 1¢| 587°87 | 2067 0y 206676
45 0 E 235464 | 1383°23[ 1765 08 138087 | 1177°32)1379"18) 58866 | 137816 [1377-82
87 30 % 1235780 694°30| 1768 35| 691-94(1178°90( 690-25| 589745 | GBg 24| 688-g1
30 o0 2360° 94 538 |1770'71 3oz 118047 1°35| §90°24 ©'34| ORIGIN
22 30 a 2364°08 | 683'52|1773'06| 685°By|1182'04| 687°55| 591°02 | 688-55| 688-8¢
15 0 S |2367°20(1372°41|1775°40 | 1374°76 | 1383 fio| 1376°43] 591°80 |1377°44 1377 75
31 7 30 3 2370°32 | 2061°29 | 177774 |2063°63| 118516 | 2065 30 592°58 | 2066° 30 | 206664
o o 3373742 |2750°15 [ 178007 12752°49 118671 | 27547 15| §93°36 | 2755° 15| 2755 49
31 o o 2373°43|2760°63 [ 1780 07 | 275827 | 118671 | 275661 | 59336 | 275561 | 2755°28
62 30 .g 237651 | 207156 [ 1782 38| 2069°43 | 1188°25 | 206777 | 59413 | 2066° 77 | 2066° 44
4 0 S |2379°89|1382'92 | 1784°69 | 1380°60 | 1189°79 | 1378°04 | 50490 | 1377794 | 135761
37 a0 Z j33B2°66] 694°10(1586°99| 691° %8| 1191°3) 6go-12| 595°66 | 68Bg 13| 688-8o
3 o 2385° 71 5'2811789°28| 2797 1192°86| 1°32( 59643 °°33| oriQIN
22 30 - 2388-76 | 683°52|1791-57| 685-83[1194°38| 687-47| 597:19 | 688:46 68879
15 0 Y |239v779|1372°30 1793 84 |1374°60| 1105790 | 1376724 | 597795 [ 1377723 137756
30 7 30 3 239481 ) 206107 (1796° 11| 206337 | 119741 [ 2065 01| 598" 70 2065°99 | 2066 32
(U 3307°82 | 274984 179837 | 2752 12 | 119891 (275376 | 599746 | 275474 | 2735 07
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TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of }th Degree Squares, referred to the centre of the Degree as

Origin.
:E" Distances inArc E. or W. of Origin.
=
S 30° 0" 22 30 15 0" 7 30" o0
. 15}
Latitude, &
3 Perpen: | Meri- | Perpen- | Meri- | Perpen-| Meri- | Perpen-{ Meri- | Moeri-
® | dicular’| disn. | dicular.| disn. | dicular.| dian. | dioular.| dian. | dian.
z
o ’ ”
30 o 0 239782 [ 276009 | 1798°37 | 275780 | 119891 {2756 17| 509 46 (275519275486
52 30 & [2400°B2 ! 2071°34|1B0o0 62| 2069 06 | 1200 41 (206743 | 600‘21 (206645 | 206613
45 0 5 | 2403°81|1382:61| 180286 1380°33 [ 1201°91 | 137870 | 6o g3 1377°7311377'40
37 30 7 |2406°79| 693°89|1Bos 09| 691-61(1203°39| 689° 99| 6o1°70 | 689-02! 688-70
0 o 2409 7§ 5718 | 1807°31 2°92| 1204°88 1°30| 602°44 0°'32 | ORIGIN
22 30 RS EN A 683-52 1809°53| 685-78|1206°35| 687-39| 6o3'18 | 688-36| 688-68
15 0 5 2415651372720 1B11°74 1 1374°45|1207°8B2|1376°06| 603 91 | 1377°03 537735
29 7 30 2 241858 [ 2060°87 [ 181394 (206312 | 1209°29 | 2064° 73| 604°65 | 206569 | 206601
o o 2421°'50 | 2749°53 | 1816713 | 275177 | 1210°75| 2753737 | 605°38 | 2954733 | 2754°65
29 o o 2421°50| 275957 | 1816713 275733 | 121055 | 2755°73 | 605°38 | 2754°77|2754"45
52 30 o 2424'41|2070°93 | 1818° 31| 2068-69 | 1212°20 | 2067 10| 606°10 | 2066° 14 | 206582
45 0 5 12427°30|1382°29[18B20°4B [ 138006 | 121365} 1378°47| 606°83 | 137752 | 1377 20
37 30 Z 12430719 693°67(18B22°64| 691°46)1215°09| 689°86| 607°55 | 688-91| 688°59
30 0 243306 5°07{1824 B0 2'85 (121653 1°27| 608-27 0°'32| QRIGIN
22 30 o 2433792 683°53|1826°94| 68554 |1217°96| 687-32| 608-98 | 688:27| 688°358
15 0 S 2438777 (1372°11 (182908 | 1374731121939 | 1375°Bg| 609-69 | 137683137715
9 7 80 2 2441°61 | 2060°68 | 1831°21|2062°8B | 122080 | 206445 | 610°40 | 2065°39 | 206571
8 0 o 2444°44 274924 1183333 | 275143 | 1222722 | 275300 G1a-v1 [2953°94|2754°25
28 o o 2444°4412759°06 | 1833° 33| 275687 1222'22 2785" 30 61111 [2754°36|2754"05
52 30 2 | 2447725|2070°51 | 1835°44|2068°33 | 1223°63:2066°77| 611°81 | 2065-83| 2065 52
45 0 E 2450°06 | 138108 | 18B37°84| 137980 1225-03' 1378 25| 612 51 [1377°31|1377 00
37 30 Z | 245285 693746183064 6g1°28 1226°42° 689°74| 61321 | 688-80| 68849
30 0 2455°63 4°95 | 1841°72 2°78| 122781 1°24| 613791 0°'31| ORIGIN
22 30 o | 2458740 683°535(18943°80| 685°71 (122920 6B7°25| 614°60 | 6B8-17| 688 48
15 0 5 2461°15|1372°03|18B45°86 | 137419 |1230°38 137572 | 615729 | 1376°64|1356°95
7 30 3 2463790 | 2060°51 | 1B47°92 | 206265 | 1231 95 206418 | 615°97 | 2065° 10| 206541
27 0 0 246663 (274897 | 1849-97 | 275111 | 123332 | 2752°63 | 616°66 | 2753°55|2753°85
27 o o 2466°63|2758-55| 1849797 [ 275640 | 1233°32 | 2754°88 | 616-66 | 2753 96 |2753'66
52 30 o |2460° 351 2070° 10| 185201 | 206796 | 1234°68 | 206645 | 617" 34 | 2065°53 | 2065 23
43 0 L |2472706[1381°66|1854°05(1379°53] 1236031378 02| 618-02 {1377°11[1376°81
37 30 2 | 24747761 093-24|1856°07| 691-12|1237-38| 6Bg-61| 61B-69 | 6BR-70! 688-40
30 o 2477745 4'81]1858 09 2:71 (123872 1*21] 619°36 o*3o| ORIGIN
22 30 o 2480712 683°58| 1860709 | 685°68|1240°06| 687°18| 620°03 | 68808 | 68839
15 0 5 248278 | 137197 [ 1862-09| 1374 07| 1241°39| 1375 56| 620°70 | 1376°46 137656
7 30 3 2485°44 | 2060734 | 186408 | 2062°44{ 124372 2063°93 | 621°36 | 206483 2065°112
26 0 0 2488:08 2748 71186606 | 275080 | 1244°04 | 2752728 | 622°03 |2753°17|3753°47
26 0o 0 2488:08 | 2758 04 | 186606 | 2755°08 | 1244704 | 2754°47 | 632702 | 2753°58 1753°28
52 30 o | 2490°70|2060-6g! 1868-03| 2067 61 |1245°34 | 2066- 13| 622:68 | 206534 | 2004°04
45 0 E 2493732 | 1381734 186999 | 1379 27 [ 124666 | 1377°8B0| 633733 | 1376°91 | 1376762
37 30 % |2493°92| 693-01|1B71°94| 6go'gs|1247°96| 689-48| 623:9B | 688-60| 68830
a0 o 349851 469/ 1873°88 2:64| 124926 1°17| 62463 9°'29 | ORIGIN
22 30 2601709 | 683°61|1875°82| 685 66| 1250°55| 687 12| 625°27 | 688 00| 688 29
150 'é 2503766 | 1371°91 18777751 1373795 | 125183 | 1375 41| 625°92 |1376°28] 137657
7 30 @ |a506'22]2060°20 187966 |2062°23| 1253 11 |2063°68| 626°55 (2064°58 206484
26 0 o i 2508°76 | 2748° 47| 1881°57 | 2750°49{ 125438 | 2751°94 | 627'19 |23752°80 2753°09




TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of 1th Degree Squares, referred to the centre of the Degree as

Origin.
:Ea Distances in Arc E. or W. of Origin.
: < 30’ o 22’ 80" 15 0" 7 80" oo
Latitude. o
E Perpen-| Meri- | Perpen-| Meri- |Perpen-| Meri- | Perpen-| Meri- | Meri-
2 dicular.| dian., | diculer.| dian. | dicular.| dian. | diculsr.] dien. dian.
o ’ ”
25 o o 250876 | 2757°54 | 18815y | 2755 51| 1254738 12754707 | 627°19 | 2753°20|2752°91
52 30 2 | 251129 2069°27 | 1883 47 | 206726 | 1255 65| 2065°82 | 627-82 | 206495 | 206467
45 0 15 251381 | 13851702 | 1885°36| 1379 02| 125601 | 1377°58| 628-45 | 1376°72|1376°43
87 30 Z  |2516°32( 692°59|1887:24| 690-78(1258:16| 689 35| 629-08 | 68850 6B8-21
30 0 251882 4°56(1889°12 2°57| 125941 1°14] 62971 0°29 | ORIGIN
22 30 2521730 683°66| 189098 | 685:64 | 1260°65( 687:06| 630°33 | 687°92| 688-20
15 o '-g- 2523°78 (137186 (189283 137384 | 1261°B9| 137526 630794 | 1376 10| 1376°39
7 30 2 | 2526°24 (2060706 | 189468 |2062-03 (126312206344 | 63856 | 2064°28 | 2064 56
24, o 3 3
0 0 252868 | 2748°24 | 1896°51 | 2750°20 | 1264°34 | 2751°61| 632717 | 275245275273
24 0 0 252868 | 275704 | 1B96-51 | 2755 08 | 126434 | 2753°67 | 63217 | 2752°8B3| 275255
652 30 < |2531°12]2068-87 | 1898+ 34| 206691 {1265 56| 2005-52| 63278 | 2004°68 | 2064° 40
45 0 | & |2533°55|1380°71| 1900 16| 137876 | 126657 |1377°37| 633°39 | 137653137625
37 30 Z | 2535'96| 692°536|1901°97| 69o-61|1267°98; 089 23| 633799 | 688-40| 6881z
3 o 253836 4°42 | 1903°77 248126918 1'10| 634°59 0°28| ORIGIN
22 30 o | 2540778 68371 [1905°56| 685°64|1270°37 | 687°01| 635°19 | 68B7-84| 68811
15 0 = |2543712|1371°83| 1907 34 [1373" 74| 1271756 | 1375° 12| 635778 | 137594 | 137621
23 7 80 2 |2545°49 2059794 | 1909°12 206184 [ 127274 (2063 21| 63637 | 2064 03 2064" 30
o o0 2547°84|2748°03| 191088 | 2749793 | 1273792 | 275129 636°96 | 2752 10275238
23 0 0 2547°84|2756°58 | 1910°88 | 255465 v273°92| 275329 636-96 | 2752°48 278220
62 30 = | 255018206846 | 1912°64 | 2006 57 | 1275°09 206523 63755 | 2064°41 | 2064° 14
45 0 'E 255251 1380°39!1914°38 | 137850 1276-25 /135716 63813 | 1376°35|1376°a8
37 30 = |2584°82| 692°32|1916°12| 6Ggo'45|1277°41| 689 11| 638:71 | 688-30( 68804
3 o 2557713 427 |1917°85 2°40 127856 1'07 | 639°28 0°27 | ORIGIN
22 30 o | 255942 68357 1919°57| 68563 |1279°71| 686-96| 639-86 | 687'76| 688-02
16 O = 2561 50 1371°81(1921°28{15353°65(1280°85(1374'98 | 640743 11378 77]1376 04
29 7 80 3 2563961 2059°83 | 1922 97 | 2061 -G8 | 128198 | 2062°99 | 640°99 | 206378 | 206404
0o o 3566°22 (274784 | 1924767 | 2749681 12B3-11|2750°99| 641°56 | 2751°77|3752°04
22 [/ ] 2566°22 | 2756°06 | 192467 [ 2784 23| 12B3 11| 2752792 | 641° 56 (2752 13| 275187
62 30 ] 256846 | 206806 | 102635 [ 206624 [ 128423 | 2064°93 | 64212 | 2064°15] 2063°89
45 0 E 2570°70 | 1380°05 {1928 02 [ 1378 25| 128535 1376°95| 642°67 | 1376 17| 1375 91
37 80 Z  |2572°91| 092'09]|1920°68B| 6go*28 | 1286-46( 688-9g| 643°23 | 688°21| 68795
30 o 257512 4'12[1931°34 2731 | 128756 1'03 | 643°78 o'26| oriGIN
22 30 o %5703 6B3-84]1932799| 685641128866 686 91| 644°33 | 687°69| 685-94
15 0 5 |25797501371°79(1934°62|1373°58 128975137485} 64487 |1375°62| 13758
21 7 30 2 258166 | 2059773 (1936 252068 51| 1290°83(2062' 78| 645°42 | 2063°54 | 2063° 59
0 0 2583°82 1 2747°67|1937°87(2749°43 | 1291791 (2750 70| 645°96 |2751°45 | 2751 71
21 o o 25A3°82 1 2755780 (1037 87| 2753°82 1291°91 275256 ( 645°96 |2751°Bo(2751°55
62 380 < 2585797200767 | 1930 48| 2065 90| 1292°98 | 2064°65 | 646°49 (2063°90 | 2063°64
4 0 % | 258810 1379 75 | 104108 [1378-00 | 1294 05| 1376°75 | 647°03 | 1376°00 [ 137575
37 30 7 | 2590°22| G91'85 1942°67( 690 a1 |1295°11| 688-By [ 64756 | 688-12| 68787
3 o 2592°33 3'96| 1944 28 2°23( 129617 099 | 64808 0’35 ORIGIN
22 30 a |2594°43 683°92 194582 685:65|1297-21| 6B6°BB| 648:61 | 687°62]| 68786
15 0 | %5 12596051 |1371°79|1947°38 [1373°51 | 129826137453 649 13 (1375747 [1375° 73
20 7 30 3 3508581205066 | 194B° 94 | 206136 | 1299°29 | 206258 | 649°65 | 2063° 31 | 2063 56
0 0 360064 | 274757195048 | 2749°30 130032 | 3750°42 | 650°16 |2751°15 | 3751°39
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TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of }th Degree Squares, referred to the centre of the Degree as

Origin.
E, Distances in Arc E. or W. of Origin.
B
° 30’ o 22 907 15 o 7 30" o 0"
H o
Latitude. o
B |Perpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Meri-
; dicular. | dian. [dicular,| dian. | dicular.| dian. | dicular.| dian. dian,
-] ’ ”
20 o o 2600°64|2755°12 | 1950°48(2753°42 [ 1300°32 | 275220 650°16 | 2751°48 | 275123
52 30 .g 26032°69 | 2067°27 | 1952°02 [ 206558 | 1301 34| 2064 38 | 650°67 | 206365 | 2063°41
45 0 S |2604°72(1379°44|1953°54(1377°76|1302°36 | 1376-56 651-18 | 1375°84 | 1375°60
37 30 & | 2606°74| 691°61|1955°06| (Bg 95| 1303°37| 6B8-75| 651°69 | 688-03| 687-79
30 o0 - | 260876 380195657 2°14]1304°38 o0'95| 652°19 0°24 | ORIGIN
22 30 a 2610°75| 684-01|1958:06| 685°66|1305°38| 686°84| 65269 | 687°55| 68779
15 o° S [2612°74)1371°Bo | 1959 55 1373°45|1306°37 [ 137462 | 653718 |1375°33|1375°56
19 7 80 3 2614712059759 | 1961°03|2061-22|1307-35 (206239 653°68 | 206309 | 206333
0 0 261667 12747°3711962°50(2749 00| 1308°33|2750°16| 654°17 | 2750°85 | 2751 08
19 o o 2616°67 | 2754°65 196:'5o!2753'oz 1308-33 | 2751°87| 654 17 | 2751 17 | 275094
62 30 = (261862 2066°8B9! 1963°96; 2065 27 | 1309°31 | 2064° 11| 654°65 | 2063°42| 206319
445 0 5 |2620°55:1379°13 | 196541 | 1377752 (1310°281376°37| 655714 | 1375°68|1375°45
a7 Z  [2622°48, 691°38 1966°B6 689-77|1311°24| 6B8-63| 655°62 | 687°95| 687°73
3 0 2624°39 3:63| 1968° 29 2:04|1312°19 o'gr| 656°10 0°23 | ORIGIN
2? 30 a 2626°28 | 684°10|1969° 71| 685°68|1313°14| 6B6:81| 656-57 | 687°49( 68771
15 0 S [2628-07,1371°82)|197171371373°40 1314709 1374°52 | 657°04 | 1375°19 (1375 41
18 7 30 K] 2630704 2059° 54 |97z‘53i2061'|o 1315702 | 2062°22 | 657 51 |2062'Bg|z063" 11
o o 2631°90 2747°24 '973'93i1743'79 1315795 | 2749° 91 | 657798 | 2750°57 | 2750°79
18 o o 2631°902754°2011973°93 {2752°6511315°95 | 2751°54( 657°9B | 2750°B7 1 2750°65
52 30 .-g 263375 206650 | 1975°31 | 206496 | 1316 88| 2063°86| 65844 | 206320 2062°98
46 0 5 (2635°59|1378'82(1976°69|1377°2811317°79|1376°19| 658°90 (1375753 |1375°31
37 30 7 |2637-41| 691°13|1978-06| 6Bg 61 (1318 71| 688:52| 659°35 | 68B7-87| 68765
0 0 263922 3746|1979 42 1°94 131961 o'By| 65981 ©°'22 | QRIGIN
22 30 a 2641°02| 684°20|1980°77| 685°71 (132051 68678 | 660°26 | 687°43| 68764
15 o0 S | 2643°80|1371°85 1982 101 1373°35 [1321°40( 137442 66040 |1375°06| 1375 27
1 7 30 & 2644°58 | 2059 50| 1983°44 | 2060°99 | 1322 29| 2062705 | 661 15 |2062°69 ' 2062' 90
7 0o 0 2646°34 | 2747714 1984°76 | 2748-62| 132317 | 2749°67 | 661°59 | 2750" 30 2750°53
17 o 0 2646° 34 2753‘76‘1984'76!1752'13!1‘113'17!2751'12 661°59 | 2750°59 1750:38
5? 30 -g 264809 ! 20061311986 07 | 2064°66 | 1324" 04 | 306361 662°0z | 2062° 98| 2062° 77
45 0 § [2649°8211378°51 1987°3711377°05|1324°91 1376 01| 662°46 (137538 1375:17
37 30 Z  [2651°54! 690-Bg!19BB 66| 6Bg-45|1325'77| 688-41| 66289 | 687°79| 6B7 38
an o 1653 26 329! 198994 1°8511326°63 o082 66331 0°31 | ORIGIN
22 80 - 2654°05 | 684-31(1991-21; 685°74|1325°48! 686:76| 663°74 | 687°37 6!37:53
15 0 S (2656764 1370°90]11992°48: 1373°31|1328°32.1374°33 | 664716 [1374°94 137514
16 7 8% 2 265831 1 2059°48 ;199373 | 2060° 8¢ |319'|6‘1o6|'89 664°58 | 2062-50 206270
CRY 165997 | 2747705 1904798 | 2748451329799, 2749°45 | 064°99 | 2750705 | 2750°35
| |
16 o o 2639°97(2753°33 1994798 2751 92 1.129'0911750'91' G64°99 ;2750732 | 2750"12
62 380 .g 266162 | 206576 1996'1151064'37!1330'8112963-38 66541 | 200278 | 2062° 8
45 0 S |3663°26)1378 30| 1997 44! 1376°B2,1331°63, 137584 66381 | 1375°24 1375705
37 30 i 2664 88| 690 65| 1998 H6 | 689'1851331'44’ 688 30 666-22 | 687-72| 687°52
830 o0 266649 3711|1999 87 17751133324 0'78‘666'61 0'19| QRIGIN
22 30 1668-08 | 68443 |2001°06! 685°78 1334704 686°74: 66702 | 687-33 68751
16 0 2:- 2669°67 [ 1371°95 | 2002°25 [ 1373 29 1334°83: 1374725 66542 [1374'82 1375:01
15 7 30 K] 2651724 2080 47 [ 200343  2060°B0 133562 ;2061 78 66781 |2063° 32 {2062 59
o 0 2672 80| 274698 | 2004 60 2748'_10\|336'4oi1749'15; 668-120 | 2749 81| 3750°00
1
i




7))

TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of 1th Degree Squares, referred to the centre of the Degree as

Origin.
:E" Distances in Arc E. or W, of Origin.
M
8 30I oll 22! 30" 151 0" 7' so” ol oll
Latitude. ° N
]
E Perpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Meri-
2z dicular.| dien. | dicular.| dien. [ diculer.| dian. | dicular.| dien. dian.
< ’ ”
15 0 0 2672°80 | 2752°90 | 2004°60 | 275158 | 133640 2750 64 | 66B°20 [ 275007 | 2749°88
52 30 <1 | 2674734 | 2005° 40 | 200576 | 2064-08 { 133717 | 206315 | 668 59 |2062°59 | 2062°40
45 0 | K |2675°88|1377°90 200691 | 137660 |1337°94 | 1375°67| 66897 | 137511 | 1374°93
37 80 2 |2677'40| 6go'41|2008:05| 6Bg-12|1338:70| 688-20| 669-35 | 687°64| 687-46
30 0 267891 2°93 | 200918 1°65| 133945 0'73| 669°73 0°18| orIQIN
22 30 A 2680°40 | 684°55|2010°30| 68581 |1340°20| 686-73| 670" 10 | 687'27| 6By'4s
16 0 = 2681°89 | 1372702 (2011742 1373728 [ 1340704 | 1374°18| 670°47 | 1374°73|1374°90
7 30 2 268336 | 205948 | 2012°52 | 206073 | 1341°68 | 2061°62| 670°84 | 206216 | 2062° 34
14 o 0 2684°82]2746°93|2013°61 274817 |1342°41 (2749 06| 671°20 | 2749°59|2749°77
14 [ ] 268482 | 2752749 | 2013761 | 2751°25 | 1342°41 |2750° 36| 671 20 | 2749°83| 274965
62 80 o |2686°26| 2065 042014770 |2063°81]1343°13|2062°93| 671°57 | 206341 |2062'23
46 0 L 268769 | 137760201577 | 137638 | 1343 85 | 1375751 | 671792 | 1374°99 | 1374°81
37 80 % | 2689 11| 690 17]2016°83| 6BB:g6 |1344°56| 688-09| 672728 | 687 58| 687-40
8% o0 2690-52( 2'74|2017'Bg|  1'54|1345°26| 69| 67263 ©'17 | ORIGIN
22 30 = 2691°91| 684°68|2018-93| 685°87|1345°96| 686-72| 67298 | 687°23| 687°40
15 0 S 2693°30| 135209 |2019°97 | 1353°27 | 1346°6511374" 11| 673°32 | 1374762 1374"79
7 9 2 269466 | 205950 | 202100 | 2060°67 [ 134733 | 206150 673°67 | 2062 00 2062°17
13 0 o 2696-02 274690 | 2022702 2748°06 134B'ol|z748'88 674 01 [2749° 38| 274955
13 o o 2606'02 | 2752°09 | 202202 | 275093 1348-01}1750'10 674°01 |2749°61 2749 44
62 30 I 269736 | 2064°69 | 2023°02 | 206355 | 1348-68 | 2062'73| 674° 34 | 2062 24| 2062 07
465 0 % | 269869 1377°31| 2024021376 17 134935 | 1375°36 | 674°67 | 137487 |1374" 71
87 380 ® |2700°01| 689-93!2025°01| G688-8o|1350°00| 687°ggi 67500 | 68B7°51] 68735
0 o 2701°32| 27552025799 1°43|1350°66  o0°64] 67533 0'16| ORIGIN
22 30 “ 270360 684-8B2|2026'g5| 6B5'92|1351°30| 68B6-71| 675'65 | 687°19| 6B7* 34
15 0 S 2703881137218l 20279111373 281 1351°94|1374°06) 67597 | 1374°53 11374 68
7 30 & |27057 152059 54 2028-86 | 206062 | 1352 88| 206139 | 676°29 | 206186 | 2062 01
12 0 0 2706°40 274688 [ 2029'80;2547'961353°20|2748°73| 67660 | 2749° 19| 2749" 34
12 [ (] 2706 40| 275170 [ 2029°80( 2780°62 [ 135320 [ 2749°86 | 676-60 [2749°40 | 2749" 24
62 30 - 270764 | 20604° 35| 2030°73 (206329 ,1353°82 )| 2062°53] 676°9r | 206208 | 2061°92
45 0 E 2708°87 | 1377°022031°65|1375°96 | 1354744 | 1375°21 | 677 22 | 137456 137461
37 80 7z l2710°09| 689-69:2032°57| 6BB 64| 1355°04| 6B7°go| 677°52 | 687°45| 6By 30
% o ajitt2g| 27362033747 1°32|1355°05| o'59| 67782 °‘15| oRIQIN
22 30 . 2712°48 ) 684°90 1 2034° 36| 6B5 98 |1336-24| 686 71| 67812 | 687°15] 6By 30
15 0 5 |2713°661v372°2R 2035°2411373°29 1 1356° B3| 1374701 | 678 41 | 1374 441374 59
11 7 30 & |2714'82 2050 58 2036 12} 2060° B 1357 41| 2061°30| 678 71 | 2061731206187
0o o 2715797 1 2746'89 | 2036-98 | 2747°88 | 1357799 274858 | 678-99 |2749°01|3749°15
11 0 o 2715°97 ;275132 |2036°98 | 2750°33 11357799 |2749°62| 6;8°99 | 2749°20|2749"06
62 80 -E 2717 11|2064°02|2037°83|2063 051135855 2062°35| 67928 | 2061°93 | 206179
46 0 S |2718°2311376 73 |2038°67 | 1375°76 | 1359 13 [ 1375707 | 679°56 | 1374°66]1374 52
37 80 Z |2719°34| 6Rg 45 |2039°5t| 6BB- 49 13509°67| 6B7-Bo| 679:84 | 687:39| 68726
3 o 2720°44 2-16 | 2040° 33 1°32 136022 o©0°'§4( 6Bo 11 o 14| orIGIN
22 30 o 272183 685 11| 2041°15| 686°05| 136077 686-72| 6Bo°38 | 68712 687-3%
15 0 S |2732°60(1372°38 2041795 1373" 31| 1361° 301373797 | 68065 [1374°37|1374" 50
10 7 80 & 272266 2059°65|12043° 75| 2060° 56 ' 136183 | 206122 | 6Bo" g2 | 206161 | 2061° 74
0 0 2724771 (2746°91 11043753 [ 3747°81|1362°36 | 2748°46| 68118 | 2748842748 97




(7 )

TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of ith Degree Squares, referred to the centre of the Degree as

Origin.
:E, Distances inAro E. or W. of Origin.
é 30’ 0" 29’ 30" 15 0" 7 30" o o

Latitude. .
itude. e

B | Perpen-| Meri- | Porpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Meri.
;_ diculer.| dian. | dicular.| dien. | dicular.{ dien. | dicular.| dian. dian.

-3 ’ ”

10 0 o 2724° 71| 2750°96 | 2043°53 | 2750705 | 136236 | 2749°41| 68118 | 2749 02| 2748-89
52 30 :E 272575 | 306370 | 2044°31|2062°81(1362°87|2062° 17| 6B1-44 | 206179 ' 206166
45 0 S |2726°77)|1376°45 (204508 1375°57]|1363°39 (137494 | 68169 | 1374°56 | 1374°44
37 380 % |2727°78| 689-21|2045°84| 688-33|1363°8g| 687 71| 681-95 | 6B7-34| 68722
80 o 272848 1°97 | 2046°58 1971136439 0'49| 68319 0'12| QRIQGIN
22 30 - 2729°76 | 6B5-27(2047°32| 686-12|1364°88| 686:73) 682:44 | 68709 | 687:21
16 © S 12730°7311372°50 | 2048°05 1 1373°34 | 1365°37(1373°94| 682°68 | 1374°30 137442

9 7 30 2 2731°69 | 2050 73 | 204877 [ 2006056 | 136584 | 206115 682°92 | 2061°50] 2061°62
0 o 2732°63 (274695 [2049°4712747°76|1366°32)|2748-35| 683-16 | 2748701274882

90 o0 2732763 | 2750°61 | 2049°47 | 274979 (136632 | 2749 21| 683°16 | 274886 | 274874
62 30 —‘E 2733 562063 39! 2050 17 (206258 |1366°78| 206201 683" 39 | 206166 |2061°55
45 0 5 [3734°48| 137618205086 | 1375°38 1367 24 137482 683°62 | 1374°47 | 1374°36
37 30 Z |2735°39| 688-97|2051°54| 6B8-19|1367°69| 687:63| 683-85 | 687-29| 68718
3% 0 273628 1°77 ] 2052°21 0099|1368 14 ©'44 | 684'07 0'11| oRrIGIN
22 30 - 273716 | 685°43|2052-87( 686-19|1368-58 | 686°74| 684-29 | 687°07| 687 17
15 0 | 5 (273803 1372°63/2083°52(1373°38 | 1369°01(1373°02 | 684°51 | 1374"24 | 1374" 24

8 7 30 K 273888 | 2059°82| 2054716 | 206056 | 1369° 44 | 206109 | 684°72 | 2061°40|2061" 51
0 o 27397732747 01| 2054°79 | 274773 | 1369°86 | 274825 | 684-93 | 2748°57 (274867

!
!

B o o 2739772 |2780°27 | 2054°59 | 2749°54 [ 1369°86 "3749°02 [ 684°93 | 2748712748 60
52 30 ..g 2740755 | 2063°09 | 205541 | 2062°37 [ 1370°2B 206186 | 685 14 | 2061°55 | 206145
45 0 § |23741°37]1375°91|2056'03)| 1375 20| 137068 1374°70| 6B5°34 | 1374740 1374"30
87 80 2 |a742° 17| 6B8-7312056°63! 688-04|1371°08; 687°54| 685°54 | 687-24| 687°15
3 0 2742'96 1°56 | 205722 088137148 o'39| 685°74 0°'10| ORIGIN

22 30 2743'73| 685-60|2057'80| 68628 |1371°87! 686-76| 685°93 | 687°05| 687 14

16 0 %‘ 3744750 | 1372777 [2058°37]1373°43 (1372735 1373°90| 686-12 (137419 |1374"28
7 7 80 8 |3745725(2039°93 205R°94 | 3060581 1372:62 2061-04 | 686°31 | 206133 | 206141
o o 3745°98 [ 2747 08 [ 2059°49 | 3747°72 l372'991174ﬂ'18 68650 | 274845274854
70 0 274598 12749°95 | 2059°49 | 2749°30| 1372799 | 274885 [ 686-50 | 274858 )2748"49
62 30 .g 274671206179 | 206003 | 206217 | 137335 [ 2061 72| 68668 | 206145 | 2061 " 36
4 o0 % [2747.42[1375°65| z060°57 (1375703713737 71| 1374°59 | 686 86 (1374°32 | 1374 24
37 30 Z 274812 688:50|2061°09( 68789 1374°06( 687:46| 687-03 | 687 20| 68712
3 o 274880 1°36 | 2061°60 0°77(1374°40 0°34{ 68720 0°'09 | ORIQIN
22 30 2749748 | 685-78|2062° 11| 686-37)1374°74| 686-78| 68737 [ 687°03| 68711
16 0 | § [2750714|1372702| 206260137348 | 137507 | 1373°90] 6B7°53 [r374' 14137422
6 7 30 ] 2750° 78 | 206005 | 206309 [ 206061 [ 137539 [ 2061 01 [ 68770 | 2061°251 206133
0o o 3751743 27477181 32063°56 | 274773 | 1375771 [ 2748" 12| 68785 | 274835 2748°43
6 o 0 2751°42 274964 | 2063°56 | 274908 | 1375°71 (2748 70| 68B7°85 | 2748°46| 274838
62 30 g [2752°04[2062° 51 206403206198 (1376°02|2061°59| 688 01 | 206136 |2061-28
45 0 T |2752°64(1375739( 3064 48 | 1374°R6 | 137632 | 1374749 | 688-16 | 1374726 1374°19
37 30 Z {3753°34| 688 27| 2064-93| 687-76|1376-62| 6B7-39! 688:31 | 687-17| 687-09
3 0 275382 1°15 | 2065" 36 065137691 029 68845 0'07 | ORIGIN
22 30 275438 | 685°96|2065-79| 686:46{1377:19| 686-81 ) 688-60 | 687-01| 687 09
18 0 | H |a754-94(1373 07| 2066 a1 | 1373-58|1377°47| 1373 90| 6RB 74 | 1374" 12| 1374° 17
7 8 & |2758°48 2060 18 [ 206661 | 206065 [ 137774 | 2060°g9 ; 6RR-B7 | 206119 | 206126
b o o 2756°01 3747729 | 2067 01 2747 741378 01 | 274B 07 | 6Bg-0c |2748:37|2748" 34
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TABLE XLII.—Rectangular Co-ordinates in Chains of the Corners
of ith Degree Squares, referred to the centre of the Degree as

Origin.
:a, Distances in Arc E. or W. of Origin.
é 80’ 0" 22’ 30”7 18’ o 7 %0 o 0
: =}
Latitude. e
g Perpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Perpen-| Meri- | Meri-
; diculer. [ dian. |dicular.| dian. |dicular.| dian. | dicular.| dien. | dian.

o ’ "

b o o 2756701 | 274934 | 2067 01 | 274889 | 1378 01 | 274856 | 689 00 | 2748°36(2748" 30
62 30 g |2756°53| 206224 2067°40(2061°79|1378-26|2061-47| 689 13 | 206128206123
465. 0 L |2757°03| 1375714 | 2067°77 | 137470 | 137852 | 1374°39| 689" 26 [1374°20| 1374 14
87 30 = |2787752| 688-04|206B-14| 68B7°62|1378-76| 68731 6Bg-38 | 687°x3| 687°07
30 o0 275800 0°'94 | 2068° 50 ©'53|1379°00 0°24| 689°50 006 | orIGIN
22 80 - 275846 | 686°55|2068:85| 686°56]|1379 23| 6B6:8B4| 689'62 | 687'01| 687707
15 0 | %5 |2758'91 (1373724 2069 181373°6311379°46 | 1373°91| 689°73 | 1374°0B | 1374"13
7 30 S |2759°35 2060° 33 { 2069°51 | 2060° 71 | 137968 | 2060°98 | 68984 | 206114 | 206120

4 0 o 2759°78 | 2747742 | 2069 83| 274778 | 1379°Bg | 274805 | 689'94 | 2748721 |2748"26

4 0 o 275978 | 2749°06 | 2060°83 i 2748 70| 1379°89 | 274843 | 689°94 | 274828 2748 22
62 80 2 | 2760°19| 206198 | 2070° 14| 200162 | 1380°09 | 2061 37 | 690-05 |2061°22|2061"17
45 0 5 |2760°59 137490 |2070°44 | 1374°55 [ 1380°29| 1374731 690°15 | 1374716 | 1374" 11
37 30 Z 276097 687°82|2070°73| 687-49|1380°49| 687'24| 6go-24 | 687°10| 687-05
8 o 276134 0°'74{2071'01 0°41|1380°67 018 690" 34 0’05 | ORIGIN
22 380 - 2761 70| 686°34|2071°28| 68666 | 1380°85| 686°87| 690-43 | 687-01| 687 05
1 0 B |2762°05]1373°42|2071°54 | 1373°71 (1381703 |1373°93| 69051 | 1374706 1374 10
7 30 2 2762° 38 | 2060°49 | 2071°79 ! 2060° 78 | 1381 19| 2060°99 | 69060 | 2061 11 (206K 1§

3 0o 0 2762 70| 2747°56 | 2072°03 | 274784 | 1381° 35| 2748 04| 690-68 |2748°16| 2748 20

3 0 o 2762°70 | 2748'80|2072°03 | 274B°52 | 13B1° 352748 33| 69068 | 274B*21 | 2748" 17
52 80 2 [2763°01|32061°73 (207226206147 (138151206128 69075 |2061-16| 2061 13
4 0 E 12763°30| 137460 (207248 | 1374"41 [ 138585 [ 1374723 | 69083 137412 | 1374"08
37 30 & {2763°59( 6B7°59|2072:69 6B7-36(1381°79( 687°18| 690o-go | 687°08( 6B7-04
3 O 276386 0°53| 207289 o030 |1381°93 o013 | 6go g6 0'03 | orIGIN
22 30 o 276411 686°54]2073°08| 686°76|1382°05| 6B6:91| 6g1-03 | 687°01] 687'04
15 0 s 2764°35]1373°60| 2073726 137381 | 1382718137396 691°09 | 1374051374 08

9 7 80 & 2764 58| 2060°67 | 2073 44 | 2060°86| 1382°29| 206100 69115 | 2061°09|2061°11
o o0 276480 2747°73|2073°60 | 2747 92 (1382402748 04| 691°20 {2748 13 32748"15

2 0 0 276480274855 | 2073760 2748°37]|1382°40|2748°24 | 691°20 | 274816 | 2748°13
62 30 o | 276500 |2061°49 | 207375 |2061-32|1382°50| 206120 | 6g1-25 | 2061°12 (2061 10
45 0 L 1276519 (1374743207380 | 1374°27 | 1382°50| 1374°16 | 691°30 [ 137409 1374707
87 90 Z 27657364 687 37|2074°02 687°23]|1382:68( 687°12 6g1-34 | 687'05]| 68;7-03
80 o 2765°83 0°332[3074°1§ 0°18(1382°76 o'08| 69138 002 | ORIGIN
22 30 o 2765°68 | 68674 |2074° 26 686°87)|1382'84| 686°96| 691°42 | 687 01| 687-03
16 O € 276582137380 | 2074736 1373792 |1382°91{1374'00| 691°45 [1374°05|1374°06

1 7 a0 S 2765794 | 2000°86 | 207446 | 2060°96 | 1382°97 | 2061°03 | 691°49 | 206108 | 206109
(L] 2766 05 (2747°91 2054 542748°00[1383°03 (274807 691-81 2748112748 12

1 (] 276608 | 274832 (307454 1 2748°23|1383°03 274816 | 691°51 |2748° 12| 2748 11
62 80 % 2766°15 | 206127 2074612061 19(1383 07 |2061°13| 69154 | 206110 2061"08
65 O S 2766724 1374721 2074768 | 1374°16[1383°12|1374'09 69156 1374707 | 1374 a6
87 %0 # | 2766:31( 687162074773 6B7°10|1383°15| 6B7'06) 69158 | 6B7-04| 68703
80 0 2766° 36 011207477 006138318 o'03| 691°59 o'o1| oriGIN
22 380 A 2766°41| 686:95)2074'81| 686 98 |1383-21| 6By 01| 6g1-60 | 687°02| 68703
16 0 % |3766°44|1374°00(2074°83 1374 03| 138322 | 1374°04| 691°61 [1374°05|1374 05

0 7 30 S 2766°46 | 206106 | 207485 | 2061706 | 138333 (206107 | 691°62 | 2061 08 | 2061 08

0 0 276647 | 2748 11| 2074852748 11138324 | 2748 11| 60162 {3748 113748 11




( 80 )

TABLE XLIII.—Convergency between Meridians 1 Mile apart measured
on Parallels of Latitude.

Latitude.

o 4 10 15’ 20 25’ 30 35’ 40 45’ 60’ 85’ 60

Q ” ” ” ” " ” ” ” ” ” " ” ']

o] oo o1 o2 o'2 03 0'4 05 o's 06 o7 o'8 o'8 09

1 °o'9 1'0 1’1 "t 1°2 13 14 14 ’'s 1'6 17 1°7 1'8

2 18 1'9 2'0 20 2°1 2'2 23 2°3 24 I 2°6 2°9 2y

3 2°7 | 28] 29| 30| 30 31| 32| 33| 33| 34| 35| 36| 36
4 36| 37| 38 39| 39| 40| 41| 42| 43| 43| 44| 45| 46
6 46| 46| 47| 48| 49| 49| 50| g1 | 52| g2 53| 541 53
6 | 55| 55| 56| 57| 58| 59| 59| 60| 61| 62| 62| 63| 64
7 64 65 65 66 67 68 69 69 7°0 71 772 7°2 7°3
8 73| 174y s rs| 16 77| 78| 79| 79| 80| B1| 82| B2
9 82 83 84 85 86 8-6 8-7 8-8 89 89 90 9'1 92
10 92 9'3 93 9°4 95 96 9°6 97 98 9'9 | 10'0 | 10°0 | 101
11 1001 | 102 | 10°3 | 10°4 | 10°4 | 10°5 | 10°6 [ y0*7 | 107 | 10°8 | 10°9 | 11'0 | P1'}
12 e [oaecr | oret2 | rxc3 | vncg | orecg | recg | 1106 {1107 | 118 | 1109 | 1179 | 120
13 12'0 12°v | 12°2 | 12°3 | 32°3 | 12°4 | 12°5 | 12°6 | 12°7 | 12°7 | 12°8 | 12°9 | 130
14 13'0 | 13°1 13°8 | 1372 [ 13°3 | 13°4 [ 13°5 [ 13°5 | 136 | 137 [ 13°8 | 13'9 | 13'9
15 1379 { 140 | 141 | 1472 | 1473 | 143 | 144 | 14°5 | 14°6 | 1477 | 14'8 | 14°8 | 149
16 14°9 [ 1570 [ a5 ¢ | wg 2 [ 1573 | 15°3 { 15°4 | 15°5 | 15°6 ) 157 | x5°7 | 158 [ 159
17 [ 159 [ 1670 | 16°1 | 1672 | 1672 | 16°3 | 16-4 | 16°5 | 166 | 16-7 | 16°7 | 16'8 | 16°9g
18 169 [ 170 | 1y v | xyr2 [ vyr2 | a7z | 17ca | vyrs | g6 | agry [ ayp ) 178 [ 1y
19 17'9 [ B0 | By | 182 | 183 | 183 | 184|185 | 186 | 184 | 188 188 | 189
20 18B'9 | 19°0 | 19°1 | 1972 | 19°3 | 19'4 | 195 [ 19°5 | 10°6 | 19°7 | 19°'B | 19°9 | 20’0
21 20'0 | 201 | 20°1 [ 2072 | 20°3 | 20°4 | 2z0°§ | 20'6 | 20°7 | 20'8B | 20°8 | 209 | 21°0
22 21°0 (211 [ 2172 | 21°3 | 2174 | 207§ | 21°§ | 21°6 | 21°%7 | 218 | 21°9 | 2270 | 23°1
23 22°1 | 22°2 | 22°3 | 22°4 | 22°4 | 227§ | 22°6 | 22°7 | 228 | 229 | 23'0 | 23°71 | 23°2
24 33'2 | 23'3 | 23°3 | 23'4 | 23°5 | 23'6 | 2377 | 23’8 | 23'9 | 24'0 | 24°1 | 24°2 | 24'}3
25 24°3 | 24'3 [ 244 | 245 | 34°6 | 247 | 24°B | 24°9 | 2570 | 251 | 2§°2 | 25°3 | 25°'4
26 | 2574 | 25°5 | 2576 | 357 | 25°7 | 25°8 | 2579 | 260 | 26°1 | 26-2 | 26°3 | 26°4 | 26°g
27 265 | 266 | 26:7 | 26°8 | 26-9 | 27°0 | 27°1 | 27°2 | 2773 | 29°4 | 27°§ | 27°6 | 27°7
28 277 | 278 | 278 | 27°9 | 28'0 | 28°1 | 28B-2 | 28°3 [ 2B'4 | 285 | 28°6 | 287 | 288
29 28'8 | 2B'g [ 29'0 | 291 | 39°3 | 29°3 | 29°4 | 29°5 | 296 | 29°7 | 29°8 | 29°9 | 30‘0O
30 30’0 | 30°1 | 30°2 | 30°3 | 30°4 | 30°8 | 30°6 | 30°7 | 30'B | 309 | 3170 | 3y [ 3t°2
1 | 3103 | 304 | 3108 | 31°6 | 31°7 | 318 | 31°9 | 320 | 32°t | 3273 | 32°3 | 32°4 | 33°§
82 | 325 | 326 | 32°7 | 32°8 | 32°9 | 3370 | 33°vt | 33°2 | 33'3 | 335 | 33°6 | 33'7 | 338
33 | 33'B | 3379 | 340 | a4°r | 3472 | 3473 | 34°4 | 34°5 [ 34°6 | 347 | 349 | 350 | 3571
84 | 3s't | 3572 | 353|354 355|356 | 3577|358 360 361 | 36°2 1 36°3 364
85 | 3674 | 365 | 266 | 367 | 36°0 | 3770 | 37°v | a7'2 | 37°3 | 374 | ar's | a7y | a7°8
96 | 37'8 1 3779 | 380 | 381 | 382 | 38-3 | 385 | 38°6 | 387 | 388 | 389 | 39'1 | 39°2
37 39°2 | 39°3 | 39'4 | 39°5 [ 39°6 | 39°8 | 39°9 | 40°0 [ 40°1 40°3 | 40°4 | 40°§ 40°6
38 40°6 | 40°7 | 40°9 | 4170 | 41°1 | 41°2 | 4173 | 41'5 | 41°6 | 4107 | 41°8 | 420 [ 4271
89 4271 | 42°2 | 4273 | 42°5 | 42°6 | 4277 | 42°8 | 43°0 | 4377 | 43°3 | 434 | 43'5 | 43°6
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TABLE XLIV.—Lengths of Circular Arcs.

— et —
S EDE~ DONTO G W IDEgrces.

43
44
46

46

48
40
60

561
52
59
bt
65

66
K7
L]
60
60

g g £ 4 3 K
Are. & Arc. g Arc. i Arc. § Are. g Are, 8 Arc,
@ =i
A A S 3 L &
o0'0174533| 61| 1°0646508 12121118484 1 [0'0002909| 1 |0'0000048 | 01 00000000 | *61 (00000030
0349066 | 62| oB21041 122 1293017 2 o5818| 2 ogy7 | 102 1{°62 30
0523599 | 63| 09955741123 1407550( 3 oBy27| 3 145 |03 1} 63 31
ofig8i32| G| 1170107 (124 1642083 4 11636 4 194 | 04 2|64 N
0872065 | 65 1344640125 1816616 6 14544 6 242 | *05 2|65 32
o-1047198 | 66 [1°1519153(126| 2 1991149| 6 (00017453 6 |o0'0000291 | 06| 0'0000003 | *66 | 0°0000032
1221930 67| 1693506{127| 2165681 7 20362 7 33907 3|67 32
1396263 | 68 1808239 | 128 2340214 8 23271 8 38808 4!'68 33
1550790 | 69| 2042772{120| 25147457( 9 26180( 9 43609 4|69 33
1745329 | 70| 2217305|130) 2089280} 10 29089} 10 48510 5|70 34
0° 1919862 [ 71 |1°2391838 (131 2-2863813| 11 00031998 | 11 | 0'0000533 | *11 | 0'000000g | *71 | 00000034
2004395 | 72| 2506371 |132| 3038346 12 34907 | 12 582 °12 6|72 35
2268928 | 73| 2740904 (183| 3212879 13 37815 13 630( 13 6|73 38
2443461 | 74| 2915436 [134| 33B7412| 14 40724 | 14 679] 14 7074 36
2617994 | 75| 3089909 [135| 3561945( 15 43633| 16 727 °16 7|7 36
02792525 | 76| 1-3264502 (13623736478 | 16 |0'0046542 | 16 | 00000776 | -16 | 0'0000008 | *76 [ o' 0000037
2967060 | 77| 3439035(187| 39tio1r| 17 49451 | 17 824(°17 8|77 37
3141593 | 78] 3613568 (138 4085544 18 §2360| 18 87318 9|78 38
3316126 | 79 3788101 (139 4260077 | 19 55269 19 92119 9|79 38
34900650 | 80| 3962634140 4434610| 20 58178 | 20 970/ 20 10] 80 39
0:3665191| B1|1°4137167 (14112 4609142 | 21 |0'cobro87 | 21 [0'0001018 | *21 | 0'0000010 | ‘81 | 0'0000O39
3839724 B2 4311500 (142 4783675 22 63995 | 22 1067 (22 1|82 40
4014257 | B3| 44862331143 4958208 | 23 66gos | 23 1115 23 11|83 40
4188790 | B4| 46607606 (14d| 5132741 24 69813 | 24 1104 | - 24 12 | 84 41
4303323 | 85| 4835209[145( s307274| 26 72722 25 1212 *26 12 | *86 41
0°4537856 | B6|1°5009832|146(2° 5481807 | 26 |0°00;563r | 26 | 0'0001261 | - 26 | 0'000001 3 | *86 | 0* 0000042
4712380 87| 5184304147 5656340( 27 78540 | 27 1309 | "27 13|87 42
4886922 B8| 5358897 (148| 5830873( 28 Bi449 | 28 1357] 28 14| 68 43
gobrg5s| 89| 533430149 6005406 | 29 84358 | 29 1406 | *29 14|89 43
5235988 | 90| 5707963150 6179939 30 87266 | 30 1454 *80 15| -90 44
o-g410521| O1|1-5882496 (151 |2:6354472| 81 |0'00gorys| 31 |o'coo1503 | *31 | 0'0ccoo1s | 91 | o' coo004q
5385054 Y2| OGosjyoz9|152| Gg29005| 82 93084 | 32 1551 °32 16| °92 45
5759587 93| 06231562 |153| 6703538 33 95993 | 33 1600 *33 16| 93 45
5934119 94| 6406095|154( 6858050 34 g98goz | 34 1648 -34 16 *94 46
6108652 95| 06580628165 yo052603] 35 [oo101811( 35 1697 | *95 17]°96 46
06283185 | 96(1°6755161 {166 2°7227136| 36 | o'o104720| 36 |0'0oo1745 | -86 [ 0'0000017 [ *96 | 0' 0000047
6457718 | 97| 69296941157 4401669 | 87 107629 | 87 1794 *37 18| 97 47
6632251 | 98| 7rog227|168( 7576202 88 110538 [ 38 1842 -38 18| °98 48
6806784 09| 7278560169 7750735| 39 113446 | 39 1891 | +39 19|99 48
6gB1315 (100 7453203| 160 7925208 | 40 116355 | 40 1939 | *40 19
o 7155850101 [ 1-7625825 (161 | 2-8ogg8o1 | 41 |o'o119264| 41 | 00001988 | 41 | 0'0000020
7330383 102| 7Ro2358|162| 8274334 | 42 122173 | 42 20361 "42 20
7504910103 79568¢1 | 163 84488067 43 125082 | 43 3085 | "48 a1
7679449104 Bigrg24|164| BR623400]| 44 127991 | 44 2133 <44 21
4853982 | 105| 8325957 |166| B8797933| 45 130900 | 46 2182 -45 22
o'Bo2B5151106| 1 B500490 | 166 | 2-Rgy72466| 46 [0'0133809 | 46 | 0'0002230 | *46 | 00000032
B203047 | 107 | 8675023{167| 9146999 | 47 136717 47 2279 | 47 23
B377580|108( BB4g556(168| 9321531 48 139026 | 48 2327 |48 23
8552113 (100|  go24089{ 16O g49ho64| 49 142535 | 49 2376 -49 24
8720646110 9198622(170| 960597 60 145444 | 50 2424 | 60 24
o'8goriyg {111 | 1-9373155(171] 2-0845130 | B1 [o0'0148353 | 61 | 0'0002473 | *B1 | 0'0000025
goysy12 {112  ¢g4768R (172 3-0019662] 62 151262 | 62 2521 | °52 25
925024511131 gy22220{178 0194190 | B3 154171 | 69 2570 *63 26
0424778 |114| 9896753 [174] 0368729 B4 157080 | 64 2618 | -64 26
9509311 [ 116 | 270071286 | 176 | 0543262 66 159989 [ 66 2666 | b5 27
0°9773844 (116 | 20245819 |176| 3-0717795 | 66 | 00162897 | BG | 0'0002715 | * 66 | 0'0000027
9048377 | 117 0420353 (177 0892328 | 67 1658006 | 67 2763 | 67 28
1'o122910 | 118| 05948Rg | 178 1066861 | 58 168715 | 68 2812 °68 28
0197443 110[ 0769418 | 179 1241394 | B9 171624 | 69 2860 | *69 29
04719761120 0943951 | 180 1415927 [ 60 174533 | 60 2909 { *60 29
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TABLE XLV.—For converting Feet into Miles.

- Thousands, wd
° I °q
o g o @
2| o 1 2 3 4 5 6 7 8 o |&2
B q 5 -?I

3 _ 3]
0 Miles | ©'1894| ©°3;88| 0-5682| 077576 ! o-g470( 1 1364 1-3258| 1-5152| 1°7045] O
1 1°8939| 2°0833| 2-2727| 2-4621| 2°6515| 2'8409| 3°0303| 3 2197| 3°4091| 3°5985 1
2 3°7879! 3°9773] 41667 | 4-3561] 475455 4°7348( 49242 5°1136| 5-3030| 54924 2
3 5°6818| 58712| 6-0606| 6-2500| 6°4394( 6-6288| 6°8182] 7-0076! 7:1970| 7:3864| 3
4 7°5758 | 7'7652| 7°9345| 8'1439] 8:3333| 8-5227] 8-7121| Brgo15| 9 ogog| 9'2803( 4
B 9'4697 | 9°6501| 9°8485/10°0379 | 10°2273|10°4167 | 10°6061 | 10°7955 | 10°9848 ! 111742 &
6 31°3636 | 11-5530 ) 11°7424|511°0318 | 121212 | 12°3106 | 12° 5000 | 12°6894 [ 12°B788!13'0682| 6
7 1325761374470 [13°6364|13°8258 | 14°0552|14"2045|14°3939 1458337 14°7727|14°9621| 7
8 |15°1515(15°3409|15°5303(15°7197 |15 9091 |16'0985|16°2B79|16°4773(16-6667 1168561 8
9 {17°0455|17°2348 | 17°4242[17°6136  17°Bo30|17°9924|18-1818|18°3712 185606187500 9
:g Tens. g

D
d |
E 0 1 2 3 4 5 6 7 8 9 E
=] =]
[ Miles | 0'0019 | 0'0038 | 00057 | 00056 | 00095 | 00114 | 670133 | 0'0152 | 0'0170 0

1 o-o189g o208 0237 0246 0265 0284 0303 0322 0341 0360 1
2 0379 o398 o417 0436 0455 0473 0492 o511 0530 o549 ( 2
3 0568 o587 obob o625 ob4y oh63 0682 o701 0720 0739 3
4 o758 0777 0795 o814 0833 o852 o871 o8go 0909 0928 4
6 0947 0966 o985 1004 1023 1042 1061 1080 1098 1y 5
6 1136 1155 1174 1193 1212 1231 1250 1269 1288 1307 6
7 1326 1345 1364 1383 1402 1420 1439 1458 1477 1496 ) 7
8 1515 1534 1553 1572 1591 1610 1629 1648 1667 1686 8
9 170§ 1723 1742 1761 1780 1799 1818 1837 1856 1875 9

Units ‘0002 | ‘0004 | ‘0006 | ‘0008 | ‘ocoog [ ‘oor1 r0013 | ‘oorg | -oery | Units
TABLE XLVI.—For converting Miles into Feet.

. Units. .
a |
D Q
& 0 1 2 3 4 5 6 7 8 9 &
0 Foet 280 | 10560 | 15840 | 21120 | 26400 | 31680 | 3660 [ 42240 | 47520 0
1 §2800 | 5BoBo | 63360 | 68640 73920 | 79200 | By480 | 89760 | 9goq0 | 100320 1
2 105600 | 110880 | 116160 | 121440 | 126720 | 132000 | 137280 | 142560 | 147840 | 153120 2
3 158400 | 1636B0 | 168960 | 174240 | 179520 | 184800 | 1900Bo | 195360 | 200640 | 205920 3
4 211300 | 216480 | 321760 | 227040 | 232320 | 237600 | 242880 | 248160 | 253440 | 258720 4
[ 264000 | 269280 | 274560 | 279840 | 2B5130 | 290400 | 295680 | joogbo | 306240 | 311520 5
6 | 316800 | 3120R0 | 327360 | 132640 | 335930 | 343200 | 348480 | 353760 | 359040 | 364320 | 6
7 369600 | 3748R0 | jBorbo | 385440 | 390720 | 396000 | 4012B0 | 406560 | 411840 | 417120 7
8 422400 | 427680 | 432960 | 438240 | 443520 | 44BB00 | 454080 | 459300 | 464640 | 469920 8
9 475200 | 480480 | 4B5760 | 491040 | 496320 | 501600 | 500880 | 512100 | 517440 | 533720 9

: Hundredths, .
3 2
5 0 1 2 3 4 3 6 7 8 9 &
0 Foot 518 105°6 158°4 21172 2640 | 316°8 | 3696 422°4 | 47572 0
1 528-0 | s80°8B | 633°6| 686°4 | 7392 | 792°0( B44'B| 897°6 | gs0°4 [ 1003°2 1
2 1o56'0 | 1ioB B | 1161°6 | 1214°4 | 12673 ) 13200 | 1373°8 [ 1425°6 | 14784 | 15312 2
3 1584'0 | 1636-8 | 16Bg°6 | 1742°4 | 1795°2 | 18480 | 1900°8 | 1ng3°6 | 2006°4 | 20592 3
4 2112°0 | 21648 | 2217°6 | 22704 | 2323°2 | 2376°0 | 24288 | 2481°6 | 253474 | 25873 4
[ 26400 | 26928 | 2745°6 | 2798-4 | 2851-2 | 29040 | 2956°8 | 3009°6 | Job2°4 | 3115°2 3
6 | 3168°0 | 3220°8 | 3273°6 | 31326°4 | 3379°2 | 343270 | 34B4°8 | 3537°6 | 3500°4 | 3643°2 | €
7 3696-0 | 3748°8 | 38016 | 385474 | 3907°2 | 3960°0 | 4012°8 | 4065°6 | 4118°4 | 4171°2 7
8 | 43240 | 4276°8 | 4320°6 | 438274 | 443572 | 448B'0 | 4540°8 | 450376 | 4646°4 | 4699°2 | 8

9 4752°0 | 4804°8 | 4857°6 | 4010°4 | 4963 2 | 5016°0 | 5OOB B | sr21°6 | §174°4 | 52272 9
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TABLE XLVII.—For converting Links into Feet.

- Thousands. «d
© & g
a 3 @
a9 g 5
g’g 1] 1 2 3 4 [} (] 7 8 9 &2
& E
0 Feet 660 1320 1980 2640 3300 3960 4620 5280 5940 0
1 6600 7260 7920 8580 9240 9900 10560 11220 11880 12540 1
2 13200 13860 14520 15180 15840 16500 17160 17820 | 18480 19140 2
3 19800 20460 21120 21780 22440 23100 23760 24420 25080 25740 3
4 26400 27060 27720 28380 29040 | 29700 | 3jo3bo | 31020 | 31680 | 32340 4
5 33000 | 33660 | 34320 | 34980 | 35640 | 36300 | 36960 | 37620 | 38280 | 38940 6
6 39600 | 40260 | 40920 | 41580 | 42240 | 42900 | 43360 | 44220 | 44880 | 45540 6
7 40200 | 40B60 | 47520 | 48180 | 48840 | 49500 | 50160 | gofz0 | 51480 | 52140 7
8 52800 | 53460 | 54120 | 54780 | 55440 | 56100 | 56760 | §7420 | 5BoBo | 58740 8
9 59400 | 6oobo | 6oj20 | 61380 | Gzo4o | 62700 | 63360 | 64020 | 646Bo | 65340 9
L Tens. E
1
-
E
E 0 1 2 3 4 5 6 7 8 .0 g
= =
0 Foet 66 13°2 19'8 264 FEN 396 46°2 §2°8 59°4 0
1 66-0 726 79'2 85°8 924 99'0 | 105°6 | 1122 | 118'8 | 125°¢ 1
2 132°0 1386 145°2 151°8 158°4 165°0 151°6 178°2 1848 191°4 2
3 1980 204°6 2112 2178 2244 231°0 237°6 244°2 250°8 257°4 3
4 264°0 270°6 277 2 283-8 2904 297°0 303°6 3i10°2 316°8 323°4 4
6 | 33000 13366 |343°2 | 349'8 | 356°4 1363'0 [ 369°6 [ 376°2 | 3828 | 3894 6
6 | 396°0 [402°6 | 4092 | 415'8 | 422°4 | 429'0 [ 435°0 (442°3 | 4488 | 4554 | 6
7 4620 | 4686 | 475'2 | 4B1°8 | 488°4 | 495°0 §01°6 | zoB 2 514°8 521°4 7
8 5280 | 534'6 | s41°2 | 3547°8 | 5544 | s61'0 | 567°6 | 574°2 [580'8 58774 | 8
9 594°0 | 6006 [ Goy:z | 6138 | 6204 | 629°0 | 633'6 | 6402 |646'8 | 6534 9
Units 66 1°32 198 2°64 3'30 396 4°62 5°28 5°94 | Units
TABLE XLVIII.—For converting Feet into Links.
s Thousands. wd
= 5 o 5
g2z g
as 0 1 2 3 4 [ 6 7 8 9 &3
= )
0 Links 1518 2 3030°3] 4845°5 606o'6| 7575°8] 9ogorg| 10606 1| 1213172 136364 O
1 151815 16666-7 1880 8] 19697°0| 21212°1| 22727 3| 24242°4| 35757°6| 27272 7| 287879 1
2 | 30303°0f 318182 33333"3( 34848°5| 36363°6/ 37878°8| 30393° 9/ 40909°1| 43424°2| 43939°4| 2
3| 45454°8f 46969 7| 4B484-B| so000" 0 £1515°2] §3030" 3| §4545°5| 56060-6f §7575°8| 59090°g] 8
4 60606 1] 621212 63636-4| 651515 66666 7| 68B181-B| 69697 0| 7r212-1| 72727°3] 7424274} &
6 | 755757°6| 77272°7| 78787 9f 80303-0f BiB18 2] 83333 3] ByB4B8-5| B6363°6/ B;A78°8| Bg393'9| &
6 | 90909 1| 92424°2! 93039°4] 95454°5| 96969 7) 98484 Bl100000° 0101515 2/103030° 310484575 ©
7 |1o6o6o 6107575 8l10gogo-glr1o606- Tfrrz121-2]113636° 4[115151°5116666'7|11818B18B/119697°0| 7
8 lzlill'l121727'3‘124242'4l25757'6127272'712R7ﬂ7‘0I_;O\]OJ'OIJIGIH'Z133333'3 1348485/ 8
9 [136363°6/13787881139393° 9140900 1]142424 2143939 4145454 5146969 7[148484-8|150000°0] 9
g Tens. ]
D
5 5
3 0 1 2 3 4 5 6 7 8 9 &
= =
0 Links 1572 30°3 455 606 758 go'g | 1061 121°3 | 1364 0
1 I51°§ 166-7 1858 197°0 21271 2273 24374 2§7°6 | 27277 2879 1
2 3ogo | 182 | 3ax'a | a48'5 | 363°6 3788 3939 [ 409°1 [ 4342 | 439'4| 2
3 454°5 [ 469°7 | 4B4°8 | goo'o g1g-2 1 g30°3 ! 545°5 | 560°6  s575'B 1 5909 | B
4 GoGr1 | Gz21-a | 6364 | 651°5| 6667 | 681-8 | 6gy-0| fiz-1| 729°3) 742-4 4
b 787°6 | g2y | 7R7'9 | Bog'o | BiB-z | Ba3'3 | B4B'5 | 863°6 | B878'B | Bo3'9g| b
6 909°1 | 924°2 | 939'4 | 0§4'S | 909°7 | 9848 [ 1000°0 | torg 2 | 10303 | 1045°§ [
7 1060°6 | 1075°8 | 109079 | 1106°1 | 112172 | 1136°4 [ 1151°8 | 11667 [ 1181°8 | 11970 7
8 1212°1 | 1227°3 | 1242°4 | 1257°6 | v272°7 | 1287°9 | 1303'0 | 13182 | 1333°3 | 1348°5 8
9 13636 | 1378°8 | 139379 | 1409°1 | 142472 | 14394 | 1454°5 | 14697 | 1484°8 | 15000 9
Unita " s 3’0 48 61 76 9t 106 12'1 13°6 { Units
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TABLE XLIX.—Gauss’s Sum and Difference Logarithms.

000,
001
002
003
004
005
006
007
0'08|
009

0°10]
011
012
013
014
015
016
017
018
019

021
022
023

025
026
027
0-28
029

031
032
0°33
034
035
036
037
0-38
039

041
042
43
044
043
046
047
048
049

050
0561
052
053
064
065

0" 14103 4083 %003 9953 9903 9854 9804 97549705 9055
029606 9556 9507 9458 9409 9359 931092619212 9163
91159066 go17 8968 8g20 8871 8822 877487268677
86298581 853284848436 B3888340829282458197
81498101 80354 8006 7959 7911 7864 7817 7769 7722

7675 7628 7581 7534 7487 7440 7393 7346 7300 7253
7207 7160 7114 7067 7021 6974 6928 6882 0836 6790
67446698 6652 6606 6560 65156460 642363786332
6287 624261966151 6106 6061 6016 5970 5926 5881
5836 5791 5746 5701 5657 5612 5568 5523 5479 5434

025390 5346 5302 5258 5214 5170 5126 5082 5038 4994
4950 4907 4863 48194776 4733 4689 4646 4603 4559
451644734430 4387 4344 4301 4258 4216 41734130
4088 4045 4003 3960 3918 3875 3833 3791 3749 3707
36053623 3581 3539 3497 3455 3414 3372 3330 3289

3247 32006 3165 3123 JoB2 3041 30002959 2918 2877
3836 2795 2754 27132673 2632 2591 2551 2510 2470
243023892340 2309 2269 2229 2189 2149 2100 2069
2029 1989 1949 19101870 1831 1791 175217121673
163415951556 15161477 1438 1399 1361 13221283

020l0°21244 1206 1167 1128 1000 1052 1013 4075 2937 x898

4800822 ,784 4746 4708 4670 4632 594 £557 %519
*481 £444 2400 4309 %331 4204 %257 %220 x182 4145
*108 4071 40149997 9ybo 9923 9387 9850 9B13 9777

0240197409704 9667 9631 9595 9558 9522 9486 94509414

93789342930692709234 919891639127 9091 9056
90208985 8049 8914 879 88448808R77387388703
866886338599 83648529 84948460842583908356
8322B828;82538218818 Bigo8116B8082B8048 Bo14
79807946 7912 7878 7845 78117777 71744 77107677

030017643 7610 7577 7844 7510 7477 7444 74117378 7345

731272797247 7204 7181 7148 7116 7083 7051 7018
6986 6934 6021 6889 6857 6825 6793676167296697
666566336601 65096538 65066474 644364116380
63496317628662556224 61926161 6130 6099 ho68

6037 6007 5976 5945 5914 58B4 5853 5822 57925761
§731 8701 8670 5640 5610 5580 5550 5520 3489 5460
£4305400 5370 53405310 5281 5251 5221 §192 5162
513351045074 5043 5010 4986 4957 4928 4899 4870
48414812 47834755 4726 4097 4068 4640 4611 458)

0'400°14554 4526 4497 4460 4441 44124384 4356 4328 4300

437342444216 4188 4100 4132 4104 4077 4049 4021
3994 3966 3039 3011 3884 3857 38209 3802 3775 3748
3721 3694 3067 3640 3613 3586 3559 3332 3505 3479
345234253399 3372 3340 3319 3291 3267 3240 3214

3188 3162 3136 3110 3084 3058 3032 3006 2980 2954
2918 2903 2877 2851 2826 28002775 2749 2734 209K
26732648 26223507 2572 2547 2522 2497 2472 3447
243223972372 3348 2323 2298 227422492224 2200
217531512137 2102 2078 2054 2030 3005 1981 1957

0’11933 1909 1885 1861 1837 181417901766 1742 1519
1605 1671 1648 1624 1601 1577 1554 1531 1507 1484
1461 1438 14151392 1368 13451323 13001377 1254
123112081186 11631140 1118 1095 10731050 1028
1905 2983 2960 %938 4916 4894 4R73 4849 4827 4Bog

056!
0567
068

2783476712739 4718 4606 4674 4652 4630 4609 4587
#5605 4544 4522 £50T 2470 2458 2437 4415 4394 4373
#351 2330%300 4288 4267 4246 4225 4204 4183 4162
#141 4120 2100 2079 058 4038 2017 9996 976 9955

069009935 99149894 9874 9853 98339813 979397719752

0'301030153 02030253 0303 0354 0404 0454 0505 0555
06060656 0707 0758 0809 085909100961 1012 1063
111511661217 1208 1320 1371 1422 1474 1526 15497
1629 1681 1732 1784 1836 1888 1940 1992 2045 2097
21492201 2254 2306 23359 2411 2464 2517 2569 2622

26752728 2781 2834 2887 29402993 3046 3100 3153
3207 3260 3314 3367 3421 3474 3528 3582 3636 3690
3744 3798 3852 3906 3900 4015 4069 4123 4178 4232
4287 4342 4396 4451 4506 4561 4616 4670 4726 4781
4836 4891 4946 5001 5057 5112 5168 52235279 5334

0'35390 5446 3502 5558 5614 5670 5726 5782 5838 5894
59506007 60636119 6176 623362896346 64036459
651665736030 6687 6744 6801 68586916 6973 7030
7088 7145 7203 7260 7318 7375 7433 7491 7549 7607
76657723 7781 7839 7897 7955 Bor4 807281308189

8247 830683658423 8482 B5418600865987188577
883688958954 90139073 91329191 925193109370
9430 9489 9549 9609 9669 9729 9789 9849 9909 9969
0400290089 0149 02100270 0331 0301 045205120573
06340695075608160877 09380099 1061 1122 1183

0'41244 1306 1367 1428 1490 1552 161316751737 1798

1860 1922 1984 2046 2108
2481 2544 2606 2669 27 31
3108 3171 3234 3297 3360
3740 3804 3867 3931 3995

4378 4442 4306 4570 4634
§020 5085 51495214 5279
5668 5733 5799 5864 5929
63226387 645365186384

21702232 22042357 2419
2794 2857 2020 2082 3045
3423 3487 3550 3613 3677
4058 4122 4186 4250 4314

4698 4763 4827 4891 4956
5344 5408 5473 5538 5003
5994 6060 6125 6190 6256
66506716 658268486914

6980 7046 71127178 7245 7311 7377 7444 75107577
7977 Bogq Brir 81788245
8648 871687838851 8918
93259393 9401 95299507
%000 4074 w143 x211 4280
069z 0761 0830 0899 0968

047643 77107777 7844 7910
831283798447 85148581
8986 goz4 9121 91899257
9665 9733 9801 9869 9938
050349 0417 0486 0555 0624
1037 1107 1176 1245 1314
1731 1801 1870 1940 2010
2430 2500 2570 2640 2710 2581 2851 2921 2992 3062
3133 3204 3274 3345 3416 3486 3557 3628 3699 3770
3841 3912 3983 4055 4126 4197 4208 4340 4411 4483

1384 1453 1522 1592 1661
2080 2150 2220 2289 2360

0'54554 4626 4697 4760 4841 4912 4984 5056 5128 5200
5272 5344 5416 5488 5560 5632 5704 5777 5849 5921
50046066 613962116284 6357 642965026575 6048
6721 6594 6867 6940 7013 7086 7159 7232 7308 7379
7452 7525 7599 7672 7746 7819 7893 7967 Bo4o 8114
8188 82628336 B410 8484 8554 8632 8706 87808854
8928 9003 9077 9151 9226 0300 0375 9449 95249598
96730748 98220807 9972 w047 %122 4107 #272 5347
0604220497 05720048 0723 0798 08740949 1024 1100
11751251 1327 1402 1478 1554 1630 1505 1781 1857
061933 2009 2085 2161 2237 2314 2300 2466 2542 2619
2695 3771 2848 2924 Joo1 3077 3154 3231 3307 2384
3461 3538 3615 3692 3768 3845 392340004077 4154
4231 4308 4386 4463 4540 4618 4605 47714850 4928
5003 3083 5160 5238 5316 5304 5472 5549 5627 5708
5783 8861 2019 6018 6ogh 6174 6252 6330 6409 6487
6565 6644 6722 6Ro1 6859 6958 7037 711871947273
7151 7430 7500 7588 7667 7746 7825 7904 7983 8ab2
Br41B8230R3008379 8458 8338 8617 8696 R776 BAss
803500149004 9174 9253 0333 041394939573 9652

L=

L=

Norx.—The aymbol # denotes a cypher and calls attention to a change in the leading numeral.
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TABLE XLIX.—Gauss’s Sum and Difference Logarithms.

B. C.
A,

o 1 2 3 4 5 6 7 8 9] o 1 2 3 4 5 6 7 8 9
0'60/0"09732 9712 96929672 9652 9632 96129593 95739553|0697320812 98929972 4052 x132 #2124203 2373 #453
061  9533951494949474 9455 943594169396 93779357]0'70533 061406940774 0855 09351016 1096 1177 1257
062] 093389319920902800201 92429223 020491849165 1338 1419 1499 1580 1661 1742 1823 1904 1984 2065
063! 91469127 9108 9090 go71 90529033 901489968977 2146 2227 2308 2390 2471 2552 2633 2714 2796 2877
0'64] 895889408921 890z 8884 88658847 882988108792 2958 3040 3121 3202 3284 3365 3447 3529 3610 36092
065 877487558737 87198701 B6B3 8664 8646862886101 3774 3855 3037 4019 4101 4183 42644346 4428 4510
066| B85928574855785398521 B5038485840884508432] 459240744757 4839 4921 5003 5085 5168 52505333
067 B84158397837983628344 83278300829282758257| 54715 5497 5579 5062 5744 §827 5909 5992 Go75 6157
065 82408223820681888171 8154813781208103 8086 62406323 6406 6488 6571 6654 6537 682069036986
0'69| BobgBosz Bo3s Bo18 Boor 7985 5968 79517934 7918 7069 715272357318 7401 7485 7508 7651 7734 7818
070,0'07901 7884 7868 7851 7835 7818 ;802 7785 7769 7753 |0 77901 7984 Bo68 Br51 8235 8318 8402 848585698653
071 77367720 77047687 7671 76557639 7623 7607 7591 7368820890, 8987 9071 915592399323 9407 9491
072 75757559 7543 7527 7511 7495 7479 7463 7448 7432] 957596599743 9827 9911 99954079 4163 x248 £33
073 741674007385 7369 7354 7338 7322 7307 7291 7276 ]0'Bo416 0500 0585 0669 0754 o838 0922 1007 1091 1176
074 7261 724572307215 7199 71847169 71547138 7123] 12611345 143015051599 1684 17691854 1938 2023
075 7108 7093 7078 7063 7048 5033 7018 70036988 6973 2108 219322782363 2448 2533 2618 2703 2788 2873
076 69596944 69296914 6900 6885 687068506841 6827] 2959 3044 3129 3214 3300 3385 347035563641 3727
077 68126798 67836769 6754 674067256711 06609;76683] 3812 3898 3083 4069 4154 4240 4325 4411 4497 4533
0-78] 6668 6654664060620 6612 6597 6583 6569 65556541 4668 4754 48404926 5012 5097 5183 5269 §355 5441
079 652765136500 64866452 6458 6444 6430641706403 55275613 57005786 5872 5958 604461306217 6303
0°8010'06389 637663626348 6335 6321 6308 6204 6281 6267 [o'86389 647665626648 6735 6821 6908 6994 5081 7167
081{ 62546240622762146200 61876174616161476134 72547340 7427 7514 7600 7687 7774 7861 7047 Bo34
0'82| 61216108 Gogs 6082 6obg 6056 (04360306017 6004 8121 8208829583828469 B556 864387308817 8904
0'83| 5991 5978 5965 5952 5039 5927 5914 5901 5889 5876] 8991 9078 916592529339 9427 9514 9601 9689 9776
084 586358515838 58255813 58005788 577557635751| 98039951 3038 x125 2213 %300 %388 w475 2563 4051
085 573857265714 5701 5689 5677 5664 5652 5640 5628]0°90738 08260914 1001 1089 1177 12641352 14401528
086/ 56165604 5591 5579 5567 5555 554355315519 5508] 161617041791 18791967 2085 21432231 2319 2408
087 5496 5484 5472 5460 5448 5436 5425 54135401 5390] 2496 2584 2672 2760 2848 2936 3025 3113 3201 3290
0'88) 53785366535553435332 532053085297 52865274] 3378 34006 3555 3043 3732 3820 3908 3997 4086 4174
089 52635251 52405229 5217 5206 5195 518351725101 4263 4351 4440 4529 4617 4706 4795 4883 4972 5061
0'90lo"05150 5139 5127 5116 g105 5094 5083 5072 §061 5050)0'95150 5239 5327 5416 5505 5594 5683 5772 5861 5950
091] 50395028 5017 5006 4095 4985 4974 4963 4952 4941] 603961286217 6306 6395 6485 6574 66636752 6841
092 4931 4920 4909 4898 4888 4877 4867 4850 4845 4835| 6931 7020 7109 7198 7288 7377 7467 7556 76457735
093 48244814 480347934782 47724702475147414731] 7B247914800380938182 B27283628451 85418631
094 472047104700 4689 4679 4669 4659 4649 4639 4628  B7208810 89008989 9079 916992599349 94399528
095 4618 4608 4598 4588 4578 4568 4558 4548 4538 4528] 961897089798 9888 0078 4068 4158 4248 4338 4428
096 4519 4509 4499 4489 4479 4409 4460 4450 4440 4430] 1'00519 060y 0699 0789 0879 0969 robo 1150 1240 1330
0'07) 44214411 44014392 4382 4373 4303435343444334] 142015111601 106921782 18731963 2053 21442234
098] 432543154300 429% 4287 4278 4268 4259 4250 4240 23252415 2500 2597 21687 2778 2868 2959 3050 3140
099  42314222421342034194 41854176 41674157 4148] 32313322 3413 3503 3394 3685 3776 3867 3957 4048
1:00/0'04139 4130 4121 4112 4103 4094 4085 4076 4067 4058] 104139 4230 4321 4412 4503 4504 4685 4776 4867 4958
101 4049 4040 4032 4023 4014 4005 3996 3087 3979 3070] 5049 5140 5232 5323 5414 5505 5590 5687 5779 5870
1021 3961 3953 3944 3935 3926 3918 309 3901 3802 3883] 596160536144 62356326 6418 6509 6601 66926783
1-08| 3875 3806 3858 3849 3841 3832 3824 3816 3807 3799) 68756000 7058 7149 7241 7332 7424 7516 7607 7699
103 379037823774 3765 3757 3749 374137323724 3716] 5790 7882 797480658157 8249 8341 843285248616
1-05( 3708 3700 3691 3683 3675 3667 3659 3651 3643 3635] 870888008891 8983 9075 9167 92509351 9443 9535
1:06| 3627 3619 3611 3603 3595 3387 3570 3371 35633555 962707199811 9003 9995 4087 &170 4271 4303 445§
107 3548 3540 3332 3524 3510 3500 3501 3493 3485 3478 '10548 06400732 08240916 100y 1101 11931285 1278
L-08] 3470 3402 3455 3447 3439 3432 3424 3417 3400 3401 147015621655 17471839 1932 2024 2117 2209 2301
100 3394 3386 337933713364 3357 3349 3342 3334 3327

0°03320 3312 3305 3298 3290 3283 3276 1268 3261 3284
3247 3240 3232 3225 3218 3211 3204 3197 3190 3183
Ar75 3168 3161 3154 3147 31403133 3126 3120 3113
3106 3099 3093 3085 3078 3071 30065 3058 3051 3044
3037 3031 3024 3017 3011 3004 2997 2991t 2984 2977
2971 2904 2057 2951 2044 2938 2031 2925 2018 2912
2905 2800 2892 2886 2879 2873 2867 2860 2854 2848
2841 28552829 2822 2816 2810 2803 2597 2791 2785
277937722766 2700 2754 2748 2742 2735 2529 2723
2717 2711 2705 2699 2693 2687 2681 2675 2669 2663

2394 2486 2570 2671 2704 2857 2949 3042 3134 3227
1'13320 3472 3505 3598 3690 :
4247 434044324525 4018
51755268 5361 5454 5547
6100 6199 G292 6385 6448
7O37 7131 72347317 7411

783 3876 3968 4061 4154
4711 4804 4897 4990 5083
5640 §733 5826 5920 forg
657166656758 6851 6944
75047597 7691 77847877
79718064 81578251 8344 8438853186258;188812
8905 8999 9992 9186 9279 93739467 9560 96549748
9841 0035 4020 4122 x216 £310 2403 4497 +591 5085
1207790872 00606 1000 1154 1248 13421435 1529 1623
17171811 19051999 2093 2187 2281 2375 2469 2563
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TABLE XLIX.—Gauss’s Sum and Difference Logarithms.

B. C.
A.

o 1 2 3 4 5 6 7 8 9| 0o 1 2 3 4 65 6 7 8 9
1'20i0-02657 2651 2645 2639 2634 2628 26222616 2610 2604 [1°22657 2751 2845 2939 3034 3128 3222 3316 3410 3504
1:2)| 25992593 2587 2581 2575 25702564 2558 25522547 3599 3693 3787 3881 3975 4070 4164 4258 4352 4447
1-22( 254125352530 2524 2518 2513 2507 2502 2406 2490] 4541 4635 473048244918 5013 5107 5202 5206 5390
123 2485 2479 2474 2468 2453 2457 2452 2446 2441 2435] 5485 55705674 5768 5863 5957 6052 6146 6241 6335
124 24302424 2419 2414 2408 2403 23972392 2387 2381] 64306524 66196714 6808 6903 6997 7092 7187 7281
125| 23762371 236523602355 2350 2344 2339 2334 2329|7376 7471 7565 7660 7755 7850 7944 803981348229
1'26] 2323231823132308 2303 22973292 2287 22822277 83238418851386088703 879788928987 9oBz 9157
127 23722206 22622257 2252 2346 22412236 2231 2226] 92729367 94629557 9652 9746 9B41 9936 4031 4126
128) 232122162211 2207 2202 2197 21922187 2182 2177 |1"30221 0316 0411 0507 0602 0697 0792 0887 0982 1077
129 217221672162 2158 2153 214821432138 21332129 11721267 1362 1458 1553 16481743183819331019
1:300'02124 2119 2114 2110 2105 2100 2095 2091 2086 2081 |1°32124 2219 2314 2410 2505 2600 2695 2791 2886 2981
1:31| 2077 2072 2067 2063 2058 2053 2049 2044 20402035 3077 3172 3267 3363 3458 3553 3649 3744 3B40 3915
1'32| 203012026 2021 2017 2012 2008 2003 1999 1994 1990] 40304126 42214317 4412 4508 4603 4699 4794 4890
133 198519811976 1972 1967 19631959 1954 1950 1945| 4985 5081 51765272 5367 5463 5559 5654 5750 5845
134 19411037193219281924 101919151911 1906 1902] 59416037 613262286324 641965156611 6706 6802
1-35; 1898 1894 1889 1885 1881 1877 1872 1868 1864 1860] 6898 6904 7089 7185 7281 7377 7472 7568 7664 7760
1-36; 18561851 184718431839 183518311827 1822 1818 7856 7951 Ho47 B1438239 83358431 852786228718
1:37] 1B1418101806 18021798 179417901786 1782 1578) 881489109006 9102 9198 92949390 9486 9582 9678
138 1774177017661762 1758 175417501746 17421738} 977498700966 4062 4158 4254 4350 4446 x542 ,638
139 173417301726 17221719 171517111707 1703 1699 |1°40734 08300926 1022 1119 12151311 1407 1503 1599
1-400'01695 1692 1688 1684 1680 1676 1673 1669 1665 1661 J1°41605 1792 1888 1984 2080 2176 2273 2369 2405 2561
1'41i 165816541630 1646 1643 163916351632 16281624 2658 2754 2850 2046 3043 3130 3235 3332 3428 3524
142° 1621 161716131610 1606 1602 15991595 1591 1588 3621 3717 3813 30104006 4102 4199 4295 4391 4488
1'43i 1sB4 15811577 15741570 156615631550 1556 1552] 4584 468147774874 4970 5066 516352505356 5452
144 15491545 15421538 1535 1531 152815251521 1518] 5549 504557425838 5035 60316128622563216418
1'45! T514 1511 1507 15041501 5497 1404 1490 1487 1484] 6514 6611 6707 6804 6901 6097 7094 7190 7287 7384
1'46]  14Bo 1477 147414701467 1464 1460 1457 1454 1450] 74807577 7674 7770 7867 7964 Bobo B157 B2548350
147] 5447 1444 1441 1437 1434 1430 142B 1424 14211418 84478544 864187378834 89319028 912492219318
148 141514121408 14051402 139913961393 1389 13861 94159512 9608 970359802 9899 9906 4093 4189 4286
1'49' 138313801377 63741371 13681364 13611358 1355]1°50383 04800577 06740771 08680964 1061 1158 1255
1500013521349 1346 13431340 133713341331 1328 1325}1°51352 1449 1546 1643 1740 1837 1934 2031 2128 2225
1’51, 1322131913161313 1310 1307 13041301 12081295 2322 241925162613 2710 2807 2904 3001 3098 3195
162 12021289 128612831280 127812751272 12691266] 3292 3389 3486 3583 3680 3778 3875 3972 4069 4166
1'63; 126312601257 12551252 1249 12460 12431240 1238 4263 4360 4457 4555 4052 4749 4846 4943 50405138
1'54\| 12350232 123291226 1224 13211218 12151213 1210] 52355332 54295526 5624 5721 5818 591560136110
1'55] 12071204120211991196 1193 1191 1188 1185 1183] 6207 6304 6402 6499 6506 6693 6791 6888 6985 7083
156 11Bor177 11751572 1169 1167 11641161 11591156 71807277 7375 7472 7560 7607 7764 7861 795980356
1'57\ 1153151 tigButgb g4 1vqon13Brrzgrr3z 1130l Big3Bas1 834884468543 B6408738883589339030
1'58i 112811251122 01201017 1115 111211101107 110§ 912802259322 9420951¥ 96159712 98109907 o005
l'59j 1103 1100 1097 16095 1003 1090 1087 1085 1082 1080 |1°60102 0200 0297 0395 0492 0590 0687 0785 0882 0980

!
1:60.0'01077 10735 1073 1070 1068 1065 1063 1060 1058 1056 [1°61077 1175 1273 1370 1468 15651663 1760 1858 1956
1'61' 1053 1051 1048 1046 1044 104110391037 1034 1032 1053 2151 2248 2346 2444 25412639 2737 2834 2932
162, 103010271025 10221020 10181016 1013 1011 1009|3030 3127 3225 3323 3420 3518 3616 3713 3811 3909
1'63] 1006 1004 1002 0999 6997 0995 0093 0990 0988 anBG| 4006 4104 4202 4299 4397 4495 4593 4090 4788 4886
164 09840981 09790977 0975 097309700968 0966 0964| 4984 5081 5179 5277 5375 5473 5570 5608 5766 5864
165, 096209590057 09550953 0951 0048 0946 0944 0942] 5062 60506157 62556353 6451 6548 6646 6744 6842
1'66) 00400938 093609330031 09290927 092509230921| 69407038 7136 7233 7331 7439 7527 7625 7723 7821
1:671  0919091709150013 6910 0goB 0906 0goy 0go2 ogoo|  79rg8or7 811582128310 B4o8 B0l BGoy 8702 8800
1:68) o898 oBgb ofigq 0892 oBgo 0B8R 0BRG 0884 08820880 BR98 8996 9on4 9192 9290 93188 9486 9584 9682 780
169 0878087608740B720870 0868 0B66 0864 08620860] 9878 9076 4074 4172 2370 4368 4466 4564 £662 4760
170 0'00858 0856 08354 0852 0850 048 0846 0B44 0B42 0841 |t 708580056 1054 1152 1250 1348 1446 1544 1642 1741
1’71  oB3g9of37 083508330831 oB290827 082508230822 1839 5037 2035 2133 2231 2329 2427 2525 26232722
172|  oB200B180816 08140812 of10080g 0807 08050803 28202918 3016 31143212 3310 3409 3507 3605 3703
173 oBot 07990798 0796 0794 079207900789 0787 0785 | 3801 3809 3908 4096 4104 4292 4390 4489 4587 4685
174 07830381 078007780776 07740773077107690767] 478348814980 5078 5176 5274 5373 5471 5569 5667
1:76| ©07660764076207600750 07570755075307520750] 5766 5864 5962 60606159 6257 6355 645365526650
176 o74R0747 074507430741 074007380736 07350733] 67486847 6945 7043 7141 7240 7338 7436 7535 7633
177| o731073007280726 0725 07230721 072007 1R0716] 7731 7830 7928 Boab R1ag Bz238321 B420 85188616
178 o7150713071207100708 0707 0705 070307020700 B7158813891290109108 9207 9305 9403 9502 gfioo
1'79) 06990697 0696 6694 0692 ofig1 0689 0688 oh86 06841 9009 9707 9896 0004 4092 19T 5280 5 388 4480 #584
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TABLE XLIX.—Gauss’s Sum and Difference Logarithms.

1'80/0-00683 ofi81 0680 0678 0677 0675 067406720671 0669

1-81
182
183
1-84
1'85
1-86
187
1-88
1-89

190j0'00543 0542 0541 05400538 0537 0536 0535 05330532

0667 6666 0664 0663 0661 0660 0658 0655 0655 0654
06520651 0649 0648 0646 0645 06.44 0642 0641 0639
0638 0636 063506330632 063006290628 0626 0625
06230622 062006190618 0616 061506130612 0611

0609 0608 0606 olos 0604 0602 06010599 0598 0597
0595 05940593 0591 0590 0589 0587 0586 0585 0583
0582 0581 05790578 0577 057505740573 05710570
05690567 0566 0565 0564 0562 0561 056005580557
05560555 055305520551 055005480547 05460545

1'80683 0781 0B80 0978 1077 117512741372 1471 156

1’90543 0642 0741 0B400938 103711361235 1333 1432

1667 1766 1864 1963 2061 21602258 2357 2455 255
2652 2751 2849 2048 3046 3145 3244 3342 3441 353
3638 3736 3835 3933 4032 41304220 4328 4426 4525
4623 4722 4820 4919 5018 511652155313 54125511
5609 5708 5806 5905 6004 6102 6201 6299 6398 6497
6595 6694 6793 6891 6990 7089 7187 7286 7385 7483
7582 7681 7779 7878 7977 Bo75 8174 82738371847
85698667 8706 8865 8964 90629161 92609358 9457
95569655 97539852 9981 4050 +14B 247 +346 x445

191 o531053005290527 0526 0525052405230521 0520 15311630 1729 1827 1926 20252124 2223 2321 2420
1-92| og1go518051705150514 051305120511 05100508 25192618 2717 2815 2914 3013 3112 3211 3310 3408]
193] 0507 0506 0505 0504 0503 0502 050004990498 0497 ] 3507 3606 3705 3804 3903 4002 4100 4199 4298 4397
194 04960495 0494 0492 0491 049004890488 0487 0486] 4496 4595 4604 4792 4891 4990 5089 5188 3287 5386
1'95| -04850483 048204810480 047904780477 0476 0475 54855583 5682 5781 5880 597960786177 6276 6375!
1'06] 0474 047304710470 04069 0468 04670466 0465 0464 647405736671 67706869 6968 7067 7166 7265 7364
1-97] 0463 0462046104600459 0458 0457 0456 04540453| 7463 7562 7661 7760 7859 7958 Bo57 815682548353
1:08] 04520451 04500449 0448 0447 044604450444 0443] 8452855186508749 8848 8947 9046 91459244 9343
1'99] 04420441 044004390438 04370436 043504340433 - 94429541 904097399838 9937 4036 4135 4234 4333
A, B. C. A. B. C. A. B. C. A, B. C.
200 | 0'00432 | 2°00432 | 240 | 000173 | 240173 | 280 | 0-00069 | 2:Boohg | 320 | 0'00027 | 3’20027
2-:01 0422 1422 | 241 o169 116g | 281 0067 1067 | 321 0027 1027
202 0413 2413 | 242 o163 2165 | 282 00066 2066 | 322 0026 2026
203 040} 3403 | 243 0161 3161 | 283 0064 3064 | 323 0026 3026
2:04 0394 4394 | 244 o157 4157 | 284 0063 4063 | 324 002§ 4025
205 0385 5385 | 245 o154 §154 | 285 o061 5061 | 325 0024 go24
2:06 0377 6357 | 246 o1go 6150 | 2°86 oo6o 6060 | 326 0024 6o24
2:07 0368 7308 | 247 o147 7147 | 287 0059 qog59 | 3:27 0023 y023
208 0360 83060 § 2:48 0144 8144 | 2 0057 8057 | 928 0023 8o23
209 0352 9352 | 249 o140 gr4o | 2:89 0056 gos6 | 829 0022 9022
210 | 0-00344 | 2710344 | 250 | 0*00137 [ 2:50137 | 290 | 0'00085 | 2°googs | 330 | 0'00022 | 3°30022
211 0336 1336 | 261 0134 1134 | 291 0053 1053 | 331 ooz1 1021
212 0328 2328 | 262 or3t 2131 | 2'92 0052 2052 | 332 o021 2021
2:13 0321 3321 | 253 o128 3128 | 293 o051 3og1 | 3-33 0020 3020
214 0313 4313 | 264 o1z 4125 | 294 0050 4050 | 334 0020 4020
2:16 0300 5306 | 2'66 o123 gr2z2 | 295 0049 5040 | 335 o019 5019
2'16 0299 0299 | 256 orig 6119 | 206 o048 6048 | 396 ooty 6019
2:17 0203 7293 § 257 o117 gy | 297 0047 yo47 | 337 0019 yo19
218 0286 8286 | 258 o114 8114 | 2:98 0045 8o45 | 3'38 o018 Bo18
219 oz80 9280 | 2:69 o1t gurr | 299 0044 go44 | 339 0018 go18
2'20 | o'o0273 | 2720273 | 260 | 000109 | 2°Gorog | 800 | 000043 | 3700043 | 34 | 0°00017 | 3 40017
221 0267 1267 | 261 o106 1106 | 301 0042 1042 | 35 ool4 50014
222 0261 2261 | 262 o104 2104 | 302 0041 2041 | 36 o011 60011
2:23 025§ 3255 | 263 o102 3102 | 303 004t 3041 | 37 o009 70009
2:24 0249 4249 | 264 0099 4099 | 304 0040 4040 | 38 0007 8oony
2'25 0244 8244 | 266 000Y 5097 { 3:05 0039 5039 | 39 0003 Q000§
2-26 0238 6238 | 2:66 0095 Goys | 306 o038 6038 | 40 0004 | 4° 00004
2-27 0233 7233 | 267 0093 7093 | 307 0037 yoa7 | 41 0003 16003
2-28 0227 82271 268 0091 Bog1 | 308 0036 Bo36 | 42 0003 20003
2:29 o222 9222 | 269 o089 go8qg | 309 0035 9035 | 43 o002 30002
230 [ 0*00217 | 2*30217 | 270 | 0'000B7 | 2-70087 | 3'10 | 000034 | 3°10034 | 44 | 000002 | 440002
2-1 0212 1212 | 2:71 oo8g 1085 | 3°11 0034 1034 | 46 ooo1 gooot
232 o107 2207 | 272 0083 2083 | 312 0033 2033 | 46 o001 6ooot
233 0203 3203 | 273 ooB1 3o8: 1 313 0032 3032 | 47 oool 70001
234 o198 4198 1 274 0079 4079 | 314 0031 4031 | 48 0001 Booo1
2:35 o194 5194 | 275 0077 gory | 316 o031 5031 | 49 | o'oooo1 90001
2:36 oi1Rq 6iBg | 276 007§ fio;s | 3'16 o030 6030 | 60 | o-0o0o0o | 5°00000
2:47 o183 7185 | 277 0074 7074 | 317 0029 7029
2-38 o1R1 i | 278 0072 8oj2 | 318 0029 Bozg9
239 o177 gty7 | 279 oojo gojo | 319 o028 90128




(88 )
TABLE L.—Common Logarithms to 4 places of Decimals.

No. | Log. | No. Log. | No. | Log. | No. | Log. | No. Log. | No. Tog. | No. Log.
100 | roo0o | 160 | <2041 | 220 | -3424 1 280 | -4472 ] 340 | -5315 | 400 | <6021 | 460 | ‘6628
101 | o043 | 161 -2068 | 221 | -3444 | 281 *4487 1 341 *5328 | 401 | -6o31 | 461 6637
102 | ‘0086 | 162 | <2095 | 222 | <3464 | 282 | "4502 | 342 [ ‘5340 | 402 | -6oq2 | 462 6646
103 | ‘o128 | 163 | r2122 | 223 | +3483 | 263 | 4518 ] 343 | 5353 | 403 | -6og3 | 463 | -6656
104 | roryo | 164 | -2148 § 224 | r3502 | 284 | -4s533 | 34 | ©5366 | 404 | 60064 | 464 | 6665
105 | coz12 | 165 | <2175 | 225 | -3522 | 285 | -4548 | 3456 | 5378 | 405 | ‘6075 | 465 | -6655
106 | ‘o253 | 166 | -2201 | 226 | "3541 | 286 | 4564 ] 346 | ‘5391 | 400 | -6085 | 466 | -6684
107 | ‘0204 | 167 | -2227 | 227 | 3500 | 287 | -4579 | 347 | -s403 | 407 | <6096 | 467 | -6693
108 | ‘0334 | 168 | -2253 ]| 228 | -3579 | 288 | r4594 | 348 | r5416 | 408 | ‘6107 | 468 | ‘6702
109 | *o374 | 169 | -2279 | 220 | '3598 | 289 | ‘4609 | 349 | 5428 | 409 | ‘6117 | 469 | ‘6712
110 | ‘og14 ]| 170 | -2304 | 230 | 3617 ] 290 | ‘4624 | 350 | -5441 | 410 | ‘6128 | 470 6521
111 | o433 | 171 | -2330 | 281 | 3636 | 291 | 4639 | 351 | 5453 f 411 | 6138 | 471 | 6730
112 | *o492 | 172 | -2355 | 232 | 3655 | 292 | 4654 | 352 | ~5465 ] 412 | <6149 | 472 | ‘6739
113 | ros31 | 173 | -2380 | 233 | -3674 | 293 | -4G6g | 353 | 5478 § 413 | ‘G160 | 473 | ‘6749
114 | o369 | 174 | 2405 | 234 | 3692 | 294 | 4683 ] 354 | 5490 } 414 | -6170 | 474 | ‘6758
115 | *oboy | 175 | *2430 | 235 | ~3711 ] 295 | 4698 | 355 | ‘5502 | 415 | 6180 | 475 6767
116 | obq5 | 176 | *2455 ] 236 | 3729 | 296 | -4713 | 366 | 5515 | 416 | ‘6191 | 476 6556
117 | *0682 {177 | "2480 | 237 | -3747 | 297 | *4728 | 357 | 5327 | 417 | *6201 | 477 6785
118 | ‘oj19 | 178 | r2504 | 238 | 3766 | 298 | ‘4742 | 358 | 5539 | 418 | -6212 | 478 6704
119 | "o755 | 179 | -2529 | 239 | -3784 | 299 | -4757 | 359 | 5551 | 419 | -6322 | 479 | ‘6803
120 | ‘o592 | 180 | -2553 | 240 | 3802 | 300 | -477v | 3GO | -5563 | 420 | <6232 | 480 | ‘68i12
121 | o828 | 181 | 2577 | 241 | 38201 301 | 4786 | 361 [ -5575 | 421 | -6243 ]| 481 | -68z1
122 | -oBG4 | 182 | 2601 | 242 | "3R38 ]| 302 | ~4Boo | 362 | 5587 | 422 | 6253 ] 482 | -6830
123 | *o8gg | 183 [ :2625 | 243 | 3856 | 303 | -4814 | 363 | '5599 | 423 | 6263 | 483 | 0839
124 | ‘o934 ]| 184 | 2648 ) 244 | "3874 | 304 | '4B29 | 364 | 5611 | 424 | ‘6274 | 484 6848
125 | roghg | 185 | +2672 | 245 | 3892 | 305 | -4843 | 865 | -5623 | 425 [ 62841 485 | -6857
126 | ‘1004 | 186G | *2695 | 246 | *3900 | 306 | *4B57 | 866 [ -5635 | 426 [ ‘6294 | 486 | :6866
127 | v1038 | 187 | c2518 ) 247 | -3027 | 307 | -4870 ] 367 | 5647 | 427 | ‘6304 | 487 | *6875
128 | -10j52 | 188 [ -2742 | 248 | -3945 ] 308 | -4886 | 368 | 5658 | 428 | -6314 ]| 488 6864
129 | -1106 | 189 | <2765 | 249 | -3962 | 809 | -4900 { 309 | -5650 | 429 [ <6325 | 489 | 6893
130 | *1139 | 190 | <2588 | 250 | -3979 | 310 | -4914 | 370 | -5682 | 430 | ‘6335 | 490 | ‘6902
131 | c1173] 191 | 2810 | 251 | -3997 ] 311 | <4928 ] 371 | -5694 | 431 | <6345 | 491 | ‘6011
132 | -1206 ] 192 | 2833 ]| 252 | 4014 | 312 | "4yg42 | 372 | 'g5705 | 492 | -6355 | 492 | ‘6920
193 | *1239] 193 | +2836 | 253 | 4031 | 313 | -4955 | 373 | '5717 | 433 | <6365 | 493 | ‘6928
134 | ca270 | 194 | <2878 | 254 | ‘4048 | 314 | <4909 | 374 | ‘5729 | 434 | -6375 | 494 | 6937
135 | ‘1303 § 195 | r2900 | 255 | ‘4065 | 815 | -4083 | 3756 | 5740 | 436 | -6385 | 495 | ‘6046
136 | <1335 | 196 | -2923 | 256 | ‘4082 | 316 | ~4997 | 376 | ‘5752 | 436 | <6395 | 496 | ‘6955
137 | cu367 | 197 | 2945 | 257 | 4099 | 317 | -sorv | 377 | -5563 | 437 | ‘6405 | 497 | ‘6964
138 | “1399 | 198 | r2967 ]| 258 | ~4116 ] 318 | ‘5024 ] 378 | 5775 | 438 | -6415 | 498 | ‘6972
139 | r1430 ] 199 | -2089 | 269 | 4133 | 319 | <5038 ] 379 [ 5786 | 439 | ‘6425 | 499 | 6981
140 | 1461 | 200 | ‘3010 ] 260 | 'q150 | 320 | -go32 | 380 [ ‘5508 | 440 | ‘6435 | 6500 -bggo
141 | ‘1402 | 201 | -3032 | 261 | *4166 | 321 | *5065 | 3Rl | '5B0g | 441 | 6444 | 501 | *6goB
142 | -n523 ]| 202 | 3054 | 262 | -4183 | 322 | 5059 | 382 | x821 ] 442 | ‘6454 | 602 | -jo07
143 | -1553 ] 203 | -3075 | 263 ‘4200 | 323 | 5092 | 383 | 'g832 | 443 | ‘6464 | 503 | ‘7010
144 | r1584 | 204 | 3096 | 264 | 4216 ] 324 | -g105 | 384 | -5843 | 444 | ‘6474 | 504 [ r7024
145 | “1614 | 206 | 3018 | 265 | r4232 ] 325 | "s11g | 885 | -z855 | 445 | -6484 | 606 7033
146 | -1644 | 206 | 3130 | 266 | ‘4249 | 3268 | -5132 | 386G | 5866 | 446 | ‘6493 | 506 7042
147 | 1673 | 207 | 3160 ] 267 | <4265 | 327 | 5145 | 387 | ‘5877 ) 447 | ‘6503 | 507 7050
148 | ‘1703 | 208 | -3:81 ) 268 | -4281 ] 328 | -5159 | 3498 | -z888 | 448 | 6513 | 6508 7059
140 | “r732 ] 200 | -3201 | 269 4208 | 929 | r5172 ] 389 | +3899 | 449 | ‘6522 | 509 | r7067
150 | 1761 | 210 | -3222 | 270 | -4304 | 330 | -5185 ]| 300 | 5911 ] 450 | 6532 | 510 7076
151 | -1590 | 211 | -3243 ) 271 | '4330] 831 | 5198 | 3901 [ -5922 | 461 | -Ggg2 | 611 7084
152 | ~iBiB | 212 | -3263 | 272 | 4346 | 332 | 5210 | 392 } 5933 | 452 | ‘6551 ] 512 7093
153 | 1847 | 213 | -32B4 | 273 | -4363] 333 | 5224 | 393 | ‘5044 | 453 | -6560 ] 613 7ol
153 | -1875 ) 214 | -3304 § 274 | 4378 | 334 | '5237 | 394 | -5955 | 454 | ‘6551 | 514 jiio
156 | 1903 ] 215 | -3324 | 275 | ‘4393 | 335 | ‘52850 ] 395 | -5066 | 4556 | ‘6580 | 615 ju8
166 | ~1g31 | 216 | r3345 | 276 | 4409 | 336 | 52063 | 396 | ‘5977 | 456 ~6gg90 1 516 7126
V67 | 1959 | 217 | r3365 | 277 | ‘4425 | 337 | c5256 | 897 | 5988 | 457 | ‘6509 | R17 7135
158 | -rg87 ]| 218 | 3385 ] 278 | ‘4440 | 338 | -g280 | 398 | ‘5999 | 458 | ‘6609 | 518 7143
169 | c2014 | 219 | 3404 | 270 | ‘4456 | 339 | ‘5302 | 309 | -6oro | 459 | r6618 | 619 | -7152




( 89 )
TABLE L.—Common Logarithms to 4 places of Decimals.

No. | Log. | No. | Log. | No. | Log. | No. | Log. | No. | Log. | No. | Log. | No. | Log. | No. | Log.

520 | +7160| 580 | +7634 | 640 | 8062 | 700 | -8451 | 760 | -8808 | 820 | ‘g138] 880 | -gq45] 940 | "9731
521 | -7168 | 581 | <7642 | 641 | *806g | 701 | “B457 | 761 [ -8814| 821 | 'g143] 881 | -9450 | 941 | 9736
522 | ~7177 | 582 | *7649 | 642 | ‘Bojs5 | 702 | <8463 762 | ‘BR20| 822 [ 9149 | 882 [ -9455 ] 942 | ‘9741
523 [ -7185| 583 | 7657 | 643 | -BoBz2 | 703 | ‘84701 763 | -8825 | 823 | ‘9154 | 883 [ -9460 | 943 | ‘9745
624 [ 7193 | 584 | 7664 ] G+4 | “8oBg | 704 | ‘8476 ] 764 | 8831 ] 824 | ‘9159 | 884 | -9465 | 944 | ‘9750

525 | 7202 ] 685 | +4672] 645 | -8og6] 705 | B482 | 765 | -883; | 825 | -q165 | 885 | 9469 ]| 945 | "9754
626 | ‘4210 686 | *7679 | 646 | ‘8102 | 7068 | -8488 | 7G6 | -8R42] 826 | "g170] 886 | ‘9474] 946 | ‘9759
527 | +v2:8 | 587 | - 7686 | 647 | -B1o9 | 707 | ‘8494 | 767 | -8848 1 827 | ‘g175{ 887 | ‘9479 947 | 9764
528 | -9226 ] 588 | -7604 | 648 | 8116 ] 708 | ‘8500 | 768 | 8854 | 828 | 9180 B88 | 94841 948 | -9;68
529 | +v235] 589 | ~7701 | 649 | 8122 ] 709 | -8506 | 769 | -8B59 ] 829 | ‘9186 | 889 | ‘9489 | 949 | '9773

530 | -72431 590 | ~7709[ 650 | -8129] 710 | 8513 ] 770 | -8865 | B30 | ‘9191 | 890 | 9494 | 950 [ - 9777
531 | ~7251 | 591 | -7716] 651 | -8136] 711 | -8519 | 771 [ -8871 | 831 | ‘9196 | 891 | ‘9499 | 961 | ‘97812
532 | -7250 | 692 | 7723|652 | -8B142] 712 | -8525| 772 | *B876 | 832 | -g201 | 892 | rg504 | 952 | ‘9786
533 | ~7267 | 593 | -7731| 653 | ‘8149 ] 713 | -8531 ) 773 | -8882] 833 | ‘9206 | 893 | ‘9509 | 953 | ‘9501
634 | -7275| 694 | +7738 | 654 | -8156 ] 714 | -8537 | 774 | -8837 | 834 | *gz12| 894 | "9513 ] 954 | ‘9795

535 | ~7284 | 595 | *7745] 655 | 8162 715 | "Bs43 | 775 [ -8Bg3 | 836 ( ‘9217 ] 895 | 9518 ] 955 | "9800
536 | -7292 ] 596 | *7752| 656 | -B169 | 716 | ‘B549 | 776 | -8899 | 83G | ‘9222 | BI6 | *9523 | 956 [ 9803
537 | <7300 697 | *4;60| G537 | 8156 | 717 | ‘8555 ) 777 | "Bgoy | 837 | ‘9227 | 897 [ -9528 | 957 [ 9809
538 | <7308 ] 598 | <7767 | 658 | -Bi82 ) 718 | ‘8561 ] 778 | ‘Bgro | 838 | "9232| 898 | -9533| 958 [ -9814
6539 | 7316 599 | *7774| 659 | -8189 ] 719 | 8567 779 | -8g15 ] 839 | 9238 | 899 | -9538] 959 | ‘9818

540 | <7324 ] 600 | ~7782 | 660 | -B1gs5 ] 720 | ‘8573 780 | ‘8921 ] 840 | -9243| 900 | ‘9542 | 960 [ -9823
541 | ©7332]| 601 | -7789 | 661 | -8202 | 721 | “B579| 781 | ‘8925 | 841 | ~9248| 901 | '9547 | 961 | -g827
512 | "7340] 602 [ <7796 | 662 | ‘Bz09 | 722 | -8585 | 782 | -Bg32] 842 | ‘9253 902 | ‘9552 962 | 9832
6543 | ~43481 603 | -7803 | 663 | -B215] 723 | ‘8591 | 783 | ‘8938 ] 843 | ‘9258 | 903 | ~9557 | 963 | -98236
644 | ©7356] 604 | -7810] 664 | -8222] 724 | ‘B597 | 784 | -Bgq3 | 844 | -g263 | 904 | 19502 ] 964 | “¢841

545 | "7364 ] 605 | -7818| 665 | -8228| 725 | <8603 | 795 | ‘8949 | B45 | ‘9269 | 905 | -9566 | 965 | -¢845
546 | *7372| 606 | *58B25] GG | *8235] 726 | *Bbog | TB6 | ‘8954 | 846 | ‘9274 906 | -9571 | 966 | ‘9850
547 | 7280 | A07 | -7B32 ] 667 | -8241] 727 | *8615 ) 787 | 8960 | BT | ‘9279 | 007 | ‘9576 ] 967 | ‘9854
548 | ~7388 ] 608 | 7839 | 668 | *8248 | 728 | -B621 | 788 | -Bob5 | B48 | ‘9284 908 | -g5B1 | 968 [ 9859
649 | 7396 ] 609 | 7846 ] 669 | ‘8254 ] 729 | 8627 | 789 | ‘8951 | 849 | 9289 ] 909 | ' 9586 ] 969 | 9863

530 | 5404 ] 610 | ~9853] 670 [ 8261 ] 730 | -8633] 790 | ‘8976 ] B850 | ‘9294 | 810 | "9590 | 970 | ‘9868
651 [ 7412 | 611 | <7860 | 671 | 8265 ] 731 | -8639 | 791 ( ‘898z ] 851 | ‘9299 ] 911 | ‘9595 | 971 | 9872
652 | "7419| 612 | -7868 )| 672 | -Bay4 | 782 | ‘B645 ] 702 | -Bo87 | 852 | "g9304 | 912 | ‘9600 | 972 | r9By;
B53 | "5y427 ] 613 | "7875] 673 | 8280 733 | -B651 ] 793 | "Bgg3 | 853 | ‘9309 | 913 | 9605 | 973 | - 9881
654 | 7435 | 614 | -7882] 674 | ‘8287 ] 734 | "B657 | 794 | -Bgg8 ] 854 [ ~9315] 914 | -96og | 074 | - 9886

555 | “7443 | 615 | <78Bq | G75 | -82093] 735 | ‘8663 ] 795 | ‘qgoo4 | 855 | ‘9320 | 915 | ‘9614 { 975 | -9B890
556 | “7451 | 616 | *7R896 | 676 | ‘8299 | 736 | *B669 | 796G | ‘goog | 856 | ‘9325 | 916 | ‘9619 | 976 | - 9804
B57 | "7459{ 617 | *70903 | 677 | *8306 ] 737 | ‘86575 ) 797 | 'gor5 | 857 | 9330 917 | -9624 | 977 | -9899
638 | "7406 1 818 | -7910] 678 | ‘8312 738 | -B68r ] 798 | -gozo | 858 | ‘9335] 918 | 19628 ] 978 | 9gy03
550 | *7474 ] 619 | *5917] 679 | -8319] 739 [ -8686] 799 [ ‘go25] 859 [ -9340] 910 | 9633 | 979 | - 9goB

560 | 7482 620 | "5924 ] G30 | -B325] 740 | *8Gg2 ] 800 | -go31 | 860 | 9345 | 920 [ 9638 ] 980 | -gg12
661 | "7490] 621 | 7931 | GBL | *B331 ] 741 | *8698 | 801 [ -go36 ] 861 | -g350| 921 [ ‘9643 ] 981 | ‘9917
662 | 74971622 | -7938 ] 682 | 8338 742 | -B704 | BO2 | ‘9042 | 862 | ‘9355 ] 922 [ -9b4; ] 982 [ -gg21
663 | 7505 | 623 | "7045] 683 | ‘B344 ] 743 | ‘8710 803 | -goy7 | 863 | ‘9360 | 923 | ‘9652 983 | ‘9926
664 | *7513] 624 | 7952 684 | ‘8351 ] 744 | '8716] S04 | -go53 ] 864 | 19365 | 924 | 9657 ] 984 | ‘9930

665 | ‘7520 625 [ 79509 § GB5 | -835; 1 745 | ‘B722] 805 | “go58] 865 [ -9370] 925 | “9661 | 985 | ‘9934
666 [ "7528] 626 | ~79066 ] GS6 | B363 | 746 | -8727 | BOG | "gofiz | 866 | -9375 | 026 | - 96066 | 986 | -gy3y
667 | *7536 ] 627 | 7973 ] 687 | -Baj0 | 747 | ‘8733 | BO7 | -golig | BG7 [-9380 | 927 | 9671 | 087 | -gy43
668 | ©7543] G28 [ 7980 688 | ‘B376 ]| 749 | *8739 ] 808 [ -go74 ]| 868 | 9385 | 928 | -9675 ] 988 | 9948
669 | ~7551 | 629 [ 79871 689 | -8382| 749 | *B745] 6809 | -9079 | 869 | 9390 ] 929 | 9680 ] 980 | -9952

670 | *7539| 630 | 7993 690 | *8388 | 750 | *Byg1 | 810 | -gofs | 870 | -9395 | 930 | 19685 | 990 | - 9956
671 | 7566 ] GI1 | ‘8000 ] GA1 | -8395] 761 | *8;56 | 811 | ‘gogo | 871 | -g400 | 931 | 9689 ] 991 | -gg61
B72 | "7574 | 632 | ‘Boo7 | 642 | ‘Rio1 | 752 ‘B762 ] 812 | "gogh | 872 | rgq05 | 932 | "gbg4 | 902 | -9qb5
673 | 7582 633 | "8014] 693 | ‘Byoy | 753 | ‘8768 813 | ‘9101 | 873 | ‘9410 933 | ‘9699 | 993 | 9969
574 | "75Bg | 634 | ‘8Boz21 | 694 | -8414] 764 | ‘8774 ] 814 | 'g106 | 874 | -g415] 934 | -9703 [ 994 | ‘9974

675 | ©7597 | 635 | -8028] 605 | -Bg20] 756 | *8779 ]| P15 | ‘griz2 | 875 | -9420] 9356 | "9708 | 995 | ‘9978
676G | *7604 ] 636 [ ‘Bozs | 696 | -B426 ]| 75G | ‘B85 ) 816G [ 'guiy | 876 | -9425 | 936 | ~9713 ]| 996 | ‘9983
677 | 7612 637 | "Boy1 | 697 | -By32| 757 | ‘8791 | 817 | ‘qu22 | R77 | 9430 | Y37 | 9717 ] 997 | ‘9987
678 | <7619 ] 639 | ‘BoyR | GI8 | ‘Ry39 | 758 | ‘B707 ]| 818 | 9128 | 878 | 94351 938 | '9722] 998 | ‘9991
579 | "7627] 639 | -Boss | 699 | 8445 759 | -8BRoa

B19 | -9133| 879 | ‘9440 939 [ -9727 ] 999 | ‘9996
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TABLE LI.—Common Logarithms to 5 places of Decimals.

100
101
102
103
104

105
106
107
108
109

110
111
112
113
114
115
116
117
118
119

120
121
122
123
124
125
126
127
128
129

130
131
132
133
134

135
136
137
138
139

140
141
142
143
144

145

147
148
149
150
151
152
153
164
165
156
157

159

160
161
162
163
164

Logarithm. Logarithm.
No.
0 1 2 3 4 5 6 7 89 0 1 2 3 4 5 6 7 8 9
00000043087 130173 217 260 303 346 389|165 | 21748 775801827 854 880906 932 958 98;
432475518 561 604 647689732 775817]166 [22011 037063089 115 141167 194 220 246
860003045088 430 472 115157199 242 167 | 272 298 324 350 376 401 427 453 479 505
01284326368 410 452 494 536 578620662|168| 531557 583 608 634 660686 712 737763
703745 787828870 912953995 236 478|169 | 789 814840866891 917943968 994 419
02119 160202 343 284 3235 366 407 449 490]170 | 23045 050096 121 347 172198 223 249 274
831572612653694 735776816857 898171 300325350376 401 426452 477 502 528
938079 x19 460 100 141181 222262302]172( 553578603629 654 679704 729 754 779
03342 383423 463 503 543583623663 703]173| 803 830855880905 930 955 980 405 430
743782823 862 902 941 981 421 460 100] 174 | 24055 0Bo 105 130 155 180 204 229 254 279
04139179218 258297 336 376 415454 493|175( 304 329353 378403 428452477 502 527
532371610650689 727766805844 8830176 531 576601625630 674609%24748773
922961999 «38 477 115154192231 2691177 | 797 822846871895 920944969993 418
05308 346 385 423 461 500538 576614652]178 | 25042 066 091 115139 164 188 212237 261
690729767 805843 81918956994 432|179 | 285 310 334 358 382 406431455479 503
o6ojo 108145183221 258296333371408{180| 527551 575 600624 648672696
; : 4 648672696 720 744
446 483521 558 595 633670707 744 781|181 708 792816840864 888912935939 983
819856893 030067 404 443 x78115 1511182 26007 031 055079 102 126150174 198 221
071881225262 208335 372 408 445482518183 | 245269 293 316 340 364387 411 435458
555591 628664 700 737 773809846882]184| 482 505 529 553 576 600 623 647 670 694
918954990427 463 %99 135171207 243[185| 17741764 788811 B34858881 905928
08279 314 350 386 422 458 493 5205656001186 051 075998 421 445 468 49t 114138161
636672707 743778 8148498849209551187 127184 207 231 254 277 300323 346 370393
90t 926 461 406 132 167 202 237272 307|188| 416 430 462 485 508 531554 577 600623
09342 377412447482 517552587621656|189| 646669 692 715738 761 784807 830852
691 726 760 795830 864899934968 403]190| 8 7
! 30 E k 75808021044 967 980 %12 435 x58 481
10037 °7f 106 1450173 209243278 312 346191 18103 126 149 171 lq.I; z:?:4o:61285;o7
380415449 483517 551 5856196536871192| 330 353375398421 443 466 4885113533
72'755482323951 890924958092 4251193 556 558 6o1 623646 668691 713735738
11059093126 160193 227 261294 327361194 780Bo3 825847 870 892914937 959981
304 428461 494 528 561594628661 694|195 (29003 026 048050002 115137 159 181 203
727 700793826860 893026959002 424 196( 226 248 276 292 314 336 358 380 403425
12057090123 156 189 222254 287 320 352) 197 447469491 513535 557 579601623045
385418450 483516 548 581 613646678] 198 667688 710732 754 756 7908 B20842863
710743775 808840 8729059379694011199| 885907929951 973 904 %16 438 460 481
13033066098 130162 194 226 258 290 322] 200 | 3010 616 3527
3 K k 3125146168 190 211233255276 298
.zaf.zs{’"'?‘_#ﬁ" 481 813545577609640]201 | 320 341 363 384 406 428 4494%: 461 514
;1310473: 167799 830862893925956]202| 535557 578600621 6436064 685 707 728
9 .lg.gl #B82114 145176208239270]203| 750771 792814835 8568788990200942
143071 333 364 395426 457489520 551 582/ 204 | 063 084 406 427 448 69 %01 172133 154
613644675706 737 768 799829860891]1205 31175 197218239260 281 302 323 348 366
922953983 414245 276106137 168 108|206 | 387 409 429 450471 492 513 534 555 550
15220250 290 320 351 381 412442473503] 207 507618639660681 702 723 744 705 783
534 5643946256535 685715746776806]208( Bob 627848869890 911931052973 994
830866897 917957 087 417 47 277 107] 209 | 32015035 056 077 098 118 139 160181 201
16137167197 227 256 286 316 346 376 406[210] 2222
7107 227 25 316246 43263 284 305 325 346 366 387 408
438 f:’* 495 324 554 §84613043673502]|211| 428 449 469490510 3531 552 57259361)
_,.12,_-:5:3:820350 879909038967 997]212| 634654675695715 736 736777797 B18
1702 °:\B° 5114143 1732022312602891213| 838 858879899919 040 960 gR0 4OI 421
319348377 406 435 464493522551 580] 214 | 33041 062 082 102 122 143 163 183 203 234
600638 667 696 725 754782811 840860|215| 244 264 284 304 325 345 365 385 405 425
338 926955 0B4 413 241 470400127 156{216 | 445 465 486 506 5326 546 566 586 606 626
18184213241 270208 327 355384 412441|217| 646 666 686 706 726 746 766 786 Bob 826
469 498 526 554 5B3 611639667 696 72412181 846 866885 905 925 945 965 9M5 %05 x25
752 ;80808837865 893921940077 405|219 | 34044064084 104 124 143 163 183 203 223
19013061089 117145 173201229257 285 220! 2 6
5170 § 522 42262 282 301 321 341 361 380 400 420
312340308 396 434 451479307536 562|221 | 430459470498 518 537 557;772966'6

5906180645 673700 728 756783811838
866893921 048976 4032304358 485112
20140167 194 322 249 276 303 330 358 383

412439466 403520 548 5756026296356
683710737563790 817844871898 925
952978 405 £32 259 #B3 112139165192
21219245 272299 325 352 378 405 431 458
484 511537 564590 617643669696 722

035655674 694713
831p 850869 B89 goB
35025044 064083 102 122141 160180 199

218238257 256 205 315334 353372392
411430449 468 488 507 526 545 564 583
603622 641660679 698 717736 755 774
793813832851 870 B89 goB 927 946965
35984403 921 %40 459 278 207 116 135 154

7337537727928
928947 967 986 405

0 1 2 3 4 58 6 7 8 9

0 1 2 3 4 6 6 7 829

Pro. Parts.
D. 4 4
1 44 42
2 88 B4
3 132 126
4 176 168
5 220 210
6 264 252
7 308 2944
8 352 336
9 896 378
D. 40 38
1 40 38
2 80 76
3 120 114
4 160 152
5 200 190
6 240 228
7 280 26
§ 320 304
9 360 342
D. 3% 3
1 88 ¥
2 72 68
3 108 102
4 144 136 |
5 180 170
6 21'6 201
7 252 238
8 208 279
9 824 30
D. 32 30
1 32 30
2 64 60
3 96 90
i 128 120
5 160 150
6 192 180
7 224 2010
8 256 240
9 288 270
D. 28 26
1 28 28
2 58 53
3 84 78
4112 104
5 140 130
6 168 158
7 196 182
8 224 208
9 252 234
D. 2 22
1 24 22
2 48 43
3 72 06
4 96 BB
5 120 110
6 144 132
7 168 154
8 192 176
9 216 198
D. 20 19
1 20 19
2 10 38
3 60 57
L 80 76
5 100 95
@ 120 114
7 140 138
B 180 152
9 180 1711




(

91 )

TABLE LI.—Common Logarithms to 5 places of Decimals.

Logorithm. Logarithm.
No. No. Pro, Parts.
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 56 6 7 B 9
230 | 36173192 211 229 248 267 286 305 324 342 295 [ 46982 997 412 426 441 456470485 100114 D. 18 17
231|" 361380399 418436 435474 403511530 296 (47129 144 129173188 202217232 24626¢) o .
232 z49 568 586 605624 642661 680698 717|207 276290 305319334 349363378 392407] 3 3¢ 34
233 | 736754773791810 829847866884903| 298| 422 436 451 465480 494509524 538553] 3 54 51
234 922940059977 996 x14%33 451470 488|299 [ 567 5B2 596 611 625 640654 669683698) 4 72 648
235 |37107 125144162 181 109 218236 254 2731300 712727 741 756 770 ;B4 799813828842 ‘75 1332 {(l):g
236 | 291 310328 346 365 383 401 420438.457]301| 837871 885900914 9290943958972986] & 110 13
237 475493511 530548 566 585 603621639302 | 48001 015029044058 073087 101116130] 9 162 153
238 6586766094712 731 749767 7858038221303 144159173 187202 216230244 259273
239| B40858876894912 931949967 9854031304 287 302 316 330 344 359373387401 416] .
210 380210639057 075003 112130 148 166 184|305 [ 430 444 458 473487 501 515530 544 558 1 16 15
241| 202220238 256274 292310328 346 364|306 572 586601615629 643657671686700] 5 5 g
242( 382399 417435453 471489 507 525 543307 | 714 728 742 756 770 785700813827841] 3 48 45
243 | 561578 506614632 650668 686 703 721|308 | 855809883897 911 926940954 968 982 g g:g e:g
244| 439757775 792810 828846863 881 899] 309 996 410 424 238 452 x06 480 494 108 (22 o 90 ;,0
245] 017034952050987 405 423 241 58 x76]310 (49136 150 164 178192 206 220 234 248 262 g %;g }g:g
240 39094 111 129 146164 182 199 217 235 252|311 276 290 304 318 332 346 360374 388 402] 9 13-4 135
247 |7 270287 305 322 340 358375393 410428312 | 415420 443457471 485499513527 541
248 | 445463 480408 515 533550508 585602313 | 554568 582 596610 624 6386316650679
219| 620637 655672690 707724742759 777|314| 693707 721734748 762 77659080381;f D- 14 13
250 | 794811829846863 881898915 033050]315| 831 845859872886 googiag2yg4rgss| 1 14 18
251 967 085 402 x10 37 %54 571 488 106 123] 316 060982906 410 424 #37 51 %05 %79 %92 3 42 39
252 | 40140 157 175 192 209 226 243 261 278 295] 317 50106 120133147161 174188202 215229] 4 56 5¢
253 | 312329 346 304 381 398415432449 4661318| 243256 270284297 311325338 352365} & 1O €8
264 | 4B33500518 5353552 569586 603620637|319| 379393400 420433 447461474488501) 7 g5 5
255| 654671688705 722 739756773 790807 1320| 515 520 542 556 569 583596 610623637] 5 112 10
256 | B24841858875892 909926943 0960976]321| 651 664678691705 718732745%59772
257 003 w10 427 4d4 401 78 405 111 128 145]322| 786 799813826840 8538606880893 907
258 | 41102179 196 212 229 246 2632802906 3131323 | 920034947961 974 9B7 40l 414 428441] D. 12 11
259 | 330347 363380397 474430447 464481324 | 51055008081 095108 121135148162175] | 19 q
260 497514 531547 564 581507614631 647[325| 188 202215228242 255268282 295 3081 2 24 22
261 | 664681697 714731 747764 780 797 814|826 322 335 348 362375 388402415428 441 4 48 iy
262| 830847 863880896 9013929946 9030979]327| 455408 481495508 521534548 561574] 5 60 55
263 | 006 ,712420 445462 78 405 111 127 144328 587 601614627640 654667 680693706 g éi gg
264 | 42160 177 193 210 226 243 259 275 292 308|320 | 720733740759772 786790812825838] g o6 a8
265| 3253412357374 390 406 423430455 472|330| B51865878891 904 9179300430957 070] ° 1F P
206 | 488 504 521 537 553 570586602619635]331 1 983096 409 w22 533 w48 461 475488 101
267 651667 684700716 732749765781 7971332 | 52114127 14015310606 179 192205218 231
268 8138308468628;8 B94911927043959]333) 244 257 270284 207 310 323 330 349 362
269 975991 #0B »24 040 856,472,488 1041200334 375 388 401 414427 440453466 479 492
270 (43130 152169185 201 2172332409 265 281|336] 504517 530543580 560 582595 608 621
271 207313329345 361 377 393400 425441336 6346470660673686 699 711724737750
272 457473489505521 537553560 584600337 763776 789802815 B27 840853866879
273] 616632048 664 680 696 712727 743 759|338 892905917930943 956 969982 g9y 407
274 775591807823838 854870886 902917339 (53020033 046058071 0Bsog7110122135
275 933949965981 006 x12 428 444 450 275|340 148161 173186 109 212 224237 250 263
276G | 44091 107 122138154 170185 201 217232]341| 275288 301 314 326 339352 364 377 390
277 248264279295 311 326 342 358 3733891342 403415428 441453 466 479491 504 517
2781 404420436 451467 483498514529 545|343 | £29542 555567 580 593605618631 643
279| 560576592607 623 638654 669 685 700f344| 650668 681604706 719532744557 7609
280 416731747762778 793809824 840855345 | 7827594807820832 R4sB5; 870882895
2811 871886902917932 948063979904 +10]|34G| 908920933 945058 9709839035 408 420
282 | 450250400560 071086 102117133148163]347|54033045058070083 095 108120133145
283 179 104 209 225 240 255 271 286 301 317 [ 348 158 150183195 208 220233245 288 2570
B84 332347362378393 408423430 454469]340) 283295 307 320332 245 357 370 382 394
2651 4B4 500818530545 561576591 606621350 407419432 444 456 460 481 404 506 518
286 | 637 652667682697 712728743758 773|351] 531543555 568530 503605617 630642
287 | 788803B18814849 B64B;9894909924)352| 654667079601 704 716 728 741 753765
288| 939954969 9B4400 #1540 445 w00 475]853( 777 790802814827 B39851864 876 888
289 | 46090 105 120135 150 165 180195 210225354 | 900913935937 949 963974986 998 11
290| 240255270285 300 315 330345 359 374|855 | 55023035047 060072 084006 108 121 133
291 380404 419434 449 464 470 494 509 52356 145157 169183194 206218230 242 25§
202| 538533568 583598 613627 6426576723671 267279 291 303 315 328 340352 364 376
203 | 687702 716731746 761776 790805820]358 | 388 400 413425 437 449401473 485 407
24| B35850864879894 909923938953 9671359 509 522 534 546 558 570582 504 606618

0 1 2 3 4 5 6 7 8 9

0 1.2 3 4 6 6 7 B 9
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TABLE LI.—Common Logarithms to 5 places of Decimals.

Logarithm. Logerithm.

No. No. Pro. Parta,

0 1 2 8 465 6 7 8 9 0 1 2 3 4 5 6 7 8 9
360 | 556306426354 656 678 691 703 7135 727 739] 425 | 62839849859 870880 Bgogoogrog21931f D, 12
361 | 751763775787790 B11823835847859]426| 041951061972 982 992 402412422 433 1 14
362| 871883895907 919 931943955 967 979|427 |63043053063073083 094104 114124134 2 24
363 001 403 15 427 #38 x50 262 474 486 498 428 144 155165 175 185 195 205 215 225 236 3 86
364 56110122134 146158 170182 194 205 217 | 429 246 256 266 276 286 2963063:7327337 ; é:g
365| 229241253265277 289 301 312324 336]430( 347 357367 377 387 397 407 417 428 438 g 7
366| 348360372 384396 407 419 431 443455|431| 448438 468478 488 49B 508518528538 T 24
367| 4674784003502 514 526538549561 573]1482| 548 558 568 579 589 599 609619629639f 109
368| 58B5597608620632 644636667659601]433| 649659669 679689 699 709 719 729 739
369] 7oa714726738750 761773785797808)434)  749759769779789 799809819829839]
370| B20812844855867 879891 902914926]435( 849859869879889 899909 919929939
371| 937049961 972984 096 408 419 431 843|436 ( 949959969979 988 998 408 y18 428,38 1 11
372 157054066 078080 101 113124136 148 159|437 | 64048 058 068 078 088 098 108 118128137 3 33
373 | 171183194206 217 229 241 252 264276{438| 147157167 177187 197 207 217 227 237 4 44
3741 287290310322 334 345 357 368 380 392|439 246 256 266 276 286 296 306 316 326 335 & gjg
876, 403415426438 4409 4614714844965071440| 345355365 375 385 395404 414424434) T 77
376| 5193530542 553565 576588 600611623] 441 | 444454464 473483 493503513523 532 0 90
37 634646 657669680 692703 7157267381442 | 542552562 5723582 501601611621 631
378! 749761772784 795 Bo7818830841852|443( 640650660670680 689699 709719 729 K
379 864875887898910 921933944955967]444| 738748758768 777 787 797 807816826] D. " 10
380| 978900401 a13x24 35047 #5870481|445| 836846856865 875 885895 904914924] 1 10
381 |5Bog2 104 115127138 149161172184 195]446| 033943953963 972 982992 40z 411 421 3 80
382! 206218229 2401252 263 274 286 297 309|447 | 65031 040 050 060 070 079 089099 108 118 4 40
383| 3203313433543635 377388 399410422448 128137147 157167 176186 196 205 215 g ;::8
38$| 433444456467478 490501 512524 535) 49| 225234244254 263 273 283 292 Joz2 312 7 70
385| 5463557560 580591 602614625636 647|450 | 321 331 341 350 360 369 379 2Bg 308 48] 5 5
38G| 6359670681692 704 715726737 749760|451 | 418427437447 456 466 475485 495 504
87| 771782794805816 827838850861872)452| 514523533 543552 562571 581 501 600
388! 883894906917028 939950961073084]453| 610619629639648 658 667675 686 696 D. 9
3891 995400 217 428 440 451 462 473484 295|464 706715725734 744 753763772 782792 1 09
390 | 59106 11B 129 140 151 162173 184 195 207|455 | 8o1811820830839 849858868877 887 2 ;;
301 218229240251 262 273284 295 306 318|456 | 896906916925 935 044 954963 973 982 4 36
3021 320340351362 373 384 395406 417428]457| 902401 511420430 53949 258 468 477 5 45
393 | 439450461 472 483 494 506 517 528 539 458 | 66087096 106 115124 134143153 162172 g g;
304! 550561 572583594 6050616627638649]459| 1B11g1200210219 229238 247257 266 8 72
395| 660671682693 704 7157267137 748759[460| 276285295304 314 323 332 342 351 361 v 81
306| 7707Bo791802813 8248358468578681461| 370380389 308 408 417 427 436 445 455
397( 879890901012923 934945 9569669771462 464474483492 502 511 521 5§30 539 549 D. 8
398| 988000410421 432 443854405 476 486463 | 558 567 577 586 596 Gog 614 624 633 642 1 08
399 60097 108 119130 141 152163173184195]464| 652661671 680689 699 708 717 727 736 2 16
400| 2061217228239 249 260271 282293 304|465 | 745755764 773783 792801 811820829 2 g'_;
401| 314325336 347 358 369 379 390 401 412|466 | 839848857 867876 885 B94 904913922 5 40
402{ 423433444455 406 477 487 498 509 520/ 467 | 932 941 950960 969 978 987 997 406 415 5 48
403| 531541552563574 584505606617 627]468|670250340430352063 051080089099 108 Z g'i
404| 638649660670 681 692703713724735|469| 1t7127136145154 164173182191 1201 9 72
405! 746756767778 788 799810821831 842|470 | 210219228237 247 256 265 274 284 293
406 | 853863874885895 906917927938949]471| 302311 321330339 348 357 367 376 385
407| 950970081001 402 413223234 45 #55]472| 304403413422431 440449 459408 477
408 1 61066077087098 109 119130140151 1620473 486 495 504 514 523 532 541 §50 560 569
409| 172183194204 215 225236247 257268)474| 578587 596605614 624633642651 660
410| 278289300310 321 331342 352363 374]475| 669679688697 706 715724733 742752
4111 384 395405416436 437 448 458 469479476 761770779788 797 Bo6Br5B25834 843
412| 490500511521 532 542 553 563574 584]477| 852861 870879888 Bgy 906 916925934
413 595606616627637 6486580669679690]478| 043952 961970979 988 997 406 415 424
414| 700711721 731743 753763773 784794 479|680340430352061070 079088097 106115
415) BosB15826836847 B57868878888899]480] 124133142151 160 169178187 196 205
416| 900920930941 951 962972082 993403]481 215234233242 331 260 269 258 287 296
417162014014 034 043055 066076 0BG 097 1071482 | 305 314323332341 350 350 368 377 386
318 118128138 149159 1701Bo 190200 211483 305404 413422 431 440 449 450 467 476
419 221233242252203 273284294304315|484) 485494502511 520 529 538 547 556 565
420| 325335346 356 366 377387 397 408418]485] 574583592 601610 619628637 646 655
421} 438439 449459 469 4Bo490 soo 511 521|486 664673681 690699 708 717 726 735744
422| 531542552562572 5835036036136241487( 753762771780789 797806815824833
423| 614644 0655665675 685696 706716726]488| 842851 860869878 886 895904913912
424 737747757767778 788 798 8088188291483 | 931940049958 966 075984093 402 211

0 1 2 3 4 5 6 7 8 9 0 1 2 3 46 6 7 8 9] .
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TABLE LI.—Common Logarithms to 5 places of Decimals.

Logarithm, Logarithm.
No. No. Pro. Parts.
0 1 2 3 4 6 6 7 8 9 o0 1 2 3 4 5 6 7 8 9

490 | 69020028 037 046 055 064073082 090099 555 | 74429 437 445 453 461 468 476 484 492 500 D. 9
491 108117126135144 152161170179 188]656( 507515523 531539 547 554 5§62 570578 1 09
492 197 205 214323232 241 249 258 267 2;6] 667 | 586 593 601 609617 624632 640648 656 3 18
493 | 285294302 311 320 329338 346 355 364] 658 | 063 671 679 687 695 702 710 718 726 733 3 27
494| 373381390399408 4174235434 443452]559| 741749757 764 772 780 788 796803811 I
495| 461469478 487496 504513 522531539]560] B19827834842850 B58865873881889 8 54
496| 548557566574 583 592601 609618627]561| 896904 912920927 935943 950 958 966 g g.g
497! 636644653662671 679688697 705714{562| 974981089007 405 w12 420428435443 9 81
498 723732 740 749 758 767 g75 7847938015663 | 75051 059 066 074082 089097 105 113120

499 | BioBigB27836845 B548028718808881564( 128136143151189 166174182189197 p. 8
500( 897906914923932 040949958 9669751565 | 205213220228236 243 251 259 266 274 )
501 | 084992 xO1 510418 427 436 x14 453 462|566 | 2822891297 305312 330328 335343351 § 93
602 |70070079 088006 105 114122131 140 148] 567 358 366 374 381 389 397 404 412 420 427 3 o4
603 157165174183 191 200209 217226234568 | 435442 450 458 465 473 481 488 496 504 4 32
504 | 243252 260269278 286 295 303 312321569 511519526 534 542 549 557 565 572 580 g ::g
505| 329338 346 355 364 372381389 308 4061570 | £87 595603610618 626633 641648 656 7 o5e
506| 415424 432441449 458467475484492]67L| 664671679 686 694 702 709 717 724 733 9 72
507 | 501509518 526535 544552561 5695781672| 740747755 762770 778 785 793 Boo 808

508| $B63595603612621 629638 6466556631573| 815823831 838 846 853861 868876884

509| 672680689 697 706 714723731 740749]574 891899906 914921 929937 944 952959] Do 7
510| 457766 774 783791 Boo 808 815825834575 067974982989 997 405 512 430 x27 %35 ; (1]::
611| B842851859868876 B85B93902910919]576] 76042050057 065072 080087 095103110 3 21
512! 9279359449520961 969978 9860054035771 118125133 140148 155163170178 185 4 28
513 | 71012020029 037 046 054063051 079088]578| 193200208 215223 230 238 245 253 360 5 3::
514 | ogbro5113122130 139147155164172]579| 268 275283 290 298 305313 320328 335 g :.9
515| 181189 198206214 223231 240248257]|580| 343350 358 365 373 380 388 305 403 410 g 2:3
616| 265273282200299 307 315324332341 | 581 418425433 440448 455462 470477 485

517 | 349357 366 374 383 191 399408 4164251562 | 492 500 507 515 522 530 537 545 552 539

618 433441450458.466 4754834925005081583| 567574 582589597 604612 619626634

519 517525533542 550 559567 575584592684 64164963560664671 678686693 701 708

520| 600609617 625634 642650659667675]1685]| 716723730738 745 753 760568 775 782

521 | 684692700709 717 725734 742750759|586| 790797Bo5B12819 B27 8348428498356

522| 767775784 792800 809 817825834842)587| 864871879886893 9o1908916923930

523 | 850B58867875883 892900908917925]588( 938945953 960967 975982989997 ko4

524| 933941 950958966 975983991999 408589 |77012019026 034041 0480356 063070078

625 | 72016 024032041049 057 066074082090]590| 085093 100 107 115 122129137 144 151

526 000107 115123132 1401481561635 173] 591 159166 173 185 188 195 203 210 217 22§

527 1B1189198206214 222230239247 255|692 | 232240247 254 262 269 256 383 291 298

5281 263272280288296 304 313321 329337593 | 305313 320 327 335 342 349 357 364 371

529 346354362370378 387 395403 4114195941 379386 303 401 408 415 422 430437 444

630)| 428436444452 460 469 477 4854935015951 452459466 474 481 488 495 503510517

531) 509518526 534542 550558567 875583]1596] 525532539546 554 561 568 576 383 590

532 §91 599607616624 632640648 656665]597( 597605612619627 634641 6486566063

633 | 673681689697 705 713722730738 746]598( 670677 685692699 706 714 721728 735

5341 754762770779787 795803B118198271599( 743750757 764752 779786 793 Bo1 BoB

535 | B835843852800868 8768848929009081600( 815822830837 844 851859866873880

536 | 916925933941 949 957965973981989)601| 887895002909 916 9134931938945 952

637 | 997400414 422430 238 w46 454 46227°]802| 960967 974981 988 996 403 410 417 #2§

538 | 73078086094 102 111 119127135143151]603 [ 78032039046053061 068 075 082 aBg 097

539 | 1359167175183191 199207215223231§604| 104111 118125132 140147 154161 168

540 239 247 255 363 272 280 288 296 304 312|605 176183190197 204 211 219 226 233 240

541 320 328 336 344 352 360 368 376 384 392] GUB 247 254 262 269 276 283 290 297 jo5 312

542| 400408 416424432 440448456 4644721607 319 326 333 340 347 355 362 369 376 383

543 | 480488 496 504 512 520 528 536 144 552J6UB| 290 398 405 412490 426 433 440 447 455

644 560568 576584502 60060B616624632{609| 4624609476483 490 497 504512519526

B45| 640648 656664672 679687695 7037511610 533540547 554 561 569 576 583 390 597

6461 719727735743751 759767 775783791611 | 604611618625633 640647 654661 668

647| 799807815823830 838846854862870]612 675682689 696 704 711718 725732 739

548 | 8;8886894902910 91B926933941949f613] 746 753760767 774 781 789 796803810

640 9579659739819B9 997 405 «13 4204381614 B17824831838845 852859866873 880

550 | 74036 044052 060068 076084092099 107]615( B888895902909916 923930937 944 951

661 1151237131 139147 155162170178186{616( 0958 9659729790986 993 w00 407 414 »21

652 104202210218 225 233 241 2491257265]617 (79029036043 050057 ob64071 078 085 092

563 273280288 296 304 312320327 335343]618| o099 106113120127 134 141148155102

554 351359367 374382 390 398 400 414 421|619 169 176183 190197 204211 218225232

0 1 2 3 4 5 6 7 8 9

0 1 2 3 45 6 7 8 9
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TABLE LI.—Common Logarithms to 5 places of Decimals.

620
621
622
623
624

625
626
627
628
629
630
631
632
633
634

635
636
637
638
639

640
641
642
643

645
646
647
G48
649
650
651
652
653
654
655

659

661

662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679

68O
681
682
683
684

0 1 2 3 4 6 6 7 B8 9

0 1 2 3 4 6 G 7 8 9

Logarithm. Logarithm,
No. Pro. Parts,
0o 1 2 8 4 5 6 7 89 01 2 3 4 5 6 7 8 9
70330 246 253 260 267 274 281 288 295 302 685 [83569 575 582 588 594 601607 613620626 D. 7
309316 323 330 337 344 351 358 365 372|686 632639645651 658 664670677683 689
379 386 303 400 407 414 421 428435 442|687 | 696 702508 715 721 727734 740746753} 3 W
449456 463470 477 484491 498 5055111688 | 739765771 778 784 790 797 Boz Bog 816 3 21
518525532539 546 553560567 5745811689, 822828835841847 8B53860866872879 g gg
§88 595 602 609 616 613630637644650]690| 885891897 904910 916923920935 942 6 42
657664 671678 685 692699 706 7137201691 | 948954 960967973 979985992998 04| T 2
727734 741748754 761768 775782 7891692 184011017023 029036 042048 055 061 067 s 63
706803 810817824 831837844851858]1603| o73080086092008 105111 117123130
865872879886893 900906 9139209271694 | 136142148155161 167173180186192 b. 6
934941948 955962 969975982989096]695| 198 205211217223 230236242248 255 ’
80003010017024030 037044051 0580051696 | 261 267 273 280 286 292 298 305 311 317 é ?:g
©072079085092000.106 113 120127 134|697 | 323330 336 342 348 354 361 367 373379 3 18
140147154161 168 175182188 195202098 | 386 392 308 404 410 417423 429 435 442 4 24
209216223229 236 243250257 2642711699} 448 454 460466 473 479 485 491 497 504 HR
277284291 298 305 312318325 332339)700| 510516522528 535 541547 553550566) T 42
346 353 359 366 373 380 387 393400407 | 701 | 572 578 584 500 507 603 609 615621 628]  § 23
414421428434447 448455462468475]702| 634640646652 658 665671677 683689
482 489 496 502 509 516523 530536543]703 | 696 702 708 714 720 726733739 745751
550557 564 570577 584591 5986046111704 | 757763770776 782 788794800807813] D. 5
618625632638645 652639665672679]705! B8B19825831837844 850856862868874 1 05
686693699706 713 720726 733740747706 | BB80887893899 905 911917 924930936 2 17
754760767 774781 787 794801 BoB 814|707 | 942948 954960967 973979985991 997] 4 29
821 828835841848 B55862868875882)]708 [B5003009016022028 034040046052038 5 25
889895 902909916 922929936 943949]709| 063071 077083089 095101 107114120 ,‘; g,’g
956963969976 983 9090996 403410417]710| 126132138144 150 156163169 175 181 8 “:g
81023030037 043030 057064070077 084|711 187193 199205211 217224 230236242 9 4
090097104 111 117 124131137144 151]1712| 248 254 260266 272 278 285 291 297 303
158164171178 184 191198204211 2180713 | 309 315 321 327 333 339 345352 358 364
224231238 245251 258265271 278285] 7141 370376 382 388 394 400 406 412418 425
291 208305 311 318 325 331338345351 | 715|431 437443449455 461467 473479485
3583652371378 385 391 39B405411418)716] 491 497 503 509 516 532 §2B 534 540 546
425431438445 451 458465471 478485)717| 552558 564 570 576 582 588 594 600 606
491408505511 318 525531538 5445511718 612618625631637 643649655661 0667
558564571578 584 591 598 604611617719 673679 685691697 703709 715721727
624631637 644651 6576646716776841720) 733739745759 757 763769775781 788
600697 704710717 723730737743750]721| 794 8008c6812818 824830836 842848
757763770776 783 790796803809816]722| 834860806 872878 884890896 9oz 9ol
823B29836842849 8568628698758821723( 9140920926932938 944950956 962968
889805902908 915 921928935941 948|724 | 974980 086 902 908 404 210 416 422 428
954961 968 974981 987 004 4,00 407 414|725 (86034 040046 052 058 064070076 082088
82020027033 040046 03530600060730;9]726| 094100106 112118 124130136 141 147
oB6og2099 105112 119125132138145}727| 153v59165171177 183189195201 207
151158164171 158 184191 197 204 210 728 213219225231 237 243249 255 261 267
217223230236 243 249 256 263 269 276 729 | 273 279 285 291 297 303 308 314 320 326
282 289 295 302 308 315321328334 341|730 332338 344 350 356 362 368 374 380 386
347 354 360 367 373 380 387 303 400406] 731 [ 302 398 404 410415 421 427 433439 445
413419426432439 4454524584654711782) 451457463469 475 481 487493499 504
478484491497 504 5105175235305361733| 510516522528 534 540546 552 558 564
543549556 562 569 575582 5885956017341 570576 581 5B7 593 599605611617633
607 614620627633 640646653659666]735| 620635641646652 6:8664670676682
672679685 692698 705711718724 730|730 688694 700 705 711 717723729735 741
737743750756 763 769776 7827807951737 747753759 764 770 776 782 788 794 Boo
8028088148121 827 B34840847853860|738] Bo6B12 817823829 8B35841847853859
8668728;9885892 BgBgo5911918934f73Y| B64870876882888 Bgygoogobgrigry
930937 943950956 963969 9759829881740 | 933929 935941947 953 958964970976
995 %01 408 414 420 437 433440 246452 741 [  9B29BB 004999 405 w11 417 223 w29 435
83059065 072078085 091007104 110117]742 187040046 052 028 064 076075 081 087 093
123120136 142149 155161 10B17418117431 oggt1o5 it 116122 128134140 146151
187 193200206213 219225232238 245]744| 157163 169175181 186192198204 210
251257 264 270276 283 289 296 302 308 745 | 216 231 227 233239 245 251 256 262 268
315321327 334 340 347 353 350 366 372 746| 274 2R0 286 291 297 303 309 315 320 326
378385 391 398404 410417 423420436747 | 332 338 344 349 355 361 367 373 379 384
441448455 461 467 474 480487493 499]748| 300396 402 408 413 410435431 437 442
500 £12 518 525 5§31 537 544 550556 56317401 448 454 460 466 471 477 483489 495 500
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TABLE LI.—Common Logarithms to 5 places of Decimals.

Logarithm, Logarithm,

No. No. Pro. Parta.

0 1 2 3 4 6 6 7 8 9 0 1 2 3 4 5 6 7 8 9
750 |87506 512 518 523 529 §35 541 547 552 558815 '91116 121126132137 142148153158 164 D. 6
751 | 564570576 5B1 587 593 §99604610616)816| 169174 180185 190 196 201 206 212217 |
752| 622628633639645 651656662668674]817) 222228233238243 249254 259265270 % ‘l)g
753| 679685691697 703 708 714 720726731|818! 275281 286291297 jo3 307312318 323 3 18
754! 737743749754760 766772777 7837891819| 328334 339 344 350 355 360365 371 376) & 24
755 795 800806812818 823829835841846]1820| 381 387 392 397403 408 413418 424 429 6 38
756| 832858864869875 881887892898904]821| 434 440445450455 461466 471 477 482 g :g
757 910915921 927933 938944 950955961822 | 487 492498 503508 514519524 529535 9 54
758| ¢67973978984990 996 401 407 a13418]823 | 540545551 556 561 566 572 577 582 587
759 | 88024030036 041 047 053058064 07007618241 593598 603609614 619624630635 640 b. &
760| oBroBjog3ogBiro4 110116 r21125133/825| 645651656661666 672677682087 693 )
761 138144150156 161 167173178 184 190|826 698 703509 714719 724 730 735 74C 745 ; 05
762 195201 207213218 224230235241 2471827 | 751756761 566772 777 782787593 798 3 {2
763 252258 264 250 275 281 287 292 298 304|828 | 803808814819824 8298348408458350 4 20
764| 309315321326332 338 343349355 300|829 B8355861866871876 882887892897 903 g g:g
765 366372377383389 395400406 4124171830 908 913918924929 934939944950955] 7 33
766 | 423420434440 446 451457463468 474]831| 960965971976 981 986 991997 402 407 g 12
767| 4804835491 497 502 508513519525 530 82| g2012018 023028033 038044049054039
7681 536542547 553559 564570576 581 5871833 | 065 070075080085 091 096 101 106 1711
769| 593398004610615 6216276326386431834| 117122127132137 143148153158163 D. 4
770| 649655660666 672 677683689694 700]835 160 174179184189 195 200 205 210 21§ 1 04
771| 705711717722 728 734739745 750 756] 836 | 221226 231236 241 247 252 257 262 267 2
772| 762767773779784 790795801807 8121837 273278283288293 298 304309314319 4 18
773| 818824829835840 846852857863868]838| 324330 335 340 345 350 355361 366 371 5 20
774| 874880885891897 9029089139199251839| 376 381 387392 397 402 407 412 418 423 g g‘;
775| 930036941 947953 958 9649699750811840| 428433438 443449 454459464 469474 -
776G| 986992097 403409 %14 %20 £2531 37| 841 480 485490495 500 505511 516521 526
777 89042 048 053059064 070076081087 0921842 | 531536 5642547552 557562567 572578
778| o9Biogrog11gi120 126131137 143148]1843! 83588 593598603 609614619624629
779 154150165170176 182187193198 204)844] 634630645650655 GGo 665650675 6B
780 | 209215221 226232 237243 248254260845 686691 696 701 706 711 716722727 732
781 2652711276282287 293298 304 310315846 737 742747752758 763768773778 783
782 321326332337 343 348 354 360 365 3711847 788 793 799804 809 814 819824829834
783 | 376382 387 303 398 404 409 415421 426]848| B4oB45850855860 865 870875881886
784|  432437443448454 459405470476481]849] B91Bgbgor1gobgir 916921 927932937
785 487492498 504509 515520526531 53701850 942947952957 962 967973078983 988
796 342 548553559504 570575581 3865020851 003008 403 408 w13 +18 +74 %20 %34 439
787| §97603609614620 625631636642 0647]|852|93044 049054059064 069 075080 0B5 090
783| 6353658664669675 6806866910697 702]1853| oggtooro5riotrs 120125131136 141
7891 708713719724730 735741 746752757854 146151156161 166 171176181 1861923
790 763768774 779785 790796801807 812]855| 197202207 212217 222227233237 242
791| Ri18823829834840 Bqg 851 8568628651856 247252258 263 268 273278 283 288 293
792| 87;3878883889894 9000059119160221857| 298 303 308 313318 323 328 334 339 344
793 927933938044 949 955060066971 977|858 349 354 359 364 369 374 379 384 389 304
704| 982988093098 w04 x00 415 4204204311859 [ 399404499 414 420 425 430 435 440 445
79590037 042 048 053059 064 069075080086 ]860( 450455 460465 470 475 480 485 490 495
796 ogrog7ro2108113 119134120135 140JRG1| 500 505510515520 526 531 536 541 546
707 146151057162168 1731791841B9195)862( 51556 561 566571 76 581 586 591 596
798| 200206211 217222 227233238244 249]8A3| 601 606611616621 626631 636641 646
799 | 255260266271276 282 287293 208 Jo4]R64| 651 656661666 651 676 682 687 692 697
800 309314 320325331 336 342 347352 358 805 |  yoajoy Y2 ii7 722 727732537 742747
BOL{ 363369 374 380 385 390 396 401 407 412|866 | 752 757 762 767 772 777 782787 792797
BU21  417423428434439 445450455461 4661807 | BozRo7B12817822 827832837 842847
803 72477482488 493 490 504509515520 AGH | Rg2857 B62867872 877 882887892897
B04| 526531536542547 553558563369574]1869| 902907012917 922 927932935 942947
806 | 580585 590506 Gor 6oy 612617623628]8%0 2057962965 972 8208 2
BOG| 634639644 650655 660666671677 6821871 94222 og; gll 21;211 ZZ; 23223;22:23;
807| 687693698 703709 714720728730;36|872( 052057062067 072 077 082086 091 096
808| 741747752757 763 768773779784 789873 tor o6 116121 126 131136 141 146
809 7958B00Bo6 811816 822827832838843]874! 151156161 166171 176 181186 191 196
810 B49Bs4R598065870 875881886891 Ry7|875] 201 1206211216221 226231 2361401245
811{ 902907413918924 920034040945 950]876( 250255 260 265 270 275 2Bo 285 290 295
8121 9569619669729;7 982988993098 404]877| 300 305310 315320 325 330 335 340 34§
813191009014070025030 016041 046082057878 | 349 354 359 364 369 374 379 384 389 394
814 0620080;3078084 0Bgogq 100105 110]870| 399 404409414419 424 429433438 443

¢ 1 2 3 4 56 6 7 8 9

0o 1 2 3 4 5 6 7 8 9
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TABLE LI—Common Logarithms to 5 places of Decimals.

Logarithm. Logarithm.
No. No. Pro. Parts.
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
880 94448 453 458 463468 473478 483488 493)940 197313317 322327331 336340345350354] D. 5
881 | 498 503507 512517 532527532537 542|941 | 359364 368 373377 382 387 391 396 400 1 o
882| 547552557562567 571576581 3865911942 405410414 419424 428433437 442447 3 33
893! £596601606611616 6216266306356401943] 451 436460 465470 474479483 488493 38 15
884| 645650655660665 6706756B0685689]944| 497 502506511516 520525529534539 ; g:(s)
885| 694699 704709714 719724729734 738|945 543548552557 562 5§66 571575580585 6 30
886 | 74374B753758763 768773778783787]946] 589594 598003607 612617621 626630 T I3
887| 792797803807812 817822827832836/947] 635640644649653 658663667672676 9 45
888| B41846851856861 B668718;76880885|948| 681685 690695699 704 708 713717 722
889| 890B95900905910 915919924929934|949| 727 731736740745 749754759763 768
890| 939944 949954959 9631968973978983]1950| 772777782 786 791 795 BooBoqBog 813
891 088003998 402407 412417 222427432961 | B18823827832836 841845850855859 é 8:;
892195036 041 046 051056 061066071 075080]952| 864868873877882 886891896 goo gog 3 12
893 | oB5090005100105 100114119124129]953| 009914918923928 932937 941946950 ¢ 18
894) 134139143148153 158163168173177]954| 955959964 968973 978982987 991996 & 20
805| 182187192197 202 207211 216221226|955 | 98000005009 014019 023028032037041 7 289
R96| 231236240 245 250 255 260 265 270 274|956 | 046 050055059064 068 073078 ofi2 087 8 3
897 | 279284389 294 299 303 308 313 318 323J Y57 | ogr1 096100105109 114118123527 132
898 | 328332337 342347 352357 361366371958 137141146150155 159164168173177
899 376 381386390 395 400405 410415419]|959( 182186191 195200 204209214218223
900 | 424429434439444 448453458 463468|960| 227232236241 245 250254 259 263268
D01 | 472477482487492 497501506511 516|961 272277281286 290 295299 304 308 313
9021 521525530535 540 545550554 5505641962 318322 327 331 336 340 345 349 354 358
9031 569574578 583588 593598602607612/1963] 363367 372376 381 385 390 394 399 403
904 617622626631636 641646650 655660]964| 408412417 421426 430435439444 448
905| 665670674 679684 689694698 703 708{965 | 453457462466 471 475 480484489 493
906| 713718722727732 737743746751756]966( 498502507 511516 520525529534 538
907| 561766770775 780 785789 794799804967 543547552556561 §65570574579583
908 | BogBr3BiB8823828 832837842847852]968| 588502597 601605 610614619623628
909| B856861866871875 880885890895899]969| 632637041 646650 655659664668673
9101 904909914918923 9289330380942947]970( 677682686 691 695 700 704 709 713717
911 952957961966971 976 9Bo9B5 990995|971 | 722726731735 740 744 749753 758 763
9121 999404409 w!4x19 £23 428 433 438542]972| 767771776 780 784 789 793 798 8oz 8oy
913 |96047 052057 061 066 071076 0BooB5000]973| 811816820825 829 834838843847 851
914| ogs099104109114 118123138133137}974| 856860865869874 878883887 892896
916 142147152156161 166171 175180185]975| 000005009914918 933927 932936941
916| 190194199204 209 213218223227232]976| 945949954958 963 967 972976 981 985
917 237242246251 256 261265270275 280|977 | 089994998 403 407 212 416 421 425 529
918| 2842892941298 303 308 313317 322327]978{99034038043047 052 056 061065069074
919| 332336341346 350 355 360 365 369 374]|979| ©78083087092096 100105109114 118
920 379384388 393398 402 407 412 417 421|980 123127137136 140 145149154 158162
921 | 426431435449445 450454 459 464 468|981 167171176 180185 189193 198 202 207
922 473478 483487 492 497 501 506 11 515] 982 2112106220224 229 233238 242 247 251
923 520525530534 539 544 548553558662]983| 255260264 269273 277 282 286 2971 295
924| 567572577 581586 591 595 600605 609]1984{ 300 304 308313 317 322 326 330 335 339
925| 614619624628633 638642647652656]9856| 344348352 357361 366 370374 379383
926 661666670675680 685689 60946997;03]986| 388 392 306 401 405 410414419423 427
9271 oByiy717722727 731736741 745750987 432436 445 445449 454 458463 467 471
928| 755759764 769774 778783788792 797]1988| 476480484 489 493 498 502 506515 515
929 B0o2B0o6811816820 8B25830834839844]9689| 530524528533537 542540 550555559
980| B848B53858862867 B72876881886890|990| 564568572577 581 585590 504 599 603
931| 895900904999 914 9180913928932937|991| 607612616621625 629634638 642647
932! 942946951956 960 g65970974979984]|992| 651 656660664669 673677 682686691
933 | 09BB 0993997 407 407 al1 416421 425430993 | 695699 704708 712 717 721726730734
934 |97035039 044049053 058063067 0720771994 739743 747752756 760765769774 778
935| 081086090095 100 (04109 114118123}995( 782787791 795800 BoyBoR 813817822
936 128132137142146 551 155160165169]996| B26R30835839843 848852 856861865
937 174179183 188103 197 202 206 211 216] 997 B70874 878883887 891896 goo 904 909
038 ( 220225230234 239 243 248 253257262998 | 913917 922926930 935939 944 948952
939 267271276280 285 290294299 304 3081999 | 957961 965970974 978 983987 991 996

0 1 2 3 4 6 6 7 8 9

o 1 2 3 46 6 7 B 9




TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

( 97

)

0° 1° 2° 3° 4°
’ 8in. Cos, Sin. Cos. Bin. Cos. Bin. Cos. Bin. Cos !
0 |Inf.neg.|10°00000[ 824186 (9°99993 |8 54282 (9° 999748 71880 (9-9994018:B4358|9'99894| 60
1 16-46373 o] 24903 93} 54642 73] 72120 40| B4s39 93| 59
2 76476 o| 25609 93| 54999 73] 72359 39] 84718 9z( 68
3 94085 of 26304 93| 55354 72| 72597 38| 84897 91| 67
4 | 706579 o| 26988 92| 55708 72| 72834 a8| 8so75 91| 66
3 16270 o] 27661 9z] 350054 71 73069 37 85252 go| 65
6 24188 o 28324 92 56400 71 73303 36 85429 Bg| 64
7 30882 o| 28977 92] 56743 ol 73535 36] Bs605 88| 63
8 36682 ol 29621 92 57084 70 73767 35 85780 87| 62
9 41797 o] 30285 91 57421 69| 73997 34| Bs9ss 86} 61
10 46373 o] 30879 91 57757 69 74226 34| 86128 85| 60
11 }y-g0512 100000018 31495 9799991 | 858089 (9:g9968]8-74454 (97999338 863019 99884} 49
12 54291 ° 32103 90 58419 68 74680 32 86474 83| 48
13 57767 o] 32j02 go| 58747 67 74906 32| B6645 82 47
14 60985 ol 33292 go| 59072 67 75130 31 BGB16 81| 46
15 63982 ol 33875 90| 59395 67] 75353 30| B6g8y 80| 45
16 66784 ol 34450 89| 59718 661 75575 29| 87156 79| 44
7 69417 19°99999| 35018 89| 60033 661 75795 29| 87325 79| 43
18 71900 99| 35578 8g| 60349 65| 70015 28] B7494 78| 42
19 74248 99 36131 89| 60662 64 76234 271 87661 771 41
20 76475 g99] 36658 88| 60973 64] 76451 26] 87829 76| 40
21 17°78594(9°99999 |8 37217 .9'99988 |8:61282 | 9°99963 |8 76667 | 9:99926|B8-B7995 999875 | 39
22 Sobig 99] 37780 88| 61589 03 76883 25| 8Bi161 741 a8
23 82545 99] 38276 B7| 61894 62 77097 24| 8B326 73| 37
24 84393 99] 38796 87] 62196 62 77310 23] B8490 72| 86
25 86166 99] 39310 87| 62497 61 77522 23] 88654 1| 95
26 87870 991 39818 86| 62595 61 77733 22] 8881y yo| 34
27 89509 99] 40320 B6| 63091 6o) 77943 21| 889Bo 69| 33
28 91088 99| 40816 B6| 063385 Go 78152 20] 89142 68| 32
29 92612 98 41309 83 63678 59 78360 20 89304 67| 81
30 94084 98| 41792 85 63968 59 78568 19] 89464 66| 30
31 | 7-95508 9°99998|8°42272 | 9° 99985 [8:64256 | 9°99958 | 8- 78774 1 9°99918 |8-Bg625 | 9° 99865 | 29
32 90887 98] 42746 84) 64543 581 78979 17] 89784 64| 28
33 98223 98] 43216 84] 64827 s7] 79183 17] 89943 631 27
34 99520 98] 43680 84] 65110 561 79386 16] gosoz 62| 26
35 |8-00779 98| 44139 B3] 65391 560 70588 15] 9oz260 61| 25
36 oz002 98] 44504 83| 65650 55| 79789 14] goq17 6o 24
a7 03192 97| 45044 83] 65947 55| 79990 13] 90574 59| 23
a8 04350 97| 45489 Bz2] 66223 54| Boifg 13] 90730 58| 22
39 05478 97] 45930 Bz 66497 54| Bo3R8 12 goBBs 57| 21
40 06578 97 46366 82 66;069 53 Bos8s5 1 91040 s6] 20
41 18-07650(9°99997 | 8°46799  9-99981 |8-67039(9-99952 |8 Bo;82 (9- 99910} B-g1195|9°99855 [ 19
42 08096 97 47226 81 67308 52 80978 og] 91349 54| 18
43 09718 97] 47650 8] 67578 sl 8i1y3 °9| 91802 s3] 17
44 10717 96| 48069 8o 65841 51 81367 o8 91655 52| 16
45 11693 96| 4848s Bo| 68104 so] 8ig60 o7 91807 51| 15
46 12647 96] 4B8g6 79| 68367 49| Biysz o6] 91959 so| 14
47 13581 961 49304 79| 68627 49| Br944 o5] 92110 48] 13
48 144958 96 49708 so| 6R886 48 82134 04 92261 47| 12
49 15391 061 sgoro8 78] 69144 48] B2324 o4 92411 46| 11
60 16208 95 50504 78] 69400 47| B2513 03] 92561 45| 10
51 8171289799995 |8 5089719799977 | 8 69654 | 9'99946 |8 82701 19° 99902 |8 92710 999844 | 9
62 17971 95 51287 i 69907 40 R2888 o1 92859 43 8
53 18798 o5 51673 77| 70159 45] 83075 oo| g3oo7 42 7
64 19610 95| 52085 76] 70409 44] B326119°99899) 93154 41 6
55 20407 04| 52434 76] 70658 44] 83446 98] 93301 40| &
66 21189 94| 52810 78] 70908 43| BRabzo 981 93448 39 4
57 21058 94] 51183 78] Frisn 42| 83813 97] 93594 8 3
58 22713 94] 53s52 74| 71395 421 B3096 96| 93740 | 2
69 23456 94| 53919 74| 71638 41] Bayy 95| 9aB8s 36| 1
() 24186 93 54282 74 71880 40 84358 94 94030 34 (o]
’ Con. 8in. Cos Sin. Coa. Bin. Cos. Sin. Cos. Bin. ’
89° 88° 87° 86° 85°




( 98 )
TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals,

6° 6° 7° 8° 9°
‘ Bin. Cos. Sin. Cos. "Sin. Cos. Bin. Cos. Bin. Cos, ’
0 [8:94030 9°99834]9°01923|9°99761| 908589 (9-99675]9°14356|9°99575|9 194339799462} 60
1 94174 33] o2043 6o} o8692 74| 14445 74} 19513 6ol 59
2 94317 32| oz2163 59| o879s 72| 14535 72| 19592 58| 68
3 94461 31] o2283 57] oB897 70] 14624 7o) 19672 56| 67
4 94603 30| o402 56} 08999 691 14714 681 19751 54| B6
5 94746 29] oas20 551 ogI1o01 67 14803 66 19830 52| 65
6 94887 28] 02639 53] o920z 66] 14891 6s5] 19909 50| B4
7 95029 25| o2757 s2) o09304 64] 14980 63] 19988 48| 53
8 95140 25| o02874 51} oo405 63] 135069 61 20067 46| 52
9 95310 24| oz992 49| 09506 61 15187 59] 20145 44| 61
10 95450 23| 03109 48] 09606 59 15245 57| 20223 4z| 60
11 |8-9558919°99822| 903226 9°99747 | 9°09707 9°99658 | 9-15333|9°99556 | 920302 [ 999440 | 49
12 95728 21 03342 45 ogBoy 56 15421 54 20380 38| 48
13 93867 20| 03458 44| o9907 55| 15508 52| 20458 36| 47
14 g6oos 19] o©3574 42| 10006 53] 15596 50] 20535 34| 46
15 96143 7 03690 41 10106 51 15683 48 20613 32| 45
16 96280 16] 03805 40| 10205 so| 15770 461 20691 29| 44
17 96417 15] o03920 38 10304 48 15857 45] 20768 27| 43
18 96553 14] 04034 37| o402 47] 15944 43| 20843 25| 42
19 90689 13] o4149 36 10501 45 16030 41 20922 23| 41
20 96825 12 04262 34 10599 43 16116 39 20999 21| 40
21 1896960 9°99810|9'04376 |9°99733]9 10697 | 9°99642|9°16203|9°99537 | 9°21076 | 9-99419] 39
22 97095 o9 04490 ar] 19795 40| 16289 as| 21153 17] 38
23 97229 o8] o4603 30| 10893 3 16374 33 21229 15| 87
24 97363 o7 04715 28 10990 37 16460 32 21306 13| 36
25 97496 o061 04828 27] 11087 35| 16545 30] 21382 nl 3
26 97629 o4} o4940 26] 11184 33] 16631 28] 21458 og| 34
27 97762 03] o3032 24 11281 32 16716 26 21534 o7| 83
28 978094 oz 05164 23 11377 30 16801 24 21610 o4| 32
29 98026 ol 05275 21 11474 29 16886 22 216835 oz2| 31
30 98157 oo] 05386 20] 11550 27 16970 20] 21761 ool 80
31 (8:9828819°99798 | 9-03497 197997181 911666 | 9°99635 ]9 1705519°99518|9°21836 | 9°99398 | 29
32 98419 97| oszboy 17 11761 24| 17139 17 21912 96| 28
33 98540 96| ox717 16 185y 22 17223 15] 21987 94| 27
34 98679 93 og8z7 14 11952 20 17307 13 22062 92| 26
EH] 98808 93] 03937 | F] 12047 18 17391 1 22137 go| 26
36 98937 92 06046 1 12142 17 17474 o9 22211 88| 24
37 99066 91 obi3g 10] 12236 15 17538 o7] 22286 85| 23
38 99194 9o 06264 o8 12331 13 15641 o5 22361 B3| 22
39 99322 83 06372 oy 12425 12 17724 o3 22435 8r| 21
40 99450 87] 06481 o5 12519 10 17807 o1 22509 79| 20
41 18°99577|9°99;86]9 06589 9-99704 9126121999608 | 9" 17890 | 9°99499 | 9" 22583|9-99377| 19
42 99704 85| ob6gh 02 13706 o7 17973 97 220657 75| 18
43 99830 83] o680y or] 12799 os] 18053 95| 22731 72| 17
4+ 99956 Bz] o6911{9°99699] 12892 03 18537 94] 22805 70| 16
46 |9 cooB3 81| oj018 98] 12083 o1 18220 92| 228;8 68 16
46 00207 Bol of124 96 13078 oo 18302 go| 22952 66| 14
47 00332 78] oyzm 95 13171 (9° 99598 18383 A8 23028 64| 13
48 004356 771 o71337 93] 13263 96 1R465 86] 23098 62 12
49 oos81 76| o7442 92 13355 95 18547 B4) 23171 g9 11
60 oojo4 75| 07548 9o 13447 93 18628 82 23244 571 10
61 |9-00Ra8)9°99773]9-0765319 99689 |9 13539 |9-99591 | 918709 | 9 99480 9" 23317 | 9-99355| 9
52 00951 73] 07758 87| 13630 891 18790 78 23390 53| 8
53 o1074 71] 07863 86 13722 a8 18871 76| 23462 st 7
b4 ot1g6 69] 07968 84 13813 86 18952 74 23535 48 6
66 o118 68] oBo72 B3] 13904 84| 19033 72 33607 46 6
56 01440 67 o8176 81 13904 B2 19113 rol 23679 44 4
67 01561 65] oB8280 8o 14085 81 19193 68 23752 42 3
58 01681 64] 08383 781 14175 791 19273 66] 23823 40 2
69 01803 63 08486 77 14266 77 19353 64 23895 a7 1
60 01923 61] ofshy 75| 14356 751 19433 62| 23967 381 O
‘ Cos. 8in. Cos. Sin. Cos. Sin. Cos. Sin. Cos. 8in. !

84° 83° 82° 81° 80°




(¢ 9 )

TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

10° 11° 12° 13° 14°
! Bin. Cos. Bin, ‘ Cos. Sin. Cos. Sin. Clos Bin. i Cos. ’
0 {9°23967|9°99335] 9 280601 9-99195]9-31788 | 9°9904019° 35209 (9°9BB72]9° 38368 ' 9-9B86g0| 60
1 24039 33| 28125 92| 31847 38] 35203 69l 318418 87| 69
2 24110 31 28190 90 3jigoy 35 35318 67 38469 84| 68
3 24181 28 28254 87 31966 32 35373 64] 38s19 81} 67
4 24253 26} 28319 8s) 32025 3ol 35427 61 38370 v8| 66
51 24324 24 28384 82] 32084 27 35481 58] 38620 75( 65
6 24395 22] 28448 Bo| 32143 24] 35536 55| 38670 71| &4
7 24466 I9 28512 771 32202 22| 35590 sz} 38721 68| 63
8 24536 17| 28577 751 32201 19] 35644 49} 38771 65| 62
9 24607 5] 280641 72| 32319 10] 35698 46) 38821 6z{ 61
10 24677 13] 28705 7o) 32378 13| 35752 43| 3881 59| B0
11 |9-24748]9°99310] 928769 |9-99167 | 9- 32437 |9°99011 | 9* 35806 | 9: 988409 38921 | 9- 98656 | 49
12 24818 o8 28833 65| 32495 o8| 35860 371 38971 52| 48
13 24888 o0 28890 62 32553 o5 35014 34| 39021 49| 47
14 24958 o4{ 28960 6o] 32612 o2 35968 31 39071 46| 46
16 25028 o] 29024 571 32070 oo| 36022 28] 39121 43| 46
16 25098 19799299 ] 29087 s8] 32728|9°98997] 36075 25| 39170 40| 44
17 25168 97 29150 52 32786 94 36129 22 39220 36| 43
18 25237 94| 29214 50l 32844 91| 36182 191 39270 33| 42
19 25307 92| 29277 47) 32902 89 36236 161 39319 30| 41
20 28376 90 29340 45 32960 86 36289 13 39369 27| 40
21 |9°25445(9°99288 | 9°29403|9°99142] 9-33018 | 9°98983] 9° 36342 9° 98810 9" 39418 | 9- 98623 ( 39
22 23514 85| 29466 40| 33073 8ol 36395 o7| 39467 zo| 38
23 25583 83| 29529 37| a3 78] 36449 o4 39517 17| 37
24 25652 81 29501 35 33190 75 36502 ol 39566 14| 36
25 25721 78] 29654 32| 33248 72} 36555|9°9B79B] 39615 10| 35
26 25790 76 29516 30 33305 69 36608 95 39664 o7| 34
27 25858 4] 29779 27| 33362 67] 36660 9z| 39713 o4| 33
28 25927 7 29841 24 33420 64 36713 89 39762 o1| 32
29 25995 69] 29903 22| 33477 6] 36766 86] 39811 |9°9Bs97| 31
30 26063 67 29966 19 33534 58 36819 83 39860 94| 380
31 19°26131|9°99264]9-30028 | 9°99117]|9° 3359119798955 19" 36871 (9°98780]9" 39909 9°98591| 29
32 26199 621" 30090 14] 33047 53| afoz4 77| 39958 88( 28
33 26267 6o 30151 12 33704 50 30976 74 40006 84| 27
34 26335 §7] 30213 og| 33761 47| 37028 71| 40055 811 2¢
35 26403 55 30255 06 33818 44 37081 68 40103 78| 25
36 26470 521 30336 o4| 33874 41 37133 65] 40152 74] 24
37 26538 so] 30398 o1 3393t 8] 3n18% 62| 40200 71| 23
38 26603 48] 30459 (9799099 33987 361 37237 59] 40249 68| 22
39 26672 45| 30521 96| 34043 33| 37289 561 40297 65 21
40 26739 43| 30582 93] 34100 3ol 3734 53] 40346 611 20
41 1 9°26806|9°99241 | 930643 |9 99001 | 934156 |9°9B927]|9°37303|9°98750]9°40394 1 9°98558| 19
42 26873 38| 30704 88| 34212 24| 37445 46] 40142 ss| 18
43 26940 36 307658 R6] 34208 21 37497 43 40490 st 17
44 27007 33] 30826 B3] 34324 19] 37549 40| 40538 48] 16
45 27073 3t] 30887 Bo| 34380 161 37600 37] 40386 45| 16
46 27140 291 30947 78] 34436 13] 37652 34] 40634 4t 14
47 27200 26| 31008 751 34491 1o] 37703 31 40082 38| 13
48 27253 241 31068 72| 34547 o7 37iss 28] 40730 35| 12
49 27339 21 31129 vo] 34002 o4 37806 25 40778 a1 11
50 274058 19 31189 (3] 34658 ot 37858 22| 40823 28| 10
6L | 9°27471/9°99217]9 31250/ 9°99064 934713 |9 98898 [9-37900 | 9987199 40873 [ 9-9B525| 9
52 27837 4l 31310 62} 34769 961 37960 15] 40921 21| 8
63 2;602 12} 31370 59) 34824 93] abon: 12 40968 187
b4 27668 o9 31430 561 24879 go| 38062 og] 4tor6 15 6
65 27734 o7| ar490 54} 34934 7} /g o6] 41063 ul b
66 27799 o4] 31549 s1| 34989 84] 38164 03] 4rinx oB 4
57 27864 o1] 31609 48| 35044 81 aBarg ool 41158 05 3
68 27930 oo 31669 46 35099 78 38206 [ 9° 98697 41208 ol 2
69 27995(9°99197] 31728 43| asis4 5] aBa 94| 41252 .9°98408! 1
60 28060 95] 31788 40| 35209 72| 38368 9ol 41300 94| ©
! Cos. 8in. Cos. Bin. Coas. l Sin. Cos. Sin. Cos. Sin. 4
79° 78° 77° v6° 75°




( 100 )

TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

15° 16° 17° 18° 19°
4 Bin. Cos. Sin. Coa. Sin. Cos. Sin. Cos. Sin. Cos. 4
0 9°4130019°98494]9°44034,9'98284]9°46594 | 9°98060 9 4B9o8 | 9:97B21]9°51264)|9°97567| 60
1 41347 91| 44078 Br| 46635 56| 49037 17| 51301 63| 59
2 41304 88) 4422 77| 46636 52| 49076 12| 51338 58| 68
3 41441 8y] 44166 73| 46717 48| 49115 o8| 51374 54| 67
4 41488 Bi] 44210 70} 46758 44| 49153 o4 351411 so| 66
6 41533 77] 44253 66] 46800 4ol 49192 ool 51447 45| 55
6 41583 74| 44297 62] 46841 36| 492319°97796] 51484 41| B4
7 41628 Tl 44341 59| 46882 3z] 49269 92| 51520 36( 53
B8 41675 671 44185 55| 46923 29] 49308 88| 51357 32| 52
9 41723 64] 44428 s1] 46964 25] 49347 841 =1593 28| 61
10 41768 6o 44472 48| 47005 21| 49385 79| 51629 23| 60
11 |9°41815:9°98B45719 44516 9'9B244 |9 47045(9°98017]9° 49424 | 9°97775| 9 51666 | 9-97519| 490
12 41861 53] 44550 40| 47086 130 49462 71| 51702 15] 48
13 41908 s0] 44602 37| 47127 09| 49300 67] 51738 10| 47
14 41954 47] 44646 33] 47168 o35l 49539 63| 51774 o6| 46
15 42001 43] 44689 29| 47209 o1 49577 59 51811 or| 45
16 42047 40 44733 26  47249(9°97997| 49615 s4] 51847 (9797497 44
17 42093 36| 44776 22 47290 93| 49654 so| 51883 9z| 43
18 42140 3] 44819 18] 47330 89| 49692 46| 51919 88| 42
19 42186 29| 44862 15 47371 86] 49730 42| 51955 84| 41
20 42132 26| 44903 1] 47411 82| 49768 381 51991 79| 40
21 |9'42278.9°9842219°4494B 1 9°9B207|9°47452 (997978 | 9- 49806 (9°97734] 9" 52027 [9-97475| 39
22 42324 9] 44992 o041 47492 74 49844 29] 52063 jof 38
23 42370 15 45035 oo 47533 70 49882 235 52099 66| 37
24 42416 12] 450779798196 47573 66| 49920 21 52135 61| 36
25 | 42461 og| 45120 92] 47613 62] 49938 17] sz 57| 85
26 42507 os] 45163 Bo| 47654 58] 49996 13 52207 53| 34
27 42533 o2 45206 83 47694 54 50034 of 52242 48} 33
28 42599 :9°98308] 45249 Bil 47734 50| 50072 o4 52278 44| 32
£9 42044 95| 45292 77] 47774 46| sotio ool 52314 39| 31
30 42690 or] 45334 74] 41814 43] 50148|9°97696] 52350 35 30
31 |9°43735|9'9R38819°45377 (99817019 47R54|9°97938] 9" 50185 19°97691]|9' 52385 (9°97430( 29
32 42781 B4] 45419 661 47894 341 0223 87 52421 26| 28
33 41816 B1] 43462 62] 47934 30| 50261 83] 52456 21| 27
34 42873 77] 45504 59| 47974 26] 50298 79] 52492 17| 268
as 43917 73 45547 55] 48014 22] 50336 74] 52527 12| 28
a6 42962 70{ 42589 s1| 48054 18] 50374 70l 52563 oB| 24
37 43008 66 43632 47 48094 14 50411 66 52598 o3| 23
38 43053 63] 45674 44| 48133 10] 50449 62] 52634|9°97399| 22
39 43098 50] 45716 q0] 48173 06 50486 13 52669 94| 21
40 43143 s6] 45758 36] 48213 oz] 50523 53] s2705 90| 20
41 19°43188: 998352 9 45801 998132 | 9-482529°97898 | 9" 50561 !9°97649|9-52740 9797385 | 19
42 43233 49 45843 29 48292 94 50598 45 327758 1] 18
43 432;8 45| 43883 25] 48332 90| 50635 40| 52801 76( 17
“ 43323 42| 435027 2] 48351 86| sofiry 36] 52846 72{ 16
46 43367 381 43969 171 4B4x 82{ o710 32| 3288 671 15
46 43412 34] 4fonr 13] 484350 78] 50747 28] 52916 63| 14
47 43487 31| 46053 10] 48490 74| 50784 23| 52950 s8] 13
48 43502 37] 46093 o6] 48529 70| soBzy 19] 52986 53| 12
49 43546 24] 46136 o2 4R56A 66 soBs8 15 53021 49| 1
50 43591 20| 461;8 9'gBog8| 48607 61| soBgb to| 53056 44| 10
51 {9°43635(9°98317)9 46220 9'98094 | 9°48647 | 9°97857| 9" 500339 97606] 953092997340 9
62 43680 13 46262 go| 4B6B6 53 50970 oz 53120 35 8
53 44724 09| 46303 87] 48723 49] s1007|9°97507| 53161 n| 7
64 43769 o6] 4fi4s 83] 48364 45] 51043 03] 53196 26 6
65 43813 o2 46186 79] 48803 41 s10Bo 89 83231 22 3
56 43857 1 9°98299] 46428 75| 48842 37| sy 84] 53266 17| 4
57 41901 95 46469 71 48881 33 51054 8o 83301 12 3
58 43946 ot] 46511 67] 4Bg20 19| g 161 53336 of| 2
59 43990 8R] 4fzz3 631 4f959 25| srazy 7r] 53370 o3| 1
60 44034 A4 46394 6o] 48998 21| 51264 671 s3405,9°97299| O
! Cos. Sin. Cos. Sin. Cos. Sin. Cos. Bin Cos. Bin. ’
71° 73° 72° 71° 70°




TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

{ 101 )

20° 21° 22° 23° 24°
* | sin. | Cos. | Bin. | Cos. | Sin. | Cos. | Sin | Cos. | Sin. | cos. | *
U i
0 19°53405(9°97299|9°55433 | 9°97015|9°57358 | 9°967171 959188 | 9°96403[ 960931 | 9-g6oy3 | 60
1 440 294 466 o10 389 711 218 397 900 o6y | 59
2 475 289 499 003 420 7006 245 392 988 o62| 58
3 509 283 832 ool 451 701 277 38719 61016 o056, 57
4 544 280 504 19°96996 482 696 307 381 045 oso| 656
6 578 276 597 99t 514 691 336 376 °73 o45| 55
6 613 271 630 986 545 686 366 370 101 039| b4
7 647 266 663 PLI 576 681 396 365 129 034| 63
8 682 262 695 976 6oy 676 425 360 158 028| 52
9 716 257 728 971 638 670 455 354 186 oz2{ b1
10 751 252 761 966 669 665 484 349 214 o17| 50
11 19-53785(9°97248]|9°5579319°96962] 9 57700 | 9°96660]9-59514|9°96343]9°61242|9-g6or1 | 49
12 819 243 820 957 731 655 543 338 270 oos| 48
13 854 238 858 952 762 650 573 333 298 ooo| 47
14 888 234 891 947 793 645 6o2 327 320 9°95994 | 46
15 922 229 923 942 B24 640 632 322 354 98B! 45
16 957 224 956 937 Bss 634 661 316 38z 982 44
17 991 220 088 932 885 629 690 311 411 977 43
18 | 954028 215 | 956021 927 916 624 720 308 438 971 | 42
19 059 210 053 922 947 619 749 300 406 965 | 41
20 093 206 o83 917 978 61y 77 299 494 96o| 40
21 |9-54127 (9972019 56118 |9 969129 58008 |9 96608 ]| 950808 | 9° 962899 61522 |9°95954| 39
22 161 196 150 go7 039 603 837 284 550 948 | 38
23 19§ 192 182 903 oj0 598 866 278 578 942 | 37
24 229 187 215 898 101 593 895 273 606 937| 36
25 263 182 247 893 131 588 924 2067 634 931| 35
26 297 178 279 888 162 582 954 262 662 925 34
27 331 173 311 883 192 8§77 983 2356 089 gzo! 33
28 365 168 343 878 223 572]9 60012 251 717 gy 32
29 399 163 375 873 253 567 o41 245 745 goB [ 31
30 433 159 408 868 284 562 070 240 773 9oz | 30
3L | 9°54466 (9°97154[9" 56440 |9° 968639 58314 9°96556[9 60099 (9°96234] 961800 |9-9sRo7 | 20
a2 500 149 472 858 345 551 128 229 828 891 | 28
33 534 145 504 853 375 540 157 223 856 88z 27
3t 567 140 536 848 400 541 186 218 883 8791 206
35 6o1 135 568 843 436 535 21§ 212 911 873 25
36 638 130 599 838 467 530 244 207 939 868 24
a7 668 126 631 833 497 523 273 201 9066 62| 23
a8 702 121 663 828 527 520 302 196 994 856 22
39 738 no 693 B23 557 514 EEL 190 9-62021 850 21
40 709 1 727 818 588 509 359 185 049 B44q| 20
41l [9-54B02|9°97107 956759 9'96813]|9* 58618 |9- 9650419 Go3B8 (9°96179]9°6207619-95839] 19
42 836 102 790 Ho8 648 498 417 174 104 833 18
43 869 097 822 Roy 678 493 440 168 131 8271 17
44 903 092 854 798 709 488 474 162 159 821 16
45 936 o8z 886 793 739 483 503 187 186 815 16
46 909 ofl3y 917 788 769 477 532 151 214 80| 14
47 |9-55003 o;8 949 781 799 472 561 146 241 8o4| 13
48 036 073 oRo 778 829 407 589 140 268 798| 12
49 069 o689 57012 772 859 461 618 135 296 792 H
50 102 063 o44 467 889 450 646 129 323 786 | 10
51 [9-55136 (9°97059] 9" 57075 | 9796762 ] 9°58919 |9 96451 | 9°6ohi7s) 9:96121]9 62350 9°95780| 9
52 109 o054 107 787 949 448 704 18 377 775 8
53 202 049 138 752 979 440 73z 1z 408 769 7
64 235§ o44 169 747959000 435 761 107 432 763 6
65 208 039 201 742 039 419 789 101 459 757 [}
66 301 035 232 731 ofig 424 818 09§ 480 3 4
57 334 030 204 7312 o098 419 846 oye 513 7458 3
68 367 ozg 295 727 128 413 875 o84 541 739 2
69 400 010 320 722 158 408 903 079 508 733 1
6o 413 org as8 717 188 403 933 073 595 728) 0
4 Cos Sin. Cos. Sin, Cos. 8in. Cos. Bin. Cos. Sin. !
GY° 68° 67° 66° 65°




( 102 )

TABLE LII.—Logarithmic Sines and Cosines to 6 places of Decimals,

25° 26° 27° 28° 29°

Bin. Cos. Bin. Cos. Sin. Cos. Sin. Cos. Sin. Cos. 4
0 (9°62595!9°95728]9°64184(9°95366 965705 (904988967161 |9°94593]9°68557 | 9-94182| 60
1 622 722 210 3060 729 982 185 587 580 1751 69
2 649 716 236 354 H 975 208 580 Go3 168 ( 68
3 676 710 262 348 779 969 232 573 625 165 | 57
4 703 704 288 341 804 g62 256 567 648 154 66
6 730 698 313 335 828 956 280 560 671 147| 55
6 787 692 339 329 853 949 303 553 64 140| 54
7 784 686 363 323 878 943 327 546 716 133( 63
8 811 680 391 317 9oz 936 350 540 739 126 B2
9 818 674 417 310 927 930 374 533 762 119 51
10 863 668 442 304 952 923 398 526 784 112 B0
11 | 962892 |9°95663]|9-64468 | 9°95208 | 9-65976 | 9°94917 | 967421 | 994519968807 | 9 94105| 49
12 918 657 494 292 9-66001 911 445 513 829 098 | 48
13 043 651 519 286 025 904 468 506 852 ogo| 47
14 972 645 545 279 ogo 898 492 499 875 o3| 46
13 999 639 571 273 075 Bgr 515 492 897 06| 45
16 | 963026 633 506 267 099 883 539 485 920 o6g| 44
17 052 627 622 261 124 878 562 479 942 o62| 43
18 079 621 647 254 148 871 586 472 9065 o55] 42
19 106 615 673 248 173 86g 6og 463 987 o48| 41
20 133 6og 698 242 197 858 633 458 9'6go10 oq41| 40
21 19°63159|9°95603]9°64724 {9°95236 |9 66221 |9°9485219°65656 | 9° 94451 | 9-69032 | 9-94034 | 39
22 186 597 749 229 246 845 080 445 055 oz;| 38
23 213 591 775 223 270 839 793 438 077 oz0| 37
24 239 583 800 217 295 832 720 431 100 o12| 36
25 266 579 820 211 319 826 750 424 122 oo5 | 85
26 292 73 851 204 343 819 773 417 144)|9°93998| 34
27 319 567 877 198 368 813 796 410 167 991 | 33
28 345 501 902 192 392 806 820 404 189 984| 32
29 372 555 927 183 416 799 843 397 212 977| 31
30 398 549 953 179 441 793 866 390 234 970| 80
31 19-63425|9°95543 ]| 9°64978 | 9° 951731066465 | 9°94586 1967890 | 9°94383 ] 9-69256 | 9°93963 | 29
32 451 537965003 167 489 780 913 376 279 955 28
33 478 531 029 160 813 713 936 369 3or 948| 27
34 504 523 o054 154 537 767 959 362 323 941| 26
35 531 519 079 148 562 760 982 355 345 934| 25
36 857 513 104 141 586 75396800 349 368 g27| 24
37 583 507 130 135 610 747 029 342 390 920! 23
a8 610 §00 155 129 634 740 052 A3s 412 g1z 22
39 636 494 180 122 6:8 734 Sk 328 434 o3| 21
40 662 488 205 no 682 727 o098 321 456 Bg8| 20
41 |9°63689 |9 95482|9°65230 |9 95110]9 66706 | 9'94720] 968121 9-94314] 0 69479 (9°93891| 19
42 713 456 235 103 731 714 144 307 5ot 884 | 18
43 741 470 281 097 755 707 167 300 523 876 17
44 707 464 306 oyo 779 500 190 293 545 Bhg) 16
45 704 458 331 o84 803 694 213 286 567 86z 16
46 820 452 356 oy8 827 687 237 279 589 Bs5) 14
47 Ry6 446 38 071 851 680 260 273 611 8471 13
18 872 440 406 ol L 674 283 266 633 840 12
49 899 434 431 059 899 667 308 259 655 B30 11
50 924 427 456 032 912 660 328 252 677 826 10
51 |9:63030|9°95421 965481 | 99504609 66946 |9°94654|9°68351 | 9 94245 ] 9-69699 | 9-93819| 9
62 976 418 500 039 970 647 374 238 721 811 8
53 |9 64002 409 531 033 094 640 395 231 743 Roy4 7
51 028 40} 556 027965018 634 420 224 765 797 6
55 054 397 580 020 043 627 443 217 783 789 6
56 oflo 391 6os 014 o066 620 466 210 8og 782 4
67 106 3Ry fi30 oo} 090 Gry 48y 203 Ba1 77! 3
58 132 378 655 ool 113 6oy (18] 196 853 76 2
59 158 3z G6Bo | 9° 94995 137 6oo 534 18y 875 760 1
60 184 306 703 988 161 593 857 182 A9y 7683 0
’ Cos. Bin. Cos. Sin. Cos, Sin. Cos. Rin. Cos. Sin, !

64’ 63° 62° 61° 60°
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TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

30° 31° 32° 33° 34°
’ Bin. Cos. Sin. | Cos. Bin. Cos. Sin, Cos. Sin, Cos. /
0 (969897 |9°93753]9' 71184 (9-93307 | 9* 72421 | 9'92B42]9°73611 992359974756 | 9° 91857 | 60
1 919 746 20§ 299 441 834 630 351 775 B49] 59
2 041 738 226 291 461 826 650 343 794 B840, 68
3 963 731 247 284 482 8.8 669 335 Bi2 83z 57
4 984 924 268 276 502 810 (1.1°) 320 831 823| 66
5 |[9-70006 717 289 2069 522 803 708 318 850 815 65
6 028 709 310 261 542 795 727 310 868 Bo6 | B4
7 050 j02 an 233 562 787 747 3oz 887 798| 53
8 072 695 332 246 582 779 766 293 906 789 62
9 093 687 373 238 6oz 771 485 283 924 781 51
10 115 680 393 230 622 763 Bog 277 943 772| 5O
11 19-70137(9°93673]9 71414 9793223972633 |9°9275519° 73824 | 9°92269 ] 974961 | 9°91563| 49
12 159 665 435 215 063 747 843 260 980 7551 48
13 180 658 456 207 683 739 863 252 999 746 | 47
14 202 650 477 200 703 731 882 244975017 738| 46
15 224 643 498 192 723 723 901 235 036 529 | 4b
16 245 636 519 184 743 715 921 225 054 q20| 44
17 267 628 539 177 763 707 940 219 073 712| 43
18 288 621 560 169 783 699 959 211 cQ1 vo3| 42
19 310 614 581 161 Bo3 Gg1 978 202 110 695 | 41
20 332 Gob 6oz 154 823 683 997 194 128 686| 40
21 19°70353|9°93599]| 9 7162219793146 | 9°72843 1 9°92675] 974017 | 9°92186 | 9" 75147 |9 91677 | 39
22 375 5§91 643 138 863 667 036 177 1605 66g | 38
23 396 584 664 131 883 659 055 169 184 66o | 37
24 418 577 683 123 902 651 o074 161 202 651 | 36
25 439 569 703 ;3 922 643 °93 152 221 643| 35
26 461 562 726 108 0942 635 113 144 239 634 34
27 482 554 747 100 902 627 132 136 258 625| 33
28 504 547 767 092 982 619 151 125 256 617 | 32
29 525 539 788 o84 ]9 73002 611 170 119 294 6o8| 31
30 547 532 Bog 077 022 603 189 111 313 599 | 30
31 [9-70568 1 9°93525]9°71829 9°93069| 9 73041 19792595 | 9° 74208 |9' 921021 9" 75331 | 9- 91591 | 20
32 590 517 850 061 -1 587 227 094 350 82| 28
33 611 510 870 053 o1 579 246 o6 308 5§73 27
31t 633 502 Bg1 046 101 571 2065 077 386 565 26
35 654 495 18] 038 121 563 284 009 405 556 25
36 675 487 932 030 140 5§35 303 o6o 423 547| 24
a7 697 480 952 022 160 546 322 052 441 538] 23
38 718 472 973 o14 180 538 341 044 459 530| 22
89 739 463 994 007 200 530 300 035 478 s21| 21
40 701 457] 9° 72014 9" 92999 219 522 379 027 496 stz2| 20
41 | 9°7078219'93450]9°72034]9°92991 | 9° 73239 (9°92514 ] 974398 | 9°92018 | 9° 75514 | 9° 91504} 19
42 803 442 053 o83 259 500 417 o10 533 495 18
43 824 435 073 976 258 498 436 ooz 851 486 | 17
44 846 427 ogfi 968 298 490 455/9°91993 569 4771 16
45 867 420 116 960 318 482 474 985 587 469 15
46 888 412 137 952 337 473 493 976 6os 460 | 14
47 909 405 157 944 57 465 512 968 624 451 13
48 931 397 177 936 377 457 531 959 642 442} 12
49 952 9o 198 929 396 449 549 951 G6o 433| 1
50 973 ELF) 218 9121 410 441 508 942 658 425| 10
51 19°7099419°03375]9° 72238 19°92013]9°73435 | 9°92433]9° 74587 | 9°91934 | 0" 75696 |9 91416 9
62 gy 71013 367 259 903 455§ 428 o6 925 714 407| 8
63 036 b0 279 897 474 4106 625 917 733 308 7
5t o038 352 299 889 494 408 644 908 751 ol 6
65 679 344 320 881 513 400 662 goo 769 381 b
66 100 137 340 874 833 392 681 891 787 x| 4
67 121 329 360 866 552 384 700 883 8og 363 3
58 142 322 ELT] 88 872 376 719 874 823 384| 2
59 163 314 401 fso 501 3067 737 866 841 345 1
60 184 307 421 842 611 359 756 857 89 336y 0
’ Coe. Sin, Cos. ’ Rin. Cos. Bin. Cos. Bin. Cos. Sin. ’

50 5S° 57° 56° 55°
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TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

35° 36° 37° 38° 39°
! | Bin. ‘ Cos. 8in. l Cos. Sin, Cos. Sin. Cos. Sin. Cos. !
0 |975859/9°91336]9°76922 | 990796 | 9° 77946 (9790235 | 9* 78934 | 9-B96353] 9° 79887 | 9-Bgoso | €0
1 877 328 939 787 963 225 950 643 903 o40| 59
2 895 319 957 777 980 216 967 633 918 o30| 58
3 913 ato 974 768 997 206 983 624 934 ozo| &7
4 931 301 991 759] 978013 197 999 614 950 cog | 56
6 949 29219°77009 750 030 1871 9" 79015 6o4 965 |9'88999 | 55
6 967 283 026 741 047 158 031 504 981 989 | 54
7 983 274 043 731 of3 168 047 584 996 978 53
8 |9 76003 266 ob1 722 o8o 159 063 5749 80012 9681 52
9 ozt 257 o;8 713 097 149 079 564 025 958 51
10 ©39 248 °95 704 113 139 095 554 043 948 50
11 (9'76057 (9'91239]9 77112 99064 [9-78130|9°90130]9* 79111 |9 89544 ]9°BcosB |9 88937 | 49
12 075 230 130! 7 68 147 120 128 534 o74 927| 48
13 093 221 147 656 163 11 144 524 oy g17| 47
14 111 213 164 667 180 101 160 514 105 go6| 46
15 129 203 181 657 197 091 176 504 120 896 | 45
16 146 194 199 648 213 ofi2 192 495 136 886( 44
17 164 183 216 639 230 o7z 208 483 151 8551 43
18 182 176 233 630 246 063 224 475 166 865 | 42
19 200 167 250 620 263 053 240 403 182 855 | 41
20 218 158 2068 611 280 043 256 455 197 844 40
21 | 9776236 9-91149)9°77285| 9790602978296 (9°90034] 979272 | 9-89445 | 9'Bo213 (988834 | 39
22 253 141 302 592 313 ozy 288 435 228 824 38
23 271 132 319 583 329 o14 304 425 244 813( 37
24 289 123 336 574 346 003 319 415 259 8oz | 36
25 307 4 353 565 362 | 9°89995 335 403 274 793| 35
26 324 105 370 555 379 985 357 393 290 782( 34
27 342 09 187 546 393 976 367 185 305 772 33
28 360 oft; 408 537 412 966 ELE 378 320 761 32
29 378 o078 422 527 428 956 399 364 330 751| 31
30 395 oby 439 518 445 947 415 354 351 741| 30
31 |9°76413]| 9 91060977456 |9°90509 | 9- 78461 [9°B9937 | 9° 79431 | 9°89344 | 9 80366 |9-88730| 29
32 431 031 473 499 4;8 927 447 334 382 720 28
33 448 042 490 490 494 918 463 324 397 jo9( 27
34 406 0311 507 480 510 no8 4;8 314 412 699 | 26
35 484 023 524 471 527 898 494 304 428 688, 25
36 501 o14 541 462 543 888 §10 204 443 68! 24
a7 519 003 558 452 gho 879 526 284 458 668 | 23
38 537 :9°90996 575 443 576 869 542 274 473 657| 22
39 554 987 592 434 592 859 558 264 489 647 21
40 572 978 609 424 69 849 573 254 504 636 20
41 [9-76390|9°90960)9° 77626 9-go415] 9 78625|9 898409 79589 | 9 89244 |9 Bo319[9-8B626( 19
42 607 960 643 403 642 830 6o 233 534 615 18
43 625 931 660 396 658 f20 621 223 530 6og| 17
44 642 942 677 386 674 810 636 21} 565 5041 16
45 660 933 694 377 691 8o1 652 203 580 584] 15
46 677 924 711 368 707 791 668 193 595 573| 14
47 695 915 728 258 723 781 684 183 6o 563 13
48 712 90 744 349 749 778 699 173 615 552 12
49 730 By6 761 339 756 761 718 162 641 s42| 11
50 747 887 778 330 773 752 731 152 656 531 10
61 1976765 |9°90878|9 77795 19°90320] 978788 | 989742 9° 79746 [9'By142] 9 80671 |9 88521 | 9
b2 782 869 812 3 8os 732 762 132 686 510 8
53 800 860 819 301 811 723 778 122 yo1 499 7
54 817 LI 846 292 837 j12 793 1z 716 489 6
55 835 842 862 283 853 701 8og 101 731 478 3
56 Bg2 812 879 273 A69 693 823 091 746 468 4
67 870 823 890 263 BRA 683 840 oB1 762 457 3
68 887 LIFY 913 254 9o12 673 856 o7t 777 447 2
59 904 Bos 930 244 918 663 872 obo 793 436 1
60 921 796 946 235 934 653 LLH 050 8o7 433 ©
' Cos. Bin. Coe. I Sin. Cos. Sin. Cos. Bin. Cos. 8in. !

54° 63° 52° 51° 50°
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TABLE LII.—Logarithmic Sines and Cosines to 5 places of Decimals.

40° 41° 42° 43° 44°
/ Sin. Cos. Sin. Cos. Bin. Cos. Sin. | Cos. Sin. ‘; Cos. !
U {9°BoBoy|g'88425]|9'Brboy(9°87778 ) 9-8B2551|9-87107]0'83378 19 86413]0 84177 !9'85603| 60
1 822 4135 709 H¥ 505 006 392 401 190 681 | 59
2 837 404 723 756 I30] oBs 405 389 203 66g| b8
3 832 394 738 745 593 073 419 377 116 657! 57
4 867 383 752 734 607 062 432 366 229 645| 56
5 882 352 767 723 621 oso 440 354 242 632] 65
6 897 362 781 712 635 039 459 342 285 6201 54
7 912 351 796 701 649 028 473 330 269 6081 53
8 927 340 810 690 663 016 480 318 282 506 52
9 942 330 825 659 i 003 500 306 295 583 51
10 957 319 839 668 691 | 9-86993 513 295 308 571 50
11 |9'80972|9-88308 |09 81854(9-870657]9°82705)9°80982]9-83527|9°86283]9-84321 |9°Bggsg]| 49
12 987 298 868 646 719 970 540 271 334 547 48
13 [9-81002 28y 882 635 733 939 554 259 347 §34 | 47
14 o1y 276 897 624 747 947 507 247 360 §22| 46
15 032 260 911 613 761 936 581 235 373 s10| 45
16 047 255 926 6o1 778 924 594 223 385 497| 44
17 061 244 940 590 788 913 608 211 308 485 | 43
18 050 234 955 579 Roz 9o2 621 200 411 473 ] 42
19 ogt 223 969 508 816 890 634 188 424 400 41
20 106 212 983 557 830 859 048 156 437 448 | 40
21 |9'81121{9-88201]9°81998!9-87546]9 82844 |9 8068679 83661 |9-86164)9°84450(9'Bs436/| 39
22 136 919 82012 538 838 LEES 674 152 463 423 38
23 151 180 026 524 852 844 688 140 476 411 37
24 166 109 o041 513 885 812 701 128 489 399 36
25 180 158 055 501 899 821 715 116 502 386 385
26 19§ 148 obg 490 913 8og 728 104 (333 354 34
27 210 137 oBy 479 927 708 541 092 528 361| 33
28 22§ 120 ogf 468 941 780 78§ oBo 540 3491 32
29 240 1§ 112 457 955 775 768 068 853 337] 81
30 254 105 126 440 968 703 78 050 500 324 30
31 |9°81200|9 880949 82141 |9°87434|9 B2982(9°86752]9°837095 | 9°8Goy44 ]9 84579] 9 Bs312| 29
32 284 o8y 155 423 990 740 808 032 592 299 28
33 299 072 169 412]9 83010 728 B2 020 603 287 | 27
3L 314 001 184 401 023 77 834 ool M8 374| 26
35 328 o511 198 390 o037 703 8481985990 630 262| 23
36 343 040 212 358 o5T1 (DY) 861 984 643 250| 24
a7 338 029 220 367 oh3 082 874 972 650 237| 23
39 372 o018 240 330 078 6;0 887 900 669 225 | 22
39 387 ooy 255 343 092 631) nor1 948 682 212| 21
40 402 | 9" 87990 26 314 1006 647 914 936 694 200 20
41 |9-Big17 |9 B7985]|9-82283|9-87322]9-8B3120|9 86635 0°83927 |9 B5924]9 84707 | ¢ B5187] 190
42 431 975 297 3 133 G2y 940 912 7120 175 18
43 440 90y 3 300 147 612 954 oo 733 162 17
44 461 983 326 288 101 Goo 9067 888 745 150 16
45 475 942 340 257 174 589 980 8;6 758 1371 15
46 490 931 as4 266 [ &7 0993 ROy A 125 14
47 503 920 308 263 202 565] 09 Rq000 851 784 1z, 13
48 519 909 382 243 213 854 oz0 R39 796 100| 12
49 534 898 396 232 229 c42 033 Bz27 8o o87| 11
50 549 88; 410 221 242 830 040 815 822 o74| 10
61 [g-8156319°8;877]9°82424)09'8;200]0-83250 |9-86518]| 9 840:9!9'B5803| 984835 |9 85062 9
52 578 B6O 439 1! 270 FCH o2 791 847 049 8
63 502 Rgg 453 187 283 493 o83 779 8o o3y, 7
54 607 B44 467 17y 297 483 o098 760 B73 024 6
63 6212 833 481 164 3to0 472 112 y54 BEg 012 5
56 636 R22 495 153 324 460 12§ 742 898 [ 9°B4999 4
67 651 811 go9 141 338 448 138 730 gLl 980 3
59 hg 800 523 130 as 436 151 718 923 974] 2
69 680 780 537 g 304 425 1604 7ob 936 961 1
6O 694 778 551 107 378 413 177 693 949 949 O
! Cos. Sin. Cos. ‘ Sin. Cos, Rin. C'os, 8in. Cos, Sin. !
49° 48° 47° 46° 45°




( 106 )

TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17°, and Mean Refraction.

LaTITUDE 0°. LATITUDE 2°.
Hour
Auglo
bc&;:;\ror Correc- Correc- Corree- Correc-
S tion for tion for tion for ) tion for
Cutll-l:)]l;nn Azimuth. | Increment ill)g:\:fl';t Increment | Azimuth. | Increment I}\Il]g”l,“:flnL Increment
' of 10” in “ | of 107 in of 10" in HEE | of 10”7 in
N.P.D. N.P.D. N.P.D. N.P.D.
b m o s ” ” o ’ " ” ] ! ” " o ’ " ”
01§ o 5 2 + o003 137 24 + 998] o 5 3 + o065 329 53 + 9°'98
o 30 o010 3 1°31 1 36 58 9°91 o010 4 1°31 3 29 25 9 91
0 45 o135 1 1795 1 36 13 981 o115 3 1796 3 28 37 9°81
1 o o 19 56 2°59 13513 9°06 o 19 58 2'60 3 27 31 9-66
I 0 24 4§ 322 1 33 52 947 o 24 47 323 326 8 9°47
1 30 o 29 28 3°83 13217 924 o 29 31 3784 3 24 25 924
1 45 o34 4 4742 | 1 30 24 8:97] 034 6 444 ] 322 27 8-97
z o o 38 30 5°'00 1 28 17 8:66 1 o 38 33 502 3 20 10 866
2 1§ © 42 47 5°56 I 25 83 831 0 42 50 558 317 38 8 1
230 | ©46 33 609 12312 7°93 | © 46 56 6 ar | 31448 7°93
2 45 o 50 46 6°6o 1 20 16 752 o 50 50 662 3 IT 44 782
3 o 0 54 27 7°97 117 9 7°07 1 © 54 31 7709 3 827 7°07
3 20 o 58 59 766 1 12 38 643 o 59 3 768 3 341 642
340 ro3os 819 1 746 57731 1 3 9 Bzt | 2 g8 36 5773
4 O 1 6 41 8-66 1 2 34 500 1 643 8-68 2 53 15 4799
4 20 1 947 906 o357 7 4°23 1 9§51 9-o8 2 47 42 4°22
4 40 112 21 940 ] o 51 42 342 foI12 23 942 2 41 30 341
5 o 114 23 906 o 46 13 2°59 114 26 968 z 35 51 23
5 20 115 50 9°85| o 40 42 I'74 1 115 53 987 229 43 1°73
Elong 117 o 10°00 | o 29 25 ooo}l 117 3 10°01 217 13 0°01
& 8 hm s s
Elong.st] 6 o o 0°00 55949 | — ooz
o ’ " ”
6 40 . tag sz 4+ 986 2 435 | = 1°73
7 0 . 1 14 24 967 1 58 27 2-6o0
7 20 112 23 941 152 35 3743
7 40 . . 1 948 97| T47 2 4724
8 o . . 1 6 42 807 } 41 40 5 ot
# 20 N " 1.3 5 B-zo | 1 36 31 574
8 40 o 59 ©O 707 T 31 42 643
9 o . o 54 27 7-o8 127 x2 707
915 R 0 50 47 6-6o 124 § 7°52
9 10 . o 46 53 609 12113 7793
9 45 . . 0 42 47 5750 1 18 32 831
10 o o 18 30 §°00 116 9 8-66
19 1§ . , o34 3 442 11357 8797
10 30 o . o 29 28 3°83 112 1 924
10 43 . . o 24 45 322 1 10 26 947
11 o . . e . o 19 56 259 1 9 6 966
11 1§ . " o115 1 1°95 T 8 2 981
11 30 . o 10 131 1 7 20 991
11 4§ . . o 5 2 0°065 1 b g0 998




( 107 )

TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17’, and Mean Refraction.

LATITUDE 4°, LaTITUDE 6°,
Hour
Angle
bcg‘;{fror Correc- Corree- Correc- Correc-
] . tion for § tion for tion for tion for
¢ ullil'_l)]lllnu- Azimuth, |Incrcment ﬁlljtpinl((ilft Increment| Azimuth., |Inerement %’Eﬁ:{: Increment
’ of 10" in Hude | of 10” in of 10” in * | of 10" in
N.P.D. N.’.D. N.’.D. N.I.D.
h m o ’ 4 ” o s ” " o 7 " " o ’ " ”
o 15 o 5 3 + 066 | 526 2 + 9°981 o 5 5 + o066 ] 7 23 52 + 998
o 30 o10 6 1°32 5 25 33 9 91 o10o 8 132 7 23 23 9'91
°©45 | 015 § 1796 | 5 24 43 9'8t] o015 9 197 | 7 22 34 981
1 o 020 1 261 5 23 38 9'66 ] o020 3 2°62 7 21 26 966
g 0 24 51 3724 | 5 22 12 947 | o 24 57 3-25] 720 o 947
1 30 0 29 35 386 5 20 28 924 o 29 42 3°87 718 14 9°23
1 45 0 3412 445 5 18 20 897 0 34 19 4 47 716 11 896
2 o o 38 39 5°03 5 16 7 866 o 38 48 I-H 7 13 §1 865
215 | 042587 5759 ) § 13 30 8:31] 043 6 6] 71113 830
23 | o47 3 613 510 39 7793 o047 14 6151 7 819 792
245 | o 50 B 664 5 732 7751 | o5t 9 6661 7 510 751
j o o 54 39 77121 5 410 7°06 | o 54 1 7704 | 7 146 706
320 | 035912 7°71 | 4 59 20 64z ] o 59 24 7°73] 6 56 53 641
340 | 1 307 8241 454 9 sz o2 826 ] 651 38 5772
4 o 1654 871 ] 448 39 499 1t 7 B B:73] 646 3 498
4 20 110 0 911 4 42 52 4721 1 10 1§ 9-13] 6 40 11 4°21
440 | 112 34 944 | 4 36 52 340 112 49 946 | 634 3 3°40
5 0 1 14 35 9701 4 30 38 2°57 114 50 9°72| 627 47 2'57
5 20 116 2 98y 4 24 17 1772 1106 17 9 9t 6 21 20 172
Elong. 117 11 10'03 | 4 11 26 [-3-¥ 117 23 10'00 6 8 23 ooz
h m s ) kEm s 8
Elong. at] 5 59 38 — o0°'0§ 5 §9 28 - o0'05
o 4w " o s u "
6 40 116 o + 9'8R] 3 58 21 — 155 116 13 + 9By 555 7 - 176
7 o UIg 32 969 352 4 2:60 114 44 950l 5 48 41 2°61
7 20 112 30 942 ] 3 45 50 343 112 42 943 | 5 42 23 344
7 40 I 9 &§ 909l 340 1 424} 110 6 g9-10] 5 36 21 4725
8 o T 6 48 868 3 34 19 501 1 6 59 869 5 30 32 502
8 20 1 30 B-21 3 28 54 574 1 3 20 822 525 575
8 4o °59 4 7671 323 47 644 ] 05913 768 ) 519 48 644
9 o | o 5431 7081 319 3 708 | o 54 40 709 § 1459 708
915 | o=zos0 6:61 1 31547 7'52| o 5o &8 661 ] 51137 7°53
9 30 o 406 g6 G'1o] 31243 794 | o047 3 610 5 B 31 704
945 | o420 S57 ] 3 9 54 832 | o 42 56 57 ) 5 539 B3z
1o o o a8 33 5 o1 3 7 20 8:66 | o 38 38 gorl 5 3 5§ 8-67
10 1§ 034 6 4°43] 3 5 & 897 | o341 4'43] 5 045 898
10 30 0 29 30 383 3 3 s 924 | o 29 34 2B3] 458 45 924
10 45 | o 24 47 a2z 3 124 947 | o 24 50 322 457 1 9'47
1 o | o9 gy 2590 z 59 59 966 | o020 o 259 | 455 37 966
1noig o5 2 1’95 | 258 54 98] o5 4 951 4 54 3t 981
1t 30 o 10 ¢ 1° 31 258 0 9 91 o 1o § 131 4 83 42 9°92
11 45 o 5 2 05| 257 40 9'98| o 5 3 065] 435314 9°98
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TABLE LITI.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17, and Mean Refraction.

LATITUDE 8° LATITUDE 10°.
Hour '
Angle
beﬁ?;':ror Corree- Correc- Corree- Correc-
S, tion for tion for tion for tion for
Cut];;l]na Azimuth. |Increment ?\Iljll::::ltt Increment ] Azimuth. | Increment ‘i}ﬁq:‘:am’ Inerement
) of 10” in * | of 10 in of 10 in| © % | of W in
N.P.D. N.P.D. N.P.D. N.P.D.
" m ® ’ ” " o ’ n " o ’ ”n ” o ’ " ”
o 15 o 5 6 + o67| 922 29 + 998) o 5 8 + o671 21 32 + 998
o 30 o 10 11 1'33) 9 22 o 9'91 | o 10 1§ 1'3¢ {1121 3 9791
0 45§ o115 13 198 9 21 11 9-81 o135 19 2'00 ] 11 20 14 981
| ] o 20 11 2°64]| 920 3 9°66 1 o 20 19 2605|1119 5 9°66
113 o025 4 327 9 18 36 9°47 ] © 25 14 3730 f1r 1y 38 9°47
1 30 o 29 31 390 9 16 49 9z o3 12 392 | 11 15 a2 923
1 45 o 34 30 4°50| 9 14 46 896 1 o 34 43 4753 ) 11 13 47 B-96
2 o o 38 59 5'09] o 12 24 865 o 39 14 5 11 11 2§ 8-65
218 0 43 19 563 9 9 46 B-30] o 43 33 561 8 46 830
1 30 o 47 28 6" 19 9 6 50 792 0 47 45 6-23 11 5 51 5792
2 45 o g1 24 6:50] 9 3 40 vs0) o 51 43 675 1t 2 39 750
3 o o055 7 7719 9 o135 7705 o 55 27 7723 ] 10 59 14 7703
3 20 o 50 41 778 8 55 20 641 1 o 3 7°83] 10 54 18 640
3 40 I 349 831 8 50 4 571 1 4 12 B-37 ] 1049 o 57t
4 o 1727 879 | 8 44 26 408 ) 1 781 8:84 ] 10 43 22 4797
420 | 11034 919 8 38 32 4'20] 110359 924 | 1o 37 26 4'19
4 40 113 9 9-52 8 32 24 3°39 T 133 95 1o 31 16 338
5 o 115 10 958 8 26 4 2756 t 15 36 0'Ry | 10 24 34 2°585
§ 20 116 37 9971 B 19 34 1t 117 3 1002 | 10 18 23 1°70
Elung. 117 43 10°10] 8 6 35 0°03 118 11 1016 | 10 5 25 0°'04
A om s : hm s 5
Elong.at| 5 59 17 — o°09 559 6 - o'r2
o 4 u " o s u "
6 40 116 32 + 994)] 7331 9 - 156 116 57 + 1000 ] 9 31 52 - 177
7 o 13 3 978 7 40 41 2°61 11g 27 0'Bo ] 9 45 23 2°62
7 20 Iz 59 948§ 7 40 22 344 113 22 053] 930 12 345
7 40 11013 914} 7 34 16 4 25| 110 45 9°191 9 32 54 4°26
8 o r 714 8731 7 28 23 §oz ) 1 738 By7 ] 927 o 503
Bz2o | 1 335 Bab | 7 22 48 75l v 354 B-29| 9 21 24 5 76
B4o | o359 27 7ie ) vy a4 6-45 | © 59 43 7775 ] 916 B 645
9 o o 54 52 712 | 712 42 709 o535 8 sl 9 ar g 7oy
915 | ost 9 6641 7 918 753 o851 24 6661 9 7 st 7783
9 30 047 13 613 7 610 7'95 | o 47 27 615 9 4 41 7°95
0 45 043 § 539 7 3147 8:33) o043 18 g6z 9 147 R 13
10 o o 38 47 503 7 o4 B:67 | o 38 58 s'o5| B 5910 8:07
1015 | o 1418 445| 6 5B 20 898 | o 3428 447 856 50 898
10 30 0 29 40 R 6 56 18 924 o 2949 3'86 | 8 54 40 92
10 45 | © 24 35 3723 | 6 54 33 947 | ©25 3 3t23 ) B R3 9747
I o o2 4 260 653 7 966 | o 20 10 2°61 B 51 38 9066
1noag o1 8 1’96 652 o 981 ] o512 1'g7 | 8 50 126 981
11 30 T- I 13 ] 651 9921 o 10 10 19721 B 49 38 9°02
1t 45 ° 5 4 ofis | 6 50 43 998 o 5 6 o066 | 849 9 998




( 109 )

TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17, and Mean Refraction.

LaTI1TUDE 12°, LATITUDE 14°,
Hour
Aungle
be;(z:gl‘or Correc- Correc- Correc- Corree-
. tion for tion for tion for tion for
Cutlil;;nn- Azimuth. | Increment ﬁxl’gf:cd’;t' Increment| Azimuth, |Increment itp':rflm Increment
' of 10" in ’ * | of 10" in of 10" in wude. | of 10” in
N.P.D. N.P.D. N.P.D. N.P.D.
h m -] r " " L I " " o !’ ”n ”n o ’ ” "
o 135 o 5 I0 + 068] 1320581 | + 9'98] o 513 + o069 152019 | + 998
o 30 o 10 20 1°35 ]| 13 20 21 991 o 10 25 1°36 | 15 19 49 9°91
o 43 o115 26 201 | 13 19 32 981 o 15 34 z 03| 1519 1 981
1 o o 20 28 267 ] 1318 24 9661 o 20 39 2'50] 15 17 52 9°66
118 o 2§ 2§ 3°32 ] 1316 36 9°47 | o 25 39 3°36 ] 15 16 23 9°47
I 30 o 3016 3'95( 13 15 10 9'23]1 o0 30 32 3991 15 14 37 97123
145 | o34 58 4561 1313 4 8961 o35 17 461 1512 32 B g0
2 o o 39 32 5716 | 13 10 42 863 0 39 53 §'22 | 15 10 10 8:65
215 | ©43 53 5'73] 13 8 3 830 04418 579 15 729 830
2 30 o048 7 627113 5 7 792 | o 4B 32 6-34{ 15 433 7791
2 45 o052 6 679 ] 13 1 36 7'50| o 52 33 6:86 ] 15 1 22 7°49
3 o | o355 58 7728 1 12 58 29 7705 | o 56 20 7°36 ] 14 57 55 7'04
3 20 1 0 30 788 | 12 53 32 6°40 LI T | 496 | 14 52 58 639
340 I 440 842 | 12 48 13 57701 1 513 8511 14 47 38 570
4 © 1 8 20 890 | 12 42 35 4'96 1 8 55 899 | 14 41 59 4°96
4 20 111 29 930 ] 12 36 38 418 t12 6 9'40 | 14 36 2 418
44 | 114 6 964 | 12 30 27 37| 11443 9'74 | 14 29 81 3°37
5 o 116 B 9'gof 12 24 4 254 116 46 10'00 | 14 23 27 2°53
5 20 117 35 10°08 | 12 17 32 1°69 1 18 14 10°98 | 14 10 335 1-68
Klong. 1 18 43 10'23] 12 4 37 0'o§ 1 19 21 10°31 4 4 1 000
hom s ) hm s s
Elong. at] 5 58 s§ - o'14 58 43 - o1y
o ’ " " o ’ 1" "
6 40 1 17 28 + 1005 | 115058 | — 1°:8 118 g + 10'14 ] 138017 | — 1'%9
7 o 118 57 985 | 11 44 27 263 ] 116 33 994 | 13 43 46 264
7 20 11381 9-58] 11 38 6 346 1 14 20 9°06 | 13 37 25 347
7 40 111 12 9-23 ] 1t 31 87 4727 T 11 4§ g 31 ) 13 31 18 4727
8 o 1 8 1 881 ] 11 26 2 504 1 B 32 R-8g ] 13 25 20 5§04
8 20 1 419 B33 11 20 26 5197 1 4 48 Bqo| 13 19 43 577
8 40 1.0 7 7779 1115 9 645 1 o035 7°85] 13 14 26 646
9 o o 55 29 718 ] 1110 15 7°09 | © 55 54 7724113 9 710
915 | o351 43 6:69] 11 6 5o 7°53| o052 7 675 13 6 6 784
93 | 04745 6:18] 11 341 7905 | 048 6 621| 13 256 7-95]
9 45 0 43 34 564 ] 11 o 46 8:33] 04353 508113 o 2 833
to o 0 39 12 5'07] 1058 8 B-67] o039 30 511 | 12 57 24 8-67
10 1§ © 34 40 4749 | 10 55 47 898 | o 34 56 4'52 | 12 8§ 3 8-98
10 30 030 o 388} 10 53 44 924 | 03013 391 | 12 52 g9 9°24
10 45 o 25 12 326 ] 10 51 59 947 | o 25 23 329 12 51 14 9°47
11 o o 20 17 2:62 ] 10 50 32 9°06 1 o 20 26 2°64 ] 12 49 48 966
11138 01§ 17 1°98 | 16 49 24 9°R1 o 15 24 199 | 12 48 39 981
11 30 o 10 14 132 | 10 48 35 9°92 o 10 1R 1733 ] 12 47 5o 9°'92
11 45 o 5 8 066 | 10 48 6 9981 o 5 10 067 | 12 47 21 9'98




( 110 )

TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17, and Mean Refraction.

LATITUDE 16°. LATITUDE 18°,

Hour

Angle

bﬂﬁ?{:ror Correc- . Correc- Correc- Correc-

[ tion for tion for tion for tion for
C“L]il‘;':na Azimuth, |Increment ﬁg:‘:‘&zt Increment| Azimuth. | Increment ﬁg::gx;t Increment
’ of 10" in * | of 10" in of 10" in * | of 10" in
N.P.D. N.P.D. N.P.D. N.P.D.
h m -3 ’ ” i L 4 " " o ’ ” ” o ’ " ”
o 15 o 5 16 + o069 171955 | + 998] o 5 20 + o'70] 1919 35 | + 9°98
o 30 o 10 31 1°38 | 17 19 23 991 | o 10 39 1'39] 19 19 5 9°91
o 43 o 15 44 2'06 ] 17 18 36 98] o 15 55 208 ] 19 18 16 9°8o
1 o 0 20 52 273 17 17 37 9'65] o21 6 2°76] 1917 6 965
115 | o235 55§ 339 1715 58 946 | o026 13 3'43| 19 15 38 946
1 30 o 30 50 404 17 1412 923 o 31 12 4'08 | 19 13 52 9°23
143 o 35 38 466 17 12 7 8:95] 036 3 471 | 19 11 46 895
z o | 0417 527 ] 17 943 8:64] o 40 45 5:33| 19 9 23 8:64
315 0 44 45 58] 17 7 4 8-29 ] o 45 16 5'92| 19 6 43 829
2 30 049 I 641 17 4 8 7°91 ] ©49 35 6:48] 19 346 7°90
245 | 053 8 6'94] 17 o358 7°49 | 0 53 4t 7°01 | 19 0 34 748
3 o ]| 05654 7°43 | 16 57 28 704 | o 57 33 7°51 | 18 57 7°03
3 20 1137 8-05 | 16 52 31 6°39] 1 219 8'13] 1853 ¢ 638
3 40 1 5§ 52 8:60 ] 16 47 110 569 1 6 36 8:69 ] 18 46 48 5 69
4 o 1 9 36 9-08 ] 16 41 31 4795 1 10 22 9-17] 1841 8 4'98
4 20 112 48 949 | 16 35 33 4-17 | 113 36 959 | 18 35 10 4°17
4 40 1 15 26 983 ] 16 29 21 336 116 16 9'93 | 18 28 58 336
5 o 117 30 10009 | 16 22 58 2°83 118 21 10019 | 18 22 34 2°52
5 20 118 38 10°28 | 16 16 25 1°68 1 19 50 10°38 1 18 16 1 1°67
Elong. 120 6 104t { 16 3 35 006 1 20 58 10°52 | 18 3 14 o'oY
hm s ) km s [}
Elong. at] s 58 32 - o019 5 58 20 - 0°'22
o ’ ” " o , “" ”n

6 40 1 18 48 + 10°24 | 154946 | — 179 1 19 38 + 10°33] 17 49 21 | = 1°Bo
7 o 117 15 10°03 | 15 43 14 264 ] 118 3 1012 | 17 42 49 2°63
7 20 115 6 9°75 | 5 36 53 3747 | 115 53 983 ] 17 36 27 348
7 40 112 24 9°39 | 15 30 42 428 113 9 947 | 17 30 17 4°28
8 o 1.9 9 8:96 ) 15 24 47 s'o5] 1 9 52 904 | 17 24 22 5705
B 20 1 5 23 847 | 15 19 10 578 1 6 3 854 ] 17 18 44 578
8 40 11y 7792 | 15 13 53 646 ] v 1 44 708 | 17 13 27 647
9 o o 56 23 7:30 15 8 88 7 10} o g6 58 736 ] 17 8 32 711
915 | ©5234 6:80 | 15 5 33 754 o853 6 6861 17 5 6 7°55
930 | o48 31 6:28 | 15 1223 7°96 1 049 1 633) 17 157 7796
9 45 0 44 16 5773 ) 14 59 28 8341 o444 43 5§77 1659 1 B34
10 o o 39 50 515 ] 14 56 g0 B:68 | o 40 14 519 ] 16 56 24 868
10 1§ o 35 14 4°56 1 14 54 29 B98 | o 35 33 4°59| 1654 2 898
10 30 | o 30 29 394 | 14 52 26 925 | © 30 47 397] 16 51 59 928
10 435 o 125 36 3°131] 14 50 40 9°48 | o 25 51 3'34| 16 50 13 9°48
1 o o 20 36 2°66 ]| 14 49 13 9:66 | o010 49 2°68 | 16 48 47 9° 06
1n 1s o 15 32 2°01 ]| 14 48 3 98t ] o115 41 2°02 | 16 47 39 981
11 30 o 10 23 1"34 | 14 47 16 9'9z2 | o110 30 1°35 | 16 46 s0 992
11 4% o 5§12 067 | 14 46 47 998 o g5 15 068 16 46 21 9-98
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TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1°17’, and Mean Refraction.

LATITUDE 20°. LATITUDE 22°,
Hour
Angle
bei(}:sror Correc- Correc- Correc- Correc-
: tion for tion for tion for tion for
Cutl;;:;nu- Azimuth. |Increment ﬁ??rﬁnb Increment| Azimuth. |Increment ﬁlﬁ::?i? Incremont
’ of 10" in Hude. 1 of 10" in of 10" in " | of 10" in
N.P.D. N.P.D. N.P.D. N.P.D.
h m o ’ " " o ’ " " o ’ ” " Q ’ " ”n
o 15 o 5 24 + o711 ] 211918 | + 998) o 5 29 + o752 2319 4|+ 998
o 30 0 10 47 1740 ] 21 18 48 9°91 o 10 56 1°44 | 23 18 35 9°91
0 45 o116 7 2711 | 21 17 58 9'8 | o016 21 2'15 | 23 17 45 980
1 o o 21 23 2°80 ] 21 16 go 9:65| o 21 41 2'85 | 23 16 36 965
115 o 26 33 348 ] 21 15 22 946 ] o 26 56 3'54| 2315 8 9°46
1 30 o 31 36 4714 ] 21 13 34 9°23] o032 3 421 ] 23 13 20 9°23
1 45 o 36 31 478 21 11 29 893 037 2 4°86 | 23 11 14 895
2 o o 41 16 541 ] 21 9 6 8:64] o 41 51 5'490] 23 8 33 8-604
21§ 0 45 50 6-01 | 21 6 23 8:29| o 46 30 6'10] 23 6 11 829
2 30 o 50 13 6:58] 21 3 28 7:90| o 5o 56 6:6701 23 313 7°90
2 45 o 54 22 7712 21 016 7748 os55 8 7732 23 o0 o 7°48
3 0 o 58 17 7:62 | 20 56 48 7°03] os9 6 774 | 22 56 33 7oz
3 20 1 3 6 B:25] 20 51 50 6-38 I 4 © 8-38 | 22 51 34 637
3 40 t 726 8:82 | 20 46 29 508 1 B 23 8:94] 22 46 14 567
4 o 1 rr I3 931 ] 20 40 49 494 ] 1 1275 9°44 | 22 40 33 4°93
4 120 1 14 31 9°73 ] 20 34 51 416 115 33 9'86 ] 22 34 34 4°15§
4 40 117 13 10'07 | 20 28 38 3'35 118 17 10°22 | 22 28 21 3°34
5 o 119 19 10°34 | 20 22 14 2751 1 20 24 10°48 | 22 21 §7 2°50
5 20 1 20 49 10'53 | 20 15 41 1'66 1 21 55 10°67 | 22 15 23 165
Elong 1 21 §7 10065 | 20 2 §7 o' o8 123 3 1079 | 22 2 44 o'og
hom $ Rk m s )
Elong. at] 558 8 [ — o'24 55756 [ — o2y
o ’ " " o ’, " "
6 40 1 20 3§ + 10°47] 1949 o [ = 18t 121 39 + 10°60 ] 21 48 43 | — 1°'B2
7 o 118 59 1025 | 19 42 a8 2°66 I 20 2 10°39 | 21 42 10 2767
7 20 16 gy 9961 19 36 5 3749 117 48 1009 | 21 35 48 350
7 40 T4 1 9°59 1 19 39 5§ 4'29 | 1 14 59 9°72 | 2t 29 37 4'30
8 o 1 10 41 916 ] 1924 o 500 111 36 9-27 | 21 23 43 5°07
8 20 1 6 49 B:65 ] 19 18 23 g0l 1 14 856 ] 21 18 4 580
8 40 1 225 BoB | 1913 5 647 T 315§ B 18 | 21 12 47 6°48
9 © ° 57 a7 7°45] 19 810 7111 o 58 21 7°S4 ] a1 753 7711
915 0 53 42 694 | 10 445 7°85 | © 54 23 703 2t 4 28 7°58
9 30 o 49 34 641 1 1 3% 7'96] o 50 12 6:48] 21 1 18 796
9 45 045 13 5'84 ] 18 ¢8 41 824 | o 45 48 5§91 ] 20 58 23 8-34
10 o o 40 41 5 25| 18 56 2 8:68] o0 41 12 §°32 | 20 55 45 868
10 15 o 35 59 465 18 53 42 B98 | o 36 26 4'70 | 20 83 24 8:98
10 30 o 31 8 402 | 18 51 38 9'25 | o 31 31 4'06 | 20 g1 a2t 925
10 45 o126 8 338 | 18 40 52 9°48 | o 16 28 341 ] 20 49 3§ 9°48
1 o o121 3 2°71 ] 18 48 a5 966 ] o 21 19 295 20 48 8 9°66
1o 015 52 3'05 | 1R 47 18 981 o116 4 2'07 ]| 20 47 © 981
11 30 o 10 37 1°37 | 18 46 29 992 © 10 4§ 1°38 | 20 46 11 9°92
11 45 o § 19 ‘69 ] 1B 46 o 9'g8 o 5 13 0'69 | 20 45 43 9'98




( 112 )

TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1°17’, and Mean Refraction,

LATITUDE 24°. LaTiTUDE 26°.
Hour
Angle
be‘fl?:gror Correc- Correc- Correc- Correc-
. tion for tion for tion for tion for
Cutvlil:!;nn Azimuth. |Increment i{’g:&g‘;t Incroment| Azimuth, |Increment ‘Alli)tﬁ:;tl:t Increment
’ of 10" in * | of 10" in of 10" in " | of 10" in
N.P.D. N.P.D. N.P.D. N.P.D.
h m o ’ " " o ’ " " o , " ” o ’ " "
o 1§ o 5 34 + o073} 251853 [+ 998) o 5 40 + o'75] 271842 | + 998
o 30 o1 7 1°46 | 25 18 23 9 g1 o111 18 1°49 | 27 18 12 9°91
0 43 o 16 37 2018 | 25 17 33 9'Bo| o 16 54 2722 | 27 17 23 980
1 o o022 2 2:89 ] 25 16 24 9'65 | o 22 23 2:95 | 27 16 14 9°65
11§ o 27 21 3°59 | 25 14 §§ 946 ] o 27 50 3°66 | 27 14 45 9°46
1 30 o 32 34 427 | 25 13 8 9°23] ©033 7 4°36] 27 12 58 922
145 | © 37 37 4'93] 25 11 2 B-95 | o 38 16 57031 27 10 52 8:94
2 o o 42 31 5571 25 8 39 8:64] o 43 13 5681 27 8 28 8:63
215 0 47 13 6191 25 5 38 8281 o048 2 6-31 1 27 5 46 8-28
230 | 05143 677135 3 1 7'89 | o052 37 691 | z7 2 50 7°89
245 | 056 o 7°33 | 24 59 47 7°47 | © 56 58 7°48 1 26 39 36 7°47
3 o 1 o 2 7°85 | 24 56 20 7702 1 1 3 801 ] 26 56 8 7°01
3 20 1 4 59 850 ] 24 51 21 637 1 6 6 8:67 | 26 51 10 6°36
340 | 1 9137 907 | 23 46 o 5§67 11037 9'25 ] 26 45 48 566
4 o 113 22 9°58 ] 24 4018 4'92 114 36 9'76 | 26 40 6 4'92
4 20 116 43 10°00 | 24 34 20 4'14] 118 o 10019 ] 26 34 8 4714
4 40 1 19 28 10°36 ] 24 28 7 3'33 1 20 48 10°56 | 26 27 55 3°32
5 o 1 21 37 10063 | 24 21 42 2°49 122 59 10°83 | 26 21 29 2°'49
5 20 123 9 10°82] 24 15 9 1°64 | 1 24 32 1102 | 26 14 56 1:63
Flong. 124 17 10°95 | 24 2 33 o'10 I 25 40 113 ] 26 2 24 o'11
A m s z A m s s
Elong.at] 557 43 [ — o°30 5573 [— o33
el ’ ” " o ’ " "
6 40 122 §2 + 10°74 ] 23 48 26 | — 1°R3 134 12 + 10°93 | 25 4813 | — 1°84
7 o 120 12 10°52 | 23 41 55§ 2:68 1 22 31 10°71 | 25 41 42 2'69
7 120 118 56 10°22 | 23 35 33 3751 1 20 12 10°40 | 25 38 19 351
7 40 116 4 9841 23 29 22 4° 31 117 1y 10'01 | 25 29 9 4" 3t
8 o 112 38 9°39 | 23 23 27 s'o8 1 113 47 9°%5 ] 25 23 13 508
8 20 1 8 19 8-87 | 23 17 50 580 1 9 45 9'oz | 25 17 36 581
8 40 1 410 8-28 | 23 12 32 648 1 510 8:42] 25 12 19 6°49
9 o 059 11 763 23 7 38 712 10 7 7776 | 25 7 25 712
9 15 o 55 10 yrir | 23 4 13 756 ] os56 2 7'23] 25 4 o 756
9 30 o 50 55 6:s6) 23 1 2 7°97 o 51 43 6:67 1 25 o go 7°97
9 45 © 46 37 5'98 | 22 5B 9 834 | o047 10 608 | 24 57 356 835
10 o o 41 47 5381 22 55 30 8:68] o 42 26 547 | 24 55 18 869
1015 | 023635y 476 2253 9 808 037 32 484 | 24 52 87 8-99
10 30 o 3t 58 4°11 ) 22 51§ 925 ]| o 32 28 418 | 24 50 53 926
10 43 o 26 g1 345 | 22 49 21 948 | o 27 16 3's1 | 24 49 8 948
11 o o 21 37 278 | 22 47 54 9:66 ] o z2r 37 3'Ba | 24 47 42 967
11 1§ o 16 17 2 10 | 22 46 40 981 o 16 32 2°13 | 24 46 34 981
1 30 © 10 54 1°40 } 22 45 §7 992 ] o1l 4 1742 1 24 45 4§ 9°92
IT 45 o 5 28 o'70 | 22 45 28 998 | o 5 33 o'71 | 24 4516 998




( 13 )

TABLE LIIT.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17’, and Mean Refraction.

LATITUDE 28°. Latitupe 30°.
Hour
Angle
beicg:ror Correc- Corroc- Correc- Corree-
. tion for tion for tion for tion for
Cu:;:;llna- Azimuth, |Increment i’mxgt Increment | Azimuth. |Increment ﬁ’l’g::g;ﬁ Incroment
' of 10” in " | of 10" in of 10" in * | of 10" in
N.P.D. N.P.D. N.P.D. N.P.D.
" m ° ’ " ”n ] ’ ”n ” o ’ " v -] ’ " ”
o 15 o § 46 + o076 2918 34 ( + 998 o 5§ 54 + o8] 3t 1826 | + g'g8
] 30 o 11 31 l'52 29 18 4 9()1 o 11 45 1'55 ki l7 56 9'9[
0 45§ o 1713 2°27 | 29 17 14 9'8o o 17 34 231 | 3117 6 9°8o0
I o 0 22 50 3o1] 2916 g 9651 o 2318 3'07 ] 31 15 §7 9°05
11§ o 28 21 374 | 29 14 36 9'46 ] o 28 56 381 | 31 14 28 9° 46
1 30 © 33 45 4°44 | 29 12 48 922 | o 34 26 4°53 | 3t 12 40 922
145 ©39 o 5°13 ] 29 10 42 8-94| o 39 47 §°23 | 31 10 34 8-94
2 o 044 4 5'80| 29 818 8:63 ]| o 44 58 59t ] 31 8 ¢ B-63
2 1§ o 48 56 6:44 | 29 5 37 B'27 1 o 49 56 656 | 3t 5 28 8.2y
2 30 o 33 36 7°04| 20 2 40 7°88 | o 54 42 718 ] 31 2 3t 788
245 | o558 1 7°62 | 28 59 26 7°46 | © 59 12 7°77 | 30 59 17 746
3 o 1 212 8:16 | 28 55 58 7°01 1 327 8:32] 30 55 49 7°'00
3 20 1 719 8:83 ] 28 50 58 6°36 1 8 41 9’0o | 30 50 49 635
3 40 111 86 942 | 28 45 37 566 113 23 9 60| 30 45 28 565
4 o 115 59 995 28 39 55 491 117 39 1o'13 1 30 39 43 4°90
4 20 1 19 26 10°39 | 28 33 57 413 121 1 10°58 | 30 33 46 412
4 40 123 17 1075 | 28 27 43 33t 123 8§ 10°95 | 30 27 33 33
5 o 1 24 30 t1‘o3 | 28 21 18 248 t 26 10 11°23 | 3021t 3 2°47
5 20 1 26 3 122 | 28 14 43 1°62 1 27 435 t1 42 | 30 14 33 161
Elong. 1 27 13 11°33 ] 28 2 16 o012 1 28 55 11's5 | 30 2 10 0'13
A om & N Am ¢ £
Elong.at] 5 57 16 [ — o°35 557 3 - 039
-] ’ ” " o ’ " "
6 40 1 25 43 + 11m13 | 27 48 1 - 1'8% 1 27 22 + 1132 29 47 50 | — 1°8B6
7 o 1 23 58 10°8g | 27 41 30 2° %0 1 25 30 11'oB | 29 41 19 27
7 20 121 37 10°67 | 27 35 7 352 12311 1075 | 29 34 56 3'83
7 40 118 38 10018 | 27 28 §7 4'32 120 9 10°35 | 29 28 46 4°33
8 o 115 § g 71| 27 23 2 5709 t 16 30 o987 | 29 22 §¢ 5§10
8 20 110 37 9 17| 27 17 25 581 11218 9:32 ] 29 15 14 582
B 40 1 618 8:56] 27 12 649 t 7 33 8501 29 11 §7 650
9 o 1 1 9 7'89 ] 27 713 y 13 1 218 Bo2] 29 7 2 713
9 15 057 o 7°35 ] 27 349 7°57| o8B 4 7'471 29 3 39 7°57
930 | o5z 36 6781 27 o 39 798| o 53 38 6-89 | 29 o 29 7°98
9 45 © 47 59 618 | 26 57 44 8-35] o048 53 6:-28 1 28 57 35 835
10 o 0 43 10 556 ) 26 55 6 8:069| o043 s8 5°651 28 g4 §7 86y
10 1% o 38 10 491 ] 26 52 45 899 | o 38 53 499 | 28 52 36 B-99
1o 30 ©33 1 4-25 | 26 50 43 926 o 33 a8 4°32] 28 o 32 926
10 45 0 27 43 356 | 26 48 57 948 ] o 28 14 3°6z ] 28 48 48 948
I o 0 22 i9 2°87 | 26 47 31 967 ] o 2244 2'92 | 28 47 21 967
1 o1g 0 16 49 2717 | 26 46 23 9 81 o017 B 2'2 28 46 14 981
" 30 o 11 1§ 1°45 | 26 45 34 g g2 o 11 28 1°47 | 2B 45 25 992
145 o 538 073 26 45 5° 998 | o 545 74 ] 28 44 356 9°98




( 114 )

TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17/, and Mean Refraction.

LaTiTUDE 32° LATITUDE 34°.

Hour

Angle

hcf:}:‘::ror Corree- Correc- Correc- Correc-

; tion for tion for tion for tion for
Cutligl:m Azimuth, |Increment jﬂﬂ":ﬁ:t Increment] Azimuth. |Inerement i{’g?ﬁg‘:’t Increment
. of 10" in * | of 10" in of 10” in * | of 10”in
N.P.D. N.P.D. N.P.D. N.P.D.
h m o ’ v ” o ’ ” ” o ’ " " o ’ » ”
015 o 6 1 + o8B ] 331818+ 9981 o 6 10 + o°82] 351812 | + o998
o 30 012 1 1°59 1 33 17 49 9°91 ] o112 19 1°63 | 35 17 42 9°91
0 45 o 17 &8 237 | 33 16 59 980 o 1B 24 2°43 | 35 16 52 980
1 o | 02350 3715 3315 49 9:65| o024 24 322 | 35 15 42 965
115 o 29 35 3'91 ] 33 14 20 9°46| o 30 18 4'00] 35 14 13 946
T3 | 03512 4651 33 12 33 922 | 036 3 47761 35 12 25 922
1 45 0 40 40 5°36 | 33 10 26 8:94] o 41 39 5'50{ 35 10 20 894
2 o o 45 58 6'06| 33 8 2 8:603| o047 4 6-21 ] 35 7 55 8:62
215 os51 3 6731 33 5 20 8:27] o 52 16 6°89] 35 5 13 826
2 30 0 55 54 736 | 33 2 22 788 0 57 14 7°54 ] 35 215 7°87
2 45 1 o030 7°96 1 32 59 9 7451 1 187 816 ] 34 59 1 7°45
30 1 4 81 B:53 ] 32 55 40 6:99] 1 623 854 ] 34 55 32 6-99
3 20 1 10 11 922 | 32 50 40 6341 1 1151 945 | 34 50 33 633
340 11489 984 ] 32 45 18 564 1:16 45 10°08 | 34 45 10 503
4 © U 10°38 | 32 39 36 489 121 3 10°63 | 34 39 27 4°88
4 20 I 22 47 IO'H4 32 33 37 411 1 24 43 I11°10 34 33 27 4° 10
4 40 1 25 44 It 2t 32 27 22 3'29 1 27 44 ll'48 34 27 14 3'28
5 o 1 28 1 11°50 | 32 20 357 2°46 130 4 1177 | 34 20 48 2°45
5 20 129 38 160 | 32 14 23 1°60 L 31 42 11°97 1 34 14 13 1°59
Elong 1 30 48 1o} 32 2 4 014 I 32 53 12°07 | 34 2 1 015
k m s ) km s L
Elong.at] 3556 48 | — o°42 55632 | — o045
o ’ " " o ’ " "

6 40 120 12 + 11°s8 ] 31 47 41 | — 1°87 131 13 + 1184 | 3347 3t | - 1°88
7 © 127 23 1033 ar 41 8 22| 129 22 11°59 | 33 40 59 2°73
7 20 1 24 85 11700 | 31 34 47 354 1 26 49 11724 | 33 34 37 3755
7 40 1 21 48 10°58 ] 31 28 36 434 123 38 10°82 | 33 28 27 4°3%
8 o 118 5 10°09 | 31 22 41 grre 1 19 50 10°31 | 33 22 32 5712
B 20 113 47 953 317 5 5°83] 115 26 9°73 | 33 16 56 584
8 40 1 856 8Byt 31 11 48 651 1 10 2R 908 ] 313 11 39 652
9 o 1335 8191 31 653 714 1 459 837 ] 33 645 7714
915 | 05015 77631 ar 329 7°58| 1 o33 7°Ro | 33 3 = 758
93 O 54 40 7°041 31 o020 7°98 o 55 53 7'191 33 o 11 7'99
0 45 o 49 &3 642 | 30 g7 26 B35 o 50 58 6°55 | 32 57 18 836
10 o O 44 52 577 ] 30 54 48 B:69 | o045 51 589 ] 32 54 40 870
1L} I_-'. o 30 40 510 30 51 17 300 o 40 32 5'20 a2 51 20 B'l)f)
10 30 o 14 18 441 ) 30 50 24 9°26 1 o35 4 450 | 32 50 17 926
10 435 o 28 48 370] 3048 39 948 ] o 29 26 378 ] a2 48 32 948
1 o | o231t 298 | 30 47 13 9671 o 23 42 304 ] 3247 5 967
115 017 29 2°25 ) 3046 6 9'Rr | o 17 351 2°29 | 32 435 sy 981
TR BRI 1750 | 30 45 17 992 ) o 11 g7 vs3f 3245 9 992
1145 o § 5t o075 | 30 44 48 9°98] o 5 59 077 | 32 44 40 9°98




( 115 )

TABLE LIIT.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17’, and Mean Refraction.

LATITUDE 36°. LaTiTUDE 38°
Hour
Angle
bc{f:;;‘;:ror Correc- Correc- Correc- Correc-
1 tion for tion for tion for tion for
Cutl;:;na- Azimuth. |Increment ﬁrl)lp‘l“al:t Increment| Azimuth. |Increment Hl}z:::l:" Increment
’ of 10” in 1HUAe 1 of 10” in of 10" in " | of 10” in
N.P.D. N.P.D. N.P.D. N.P.D.
h m o ’ " " o ’ " " o ’ ” " o ! " "
o 1§ o 6 20 + o84 3718 6 | + 998 o 6 30 + o087 3918 1|+ 998
o 30 ° 12 38 1767} 37 17 36 9’9t ] 01259 1°72 1 39 17 31 9791
0 45 o 18 52 249 | 37 16 46 9’801 o 19 24 2°57 | 39 16 41 980
1 o | oz5 2 3'30] 37 15 36 965 | o 25 44 3741 ] 39 15 31 965
11§ o3 § 4'10] 3714 8 945} © 31 57 4°23 1 39 14 1 9°45
I 30 o 36 59 4'88 | 37 12 20 921 o 38 1 g'o3 | 39 1213 921
T 45 0 42 43 563 37 10 13 8-93] 04355 58| 39 10 6 893
2 o o 48 16 6:36 ] 37 7 48 8:62 0 49 37 6:50] 39 7 423 861
215 | 05336 7°06 | 37 5 7 8261 0355 6 7°281 39 5 1 823
2 30 o s8 42 7°72 ) 37 2 8 7 87 1 o0 20 7'06 1 39 2 2 7'80
z 45 1332 8-35 | 36 58 54 7744 v 517 8:61 | 38 58 48 7°44
3 o 1 8 5 895 | 36 55 25 6:°98] 1 9 58 922 ] 38 5518 6-98
320 113 41 9'67 | 36 50 23 6:33) 115 42 9:96 | 38 50 17 632
3 40 118 42 10°32 | 36 45 2 563 1 20 31 100631 38 44 55 502
4 o 123 6 10°88 | 36 39 19 4°88 1 25 22 trr20 | 38 39 12 487
4 20 1 26 51 11°36 | 36 33 19 4°09 129 13 11°69 | 38 33 12 408
4 40 1 29 56 11°74 | 36 27 6 327 132 22 12:°08 | 38 26 57 3726
5 o 132 19 1204 | 36 20 39 2:43 | 1 34 48 12°39 | 38 20 32 2742
520 | 11359 12°24 | 36 14 § 1757 ] 1 36 31 12°59 | 38 13 57 1756
Elong. 135 11 12°37 ] 36 1 58 o 10 1 37 43 12°70 | 38 1 54 018
kom s 8 hm o s
Elong.at] 5 56 16 | — o°48 5555 | — o052
o ’ ” " o ’ " "
6 40 1 33 28 + 12°10) 35 47 22 | — 1°'g0 1 35 56 + 12°44 | 37 47 14 | — 10t
7 o I3t 33 11°84 | 35 40 Ko 274 133 87 12716 | 37 40 42 2°7§
7 20 1 28 50 1149 [ 35 34 28 3°50 1 31 10 1080 ] 37 34 20 357
7 40 125 40 1105 | 35 28 19 436 ] 127 54 [URRTH EEVAELIRY: 4'3
8 o 1 21 46 10°53 | 35 22 24 g2 123 53 10°81 ] 37 22 16 §13
R 20 T 17 1§ 904 | 35 16 47 5841 119 15 1e-21 | 37 16 39 585
R 40 112 9 927 15 11 31 652 114 0 9-s2 ] 37 11 24 653
9 o 1 6 32 854 35 6 38 7715 1 Bag 857 37 630 7718
9 1§ 1T 2 0 706 | 35 313 7750 v 336 Ray |l 37 3 6 789
93 | oxs712 7°34] 35 o 4 7790 | o 58 4o 7753 | 36 59 37 8'a0
945 | o521 6:6g | 34 87 to B:36 1 o 5331 686 | 36 57 3 837
10 0 | 04636 6or | 34 54 33 8j0] o4B 8 617 | 36 54 26 87
10 1§ o 41 30 31 ] 34 52 12 900 | o042 33 545 ] 36 52 7 9°00
10 30 o 35 53 4589 | 34 50 10 9:2; | o 36 48 47701 36 50 4 927
10 45 o3 8 B0 ] 34 48 28 949 | o 30 54 37961 36 48 19 9°49
11 o 0 24 1§ 3 10| 34 46 59 9 67| o 24 52 318 ] 36 46 53 967
11og o 18 17 2°34 | 14 45 §1 0 R o 18 45 2:40 | 36 45 45 981
n jo 012 14 1°56 | 34 45 3 9'y9z] o112 32 160 | 36 44 57 992
11 4§ o 6 8 o 78 | 34 44 34 9 98] o 617 0'80 ] 36 44 28 998
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TABLE LIII.—Azimuth and Apparent Altitude of Polaris computed
with North Polar Distance 1° 17/, and Mean Refraction.

LATITUDE 40°
Hour
Angle
before or
Correc- Correc-
after tion for tion for
C“t];’];m. Azimuth. |Increment ﬁg::zr;t Increment
) of 10” in * | of 10” in
N.P.D. N.P.D.
h m o , " " o ’ " ”n
o g o 6 42 + o8g) 411756 | + 998
o 30 013 22 1°77 ] 41 17 26 9°91
o 45 019 59 2-64 | 41 16 36 9'8o
1 o o 26 30 351 ] 41 15 26 965
115 | 03354 4°35 | 41 13 56 945
1 30 039 9 5181 4112 9 921
145 0 45 13 5981 41 10 3 893
2 o os1 6 675 41 7 37 8:61
315 | 05644 7749 | 41 4 85 825
2 30 1 2 7 819 | 41 1 56 786
2 45 17 14 8:86 | 40 58 41 7743
3 0 112 2 948 | 40 55 12 6:97
3 20 1y 56 10°25 | 40 50 11 631
3 40 123 14 10°93 | 40 44 48 561
4 © 1 27 52 11°52 | 40 39 3§ 4°86
4120 | 13149 12702 | 40 33 4 4707
4 40 1as 3 12742 ] 40 26 49 328
s o 13733 12°73 | 40 20 24 241
5 20 1 39 18 12°94 | 40 13 49 155
Elong. 1 40 31 13706 | 40 1 52 o'19
hm s ]
Elong. at] 5 55 41 ~ o0's6
o r " "
6 40 1383 |+ 12777] 3947 6 | — 192
7 o 136 37 13:°48 | 39 40 34 2'76
720 | 13351 12:11 | 39 34 12 358
7 40 1 30 22 11°64 ]| 39 28 3 438
8 o 1 26 14 1o | 39 22 9 5714
8 10 121 29 10°47 ] 39 16 32 586
8 40 116 § 9761 39 11 16 654
9 o 110 9 899 39 6 24 7°16
9 1§ 1§31 8371 39 3 o 7 6o
9 30 1 o 18 772 | 38 59 59 8'00
945 | © 5459 7-03 | 38 56 57 8:37
10 o 0 49 27 6°32 ] 38 54 20 871
10 15 | 043 44 5'59] 38 52 o 900
10 30 | © 37 49 4831 38 49 57 9°37
10 45 | © 31 45 405 ] 38 48 13 9°49
1 o o 25 33 3°26 | 38 46 47 967
11 13§ o 19 1§ 2°46 | 38 45 39 9°R1
11 30 o 12 53 1°64 | 38 44 52 9°92
145 | o 637 o'82 | 38 44 23 9°98
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TABLE LIV.—Elements of Circumpolar Stars for 1st January 1887.

H ) "
-5 .g gfn s;fn .g & E.E 5 g
: @5 2& - 2.5 . 26 |Seg a3
S R | 58 |3ed R Men | £5 IEEELIEE
s a h g2 E'2'g | d% | A g'®|Declination] £ & SEGE| d8 (AR g
No,| Star’s Name. |5 | Ascension | o< 254 7 |25 Jana A [PEE| 55 l=ed
Pl dnl | g2 RE8 | Y253 e | 38 [5ET||EC°
g 1887. S | 254 Eg< : Aol iy a8
aFM 2 < 2 18y <3
<8 la~ 4 * =
h m s s s s s o ’ " ” " " ”
1| Bradley 48 6 | 03116 47|+ 473451+ o0'382(+ 11|—0'049|815210°37[+ 19866 +0°078,— 12|+0°08
2| Bradley 74 6 | og321°27(+ 5°195)+ o'580|— 5|+0°037|83 §36°37+19:679{+0 137}~ 11|—0"03
3| Brudley 65 6 | 05222°97|+ 14034+ 8:306|+ 661|+0°061]88 25 2-22 +19°532{+0 455 — 21|—0°03
4| Urse Minoris 2| § | 05326°44|+ 7°134|+ 1395/ + 36l+0'006{8539 1°98|+19-510 +0°232/— 5| o'00
5| Bradley 95 6| 057 904+ 8:534/+ 2°186{+ 4B|—0 1718632 35 71|+19'433]+0'299/+ j|+0'02
6|UnsEMiN.a [ 2| 11720 % . 884221 » . .
7| Piazzi I1. 60 6| 22117"411+ B'032/+ 0'667|— 16/—0-00z2|81 B 35°68(+16°36(|+0°670— 7|+o0°07
8| Bradley 102 613 540°99|+13°146(+ 17623~ 11| ... 843030 78|+ 13 B24+1°383— 4|—0'12
9| Groom. 642 6 | 329 37°05/+ 19 404|/+ 3'269—  §|+0°136]86 17 20" 0|+ 12" 234 +z'z_;7\|— 41|—006
10 | Groom. 750 6| 4 122°48/+ 17070+ 1°802{— 14 +0'057|851520°90l+ 9 922 +2 159 — 78| +0-05
11 | Groom. 766 6|4 2 5°92+13°334/+ 0°998/— 20/ +0°072|83 31 46'07|+ ¢'867: + 1689 — z2;|+0°02
12| Groom. 774 6|4 51387|+12°713+ 0°861|— 30 83 35373+ 9'6285+|'622 + 44
13 | Groom. 856 6| 43913°87|+10°997|+ o404+ 16 81 o13°50/+ 6-922/+ 1 502|{— 2
14! Radcliffo 1311 | 7-6] 4 51 49" 14{+ 20" 5171+ 1°478|— 73 8548 3384+ 5878 +2:8:8— 43
15| Groom. 944 6| 5255175+ 18°611|+ 0576 - 73 85 813°00/+ 2:°976.+2°683— 21
16| Groom. 100+ 6| 6 22223426503 — 0°098|— 175i+0°289]86 45 43'96|— o207 + 3-Bgyl— 11i—0-10
17 | Creurr51HRv| 5 | 647 17 * 871317 »
18 | Piazzi VI 2092 [ 5 | 7 714 60/+ 12:960o|— o°g502{+ 23/+0°009|82 37 33°22|— §'Boo +1°'812|= 21j~0-02
19| Groom. 1119 6 | 74320 29|+69 7831 —32'092|—2121]—0"323|88 58 o-15/|— 8B:7301+9-163/+0652 +0°01
20 | Groom. 1359 61 74946 15/+15'133/— 1°245/+ 10| .. 84225354/~ 9'.241|+1°903 + 54
21 | Groom. 1418 6 | 82147 13[+16:762|— 2368+ 11 8527 4°68—11°629]+1°996i+ 50| ..
22| Groom. 1431 6 | 82552:26(+11'391|— 0889 o ... 82 381066/ —11°grg|+ 1340} + 11l
23| Pinzzi IX. 37 |4-5) g 20 53 47|+ 9-o25|— o-786)+ 21|—o0°063|81 4927 22|{—15 4121+0'Byg+ 27 —0"04
24| Bradley 1399 [5-6i1013 6°11)+ 9-j10[— 1:374/+ 53|—0'070|8449 29 60l=17 911{+0"645|+ 14!—0'05
25 | Piazzi X. 22 (g5-6li017 13" 03|+ 7°885|— 0°'929/+ 43/—0°100{83 756°74/—18B'0j0+0°'500i+ 9 —0'07
26 | Groom. 1782 6 (11 2350°9R|+ 4'520|— 0°396/+ 18| ... 81 44 55°60/—19°8o4l+o0" 12|+ 12
27 | Groom. 1845 6 |115423°93+ 3'200|— o 226+ 2 “ 8129 o0°'j9|—20'047{+0'020/+ ¢
28| Groom. 1850 6 ltrgg. 3 13+ 3°186/— o°474|+ 57 . 861246 54/ — 20053/ +0°011 o
29| Groom. 1858 6 1z 55396+ 2°816/— o'183— 4} ... R22019°B5{—20'047 —0'002|— 14| ...
30| Bradley 1672 | 6 |1z 1418°53/+ o'217/+ 0'8Bo|— 71|—0-152|88 19 35°12|— 20014 1-0'007|= 12{+0°07
31 Groom. 1892 6 112201895+ 1°936|— o'o07i|— 20 84 316°67—19°9741—0'016/— 14
32 Groom. 1923 6 (12 37 37°16|+ o'Bo;[+ o-127(— 5 84155049/ —19'783 —0'013|— 5
33 | Groom. 1927 6 [12 41 33°68{+ 1°507|+ o-00g|— 21 8114207 27)~19"724 —0"031{+ II| ...
34| Bradley 1730 [5-6l12 48 10°51{+ o0°403|+ o0-212 o|—0'006]84 1535°67—19°611;—0"004|+ 5lto0'02
85| Bradley 1731 |5-6/12 48 18- 22|+ 0'3yg[+ o212 o|—0-017]84 138 12/—19 60y —0°004|— 11|+0°'04
|
36 | Groom. 2006 7|13 620°46|~ 9-487|+ 6-753— 770 8815 20°75|—19° 21581+ 0" 404/ + B2
37 | Groom. 2007 6 [131914°04/— 2°492(+ o0-9r4[— 50| ... Bz 20 42 0G4l = 18866 +0" 131+ 5§ ..
38| Pinazi XITT.263| 6 |13 45 35°16,— 2'002|+ o0'g3s|— 27|—0°023|8310 B Rij—17'g62 +0°138— 121—0'09
39| Uromn. 2196 | 5 {1457 58-07— 4°833|+ o'bgz/— 10 82 58 34°011—14°303 + 07470/ + 2§
40 Groom. 2213 6 15 3 6°8B2— 6-078|+ 1 14h|— 46 By 231583 —13'936|+o'7o4 + 27
41 | Groom. 2283 6 ig13g53 22|—2t-481)+ 7°208— 136] ... 87 305663 — 13 208+ 2 351+ 11y
42 Lalan. (F)2774[7.606 o o'3;|—12'058{+ 1 741|— 22| ... 85 17 27°44|— 10026, + 1°525| + 69
43 Uns® MIN. € [4-5]16 57 34 # . . R21318 = »
4L Unsxe MIN. 3 4508 846 » R6 36 39 » VR R
45 | Uree Minoris 24 6 1812 37-51|—22°321|— 0-474|+ 142|/+ 0085|8059 27 04+ 1-'104[+3 250+ 12]+06°01
46| Radeliffe 4208 | 7-6,18 51 4788/ —18-629/— 1'453/+ 65 86 3150 6g] + 47404 + 27646 — 42| ...
47 Unsu MIN. A |6-7119 36 48 » - BS 5736 = “
4B'CF:I’IIIE121-"E\'. 5 |2010 7°28—50°104{— 25542}~ 770 BR 4715 71[+10 784/ +6-167— 444 ...
49| Groom. 3212 [6-7120 15 46 21|— 8-114/— 1°056/— o ... Byz2014 771+ 100197 0 077 —= 1] .
50 | Draoconis 75 6 |20 3517 71— 3°530/— o° 393+ 2( +o-005]81 2 6-74/+12°K72(+0" 396 of o'0o0
51| Radeliffe 4976 (6-7120 40 17°25|~ 5°549/— o 748+ 5| ... |831356-44/+12°909/+0Gig+ 5| ..
A2 | Draconis 76 6 (2050 42°93|— 4-0221— o-330|+ 5/+0'006)82 64285 +13'594/+0°423'— 20| o0-00
53 Groom. 3548 6 12122 2'44|/— 11 104)— 3161 — 107 RO 34 47141+ 15 4500+ 1-0231—~ 66 .
61! Bradley 2935 [ 7 22 2 14°850— 1804 — o0 421/— o ... 8210 32°40|+17°4h4l+o"122]— 30/ ..
56| Gtrdom. 3709 6 122 221'44f{— 1°801— o0°'421l— 14/+0°017|B21935°91  +17°409/+ 01221~ 39{—0'03
66 Dradley 2093 |5-6i22 22 11°45]— 4'020— 1-261|— 37 40°076]8s 3219 10[+18-358/+0-235/+ 2|+0-01
57 | Bradley 3038 | ¢ 122 47 54°03]— 0'093(— 0'231/— 0, +0°006|82 3314767/ +19°000'—0 004/ — 9j+0°05
58 Bradley 3058 |5-622 55 16-27/— o0°325— 0-317|+ 12(+0°069]83 44 29°0R' + 19-23Bi+0'003|+ ¢ +0°0s
59| Bradley AL47 | 6 12327 49°6;|— 0 156/— 0°561|— 12 +0'0B0{B6 41 13- 10+ 19'Bsh —0 005+ ¢l o000
GO | Bradley 3194 6-7;13 54 10°75|+ 2°577'+ o0'297/+ g +o-oz21|R6 437'()3|L+ 10'047!-0'013 - 28

* Bee Nautical Almanec.
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TABLE LV.—Values of m— for the Reduction of Circum-meridian
Observations for Latitude.

. Hour Angles in Time.

[+] Jn
0= | 1m | 2m | 3m | 4o { 5m \ 6 | 7 i g | 9™ | 107 | 11m 12-“‘ 13m|14m 15m|16m ™ 1sm| 19m
0 o] 2 8118 | 31|49 | 71| 96|126| 150|106 (2382833321 385|442|502|567(636!708
1 ol 2| B|1B]|32|49( 71| 07[126|160 197|238)2831333|386|443)504 5686371710
2 o | 2 8 (18|32 50| 71| 97|127|160(198|239|284!333|387|444{505|569|638 (711
3 o | 2 8|18 | 32|50 | 72| o8]127(161|198 240|285/ 334|387 |445|3506|571]639]712
4 o | 2 8 (18|32 |50 72| 98128161 199240286335/ 388|446|507|572|641(713
5 © | 2| 9{19|33|51 73] 99(128]162 200|241|287|336! 389 /447|508 573642715
6 © | 2| 91933 |51 |73| 99(129|163|200]242|28713371390|448 509|574 (643|716
7 © | 2! 9f1933|50|73| 99/129]163|201]243|288!3381391|449|510(875|644(717
8 © | 3| 919 34|52 74|100|130(164 202|243)289339|392[450]511(576|645/718
9 o | 3 9| 19| 34|52 74 |100{130]1641 202|244 290!339]|393|451|512|577|646]720
10 o | 3 9l 20! 34|52 75 ror|131]165|203!245]291|340!304|a52[513(578|648] 721
11 ol 3 9|20 34|53 75 |1011131]166]|204]|2461291|341]395|452|514|579(649(722
12 © i 3 |10]|20]|35]|53|75 102;132(166|2041246]2921342!396(453|515{481|650]723
13 © | 3 10|20/ 3553376 102]133|167]|205}247)293|343397|454|516]582 651725
14 © | 3 1o f21!l35|54)76 103|133|167 206)248|294|344!398 455517 (583652726
15 o | 3 |1o| 2135|5477 [103|134]168 206248295 3451399|456|518(584|054(727
16 © 3 {10l 21|36 54|77 |104|134|169 207|249|295]345i400(457]519585|655(728
17 o | 3 | 10| 21|36 35|78 |104!135]|169:208]250] 296 346‘400 458 520|586 |656] 730
18 © ! 3 | 1o 21|36 55|78 105]135(170]|208)251 297|347 401 (459|521 (587|657 (731
19 | o 3 |11 |22]37|355]|78 105|136|170]{200|251|208|348 402 |460]523(589 (658732
20 © | 3 {11]22z|37]|56|79 ] 106136|171|210]|252]299 .149!403 461 | 524 | 590 | 660 | 733
21 O | 4 |11 l22|37]56(79 ! 106;137( 172 210|253)299 350 404|462 |525]|591 661 735
22 o 4 |1xl2z|37157]|8|107]137]|172|211|254]300]351|405]463!526|502|662]736
23 © | 4 |1l 22) 38 57|80 107|138 173 212 (254|301 (352|406 464|527 (593|663 (737
24 o | 4 |a1y23|38|57]|80|108{139|173 212|255|302|352|407|465|3528|594{664]719
25 o 4 111 )23 38 8|81 |108[139]174!213(256!303/353|408|466(529|595|666] 740
26 © | 4 12]23)3058! 81 [108|140|175(214(257|303|354 409|468 530|596 667 741
27 o 4 1223305882 109 140|175 214 257]304|355] 410469531 5986681742
28 © | 4 122439 59|82 109 141|176 215|258 |305(356]|411[470|532|599 06944
29 o | 4 |12 2439|5983 110,1a1]177|216|259|306|357|412|471-533|600 670743
30 o | 4 (12 24|40 50|83 |110f142]177|216{260|3071358]413|472|534|601]672]746
al 1 8 | 1224 | 40| 60|83 |unr|t142|198]|217]260| 308|339 414(473|535|602|673|747
32 1| 5 13| 25| 40|60} 8q wrr|u43|e78]i218|261(308)|360(|415 474]5371603|674|749
a3 1 5 | 13] 2541 |60 | By |112|144]|279|219]262|309|360]|416|475!538|604)675]750
34 1 5 | 13| 25| 41| 65| 8 |112,144]|180)219!263|310]361]416(476!539]606)676/ 751
a5 ! 5 | 13125 41|61 5 1113 145|180 (220263 | 311]2362|417|477] 540 6o7| 678|753
36 1 5 13| 25| 42| 62|86 |teyiags|e81 2212645 3121363418 458|541|608 679|754
a7 1 5 13| 20| 42 ) 62|86 114 146 1811111 265312 |364]419]|479 542|609 6807355
38 1 5 | 14| a6 42|62 86 1rg 146 lﬂzizzz 266|313 365|420 480,543 610|681 | 750
39 1| 5 | 14| 26] 426387 |ti5;147|183;223)2606/ 314366421481 (544 611683758
i

40 v | 8 | 14| 26| 43| 63| By {rrgitgyiaB3la23)267 315|367 422482 |545]613]684]759
41 I 6 | aglz7 ! 43063 88 116, 148184/ 224[268|316|368|423(483]546(614]685)760
42 1 6 14| 27| 43]604]|88 ||6||49 185 | 3251260 317 | 368 | 424 | 484 | 547 | 015|686 | 762
43 v | 6 | 1g]| 27| 44| 64| 8o |r1y7i149l1Bs| 225269 317/360|425)485!548|616|687|763
44 1| 6 | 15| 27| 44|65 89 |117{r50{186!226]270(318|370|426|486 550|617 689764
45 1| 6 | s | 2B 44 65| 89 |11R 150|187 237 271 |319| 371|427 |48y 551|618 690|765
406 1 6 | 15| 28|45 (63|90 |1181151| 1By 228!272|320]372|428(4BB 522|619 691|707
47 1 6 |15 28 45| 66| go)rrgl1g | 188 nBimn 321373429489 553|621| 692|768
48 1| 6 | 15|20 45/|66]| 91 119 1521189229 273 |322]374(430] 490 554[622(694] ;60
49 1| 6 |16 20]|4b)66]| g1 lt0153]189]230 274|322]375 | 431|491 |555|623) 695|771
50 1| 7 |16] 2946|6702 120!153 190|230 275|323 (376 432|492 | 556 | 624|696 772
61 1 7 16| 2946671 03 [121:154]| 190|231 |270(324!377(433]493|557|625|697|773
52 1| 7 | 16| 29|47 6893 121i154|1gri232:276]325]a77 434|494 558 620|699)774
63 3| 7 |16 30|47 |68 |03 122155/ 192/233/277|326)378|435|495|559|638 00776
54 a | 7 L1y] 30| a7 |08 903|023/ 556|192|233{378(327|379|436]496 561|629 701777
55 3| 7 l17|30]|a7]|6904|123156(103]234)279]328|380|437|497|562|630]702)778
66 2| 7 (17|30 48| 69| 04 |124:157|104]235(2B0| 328 (381|438 498|563 631|702 780
67 3| 7 | 17| 31148 |70 95 |r24:157|194]235)280 320|382 | 439|499 |564| 632|708 | 781
68 2 8 (17| 30|48 70| 95 |rag5:158|r95]236 281|330] 383|440 500|565 634706 (783
59 2 | B | 17|31 |49 70| 96 125158196 2375281 3311384441501 |566(635) 707|784




( 119 )
TABLE LVI.—Factors for Bessel’s Probable Error Formule.

0-6745 0-6745 0-6745 0-6745

i Vo -1 Vs =1) " Vin=1) Van=1)
51 0'0954 o'0134
2 0°6745 04769 52 0944 ‘o131
3 <4769 ‘2754 b3 ‘0933 ‘o128
4 3804 C1947 54 *0926 ‘0126
5 13372 ‘1508 65 r09i8 ‘o124
6 03016 0" 1231 56 0°0909 o'o122
7 *2754 *1041 67 *0gol ‘ol1g
8 ‘2549 *ogot 68 rofg3 ‘o1l
9 *2385 10795 59 o886 ‘ors
10 12248 ‘o711 G0 ‘o878 ‘o113
11 0'2133 0°0643 61 o087 o'or1t
12 ©2034 ‘o587 62 0864 ‘o110
13 ‘1947 *0540 63 ‘o857 ‘oto8
14 *1871 ‘0500 64 ‘o850 ‘0106
15 *1Bog3 *0403 65 ‘oB43 ‘010§
16 01742 0°0433 66 o'o837 o°'0103
17 $1686 10409 67 ‘o830 ‘o101
18 *1636 '0386 68 ‘o824 ‘o100
19 ‘1590 *0363 69 ‘o818 ‘0098
20 *1547 10346 70 ‘o812 ‘0097
21 0" 1508 0'0329 n o' 0806 00096
22 T1472 ‘0314 72 - oBoo *0094
23 c1438 *0300 73 *0795 ‘0093
24 * 1406 ‘0287 74 0789 ‘0092
25 ‘1377 f027§ 7% ‘o784 ‘0091
26 0'1349 00263 76 0’0579 00089
27 11323 ‘0255 77 ‘0774 0088
28 ‘1298 10245 78 ‘0709 r0087
29 f127§ ro237 79 c0764 ‘0086
30 ‘1253 ‘0229 80 *0759 ‘0085
31 o'1231 0°o221 81 00754 00084
32 ‘1211 ‘o214 82 ‘0749 ‘0083
33 ‘1192 ‘0208 83 '0743 ‘o082
34 ‘1174 ‘0201 84 “o740 ‘0081
35 ‘1187 r0196 85 ‘0730 ‘ooBo
36 0'1140 00190 86 0’0732 0°'00%79
37 ‘1124 co185g 87 ‘o727 ‘o078
as ‘1109 ‘o180 88 ‘0723 ‘0077
39 *1004 ‘015§ 89 ro719 *0056
40 ‘1080 ro1y1 90 ro715 *0075
41 o' 1066 o016y 91 o'oyil 0°007§
42 "1083 ‘o163 92 ‘0709 ‘0074
43 t1041 0159 93 ‘0703 *00%3
44 ‘1029 ‘0155 94 *0byg ‘o072
45 “1017 ‘o152 95 *0bg6 *00y1
46 0’1008 o-or48 26 00692 ©°coyI
47 cangy o145 97 o688 *0070
48 royB4 17T 98 -1 1 ‘0069
49 *0974 ‘o139 99 +0681 0068
50 rogly4 ‘0136 100 ‘0038 0068
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TABLE LVII.—Quadrilateral Surfaces of 15’ in Latitude and in Longitude
on the Terrestrial Ellipsoid.

Arvca Area Arcn
Latitude. in Square Latitude. in Square Latitude. in Square
Miles. Miles, Miles.

o ’ -] ’ o ’ o ’ o ’ -] ’
0 0 to 015 296°973 14 0 to 1415 288223 27 0 to 2715 203 042
015 , 0 30 296967 1415 ,, 14 30 287912 2715 ,, 27 3v 204" 459
03 , 0 45 206°9a7 1430 , 1445 287593 27 30 ,, 2745 263 872
045 10 296940 1445 , 15 O 285273 2745 ,, 28 0 203 279
10 , 115 296918 15 0 ,, 1515 286946 28 0 , 2815 262°682
115 130 296891 1515 ,, 15 30 286°613 2815 , 2830 262079
130 , 145 296857 153 , 1545 286° 275 2830 ,, 2845 26472
146 20 296819 1545 , 16 © 285°932 2845 , 29 0 260° 860
20 , 215 206575 16 0 ,, 1615 285583 29 0 ,, 2915 260° 242
21, 2 30 296723 1615 ,, 16 30 285220 2915 ,, 2930 259020
23 , 2 45 206671 1630 , 16 45 284869 2030 ,, 2945 258993
245 3 0 296610 1645 , 17 0 284504 20 45 ,, 30 0 258361
3 0 , 315 206" 544 7 0 ,, 1715 2847133 30 0 , 3015 257723
3 o, 3 30 296° 472 1715 ,, 17 30 28377359 3015 ,, 30 30 257 081
33 , 3 45 296 396 1730 ,, 17 45 283379 3030 ,, 3045 256°435
345 4 0 296-313 1745 , 18 0 282992 045 , 31 0O 255783
4 0 415 206225 18 0 ,, 1815 282 6o1 3t o ,, 3115 25857126
415 4 30 206132 1815 , 18 30 282 205 3115 ,, 3130 2547463
430 4 45 20h°032 183 ,, 1845 281 8oz 3130 ,, 3145 233798
445 5 0 295' 028 1845 , 19 0 281 390 145 , 32 0 253127
5 0 , 515 295 818 19 0 , 1915 280983 32 0 , 3215 252" 451
515 ,, 530 295" 702 1915 ,, 19 30 280 566 3215 ,, 323 251770
540 5 45 295382 1930 ,, 19 45 280 142 3230 ,, 32 45 251084
545 6 0 2957455 1945 , 20 O 2797714 3245 , 33 O 250" 304
6 0 5, 615 29¢°323 | 20 0 ,, 2015 279" 381 33 0 , 3315 249699
615 , 630 20598 | 2015, 2030 | 278842 3315 , 3330 248009
630 G 45 205°043 20 %0, 20 45 278308 3330 ,, 3345 2487204
645 ,, 7 0 294" 894 2045 ,, 21 0 277949 345 , 34 O 245584
7 0 715 204" 741 2t 0 , 2113 277 494 31 0 ,, 3415 2468350
715 730 204" 5%1 2015, 2130 277°035 34 15, 3430 2406°151
73 7 45 2047417 2130, 1 43 276570 330 ,, A4S 245 427
745 8 0 204" 247 2145 ,, 22 0O 256" 100 3145 , 35 0 244" 699
8 0 815 2047071 22 0 , .2215 75625 3 0 ,, 315 242°90;
315 8 10 293 892 2215 0, 2230 2757144 3515 ,, 35 30 243 228
830 815 293703 2230 ,, 2245 274050 4530 ,, 35 45 242 485
845 9 0 293" 811 2245 ,, 23 0 374108 b4 , 3 0 2417738
9 0 915 203° 313 23 0 ,, 2315 273652 36 0 , 3615 240980
915 9 30 2037110 2315 ,, 23 30 2737171 3615, 36 10 2407230
930 9 45 202°qo32 23 30, 23 45 272°006g 3630 ,, 36 4 230408
946 , 10 0 292688 2345 ,, 24 O 2727183 645 ,, 37 0 238703
0o o ,, 1015 202° 4h9 24 0 ,, 2113 271637 3%7 o , 3715 2377933
115, 10 40 2027244 2415 ,, 2130 271 516 37 15, 237 A0 2); 158
1030 ,, 10 15 2027014 2430, 2L 45 270°' 589 3730, 37 45 236 3;8
14 ,, 11 0 291778 2445 ,, 25 0 270°057 3745 , 88 O 235°504
nm o , 1115 2017537 2 0 ,, 25315 269° 520 3’ 0 ,, 3815 234 8of
1 ,, 1130 291" g1 25 15, 23 30 268978 3815 ,, 38 30 2347013
113 ,, 11 45 291039 25 30, 25 45 268 4371 a8 30 ,, 38 45 233218
1145 , 12 0 z290- 782 2543 ,, 26 0 267838 M4 , 39 0 232" 413
12 0 ,, 1215 200° 519 26 0, 2615 267321 3 0 , 3915 231 6o
1215 ,, 1230 | 290250 | 2615 , 2630 | 266-359 | 3915 , 3930 | 230705
123 , 1245 280977 26 30 ,, 20 45 266- 192 W30, 3945 229 980
1245 ,, 13 v a8y 69 26 45 ,, 27 © 265619 3945 , 40 O 229" 160
13 0 ,, 1315 280 414
1315 ,, 1330 289 124
133 , 1345 288829
1345 ,, 14 0 288- 329
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of the rising and setting of the Sun, Moon, or Equatorial Stars.

TABLE LVIII.—Semi-diurnal and Semi-nocturnal Ares, showing the time
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TABLE LIX.—Corrections for reducing Apparent to Mean Solar Time.

I:;y Jan. | Feb. |March.| April. | May. | June. | July. [Auguat.| Sept. | Oct. | Nov. | Dec
Month.

m m m m m m n " m m mn m
1 + 4|+ 14|+ 12|+ 4|~ 3[— 2|+ 41+ 6= o|—-10| =16~ 11
2 4 14 12 3 2 4 6 1 11 16 10
3 4 14 12 3 3 2 4 6 1 11 16 10
4 5 14 12 3 3 2 4 6 1 11 16 9
5 5 14 12 3 3 2 4 6 2 12 16 9
6 6 14 1 a 4 b 4 6 2 12 16 9
7 6 14 11 2 4 1 5 [ 3 12 16 8
8 7 14 1 2 4 X 5 5 3 13 16 8
9 7 14 11 2 4 1 5 5 3 13 16 7
10 8 14 10 1 4 1 5 5 3 13 16
11 8 14 10 1 4 1 3 5 4 13 16 6
12 8 14 10 1 4 [ 5 5 4 14 16 6
13 9 14 1o ° 4 ° 5 5 4 14 16 5
14 9 14 9 ° 4 ° 6 4 5 14 15 5
15 9 14 9 ° 4 ° 6 4 5 14 15 4
16 10 4 9 ° 4 ° 6 4 5 14 15 4
17 10 14 B8] - 1 4 + 1 6 4 6 15 1§ 3
18 11 14 8 1 4 1 6 4 6 15 15 3
19 " 14 8 1 4 1 6 3 6 15 14 3
20 1 14 8 1 4 1 6 .3 7 15 14 2
21 1 14 7 1 4 2 6 3 7 15 14 2
22 12 14 7 2 2 6 3 7 16 14 1
23 12 14 7 2 3 2 6 2 8 16 13 1
24 12 14 6 2 3 2 6 2 ] 16 13 °
25 12 13 6 3 3 2 6 2 9 16 13 o
26 13 13 6 2 3 3 6 3 9 16 12| + 1
27 13 13 5 2 3 3 6 1 9 16 17 1
28 13 13 5 3 3 3 6 1 10 16 12 3
29 13 13 [ 3 3 3 6 1 10 16 1 ]
80 13 4 3 3 3 6 ° 10 16 |} 3
n 14 4 3 6 ° 16 3
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TABLE LX.—Showing Links to be subtracted from each Chain, in an
ascending or descending line, in order to reduce it to the Horizontal
Measure.

Deg. | Links. | Deg. | Links. | Deg. | Links. | Deg. | Links. { Deg. | Links. | Deg. | Links.

1 [-}-7 G 0'355 11 1'84 16 3'87 21 6°64 26 10°12
2 0°0b 7 -3 1+ 12 2719 17 437 22 7°28 27 10°90
3 0'14 8 0'97 13 256 18 489 23 7'95 28 'y
4 024 9 1°23 14 2°97 19 5°45 24 8-65 29 1264
5 o038 10 1°52 16 341 20 603 25 9°37 30 13°40

TABLE LXI.—For the conversion of Versts and Kilometres into Miles
and vice versd.

Verats. Miles. Kilometres. Miles. Milea. Versts. Kilometres.
1 06629 1 06214 1 1 5086 16093
2 1-3258 2 1'2428 2 3 0171 32187
3 19886 3 18641 3 4°5257 4-8280
4 26515 4 2° 4855 4 6:0343 64373
6 33144 5 3' 1009 13 7°5429 8:0466
6 39773 6 37283 6 9'0514 9° 6560
7 4°6402 7 4° 3496 7 10° 5600 11°2653
8 5°3030 8 4'9710 8 12° 0686 1278746
9 59659 9 5'5924 9 1375777 14°4840

10 6°6288 10 62138 10 150857 16'0933
1 Mile = 1°6093296 Kilometres.
1 Verst = 3500 Foet.
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TABLE LXIIL—For the conversion of French into English Measures.

Measure of Length. Measure of Weight or Mass.

1 Millimetre = ‘039370432 Inches or aboutgg inch. | 1 Milligramme = ‘015432349 Graina.

1 Centimetre = 39370432 » 1 Centigramme = 15432349 »
1 Decimetre = 3'6370432 » 1 Decigrammo = 1°5432349 "
1 Metre = 39°3;0432% ,, or 32809 ft.nearly| 1 Gramme = 15°432349 "

1 Kilometre = 39370°432 » Or 1093°6 yds. ,, 1 Kilogramme = 15432°349 ”»

or 220462123 lbs. Avoir.

Measure of Volume.

The Litre used for liquids = 1 cubie decimetre = 176168 Tmperial pints.

TABLE LXIII.—For the conversion of English into French Measures.

Measure of Longth. Measure of Weight or Mass.
1Inch = 2:5399772 Centimctres. 1 Grain = '064799  Grammecs.
1 Foot = 30747072064 " 1 oz. Avoir. = 28" 34954 .

1 Yord = 91°4391792 " 11b. ,, = 45359263 ”
1 Mile = 1°60n3296 Kilometres. 1 Ton = 1016°05 Kilogrammes.

Measure of Volume.

1 Dint = 5676400 Litres.
1 Gallon = 4°'g4112

1 Bushel = 36-32896

® Sce '*Comparison of the Standurde of Lengths,” by Captain A. R. Clarke, R.E., 1866, page 280.









ADDENDUM axp CORRIGENDUM SLIP.
Third Edition Auziliary Tables of the Survey of Indic Department,

Page 17. At the bottom of the page two values of the Latitude, Longitude and Azi.
muth of the deduced Station B are given. It should be noted that the
-upper value (358° 15’ 39”-269) is the directly computed Azimuth of
Bhaordsa at Handiapdro, and that the lower value (358° 15’ 39”-269)
although opposite the name of Pérdho is the Azimuth of Bhaorfisa at
Handiapiro computed thus:—

[=] , ”
Azimuth of Parcho at Handiapiro directly computed = b2 45 30-345
Spherical Angle at Handiapéro between Pardho and Bhaorfisa = — 54 29 51-076

Azimuth of Bhaorisa at Handiapiro = 358 15 39-269

Page 18. The Mean Azimuths at the bottom of the page are obtained as follows ==

o ’ ”
Azimuth at Kingriili of Malédni = B = 306 48 32
Angle at Kinmidli between Maldni and Shadau =+ 60 14 15
Azimuth at King:iili of Shadau resulting =7 247

directly computed ahove = 7 2 49

» »

Mean Azimuth = 7 2 48

The Mean Azimuth at Kingridli of Mal4ni is obtained in a similar manner from
the directly computed Azimuth of Shadau by making usc of tke angle 60° 14° 15” with
opposite sign,

Page 82, In the Example of Computation of Clinometric Heights the sign of (i — s) in
line (7) appears to have given rise to errors ; it has been understood by some
computers that in this table i has hecn assumed as the height of plane-
tahle = 4 fect, and s as the level of ground = O fcet; this assumption is
not in accordance with the foot-note. As however the table has proved
mislcading, it should he noted that in the four examples given the signal
(s) is 4 feet higher than the instrument (i), say i = 4 feet, s = 8 feet.

Page 37. Add to Table XXII after the words “a fow degrees of zero” as follows :—

Correction for Refraciion to an ohserved altitude is subtractive, to an
observed Zenith Distance additive. In computing the amoun! of the
Refraction, the {ollowing rules hold :—Enter column 1 with the nearest
Altitude, and take out Refraction from column 2. If nearest altitude is
less than the actual altitude, subtract from the Refraction the correction
from column 3; if greater, add it: if the Barometer reads kigher than
30 inches, add correction from 4th column; if lower, subtract it: if
Thermometer reads higher than 50°, subtract correction from 5th column;

if lower, add it.

Add to Table XXIII as follows :—Parallax is always a.dditjive to altitudes.

»

Page 40. Erase 7th and 8th lines and substitute

In setting for a star on (or very near) the meridian it should be remembered
that in North Latitudes

genith distance = co-latitude = N.P.D. for stars at Upper Culmination,
= co-latitude + N.P.D. » Lower »

»
a negative result signifies that the star is south of the zenith.

Note thal. on pagoes 60, 63, 73, 75, 79, 80 and 81 and wherever else the symbol £ is used to express time
it must be romembered that before making nse of time intervals in Bpherical Triangles, they must be reduced

to Aro measures by multiplying by 15. .
Where ¢ je uscd 88 sn srgument in a Tablo (as LV for example) the arrangement of the Table is such

that time intervals and not arc measures are to be understood.



Page 63, Table LV. Tor the formula therein given for finding the latitude, substitute
the following :—

If AN = true co-latitude,

t = ,, meridian zenith distance (negative when south),

L = an observed ex-meridian zenith distance (negative when south) cor.
rected for refraction, and in the case of the sun or a planet also for
semi-diameter and parallax,

p = north polar distance of sun or star,

A, = an approximate value of N\,

= ¢, + p for Upper Culmination and &, — p for Lower,
t = hour angle reduced to are,
then ¢ = & — 4m for Upper Culmination,
& + Am ,, Lower »

sin® § ¢ . . .
andm=2 a1 regard being had to the sign of sin &,

sNr
sin A, sin p
sin &

and A = ¢+ p for Upper Culmination,

§—p ,, Lower »

Page 77. The para. two-thirds down the page commencing ““ The same solution * * *
* *# should read not as at present but as follows :—*“ The same solution will
apply to two altitudes of the sun and thc elapsed time, provided this
elapsed interval be reckoned in mean time.* The declination of the sun
may be considered constant.”

” Foot of page.
For A =0 +§ write
Ny = § + p for stars at Upper Culmination,
L—-2 Lower »
where ), is the approximate co-latitude and p the north polar distance for
the mean of the times, the true mcridian distance { is given by the

expression

N s _
t=1{¢ — Am, where d = Egﬁ%nf , regard being had to the sign of sin ¢,

and the co-latitude = ¢ + p for stars at Upper Culmination,

t—p ”» Lower

»

¢ and &, being considered negative when south.

Page 77. FoorNoTE. * Though this is mot rigorous it is suliciently correct for all practioal purposes, the
change in interval due to equation of time being too small to be worth notice, 1t should be
uoticed that the formule above given are applicable to north Latitude only,



Pages 78 and 79. Substitute the following as the 3rd Method. Given the time and lati-
tude approzimately. Observe the angles M, and M, between the referring
mark and two circumpolar stars at their respective elongations, selecting
stars which are nearly in opposition or nearly in conjunction and will attain
their maximum elongations nearly at the same time, and noting that the
angles M, and M, are always obtained by subtracting the readings of the
referring mark from those of the first and second star respectively.

Let the azimuths from north (negative if towards the west) of the two stars in
order of observation be A, and A, and their declinations 3, and 3,,

Then M —M,=A —A,
and tan § (A, + A,) = tan § (A, — A,) tan § (5, + §;) tan } (5; — §,).
The azimuth of the referring mark from north will be
A —M,or Ay — M,
a ncgative result showing that the mark falls to the west of north.,
EximpLE.—Observations for Azimuth were made at Dehra New Observatory on

the 1th June 1886, to & Ursee Minoris at Eastern Elongation and Cephei 51 (Hev.) at

Western Elongation. The observed angles were :—
=] ’ ”

8 Ursz Minoris = M, = + 3 56 53
Between Referring Mark and
51 Cephei =M,=— 311 46

M —M,=A —A,=+ 7 839

[-] ’ ”
8, = 86 36 42
8, =87 13 20
o ’ ”
b (A —A)=+ 33420 . . . Logtan 2:7953791
36 + &)=+85 1 . . . ” 1-2687218
34, — &)=+ 01819 . . . » 3-7265767
Sum = Log tan § (A, + A;) = + 3:7906776
YA+ A) =+ 0° 21" 14
t(A—A) =+3 34 2
A =+ 65 34

A, =—3 13 6

3
3

Azimuth of R. M. fromnorth=A, - M, =-0 1 19
o

=A-M, =— 1 20

” »”

Page 82. For the para. “There are two triangles ¥ * * must he neglected,” read
“There are two triangles fulfilling the given conditions, one of which
may however make ¢ either greater than 180° or negative and must there-
fore be neglected.”

The foot-note to the Star Charts following page 86 which were originally pub-
lished in 1873 is wrong. Some Stars whose names are under-lined no longer find place
in the Nautical Almanac, whilst several Nautical Almanac Stars are not under-lined on

the Chart.

Offg. Deputy Surveyor General,

Denra Dty, } G. STRAHAN, Lieur.-Corover, R.E,,
In charge Trigonometrical Branch.

4th January, 1889.
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