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Preface to Seventh Edition, 1963 Reprint

This publication is for use when geographic positions of triangu-
lation stations are computed by the use of logarithms. A different
method, for use with calculating machines and natural funections, has
recently been devised, and the auxiliary tables and explanation have
been published in printed form as Special Publication No. 241. A
table of natural sines and cosines is needed also for the machine
method. It has been found that an experienced operator using the
machine method can usually make somewhat better speed than with
the logarithmic method and with less strain because of the mechanical
nature of the operation. Another advantage of the machine method
is that a better check is obtained over the two lines used in computing
a position if the lines are long, such as those used in the sample on
page 11 of the present publication. Although lines longer than 20 or
25 miles are seldom used in modern triangulation, there are still a
few long lines needed in some areas, such as Alaska.
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FORMULAS AND TABLES FOR THE COMPUTATION OF GECDETIC
POSITIONS.

INTRODUCTORY REMARKS

The supply having been exhausted of Special Publication No. 8, “Formule and
Tables for the Computation of Geodetic Positions’ (sixth edition), the present edition is
made necessary. As stated in the sixth edition, the tables now include the extension
from latitude 18° to the Equator, which was published as Apperdix No. 4, U. S. Coast
and Geodetic Survey Report for 19o1. The present tables, therefore, extend from the
Equator to latitude 72°.

When the fifth edition was published a new preface was written and the historical
notes and the development of formulas as given in the fourth edition were omitted.
When the sixth edition was published it was thought desirable to replace this material
in the publication. It was therefore inserted as an appendix and this is retained in the
present edition.

One question that called for decision before printing a new edition of these tables
was whether our present knowledge of the size and shape of the earth justified any
change in the reference splieroid. When the change was made in 1880 from the Bessel
spheroid to the Clarke spheroid of 1866, as expressed in meiers, the major axis was
increased by about 1 part in 8,000 and the minor axis by about 1 part in 13,000, the
newly adopted spheroid being larger and flatter. In his Supplementary Investigation in
1909 of the Figure of the Earth and Isostasy (U. S. Coast and Geovdetic Survey publication,
1910, p. 39), Hayford determines an ellipsoigd corresponding to the following corrections to
the semiaxes of the Clarke ellipsoid:

Correction to Clarke's (1866) semimajor axis = — 144 meters

Correction to Clarke’s (1866) semiminor axis = -+ 87 meters
This is Hayford’s soluticn A (depth of compensation zero) and represents the attempt
to approximate, as nearly as can be accomplished by the very limited numnber ¢f param-
eters available, the necessarily irregular surface of the geoid over the area of the United
States.

These corrections do not give what is commonly known as the Hayford ellipsoid,
which is Hayford’s solution G and which represents an attempt to eliminate the effect
of local topographic conditions by means of the corrections for topography and isostatic
compensation and thus to determine, even {from an area relatively as small as that of
the United States in comparison with the land surface of the globe, an ellipsoid approxi-
mating the geoid as a whole. That this attempt is generally considered as having been
successful is shown by the fact that in 1924 the General Assemblyv of the Section of
Geodesy of the International Geodetic and Geophysical Union. wmeeting at Madrid,
adopted Hayford’s solution G as the hasis of an international ellipsoid of reference.
The numerical definition of the International Lllipsoid, for reasoms of mathematical
consistency among the possible pairs of defining parameters, does not agree exactly with
Hayford’s figures for solution G as given in the publication mentioned above, which
should he consulted to ascertain Hayford's original figures.



The fundamental defining parameters of the International Ellipsoid of Reference are:

Seniimajor axis= ¢= 6,378,388 meters,

. . .. -b 1
Flatte Lipticity)=2"2= 1. .
. ning (ellipticity)=— 297 ¢ 37] 2293 oA
From these atre derived: 7 . mubn
Semiminor axis=b=6,356,911.946 meters, avatb
@~ b Y

Square of eccentricity= &= 5= 0.006722670

Hayford’s solution A represents an ellipsoid with a smaller major axis and flattening *
than those of Clarke’s ellipsoid of 1866, and its adoption would thus represent a return
part way to the old Bessel ellipsoid. The Clarke ellipsoid is, however, much nearer to
solution A than is the Bessel ellipsoid.

Expediency weighs heavily against any change from ‘the Clarke ellipsoid now in
official use for the whole of North America on account of the immense amount of labor
in transforming the very large number of geographic positions already determined on
the Clarke ellipsoid and the confusion that would arise from the simultaneous use of
two sets of geographic coordinates on two different ellipsoids. For all geographic pur-
poses the Clarke ellipsoid answers every regunirement, especially since, except at the
southern boundary of Mexico, there seems to be no opportusity for the use of a different
ellipsoid to give rise to any confusion due to different geographic coordinates being used
in two countries for the same points.

The geographer is mainly concerned to have definite values for the geographic
coordinates of a point and reasonalily accurate values of the distance between two given
points and of the azimuth of the line joining them. If the coordinates are developed
by triangulation from some one origin, as is the case for North America, any ellipsoid
would give unique and definite values. For the distance and azimuth it is desirable
that the ellipsoid used be not: too different from the ideal ellipsoid of closest fit.

For the purvoses of scientific geodesy, however, it would be desirable to have all
countries use the same eilipsoid of reference. It was for this reason that the use of the
International Ellipsoid wuas recommended for scientific purpuses. The motives deter-
mining the adoption of the Internativna! Ellipsoid of Reference are [urther set forth in
the following report of the cxecutive commitiee of the Section of Geudesy of the Inter-
national Geodetic and Geophysical Union.

There is no intention whatever of forcing upon nations that have their triangulations either long
completed or well advanced a new cllipsoid upon which they must reculculate their triangulation. If
they are in a position to do 50, so much the better. but obviously they can not be compelled to do this
and any ruling of this sort would remwiin nugatory.

The Internation:{ Ellipsoid should he used in preference to any other:

(1) In regions recently opened to geodetic work, for triangulations very recently undertaken or

searcely begun, the calenlation of which could be easily recommenced, and for triangulations to be
undertaken in the future.

(2) Inregiohs already covered by geodetic operations, when for any reason the work is to be revised.

(3) Whenever for purposes of higher geodesy the deflections of the vertical are to be calculated with
reference to a definite cllipsoid.

It is thus to be hoped that the triangulation of the vast territories still to be won over to geodesy
will all be calculated on the same ellipsoid and that some countries will make over their triangulation
on the same system. Even though the homogencity can not be complete, at least a long step will have
been taken toward that umification of systems so much desired by geodesists, a fact which will make
it easier to discuss and to-solve a large number of important problems.

Nors.—For a brief explanation of the tables for the Internatioral Ellipsoid sec page roo.

The dimensions of the adopted spheroid, the Clarke spheroid of 1866 as expressed
in meters, will be found on page 19.



Recent progress in the invention and improvement of calculating machines brings
up a qtiestion as to the possibility of arranging these tables for machine computing
instead of preserving the previous form for logarithmic work. Where the number of
factors in a product is more than two, the only mechanical device in use at present that
compares in speed with the use of logarithms is the slide rule. The best forms of this
instrument in present use are limited to numbers of four or five figures, while the work
for which these tables are designed generally calls for seven figures. So it again appears
that modern progress has not yet reached a point where a change is required.

SOLUTION OF TRIANGLES.

The triangle on the spheroid is solved by the application of the Legendre theorem.
That is, one-third of the spherical excess is subtracted from each angle of the spheroidal
triangle, the resulting angles being the angles of a plane triangle whose sides are approxi-
mately equal in length to the sides of the triangle on the spheroid.

The angle at each vertex of the spheroidal triangle is the angle between the two
vertical planes at that vertex passed respectively through the sea-level projection of
each of the other two vertices. "Reduction is thus made for elevation above the geoid
and not above the sph:roid, for object sighted upon. Horizontal angles and directions
are not reduced for local deflection of the vertical, for horizontal refraction, or for differ-
ence of direction between vertical section and geodetic (shortest) line. Nor are bases
reduced for difference of elevation between geoid and spheroid. These refinements of
computation, amounting generally to less than the uncertainties of errors of observa-
tion, remain to be applied at some future time as a second approximation to the first-order
triangulation in the United States.

For two points, A, and B, on the spheroid, the plane which contains the normal
at A, and passes through B, intersects the spheroid in a plane curve, which may be called
the vertical section from A, to B,. The vertical section from B, to A, is determined by
the plane which contains the normal at B, and passes through A,. These two vertical
sections do not coincide, except in particular cases, so it is not strictly accurate to say
that a triangle is formed on the spheroid by the vertical sections joining three points.
There are eight triangles actually formed, the sides and angles of any one differing
extremely little from the corresponding sides and angles of any other, for triangles that
actually enter into geodetic work—that is, for triangles whose vertices are intervisible.
This ambiguity is entirely independent of that arising from extending the lines com-
pletely around the earth. The latter ambiguity does not occur in practical application
to intervisible points. The fact that horizontal directions are not reduced to the direc-
tion of geodetic lines is the source of the above difficulty, but the effect on the resulti: g
lengths is small, being well within the uncertainty due to errors of observation. The
error in length due io this cause can not accumulate, since the lengths of the controlling
bases do not require a corresponding correction. The effect on the azimuth is small
and also well within the uncertainties arising from errors of observation.

SPHERICAL EXCESS.s

The spherical excess is computed by the formula:
b, sin C,(1— ¢ sin? ¢)? .
e g G ST O s
In this formula e is the spherical excess; a,, b, and C, are two sides and the included angle,
respectively, of the corresponding triangle; ¢ is the square of the eccentricity, and a the
major semiaxis of the spheroid of reference; and ¢ is the mean latitude of the three

© For development of formula see p. 98.




vertices of the triangle. That part of the above expression which depends only on the
latitude and the dimensions of the spheroid may be designated by a single letter, m, as
shown. In Table I, page 16, the logarithms of m are given with the latitude as an
argument.

The above formula gives the spherical excess too small by one one-hundredth of a
second for an equilateral triangle with 200-kilometer sides, or for a nonequilateral triangle
of the same area. For an equilateral triangle of 100-kilometer sides, or an equivalent
nonequilateral triangle, the excess as given by this formula is too small by less than
one one-thousandth of a second.

In cases where a more accurate value of the spherical excess is required the formulas
given on page 51 of Special Publication No. 4 (* The Transcontinental Triangulation )
may be used. These formulas give a slightly unequal distribution of the spherical excess
among the three angles of the triangle.

NUMBER OF DECIMAL PLACES IN ANGLES AND LENGTHS.

According to present practice in the Coast and Geodetic Survey, directions, angles,
and azimuths are computed to the hundredth of the sexagesimal second for first-order
triangulation and to the tenth for second and third order triangulation. This gives from
one to two uncertain figures in the corresponding values—the uncertainties due to errors of
observation—and appears to be as much as can reasonably be required of the computation
at the present time.

The logarithms of the lengths, expressed in meters, are given to seven decimal places
for the first-order lines and to six places for second and third order lines. The lengths
being computed from the angles, it is best to use seven decimal places in the lengths with
hundredths of seconds in the angles and six places with tenths of seconds. In reason-
ably well-shaped triangles this secures against the introduction of accumulated error in
the last decimal place of the logarithms of the lengths due to those small accumulations
in the last decimal place of the angles which arise from rounding off to the last place

.used. In other words, no uncertainty is introduced into the last figure of the lengths
by the computing except the unavoidable accumulation due to rounding off.

An uncertainty of a unit in the fifth decimal place of the logarithm is equivalent
to an uncertainty of 1 part in 43,000, while one in the sixth place corresponds to 1 part
in 434,000. ‘The base lines are scarcely more accurate than the latter ratio; so it follows
at once that even for the most accurate first-order triangulation the logarithms of the
lengths are surely uncertain in the sixth and seventh places, and in some cases the fifth
place may be uncertain by as much as a unit. Therefore it may be said that in the
use of seven decimals in the logarithms for the first-order lines from two to three of the
last figures are uncertain, and with the use of six decimals for second and third order
lines the last two figures are uncertain.

In passing from the logarithm to the corresponding number the uncertainty in the
logarithm is, in general, reproduced by the same amount in the corresponding figure
of the number. For example, an uncertainty of one in the sixth decimal of the loga-
rithm gives rise to an uncertainty of one in the sixth figure of the number. The counting
is from the left to the right in the number, beginning with the first significant figure.
This correspondence for figures in the same place in the logarithm and in the number
is exact for numbers whose first figures are 434. . . . For all numbers from 100 . . .
to 434 . . . the uncertainty in the derived numbers is less than the uncertainty in the
corresponding figure of the logarithm, being only about one-fourth as much for the
former numbers. From 434 . . . to 999 .-. . the uncertainty in the derived numbers
is greater than the uncertainty in the corresponding figure of the logarithm, being about



two and one-half times as greuat in the latter numbers. On the whole, then, the numbers
should be written out to as many significant figures as there are decimal places in the
logarithms from which they are derived, and the uncertainties will be about the same
for corresponding figures If this rule were followed out, it could always be said that
there were two uncertain figures in the given lengths. The length of the lines varies
between such wide limits, however, that the-applicaticn of such a rule would give a
nonuniform appearance to the results, so the practice in the Coast and Geodetic Survey
is to give the lengths to two decimal places (centimeters) for the first-order lines and to
one decimal place for the second and third order lines.

COMPUTATION OF DIFFERENCES OF LATITUDE, LONGITUDE, AND AZIMUTH.

The problem is, given the latitude and longitude of a point A, and the azimuth
and distance from A, to B,, to determine the latitude and longitude of B, and the azimuth
from B, to A,. The distance here used is the side of a triangle, computed as explained
above, and the azimuth is the angle the vertical section makes with the meridian,
measured clockwise from the south up to 360°. The meridian referred to is not the
directly observed meridian, but is one carried to the point in question through the
triangulation and is, in general, based on many-directly observed astronomic azimuths.
It'is customary in the Coast and Geodetic Survey to speak of this azimuth as the geodetic
azimuth, meaning the azimuth of the vertical section as carried through the triangulation
and having no reference to the azimuth of the geodetic (shortest) line. The formulas
used in the solution of the above problem are as follows:

(1) —Ap=scosa.Bt+s?sin*a.+ (@3 D-hs?sinfa.E— Y s> k E+

3/2 2 cos?a. k E+ 14 52 cos® a sec? ¢ A" k sin® 17;

(€) Sin A)\=sin—1\'% sec ¢’ sin a;
or log Aa=1log s+ 1yy ur ~ Clog s +- log sin a 4 log A’+log sec ¢’;

sin 44 (¢'+9)
cos }5 (¢'- ¢)’
or — da= Ad)sin 14 (¢'+ ¢) sec Y4 (d¢p)+ (4N\)3 F.
In (1) the following abbreviations are made:
h=scos a. B;
—dp=scosa.B+ssina.C—hssin* a.E;
k=s'sin* a. C.

The symbols in the above expressions are as follows: ¢ and A are the given latitude
and longitude, respectively, of the point A,: ¢’ and N\’ represent the required latitude
and longitude, respectively, of the point B; s is the distance from A, to B,; « is the
azimuth of the vertical section from A, to B,, and o’ is the azimuth of the vertical section
from B, to A,; N’ is the length of the radius of curvature in-the prime vertical at the
pomnt B,. The differences of latitude, longitude, and azimuth are represented, respec-
tively, by 4¢, 4\, and Jda, and—

¢'=o¢+ d¢;
N=A+
o' =a+ da+ 180°;

A’,B,C,D,E, and F are factors depending on the dimensions of the reference spheroid and
the latitude. The forms of these factors are shown on pages 95—g7, and their logarithms
are given with the latitude as an argument in Table V.

(3) —tan ¥ (Aa)=tan % (da)



Equation (1) gives the difference of latitude in the form of a power series of the
distance. Although terms of the sixth order appear in this expression, it can not be
said to be correct up to terms of the fourth order. This formula is limited in application
both by latitude and by length of line. Latitudes near.go® are excluded, since the tangent
of the latitude enters into some of the coefficients. For a required degree of accuracy
in d¢—for example, that the third decimal place of the seconds shall be correct, according
to usage in the Coast and Geodetic Survey—the length of line to which (1) is applicable
is limited accordingly. In Appendix No. 7, Coast and Geodetic Survey Report for 1896,
page 303, it is stated that (1) and (2) should not be applied to lines of greater length
than 75 kilometers if the results are required to be correct to 0’”.vo1. When this state-
ment was made the terms of the fourth order were not included in (1), and the statement
seems to have allowed considerable margin for safety.

Equation (2) gives 4\ by the solution of a spherical triangle. In passing to the
second form, which is more convenient for computing, corrections are given for the
second term in the reduction from the logarithm of the sine to the logarithm of the arc.

The form of this correction for 4\ is %I sin? 1'/(4N)?, in which M is the modulus of the

common system of logarithms, and 4\ is expressed in seconds; the form for s is %(v’A”

sin® 1"/, in which s is in meters and A’ is the factor given in (2). This factor is written
with the prime accent to emphasize the fact that in the use of (2) it is to be taken from
the tables for the latitude ¢’ and not ¢. Im Table II the exact correction to the loga-
rithm of A\ is placed in the middle, while just opposite on the right is the corresponding
logarithm of 4\ to four decimal places, and opposite on the left is the corresponding
logarithm of s to four places. The correctiou for log A\ is always positive and that for

log s is always negative. In tabulating the correction for log s an average value (8.5590)?
was taken for log A’. The correction can not be in error on this account as much as
one in the seventh place for any latitude from 0° to 72°, so long as the line does not
exceed 100 kilometers in length. In forming length equations in triangulation adjust-
ment the correction for reduction from arc to sine is taken from Table II for log s and is,
of course, always negative in this case.

Formulas (1) and (2) do notf, give results correct to o’’.001 in 4¢ and AN\ for lines
approaching 100 kilometers in length or greater. Nevertheless the error is not more
than two or three in the third decimal of the seconds for lines up to about 120 kilometers,
and in general the errors due to the limitations of the formulas are not greater for these
lengths than the uncertainty arising from the use of only seven decimal places in the
computations.

Formula (3) is the application of Dalby’s theorem. There can be no question of
the accuracy of the second decimal place of the seconds in da, derived by the use of this
formula, for any length of line for which (1) and (2) give results approximately correct
10 0’’.001. In passing to the second form of (3) account is taken of the second term
in the expansion of tan !{daand tan 44\, and an approximate value of the ratio of da
to 4\ is taken to derive the form of the factor F.

The formulas (1), (2), and (3) are all arranged to give the results in seconds. Since
the printing of the last edition of this publication, new forms with the same numbers
(26 and 27) as the old forms have been prepared for the computation of geographic
positions of the first and third orders. Although there has been no change in the for-
mulas used for the computation, the different terms of the formulas have been rearranged
on the form in more convenient shape, and in the case of the first-order form provision

b See note on p, 18,



has been made for the additional terms required on long lines. Examples are given on
pages 11 and 12 of the computation of first and third order positions, respectively. These
examples are photographic reproductions of transcribed computations. The differences of
latitude, longitude, and azimuth are computed for the two sides of a triangle, the base
points of which are already known in latitude, longitude, distance, and mutual azimuths.
The solution is also shown of the triangle upon which the first-order example is based.
The practice is to write the name of the new point first in the form for the computation of
triangles, the known base points following in clockwise order. The two position com-
putations from the two known extremities of the base to the as yet unknown position
of the vertex of the friangle are made on the left and right hand halves of the page,
respectively. (See p. 11.) The angle opposite the second name in the triangle com-
putation is always entered on the left half of the page and is 'added to get the resulting
azimuth from that point to the vertex. The third angle is placed on the right half of
the page and always subtracted to get the resulting azimuth from the other base point.
This rule of always writing the names and angles of the triangle in clockwise order and
entering the angles and adding and subtracting in a specified way on the position com-
putation forms is mechanical, but is conducive to accuracy and speed in computing.
The latitude and longitude of the vertex of the triangle both appear on each half of the
page, and an immediate check is furnished, while the two azimuths from the vertex
back to the base points are checked if the azimuth on the right half of the page is equal
to the sum of the azimuth on the left half of the page and the first angle of the triangle.

No printed form is used for computing spherical excess, as it is a simple matter to
add the logarithm from Table I to the three logarithms in the triangle computation, a
preliminary computation of the triangle being sufficiently accurate for this purpose.

To apply these tables to the computation of positions south of the Iquator it is
only necessary to bear in mind in using the formulas that all south latitudes are negative.
Wherever 4¢, as computed in these formulas, is negative, it indicates a numerical increase
in the latitude. In using the formulas for da it should be noted that for the Southern
Hemisphere the term sin }£(¢+¢") is always negative, and therefore da and A\ always
have the same sign in the Southern Hemisphere, whereas they have opposite signs in
the Northern Hemisphere.

To apply these tables to the computation of pousitions in east longitude it is only
necessary to consider that all east longitudes are negative.

EXAMPLES OF COMPUTATION

Compulation of triangles

No. Stations Observed angle | Correction SP.*:};" Spherical f_?": Logarithms
(-3 / 7 14 ” r ”
o T e L 5.2155167
1 Wheeler Peak....... 43 40 37.07 +o.27 | 37.34 24.59 12.78 0. 1608322
2 Mount Nebo.........| 48 o4 o05.65 —o.15 | ©5.50 24.59 0.91 | 9.8714018
3 Tushar............. 88 16 30.98| —0.06| 30.92| 24.58| ©6.34] 9.9998016
T e O o [ 5.2478407
e T N A P §5.3761505
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For subordinate triangulation when the sides do not exceed, say, 25 kilometers, or
about 15 miles, the tern involving E in 4¢ and the factor sec £ 4, as well as the term
involving F in da, may be omitted. ‘The number of decimal places used in computing
the small terms of </¢ may be reduced for this class of triangulation, as is shown in the
example.

INVERSE POSITION COMPUTATION

It sometimes becomes necessdry in the adjustment of triangulation to compute the
azimuths and length of a line joining two stations which are fixed in position, but which
have not been directly connected by the observations. In order to compute this line
an inverse or back computation must be made. This computation can be made on Form
26 or Form 27, but it can be made more easily and simply on Form 662.

An example of an inverse pousition computation on Form 662 is given on page 14. The
formulas for tiie computation are given at the top of the form. The table for the cor-
rection of arc to sinc is given on the back of the form. (Sce alsop. 15. Do not confuse
this table with the table given on p. 17, which is an entirely different table) Tri-
angulation stations Spencer and Peterson are fixed in position (latitude and longilude)
and it is desired to determine the azimuth, back-azimuth, and length of the line Spencer
to Peterson. The form is self-explanatory and needs no detailed explanation. It

should be noted, however, that the quadrant. in which the angle (a+ ﬁz‘i‘) occurs depends

: Y 2| 4
upon the algebraic signs of the quantities sin (a+ —;) and cos (a+ T“) In the example
given here the sine and cosine are both minus and therefore the angle is in the third

. . . 4
quadrant. Log s, is obtained in two ways, first by subtracting log sin (a+ --;) from log

. 4 4
[ sy sin (a+ %)] and second by subtracting log cos (a+ —;) from log[ $; COs (a+ Ta)}

The values of o and log s determined by this inverse computation may be checked
in the following manner. Starting with the azimuth, Peterson to Spencer, g° 50" 19768,
the logarithm of the length, Peterson to Spencer, 4.7740507, and the fixed latitude and
longitude of Peterson, 44° 30" 38”293 and 122° 58’ 05”537, the latitude and longitude
of Spencer are computed on Form 26. The values thus obtained should check the fixed
values of the latitude and longitude of Spencer within one in the last place of decimals

13



& in (ﬁ%)-&%'—'-'
A e Lk §

~Aam=Al sin ¢, 500

in which log A\=log (\’~2) —correcting for arc to siu®; log Ad)= log (¢’ —¢) —ocorrection far are to sin®; and log s=log s+

W
Firan

INVERSE POSITION COMPUTATION

oorvection for are to ain®.
NAME OF STATION

L] ’ L L] ’ L]
L e 43 59 00,715 | Spencer l Al 123 05 41.248
. ¢ 44 30 38.293 | Peterson A o122 58 05.537
Ap (m¢’~4¢) + 3 37.578 AN (m)'—-)) -7 35.711
Ad AN
T + 15 48.783 T -3 47.886
w(=+3) “ 14 49.50¢ .
44 (secs) + 1897.578 AM (s2en) -458.711
log &¢ 3.2781997 log a» 2.6586896 ,;
cor. aro—sin | - 18 cor, are—sin 1
log o 3.27181982 log &N 2.6586895 5
log co8 5 9.9999997 log €08 ¢ 9.8551177
eslog B, | 1.4804742 calog & 14909902

Aa’ A’
toa s con(at )] 4.7676720  (oppontte 1n sign to a4 1oxfmiatn (a4l 4.0047974
togscon (a5 27676720 my

log A\ 2.6596896, |3lsar| 7.976 | logtan (=5 9.2371253 .
leg sl o 9.8437024 |lg ¥ “+F 189 4 40.69
og meo ¢ 0.0000045 _[iogb togin (o+5) | 9.2307483
logs 2.5023966 », togece (a+57) | 9.0936200
s =-317.98 log s 4.7740491
b 0,00 . ©cor. arc—aln + 16
—aa (s0cs.) ~317.98 logs 4.7740507
= . -158.99 s 59436.15

- 2 3.9
=t 139 47 40.69 * Use the.table on the back of this form for eorrestion of
tdtey 189 45  0L.70 sro o sin.
' + 5 17.%

180

o @to 1) 9 50 ___19.68

Norz.—For log »up to 4.52 and for ¢ or AX (or both) up to 107, omit all torms below the heavy line excep$ those printed
in heavy type or thoss underscored, if using logarithms to 6 decimal places.
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Table of arc-sin corrections for inverse position compulations

A"Hl,lln Am:ln
sorrection correction correction
in units of h‘,“ log 5, in units of log a0 log in unita of
seventh lo: " B & seventh h:’“ b seventh
decimal of decimal of imal
logarithms logarithms
1 2. 686 5.423 124 3,782 5. 828 497
2 2. 8368 8. 234 130 8. 743 8. 530 508
3 2. 924 5. 243 136 3. 7562 5. 534 519
4 2. 987 5. 263 142 3. 762 8. 539 &30
[] 3,035 §. 260 147 3,769 6. 543 541
] 3. 078 5. 269 153 8.718 5. 548 553
1 3.108 5. 279 160 8. 788 5. 553 565
8 3. 137 &. 287 166 3. 708 b. 557 577
9 3.163 5. 284 172 3.803 5. t81 b
10 3,188 8.303 179 3.812 5. 6536 600
11 3 208 & 311 186 3. 820 5. 570 613
12 3.228 5. 318 192- 8. 827 5. 575 825
13 3.243 5. 326 199 3.835 5. 579 637
14 3. 250 5.334 206 8. 843 5. 583 650
18 8.274 5. 341 213 3. 850 5. 687 663
18 8. 288 g: 849 221 8. 868 5. 591 874
17 8. 301 356 228 3. 865 5. 505 as7
18 3.313 5. 363 236 8.872 5. 6C0 702
20 8.338 5. 369 243 3.878 5. 604 718
23 3. 5.378 261 8,885 5.608 29
28 3. 388 5. 383 259 3 Bgz 5.613 748
b 14 3.401 8. 300 207 3. 8 5. 618 757
30 3.424 8. 308 s 3. 005 5. 620 771
33 3 445 5. 403 3.912 5. 624 785
3, 464 5. 400 292 3018 5. 628 800
330 . 481 B. 415 8. 924 5. 632 814
42 97 5 422 309 3. 831 8.636 8329
48 512 8. 428 318 8. 937 5. 610 848
48 8 5. 434 327 3. 043 5. 844 861
3, 544 5. 440 336 8,949 5.648 877
5% . 560 8. 440 345 . 058 B. 852 893
59 ), 571 8. 461 3 3. 980 5. 656 209
63 . 585 5. 457 364 8. 988 5. 660 928
o7 . 599 5. 462 k1] 8.971 5. 663 941
71 , 611 8. 468 383 8. 977 5. 687 087
78 . 623 8.473 303 3. 982 5. 671 9738
80 . 637 5. 470 402 3. 988 8. 874 m
84 . 648 5484 413 3.903 5.678 1
89 . 860 5. 489 423 3. 908
o4 3. 672 8. 498 433 4. 004
28 3.681 8. 500 443 4. 009
103 3.692 8. 5os 453 4,014
108 8.703 8. 510 464 4.019
114 3714 & 818 474 4024
19 8 8. 520 488 4020
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[m is a factor used in

I—Logm

ing spherical

(See formula on p. 6.))

Lat. logm Lat. logm Lat, logm lat, logm
-] / () 4 ° 7 o ’
o 00 T. 40695 20 00 1.40626 40 00 T.40452 60 oo T.40253
o 30 695 20 30 623 40 30 446 6o 30 249
1 0o 695 21 00 619 41 00 441 6r oo 244
I 30 694 21 30 616 41 30 436 61 30 240
2 00 694 22 00 612 42 ©0 431 62 oo 235
2 30 694 22 30 608 42 30 426 62 30 231
3 oo 693 23 oo 6o5 43 00 421 63 oo 227
3 30 693 23 30 6or 43 30 416 || 63 30 223
4 oo 692 24 ©2 597 44 o0 411 64 o0 219
4 30 691 24 30 594 44 30 406 64 30 215
5 00 690 25 oo 590 45 00 400 65 oo 210
5 30 689 25 30 586 45 30 395 6s 30 207
6 oo 688 26 oo 582 46 oo 390 66 oo 203
6 30 687 26 30 578 46 30 383 66 30 199
7 oo 686 27 oo 573 47 oo 380 67 oo 195
7 30 683 27 30 569 | 47 30 3715 § 671 30 193
8 oo 683 28 oo 565 48 o0 369 68 oo 188
8 30 682 28 30 560 48 30 364 68 30 185
9 oo €80 29 ©00 556 49 oo 359 69 oo 181
9 30 679 29 30 552 49 30 354 69 30 178

10 00 677 30 oo 548 50 oo 349 70 oo 174

c 30 675 3o 3° 544 50 30 344 70 30 171

II oo 673 31 oo 539 §I 00 339 71 oo 168

Ir 30 671 3r 30 534 s 30 334 7t 30 164

1z o0 669 32 oo 530 52 00 329 72 oo T.40161

12 30 667 32 30 525 52 30 324

13 0 665 33 oo 520 53 oo 319

13 30 663 [| 33 30 5t6 || 53 30 314

14 00 660 34 oo 5II 54 00 300

14 30 658 34 30 506 54 30 304

15 00 655 35 oo so1 55 oo 299

15 30 653 35 30 496 55 3° 295

16 oo 650 36 491 56 oo 290

16 30 647 36 30 486 56 30 285

17 00 644 37 oo 482 57 o0 280

17 30 64z || 37 30 477 57 30 276

18 oo 639 38 oo 472 58 oo 271

18 30 636 38 30 467 58 30 266

19 oo 632 39 oo 462 50 oo 262

19 30 | T.40629 39 30 | T.40457 59 30 | T.40257

[The above table is computed for the Clarke spheroid of 1866 as expressed in meters)




II.—Corrections to log AN for difference in arc and sine®

Log
-t e o e i el ARl gl PR L i
correction) eaz:.lt_h correction) l'correction)| &%, correction) icosrection)| g B5-1 correction)! correction) degim.nl ion)
place) place) place)
place)
3-3756 x| 1.8846 i 4.5261 200 | 3.0351 |[ 4.9563 | 1,450 | 3.4653 || 5.1766 | 4,000 | 3.6856
3-5261 2 | 2.0351 || 4-5468 220 | 3.0558 || 4.9637 | 1,500 | 3.4727 || 5.1820 | 4,100 | 3.6910
3.6142 1 3 12.1232 | 4.5657 | 240 ] 3.0747 [l 4.9708 | 1,550 |-3.4798 || 5.1872 | 4,200 | 3.6962
3.6766 4| 2.1856 || 4.5831 260 | 3.0021 || 4.9777 | 1,600 | 3.4867 [| 5.1923 | 4,300 | 3.7013
3.7351 | 5| 2.2341 || 4-5092 | 280 | 3.1082 || 4.0844 | 1,650 | 3.4934 || 5-1973 | 4.400 | 3.7063
3.7647 6| 2.2737 || 4.6142 300 | 3.1232 || 4.9908 | 1,700 | 3.4998 || 5.2022 | 4,500 | 3.7112
3.7982 7 12.3072 || 4.6282 320 | 3.1372 || 4.9971 | 1,750 | 3.5061 {| 5.2070 { 4,600 | 3.7160
3.8272 8 12.3362 | 4.6413 340 | 3.1503 || 5.0032 | 1,800 | 3.5122 || §5.2117 | 4,700 | 3.7207
3.8527 9 | 2.3617 || 4.6538 360 | 3.1628 || 5.0092 | 1,850 | 3.5182 || 5.2162 | 4,800 | 3.7252
3-8756 | 10| 2.3846 || 4.6655 380 | 3.1745 || 5.0150 | 1,000 | 3.5240 || 5-2207 | 4,900 | 3.7297
3.9152 | 12 | 2.4242 || 4.6766 400 | 3.1856 || 5.0206 | 1,950 | 3.5296 || 5-2251 | 5,000 | 3.7341
3-9487 | 14| 2.4577 || 4.6872 420 | 3.1962 || 5.0261 | 2,000 | 3.535I || 5-2204 | 5,100 | 3.7384
3.9777 | 16| 2.4867 || 4.6973 | 440 | 3.2063 || 5.0315 | 2,050 | 3.5405 |[ 5.2336 | 5,200 | 3.7426
4.0032 | 18 | 2.5122 || 4.7070 460 | 3.2160 || 5.0367 | 2,100 | 3.5457 [| 5-2377 | 5.300 | 3.7467
4.0261 | 20 | 2.5351 || 4.7162 480 | 3.2252 || 5.0418 | 2,150 | 3.5508 || 5.2418 | 5,400 [ 3.7508
4.0468 | 22 | 2.5558 | 4.7251 | 500 | 3.234r || 5.0468 | 2,200 | 3.5558 || 5.2458 | 5,500 | 3.7548
4.0657 | 24 | 2.5747 || 4.7336 | 520 | 3.2426 | 5.0517 | 2,250 | 3.5607 [| 5-2497 | 5,600 | 3.7587
4.0831 | 26 | 2.5921 || 4.7418 | 540 | 3.2508 || 5.0565 | 2,300 | 3.5655 |} 5-2535 | 5.700 | 3.7625
4.0992 | 28 | 2.6082 || 4.7497 s60 | 3.2587 |i 5.0611 | 2,350 | 3.5701 || 5-2573 [ §.800.| 3-7663
4.1142 | 30| 2.6232 || 4.7573 | 580 | 3.2663 || 5.0657 | 3,400 | 3.5747 || 5.2610 | 5,900 | 3.7700
4-1476 | 35 | 2.6566 || 4.7647 6oo | 3.2737 || 5-0702 | 2,450 | 3.5792 || 5-2647 | 6,000 | 3.7737
4.1766 | 40 | 2.6856 || 4.7718 620 | 3.2808 || 5.0746 | 2,500 | 3.5836 || 5.2683 | 6,100 | 3-7773
4.2022 | 45 | 2.7112 || 4.7187 640 | 3.2877 || 5.0789 | 2,550 | 3.5879 || 5.2718 | 6,200 | 3.7808
4-2251 | 50| 2.734% (| 4.7854 | 660 | 3.2044 || 5.0831 | 2,600 [ 3.5921 || 5.2753 | 6,300 | 3.7843
4.3458 | 55| 2.7548 || 4.7919 | 680 | 3.3009 || 5.0872 | 2,650 | 3.5962 || 5.2787 | 6,400 | 3.7877
4.2647 | 60| 2.7737 || 4-7982 | 700 | 3.3072 || 5.0013 [ 2,700 | 3.6003 [ 5.2821 | 6,500 | 3.7911
4.2821 | 65| 2.7911 || 4.8131 750 | 3-3221 || 5.0053 | 2,750 | 3.6043 || 5-2854 | 6,600 | 3.7944
4.2982 | 70 | 2.8072 | 4.8272 800 | 3.3362 || 5.0092 | 2,800 | 3.6082 {i 5.2886 | 6,700 | 3.7976
4.3272 | 80| 2.8362 |i 4.8403 850 | 3.3493 || 5.1030 | 2,850 | 3.6120 || 5.2919 | 6,800 | 3.8009
4.3527 | 90| 2.8617 || 4.8527 goo | 3.3617 || 5.1068 | 2,900 | 3.6158 |~ 5.2950 | 6,900 | 3.8040
4-3756 | 100 | 2.8846 || 4.8645 950 | 3-3735 || 5.1142 | 3,000 | 3.6232 || 5.2982 | 7,000 | 3.8072
4-3963 | 110 | 2.9053 || 4.8756 | 1,000 | 3.3846 || 5.1213 | 3,100 | 3.6303 || 5.3043 | 7,200 | 3.8133
4-4152 | 120 | 2.9242 || 4.8862 | 1,050 | 3.3052 || 5.1282 | 3,200 | 3.6372 || 5.3102 | 7,400 | 3.8102
4-4326 | 130 | 2.9416 || 4.8963 | 1,100 | 3.4053 || 5.1349 | 3,300 | 3.6439 || 5.3160 | 7,600 | 3.8250
4-4487 | 140 | 2.9577 || 4.9060 | 1,150 | 3.4150 || 5.1413 | 3.400 | 3.6503 | 5.3217 | 7,800 | 3.8307
4-4637 | 150 | 2.9727 || 4.9152 | 1,200 | 3.4242 || 5.1476 | 3.500 | 3.6566 || 5.3272 | 8,000 | 3.8362
4.-4777 | 160 | 2.9867 || 4.9241 | 1,250 | 3.4331 || 5.3538 | 3,600 | 3.6628 | 5.3325 | 8,200 | 3.8415
4-4908 | 170 | 2.9908 [ 4.9326 | 1,300 | 3.4416 || 5.1597 | 3.7%0 3-6687% 5-3377 | 8,400 | 3.8467
4.5032 | 180 | 3.0t22 |l 4.9408 | 1,350 | 3.4498 li 5.1655 | 3.800 | 3.6745 || 5.3429 | 8,600 | 3.8519
4-5150 | 190 | 3.0240 l4-9487 1.400 | 3.4577 || 5.1711 [ 3,900 | 3.680r || 5.3479 | 8,800 | 3.8560

* See mote on p. 18.

205669 0—52——2
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III.—Log sec 3 (A$)

w | || s || W e B | e | WS
’ ’ / /’ 4
1 | o.0000000 21 | 0.0000020 41 | 0.0000077 61 | o.oc00171 81 | o0.0000301
2 o 22 22 42 81 62 177 82 300
3 ° 23 24 43 85 63 182 83 316
4 I 24 26 44 89 64 188 84 324
5 I 2§, 29 45 93 65 194 85 332
6 2 26 31 46 | 0.0000097 66 200 86 340
“ 7 2 27 33 47 | o.0000r01 67 206 87 348
8 3 28 36 48 106 68 212 88 356
9 4 29 39 49 o 69 219 89 364
10 5 30 41 50 11§ 70 225 90 372
II 6 3I 44 51 119 71 2332 [} 38
12 7 32 47 52 124 72 238 92 389
13, 8 |[ 33 so i 53 129 || 73 245 93 397
14 | 0.0000009 34 53 54 134 74 252 94 406
15 | o.ococoro | 35 56 || 55 139 75 258 95 415
16 12 36 6o 56 144 76 265 96 423
17 13 37 63 57 149 77 a72 97 432
18 15 | 38 66 | 58 155 78 279 98 441
19 17 39 70 59 160 79 287 99 450
20 18 40 73 6o 165 8o 204 100 459
The following note refers to the table on page 17:
Formula (3) page 96 may be written in its more exact form
log AN=log s-+log A'+log sin a+log sec ¢'+cy—ce (A)

in which
cx=1log Ah—log sin ax= s
s . s M{f s\?
ctog (3) e sin (3) =% ()
The remaining symbols in equation (A) have already been defined. In (B) the extreme right-uund side represents an infinite
unsolwhlchonlyt.heﬁrstterm:sg:vm.AdeN,mtobee:ptssedmndxms M is the modulus of the logarithms-=

0.43429 . . . ‘The central c;olumn of the table gives c: and ¢, expressed in umits of the eighth place of decimals. On the right and
and left are r)spect.ivdy the corresponding values of log A\ (A). expressed in seconds) and of log s (s expressed in meters).

/

(B)

tog Ax=log L log (3 )+ log o= s.846r-+-log ¢

’

lngs——— (M)+|o¢1v'+ log ¢, or ()
log s=1log L log () —log A"+ log ¢
usthemmmvaluedcxandu Tbe!actwlog 7 nppursbemusem (B) A\ was in radians, while in equation (C) itisin
secouds.
In strictness N’ or A’ vary with the latitude, but a mean value, log A=8, been taken-
Evidently log AA—log s=8 5090 for a common value of ¢, as may be verified {rom t.he table.

18



For the convenience of the computer the following conversion table is inserted:

IV.—Conversion table.
‘To convert: ‘To convert:
Meters to feet. Feet to meters. Kilometers tostatute  Statute miles to
miles. kilometers.
1= 3.280 833 1==0.304 8006 1=0.621 3699 1= 1.609 347
3= 6.561 667 2==0.609 6o12 2=1.242 7399 2= 3.218 694
3== 9.843 500 3==0.914 4018 3==1.864 1008 3= 4.828 o42
4=13.123 333  4=1.210 2024 | 4=2.485 4798 4= 6.437 389
§=16.404 166 §==I.524 0030 5=3.100 8497 5= 8.046 736
6=19.685 ooo 6==1.828 8037 6=3.728 2196 6= 9.656 o83
7=22.965 833  7=2.133 6043 | 7=4.349 5806  7=11.265 430
8=26.246 666 8=2.438 4049 8=4.970 9595 8=12.874 778
9=29.527 500  9==2.743 2055 9=5.592 3295  9=14.484 125

V.—Table of logarithms of faciors A’, B, C, D, E, F, based upon the Clarke spheroid of 1866 as expressed in
meters, between latitudes 0° and 72°

CONSTANTS FOR THE REFERENCE SPHEROID

Equatorial semi-axis=a 6 378 206.4 oA+ b =
Polar semi-axis=b 6 356 583.8 2
t/a= 203.
204.98
gr=(r—e sin’ &) log a=6.804 698 5%
a sin 17 log b=6.803 223 78
log e*=7.830 502 57
_(1—e sin? ¢}t . log ————=B.509 726 56
e | log :m : 8.512 676
(1~ sin? ¢)* tan ¢ gy 5.512 15
C= i~ sin 7" oz ‘:) sin %
D 343 sin ¢ cos ¢ sin 1”7 lqm=f.4oﬁ 047 6
1—¢ sin’ ¢ log (34 ¢?sin 1”/)=37.692 168 7
g (3 ) (1~ sin? ) S
o 6a log g 7=3.612 45
= A si in3 -
F ﬁ sin ¢ cos? ¢ sin? 1 lo‘ (ﬁ' sins I”)=8.29! 96

Nore.—In the logarithms given above and in the following tables, a minus sign over the characteristic
indicates that 10 is to be subtracted from the characteristic as printed, and a double minus sign indicates
that 20 is to be subtracted from the characteristi¢ as printed.
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LATITUDE o".

log A’ log B log C log D lozg E log B
co oo 8 509 7266 8 512 6761 _—® ) 5. 6125 -

I 66 61 7-8707 9. 156 [
2 66 6r 8. 1717 457 5
3 66 6r 3477 633 5
4 66 61 4727 758 5
os 66 61 5696 855 5
6 66 61 6488 9. 934 5
7 66 61 7158 8. oox 5
8 66 61 7740 059 5
] 66 61 8249 110 5
10 8.509 7266 8. 512 6761 8. 8707 0. 156 5. 6125
I 65 61 9121 197 [
12 65 61 9499 235 5
3 65 61 8. 9846 270 5
14 65 61 9. 0168 302 5
15 65 61 0468 332 [
16 65 61 0748 360 5
17 65 6o 1011 386 5
18 65 6o 1259 411 5
19 65 6o 1494 435 5

20 8. 509 7265 8. 512 6760 9. 1717 0. 457 5. 6125 6. 057
21 65 6o 1929 478 5
22 65 60 2131 498 5
23 65 60 2324 518 [
24 65 59 2509 536 5
25 65 59 2686 554 5
26 65 59 2857 57% 5
27 65 59 3020 587 5
28 65 59 3178 603 5
29 65 58 3331 618 5
30 8. 509 7265 8. 572 6758 9. 3478 0.633 5. 6126
3t 64 58 3620 647 6
32 64 58 3758 661 6
33 64 57 9- 3892 674 6
34 64 57 9- 4022 687 6
35 64 57 A148 700 6
36 64 57 4270 712 6
37 4 56 4389 724 6
38 64 56 4505 736 6
39 64 56 4618 747 6

40 8.509 7264  8.512 6756 9. 4728 o.758 §. 6126 6. 358
41 64 55 4835 769 6
42 64 55 9. 4939 779 6
43 64 55 9. 5042 789 6
44 63 54 5141 799 7
43 63 54 5239 809 7
46 63 54 5335 819 7
47 63 53 5428 828 7
48 63 53 5519 837 7
49 63 53 5609 846 7
so 8.509 7263 8. 512 6752 9- 5697 o. 855 5. 6127
51 63 52 5783 863 7
52 62 51 5866 872 7
53 62 51 9. 5950 880 7
54 62 (14 9. 6031 888 8
55 62 50 6111 896 8
56 62 50 6189 904 8
57 62 49 6266 912 8
58 61 49 6341 919 8
59 61 49 6416 927 8

N 6o 8 509 7261 8. 512 6748 9. 6489 ©. 934 5. 6128 6. 534
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LATITUDE 1°.

Lat. log A’ log B logC log D g E log ¥
oo 8. 509 7261 8. 512 6748 56489 8.934 §.6128 L
I 61 48 560 941 29
2 61 47 631 948 29
3 61 47 701 955 29
4 61 46 769 962 29
o5 6o 46 836 969 29
6 6o 45 903 975 29
7 6o 45 9- 6968 982 29
8 6o 44 9. 7032 088 30
9 60 “ 096 ©. 995 30
10 8.509 7260 8. 512 6743 9. 7158 1. oor 5. 6130
1 59 43 220 007 30
12 59 42 281 o13 30
13 59 42 341 o19 30
14 59 41 400 025§ 3z
15 59 4 458 o031 3r
16 58 40 516 037 31
17 58 39 572 o42 31
18 58 39 628 o048 3t
19 58 38 684 053 3t
20 8. 509 7258  8.512 6738 9. 7738 1. 059 § 6132 6. 658
21 57 37 792 o064 32
22 57 36 846 o070 32
33 57 36 898 o75 32
24 57 35 9- 7950 o8o 32
2§ 57 35 9- 8002 o085 32
26 56 34 053 ogo 33
27 56 33 103 095 33
28 56 33 152 100 33
29 56 33 202 10§ 33
30 8. 509 7256 8. 512 6731 9- 8250 1. 110 5.6133
31 55 31 298 115§ 34
32 55 30 346 119 34
33 55 29 393 124 34
34 55 29 439 129 34
35 54 28 485 133 34
36 54 27 53t x38 3s
37 54 26 576 142 35
38 54 26 620 147 35
39 53 25 664 151 35
40 8. 509 7253 8. 512 6724 9. 8708 1. 156 5. 6136 6 755
41 53 23 751 160 36
42 53 23 794 164 36
43 52 22 836 168 36
44 §2 21 878 173 36
45 52 20 920 177 37
46 52 20 9. 8961 181 37
47 51 19 9- 9oo2 185 37
48 3] 18 o042 189 37
49 (1] 17 o82 193 38
so 8. 509 7251 8. 512 6716 9-9122 1. 197 5. 6138
51 50 16 161 201 38
52 50 15 200 20§ 38
53 §o 14 239 209 39
54 49 13 277 212 39
55 49 12 315 216 39
56 49 11 353 220 39
57 49 10 390 224 40
58 48 10 427 227 40
59 48 ) 454 231 40
60 8.500 7248  8.512 6708 9. 9500 1. 2247 5. 6140 6.834
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LATITUDE 2°.

£
r

log A’

log B log C log D log E fog P

2 oo B. 509 7248 B 512 6708 9 95002 T. 2347 5. 6140 4 834
1 47 o7 5363 383 41
2 47 ob §721 419 41
3 47 o5 6076 454 4
4 47 o4 6428 489 41
o5 46 o3 6777 524 42
6 46 oz 7123 559 42
7 46 or 7467 593 42
8 45 6700 7808 627 43
9 45 G699 8146 661 43
10 8.509 7245  8.512 6698  T.g8482 1. 2694 5. 6143
11 44 97 8815 727 43
12 44 97 9145 760 4
13 44 96 . 9473 793 44
14 43 95 9-99799 826 44
15 43 94 8. oo122 858 45
16 43 93 0443 8go 45
17 42 91 0762 922 45
18 42 90 1078 953 45
19 42 89 1392 1. 2984 46

20 8. 509 7241 8. 512 6688 0. 01703 1. 301§ 5. 6146 6.9c1
21 41 87 2013 046 46
22 41 86 2320 077 47
a3 40 85 2625 107 47
24 40 84 2928 138 47
25 40 83 3229 168 48
26 39 82 3528 197 48
27 39 8z 3825 227 48
28 38 8o 4119 256 49
29 38 79 4412 283 49
30 8.509 7238 8. 512 6678 0. 04703 1.3314 5. 6149
3t 37 76 4952 343 5o
32 37 75 5279 372 50
33 37 74 5564 400 50
34 36 73 5847 428 5t
35 36 72 6129 456 st
36 35 71 6408 484 5T
37 35 70 6686 512 52
38 35 68 6962 539 52
39 34 67 7237 567 52

40 8.509 7234  8.512.6666  o.07509 1. 3504 56153 6. 959
41 33 65 7780 621 53
42 33 64 8050 648 53
43 33 62 8317 674 54
a4 32 61 8583 701 S4
45 32 6o 8848 737 54
46 3t 59 911 753 S5
47 31 58 0372 779 55
48 3t 56 963% 8os 56
19 30 55 o. 09890 83z 56
50 8.509 7230 8. 512 6654 o. 10146 1. 3856 5. 6156
3 29 52 0401 882 s7
52 29 51 0655 907 57
53 28 50 0907 932 57
P 28 49 1158 957 58
55 28 47 1407 1. 3982 58
56 27 46 1655 1. 4007 50
57 27 45 1902 031 59
58 26 43 2147 055 59
50 26 42 2390 o8o 6o

60 8. 509 7225 8. 512 6641 0. 12633 1. 4104 5. 6260 7:010

[ ]
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LATITUDE 3°.

Lat. log A’ &AL {9!_’_’_°_°3 Iz C log D g E g F
3 oo 8 500 7225 8. 512 6641 3. 12633 1. 4104 5. 6160 ¥. o10
b¢ 25 39 2874 28 61
2 24 38 3113 52 61
3 24 37 3352 75 61
4 24 35 3580 1. 4199 62
o5 23 34 3823 1. 4222 62
6 23 33 4059 46 62
7 22 31 4293 69 63
8 22 30 4525 1. 4202 63
9 21 28 4756 I. 4315 64
10 8. 509 7221 8. 512 6627 ©. 4985 1. 4338 64
11 20 26 5214 60 65
12 20 24 5441 1. 4383 65
13 19 23 5667 1. 4405 65
14 19 21 5892 28 66
11 18 20 6116 50 66
16 18 18 6338 72 67
17 17 17 6560 1. 4494 67
18 17 15 6780 1. 4516 68
19 16 14 38 68
20 8.509 7216 8. 512 6612 0. 17217 1. 4560 s 6168 7.055
21 15 I 7434 1. 4581 69
22 15 o9 7650 1. 4603 69
23 14 o8 7665 24 70
24 4 o6 8079 45 7
25 13 o5 8292 66 71
26 13 03 8504 1. 4687 7t
27 12 02 8718 1.4708 72
28 12 6600 89235 29 72
29 Ix 6599 9133 50 72
30 8. 509 7211 8. 512 6597 0. 19341 1. 4770 5.6173
31 10 96 0548 1. 4791 73
32 10 94 9754 X. 4811 74
33 °9 92 19959 32 74
34 ©9 91 20163 52 75
35 o8 89 0366 72 75
36 o8 88 0568 1. 4892 76
37 o7 86 0769 L. 4912 76
38 o7 84 0969 32 77
39 o6 83 1168 52 77
40 8. 509 7200 8. 512 6581 0. 21367 1. 4971 5. 6178 7. 096
41 os§ 8o 1564 1. 4991 78
42 o4 78 1761 I. 5011 79
43 o4 76 1956 30 79
44 o3 75 2151 49 8o
45 o3 73 2345 68 8o
46 o2 71 2533 1. 5088 81
47 ] 6g 2731 1. §107 81
48 o1 68 2922 26 8:
49 oI 66 3113 45 82
50 8. 5009 7200 8. 512 6564 0. 23302 1. 5163 . 6182
51 7199 63 3401 1. 5182 83
52 99 61 3680 1. 5201 84
53 98 59 3867 19 84
54 98 58 4053 38 85
55 97 56 4239 56 85
56 96 54 4424 75 86
57 96 52 4608 1. 5203 86
58 95 50 4792 L. 5311 87
59 95 49 4974 ‘29 87
6o 8. 509 7194 8. 512 6547 o. 25156 1. 5347 5. 6188 7-133
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LATITUDE 4°.

Lat. log A’ log B log C tog D log B log ¥
diff. 1’ =—o0.04
4 o0 8.5009 7194 8. 512 6547 0. 25156 1. 5347 5. 6188 7.133
1 93 45 5337 65 88
2 93 43 5518 L. 5383 89
3 92 42 5697 1. 5401 89
4 92 40 5876 18 90
o5 91 38 6055 36 %
6 91 36 6232 54 o1
7 90 34 6409 71 91
8 89 32 6585 1. 5439 92
9 & 3t 6760 1. 5506 92
10 8. 509 7188 8. 512 6529 o. 26935 I. 5523 5. 6193
I 87 27 7109 40 93
12 87 25 7282 58 04
13 86 23 7455 75 95
14 86 21 7627 I. 5592 95
15 85 19 7798 1. 5609 96
16 84 17 7963 25 96
17 84 16 8138 42 97
18 B3 14 8308 59 97
19 82 12 8476 76 o8
20 8. 509 7182 8. 512 6510 0. 28644 1. 5692 5. 0109 7- 168
21 81 o8 8812 1. §709 . 6199
22 8o ob 8978 25 §. 6200
23 8o 04 9144 42 oo
24 79 o2 9310 58 or
23 78 6500 9475 74 o1
26 +8 6498 9639 1. 5791 02
27 77 96 9802 1. 5807 o3
28 76 94  © 29965 23 o3
29 70 92 o. 30128 39 o4
30 8. 500 7175 8. 512 6490 2. 30290 1. 5855 5. 62
31 74 88 0451 71 o5
32 74 86 obi1 1. 5887 o5
33 73 84 077+ 1. 5902 o6
34 72 82 0931 18 o7
33 72 8o 1090 34 o7
36 71 78 1248 50 o8
37 70 76 1406 63 o8
38 70 74 1563 8x 09
39 69 2 1719 1. 5996 10
40 8. 509 7168 8. 512 6470 o. 31875 1. 601X 5. 6210 7. 200
41 67 68 2031 27 1
42 67 65 2186 42 12
43 66 63 2340 57 12
44 66 61 2494 73 3
45 65 59 2647 1. 6088 13
46 64 57 2800 1. 6103 14
47 63 55 2033 18 15
48 63 53 3104 33 15
49 62 5I 3255 48 16
50 8. 509 7161 8. 512 6448 0. 33406 1. 6163 5. 6216
51 6o 46 3556 77 17
52 6o 44 3706 1. 6192 18
53 59 42 3855 1. 6207 18
54 58 40 4004 21 19
53 57 38 4152 36 20
56 57 35 4300 51 20
57 56 33 4447 65 21
58 55 31 4594 80 22
59 L1 29 4740 1. 6204 22
60 .8.500 7154 8. 512 6427 0. 34885 1. 6308 5. 6223 7.229
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Lat. tog A diff. lx",’—n—o.u e diff. I:”—D+l:n.u ks B T ¥
5- 00 8.500 7154 8 512 6427 5. 34885 1. 6308 5. 6223 7.229
1 53 24 sozo 23 24
2 53 az 5175 37 24
3 52 20 5320 st a5
4 SI 8 5464 65 26
o5 50 15 5607 79 26
6 49 13 5750 1. 6393 27
7 49 11 5892 1. 6407 28
8 48 o8 6034 2 28
9 47 o6 6176 35 29
10 8. 5007146 8. 512 G404 0. 36317 1. 6449 s- 6230
I 46 6402 6457 63 30
12 45 6399 6597 77 31
13 44 97 6737 1. 6491 32
14 43 95 6876 . 6504 32
1§ 43 92 7015 8 33
16 42 90 7154 32 34
17 41 88 7292 45 34
18 40 8s 7429 59 35
19 39 83 7566 72 36
20 8.500 7139 & 512 6381 0. 37703 1. 6586 §. 6236 - 256
21 38 78 7839 1. 6599 37
22 37 76 7975 1. 6612 38
23 36 73 8111 26 38
24 35 7t 8246 39 39
25 35 69 8380 52 40
26 34 66 8514 63 41
27 33 64 8648 78 a1
28 32 63 8781 1. 6692 42
a9 3r 59 8914 1. 6705 43
30 8. 509 7131 8. 512 6356 0. 30047 1. 6718 5. 6243
3t 30 54 9179 i: :;
32 29 52 9311
33 28 49 9442 56 46
34 27 47 9573 69 46
33 27 4“4 9704 82 47
36 26 42 9834 1. 6795 48
37 a5 39 ©. 39964 1. 6308 48
38 24 37 ©. 40004 20 49
39 33 34 0223 33 50
40 8. 509 7122 8. 512 6332 0. 40351 1. 6846 §. 6251 7.282
41 21 29 o480 58 [31
42 21 27 o608 7x 52
43 20 24 0735 83 53
14 19 ax 0863 1. 6896 54
45 18 19 0990 1. 6908 54
46 17 16 116 21 55
47 16 14 1242 33 56
48 6 1 1368 45 57
9 15 o9 1493 58 57
50 8. 500 7114 8. 512 6306 0. 41619 1. 6970 5. 6258
51 13 o3 X743 82 59
52 12 6301 1868 1. 6994 6o
53 ¢4 6298 1992 1. 7006 6o
54 10 96 211§ 19 6x
55 o9 93 2239 31 62
56 o9 90 2362 43 63
57 o8 88 2484 55 63
8 o7 8s 2607 67 64
59 ob 82 2729 79 65
6o 8.509 7105 8. 512 6280 o. 42850 1. 7090 5. 6266 7. 306
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LATITUDE 6°.

Lat, P2 on mFPaes ™ am e e ¥ tox ¥
6 oo 8 509 7105 8 512 6280 3. 42850 T. 7090 5. 6266 7. 306
T o4 77 2972 1. 7102 67
2 o3 74 3093 14 67
3 o2 72 3213 26 68
4 or o 3334 38 69
o§ o1 66 3454 50 70
6 7100 64 3573 61 70
7 7009 61 3693 73 7"
8 98 58 3812 85 72
9 97 55 3931 1. 7196 73
10 8. 509 7096 8. 512 6253 0. 44049 1. 7208 5. 627.
b 95 50 4167 19 74
12 94 47 4285 at 75
13 93 44 4402 42 76
14 92 4z 4519 54 77
15 9z 39 4636 65 78
16 91 36 4753 76 78
17 90 33 4869 88 79
8 89 31 4985 1. 7299 8o
19 88 28 §I01 1. 7310 81
20 8. 509 7087 8. 512 6223 ©. 45216 1. 7322 §. 6282 7- 329
21 86 22 5331 33 83 :
22 85 19 5446 44 &3
23 8 16 5560 55 84
24 83 4 5674 66 83
25 82 11 5788 78 86
26 81 o8 5902 1. 7380 87
27 8o o5 Gors I. 7400 88
28 79 6202 6128 Ir 88
29 78 6199 6241 22 89
30 8.509 7077  8.512 6196 0. 46353 1. 7433 5. 6290
M 76 94 6465 44 91
32 75 91 6577 54 92
33 74 88 6689 65 93
34 73 85 6800 76 93
33 72 82 6011 87 94
36 71 79 7022 1. 7408 95
37 7° 76 7132 1. 7508 96
38 70 73 7242 19 97
39 69 70 7352 30 98
40 8. 509 7068 8 512 6167 0. 47462 1. 7541 5. 6299 7- 351
41 67 64 7571 51 5. 6299
42 66 61 7681 62 5. 6300
43 65 58 7789 73 o1
4“ 64 55 7898 83 o2
45 63 52 8006 I. 7594 o3
46 62 49 8114 1. 7604 o4
47 61 46 8222 15 os
48 6o 43 8330 23 o6
49 59 40 8437 36 o6
50 8. 509 7058 8. 512 6137 o 48544 1. 7646 5. 6307
51 57 34 8651 56 o8
52 56 31 8757 67 o9
53 55 28 8864 77 10
54 53 25 8970 87 x
5§ 53 22 9075 1. 7698 12
56 51 19 9181 1. 7708 13
57 50 16 9286 18 13
58 49 13 9391 28 1
59 43 10 9496 38 1§
60 8. 509 7047 8. 512 6107 0. 49600 1. 7749 5-6316 7. 371
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LATITUDE 7°.

! C loj
Lat. diff. I:”-A —-o0.02 diff. ?’—5—0.06 tos diff. ]x""-l-,i-o. 16 B ke ¥
7 oo 8. 509 7047 8. 512 6107 G. 49600 1. 7749 5. 6316 53
1 46 03 705 59 17
2 45 6100 809 69 18
3 4 6097 . 49913 79 19
4 43 94 o. 50016 89 20
o5 42 91 119 1. 7799 2x
6 41 88 222 1. 7809 22
7 40 85 32§ 19 a3
8 39 82 428 29 23
9 38 78 530 39 24
10 8. 509 7037 8. 512 607§ ©o. 50632 1. 7849 5. 6325
1 36 73 134 59 26
12 35 69 836 68 27
13 34 66 ©. 50937 78 28
14 33 62 0. 51039 88 29
1§ 32 59 140 1. 7808 30
16 30 56 240 1. 7908 3t
17 29 53 341 17 32
18 28 50 441 27 33
x9 27 46 541 37 34
20 8. 509 7026 8. 512 6043 o. 51641 1. 7046 5 6332 7- 391
21 25 40 741 56 3
22 24 37 840 66 37
23 23 33 ©. 51939 75 37
24 22 30 0. 52038 85 38
a5 a 27 137 1. 7994 39
26 20 23 236 1. 8004 40
27 19 20 334 13 41
28 17 17 432 23 42
29 16 14 530 32 43
30 8. 509 7015 8. s12 Goro o. 52628 1. 8042 5- 6344
3t 14 °7 135 5T 45
32 13 o4 822 61 46
33 12 6oco ©. 52019 70 :Z
34 1 5997 ©. 53016 79
35 10 94 I3 89 49
36 09 90 209 1. 8098 50
37 o7 87 306 1. 8107 3
38 o6 83 402 17 (1]
39 o3 80 497 26 53
40 8.509 7004  8.512 5977 ©. 53593 1. 8135 5 6354 7- 409
41 03 73 688 44 55
42 o2 70 784 53 56
43 o1 66 879 63 57
4“ 7000 63  ©.53973 72 58
45 6998 6o o. 54068 8r 59
46 97 56 162 90 60
47 96 53 257 1. 8199 61
48 95 49 35t 1. 8208 62
49 94 46 444 17 63
50 8. 509 6993 8. 512 5042 0. 54538 1. 8226 5. 6364
] 91 39 631 35 65
53 90 35 728 44 66
53 89 32 313 53 67
54 88 28 0. 54911 62 68
55 87 25 o 55003 I 69
56 86 21 096 8o 70
57 84 18 188 gg 7t
58 83 14 280 1. 82 72
59 82 11 372 z. 8307 73
6o 8.509 698r 8. 512 5907 o. 55464 1.8315 5-6374 7. 427




LATITUDE 8°

Lat. an A e’ PR . log € diff. l:’”—D«,.u diff, xl'?.—Eo.o: log ¥
8 oo | Bsop6g8r B.sia sgo7 B 55464 18315 5.6374 7. 437
b 8 o4 555 24 75
2 79 5900 646 33 76
3 77 5897 738 42 77
4 76 93 829 50 78
© 75 90 ©. 55919 59 79
g 74 86 o. 56010 68 -8o
7 73 82 100 17 81
8 71 79 191 85 82
9 70 75 281 1. 8304 83
10 8. 8. 512 5872 . 56371 1. 8403 . 6384
3 5» 6923 - 68 460 12 5 85
12 67 64 §50 20 86
13 65 61 639 28 87
14 64 57 728 37 8
15 63 54 817 45 90
16 62 50 gob 54 91
] 61 46 0. 56995 62 92
I 59 43 ©. 57083 71 93
19 s3 39 172 79 %
20 8.509 6957  8.519 5835 o. 57260 1. 8488 5- 6395 7444
ar T 856 32 348 1. 8496 96
22 $4 28 436 1. 8505 97
a3 53 24 $23 13 98
24 §2 20 (133 21 99
2 5t 17 698 30 5 6400
2 :g 13 785 38 5. 6401
27 o9 873 46 o2
a8 47 o6 °. 57959 55 o3
29 46 5802 o. 58045 63 o4
30 8. 509 6945 8. 512 5798 0. 58132 1. 8571 s. 6406
31 43 04 218 8o o7
32 42 1 304 88 o8
33 41 7 390 1. 8596 og
34 39 83 476 5 1o
3 38 79 562 13 11
3 3(75 75 647 21 12
3 3 12 132 29 13
3 34 68 818 37 14
39 33 64 903 45 15
40 8.509 6932  8.512 5760  o©. 58087 1. 8653 5 6416 7. 461
41 3t 56 ©. 59072 61 18
42 29 53 157 69 19
43 28 49 241 77 20
44 27 45 325 85 a1
4 a5 41 409 1. 8693 23
4 24 37 493 1. 8701 a3
:; a3 33 L14 9 24
22 29 660 17 2
49 20 26 744 25 2
50 8. 509 69!g 8. 512 5722 o. 59827 1.8733 5. 6428
5t 1 18 910 41 29
59 16 14 ©. 59993 49 30
53 1§ 10 o 60076 57 31
54 14 o6 159 65 32
gg 12 §702 241 3 33
11 5698 34 X 34
5 10 o4 406 8 35
5 o9 gz 488 1. 8796 3
59 o7 §70 1. 8804 3
6o 8. 509 6906 8. g13 5682 o. 60652 1. 8812 s. 6439 7- 476
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LATITUDE ¢°.

Y

oqA' log B log C lo, D

1 '3 ®
diff. 1''m —o0.02 diff, 1''=—o0.0y diff. 3’ lox

loj
=+o.12 diff. 1''= +o.02

Y-}

©meod Awend ~

8. 509 6906 8. 512 5682 O. 60652 1. 8812 5. 6439 7. 476
o5 78 733 20 40
o3 74 815 27 4t
o2 70 896 35 42
6gorx 66 o. 60977 43 44
6899 62 o, 61058 3 45
98 58 139 58 46
97 54 220 66 47
95 50 3or 74 48
94 46 38z 81 49
8. 509 6893 8. 512 5642 o. 61461 1, 8889 5. 6450
o1 38 542 1. 8897 52
90 34 622 1. 8904 53
89 30 702 12 54
87 26 781 19 [
86 22 861 a7 56
84 18 0. 61941 34 57
83 14 0. 62020 42 59
82 10 99 50 60
8o ob 178 57 61
8. 509 687 8. 512 5602 o. 62257 1. 8964 5. 6463 7. 490
78 5598 336 72 63
76 93 415 79 65
75 89 493 87 66
74 85 572 1. 8994 67
72 81 650 1. goo2 68
71 77 728 o9 69
69 k) 806 17 70
68 69 884 24 72
67 64 o. 62062 31 73
8. 509 6865 8. 512 5560 0. 63039 I, 9039 5. 6474
64 56 117 46 75
62 52 104 53 76
61 48 271 61 78
6o 43 349 68 9
58 39 426 75 80
57 35 502 82 81
5§ 3 579 90 83
54 27 656 1. 9og7 84
53 22 732 1. 9104 85
8. 509 6851 8. 512 5518 o. 63808 1. 9111 5. 6486 7. 505
50 14 885 19 87
48 10 o. 63961 26 8
47 o5 o. 64037 33 90
48 5501 112 40 o1
4 5497 188 47 92
43 93 264 4 %
41 88 339 I 93
40 84 415 69 96
38 8o 490 76 o7
8.509 6837 8. 512 5475 o. 64565 1.9183 5. 6498
35 71 640 9o 5. 6500
34 67 715 1. 9197 o1
33 62 gg 1. 9204 o2
3n 58 4 I o3
30 54 0. 64938 18 ]
28 49 o. 65013 25 oz
27 45 o8y 32 o7
23 40 161 39 o8
2¢ 36 235 46 10

8.509 6822 8. 512 5432 o. 65309 1.9253 §. 6511 7.518




Lat. diff. 11% —A-—o.o; diff. ‘z","-n—-a.ol log € diff. lﬁ’-’?l-c.n diﬂ'.m‘:"-E +o.02 log ¥
o oo 8. 509 6822 8. 512 5432 ©. 65309 1.9253 8. 6511 7. 518
1 21 27 383 6o 12
2 19 23 456 67 13
3 18 19 530 74 15
4 17 14 603 8 ]
o3 15 10 677 87 17
6 14 os 750 1. 9204 18
7 12 §401 823 1. 9301 20
8 34 5396 896 o8 21
9 og 92 0. 65068 15 22
8.500 6808  8.512 5388 o. 66041 1.9322 5. 6524
ob 83 114 28 25
o5 79 186 35 26
o3 74 259 43 27
o2 70 33t 49 29
6800 65 403 56 30
6799 61 475 62 3
97 56 547 69 33
96 52 619 76 34
% 47 691 82 35
8.509 6793  8.512 5343 0. 66762 1.9389 5. 6536 7532
o1 38 834 1. 9396 38
90 33 90§ 1. 9403 39
88 29 o. 66976 o9 40
87 24 o. 67047 16 42
8s 20 118 23 43
84 15 18 29 prt
82 b 3 260 36 46
& o6 331 42 47
79 5302 4or1 49 48
8.509 6777  8.512 5297 o. 67472 19456 5. 6549
76 gg 542 62 5t
74 613 69 52
73 83 683 75 53
71 79 753 82 55
79 74 823 88 56
68 69 803 1. 9495 57
67 65 o. 67962 1. 9501 59
65 6o o. 68032 o8 60
64 §5 102 14 61
8. 509 6762 8. 512 5251 o. 68171 1. 9521 5 6563 % 544
6o 46 240 27 64
59 41 310 34 65
57 37 379 40 67
56 32 448 47 68
54 27 517 53 69
53 23 586 6o 71
5t 18 654 06 72
5o 13 723 72 73
48 o8 791 79 75
8.500 6746  8.512 5204 0. 68860 1. 9585 5. 6576
45 5199 928 9t 78
43 94 o. 68996 1. 9598 79
42 89 0. 69064 1. 9604 8o
40 8s 132 10 82
38 8o 200 17 83
37 75 268 23 84
35 70 336 29 86
34 66 404 36 &
32 61 471 42 88

8. 509 6730 8. 512 5156 ©- 69539 1.9648 5. 6590 7. 556




LATITUDE 11°.

Lat. diff. 1= —o.03 diff: l!e’-n—o-d loa © diff. lze"— +o.10 . lx"”—E-l-n.oa
I oo 8.509 6730 & 512 5156 5. 69539 T. 9648 3. 6590 7- 556
I 29 51 6ob 54 91
2 27 46 673 61 93
3 26 4x 740 67 94
4 24 37 807 73 95
o5 22 32 874 L 97
6 21 27 o. 69941 86 98
7 19 22 o. 70008 92 s- 6509
8 18 17 074 1. 9698 5. 6601
9 16 12 141 1. 9704 o2
10 8. 509 G714 8. 512 5108 o. 70208 1. g710 5. 6604
Ix 13 5103 274 16 o5
12 11 5008 340 23 ob
13 o9 93 406 29 o8
14 o8 88 473 35 o9
15 =0b 83 539 41 1
16 o5 78 604 47 12
17 o3 73 670 53 13
18 ox 68 736 59 15
19 6700 63 802 65 16
20 8. 509 6698 8. 512 3058 o. 70867 1. 9771 5. 6618 7. 568
a1 96 53 933 77 19
22 95 49 o. 70098 83 20
23 93 44 o. 71063 89 22
24 91 39 128 1. 9795 23
25 90 34 194 1. 9801 25
26 88 29 259 o7 26
27 86 24 323 13 27
28 85 19 388 19 29
29 83 14 453 25 30
30 8. 509 6681 8. 512 5009 o. 71518 1. 9831 5. 6632
31 80 o4 582 37 33
32 78 4999 647 43 35
33 76 ___ —94 711 49 36,
34 75 89 775 55 37
35 73 83 840 61 39
36 71 78 904 67 40
37 70 73 o. 71968 73 42
38 68 68 0. 72032 79 43
39 66 63 095 85 45
40 8. 509 6665 8. 512 4958 o. 72159 1. 9890 5. 6646 7- 580
41 63 53 223 1. 9896 47
42 61 48 286 1. ggoz2 49
43 59 43 350 o8 50
44 58 38 413 14 52
45 56 33 477 20 53
46 54 28 540 25 55
47 53 22 603 3z 56
48 sI 17 666 37 58
49 49 12 729 43 50
50 8.509 6647  8.512 4907 0. 72792 1. 9949 5- 6661
51 46 4902 855 54 62
§2 44 7 918 60 64
53 43 92 o. 72080 66 65
54 41 86 ©- 73043 72 66
39 81 106 77 68
% 3 76 168 & 60
57 33 7t 230 89 71
s8 34 66 203 94 72
59 32 6o 355 1. 9900 74
6o 8. 509 6630 8. 512 4855 ©. 73417 2. 0006 5. 6675 7- 591
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LATITUDE 12°.

’ B c
Lat. diﬂ'.l::”—A—o.o; diff. llss-—o.og o diff. I"-I:-o.cg diff, 1* -ﬁo.q ke F
12 oo 8.509 6630 8. 512 4853 5. 73417 2. 00ob 3. 6675 2. 501
1 29 50 479 11 77
2 27 45 541 17 78
3 25 39 6o3 23 80
4 23 34 664 28 8:
o5 2x 29 726 34 83
6 20 24 788 40 84
7 18 18 849 45 86
8 16 13 911 [ 87
9 14 o8  o.73972 57 8
10 8.509 6613 8. 512 803 o. 74033 2. 0062 5. 6690
I ] 4797 094 67 92
13 o9 92 156 73 93
13 o7 8y 217 79 95
14 ob 81 278 84 96
15 o4 76 339 90 98
16 o2 71 399 2. 0096 5. 6699
17 6600 65 460 2. o101 5. 6701
18 6599 6o 521 o7 oz
19 97 55 581 12 o4
20 8 509 6595 8. 512 4749 o 74642 2. o118 5. 6705 7. 6oz
21 93 44 702 23 o7
22 91 39 763 29 o8
23 90 33 823 34 10
24 88 28 883 40 1
ag 86 23 0. 74943 45 13
26 84 17 0. 75003 50 14
27 82 12 063 56 16
28 81 o6 123 61 17
29 79 4701 183 67 19
30 8 509 6577  8.3512 4696 ©. 75343 2. 0172 5- 6720
3t 75 90 302 77 23
32 73 85 362 83 24
33 72 79 422 88 25
34 70 74 481 94 27
35 68 68 540 2. 0199 28
36 $6 63 600 2. 0208 30
37 64 57 659 10 3
38 62 52 718 15 33
39 61 a6 777 21 34
40 8.500 6550  8.512 4641 ©. 75836 2. 0226 5. 6736 7.612
4 57 35 895 32 37
42 5 ki ©. 75954 a7 39
43 53 24 o. 76013 42 41
“ 5t 19 o72 47 42
45 50 13 130 53 44
46 48 o8 189 58 45
47 46 4602 247 63 47
48 4“4 4597 306 69 48
49 42 or 364 74 50
so 8. 509 6540 8. 512 4586 o, 76422 2. 0279 5. 6751
51 39 % 481 84 53
52 37 75 539 go 55
53 35 69 597 2. 0295 56
54 33 63 655 2. 0300 58
55 3t 58 713 ] 59
56 29 52 71 10 61
57 27 47 828 16 62
58 25 41 836 21 64
59 24 35 o. 76944 26 66
60 8. 509 6522 8. 512 4530 ©. 77001 2. 0331 5. 6767 7.6a1
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LATITUDE 13°.

A B [ ¥
Lat diﬂ.‘:”= —o.03 diff. i?’“— —o.10 diff. ?”"— +o.93 diff. ‘l?"-‘?l-o.os diff. lx?"—Ed-o.a_; lox
i3 oo B 509 6522 8. 512 4530 &. 77001 3. 0331 5. 6767 7. 621
I 20 24 0359 36 69
2 18 19 116 42 70
3 16 13 174 47 72
4 14 o7 231 52 74
o5 12 4502 288 57 75
6 10 4496 346 62 71
7 o9 90 403 67 78
8 o7 83 460 73 80
9 o5 79 517 78 82
Io 8.509 6503  8.512 4473 ©. 77574 2. 0383 5- 678
I 6501 67 630 88 85
12 6499 62 687 93 86
13 97 56 744 2. 0398 88
14 95 50 8o1 2. 0403 90
15 93 45 857 o8 o1
16 91 39 914 13 93
17 90 33 °. 77970 18 94
18 88 27 o. 78c27 23 96
19 86 22 o83 28 o8
20 8. 509 6484 8. 512 4416 o. 78139 2, 0433 5. 6799 7. 631
21 82 10 195 38 5. 6801
22 80 4404 251 44 o3
23 78 4399 307 49 o4
24 76 93 363 54 o6
23 74 87 419 50 o7
26 72 81 475 64 )
27 70 76 531 69 3
28 68 70 587 74 12
29 66 64 642 78 14
30 8. 509 6464 8. 512 4358 o. 78698 2, 0483 5. 6816
3t 63 52 754 88 17
32 61 46 809 93 19
33 59 41 865 2. 0498 20
34 87 35 920 2. 0503 22
35 55 29 o. 78975 o8 24
36 53 23 ©. 79030 13 2§
37 (14 17 086 18 27
38 49 1 141 23 29
39 47 4305 196 28 30
40 8. 509 6445 8. 512 4299 0. 79251 2. 0533 5. 6832 7. 640
41 43 04 306 38 34
42 41 88 360 42 38
43 39 82 418 R 37
44 37 76 470 52 39
45 35 70 525 57 40
46 33 64 579 62 42
47 3t s8 634 67 4
48 29 52 688 72 45
49 27 46 743 76 47
50 8.509 6425  8.512 4240  ©.79797 2. 0581 5- 6849
(31 23 34 851 86 50
52 21 28 905 9I 52
53 19 22 o. 79960 2. 0596 54
54 17 16 o. 80014 2. obor 55
55 15 10 o068 o5 57
56 13 4204 122 10 59
57 1I 4198 176 15 6o
58 o9 02 230 20 62
59 o7 86 284 24 64
6o 8.509 6405  8.512 4180 o. 80337 2. 0629 5. 6865 7.649
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LATITUDE 14°.

A’ log B c D lo
Lat. diff. l:zg_ ~o.03 diff, x"i —o.10 diﬂ.ux)"- +a.87 diff. l:?"- +o.08  diff. x”‘-E:i-e.o; log ¥
14 oo B 509 6405 8. 512 4180 3. 80337 7. o629 $. 6865 7 649
1 03 74 391 34 67
2 6401 68 445 39 69
3 6399 62 498 43 71
4 97 56 552 4 72
oy 95 50 605 53 74
6 93 44 659 58 76
7 91 38 712 62 77
8 & 32 765 67 79
9 87 26 81¢ 72 8t
10 8. 509 €385 8. 512 4120 o. 80872 2. 0676 5. 6882
I 83 14 925 81 84
12 81 o8 o. 80978 86 86
13 79 4101 o. 81031 90 88
4 77 4095 2. 0695 8
15 75 89 137 2. 0700 ot
16 73 83 190 o4 93
17 71 77 243 o9 94
18 69 7t 295 14 96
19 67 65 348 18 98
20 8. 509 6365 8. 512 4059 o. 81401 2. 0723 5. 6goo 7. 658
21 63 52 453 28 or
22 61 46 506 32 o3
23 58 40 558 36 o3
24 56 34 611 41 o6
25 54 28 663 46 o8
26 52 21 715 [ 10
27 50 15 767 55 12
28 48 o9 820 6o 13
29 46 4003 872 64 15
30 8.509 6344  8.512 3997 o. 81924 2. 0769 5- 6917
31 42 90 o. 81976 73 19
32 40 8 o. 82028 78 20
33 38 78 83 22
34 36 72 131 87 24
35 34 65 183 92 26
36 32 59 235 2. 0796 27
37 29 53 287 2. o801 29
38 27 47 338 o§ 3
39 25 40 390 10 33
40 8. 509 6323 8 512 3934 o 82441 2. 0814 5. 6934 7- 667
41 21 28 493 19 36
42 19 22 544 23 38
43 17 15 596 28 40
“ 15 o9 647 32 41
45 13 3903 698 37 43
46 11 3896 749 41 45
47 o8 90 800 46 47
48 o6 84 852 50 48
49 ) 77 903 54 50
50 8. 509 6302 8. 512 3871 o. 82954 2. 0859 5. 6952
51 6300 63 o. 83005 63 sS4
52 6298 58 05§ 68 55
53 96 52 106 12 57
54 94 45 157 7 59
55 92 39 208 81 61
56 89 33 258 85 63
57 8y 26 309 90 64
58 85 20 360 94 66
59 83 13 410 -2. 0899 68
6o 8. 509 6281 8. 512 3807 o. 83461 2. 0903 5. 6970 7. 675
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LATITUDE 15°.

;-,.'vr*'*

Lat. diff. lxo‘,-A —o.04 1w —o.11 diff. :"”'—C-i-o.sa diff. lxe,—l?i-o.oq diff. lle"—E-i-o.o; log ¥
1§ ©o ‘8.509 6281 8. 512 3807 G. 83461 2. 0903 3. 6070 ¥ 673
L 19 38or “ste o7 72
2 77 3794 561 12 73
3 74 88 612 16 75
4 72 8x 662 21 77
o3 70 75 712 25 79
6 68 68 762 29 8o
7 66 62 813 34 82
8 64 56 863 38 84
9 62 49 913 42 86
10 8. 62 8. 512 374 0.8 2. L
o[ Reey e oime sen o
12 55 30 062 55 91
13 53 23 112 9 93
14 st 17 162 64 95
15 49 10 212 68 97
16 46 3704 261 72 5- 6999
17 44 3697 311 77 5- 7000
18 42 91 361 81 o2
19 40 84 410 85 o4
20 8.509 6238 8. 512 3677 o. 84460 2. 0990 §. 7006 7. 683
2 35 7t 509 94 o8
22 33 64 558 2. o9
23 31 58 608 2. 1002 11
24 29 51 657 o7 13
25 27 45 706 1z 15
26 24 38 755 15 17
27 22 31 804 19 19
23 20 25 854 23 20
29 18 18 903 28 22
30 8.509 6216 8. 512 3612 o. 84952 2. 1032 5. 7024
31 14 3605 o. 85001 36 26
32 1n 3598 049 40 28
33 o9 92 098 44 30
34 o7 8s 147 49 i
35 o5 79 196 53 33
36 oz 72 245 57 35
37 6200 65 203 61 3
38 6198 59 342 65 39
39 96 52 390 69 4
40 8.509 6194  8.512 3545 o- 85439 2. 1074 5- 7042 7- 691
41 91 39 487 78 44
42 89 32 536 82 46
43 87 25 584 86 48
“ 8s 19 633 90 50
45 82 12 681 04 52
46 8o 3508 729 2. 1009 54
47 78 3498 777 2.1103 55
48 76 92 825 o7 57
49 73 85 874 1 59
50 8. 509 6171 8. 512 3478 o. 85922 2. 111§ §. 706%
51 69 71 o. 85970 19 63
52 67 65 o. 86018 23 65
53 64 58 066 27 67
54 62 51 3 3t 69
S5 6o 44 161 35 70
56 58 38 209 39 72
57 55 31 257 44 74
8 53 24 304 48 76
59 L 17 352 52 78
6o 8.509 6149  8.512 3411 0. 86400 2. 1156 5. 7080 7. 698
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B c D
Lat. diff, x*’i—m diff. lk!—o.n diﬂ.l:,’— +o0.77 diff, ll‘”— +o0.06 diff. :”—lim lg F
L] ’ .

16 oo 8.509 6149 8. 512 3411 8. 86400 2. 1156 3.<080 ¥.698
H 46 3404 447 6o 82
2 “4 3397 495 64 84
3 42 90 542 68 83
4 40 83 590 72 8

o5 37 76 637 76 89
6 35 70 684 80 91
7 33 63 732 84 93
8 30 56 779 88 95
9 28 49 826 92 97

10 8. 509 6126 8. 512 3342 0. 86873 2. 1196 5- 7009

1t 24 35 921 2. 1200 §. 7101

12 21 28 o. 86968 o4 o3

13 19 22 o. 8015 o8 o4

14 17 15 ob2 12 ob

{1 14 o8 109 16 o8

16 12 3301 156 20 10

17 10 3294 202 24 12

18 o8 87 249 28 14

19 o5 8o 296 32 16

20 8.509 6103  8.512 3273 o. 87343 2. 1236 5. 7118 7- 705

21 6101 66 389 40 20

22 6098 59 436 44 22

a3 96 52 483 47 24

24 94 45 529 5t 25

ag 9K 39 576 55 27

26 89 32 622 50 29

27 & 25 669 63 a

28 84 18 718 67 33

29 82 $4 761 7t 35

30 8. 509 6o8o 8. 512 3204 o. 87808 2. 127§ S- 7137

3t 77 3197 854 79 39

32 75 90 900 83 4x

33 73 83 947 8 43

34 70 76 o 87993 90 45

35 68 69 o. 88039 94 47

36 66 62 5 2. 1208 49

37 63 55 131 2. 1302 L1

38 61 48 177 52

39 59 4 223 10 54

40 8. 509 6056 8. 512 3133 o. 88269 2. 1314 5. 7156 7-712

4x 54 26 315 17 58

42 52 19 360 21 6o

43 49 12 406 25 62

44 47 3103 452 29 64

43 45 3008 498 33 66

46 4 91 543 37 68

47 40 589 40 70

43 37 77 634 44 72

49 35 70 680 48 74

50 8. 509 6033 8. 512 3063 o. 88726 2. 1352 5. 717€

st 30 56 771 56 78

52 28 48 816 59 8

53 26 41 862 63 82

54 23 34 907 67 8

55 21 27 952 71 86

56 18 20 o. 88998 74 88

57 16 13 o 89043 78 90

58 14 3006 o88 82 92

59 14 2998 133 86 94

60 8. 509 Goog 8. 512 2991 o.89178 2. 1390 5. 7196 7- 719
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LATITUDE 17°,

’ D
Lat. diﬂ'.l:'q—A—o.q diff. "P:Eo_“ diff. x’h’E-c-i-o.n diff. }.’,"-+0.06 diff. F’l-ﬁ—o.o; log F
17 00 8 509 6009 8. 512 2901 o. 89178 7. 1390 5 7196 ¥. 719
X o6 84 223 93 97
2 o4 77 268 2.1397 99
3 6002 70 313 2. 1401 5. 7201
4 5999 62 358 o4 o3
oy 97 5§ 403 o8 o5
6 94 48 448 12 o7
7 92 41 493 16 o9
8 90 34 538 19 1
9 87 26 583 23 13
10 8. 500 5985 8. 512 2919 o. 89627 3. 1427 §. 7215
I 82 12 672 30 17
12 80 2905 717 34 19
13 78 2897 761 38 31
14 75 90 806 42 a3
13 73 83 850 43 35
16 70 76 895 49 27
17 68 68 939 53 29
18 65 61 o. 89984 56 31
19 63 54 0. gooa8 6o 33
20 8. 509 5961 8. 512 2846 ©. goo72 2. 1464 5. 7235 7. 726
2 58 39 117 67 37
22 56 32 161 7L 39
23 53 24 20§ 75 41
24 51 17 249 78 43
25 48 10 204 82 45
26 46 2802 338 83 47
27 44 2795 38 8 49
28 41 88 426 93 (11
29 39 8o 470 2. 1496 53
30 8.509 5036  8.512 2773 0. 9o514 2. 1500 5 7255
3t 34 66 558 o4 57
32 31 58 6oz o7 59
33 29 13 646 34 61
34 26 44 689 14 64
35 24 36 733 18 66
36 21 29 777 22 68
37 19 21 821 25 70
38 16 14 864 29 72
39 14 2707 908 32 74
40 8. 509 5912 8. 512 2699 0. 90952 2.1536 5- 7276 7-732
41 o9 92 0. 99695 39 78
42 o7 84 0. 91039 43 8o
43 o4 77 082 47 82
44 5902 69 126 50 8
45 5809 62 169 54 86
46 97 55 a2 57 58
47 94 47 256 61 90
48 92 40 299 64 92
49 89 32 342 68 94
so 8.509 5887 8. 512 2625 ©.91386 3. 1571 5. 7296
5% 84 17 429 7 5- 7298
52 82 10 472 1 §- 7300
53 79 2602 518 82 o2
54 77 2505 558 85 o
55 74 87 Gor 8 o6
56 72 80 644 92 o8
57 69 72 687 96 1
58 67 63 730 2.1599 13
59 64 57 773 2. 1603 - 15
6o 8. 509 5862 8. 512 2550 0. 91816 2. 1606 57317 7. 738
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LATITUDE 18°

Lat. log A’ log B Iog C log D log E log F
diff 2 =~.0% diff.2”=—0"13 diff.2"=+4o070 diff.x" =+ o006 diff.1” =+ o003 diff. 1’ = 4 3'%

[] ’

18 oo 8:509 5562 8512 2550 5°91816 %1606 57317 7738
I 59 42 859 10 19
2 57 35 902 13 2
3 54 27 945 17 23
4 (1] 19 0°91987 20 2§

oy 49 12 0'92030 24 27
6 46 8-512 2504 073 27 29
7 44 8512 2497 11§ 3 3
8 41 89 158 34 33
9 39 &1 201 38 35

Io 8-509 5836 8512 2474 0°9224 2°1641 57337

11 34 66 28 44 39

I2 31 59 328 48 4t

13 29 51 371 St 44

14 26 43 413 55 46

I5 24 6 456 58 48

16 23 28 498 gz 50

17 19 20 540 52

18 16 13 582 6% 54

19 13 8'512 2405 625 72 56

20 8-509 5811 8512 2397 092667 2°1675 57358 7'744

21 o8 90 709 79 60

22 06 82 751 82 62

23 03 74 793 85 64

24 8509 5801 67 836 89 67

25 8:509 5798 59 878 92 69

26 96 51 920 95 7I

37 93 “ 0°92962 2'1699 73

28 go 36 0°93004 2°1702 75

29 88 28 046 o6 77

3 8-509 5785 8512 2320 093088 21709 57379

31 83 13 129 12 81

32 8o 8512 2305 171 16 83

33 78 8512 2297 213 19 gg

34 75 90 258 22

35 72 82 296 26 90

36 70 74 338 29 92

37 67 66 380 32 o4

38 65 58 421 36 g6

39 62 51 463 39 5'7398

40 8:509 5759 8512 2243 093505 21742 §°7400 7750

41 57 35 546 46 o2

42 54 27 588 49 o5

43 52 19 629 [£] o7

4 49 12 671 56 o9

45 46 8-512 2204 712 59 1

46 44 8512 2196 753 62 13

47 41 88 795 65 15

48 39 8o 836 69 17

49 36 72 877 72 19

50 8:509 5733 8-512 2165 093919 21775 5'7422

51 31 57 0'93960 79 24

52 28 40 094001 82 26

53 25 41 042 gg 28

54 23 33 083 3o

55 20 25 125 92 32

56 18 17 166 95 34

57 15 10 207 21798 37

58 12 8512 2102 248 2-1801 39

[{ 10 8-512 2094 289 o5 41

6o 8509 5707 8513 2086 094330 2'1808 5'7443 7°756
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LATITUDE 19°

Lat log A lgB log C log D log E log F
* diff, 1” = —o'0y diff. 1 = —o'x3 diff. .” = 40’67 diff 2’ = 40’08 diff. 2’ = 40’4 diff. 3o/ = $9°9
[ ] ’

19 0o 8-509 5707 8512 2086 8'94330 21808 §744s 9-756
1 04 78 370 n 45
2 8:509 §702 70 411 7 47
3 8-509 5699 62 453 18 49
4 96 54 493 21 52

o5 94 46 534 24 54
6 91 38 575 27 56
7 89 30 615 30 58
8 86 22 656 34 60
9 83 i4 697 37 62

10 8-509 5681 8:512 2006 094737 21840 57464

1 78 8512 1999 778 4 67

12 75 gl 819 43 69

13 73 3 859 50 7t

14 J0 75 900 53 73

15 67 67 940 56 7

16 65 59 094981 59 ;o

17 62 5t 0°95021 62

18 59 43 061 66 82

19 57 35 102 69 84

20 8:509 5654 8-512 1927 095142 21872 5°7486 7761

21 52 19 182 7 88

22 49 n 223 ; 91

23 46 8'512 1903 263 1 93

24 43 8-512 1895 303 8 95

25 41 87 344 88 97

26 38 79 384 91 57499

2 35 Al 424 94 5750t

2! 33 63 464 21897 04

29 30 58 §0¢. 21900 ob

1

30 8509 5627 8-512 1847 095544 2°1903 57508

31 25 38 584 o7 10

32 22 30 624 10 12

33 19 22 664 13 15

34 16 14 704 16 17

35 14 8'512 1806 744 19 19

36 11 8512 1798 734 22 21

37 o8 90 824 2 2

38 ob 82 863 2 2

39 o3 74 903 31 a8

40 8-509 5600 8:512 1766 0'95943 21934 57530 7762

41 8°509 5598 57 095983 38 32

42 95 49 0°g6022 41 34

43 2 41 062 44 37

44 9 33 102 47 39

45 8y 25 142 so 41

46 84 17 181 53 4

4 81 o8 221 56 4

4 78 8512 1700 260 59 48

49 76 8:512 1692 300 62 50

50 8-509 5573 8°512 1684 096339 z'l96g 57552

5t 70 75 379 6 54

52 68 67 418 71 57

53 65 59 457 74 9

54 62 st 497 7”7 J

55 59 43 536 8o 63

56 57 34 575 8 6

57 54 26 615 8 [

58 (1} 18 654 89 70

59 48 1o 693 92 72

8:509 5546 8513 1602 096733 2'1996 5°7574 773
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LATITUDE 20°

Lat log A log B log C lg D lg E log F
: diff, 1’ = —o'es diff, " = — o'z diff, 2’ = o064 diff. 1/ =<-o's diff. 1"’ =4 0'04 diff, 30/ = 423

] /’

20 00 8509 5546 8512 1602 8'96733 %1996 57574 ¥772
1 43 8512 lsgs 772 3°1999 77
2 40 3 gl X 2°2002 §9
3 37 77 0 o5 1
4 35 68 8§9 o8 83

o5 32 60 928 I 86
6 29 52 0°96967 14 88
7 26 44 097006 17 go
8 24 35 045 20 92
9 21 27 o84 23 94

10 8509 5518 8:512 1519 0°97123 272026 5°7597

11 15 10 162 28 5'7599

12 12 8:512 1502 201 3t §-7601

13 10 8512 1494 240 34 03

14 o7 85 279 37 ob

15 04 77 318 40 o8

16 8+509 5501 69 356 4 10

1 8509 5499 60 395 4 12

1 96 52 434 49 IS

19 93 4 472 52 17

v 8:509 5430 8512 1435 0'97511 z'zosg 5-7619 7777

21 7 27 5;0 5 21

22 8s 18 588 61 24

23 82 10 627 64 26

24 79 8:312 1402 666 67 a8

2 76 8'512 1393 704 70 k]

2 73 85 743 73 33

27 71 76 781 76 35

28 68 68 819 9 37

29 65 60 858 1 40

30 8509 5462 8:512 1351 0'97896 2°2084 57642

31 59 43 935 87 4“4

32 57 34 097973 90 ? ]

33 54 26 o°g8on1 93 49

34 51 17 o050 96 51

3 48 09 088 2°2099 53

3 45 8:512 1301 126 2°2102 55

3 42 8512 1292 164 gg 58

3 40 203 60

39 37 75 241 10 62

40 8:509 5434 8512 1267 0'98279 2°211 5-7664 7782

41 31 58 317 1 67

42 a8 50 355 19 69

43 25 41 393 22 7

4“4 23 33 43t 25 74

45 20 24 469 28 76

46 17 16 507 3t 78

47 14 8512 1207 545 33 81

48 11 8512 1199 583 36 83

49 o8 90 621 39 85

50 8-309 5406 8512 1182 0'98659 2'2142 §°7688

51 03 13 697 45 90

52 8-509 5400 64 735 48 92

53 8:509 5397 56 773 50 94

54 9% 47 8n 53 97

55 91 39 848 56 5'7699

56 88 30 886 59 57701

87 86 21 924 62 o4

58 83 13 2 65 ob

§9 8o 8512 1104 98999 67 o8

6o 8500 5377 8:512 1096 0°99037 2°2170 57713 7787
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LATITODE 21°

Lat log A log B log C log D log E log F
* diff. 1/’ = —o'os diff, 1 = —o'15 diff, v’ = +o0'62 diff. 1 = 40’04 1" =+4o'04 diff. 20/ =+1272
(] ’
2t 0o . 8509 5377 8512 1096 599037 32170 577 7787
1 74 87 075 73 13
2 71 79 12 76 15
3 68 70 150 79 18
4 66 62 187 81 20
o5 63 53 22§ 84 22
6 60 45 262 87 24
7 57 36 300 90 27
8 54 27 337 93 29
9 L1 19 375 95 31
10 8-509 5348 8512 1010 0°99412 2°2198 5°7734
1t 46 8512 1002 450 2°2201 36
12 43 8512 0993 487 o 38
13 40 84 524 oy 41
14 37 76 562 09 43
15 34 67 599 12 45
16 31 58 636 H 48
17 28 [{e] 673 18 50
18 25 41 FAll 20 52
19 22 32 748 23 55
20 8509 5320 8:512 0924 0799785 2°2226 57757 7°79%
21 17 15 822 29 59
22 14 8-512 0906 859 31 62
23 11 8512 0897 896 34 64
24 o8 &9 933 37 66
25 o5 8o 099971 40 69
26 8:509 5302 71 1-00008 42 71
27 8:509 5299 62 045 45 73
28 96 54 082 48 76
29 93 45 g 50 78
30 8-509 5290 8-512 0836 1°001 56 2°2253 5-7780
31 8y 27 192 56 83
32 85 ] 229 59 S5
33 82 10 266 61 87
34 79 $'512 ool 303 64 go
35 76 8:512 0792 340 67 92
36 73 8 377 69 94
37 70 75 413 72 97
38 67 66 450 75 57799
39 64 57 48y 78 57802
40 8:509 5261 8:512 0748 1°00524 22280 57804 7°796
41 58 39 560 83 06
42 58 31 597 86 o9
43 52 22 634 88 1n
4 49 13 670 91 13
45 46 8512 o704 707 94 16
46 44 8:512 069 743 96 18
47 41 86 780 2°2299 20
48 38 78 816 2°2301 23
49 35 69 853 o4 25
50 8509 5232 8-512 0660 i'00890 2:2307 57828
st 29 [$ 926 09 30
§2 26 42 962 12 32
53 23 33 1°00999 15 35
54 20 24 1"01035 17 37
55 17 15 o072 20 40
56 14 8-512 0606 108 23 42
57 11 8-512 0598 144 25 44
58 o8 89 181 28 47
59 o5 8o 217 3t 49
60 8-509 §202 8512 0571 1°01253 2°2333 57851 9800
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TATITUDR 22°

Lat log A’ log B log C log-D log E fog F
* diff, 2’ = - 0’08 diff. 1/’ = —o°15 diff, 2’ =4-o'5p diff. 1" = 4004 diff, 1’ =} o'oq diff, 1o’ = 420
L] ’

22 oo 8-509 5202 8512 0571 101253 3-2333 57851 §¥-800
1 8'509 5199 62 2 36 54
2 96 53 326 38 56
3 93 4“4 362 41 59
4 90 35 398 4“4 61

o§ 87 26 434 46 6
6 84 17 470 49 62
7 81 8:512 0508 506 (1 68
8 78 8512 0499 542 54 71
9 75 90 578 57 73

10 8-509 §172 8-512 0481 1-0161§ 2°2359 5-787£

1 69 72 651 62 7

12 66 63 687 64 8o

13 63 54 723 67 83

14 60 45 759 70 85

15 §7 36 794 72 87

16 54 27 830 75 90

17 (1 18 866 77 92

18 48 09 902 8o 95

19 45 8-512 0400 938 83 97

20 8-509 5142 8'512 0301 1'01974 2-2385 57899 7-804

21 39 82 1-02010 88 §°7902

22 36 73 045 90 04

23 i3 64 o081 93 o7

24 30 55 17 95 o9

25 27 46 153 22398 11

26 24 37 188 2°2400 14

27 21 28 224 03 16

28 18 19 260 ob 19

29 15 10 295 o8 21

30 8509 5112 8-512 o301 1-02331 2-2411 $°7924

31 o9 8:512 0292 367 13 26

32 ob 83 402 16 28

33 03 73 438 18 3

3 8509 5100 64 473 21 33

35 8-509 5097 55 509 23 36

36 9 46 544 26 38

37 9t 37 580 28 41

38 88 28 615 31 43

39 85 19 651 33 45

40 8-509 5082 8:513 0210 102686 2:2436 57948 7808

41 19 8'512 0200 721 38 [

43 76 8513 ongr 757 41 53

43 72 82 792 43 55

44 69 73 828 46 58

45 66 64 863 48 6o

46 63 55 898 51 62

47 60 46 933 53 63

48 57 36 1:02969 56 67

49 54 27 103004 58 70

50 8500 5051 8:512 0118 1-03039 2°2461 57972

51 38 o9 074 63 75

52 45 8:512 o100 109 66 77

53 42 8-512 oogo 145 68 8o

54 39 81 180 70 82

(1] 36 72 21§ 73 84

56 33 63 250 7 8

57 30 54 285 7 89

58 27 44 320 8o 92

59 23 35 355 83 9

60 8:509 5020 8:512 0026 103390 2-2485 57997 7-812

42




ZATITUDE 23°

Lat. log A log B log C log D log E log F —1
diff. 2’ = —o'os a&ff. 1’ =~ —o'16 diff. x”’ = 4 o°sy diff. 1/ = 4-0'04 diff, 17 = 4-o'04 diff. 10'=+418
] I'4
23 oo 8509 5020 8512 0026 1°03390 z-z4§g §7997 7-812
1 17 17 425 5'7999
2 14 8+512 0008 460 90 58002
3 3 8511 9998 495 93 o4
4 o8 & 530 95 o7
o o5 8o 565 2'2497 o9
6 8:509 5002 73 600 2°2500 12
7 8-509 4999 61 634 oz 14
8 96 §2 669 os 16
9 93 43 704 o7 19
10 8:509 4990 8511 9934 1'03739 2°2510 58021
I 87 24 774 12 24
12 83 15 809 14 26
13 8o 8511 9906 84% 17 29
14 77 8511 9896 87. 19 3t
15 74 87 913 22 k7
16 71 78 947 24 36
17 68 68 1'03982 26 39
13 65 59 1°04017 29 41
19 62 50 0352 31 44
20 8509 4959 8511 9840 1'04086 2°2534 5-8046 7:816
21 55 3 121 36 49
22 52 22 155 38 (1]
23 49 12 190 41 54
24 46 8+511 9803 224 43 56
25 43 8511 9794 259 4
26 4 84 29 4§ éz
27 37 75 32 (]
28 34 66 362 ? 3 66
29 3 56 397 55 69
30 8:509 4927 8511 9747 1°04431 2°2557 5-8o71
3t 24 37 466 6o 7
32 21 28 500 62 7
33 18 19 534 64 79
34 15 09 569 67 81
3 12 8:511 9700 603 69 84
3g 09 8511 9690 637 78 86
37 0§ 81 672 74 8
38 8-509 4902 71 706 76 9t
39 8:509 4899 62 740 78 93
40 8:509 4896 8511 9653 1°04775 2°2581 5°8agb 7819
41 93 43 8og 83 *8a99
42 90 34 843 85 §-8ro1-
43 87 24 877 88 o4
4“4 83 15 911 90 ob
45 8o 8511 gbos 945 92 09
46 77 8511 9596 104980 95 1
47 74 86 1°05014 97 14
48 71 77 048 2°2599 16
49 68 67 o82 22601 19
(] 8509 4865 8-511 9558 1-05116 22604 §-8t21
[1] 61 48 150 ob 24
52 58 39 184 09 26
53 55 29 218 11 29
54 52 20 252 13 3
SS 49 10 286 16 34
56 45 8511 9301 320 18 36
57 42 8511 9401 3% 20 39
53 39 82 3 23 T
59 36 72 422 25 44
6o 8:509 4833 8-511 9463 1°05456 2°2627 58146 7°833

43



LATITUDE 24°

Lat log A log B log O log D log E log F
diff. 1'= —c'os diff. 1"/=—0"16 diff. 1’’=4-0'56 diff. 17 =—to0'04 diff, 1= +o'04 diff. vo'=+716
Q 7
24 0O 8-509 4833 8511 9463 T'05456 32627 5-8146 7-823
1 30 53 490 29 49
2 26 44 523 31 sI
3 23 34 557 34 54
4 20 24 591 36 57
o5 17 15 62 38 59
6 14 8511 q405 65 41 62
7 fo 8511 9396 692 43 64
8 o7 86 726 45 67
9 04 77 760 47 69
10 8-509 4801 8511 9367 1705794 22650 §-8172
1 8509 4798 58 827 52 74
12 94 48 861 54 77
13 91 38 894 56 79
14 88 29 928 59 82
15 85 19 962 A1 85
16 82 o9 1°05995 63 87
17 78 8511 9300 1'06029 65 9o
18 75 8511 9290 062 68 92
19 72 81 096 70 95
20 8°509 4769 8511 9271 1°06130 2°2672 58197 7826
21 66 61 163 74 $-8200
22 62 52 197 77 02
23 59 42 230 79 05
24 56 32 263 81 o7
25 53 23 297 83 10
26 50 13 330 8¢ 13
27 46 8°511 9203 3 88 1§
28 43 8511 9194 397 90 18
29 40 84 431 92z 20
30 8509 4737 85119174 1°06464 2°2694 §5'8223
3 33 65 497 96 2§
32 30 55 530 22609 28
33 27 45 564 z-2701 3
34 24 35 597 o3 33
35 20 26 630 o5 36
36 17 16 664 o7 38
37 14 8-511 9106 697 10 41
38 1 8511 9096 730 12 43
39 o7 87 763 14 46
40 8500 4704 8:511 9077 1-06797 22716 58249 7829
4 g‘sog 485 6@ ?;%0 18 sI
42 "509 4 5 3 20 54
43 94 48 896 23 56
44 o1 38 929 25 59
45 88 28 962 27 6:
46 83 18 1°06995 29 64
47 81 8-511 goog 107028 31 67
48 78 8:511 8999 061 3 69
49 75 8 095 3 72
50 8509 4672 8511 8979 1°07128 2-2738 58274
[ 68 70 161 40 77
52 65 194 42 8o
$3 62 50 22h 44 82
54 59 40 259 46 85
55 55 30 292 49 8
56 52 21 325 s1 90
57 49 1 358 53 92
58 45 8-511 8g01 391 55 95
<9 42 8-511 8891 424 57 58298
6o $-509 4639 8-511 8881 1°07457 2°2759 5°8300 7832

44




LATITUDE 25°

Lat og A log B log C log D log E g F
8 diff. 1/ = — 0’06 diff. =/ = —o0'16 diff. 1’ = +o's54 diff. 1’ = 4 o'03 diff. 1"’ = 4+ o0y diff. 1/ =+ 1’5
o 7
25 oo 8-509 4639 8511 8881 107457 2-2759 §-8300 7832
1 36 71 490 61 o3
2 32 62 523 63 0§
3 29 52 555 66 o8
4 26 42 588 68 11
o5 23 32 621 70 13
6 19 22 654 72 16
7 16 12 687 74 18
8 13 8-511 8802 719 76 P14
9 o9 8-511 8793 752 78 24
10 8-509 4606 8-511 8783 1°07785 2-2780 58326
I o3 73 817 82 29
12 8509 4600 63 850 85 32
13 8-509 4596 53 883 87 4
14 93 43 915§ 89 37
15 90 33 948 91 39
16 86 23 1°07981 93 42
17 83 13 1-08013 95 45
18 8o 8-511 8704 046 97 47
19 76 8511 8694 078 2°2799 50
20 8509 4573 8-511 8684 1-08111 2-2801 58352 7835
21 70 74 143 o3 55
22 66 64 176 o5 59
23 63 54 208 o7 60
24 60 44 241 10 63
25 56 34 273 12 66
26 53 24 306 14 68
27 50 14 338 16 7%
28 46 8511 8604 370 18 73
29 43 8-511 8504 403 20 76
30 8509 4540 8-511 8584 108438 2°2822 58379
31 37 74 468 24 81
32 33 64 500 26 84
33 30 54 532 28 8
34 26 “ 565 30 8
35 23 34 597 32 92
36 20 24 629 34 94
37 17 14 662 36 58397
38 13 8-511 8504 694 38 5'8400
39 10 8-511 8494 726 40 0z
40 8509 4507 8-511 8484 1'08758 22842 5'8423 7-838
41 o3 74 791 4
42 8+509 4500 64 823 46 10
43 8:509 4496 54 855 48 13
44 93 1% 88y 50 16
45 3 919 52 18
46 §g 24 08315;; 52 21
47 3 14 I L1 24
48 8o 8-511 8404 1°09016 s8 26
49 76 8511 8393 6o 29
50 8-509 4473 8-511 8383 1"09080 2-2862 58431
St 70 73 112 64 4
52 66 63 144 66 37
53 63 53 176 68 39
54 6o 43 208 70 42
55 56 33 240 72 45
g6 ;g 23 272 73 ;Z)
7 13 304 7
58 46 8511 8303 336 78 53
59 43 8511 8293 368 8o 55
60 8-509 4439 8511 8283 1°09400 22882 58458 7-841

45



LATITUDE 26°

Lat log A’ log B log C log D log E log F
aiff. 1"’ = — 0’06 diff. 3"’ = —o0'17 diff. 1/’ =+ o's2 diff. 1’ = + 0’03 diff. 1"’ = -0’04 diff, 1o’ = 413

L] ’

26 oo 8-509 4439 B-511 8283 1°09400 3-2882 T'8458 7841
1 36 73 432 84 61
2 33 6z 464 86 63
3 29 52 496 88 66
4 26 42 527 90 69

o5 az 32 559 92 7
6 19 22 591 94 74
7 16 12 623 96 77
8 12 8511 8201 655 2°2898 79
9 o9 8511 8191 637 2°2900 82

10 8:500 4406 8511 8181 1°09718 22902 s-&gg

u 8:509 4402 71 750 o4

12 8-509 4399 61 782 0b 90

13 95 51 814 o8 93

4 92 40 845 10 96

1§ 88 30 877 12 58498

16 8s 20 909 14 58501

1Y 82 10 940 16 o4

- 18 78 8-511 8100 109972 18 ob

19 75 8511 8089 1°10004 20 09

20 8-509 4372 8-511 8079 1°10036 2°2922 58512 7-844

21 68 69 0b7 23 14

22 65 59 099 25 17

23 61 48 130 27 20

24 58 38 162 29 22

23 54 28 194 3t 2

26 (3] 18 225 33 2

27 48 8-511 8008 257 35 30

28 “ 8511 7997 288 37 33

29 41 87 320 39 36

3 8-509 4337 8511 7977 1°10351 2:2941 5-8539

3t 34 67 383 43 41

32 3t 56 414 45 44

33 27 46 446 47 47

34 24 36 477 48 49

33 20 25 509 so 52

¥ ;3 85008 70 3 37

*§1X 790 4

38 l(s) 8511 7895 603 56 60

39 o7 8 634 58 63

40 8-509 4303 8511 7874 1-10666 2:2960 58566 7846

4t 8509 4300 64 697 62 68

42 8:509 4296 53 728 63 7

43 93 43 760 65 74

44 89 33 791 67 76

45 86 22 822 69 79

46 83 12 854 71 82

47 79 8:511 7802 885 73 85

48 76 8511 7791 916 75 87

49 72 81 947 77 90

50 8:509 4269 8511 7771 1°10979 2:2978 5'8593

(3 63 60 1°11010 8o 9

52 62 so 041 82 5-8593

§3 58 40 o7z 84 58601

54 55 29 103 86 o4

55 52 19 134 88 ob

56 48 8511 7709 166 89 09

57 45 8511 7698 197 9t 12

58 41 88 228 93 14

59 38 77 259 95 17

6o 8-509 4234 8511 7667 1°11290 2:2997 58620 7849




LATITUDE 27°

Lat. log A log B log C log D lg E g F
diff. 1’ = —o"06 diff. 3" = —0"18 diff. 1’ = 4o’z diff, 1" = 40’03 diff. 3’ = 40’08 aiff. 30/ = 'z
[ ’ -
s7 00 B:509 4234 8511 7667 T-11290 22997 §:8620 ¥-849
1 3 57 32t 2°2999 23
2 27 46 3§z 2*3001 :g
3 24 36 333 03
4 20 28 414 o4 n
o§ 17 15 445 ob 34
6 13 8-511 7605 476 o8 36
z 10 8511 7594 507 10 39
ob 84 538 12 42
9 o3 73 569 14 “
10 8-509 4200 8511 7563 1°11600 2-301§ 5-8647
1 8-509 4196 53 631 17 30
12 93 42 662 19 53
13 &9 32 693 21 5
14 86 21 724 23 5
15 82 I 755 24 61
16 79 8:311 7500 786 26 64
17 75 8511 7490 817 28 66
18 72 79 848 30 69
19 68 69 878 32 72
20 8-509 4165 8511 7458 1°11909 2°3033 58675 7°851
21 61 48 940 35 77
22 58 37 1°11971 37 -
23 54 27 112002 39 gg
24 [{1 16 032 41
25 47 8:511 7406 063 42 8
26 4 8511 7395 094 4 9t
27 40 85 12 46 94
28 37 74 lg 48 97
29 33 64 186 50 58699
30 8509 4130 8511 7353 1-12217 23051 5'8y02
3 26 43 248 53 gg
32 23 32 278 55
33 19 22 309 57 10
34 16 1 340 58 13
35 12 8:511 7301 370 6o 16
36 o8 8511 72£ 401 62 19
37 0§ 422 64 22
38 8:509 4101 63 462 65 24
39 8-509 4098 5 493 67 27
40 8+509 4094 8511 7248 112523 2°3069 58730 7853
41 gl 37 554 70 33
42 7 27 584 72 3
43 84 16 615 74 3
44 8 8511 7206 646 76 41
45 77 8-511 7195 676 78 44
46 73 84 707 79 46
47 70 74 737 81 49
48 66 63 768 83 [1]
49 63 53 798 & 55
50 8°509 4059 8:511 7142 1°12829 2-3086 58757
(1 56 31 859 88 go
(1] 52 21 859 90 2%
53 49 -10 920 91
54 45 8511 7100 950 93 69
5 41 8:511 7089 112981 95 72
5 38 78 1’1301 97 74
5 k o41 2°3099 77
5 3 87 072 2'3100 8o
59 27 46 102 o2 83
6o 8:509 4024 8-s11 7036 1°13132 2°3104 58785 7°858

47



LATITUDE 28°

Lat log A log B log C log D log E log F
* diff. 1"’ = —o'06 diff, 1’ = —c'18 diff. 3 =+o'50 diff. 1’ = 40’03 diff. 1’ = }o'05 diff. 1o’ =-}1'0
[] 4
28 oo 8509 4024 8511 7036 113132 2-3104 58785 7-855
I 20 25 163 25 38
2 17 14 193 o7 91
3 13 8511 7004 223 09 94
4 10 8:511 6993 254 10 97
0§ ob 82 284 12 58799
6 8509 4002 72 314 14 5-8802
7 8:509 3999 61 345 16 o5
8 95 50 375 17 o8
9 92 40 405 19 u
10 8509 3988 8-511 6929 1°13435 2.3121 5-8813
13 8s 18 465 22 16
12 81 8-511 6908 496 24 19
13 78 8511 6897 526 26 22
14 74 86 556 27 25
1§ 70 75 586 29 27
16 67 65 616 31 30
17 63 54 $46 32 33
18 60 43 677 34 36
19 56 33 707 36 39
20 8-509 3952 8511 6822 113737 2:3137 5-8841 7857
2t 49 1 767 39 44
22 45 8:511 6800 797 41 47
23 42 8571 6790 827 42 50
24 38 79 857 4“4 53
25 35 63 88y 46 55
26 31 57 917 47 58
27 27 47 947 49 61
28 24 36 1'13977 51 64
29 20 25 114007 52 67
30 8:509 3917 8-511 6714 1'14037 2°3154 58870
3t 13 8511 6704 0b7 56 72
32 o9 8511 6693 097 57 7
33 06 82 127 59 7
34 8-509 3902 71 157 61 81
35 8509 3899 61 187 62 84
36 95 50 217 64 87
37 92 39 247 65 89
38 88 28 ‘277 67 92
39 8 17 307 69 95
40 8-509 3881 8511 6607 1°14337 2°3170 §-8898 7:859
41 77 8511 6596 366 72 5-8gox
42 73 35 396 74 04
43 70 74 426 75 06
4 66 63 456 77 °9
45 63 52 486 78 12
46 59 42 516 80 1
47 55 31 545 82 1
48 52 20 575 83 21
49 48 8511 6509 605 85 23
50 8509 3845 8511 6498 1°14635 2°3187 58926
51 41 ‘87 664 88 29
52 37 76 694 90 32
53 34 66 724 91 3
54 30 55 754 93 3
55 26 4“4 783 95 40
56 23 33 813 96 43
87 19 22 843 98 46
58 16 In 872 2'3199 49
59 12 8511 6400 902 2°3201 §2
60 8°509 3808 8511 6389 1'14932 2°3203 5'8955 7°861




LATITUDE 29°

Lat log A’ log B log C log D log E log F
* qiff. 1/ = 006 diff 1" =—018 * diff. 1" =404 diff. 1 =+o0"03 diff. 1’ = +o'os diff. 10’ = 408
o V4
29 ©o 8509 3808 8511 6389 T°14932 Z+3203 %8955 7-861
I 0§ 78 961 c4 e8
2 8-509 3801 68 1°14991 ob 60
3 8:509 3797 57 1"15021 o7 63
4 9 46 050 o9 66
o5 9o 35 o080 10 69
6 86 24 109 12 72
7 83 13 139 14 75
8 79 8-511 6302 168 15 78
9 76 8511 6291 198 17 8o
10 8'509 3772 8511 6280 115228 2°3218 8983
1z 5 68 69 5257 3 20 5 86
12 65 58 287 21 89
13 61 47 316 23 92
14 57 36 346 2§ 95
15 54 26 375 26 5-8998
16 50 15 405 28 5°9000
17 46 8511 6204 434 29 o3
18 43 8511 6193 464 3l ob
19 39 82 493 32 09
20 8509 3735 8'511 6171 115522 2°3234 5'goI2 7863
21 32 60 552 35 15
22 28 49 581 37 8
23 24 38 611 38 21
24 21 27 640 40 23
25 17 16 670 42 26
26 13 8511 6105 699 43 29
27 10 8511 6094 728 45 32
28 o6 83 758 46 3
29 8-509 3702 72 787 48 3
30 8:509 3699 8:511 6061 15816 2'3249 §'9041
31 95 50 846 51 43
32 91 39 875 52 40
33 88 28 904 54 49
34 84 17 934 55 ‘52
35 8o 8511 6006 963 57 53
36 77 8'511 5995 1'15992 58 58
37 13 ¢ 84 1'16021 Go 61
38 69 73 o51 bi 64
39 66 61 o8o 63 67
40 8:509 3662 8511 5950 1'16109 23304 5°gobg 7864
41 58 39 138 66 72
42 55 28 167 67 78
43 51 17 197 69 78
44 47 8511 5906 226 70 8r
45 44 8511 5895 258 72 84
46 40 84 284 73 87
47 36 73 313 75 90
48 33 62 343 76 93
49- 29 5t 372 78 96
50 8:509 3625 8:511 5840 1’16401 2'3279 59098
SI 21 29 430 81 5-g101
52 18 18 459 82 o4
53 14 8-511 5806 488 84 07
54 10 8511 5795 517 85 10
55 o7 84 546 87 13
56 8509 3603 73 575 88 16
57 8509 3599 62 604 90 19
58 96 51 633 o1 22
59 92 40 663 93 25
6o 8509 3588 8511 5729 1'16692 2"3204 59127 7'866

2059 O-—52——4

49



LATITUDE 30°

Lat loz A log B log C log D log E lg F
) diff. 1"’ =.-0'06 diff, 1’ =—o'19 diff. 1 =+ 048 diff. 1"’ = +-o'oz diff, 2" = 4 o'o3 diff. 10’ =407 |

-] [

o 00 8 509 3588 8511 5729 116692 2°3294 50127 7-866
1 84 18 721 96 20
2 81 8-511 5706 750 97 33
3 77 8-511 5695 778 2:3298 36
4 73 84 8oy 2°3300 39

o5 69 73 836 o1 42
6 66 62 565 o3 45
7 62 51 894 04 48
8 58 40 923 ob (3
9 55 28 952 o7 54

10 8-509 3551 8511 5617 1-16981 2°3309 5'9157

I 47 8-511 5606 1°17010 10 59

12 43 8-511 5595 039 12 62

13 40 84 068 13 65

14 36 73 og7 14 63

15 32 61 126 16 7t

16 29 50 155 17 74

17 25 39 184 18 77

18 21 28 212 20 8o

19 17 17 241 22 83

20 8509 3514 8511 5508 1°17270 23323 59186 7°867

21 10 8511 5494 299 24 89

22 ob 83 328 26 92

23 8:509 3502 12 357 27 95

24 8:509 3499 61 385 29 5'9198

25 95 49 414 30 59200

26 91 38 443 32 o3

27 88 a7 472 33 06

28 84 16 500 34 09

29 8o 8511 5404 529 36 12

3o 8-509 3476 8511 5393 1-17558 2:3337 59215

3t 72 82 587 39 18

32 69 71 615 40 21

33 65 . 759 644 41 24

34 61 48 673 43 27

35 57 37 701 44 30

36 54 26 730 46 33

37 50 14 75 47 36

38 46 8:511 5303 788 48 39

59 42 8511 5292 816 50 42

40 8-509 3439 8511 5281 1°17845 2°3351 5°9245 7-869

41 35 69 874 53 48

42 3 58 902 54 51

43 27 47 931 55 53

44 24 35 959 57 56

45 20 24 1°17988 58 59

46 16 13 1°18017 59 62

47 12 8-511 5202 045 61 6%

48 09 8511 5190 074 62 68

49 o5 79 102 64 71

50 8-509 3401 8511 5168 1'18131 23365 5'0274

3 8:509 3397 56 160 66 77

[¥] 94 45 188 68

53 90 34 217 69 83

54 86 22 245 70 86

55 82 n 274 72 89

56 78 8511 5100 302 73 92

57 75 8511 5088 33t 74 95

58 7! 77 359 76 5'9298

59 67 66 388 77 59301

60 8509 3363 8511 5054 1°18416 2°3379 5'9304 7-870




LATITUDE 31°

T 7 T
Lat log A log B log C log D log E log F
* diff. 1/’ = —o0'cb diff, 1’ = —o'rg diff. 1’ = 40’47 diff. v’ =+o0'0a diff. 1’ = +o'os diff, 10’ = +0's
o ’
31 o0 8509 3363 8511 5054 718416 3:3379 §-9304 j:870
1 [ 43 445 8o o7
2 56 32 473 81 10
3 52 20 sor 83 13
4 48 8-511 5009 530 84 16
o5 44 8511 4998 558 85 19
6 41 86 587 87 22
7 37 75 615 88 25
8 33 64 643 89 28
9 29 52 672 91 31
10 8:509 3325 8-511 4941 1°18700 2°3392 5'9334
11 22 29 729 93 37
12 18 18 757 95 39
13 14 8511 4907 785 96 42
14 10 8-511 4895 813 97 45
15 06 84 842 2'3399 48
16 8:509 3303 72 870 2°3400 51
17 8-509 3299 61 898 o1 54
18 95 50 927 03 57
19 91 38 955 o4 60
20 8:509 3287 8511 4827 1-18983 2°340% 59363 7°871
21 84 15 119012 ob 66
22 8 8511 4804 040 o8 69
23 76 8-511 4793 068 9 72
24 72 81 096 10 75
25 68 70 12§ 12 78
26 65 58 153 13 81
27 61 47 181 14 84
28 57 35 209 16 87
29 53 24 238 17 90
30 8:509 3249 8511 4713 119266 2-3418 59393
31 46 8511 4701 294 20 96
32 42 8511 4690 322 21 5°9399
33 38 78 351 22 59402
34 34 67 379 23 os
35 30 55 407 25 o8
36 26 44 435 26 1
37 23 32 463 27 14
3¢ 19 21 491 29 17
39 {3 8511 4609 520 30 20
40 8-509 3211 8:511 4598 1'19548 23431 59423 7:872
41 o7 86 576 32 26
42 03 75 604 34 29
43 8-509 3200 63 632 35 32
44 8:509 3196 52 660 36 35
45 92 40 688 3 38
46 88 29 716 3; 41
47 8 17 744 40 44
48 81 8:511 4506 772 41 47
49 77 8511 4494 800 43 50
30 8:509 3173 8:511 4483 1-19828 2-3444 59453
54 69 71 856 45 56
52 65 6o 884 46 59
53 61 48 912 48 62
54 57 37 940 49 65
55 54 25 968 50 68
56 50 14 1°19996 51 72
57 46 8511 4402 1-20024 53 75
53 42 8-511 4391 052 54 78
59 38 79 o8o 55 81
6o 8'500 3734 8511 4368 1°20108 23456 59484 7873

51



LATITUDE 32°

Lat log A log B log C log D lg E log F
" diff. 2" = ~0°06 diff. 2" = — 019 diff. v/' =4 046 diff. 1* = +o0'0z diff. ¢’ = 4-o'0§ diff. 10’ =-0'3
' ’
o /
32 oo 8-509 3134 8511 4368 T-20108 3:3456.¢ ‘§-9484 7873
1 3t 56 136 57 87
2 27 “ 164 59 90
3 23 33 192 6o 93
4 19 21 220 61 g6
oS 1§ 8511 4310 248 62 5°9499
6 I 8511 4298 276 64 59502 ¥
7 o7 87 304 65 o§5. ~
8 04 75 332 66 o8
9 8+509 3100 63 360 67 1§
10 8509 3096 8:511 4252 1-20387 2-3469 59514
1 92 40 41§ 70 17
12 88 29 443 71 20
13 84 17 471 72 23
14 8o 8511 4205 499 73 26
15 76 8:511 4194 527 75 29
16 73 82 555 76 32
17 69 7 582 77 35
18 65 59 610 78 38
19 61 47 638 79 41
20 8:'509 3057 8511 4136 120666 2-3481 5-9544 7874
21 53 24 694 82 47
22 49 13 722 83 50
23 46 8511 4101 749 84 53
24 42 8-511 4089 777 85 56
25 38 78 8os 87 60
26 34 66 833 88 63
27 30 54 860 89 66
28 26 43 888 90 69
29. 22 3t 916 91 72
30 8-509 3018 8511 4020 1-20044 2:3493 59575
31 3 8511 4008 971 94 78
32 1 8511 3996 1°20999 95 81
33 oy 85 £-21027 96 84
34 8-509 3003 73 054 97 87
35 8-509 2999 61 o82 2'3499 90
36 95 50 110 2-3500 93
37 91 38 137 ol 96,
38 8y 26 168 o2 5°9599
39 83 15 193 03 5-g6o2
40 8509 2980 8511 3903 1:21220 2-3504 59605 7875
41 76 8511 3891 248 06 o8
42 72 79 276 oy n
43 68 68 303 o8 {1
44 64 56 33t 09 13
45 60 44 358 10 21
46 56 33 386 11 24
47 52 21 414 13 27
48 48 8511 3800 vy 14 3
49 14 8511 3708 469 15 33
50 8'509 2940 8511 3786 1'21496 2:3516 59636
51 37 14 524 17 39
52 33 63 551 18 42
53 29 51 579 19 45
54 25 39 607 21 48
55 21 2 634 22 51
56 17 16 662 23 54
57 13 8511 3704 689 24 58
58 o9 8511 3692 717 25 61
59 0§ 8o 744 26 64
6o 8-509 2901 8511 3669 1°21772 2°3527 59667 7-875




LATTTUDE 33°

log D

Lat log A log B log C 1og E log F
* aiff, 1’ =—o'07 aiff, 1’ = —o"20 diff. 17’ = f-0%4s diff. 1/’ = 40'02 diff, 1"’ = 4 o'o5 diff. 10 =402
] ’7 - ~
33 oo 8509 2901 B-511 3669 121772 73527 59667 7'875
1 8:509 2897 57 799 29 70
2 94 45 827 30 73
3 90 13 854 31 76
4 86 22 882 32 79
o 82 8511 3610 go9 33 82
2 78 8511 3598 937 34 8
g ;g ?g 1 219 2 32 82
*2199 3
9 66 63 1°22019 38 35
10 8-509 2862 8511 3551 122047 2'3539 §'9698
L3 58 39 074 40 59701
12 54 28 101 41 04
13 51 16 129 42 o7
14 47 8511 3504 156 43 10
15 43 8511 3492 184 44 1
16 39 8o 211 43 T
17 35 69 238 46 19
18 2l 57 266 48 22
19 27 45 293 49 26
20 8'509 2823 8511 3433 122321 23550 59729 7826
21 19 21 348 [3] 32
22 15 8511 3410 375 52 3
23 n 8511 3308 403 53 3
24 o7 86 430 54 41
25 8'509 2803 74 457 55 44
26 8509 2799 62 435 56 47
q 2 A
9 “
29 1 7] 567 “60 57
30 §-509 2784 8511 3315 1°22504 2'3561 5-9760
31 8o 8511 3303 621 6 63
32 76 8511 3291 648 63 66
33 72 8o 676 64 69
34 68 68 703 65 72
35 04 sv 730 66 75
36 6o 44 757 o7 78
37 56 32 785 68 81
38 52 20 812 69 85
39 48 8511 3209 839 70 88
40 8509 2744 8511 3197 122866 2°3571 5°9791 7:876
41 40 85 393 72 9%
42 36 73 921 73 5'9797
43 32 61 948 75 59800
44 28 49 122975 76 o3
45 24 37 1'23002 77 ob
46 20 25 029 78 10
47 16 13 057 79 13
48 12 8's511 3102 084 8o 16
49 o8 8511 3090 11 81 19
50 8509 2704 8511 3078 1'23!88 2-3532 §5'9822
51 8+509 2701 66 165 83 25
52 8:509 2697 54 192 84 28
53 93 42 220 85 3
54 89 kL 247 86 35
55 85 18 274 87 38
56 81 8511 3006 301 88 41
57 77 8511 2995 328 89 44
58 73 83 355 90 47
59 69 71 382 9 50
6o 8509 2665 8:511 2959 1°23409 2'3592 5'9853 7°877




LATITUDE 34°

Lat log A’ log B log C log D log E log ¥
* diff. 1" = —-o'v7 aff, 1 = —0'0 &ff 1 =3¢ aiff, 1"’ =+4-o'sa diff, 2’ =4 005 diff. 10’ =4 0’0
] /
- = =
34 o0 8509 2865 8543 2959 123409 73592 39853 7817
1 b1 47 437 93 57
2 57 35 464 9% 6o
3 53 23 491 95 gg
4 49 8'51% 2911 518 96
0§ 45 8511 2899 345 97 69
0 41 87 372 98 72
7 37 75 399 2°3599 75
8 33 63 626 2°3600 79
9 29 [§ 553 o1 82
10 8:509 2625 8-511 2840 1°23680 2-3602 5°9885
¥ 21 28 707 03 88
12 17 16 734 04 91
13 13 8-511 2804 761 0§ 94
14 o9 8-511 2792 788 26 59897
15 [ 8o 815 oy §°9901
10 8509 2601 68 842 o8 o4
17 8-509 2597 56 869 29 o7
8 93 44 896 to 10
19 89 32 923 11 13
%20 8:509 2585 8511 2720 1°23950 23612 5'9916 7877
=1 81 &-511 2708 1'23977 13 19
22 77 8:5i1 2696 1°24004 14 23
23 73 84 o3t 15 26
24 69 72 058 16 29
25 65 60 085 17 32
26 61 48 112 18 35
27 57 36 139 19 38
28 53 24 165 20 42
29 49 12 192 21 45
30 8509 2545 8511 2600 1°24219 2-3622 5'9948
3t 41 8511 2588 246 23 5t
32 37 76 273 24 54
33 33 64 300 25 57
34 29 52 327 26 61
35 25 40 354 27 64
36 21 28 381 28 67
37 17 16 408 29 70
38 13 8511 2504 434 30 73
39 09 8511 2492 461 31 76
40 3 509 2505 8'511 2480 1-24488 2-3632 5°g980 7877
41 3'509 2501 68 515 33 83
42 8:509 2497 56 542 34 86
43 93 4 569 35 89
44 89 32 595 36 92
45 85 20 622 37 96
46 81 8:511 2408 649 38 5'9999
47 77 8511 2396 676 39 6-0002
48 73 84 703 40 o5
49 69 72 729 41 o8
50 8509 2465 8:511 2360 1°24756 23542 6-0011
51 61 48 783 43 5
52 57 35 310 43 1
53 53 23 337 “ a1
54 49 8'51. 2311 363 45 24
55 45 8511 2299 890 46 27
56 41 87 917 47 3t
57 37 75 944 48 34
58 33 63 970 49 37
59 29 st 1°24997 L 40
60 8:509 2428 3:8y4 2239 1+25024 2-3651 60043 7877

54




LATITUDE 35°

Lat. log A log B log Z log D log E log F
diff. 3’ = ~o'07 BT v = — 320 diff, 1"’ =+ 044 diff. 1’ = +oox diff. 1’ =4 o'0x ¢iff. 30’ = 400
-] 4
35 00 §-509 2425 $gv 1239 Tr2502 23651 50033 877
1 o1 27 oto 52 47
2 i7 1§ o77 53 so
3 i3 8-511 22¢c3 104 54 53
4 9 8511 2151 131 55 56
o o5 73 157 56
g 8-cog 2401 66 184 56 gg
7 8-509 2396 54 211 57 66
8 92 42 237 58 69
9 88 30 264 59 72
10 8:509 2384 8-511 2118 1-25291 2-3660 6%007%
11 8o 8511 2106 31y 61 79
13 76 8:511 2094 344 62 82
13 72 82 3n 63 83
14 68 70 397 64 88
15 64 57 424 65 ot
16 60 45 451 66 9
17 56 33 477 66 6009
18 52 21 504 67 60101
19 48 8:511 2009 531 68 o4
20 8-509 2344 &'511 1997 125557 2:3669 6-0107 7877
21 40 85 584 70 g
22 36 72 610 71 14
23 32 6o 637 72 17
24 28 48 664 73 20
2§ 24 36 6g0 74 23
26 20 24 717 75 27
27 16 12 743 73 30
28 12 8-511 1900 770 76 33
29 o8 8-511 1887 796 77 36
30 8:509 2304 8-511 1875 1-25823 23678 60140
31 8-509 2300 63 850 79 43
32 8-509 2296 sI 876 8o 46
33 92 39 903 81 49
34 87 27 929 82 52
35 83 15 956 82 6
36 79 8-511 1802 1-25982 83 29
37 75 8'511 1790 1-26009 84 62
38 71 78 035 85 65
39 67 66 062 86 69
40 8-509 2263 8-511 1754 1-26088 2-3687 6-0172 7:877
41 59 41 11§ 88 78 )
42 (1 29 141 88 78
43 51 17 168 89 81
44 47 8:511 1705 194 90 85
45 43 8511 1693 221 o1 88
46 39 8o 247 92 91
47 35 68 274 93 9
43 31 56 300 94 60198
49 27 44 327 94 60201
50 8-509 2222 8511 1632 126353 2-3695 6-0204
51 18 20 380 96 o7
52 14 8-511 1607 406 97 1
53 10 8511 1595 432 93 14
54 o6 83 459 99 17
55 8-509 2202 71 485 2-3699 20
§6 8:509 2198 58 512 23700 24
57 94 46 538 o1 27
58 g0 34 565 02 30
59 86 22 591 o3 33
60 8:509 2182 8:511 1510 1-26617 2-3704 60237 5877

55



LATITUDE 36°

Lat log A log B log C log D log E log F
) diff. 1’ = —c'07 diff, 1 = — 0’20 diff, 1 = +o'¢4 diff, 1/’ = 4o'or diff. 1”” = 4 o'os diff, 10/ = —o0"2
o ’

36 .00 §:509 2182 8:511 1510 126617 3:3704 80237 7877
1 78 8-511 1497 644 04 40
2 74 85 670 o5 43
3 70 73 697 ob 46
4 65 61 723 o7 5o

] 61 48 749 o8 53
6 57 36 776 09 56
7 53 24 802 09 59
8 49 8-511 1412 828 10 63
9 45 8-511 1399 835 n 66

10 8:509 2141 8511 1387 126881 2:3712 60269

11 37 75 908 13 72

12 33 63 934 13 76

13 29 50 960 14 79

14 25 38 1-26987 15 82

15 21 26 1-27013 i6 83

16 16 14 039 17 89

17 12 8511 1301 066 17 92

18 o8 8511 1289 092 18 95

19 o4 77 118 19 6:¢299

20 8-509 2100 8511 1265 1°27145% 23720 6-0202 7877

21 8:509 2096 52 171 z1 " o§

22 92 40 197 21 o8

23 88 28 223 22 12

24 84 15 250 23 15

23 8o 8:511 1203 276 24 18

26 75 8-511 1191 302 25 2t

27 7 79 329 25 25

28 67 66 355 26 28

29 63 54 381 27 3

30 8-509 2059 8-51x 1142 1°27407 2+3728 6'0334

k] 55 29 434 29 38

32 51 17 460 29 41

33 47 8511 110§ 486 30 44

34 43 8-511 1092 512 31 48

35 39 & 539 32 51

36 35 68 565 32 54

37 30 56 591 33 57

38 26 43 617 34 61

39 22 3t 644 35 64

40 8-509 2018 8511 1019 1°27670 2°3735 60367 7:877

41 14 8-511 1006 696 36 71

42 1o 8'511 0994 722 37 74

43 o6 82 748 33 77

“ 8-509 2002 69 775 39 8o

45 8-509 1998 57 8or 39 84

46 93 45 827 40 87

47 89 32 853 41 90

48 35 20 879 42 94

49 8 8'511 0908 905 42 6-0397

50 8-509 1977 8-511 0895 1-27932 2:3743 60400

51 73 83 958 #“ o3

52 69 71 1-27934 45 o7

53 65 58 1-28010 45 10

54 61 46 036 46 13

55 56 34 062 47 17

56 52 21 088 48 20

57 48 8-511 o809 114 48 23

58 44 8:511 0797 141 49 27

59 40 84 167 50 30

60 8-509 1936 8-511 0772 1-28193 2:3750 - 60433 7876

56




LATITUDE 37°

Lat log A ieg B log C log D log E log F
) diff. 1’ =~ ooy diff. 1’ = —o'2x diff. 1’ =4 0'¢3 diff, 1" = 4-o%or diff, 1’ = + 006 diff. 10’ = —03
/

37 oo 8:509 1936 8511 0772 T-28193 Z-3750 60433 7876
I 32 .60 219 51 37
z 28 47 245 52 40
3 23 35 271 53 43
4 19 22 297 53 46

11 15 8517 o710 324 54 50
6 11 8511 0698 350 55 53
7 o7 85 375 56 56
8 8:509 1903 73 402 56 %0
9 8:509 1899 61 428 57 63

8509 1895 8511 0648 1-28454 23758 6'0466
90 36 480 59 7o
86 23 506 59 73
82 8511 0611 532 60 76
78 8-511 0599 558 61 )
74 86 584 61 43
70 74 610 62 86
66 a1 636 63 39
62 49 662 63 93
57 37 688 64 96
8-509 1853 8511 0524 1-28715 2-3765 6'0499 7'876
49 12 741 66 60503
45 8311 0500 767 66
41 8:511 0487 793 67 o9
37 75 819 68 13
33 62 845 68 16
28 50 871 69 19
24 37 897 70 23
20 25 923 70 26
16 13 949 71 29
8:509 1812 8511 0400 1-28975 2'3772 65'0§33
of 8511 0388 1-2g00% 72 36
04 75 027 73 39
$+509 1800 63 053 74 43
8:509 1795 51 079 74 46
91 38 104 75 49
87 26 130 76 53
83 13 156 76 56
79 8511 0301 182 77 59
75 8-511 0288 208 78 63
8:509 1771 R511 0276 1°29234 2°3779 6-0566 7-87%
66 64 260 79 69
62 57 286 30 73
58 39 312 81 76
54 26 338 81 79
350 14 364 82 83
46 8511 0201 390 82 86
41 8'511 0189 416 83 89
37 76 442 84 93
33 64 468 84 60596
8-509 1729 R-511 0151 1°29494 2-3785 60600
25 39 520 86 03
21 26 546 36 ob
16 14 571 87 10
12 8511 0102 597 &8 I3
o8 8:511 0089 - 623 88 16
o4 77 649 30 20
8:509 1700 64 675 0 23
8509 1696 52 701 90 26
92 39 727 9l 3o
8-509 1687 8-511 0oz7 1°29753 2:3792 60633 7:874




LATITUDE 38°

Lat. log A log B log C log D log E log F
diff, 3"’ = ~ o'y aiff. i’ = ~o0'2x  diff. 2" =+og3 diff. 1"’ =-0'01 diff. 1 =4 0’06 aiff. 30’ =~ 07y
[ ] ’ -

38 oo 8:509 1687 8-511 0027 T°29753 %-3792 60633 7874
1 83 14 778 92 36
2 79 8511 0002 93 40
3 75 8-510 9989 830 93 43
4 7 77 856 94 47

o§ 67 64 882 95 50
6 62 52 908 95 53
7 58 39 934 96 57
8 54 27 959 97 6o
9 50 14 1°29985 97 63

10 8-509 1646 8:510 9902 1-30011 23798 6°0667

1 42 8:510 9889 037 2-3799 70

12 37 77 063 2-3800 73

13 33 64 obg oo 77

14 29 52 114 o1 8o

15 25 39 140 or 84

16 21 27 166 oz 87

17 17 4 192 02 90

18 12 8510 g802 218 o3 94

19 o8 8'510 9789 243 03 6-0697

20 8509 1604 8:510 9777 1°30269 2-3804 60701 7874

21 8-509 1600 64 29§ og o4

22 8-509 1596 52 321 og§ oy

23 92 39 347 06 1

24 87 27 372 0b 14

28 83 14 398 oy 17

26 79 8-510 g701 424 o8 21

27 75 8510 9689 450 o8 24

28 71 77 476 09 28

29 66 64 501 o9 3t

30 8'509 1562 8-510 9652 1-30527 23810 6-0734

3 58 39 553 u 38

32 54 27 579 1 4r

33 so 14 604 12 44

34 46 8-510 g6o1 630 12 48

35 41 8510 9589 656 13 51

36 37 76 682 14 55

37 33 64 707 14 58

38 29 51 733 15 61

39 25 39 759 15 65

40 8509 1521 8510 9526 1°30785 2-3816 6-0768 7'873

41 16 14 810 16 72

42 12 8510 g501 836 17 7

43 o8 8-510 9488 862 18 7

44 04 76 887 18 82

45 8:509 1500 63 913 19 8s

46 8509 1495 51 939 19 89

47 91 38 965 20 g2

43 87 26 1°30990 20 95

49 83 13 1°31016 21 60799

[{ 8509 1479 8510 9401 1°31042 2°3822 6-0802

31 75 8510 9388 067 22 o6

52 70 76 093 23 9

53 66 63 119 23 13

84 62 5o 144 24 16

55 53 38 170 24 19

56 53 25 196 25 23

57 45 13 221 25 26

58 45 8-510 9300 247 36 30

59 41 §-510 9287 273 27 33

6o 8509 1437 8510 9275 1°31299 2'3827 6-0836 7872

1]




LATITUDE 39°

log A log B log C log D log E log ¥
Lat. diff. 1"'= ~ ooy diff. 1"'= —o'21 diff. 1’=-+0'¢3 diff. 1= 4-o'01 diff. 1"’ =+ 0'06 diff. 10/'= ~ o'y
° ’ -

39 oo 8-509 1437 8'510 9275 T'31209 2-382) 6'0836 7872
I 33 62 324 28 40
2 28 50 350 - 28 43
3 24 37 375 29 47
4 20 25 401 29 50

o§ 16 8510 9212 427 30 53
6 12 2 5109199 452 30 57
7 o7 87 478 31 60
8 8509 1403 74 504 31 64
9 8509 1399 62 529 32 67
10 8-509 1395 8510 9149 1°38555 2-3832 60871

13 91 36 581 33 74

12 86 24 606 33 77

13 82 8510 9111 632 34 81

14 78 8-510 9098 658 35 84

15 74 86 683 35 88

16 70 73 709 36 91

17 65 61 734 36 95

18 61 48 760 37 6'0858

19 57 36 786 37 6-0g02

20 8°509 1353 8'510 go23 1°31811 2-3838 6-0905 7871

21 49 8510 goIo 837 38 o8

22 44 8:510 8998 862 39 12

23 40 85 888 39 15

24 36 73 913 40 19

25 32 6o 939 40 22

26 28 47 965 41 26

27 23 35 131990 41 29

28 19 22 1°'32016 42 32

29 15 8510 8909 041 42 36

30 8:509 1311 8510 8397 1'32067 23843 60939

3 o7 84 092 43 43

32 8:509 1302 72 118 44 46

33 8:509 1298 59 144 44 50

34 94 46 169 45 53

35 90 34 195 45 57

36 86 21 220 46 60

37 81 8510 8808 246 46 63

38 77 8510 8796 271 47 67

39 73 83 297 47 70

40 8509 1269 8-s10 8771 1°32323 23848 6:0974 7870

41 64 58 348 48 77

42 60 45 374 49 81

43 56 33 399 49 84

44 52 20 425 50 88

15 48 8:510 8707 450 50 9t

46 43 8510 8695 476 5t 95

47 39 82 501 51 6'0998

48 35 69 527 52 61002

49 3t 57 552 52 o§

50 8509 1227 8-510 8644 1°32578 2-3852 6°1008

(3 22 31 603 53 12

52 18 19 629 53 15

53 I4 8-510 8606 654 54 19

54 1o 8510 8593 680 54 22

55 ob 81 705§ 55 26

56 8'509 1201 68 731 55 29

57 8:509 1197 55 756 56 33

58 93 43 782 56 36

59 8 30 8o7 57 40

60 8:509 1184 8510 8517 1-32833 2-3857 61043 7-869




LATITUDE 40°

Lat log A log B log C log D log E log F
) diff. 1"’= —o0'07 diff. 1'= — o2z diff. 3"’ =+4o0¢2 diff. 1’’= 4001 diff. 1”=+4-o0'06 diff. 1’'=—0"7
o ’

40 00 8509 1184 8510 8517 732833 23857 6°1043 7869
t 8 8510 8508 858 58 47
2 76 8510 8492 884 58 50
3 72 79 909 s8 54
4 67 67 935 59 57

o5 63 54 960 59 61
6 59 41 1:32986 6o 64
7 55 29 1-33011 6o 67
8 50 16 037 60 71
9 46 8-510 8403 ab2 61 74

10 8-500 1142 8510 8301 1-33088 2°3861 6-1073

1n 38 78 13 62 81

12 34 65 139 62 8s

13 29 $3 164 63 88

14 25 40 189 63 92

15 21 27 215 64 95

16 17 15 240 64 671099

17 12 8:510 8302 266 65 6°1102

18 o8 8510 8289 291 65 o6

19 04 77 317 65 09

20 8-509 1100 8-510 8264 1°33342 2'3866 61113 7°867

21 8-509 1096 51 368 66 16

22 91 38 393 67 20

23 87 26 418 67 23

24 83 13 414 €8 27

2§ 79 8-510 8200 469 68 30

26 74 %510 8188 495 68 34

27 io 75 520 69 37

28 66 62 546 69 41

29 62 50 7% 70 44

3 8509 1057 8-510 8137 1°33596 2-3870 61148

3 53 24 622 70 5t

32 49 8510 8111 647 71 [1

33 45 8-510 809y 673 7 58

34 41 86 698 72 62

35 36 73 723 72 65

36 32 61 749 72 69

37 28 48 774 73 72

38 24 35 800 73 76

39 19 23 825 74 79

40 8°509 1015 8-510 8o10 1-33850 2-3874 61183 7-866

41 11 8-510 7997 876 74 86

42 o7 84 9ol 75 90

43 8-509 1002 72 926 75 93

“ 8-509 0998 59 952 76 61197

45 94 46 1°33977 76 671200

46 go 33 1°34003 76 04

47 S 21 028 77 o7

48 81 8510 7908 053 77 1"

49 77 8510 7895 079 77 15

50 8°509 0973 8-510 7883 1°34104 2°3878 6°1218

51 68 70 129 78 22

52 64 57 155 79 25

53 6o 44 180 79 29

54 56 32 206 79 32
5 52 19 231 8o 36

26 47 8-510 7806 zg& 8o 39

57 43 85107793 282 8o 43

58 39 81 307 81 46

59 23 68 33 81 50

4
6o 8:509 og30 8510 7758 1°34358 2'3882 61253 7864

60




LATITUDE 4:°

Lat log A log B log C og D log E og F-
at. diff. 1’ = —o'07 diff. i"'=—o'a aff. 1"'=+o'q2 aff. 1 =4-or diff. 1" = 006 diff. 10’=—0"8
° /

41 oo 8-509 0g30 8-510 7755 1°34358 2-3882 61253 7-864
1 26 42 383 82 57
2 22 30 408 82 60
3 18 17 134 83 64
4 13 8510 7704 459 83 67

s 09 8-510 7691 484 83 7!
6 05 79 510 84 75
7 8:509 0yoo 66 535 84 78
8 8500 0896 53 560 84 82
9 92 40 586 35 8g

10 8:509 0888 §-510 7628 1-34611 23885 6°1239

11 83 15 636 85 92

12 79 8510 7602 662 56 96

13 75 8510 7590 687 86 6°1299

14 71 77 712 87 6-1303

1§ 67 64 738 87 o6

16 62 SI 763 87 10

17 58 39 788 88 14

18 54 26 814 88 17

19 49 13 83y 88 21

20 8:509 0845 $-510 7500 1°34864 2-3889 671324 7°863

21 41 8510 7488 Syo 89 28

22 37 75 als 89 31

23 32 62 940 % 35

24 28 49 965 90 k)

25 24 36 1°34991 90 42

26 20 24 £°35610 g 46

27 15 8510 7411 o4l 91 49

28 1 8510 7398 o066 91 53

29 o7 85 092 9t 56

30 8+509 0803 85107373 1°35117 2'3892 6°1360

31 8509 0798 60 142 92 63

32 94 47 168 92 67

33 90 34 193 93 70

34 86 22 218 93 74

35 8 8-510 7309 243 93 78

36 77 8-510 7296 269 94 81

37 73 83 294 94 85

38 69 70 319 94 88

39 64 58 345 95 92

40 8:509 0760 8:510 7245 1'35370 2:3895 61395 7:861

41 56 32 395 95 61399

42 52 19 420 96 6°1403

43 47 8510 7207 446 96 ob

44 43 8-510 7194 471 96 10

45 39 81 496 97 1

46 35 68 522 97 h

47 30 55 547 97 20

48 26 43 572 97 24

49 22 3o 597 98 28

gc; 8509 0718 8-510 7117 1°35623 2°3898 61431

32 13 8510 7104 648 98 35

53 09 8510 7091 673 98 38

54 05 79 698 99 42

8:509 o700 66 723 -99 46

55 8-509 0696 53 749 2°3899 49

56 92 40 774 2°3900 53

57 88 27 799 o0 56

58 83 1§ 824 00 60

59 79 8510 7002 850 0o 63

60 8-509 0675 8:510 6989 1-35875 273901 6°1467

7860

61




LATITUDE 42°

Lat log A’ log B log C log D log B log F
) diff.1""= ~ 0’07 diff. 1"'=—o0's1 diff. 1""=+4o0'4y2a  diff. 1’=+0'00 diff. 1"’=+ o006 diff. 10'=—0"9

L] /’ -

43 00 8:509 0675 8510 6989 135875 3*3901 61467 7-860
1 71 76 goo ol 71
2 66 64 925 o1 74
3 62 1 951 ol 78
4 58 38 1°35976 o2 81

os 54 25 1:36001 ] 8s
6 49 12 026 02 89
7 45 8-510 6900 052 o3 92
8 41 8510 6887 077 03 96
9 36 74 102 o3 6'1499
1o 8509 0632 8-510 6861 1°36127 23903 6°1503
1 28 48 152 o4 o7
12 24 36 178 o4 10
13 19 23 203 o4 14
14 15 8-510 6810 228 o4 17
1 1 8510 6797 25 o5 21
1 o7 8 27 o§ 25
17 8509 o602 72 304 og 28
18 8-509 0598 59 329 0§ 32
19 94 46 354 0b 35
20 8509 0590 8510 6733 1°36379 2'3906 6°1539 7-858
21 8s 20 404 o6 43
22 81 8-510 6707 430 ob 46
23 77 8510 6695 455 o7 50
24 72 82 480 o7 54
25 68 69 505 o7 57
26 64 56 530 o7 61
27 6o 43 556 o8 64
28 55 31 581 o8 68
29 (3 18 606 o8 72
30 8-509 0547 8510 6605 1°36631 2°3908 6°157%
31 4g 8.510 6592 656 o8 79
32 3 79 682 o9 3
33 34 66 707 09 8
34 30 54 732 09 9o
35 25 41 757 o9 93
36 21 28 782 10 6°1597
37 17 15 808 10 6°1601
38 13 8510 6502 833 10 o4
39 o8 8510 6490 858 10 o8
40 8°509 0504 8510 6477 1°36883 2°3910 6°1612 7-856
41 8°509 0500 64 go8 11 15
42 8509 0496 51 934 u 19
43 91 38 959 1 22
44 87 25 1°36984 11 26
45 83 13 1°37009 12 30
46 78 8-510 6400 034 12 33
47 74 8'510 6387 o059 12 37
48 70 74 085 12 41
49 66 61 110 12 44
50 8509 0461 8:510 6348 1°37135 23913 6°1648
51 57 36 160 13 52
52 53 23 185 13 55
53 48 8:510 6310 210 13 59
54 44 8:s10 6297 235 13 63
55 40 84 261 14 66
56 36 71 286 14 70
57 3r 59 3n 14 73
58 27 46 336 14 77
59 23 33 361 14 81
6o 8509 0419 8:510 6220 1-37386 2°3914 6°1684 7'854

62




LATITUDE 43*

La log A’ log B log C log D log E log F
t diff. 1’/ = ~o'07 diff. 1/ = —o'ax aiff. v/’ = +o'¢2 diff. 1’ = 4000 diff. 1’ = 4006 diff. 10’ = —t'0
[} / -

43 o0 8500 0419 8310 6220 1°37386 3'3914 6-1684 7854
1 14 8-510 6207 412 15 88
2 10 8510 6105 437 15 92
3 06 82 462 15 95
4 8:509 o401 69 487 15 6:1699

o5 8509 0397 56 512 15 6-1703
6 93 43 537 16 0b
7 89 30 563 16 10
8 84 17 588 16 14
9 8o 8510 6105 613 16 17

10 8:509 0376 8:510 6092 1°37638 23916 61721

11 71 79 663 16 25

12 67 66 688 17 28

13 63 53 713 17 32

14 59 40 739 17 36

15 54 28 764 17 39

16 50 15 789 17 43

17 46 8:510 6002 814 17 47

18 41 8-510 5989 839 18 50

19 37 76 864 18 54

20 8509 0333 8-510 5963 1-:37889 23918 6°1758 7°852

21 29 50 915 18 61

22 24 38 940 18 65

23 20 25 965 18 69

24 16 8510 5912 1"37990 18 72

25 12 8-510 5899 1-38015 19 gg

26 o7 86 040 19

27 8:509 0303 73 065 19 83

28 8:509 0299 60 o091 19 87

29 9% 48 16 19 91

30 8509 0290 8510 5835 1°38141 2'3919 61795

31 86 22 166 20 6°1798

32 82 8:510 5809 191 20 61802

33 77 8:510 5796 216 20 o6

34 73 83 241 20 ]

35 69 71 266 20 13

36 64 58 292 20 17

37 6o 45 317 20 20

38 56 32 342 20 24

39 52 19 367 21 28

40 8°509 0247 8:510 5706 1°38392 2°3921 61831 7-850

41 43 8510 5693 417 2r 35

42 39 81 442 21 39

43 34 68 467 21 42

44 30 55 492 21 46

45 26 42 518 2% 50

46 22 29 543 21 53

47 17 16 568 22 §7

48 13 8-510 5603 593 22 61

49 09 8510 5591 618 22 63

50 8'509 0204 8510 5578 1°38643 23922 6-1868

51 8'509 0200 65 668 22 72

52 8-509 o196 52 693 22 76

53 92 39 719 22 79

54 87 26 744 22 83

55 83 13 769 22 87

56 79 8510 5501 194 23 91

57 74 8510 5488 819 23 94

58 70 75 844 23 6:1898

59 66 62 869 23 6°1902

6o 8'509 0162 8-510 5449 1-38804 2°3923 6°1905 »848




LATITUDE 44°%

La log A log B log C log D log E log F
t. diff. 1’ = —o'07 diff. 1" = —o'a1 diff. 1’ = Jo'4x diff. 1’ = 40’00 diff. 1 = 40’06 diff. 10’ = .12
< ’

4 oo 8509 0162 8510 5449 1-38894 %3923- 81905 7848
1 57 36 919 23 o9
2 53 23 945 23 13
3 49 8-510 5411 970 23 17
4 44 8:510 5398 1°38995 23 20

o5 40 85 1-39020 23 24
6 36 72 045 24 28
7 31 59 o070 24 31
8 27 46 095 24 35
9 23 33 120 24 39

10 8509 o119 8510 5320 1°39145 2°3924 61043

1t 14 8:510 5307 171 24 46

12 10 8510 5295 196 24 50

13 06 32 22t 24 54

14 8-509 0102 69 246 24 58

15 8-509 o097 56 271 24 61

16 93 43 296 24 65

17 89 30 321 24 69

18 84 18 346 24 72

19 8o 8+510 5208 371 F1 76

20 8-509 0076 8510 5192 1°39396 2°3925 61980 7-845

21 72 79 422 25 84

22 67 66 447 25 87

23 63 53 472 25 ot

24 59 40 497 25 95

25 54 28 522 25 6°1999

26 50 15 547 25 62002

27 46 8510 5102 572 25 ob

28 42 8510 5089 597 25 10

29 37 76 623 25 14

3 8:509 0033 8:510 5063 1°39648 2°3925 62017

31 29 50 673 F13 2t

32 24 37 693 25 25

33 20 25 723 25 29

34 16 8'510 5012 748 28 32

35 1 8510 4999 773 25 36

36 o7 86 798 26 40

37 8509 o003 73 823 26 44

38 8:508 9999 6o 848 26 47

39 94 47 873 26 51

40 8508 9990 8510 4935 1'39898 23926 62055 7843

41 86 22 924 20 59

42 81 8'510 4909 949 26 62

43 77 8510 4896 974 26 66

4 73 83 1°39999 26 70

45 69 70 1°q0024 26 74

46 64 57 049 26 77

47 60 44 074 26 81

48 56 32 299 26 35

49 51 19 124 26 89

50 3+508 9947 8-510 4806 1°40149 23926 6°2092

51 43 8510 4793 174 26 62096

52 39 8o 200 26 6°2100

53 34 67 225 26 o4

54 30 54 250 26 o8

5 26 41 275 26 11

5 21 29 300 26 15

57 17 16 325 26 19

58 13 8:510 4703 350 26 23

59 9 §:510 4690 375 26 27

60 8-508 9904 8'510 4677 140400 2°3926 6°2130 7°840




LATITUDE 45°

oo

Lat. log A log B log C log D log E g F
diff. 1’ = - 007 diff. 17’ = —o'21 diff. 1"’ =4 042 diff. 1’ = % o’c0 diff. 1’ = 4006 aiff. /' =—13
’ -

5 oo 8508 9904 8510 4677 T'40400 %3926 62130 7840
1 8-508 ggoo 64 425 26 34
2 8-508 9896 51 450 26 38
3 91 39 475 26 42
4 87 26 501 26 46

o5 83 13 526 26 49
6 78 8-510 4600 §51 26 53
7 74 8510 4587 576 26 57
8 70 74 601 26 61
9 66 61 626 26 64

10 8-508 9861 8°510 4548 1°40651 2°3926 6°2168

1t $7 36 676 26 72

12 53 23 701 26 76

13 48 8:510 4510 727 26 8o

14 44 8510 4497 752 26 83

15 40 84 777 26 87

16 36 7% 802 26 9I

17 31 59 827 26 95

18 27 46 852 26 6-2199

19 23 33 877 26 6°2202

20 8-508 9818 8-510 4420 1°40902 2°3926 6°2206 7838

21 14 8-510 4407 927 26 10

22 10 8:510 4394 952 26 14

23 06 8s 1°40978 26 18

24 8-508 g8ot 68 1°41003 26 21

25 8-508 9797 56 028 26 25

26 93 43 053 26 29

27 88 30 o078 26 33

28 84 17 103 26 37

29 8o 8510 4304 128 26 40

30 8508 9776 8510 4201 1°41153 2-3926 62244

31 71 78 178 26 48

32 67 65 203 26 52

33 63 52 229 26 56

34 58 40 254 25 6o

35 54 27 279 26 63

36 50 4 304 25 67

37 46 8-510 4201 329 25 71

38 41 8510 4188 354 25 75

39 37 75 379 25 79

40 8508 9723 8-510 4162 1°41404 23925 62283 7838

41 49 429 25 86

42 24 37 454 25 90

43 20 24 479 25 94

44 16 8510 4111 505 25 62298

45 11 8-510 4098 530 25 6-2302

46 o7 85 555 25 o6

47 8:508 9703 72 580 25 o9

8 8-508 9698 6o bos 25 13

49 94 47 630 25 17

so 8°508 9689 8510 4034 X°41655 2°3925 6-2321

51 85 21 680 25 25

52 81 8°510 4008 70% 25 29

53 77 8510 3995 731 25 32

54 72 82 756 24 36

55 68 69 781 24 40

56 64 57 806 24 4

57 6o 14 831 24 48

58 55 3t 856 24 52

59 [{ 18 881 24 55

6o 8-508 9647 8510 3905 1-41906 2°3924 62359 7832

56690 O—52—5




LATITUDE 46°

Lat log A log B log C log D log E log F
: diff. 2’ = —o'07 diff 1"’ = —o'mx diff. 1" = 4042 diff. v’ = — 0’00 diff. 1 = 4006 diff. 30’ =—17¢

L] ’

46 oo 8-508 647 8510 3905 T-41906 73924 82350 7832
1 43 8510 3892 931 24 63
2 38 79 957 24 67
3 3 67 1°41982 24 71
4 30 54 1°42007 24 75

o§ 25 41 032 24 79
6 21 28 057 23 82
7 17 15 o082 23 86
8 13 8-510 3802 107 23 90
9 o8 8510 3789 132 23 9%

10 8-508 9604 8510 3776 1°42157 2°3923 6°2398

13 8-508 g600 d 64 183 23 6-2202

12 8508 9595 (3 208 23 o6

13 o1 38 233 23 09

14 87 25 258 23 13

{1 83 8-510 3712 283 23 17

16 78 8-510 3699 308 23 21

ry 74 86 333 22 25

18 70 74 358 22 29

19 65 61 384 22 33

20 8:508 9561 8-510 3648 1°42409 2°3922 62436 7°830

21 57 35 434 22 40

22 53 22 459 22 44

23 38 8510 3609 484 2z 48

24 44 8510 3596 509 22 52

25 40 84 534 22 56

26 35 71 559 21 60

27 31 58 584 21 64

28 27 45 610 21 67

29 23 32 635 21 7t

30 8-508 9518 8-510 3519 1°42660 2°3921 6°2475%

3t 14 8-510 3506 685 21 79

32 10 8-510 3494 710 21 83

33 oS 81 735 21 87

34 8-508 9501 68 760 20 91

35 8:508 9497 55 786 20 95

36 93 42 811 20 6°2499

37 88 29 836 20 62502

38 84 17 861 20 ob

39 8o 8-510 3404 886 20 10

40 8508 9475 §°510 3391 1°42011 2°3920 6°2514 7°82y

41 z 1 %8 926 19 ;:

42 7 5 901 I9

43 63 52 1°42987 19 26

4 58 39 1°43012 19 3o

4 54 27 037 19 34

42 50 14 062 19 38

47 45 8510 3301 o87 19 41

48 41 8'510 3288 112 18 45

49 37 75 137 18 49
0 8508 9433 8-510 3262 1°43163 23918 62553

g: 28 49 188 18 57

52 24 37 213 18 or

53 20 24 238 18 65

54 16 8-510 3211 263 18 69

55 I 8-510 3198 288 17 73

56 o7 8s 314 17 77

57 8-508 9403 72 339 17 81

58 8-508 9398 6o 364 17 84

59 9% 47 389 17 88

6o 8-508 9390 8510 3134 1°43414 2'3917 62592 7°824

66




LATITUDE 47°

Lat log A log B log C log D log E log F
diff. 17 = —~ 0%y diff. 1" = —o'21 diff. 1= o742 diff. 1" = — 0’00 dift 1’ = + o007 diff. 10’ = — 16
© ’ -

47 oo 8508 9390 8510 3134 T-43414 2°3917 62592 7824
1 86 21 439 16 6°2596
2 81 8-510 3108 465 16 6-2600
3 77 8-510 3095 490 16 04
4 73 82 515 16 o8

oy 68 70 540 16 iz
6 64 57 565 16 16
7 60 44 590 15 20
8 56 31 615 15 24
9 st 18 641 15 28
10 8-508 9347 8-510 3005 143666 2°391§ 6°2632
u 43 8510 2993 691 15 35
12 38 8o 716 14 39
13 34 67 741 14 13
14 3o 54 766 14 47
15 26 41 792 14 (1]
16 21 28 817 14 55
17 17 16 842 13 59
18 13 8-510 2903 867 13 63
19 09 8-510 2890 892 13 67
20 8-508 9304 8-510 2877 1°43917 23913 6°2671 7-821
21 8-508 9300 64 943 13 75
22 8-508 9296 (3 968 12 79
23 91 39 1°43993 12 83
24 87 26 1°44018 12 87
] 83 &] 043 12 91
26 79 8-510 2800 0bg 12 95
27 74 8-510 2787 004 1 6°2699
28 70 74 119 11 62702
29 66 62 144 Ir
30 8-508 9261 8-510 2749 1°44169 2°3911 62710
3t 57 36 195 1 14
32 53 23 220 10 18
33 49 8-510 2710 245 10 22
34 44 8510 2698 270 10 26
35 40 8s 295 10 30
36 36 72 321 10 34
37 32 59 346 09 38
38 27 46 n 9 42
39 23 33 396 o9 46
40 8-508 9219 8510 2621 1°44421 2°3909 62750 7-8x7
41 14 8-510 2608 447 o8 54
42 10 8:510 2598 472 o8 58
43 ob 82 497 o8 62
4 8-508 9202 69 522 o8 66
45 8:508 9197 57 547 o7 70
:: A 93 44 573 o; 74
9 3t 59 o 7
- 48 84 18 623 o7 82
49 8o 8-510 2505 648 o7 86
so 8:508 9176 8-510 2493 1'44673 2°3906 6-2790
51 72 8o 699 ob 94
52 67 67 724 ob 62798
53 63 54 749 06 6-2802
54 59 41 774 oy o6
55 [1] 28 800 (13 10
56 50 16 825 05 14
57 46 8-510 2403 850 o5 18
58 42 8-510 2390 875 04 22
59 38 77 900 04 26
60 8-508 9133 8-510 2364 1°44926 2°3904 6-2830 7814

67



LATITUDE 48°

Lat log A’ log B logC* log D log E g F
’ diff. 1/’ =-—o0'07 diff. 1" = —omx aiff. 1" =+o0'¢2 diff. 1’ = ~ 0’00 diff. 1"’ = 4007 diff. 10’ = — 1"y
° 7’

48 oo 8508 9133 8510 2364 1-44926 23904 62830 7814
1 29 52 951 04 34
2 25 39 1'44976 03 38
3 20 26 1°45001 o3 42
4 16 13 o027 03 46

0§ 12 8-510 2300 052 o2 50
6 o8 8'510 2288 077 02 54
7 8508 9103 75 102 o2 58
8 8508 9099 62 128 02 62
9 95 49 153 o1 66

10 8-508 gog1 8:510 2236 1°45178 2°3901 62870

11 86 24 203 o1 74

12 82 8-510 2211 229 ol 78

13 78 8-s10 2198 254 0o 82

14 74 85 279 00 86

15 69 72 304 2°3900 90

16 65 6o 330 23899 94

17 61 47 355 99 6-2898

13 57 34 380 99 62902

19 52 21 406 99 06

20 8-508 9048 8-510 2108 1°45431 2-3898 62910 7°811

21 44 8-510 2096 456 98 14

22 39 83 481 98 18

23 35 70 507 97 22

24 3t 57 532 97 26

25 27 45 557 97 30

26 22 32 582 97 34

27 18 19 608 96 38

28 14 8-510 2006 633 96 4z

29 10 8:510 1993 658 96 46

k] 8-508 goos 8-510 1981 1°45683 2°3895 62950

31 8-508 goot 68 709 95 54

32 8-508 8997 55 734 95 58

33 93 42 759 95 62

34 88 30 785 94 66

35 84 17 810 94 70

36 8o 8-510 1904 835 o4 74

37 76 8510 1891 861 93 78

38 7 78 886 93 82

39 67 66 9I1 93 86

40 8-508 8963 8'510 1853 145937 2-3892 6-2990 7-807

41 59 40 962 92 94

42 54 27 1°45987 92 6°2998

43 50 15 1°46012 91 6°3002

4 46 8-510 1802 038 91 ob

45 41 8-510 1789 063 91 10

46 37 76 088 90 15

47 33 64 14 g0 19

48 29 51 139 90 23

49 24 38 164 89 27

5o 8-508 8920 8'510 1725 1°46190 2-3889 63031

51 16 13 21§ 89 35

52 12 8-510 1700 240 88 39

53 o8 8510 1687 266 88 43

54 8:508 8903 74 291 88 47

55 8-508 8899 62 316 87 (34

56 95 49 342 87 55

57 90 36 367 87 59

58 86 23 392 86 63

59 82 8-510 1610 418 86 67

60 8-508 8878 8510 1598 1°46443 2°3886 6°3071 7804

68




LATITUDE 49°

log D

Lat. log A log B logC log E log F
diff. 5 =—o'07 diff. 1 = —o'ax diff. 2" = 4042 diff. 1’ =—o'0z diff. 1" = o0y diff. 3o/ =—19
° ’ -

49 00 8-508 8878 8510 1508 T°464- 3-3886 63071 F804
1 73 85 460 8 75
3 3 9 it 8 &
3 9 19
e 61 47 544 84 88

] 57 34 570 84 92
6 52 21 595 84 6°309€
7 48 8510 1508 621 83 63100
8 4“ 8510 1496 646 83 o4
9 39 83 671 83 o8

10 8-508 8835 8510 1470 1°46696 2°3882 6°3112

11 31 58 722 82 16

12 27 45 747 81 20

13 2 32 77 81 24

14 1 19 7 81 28

1 14 8510 1407 824 8o 2

xg 10 8:510 1394 849 8o 37

17 ob 81 874 8 41

18 8508 8301 68 399 79 45

19 8508 8797 56 925 79 49

20 8-508 8793 8510 1343 1°46950 2-3878 63153 2-800

21 30 1°46976 78 57

22 84 17 1°47001 78 61

23 8o 8510 1308 026 77 65

24 76 8-510 3292 052 77 69

25 72 79 077 77 7

26 67 67 103 76 7

27 63 54 128 76 82

28 59 41 153 75 86

29 s5 28 179 75 90

30 8-508 8750 8510 1216 1°47204 2-387% 6°3104

31 46 8510 1203 230 74 63198

32 42 8510 1190 255 74 6°3202

33 38 78 281 73 ob

34 33 65 306 73 10

35 29 52 331 73 15

36 25 39 3;7 72 19

37 21 27 382 72 23

38 16 14 408 71 27

39 12 8-510 1101 433 7Y 31

40 8-508 8708 8-510 1088 147459 2'3871 63235 7796

41 04 76 70 39

42 8-508 8700 63 509 70 43

43 8-508 8695 50 535 69 47

44 91 38 560 69 52

45 87 2 586 56

46 83 li 611 gg 60

47 78 8-510 1000 637 68 64

43 74 8510 0987 662 67 68

L) 70 74 688 67 72

so 8-508 8666 8-510 0962 1°47713 2°3866 6°3276

51 61 49 738 66 81

52 57 36 764 66 85

53 53 23 789 ] 89

54 49 8510 0913 81§ 65 93

55 45 8510 0808 840 64 6-3297

56 40 85 866 64 6-3301

57 36 73 891 63 ]

58 32 60 917 63 o9

59 28 48 942 63 14

60 8-508 8623 8-510 0833 1°47968 2°3862 6°3318 7793




LATITUDE 50°

Lat log A log B log C logD g E log F
: diff. 1" = ~o07 diff. 1 =—o'm1 diff. 1" = + 043 diff. 1’ = —o'ox diff. 1’ = 4-0'07 diff. 1o/ =—12°0
o ’ - "
50 0o 8508 8623 8-510 0835 T'47968 33862 6-3318 7792
1 19 22 147993 62 22
2 15 8510 0809 1°48019 61 26
3 11 8:510 0797 044 61 30
4 o6 84 ojo 6o k7
05 8-508 8602 71 09§ 60 39
6 8-508 8598 59 121 60 43
7 94 46 146 59 47
8 9 33 172 59 5t
9 8s 21 197 58 [{3
10 8-508 8581 8510 0708 148223 2-3858 6°3359
3] 77 8510 0695 248 57 gg
12 73 83 274 57
13 68 70 299 56 72
14 64 57 325 56 76
15 6o 45 350 55 8o
16 56 32 376 S5 84
17 52 19 401 55 88
18 47 8-510 o607 427 54 93
19 43 8510 0594 452 54 63397
20 8-508 8539 8-510 0581 148478 2-3853 6°3401 7°788
21 35 69 504 53 os
22 30 56 529 52 )
23 26 43 555 52 14
24 22 31 380 §1 18
25 18 18 606 [ 22
26 14 8+510 0505 631 50 26
27 09 8'510 0493 657 50 30
28 o5 8o 682 49 34
29 8-508 8501 67 708 49 39
30 8-508 8497 8-510 0455 148734 2:3848 6-3443
3t 93 42 759 48 47
32 g 29 ;35 47 51
33 17 10 47 5
34 8o 8-510 0404 836 46 6t5>
35 76 8510 0392 861 46 64
36 71 79 887 45 68
37 67 66 913 45 72
38 63 54 938 4 76
39 59 41 964 44 81
40 8:508 8455 8510 0328 1°48989 2:3843 6°3485 7784
41 50 16 1°49015 43 89
42 46 8-510 0303 041 42 93
43 42 8-510 0291 066 42 6°3497
4 38 78 092 41 6°3502
45 34 65 17 41 06
46 29 53 143 40 10
47 25 40 169 40 14
48 21 27 194 39 8
49 17 15 220 39 23
[ 8-508 8413 8'510 0202 1'49246 2-3838 6°3527
[ 8-510 0190 271 38 3t
52 77 297 37 35
53 8508 8400 64 322 37 40
54 8-508 8396 52 36 “
55 92 39 374 36 48
56 87 27 399 35 52
57 33 4 425 35 56
[1.] 79 8510 o101 45t 34 61
59 75 8-510 oo8g 476 k23 65
6o 8-508 8371 8-510 0076 1"49502 23833 63569 7780

70




LATITUDE 5I1°

Lat log A log B leg C log D log E g F
* diff, 27’ = —o'o7 diff. 1” = —omx  diff. 1" =403 5 l"=—o;ol diff, 1’ =+ 0’07 diff. 10’ =—12's

° ’

5 o 8508 8371 8510 0076 I*49503 33833 3'3569 778
1 66 64 528 33 73
; % A i
4 54 26 5 3t 86

0§ 5o 13 630 31 go
6 45 8-510 vooOI 656 30 95
7 41 8:509 9988 682 29 63599
8 37 15 797 29 *3603
9 33 63 733 28 o7

10 8+508 8329 8+509 9950 1°49759 +2828 6°3612

11 24 38 783 7 16

12 20 25 810 27 20
? 16 13 836 26 24
¢ 12 8+509 9900 862 26 28

vy o8 8509 9887 887 23 33

15 8:508 8303 75 913 25 37

1 8-508 8299 62 939 24 41

1 95 50 965 23 45

19 91 37 1°49990 23 50

20 8-508 8287 8:509 9825 1'50016 2°382. 6°3654 7°776

21 82 8509 9812 042 22 58

22 8 8:509 9799 067 21 63

23 74 87 093 21 67

24 70 74 119 20 n

25 66 62 145 20 75

26 62 49 170 19 8o

27 57 37 196 18 84

28 53 24 222 18 88

29 49 8509 y711 248 17 92

30 8-508 8245 8-509 9699 1°50273 3°3817 63

3! 41 86 299 16 6°3701

32 36 74 325 16 o5

33 32 61 351 15 10

34 28 49 376 14 14

35 24 36 402 14 18

36 20 24 428 13 22

37 16 8-509 9611 454 13 27

38 I 8:509 9599 480 12 31

39 o7 505 4 35

40 8-508 8202 8+509 9574 1'50531 23811 63740 7772

41 8:508 8199 61 5%7 10 44

42 95 48 583 10 48

43 90 36 609 09 52

44 86 23 634 o8 57

45 82 8509 9511 660 o8 61

46 78 8-509 9498 686 o7 65

47 74 86 nz o7 70

48 70 73 738 o6 74

49 65 61 764 o5 78

(1 8:508 8161 8:509 9448 1-50789 2°3805 6°3782

51 57 36 81§ 04 8

52 53 23 841 04 91

53 49 8:509 9411 867 o3 6°3795

54 45 8:509 9398 893 oz 63800

55 40 86 919 02 04

56 36 73 944 o1 o8

57 32 61 970 [} 13

58 28 48 1°50996 2°3800 17

59 24 36 1°51022 2°3799 21

60 8+508 8120 8:509 9323 1'51048 2°3799 6-3826 7767

71



LATITUDE §2°

E

log A’ log B log C log D log E log F
diff, 1/ = —o0'07 dif. 1’ = —oa1  diff. v/ =toy3 diff. 1" = ~0n , diff. ¥ =400 diff. 1’ = =3’y

\DWO\& 09‘“"8‘

8508 8120 8509 9323 T'51048 3°3799 53826 7767
15 8509 9311 074 98 30
3 8509 9298 100 97 34
o7 86 126 97 39
8:508 8103 73 151 96 43
8508 8ogg 61 177 96 47
95 48 203 95 52
90 36 229 9 56
86 23 255 9% 6o
82 8-509 9211 281 93 65
8-508 8078 8509 9198 1°§1307 2'3792 6-3869
74 86 333 92 7
70 13 359 91 7
65 61 385 o1 82
61 48 411 90 86
57 36 436 89 91
53 23 462 38 95
49 8-509 9111 488 88 6°3899
45 8509 9ogg 514 87 63904
41 86 540 87 o8
8508 8036 8:509 9074 1°51566 2°3786 63912 7°763
32 61 592 85 17
28 49 618 8s 21
24 36 644 8 25
20 24 670 83 30
16 8+509 go11 696 83 34
s 8-509 8999 722 82 38
o7 86 748 81 43
8-508 8003 74 774 S1 47
8-508 7999 62 8oo 8o (3]
8:508 7995 8-509 8949 1°51826 23779 6°3956
91 37 852 79 6o
87 24 878 78 65
82 8-509 8912 904 78 69
78 8:509 8899 930 77 73
74 8y 956 76 78
70 74 1°51982 75 82
66 62 152008 75 86
62 50 034 74 91
58 37 o6o 73 63995
8508 7953 8-509 8825 152086 2:3773 64000 7°758
49 12 2 72 o4
45 8-509 8800 138 71 o8
41 8509 8788 164 71 13
37 75 I90 70 17
33 63 216 69 a1
29 50 242 68 26
24 38 268 68 30
20 25 294 67 35
16 13 320 66 39
8:508 7912 8-509 8701 1°52347 23766 6'404g
8-509 8683 373 65 4
04 76 399 64 52
8-508 7900 63 42§ 64 57
¥-508 7895 {1 451 63 61
91 39 477 62 65
87 26 503 61 70
83 14 529 61 74
79 8509 8602 555 6o 79
75 8-509 8589 581 59 83

8-508 7871 8-509 8577 1'52608 2°3759 6°4088 7753




LATITUDE 53°

Lat, log A’ log B log C logD log E log F
diff. 1”’= —o'oy diff. 1"’ = —o"ax diff. 1" =40"q4 diff, 1’’= ~o'ox diff. 1= 4-0'0p diff, 1o/'= —3°5

(] ’ -

53 oo 8508 7871 8509 8577 1-52608 23759 64088 5153
1 67 64 634 58 92
2 62 §2 660 57 64096
3 58 40 686 56 64101
4 54 27 712 56 o5

°§, 50 15 738 55 10
46 8:509 8502 764 54 14
; 42 8:509 8490 790 53 18
38 78 81y 53 23
9 34 65 843 52 27
10 8508 7829 8:509 8453 1°52869 2'3781 64132
11 25 41 895 51 36
12 21 28 921 50 41
13 17 16 947 49 45
14 13 8509 8404 1'52074 48 49
15 o9 8-509 8301 153000 48 54
16 o3 79 026 47 58
17 8508 7801 67 052 46 63
18 8-508 7797 54 078 45 67
19 92 42 10§ 45 72
20 8-508 7788 8-509 8329 1’53131 2'3744 64176 7:748
21 84 17 157 43 8o
23 8o 8-509 8305 183 42 8s
23 76 8:509 8292 209 42 89
24 72 8o 236 41 94
2¢ 68 68 262 40 6°4198
26 64 .13 288 39 64203
2 60 43 314 39 o7
2 55 3t 341 38 12
29 51 18 367 37 16
30 8508 7747 $:509 8206 1'§3393 23736 64221
3 43 8-509 8194 419 36 a5
32 39 82 46 35 29
a3 35 69 472 34 34
34 3t 57 498 33 38
3 27 45 ‘524 33 43
: : S T
3 2
38 14 8-509 8108 603 30 56
39 10 $:509 8095 630 29 61
40 8-508 7706 #'509 8083 1'53656 2'3729 6-4265 7'743
41 8-508 7702 71 652 28 70
42 8508 7698 58 709 27 74
43 94 46 735 26 79
44 90 34 761 26 83
4 86 22 788 25 88
4 82 8-509 8009 814 24 92
47 77 8-509 7997 840 23 6-4297
48 73 s 867 . 22 6°4301
49 69 72 893 22
so 8508 7665 &+509 7960 1'53919 2°3721 64310
§1 61 48 046 20 15
52 57 36 972 19 19
53 53 23 1'53998 18 24
54 49 8:509 7911 154025 18 28
5§ 45 8:509 7899 o051 17 33
56 41 87 o7; 16 37
57 37 74 104 15 42
58 32 62 130 14 46
59 28 50 157 14 51
6o 8-508 7624 8-509 7858 154183 2:3713 6°4358 7°738

73



LATTIUDE $4°

74

Lat log A’ log B log C log D log E log ¥
* diff, 1”'= —o'o7 diff. 1”’=—0"20 diff. 17= 404 diff. 1”/= —o'o1 diff. 1"’=+ 008 aiff. 10'= — 26

[} ’ -

54 o0 8508 7624 8-509 7838 1°54183 73713 64355 7738
I 20 25 209 12 6o
2 16 13 236 I 64
3 12 8509 7801 262 10 69
4 o8 8:509 7789 288 09 73

oy 04 76 315 09 78
6 8:508 7600 64 341 o8 82
7 8-508 7596 52 368 o7 87
8 92 40 394 o6 91
9 88 27 421 os 64396

10 8-508 7584 8509 7715 1'54447 23705 64400

1 79 8:509 7703 474 o4 o5

12 75 8509 7691 500 03 09

13 71 78 527 02 14

14 67 66 553 ol 18

15 63 54 580 00 23

16 59 42 606 23700 28

17 55 30 633 2°3699 32

18 51 17 659 98 37

19 47 8-509 7605 686 97 4

20 8508 7543 8509 7593 1'54712 273696 64446 7733

a1 39 81 739 95 50

22 35 69 765 94 55

23 31 56 792 9% 59

24 27 “ 818 93 64

25 22 32 845 92 68

26 18 20 871 91 73

27 14 8509 7508 898 90 78

a8 10 8509 7495 924 89 82

29 ob 83 951 88 87

30 8:508 7502 8:509 7471 154977 2-3688 6-4491

3 8:508 7498 59 1°55004 87 64496

32 9 47 o031 86 6°4500

33 90 34 057 85 o5

34 86 22 084 84 o9

35 82 8:509 7410 110 83 14

36 78 8-509 7398 137 82 19

37 74 86 163 82 23

38 70 74 190 81 28

39 66 61 21y 8o 32

40 8-508 7462 8509 7349 1°55243 2°3679 64537 77728

41 58 37 270 78 41

42 53 25 297 77 46

43 49 13 323 76 51

“ 45 8:509 7301 350 75 55

45 41 8509 7289 316 74 6o

46 37 76 403 74 64

47 33 64 430 73 69

48 29 52 456 72 74

49 25 40 433 7n 78

so 8508 7421 8509 7228 1°5§510 23670 644583

L1 17 16 536 ] 87

52 13 8:509 7204 563 68 92

53 o9 8509 7191 590 67 64597

54 o§ 79 616 66 6°4601

55 8-508 7401 67 643 66 06

56 8:508 7397 55 670 65 Io

57 93 43 696 64 15

58 89 3 723 63 20

59 8 19 750 62 24

6o 8:508 7381 8509 7107 1°55777 3-3661 64629 7723




LATITUDE 5§5°

Lat log A iog B log C log D logE log F
: diff. 1"’ = ~-o'07 diff. 1"’ = ~ o020 diff. 37’ =+ o045 diff. 1’ = —o'oz diff. v’ = 4008 diff. 10/ = —2'8
L] ’ -

55 o0 8508 7381 8-509 7107 155777 2-3661 64629 7723
1 77 8509 7095 803 60 33
2 15 82 830 59 38
3 69 70 857 58 43
4 6s 58 884 57 47

o 61 46 910 56 52
6 56 34 93 56 57
7 52 22 964 55 61
8 48 8-509 7010 1°55991 54 66
9 44 8:509 6998 1°56017 53 70

10 8-508 7340 8509 6986 156044 2-3652 64675

i1 36 74 071 51 8o

12 32 62 098 [ 84

13 28 49 125 49 89

14 24 37 15t 48 9%4

15 20 25 178 47 6°4698

16 16 13 208§ 46 6-4703

17 12 8:509 6901 232 45 08

18 o8 8509 6889 259 44 12

19 o4 77 286 43 17

20 8°508 7300 8-509 6863 1'56312 2°3642 64721 7117

21 8-508 7296 53 339 42 26

22 92 41 366 41 31

23 88 29 393 40 35

24 8 17 420 39 40

25 o 8-509 6805 447 38 48

26 76 8-509 6793 474 37 49

27 72 81 500 36 54

28 68 69 527 35 9

29 64 57 554 34 3

30 8-508 7260 8-509 6745 1°56581 2°3633 64768

31 56 33 6o8 32 73

32 52 21 635 »n 77

33 48 8-509 6709 662 30 82

34 4 8-509 6696 689 29 8

35 40 84 716 28 91

36 36 72 743 27 64796

37 32 60 770 26 6-4801

38 28 48 797 25 5

39 24 36 823 24 10

40 8-508 7220 8-509 6624 1°56850 23623 64815 7t

41 16 12 877 22 20

42 12 8509 6600 904 2r 24

43 o8 8-509 6588 931 20 29

44 04 76 955 19 34

45 8+508 7200 51 1°56985 18 38

46 8508 7196 52 1°§7012 17 43

47 92 40 039 16 48

48 88 28 o66 1§ 52

49 84 16 093 4 57

50 8508 7180 8-509 6505 1°57120 2:3613 6-4862

5t 76 8509 6493 147 12 66

52 72 81 174 1 71

53 68 69 201 10 76

54 64 57 229 09 81

55 62 45 236 o8 8s
6 233 90

§7 gz ig 313 3% 64895

58 48 8-509 6409 337 o5 6-4900

59 4 8-509 6397 364 04 04

6o 8-508 7140 8-509 6385 1'57391 2°3603 6°4909 7-706
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LATITUDR 56°

log A’

Lat log B log C log D log E log F
) diff. 1’ =007 diff. 3’ = —o'20 diff. 1 = 4-o'qs diff. 1/’ = —o'0a diff. 1’ = 40’08 diff. 10’ ="~ 30
o 4 -

56 oo 8-508 7140 8-509 6385 i'57301 33623 64909 7706
1 36 73 418 02 14
2 32 61 445 o1 18
3 28 49 472 2°3600 2
4 24 37 499 2°3599 2

oS 20 28 526 98 33
6 16 13 554 97 37
7 12 8-509 6301 581 96 42
8 o8 8509 6289 608 95 47
9 04 77 635 94 52

10 8-503 7100 8:509 6266 1°§7662 2°3593 6°4956

I 8:508 7 54 689 92 61

12 92 42 b ebi 9t 66

13 88 30 744 90 71

14 84 18 77 89 75

18 8o 8:509 6206 798 88 8o

16 76 8509 6194 825 87 85

17 72 82 852 86 90

18 69 70 880 13 094

19 65 58 907 84 64999

20 8:508 7061 8:509 6147 1'57934 23583 65004 7700

al 57 35 961 32 og

22 53 23 157989 81 13

23 49 8:509 6111 1°58016 80 18

24 45 8:509 6099 043 78 23

25 41 87 070 77 28

26 37 75 098 76 32

:3 33 63 125 75 37

29 51 152 74 42

29 2§ 40 179 73 47

30 8:508 7021 8509 6028 1'58207 2°3§72 6°5052

3! 17 16 234 7t 56

32 13 8509 6004 261 70 61

33 o9 8-509 5992 289 69 6

34 o 8o 316 68 71

35 8-508 7001 68 343 67 75

36 8:508 6997 57 n 66 %)

37 3. 45 398 65 8s

38 9 33 42§ 64 9

39 86 21 453 62 95

40 8-508 6982 8-509 5909 1-58480 2°3561 6-5099 7694

41 78 8509 5897 507 6o 6'5104

42 74 85 535 59 o9

43 70 74 562 58 14

44 66 62 589 57 19

45 62 50 617 56 24

4 2 2 4 33

43 50 15 699 53 38

49 46 8-509 5803 726 52 43

50 8-508 6942 8°509 5791 1°58754 2:3550 65148

51 38 79 781 49 52

52 M 67 8og 48 57

53 30 56 836 47 62

[ 26 4“ 864 46 67

L1 23 32 891 45 72

$6 19 20 919 4 77

57 1§ 8-509 5709 946 43 81

58 1 8-509 5697 1°58974 42 86

59 o7 85 1°59001 41 91

6o 8-508 6903 8509 5673 1°59028 2°3539 65196 7°688

76




LATITUDE 57°

Lat log A’ log B log C log D log E log F
) diff. 1"'= — 0’06 diff. 1= — o019 diff. 1= 4 046 diff. 1= ~o'0z diff, 1= 0’08 diff. 10'= - 3'2
(-] / -
57 00 8-508 6903 8509 5673 159028 23539 85196 7-638
1 8508 6899 61 056 38 6°5201
2 95 50 o83 37 06
3 91 38 1z 36 10
4 87 26 139 35 15
o§ 83 -14 166 34 20
6 79 8-509 5603 194 33 25
7 75 8509 5591 221 32 30
8 72 79 249 30 35
9 68 67 276 29 40
10 8-508 6364 8509 5556 1°59304 2°3528 65244
3 60 331 27 49
12 56 32 359 26 54
13 z 20 387 25 59
14 48 8-509 5509 414 24 64
15 44 8-509 5497 442 22 69
16 40 &8s 469 21 74
17 36 73 497 20 79
18 32 62 §25 19 8
19 28 50 552 18 8
20 8-508-6825 8-509 5438 1-59580 2°3517 6°529 7682
21 21 27 608 16 6529
22 17 15 635 14 65303
23 13 8-509 5403. 663 13 o8
24 09 8:509 5392 691 12 13
25 o5 8o 718 1Y 18
26 8-508 6801 68 746 10 22
27 8508 6797 56 774 o9 27
28 93 45 8o1 o7 32
29 90 33 829 06 37
30 8:508 6786 8-509 5321 1'59857 2°3505 65342
31 82 8-509 5310 8%s o4 47
32 78 8'509 5208 912 o3 s2
33 74 86 940 02 57
34 70 75 968 2-3500 62
35 66 6 159996 23499 67
36 62 5:: 160023 3 o8 72
37 58 40 o051 97 76
38 54 28 079 96 81
39 51 16 107 95 86
40 8-508 6747 8:509 5205 1*60134 2°3493 65391 7°675
41 43 8:509 5193 162 92 6:5396
42 39 I 190 91 6°5401
43 35 70 218 9 ob
4 3t 58 246 89 11
45 27 46 274 87 16
46 23 35 301 86 21
47 20 23 329 85 26
43 16 . 12 357 84 a1
49 12 8509 5100 385 83 36
50 8-508 6708 8-509 5088 1°60413 2°3481 65441
st 04 77 441 8 46
52 8-508 6700 65 469 79 50
53 8508 6696 54 496 78 55
54 92 42 524 76 6o
55 89 30 552 75 65
56 85 Ig 580 74 70
57 81 8-509 5007 608 73 75
58 77 8-509 4996 636 72 30
59 73 84 664 70 85
6o 8:508 6669 8-509 4972 1°60692 23469 65490 7-669

77



LATITUDE 58°

Lat log A’ log B log C log D log E log F
" diff, 1! == ~ 0’06 diff. 1’ = —~o0'19 diff. v’ = 4 o'47 diff. 1 = - ooz diff. 1"’ =008 diff. 10’ = —3'3
° v
= =
58 oo 8-508 6669 8-509 4972 T'60692 33469 65490 7669
1 65 61 720 68 65495
2 62 49 748 67 65500
3 58 38 776 66 o5
4 54 26 804 64 10
o5 50 14 832 63 1
6 46 8:509 4903 860 62 2(5)
7 42 8:509 4391 888 61 25
8 38 8o 916 59 30
9 35 68 944 58 35
10 8:508 6631 8509 4857 1°60972 2°3457 65540
1z 27 45 1'61000 56 45
12 23 33 028 54 so
13 19 22 056 53 55
14 15 8-509 4810 o84 52 60
15 [ 3 8:509 4799 112 1] 65
16 o8 87 140 49 70
17 o4 76 168 43 75
18 8-508 6600 64 197 47 8o
I9 8508 6596 53 225 46 85
20 8:508 6592 8500 4741 1-61253 23444 6°5590 7°662
21 88 30 281 43 65595
22 85 18 309 42 6"
23 81 8-509 4707 337 41 o5
24 77 8:509 4695 365 39 10
25 73 84 393 38 15
26 69 72 422 37 20
27 65 61 450 35 25
28 6z 49 478 k21 30
29 58 38 506 33 35
30 8508 6554 8:509 4626 1'61534 2°3432 6°5640
3 50 i 563 30 45
32 46 8-509 4603 591 29 50
33 42 8:509 4592 619 28 55
H 39 647 26 60
35 35 69 675 25 65
36 31 57 704 24 70
37 27 46 732 23 75
38 23 35 760 21 8
39 20 23 789 20 86
40 8:508 6516 8:509 4512 1°61817 23419 6°5691 7656
41 12 8-509 4500 845 17 65696
42 o8 8-509 4489 873 16 65701
43 04 77 9oz ]
44 8-508 6500 66 930 14 1Y
45 8:508 6497 54 958 12 16
46 93 43 1:61987 1 21
47 89 32 1°62015§ 10 26
48 85 20 043 o8 31
49 81 8509 4409 072 o7 36
50 8-508 6478 8-509 4397 1-62100 2°3406 6-5741
(3 74 86 129 04 46
52 70 74 157 o3 51
53 66 63 18§ 02 56
54 62 52 214 2°3400 62
55 59 40 242 2°3399 67
56 55 29 271 98 72
57 5t 17 299 96 77
58 47 8-509 4306 327 95 82
59 43 8509 4295 356 94 87
6o 8508 6440 8-509 4283 1-62384 23392 65792 y649°
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LATITUDE 59°

Lat log A’ log B log C log D log E log F
’ diff. 1¥=—0'0c6 diff, 1"=—0"19 diff, 17"=+048 diff. 1""=~0'02 aff. 1"'=40'09 diff. 10'=—5's

L] V4 -

59 oo 8-508 6440 8509 4283 1-62384 2-3392 65792 ¥-649
1 36 72 413 9t 65797
2 32 61 441 9o 6°5302
3 28 49 470 88 o7
4 24 38 498 87 13

og 21 26 527 86 18
6 17 15 555 84 2
7 13 8-509 4204 584 83
8 o9 8509 4192 612 82 33
9 0§ 81 641 8o 38

10 8-508 6402 8-509 4170 1°62669 2°3379 6584

1t 8-508 6398 58 698 78 43

12 94 47 727 76 54

13 90 36 755 75 59

14 8 24 784 74 64

15 83 13 812 72 69

16 79 8:509 4102 841 7 74

17 75 8509 4090 870 69 79

18 71 79 898 68 84

19 68 68 927 6; 89

20 8-508 6364 8509 4056 162955 2°3365 65895 7642

21 60 45 1°62984 64 6-5900

22 56 34 1°63013 63 os

23 53 22 041 61 10

24 49 1 o70 6o 15

25 45 8:509 4000 099 58 20

26 41 8-509 3989 127 57 26

27 38 77 156 56 31

28 34 66 185 54 36

29 30 55 214 53 41

30 8-508 6326 8509 3943 1°63242 273351 6°5946

31 23 32 271 50 [1]

32 19 21 300 49 57

33 15 8-509 3910 329 47 62

34 1 8-509 3898 357 46 67

35 o8 8 386 44 72

36 o4 76 415 43 77

37 8-508 6300 65 444 42 82

38 8-508 6296 53 473 40 88

39 93 42 501 39 93

40 8-508 6289 8:509 3831 1°63530 2:3337 65908 77635

41 85 20 559 36 6-6003

42 81 8-509 3808 588 35 o8

43 78 8:509 3797 617 33 14

H“ 74 86 646 32 19

45 70 75 674 30 24

46 66 63 703 29 29

47 63 52 732 28 34

48 59 41 761 26 40

49 55 30 790 2§ 45

g‘: 8508 6251 8-509 3719 1-63819 2-3323 6°6050

32 48 8-509 37 848 22 55

53 44 8-509 3696 877 20 61

54 40 8s 906 19 66

36 74 935 17 71

55 33 63 964 16 76

56 29 52 1°63793 15 8r

57 25 40 1°64022 13 87

58 22 zg 051 1z 92

59 18 ¢ o8o 10 6°6097

! 60 8-508 6214 8509 3607 1°64109 2'3309 6-6102 7°627
e

79




LATITUDE 60°

Lat. log A log B log C log D g E log F
diff. 1''=—0'0f &ff. 1'=—0"18 diff. 1”=4o'g9 diff, 1" =-—c'c3 diff 1"=+4o0g diff. 10'=—3y
[ 4
60 oo 8-508 6214 8509 3607 T-64109 2'3309 86102 F-627
1 10 8509 3596 138 o7 o8
2 o7 8s 167 ob 13
3 8:508 6203 73 196 o4 18
4 8508 6199 62 225 o3 23
o5 96 (3 254 02 29
6 92 40 283 2°3300 k)
7 88 29 312 73209 39
8 84 18 34 97 4
9 81 8:509 3507 370 96 50
10 8+508 6177 8509 3495 1'64400 2°3204 66155
1 73 84 429 93 60
12 70 73 458 91 66
13 66 62 487 90 71
i4 62 51 §16 88 76
15 58 40 545 87 &
16 55 29 574 85 87
17 51 18 604 84 92
18 47 8500 3407 633 82 66197
19 44 8509 3395 662 81 6°6203
20 8-508 6140 8'509 3384 1°64691 2°327 6°6208 7°630
21 36 73 720 7 I
22 33 62 750 76 1
23 29 51 779 75 24
24 25 40 808 73 29
2 21 29 838 2
zg 18 18 867 ;o 43:
2y 14 8-509 3307 896 69 45
28 10 8509 3 925 67 50
29 o7 8s 955 66 56
30 8-508 6103 8'509 3274 1°64984 2°3264 66261
3t 8:508 6099 63 1°65013 63 66
32 96 52 043 61 72
33 92 40 o72 60 77
34 88 29 101 58 82
35 85 18 131 57 87
36 81 8:509 3207 160 55 93
37 77 8-509 3196 190 54 66298
38 74 219 52 66304
39 70 74 248 (1 09
40 8-508 6066 8-509 3163 1°65278 2°3240 66314 7'613
41 63 52 307 48 20
42 59 41 337 46 25
43 55 30 366 45 30
44 52 19 396 43 36
45 48 8509 3108 425 41 41
46 4 8'509 3097 455 40 46
47 41 6 484 38 52
48 37 75 514 37 S7
49 33 64 543 35 62
50 8:508 6030 8-509 3053 165573 2'3234 66368
(1 26 42 602 32 73
52 22 31 632 31 79
53 19 20 661 29 84
54 15 8509 3010 o1 28 8
[ i 8509 2999 721 26 6°639%
56 o8 88 750 24 66400
57 04 77 780 23 0§
58 8-508 6000 66 809 21 1
59 8-508 5997 55 839 20 16
60 8238 5993 8509 2044 165869 2°3218 56422 o
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LATITUDE 61°

La Tog A’ log B log C log D log E log F
t. diff. 1’ = ~o'0b diff, 1"’ = — o018 diff. 1”'=+o'50 diff. 1 = — 0’03 diff, 1’ = 4} 0’09 diff. 10’ = — 40
o Y4 _ _
61 oo 8508 5993 8509 2944 165869 3-3218 66422 7-605
1 89 33 898 17 27
2 86 22 928 1 32
3 82 11 958 13 38
4 79 8-50y 2goo 1°65987 12 43
os 75 85090 2889 166017 10 48
6 71 78 047 09 54
7 63 67 076 o7 59
8 64 56 106 o6 65
9 60 46 136 o4 70
10 8508 5957 S-509 2835 166166 2°3202 66476
It 53 24 195 2" 3201 81
12 49 13 22§ 2°3199 87
13 46 8-509 2802 255 98 92
14 42 8:509 2791 285 96 66497
15 39 8o 315 94 66503
16 35 6q 344 93 o8
17 3! 58 374 91 14
18 28 48 404 90 19
19 24 37 434 88 2
-20 8508 5920 8+509 2726 1°66464 2°3186 6-6530 7597
21 17 15 494 85 36
22 13 S-509 2704 524 83 41
23 1o 8:5009 2603 553 81 46
24 aob 83 583 8o 52
25 8508 5902 72 613 78 57
26 8508 5899 61 643 77 63
27 a5 50 673 75 68
23 92 39 703 73 74
29 88 28 733 72 79
30 8508 5884 8500 2618 166763 2°3170 6-6585
31 81 8-50n 2607 793 68
32 77 8500 2590 823 67 66596
33 74 85 853 65 6-6601
34 70 74 883 64 o7
35 66 64 913 62 2
36 63 53 943 60 18
37 59 42 1'66y7 3 58 23
38 56 31 1-67003 57 29
39 52 20 033 55 34
40 8-508 58438 8-509 2510 1°67063 2°3154 6-6640 7°589
41 45 8500 240y 094 52 45
42 41 88 124 50 51
43 38 77 154 49 56
44 34 67 184 47 62
45 30 56 214 45 67
46 27 45 244 44 73
47 23 34 274 42 78
48 2G 24 308 40 84
49 16 13 335 39 9
50 8:50R 5813 8-509 2402 167 365 273137 6-6G6og
5t 09 8509 2301 395 35 60700
2 og L3 425 34 ob
53 8508 5802 70 456 32 12
54 8:508 5798 59 480 30 17
55 95 49 516 2 23
56 91 38 547 27 28
57 88 27 577 25 34
58 84 16 607 23 39
59 8o 8509 2306 637 22 45
60 8508 5777 3500 2205 1'07668 2°3120 66750 7°581

20066648 O—52——4
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LATITUDE 62°

Lat log A log B log C log D log E log F
* diff. i’ = ~o'06 diff, 1= — 018 diff. 1 =+ o's1 diff. 2’=—o0'03 diff. 1’ =409 diff. 10’ = —~ 42
] /7
62 o0 8508 5777 8509 2295 1'67668 33120 66750 7581
1 73 84 698 18 56
2 70 74 728 17 61
3 66 63 759 15 67
4 63 52 789 13 73
o5 59 42 820 12 78
6 55 31 850 10 84
7 52 20 880 o8 89
8 4¢ 8:509 2210 911 06 66795
9 45 8:509 2199 941 o5 6-6801
10 8'508 5741 8-509 2188 167972 2°3103 66806
11 38 78 1'68002 o1 12
12 34 67 033 2°3100 17
13 30 56 063 2°3098 23
14 27 46 094 96 29
15 24 35 124 9%4 34
16 20 25 155 93 40
17 16 14 185 9I 45
18 13 8509 2103 216 89 51
19 09 8509 2093 246 87 57
20 8-508 5706 8-509 2082 1°68277 2°3086 66862 7°573
21 8508 5702 71 307 84 68
22 8-508 5699 61 338 82 73
23 95 50 369 8o 79
24 92 40 399 79 85
25 88 29 430 77 90
26 8s 19 461 75 66896
27 81 8:509 2008 49t 74 66902
28 78 8:509 1997 522 72 o7
29 74 87 553 70 13
30 8508 5671 8509 1976 1°68583 2°3068 66919
31 67 66 614 66 24
32 64 55 645 65 30
33 6o 45 675 63 36
34 56 34 706 61 41
35 53 23 737 59 47
36 49 13 768 58 53
37 46 8:509 1902 799 56 58
38 42 8:509 1892 829 54 64
39 39 81 860 52 70
40 8-508 5635 8509 1871 1°68891 2°3050 66975 7°564
41 32 6o 922 49 8r
42 28 50 953 47 87
43 25 39 1'689%4 45 92
44 21 29 1°6go14 43 66998
45 18 18 04§ 42 6-7004
46 14 8-509 1808 076 40 09
47 I 8:509 1797 107 38 15
48 o7 87 138 36 21
49 o4 76 169 34 26
50 8508 5600 8-509 1766 1°69200 23033 67032
51 8-508 5597 »55 231 31 38
52 93 45 262 29 4
53 go 34 293 27 49
54 86 24 324 25 55
55 83 14 355 23 61
56 8o 8509 1703 386 22 67
57 76 8509 1693 417 20 72
58 73 82 448 18 78
59 69 72 479 16 84
60 8508 5556 8509 1661 1'69510 2'3014 6°7089 7°556

82




LATITUDE 63°

Lat log A log B log C log D log E log F
: diff, 1’ = —~o0'0b diff. 1’ = —o'17 diff. 1/ = }-o'sa dIff, 3 = — o'03 diff, 1" =+ o'10 diff. 10’ =~ 4’5
o 4 - -
63 00 8508 5566 8509 1661 T'69510 3-3014 67089 7556
1 62 51 541 13 6-7095
2 59 40 572 Ix 67101
3 55 3 603 o9 o7
4 §2 20 635 o7 12
os§ 48 8-509 1609 666 o5 18
6 45 8-509 1599 697 03 24
7 41 88 728 0z 30
8 38 78 759 2-3000 35
9 34 68 791 22998 41
10 8508 5531 8-509 1557 169822 22996 67147
11 27 47 853 94 53
12 24 36 884 92 59
13 20 26 9i§ g0 64
14 17 16 947 89 70
15 14 8-509 1505 1'69978 8 76
16 10 8509 1495 170009 85 82
17 o7 85 041 83 88
18 o3 74 072 81 93
19 8-508 5500 64 103 79 67199
20 8-508 5496 8509 1454 1-7013§ 2°2977 6°7205 7°547
21 93 43 166 75 1
22 89 33 197 74 17
23 86 23 229 72 22
24 83 12 260 70 28
25 79 8:509 1402 292 68 34
26 76 8-509 1392 323 66 40
27 72 8t 355 64 46
28 69 71 386 62 51
29 65 61 417 6o 57
30 8:508 5462 8:509 1350 170449 2-2958 617263
3 58 40 480 57 69
32 55 30 512 55 15
33 52 19 544 53 81
34 48 8509 1309 575 51 86
35 45 8509 1299 607 49 92
36 41 89 638 47 6-7298
37 38 78 670 45 67304
38 34 68 701 43 10
39 31 58 733 41 16
40 8:508 5428 8:509 1248 1:70765§ 2°2939 6-7322 7°538
41 24 37 796 37 28
42 21 27 828 30 33
43 17 17 860 34 39
4 14 8:509 1207 891 32 45
45 11 8-509 1196 923 30 51
46 o7 86 955 28 57
47 04 76 1-70986 26 63
48 8:508 5400 66 1-71018 24 69
49 8-508 5397 55 050 22 75
s0 8-508 5394 8:509 1145 1°71082 22920 67381
51 90 35 14 18 86
52 87 25 145 16 92
53 83 15 177 14 6-7398
54 8o 8-509 1104 209 12 67404
55 77 8509 1094 241 10 10
56 73 84 273 o8 16
57 70 74 305 0b 22
58 66 64 337 o4 28
59 63 54 368 02 34
60 8:508 5360 8509 1043 171400 2°2901 67440 7°529

83



LATITUDE 64°

Lat. log A’ log B log C log D log E log F
diff. 1" = — 0’06 diff, 1! = 0717 diff. 2" = 40’54 diff. 1’ = — o003 diff. 1’ = 4010 diff. 10’ = =47
/ R -
64 00 8508 5360 8:509 1043 71400 3-2g01 67440 7529
I 56 33 432 22899 46
2 53 23 464 97 52
3 49 13 496 95 58
4 46 8-5¢9 1003 528 93 63
oy 43 8-509 0993 560 9t 69
6 39 82 592 89 75
7 36 72 624 87 :
8 33 62 656 8s 87
9 29 52 658 83 93
10 8-508 5326 8-509 0942 1°71720 2-2881 6-7499
u 22 32 752 79 6-7505
12 19 22 785 77 1t
13 16 12 817 75 17
14 12 8-509 ogo2 849 73 23
15 09 8509 0891 881 71 29
16 ob 8t 913 69 35
17 8508 5302 71 945 67 41
18 8508 5299 61 1-71977 65 47
19 96 51 1°72010 63 53
20 8508 5292 8-509 0841 1°72042 22861 6°7559 7'520
21 89 31 074 59 65
22 85 21 106 57 71
23 82 u 139 55 77
24 79 8-509 o8o1 171 53 83
25 75 8-509 o791 203 51 89 .
26 72 81 235 49 67595
27 69 71 268 47 6°7601
28 65 61 300 45 o7
29 62 51 332 42 13
30 8-508 5259 8:509 0741 1-72365 2-2840 67619
3t 55 31 397 38 25
32 52 21 430 36 31
33 49 1] 462 34 37
34 45 8:509 o701 495 32 43
35 42 8-509 obg1 527 3o 49
36 39 81 559 28 56
37 35 7t 592 26 62
38 32 61 624 24 68
39 29 51 657 22 74
40 8508 5225 8:509 0641 1-7268g 22820 67680 7°511
41 22 31 722 18 86
42 19 21 755 6 92
43 15 11 787 14 67698
44 12 8+509 obo1 820 12 67704
45 09 8-509 0591 832 10 10
46 (.13 81 885 o7 16
47 8-508 5202 71 918 0§ 22
48 8:508 5199 61 950 03 28
49 95 51 1-72983 2-2801 35
50 8508 5192 %509 0541 173016 2°2799 67741
51 89 3t 048 97 47
52 86 21 081 95 53
53 82 n 114 93 59
54 79 8-509 o501 146 91 65
55 76 8509 0491 179 89 71
56 72 82 212 87 77
57 69 72 245 84 84
58 66 62 278 82 g0
59 62 52 310 8o 67796
6o 8-508 5159 8:509 0442 1'73343 2°2778 6-7802 7-501




LATITUDE 65°

Lat log A’ log B log C ® log D log E log F
) diff. 2"’ = — o'o3 diff. 1’ = - 0"16 diff. 2"’ =} 0’56 iff. 1/ = — 0’04 diff. 1’ = 40’10 diff. 10’ = —g5’0
o ’ _ _
65 oo 8508 5159 8509 0442 773343 32778 67802 7'501
H 56 32 376 76 o8
2 52 22 409 74 14
3 49 12 442 72 .20
4 46 8:509 0402 475 70 27
os 43 8509 0393 508 68 33
6 39 83 541 65 39
7 36 73 574 63 45
8 33 63 607 61 51
9 30 53 640 59 57
10 8508 5126 8'509 0344 1'73673 2:2757 67864
I 23 34 706 55 70
12 20 24 739 53 76
13 17 14 772 50 82
14 13 8:509 0304 8og 48 88
15 10 8-509 0265 838 46 6°7895
16 o7 85 871 44 6-7901
17 03 75 904 42 o7
18 8-508 5100 65 937 40 13
1g 8-508 5097 55 1°73970 38 19
20 8508 5094 8509 0245 1°74004 22735 67926 7°491
21 90 36 037 33 32
22 87 26 o70 31 38
23 84 16 103 29 44
24 81 8-509 0206 136 27 st
25 77 8:509 o197 170 24 57
26 74 & 203 22 63
27 71 77 236 20 69
28 68 67 270 18 76
29 64 57 303 16 82
30 8:508 5061 8-509 0148 1°74336 2°2714 6°7988
31 58 38 370 3] 67994
32 54 28 403 09 6-8o01
33 51 18 436 oy o7
34 48 8-509 o109 470 05 13
35 45 8509 cogg 503 03 19
36 41 89 537 22700 26
37 38 8o 570 2°2698 32
38 35 70 604 g6 38
39 32 6o 637 94 44
40 8:508 5029 8:509 o051 1°74670 2:2692 68051 7'481
41 25 41 704 89 57
42 22 31 738 87 63
43 19 22 mn 8s 70
44 16 12 805 33 76
45 13 8509 0002 838 8o 82
46 o9 8508 9993 872 78 89
47 06 83 906 76 6-8095
48 03 73 939 74 6-8101
49 8-508 5000 64 1'74973 72 o7
50 8508 4996 8-508 9954 1'75007 2°2669 68114
51 93 4 040 67 20
52 90 35 074 65 27
53 87 25 108 63 33
54 84 15 142 60 39
55 8o 8-508 9906 175 58 46
56 77 8:508 9806 209 56 52
57 74 87 243 53 58
58 71 77 277 51 65
59 68 67 31 49 7
60 8-508 4964 8-508 9858 1'75344 2°2647 68177 7471




LATITUDE 66°

[=

Lat i log A 1oz B log C logD log E log F
at. diff. 1" = —o'og diff. 2" = — 016 diff. 1" = 4-0's7 aiff. 1" = —o'0y dif. 1" =+t+o'11 diff. 10 =—g'3
’ —-—
6 oo 8508 4964 8-508 9858 175344 72643 &-8177 7411
1 61 48 378 44 84
2 58 39 412 42 90
3 55 29 446 40 68196
4 52 20 480 38 68203
o3 48 10 514 35 o9
6 45 8508 g8or 548 33 16
7 42 8508 9791 582 31 22
8 39 82 616 28 28
9 36 72 650 26 35
10 8:508 4933 8508 9762 1-75684 22624 6°8241
11 29 53 718 22 43
12 26 43 752 19 54
13 23 34 786 17 61
14 20 24 820 15 67
15 17 14 854 12 73
16 13 8-508 97035 889 10 8o
17 10 8508 9696 923 o8 86
18 o7 86 957 o5 93
19 04 77 1°75991 o3 68299
20 8508 4901 8+508 9667 1-76025 22601 68306 7°46%
21 8-508 4898 58 obo 272598 12
22 95 48 094 96 19
23 91 39 128 94 25
24 88 29 163 91 3t
25 85 20 197 89 38
26 82 § 231 87 44
27 79 8508 gbo1 266 84 51
28 76 8508 9592 300 82 57
29 73 82 334 8o 64
30 8-508 4869 8-508 9573 1°76369 2:2578 6-8370
3t 66 63 403 75 77
32 63 54 438 73 83
33 6o 44 472 70 %
34 57 35 507 68 6:8396
35 54 2§ 541 66 68403
36 50 16 576 63 o9
37 47 8-508 9507 610 61 16
38 44 $°508 9497 645 59 22
39 41 88 679 56 29
40 8:508 4838 8:508 0478 176714 2'2554 68436 7°450
41 35 69 749 51 42
42 32 6o 783 49 *
43 29 51 818 47 55
44 26 41 853 44 62
45 22 32 887 4 68
46 19 23 922 1 15
47 16 13 957 7 31
48 13 8:508 9404 176991 35 88
49 10 8:508 9395 1-77026 32 68495
50 8-508 4807 8508 9385 177061 272530 6-8501
(3 o4 76 096 27 o8
£2 8508 4801 66 131 25 14
53 8-508 4797 57 166 23 21
54 94 48 200 20 27
55 ‘o1 38 235 18 3
56 88 29 270 15 41
57 85 20 305 13 47
58 82 10 340 1§ 54
59 79 8508 9301 375 o8 6o
60 8 508 4776 &-508 9292 1°77410° 2°2506 65507 7°440




LATITUDE 67°

La log A log B logC log D log E log F- .
L. diff. 1= —o'os diff. 1”=—o015 diff, 1”=4o0's9 diff. 17=~o'c4 diff. 1”=+4-0'22 diff. 30'= ~ 56
° ’ =
67 oo 8508 4776 8-508 9202 1-77410 32506 68567 T440
1 73 83 45 03 ;g
2 70 73 480 2°2501
3 66 84 515 22498 87
4 63 55 550 96 6:3594
o5 60 46 585 93 6°8600
6 57 36 620 91 o7
7 54 27 656 89 14
8 sI 18 691 86 20
9 48 8-508 9208 726 84 27
(0] 8508 4745 8508 9199 1°77761 22481 68634
144 42 90 796 79 40
12 39 81 831 76 47
13 36 72 867 74 54
14 33 62 902 71 ho
15 30 53 937 69 67
36 26 44 1'77973 66 74
17 23 35 1°78008 64 8
18 20 26 043 61 87
19 17 16 079 59 68694
20 8508 4714 8508 g107 1°78114 22456 68700 7°429
21 11 8-508 gog8 149 54 o7
22 o8 89 185 5t 14
23 o5 8o 220 49 20
24 8508 4702 71 256 46 27
25 8-508 4699 62 291 44 34
26 96 52 327 41 41
27 93 43 362 39 47
28 90 34 398 36 54
29 87 25 433 34 61
30 8-508 4684 8-508 go16 1°78469 22431 68768
3 81 8-508 505 29 74
32 78 8-508 8998 540 26 81
33 75 88 576 24 88
34 72 79 612 21 6-8795
35 68 70 647 19 6-8802
36 65 61 683 16 o8
37 62 52 719 14 18
38 59 43 755 1 22
39 56 34 790 o9 29
40 8-508 4653 8-508 8925 1°78826 22406 6-8835 7°418
41 50 16 862 o3 42
42 47 8-508 8907 898 2°2401 49
43 44 8-508 8898 934 22398 56
44 41 89 1°78970 96 63
45 38 8o 179006 93 70
46 35 71 042 91 76
47 32 62 o078 88 83
48 29 53 114 86 90
49 26 44 150 83 68897
50 28 4623 8508 8834 1'79186 2-2380 68904
51 20 25 222 78 10
52 17 16 258 75 17
53 14 8-508 8807 204 73 24
54 11 8508 8798 330 70 31
55 o8 89 366 67 38
56 05 8o 402 65 45
57 8-508 4602 71 438 62 52
58 8:508 4599 62 474 6o 59
m 54 sIx 57 65
60 8-508 4593 8:508 8745 1°79547 22354 6-8972 7°406

87



LATITUDE 68°

og A’

Lat log B log C log D log E log F
aiff. 1’ = — 0’05 diff. 1"’ = —o'18 diff. 1’ = 40’62 diff. 1’ = ~ 074 diff. 1"’ =+ o012 diff. 1o = —~ 59
H o ’ -
| 68 oo 8508 4593 8-508 8745 179547 3-2354 68972 7°406
1 90 36 583 52 79
2 87 27 620 49 86
' 3 8 18 656 47 68993
4 81 o9 692 44 69000
o5 78 8-508 8700 728 41 o7
6 76 8-508 8691 765 39 14
7 73 82 8o1 36 21
8 70 73 838 33 28
9 67 64 874 3t 35
. 10 8:508 4564 8-508 8656 1°79911 2-2328 6'9042
11 61 47 947 26 48
12 58 38 1-79984 23 55
13 55 29 1°80020 20 62
14 52 20 o057 18 69
15 49 - 1 093 15 76
16 46 8-508 8602 130 12 83
17 43 8:508 8593 166 10 g0
18 40 84 203 o7 69097
19 37 75 240 o4 6:9104
20 8508 4534 8508 8566 1-80276 2°2302 69111 7395
21 31 58 313 2°2299 18
22 28 49 350 9b 25
23 25 40 387 94 32
24 22 k) 423 91 39
25 19 22 460 88 46
26 16 13 497 85 53
27 13 8-508 8505 534 83 60
28 10 8-508 8400 571 8o 67
29 o7 87 608 77 74
30 8-508 4504 8-508 8478 180645 2°2275 6-9181
31 8+508 4501 69 682 72 88
32 8508 4499 6o 719 69 69195
33 96 52 756 67 69203
34 93 43 793 64 10
35 34 830 61 17
36 3; 2§ 867 58 24
37 84 17 904 56 31
38 81 8-508 8408 941 53 38
39 78 8-508 8399 1-80978 50 45
40 8-508 4475 8-508 8390 1-81015% 22248 69252 7°383
41 72 82 052 45 59
42 70 73 42 66
43 67 64 127 39 73
44 64 56 164 36 8
45 61 47 201 34 88
46 58 k. 239 31 6-9295
47 55 30 276 28 6-g302
48 52 21 313 26 o9
49 49 12 350 23 16
50 8-308 4446 8-508 8303 1°81388 2°2220 6°9323
51 43 8-508 8295 425 17 30
§2 40 86 463 14 37
53 38 77 500 12 45
54 35 68 538 09 52
55 32 6o 575 o6 59
56 29 51 613 o3 66
57 26 43 650 2°2201 73
58 23 34 688 22198 -
59 z0 25 726 95 88
6o 8-508 4417 8508 8217 1°81763 2°2192 6°9395 7°371

88




LATITUDE 69°

L log A’ log B log C lug D lozx E log F
at. diff. 1/ = — 0’05 diff. 1" = —~o'14 diff. 1" = 064 diff. 1" = —o'os diff. 1" = 4 012 diff. 10’ = - 6'2
-] /’ = -
69 oo ., 8508 4417 8508 8217 T-81763 Z'2192 69395 7°371
1 i4 o8 8o1 89 6-9402
2 12 8+508 8200 838 87 og
3 () 8508 8191 876 84 16
4 ob 82 914 81 24
] o3 74 952 78 31
6 8-508 4400 65 1°81989 75 38
7 8:508 4397 57 1'82027 72 45
8 94 48 o6y 70 52
9 92 39 103 67 6o
10 8508 4389 8-508 8131 1-82141 2°2164 - 6°'9467
11 86 22 179 61 74
12 83 14 217 58 82
13 8o 8:508 8105 255 55 8
14 77 8:508 8ogb 293 53 6°9496
15 74 88 330 50 679503
16 71 79 369 47 I
17 69 =1 407 44 18
18 66 62 445 41 2
19 63 54 483 38 32
20 8-508 4360 8-508 8045 1-82521 272136 69540 7°358
21 57 37 559 33 47
22 55 28 597 3o 54
23 52 20 636 27 62
24 49 It 674 24 69
25 46 8-508 8003 712 21 76
26 43 8508 7994 750 18 84
27 40 86 789 111 91
28 37 77 827 12 69598
29 35 69 865 10 6:9g606
30 8508 4332 8508 7960 1-82904 2°2107 6°9613
31 29 52 942 o4 20
32 26 43 1'82981 2-2101 28
33 23 35 1'83019 2'2098 35
34 21 26 o058 95 42
35 18 18 o096 92 50
36 15 09 135 B9 57
37 12 $-508 7901 173 86 63
38 o9 8508 7893 212 83 72
39 ob 84 250 8o 79
40 8508 4304 8508 7876 1'832%9 2 2073 6°¢687 7°346
41 8-508 4301 67 328 75 69694
42 8508 4298 59 366 72 6:9702
43 95 51 405 69 09
44 93 42 441 66 16
45 90 34 483 63 24
46 87 26 521 60 31
47 84 7 560 57 39
48 8t 09 599 54 46
49 79 8-508 7801 638 51 54
50 8-508 4276 8:508 7792 1-83677 22048 6°9761
51 73 84 716 45 69
52 70 75 755 42 76
53 67 67 794 39 84
54 65 59 833 36 ot
55 62 50 872 33 69799
§6 59 42 9r1 30 6°9806
57 56 34 950 27 14
58 54 25 183989 24 21
59 51 17 1'84028 21 29
60 . 8:508 4248 8508 7709 1-84068 2'2018 69836 7°333

39



LATITUDE 70°

log A’

log B log C log D log E log F
diff. 1’ =—o'04 diff, 1" = —o'14 diff. 1" = 4067 diff. 1 = —o'os diff. 1" = + 013 dff. 10’ = —~ 67
8-508 4248 8-508 7709 Y-84068 Z-2018 6-9836 7°333
45 8508 7701 107 15 44
43 8:508 7692 146 i12 sI
40 84 185 o9 59
37 76 225 o6 66
34 68 264 03 74
32 59 303 22000 81
29 51 343 2°1997 89
26 43 382 94 69896
23 35 421 91 6-9904
8-508 4221 8:508 4626 1-84461 2-1988 6-9912
18 18 500 85 19
15 10 540 S2 27
12 8:508 7602 579 79 34
10 8:508 7504 619 76 42
o7 86 658 73 50
o4 78 698 70 57
8-508 4201 69 738 66 65
8-508 4199 61 778 63 73
96 52 817 60 8o
8:508 4193 8-508 7544 1-84857 2°1957 69988 7320
90 36 897 $4 6-9995
88 28 937 51 70003
85 20 1-84976 48 1
8z 12 1-85016 43 18
8o 8-508 7504 056 42 26
77 8-508 7495 096 39 34
74 87 136 36 41
7 79 176 33 49
69 71 216 29 57
8-508 4166 8-508 7462 1-85256 2:1926 70064
63 54 296 2 72
60 46 336 20 80
58 38 376 17 88
55 30 416 I3 70095
52 22 456 1 70103
50 14 497 o8 11
47 8:508 7406 537 04 19
4 8-508 7398 577 2°1901 26
42 90 618 21898 34
8-508 4139 8-508 7382 1°85658 21895 7-0142 .20
36 74 608 02 50 7397
34 66 739 &9 57
31 58 779 85 65
28 S0 819 82 73
26 42 860 79 81
23 34 goo 76 88
20 26 941 73 7°0196
18 18 185981 70 70204
15 10 1°06022 66 12
8:508 4112 8-508 7302 1-86063 2-1863 7°0220
10 8508 7294 103 60 27
o7 86 134 57 ig
o4 77 135 4
8-508 4101 69 225 go st
8508 4099 61 266 47 S9
96 53 307 4 67
93 45 348 41 75
9t 38 389 38 82
88 30 430 34 90
8:508 4086 $'508 7222 1-86470 2-1831 70298 7°293

90




LATITUDE 71°

Lat log A’ log B loz C log D log E log F
' diff. 1" = —o'04 diff. 1" = —o0'13 aiff. 1"’ = 40’70 diff. 1/ = —o'0s daiff. 1’ =4o'13 diff. 10’ 2.2 —7"2

o ’

71 oo 8-508 4086 8:508 7222 1'86470 31831 70298 F-293
I 83 14 511 28 70306
2 8o 8-508 7206 552 25 14
3 78 8-508 7198 593 21 22
4 75 90 634 18 30

o5 72 82 675 15 38
6 70 74 717 12 46
7 67 66 758 o8 54
8 64 58 799 03§ 62
9 62 50 840 21802 70

10 8-508 4059 8508 7142 186881 2°1799 7:0378

1 57 34 923 95 8s

12 54 27 1'86964 92 770393

13 51 19 1-8700% 89 7°040X

14 49 1 046 86 o9

15 46 8-508 7103 088 82 17

16 43 8-508 7095 129 79 25

17 41 87 171 76 33

18 38 79 212 72 ar

19 36 72 254 69 49

20 8508 4033 8:508 7064 1'87295 2°1766 7°0457 7°279

21 30 56 337 62 65

22 28 48 378 59 73

23 25 40 420 56 82

24 23 33 462 52 90

25 20 25 503 49 70498

26 17 17 545 46 7°0506

27 15 09 587 42 71

28 12 8+508 7002 629 39 22

29 10 8-508 6994 671 36 30

30 8:508 4007 8:508 6986 1°37712 2:1732 70538

31 05 78 754 29 46

32 8+508 4002 71 795 26 54

33 8-508 3999 63 838 22 62

34 97 55 880 19 70

35 94 47 922 16 79

36 92 40 1°87964 12 87

37 89 32 1'88006 o9 7'0595

38 86 24 049 ob 770603

39 84 16 09I 2°1702 11

40 8:508 3981 8-508 6908 188133 2-1699 7-0619 7-265

41 79 8-508 6901 175 95 27

42 76 8'508 6893 217 92 36

43 74 85 260 89 44

44 71 78 302 85 52

45 68 70 344 82 60

46 66 62 387 78 68

47 63 55 429 75 77

48 61 47 472 72 8s

49 58 40 514 68 7°0693

50 8-508 3956 8508 6832 1-88557 2°1665 7-0701

5t 53 24 599 61 09

52 51 17 642 58 18

53 48 09 685 54 26

54 46 8°508 6802 727 51 34

5% 43 8:508 6794 770 48 42

56 41 86 813 44 51

57 38 79 855 41 59

58 36 71 898 37 67

59 33 64 941 34 75

6o 8-508 3930 8+508 6756 1°88g84 2°1630 70734 7-250

9l



APPENDIX.—HISTORICAL DATA AND DEVELOPMENT OF FORMULAS.

[Reprinted with minor changes from Appendix No. 9. U. S. Coast and Geodetic Survey Report for 1894.]
DIMENSIONS OF SPHEROID

The linear dimensions of Bessel’s spheroid were originally expressed in toises. Their metric equiv-
alents as generally adopted are given below. The dimensions of Clarke’s spheroid (of 1366 are stated
by him in feet, toises, and meters. (See Appendix to Comparisons of the Standards of Length, etc.,
by Capt. A. R. Clarke, under the direction of Col. Sir H. James, etc., London, 1866, p. 287.) The
dimensions in meters are:

According to Bessel | According to Clarke
(1331) (1866)
Equatorial semiaxis=a 6377397.2 6378 206.4
Polar semiaxis=>bd 6 356079.0 6356 583.8
- 298.15 °293.98
bfa= 299.15 294.98

Strictly speaking, the latter dimensions, to be expressed, as chey must be, in terms of the protwotype
meter, should be slightly changed, for the reason that Clarke’s results depend primarily on the yard
and the relation of the yard and meter as found by him, 1 yard=o0.91439180 ™ (or 1 foot=0.30479727 ™),b
should now be changed to conform to the more correct relation,¢ viz: 1 foot=o0.30480061 m, or 1 meter=
3.2808333 feet; the difference, however, is unimportant, since either spheroid might have been adopted,
and it would be inexpedient to recompute the tables of factors.

Arc measures in a country, if of sufficient extent, may be utilized for deducing or choosing a special
spheroid adapted to its surface, as was, for instance, the case with the Clarke spheroid, which is supposed
to conform better to the compact area of the United States than the one previously in use.

FORMULAS AND FACTORS FOR THE COMPUTATION OF GEODETIC LATITUDES, LONGITUDES,.
AND AZIMUTHS

When the geographical coordinates of latitude and longitude of a point on the earth’s surface and
the distance and azimuth to another point are known, the problem of computing the latitude and longi-
tude of the second point and the reverse azimuth may be treated in two different ways.

We may either solve the spheroidal triangle formed by the two points and the pole asa whole, arriving
at trigonometrical functions of the required colatitude, azimuth, and difference of longitude, or we may
develop cxpressions for the differences of the required and the given quantities.

The former or direct method has the inconvenience of requiring the use of 10 places of decimals in
the compuration, in order to give the positions with a degree of exaciness corresponding to that of the
known distance between the two points, while the second leads to very conivenient expressions, on account
of the smallness of the differential arcs in ordinary-triangulation.

® The value for the reciprocal of the flattening of the earth, as derived in 19r7 from gravity results at 219 stations in the
United States and 155 stations in otner parts of the world, is 297.4. [See U, 8. Coast and Geodetic Survey Special Publication
No. 40, pp. 113 to 134.] The flattening of the recently adopted International Ellipscid is 297. {See p. 5.]

b This is equivalent to 1 meter=39.370432 inches, whereas the value adopted (November. 1801) by the United States Office
of Standard Weights and Measures is 1 mexer=39.3700 inches, which agrees with the legal value adopted in the United States.

*'See Appendix No. 16, U. S. Coast and Geodetic Survey Report for 1890, ‘‘On the relation of the yard to the meter,”” by O. H.
Tittmaon.



When, however, the arc between the two points reaches several degrees in length, the direct method
must be resorted to.  This solution has been very completely and elegantly effected by Bessel, and
is given in Astronomische Nachricliten, No. 86, 18z6.

Adopting the second method, we follow in the main Puissant (Traité de Géodésie) in the devel-
opment of the difference of latitude of two points on the spheroid in terms of the length and azimuth
of the line joining the two points, and the latitude of the given point. It will be desirable first to recall
the expressions of several lines of an ellipse in terms involving the latitude ¢, which is the angle the
normal to any point on the ellipse makes with the major axis.

Designating the major or equatorial semiuxis by @ and the minor or polar semiaxis by 5 then the
ellipticity « or the ratio of their difference to the former is

The eccentricity e is expressed by

F1G. 2.

The normal #l terminating at the major axis equals
e (=d)
(1—e" sin? ¢)4
The normal nm produced to the minor axis is

a
. A
N= (1—¢* sin? p)la
The abscissa cd or no equals N cos ¢.  This is the radius of a parallel on the spheroid.
The tangent n! ending at the minor uxis equals N cot ¢.
The ordinate nd equals
a(1—c*) sing
(1—e¢? sin® @)%
The reduced or parametric latitudes being y, we have

tan ¢=a£tan ¢.
The radius vector p=a (1—e? sin? y)'s.
The radius of curvature 7p, ¥/p’, #/p”” . . . at any point of the ellipse r, ¢/, 7 . . . is
a(1—é%) .
(1—¢? sin® ¢ )}

R=

2
The terminal points f, p, $’, p*/, g form an evolute; at the Equator where sin ¢p=o0, R=% and the
2
center of curvature is in the focus; at the pole, where sin ¢=1, I\’=l-zb—-

¢ Traité de Gdodésie, par L. Puissant, troisitme édition, Tome I, Chap. XV, p. 347 and fol., Paris, 1842.
#See O. 8. Adams, Latitude developments connected with geodesy and cartography, U. $. Coast and Geodetic Survey Special
Publication No. 67, Washington, rgzr.
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The radius of curvature R and the normal N are principal quantities used in geodesy. It will be
observed that radii of curvature for different latitudes do not interscct unless produced, and that when
they lie also in different meridional planes on the spheroid they will not intersect at all.

A and B in fig. 2 are two points on a spheroid of revolution, having the latitudes ¢, ¢’, and joined
by the geodetic line A B=s, making the angles with the meridian PAB=180°—qa, and PBA=q’ —180°.
The azimuths a, o’ are reckoned from south around by west in consequence of the latitudes being reck-
oncd, by settled custom, from the Equator toward the poles, otherwise the meridional coordinate of a
point would be more properly measured from the pole and the azimuth of a line reckoned from the north.
The angle APB between the two meridional planes passing through A and B is the difference of their
longitudes A, A/, whick: being reckoned positive to the westward we have M’ —~A=A\. Furthermore, An,
Bn’, Ar, By indicate the normals N, N’, and the radii of curvature in the meridian R, R’, at the points
A and B.

This being premised and the latitude ¢ of the point A being given, as well as the length s of the
geodetic line AB and its azimuth «, we propose to find the latitude ¢’ of the point B, the angle A\, and
the reverse azimuth o’, by solving the geodetic triangle ABP. Writing v, 9/, for the co-latitudes, ¢
for 180°—a, and o for the arc A B referred to radius=1, we have in a spherical triangle for o/ the following
equation:

€08 7/ =c08 ¥ ¢c0S o+sin v sin o cos ¢. (1)

Fe. a.

Observing now that ¢ is always a small arc, rarely exceeding 1°, and generally less than 30/, we can
develop the increment of v with reference to that of ¢ in a rapidly converging series, and will have, by

Taylor’s theorem,
_‘Y+[ ]¢+ ]2+ __-] B+ - - . ... (a)

4 W]’ etc., denoting the values of these derivatives for ¥’=v and o=o0.
By differentiating (1) with ¥/ and ¢ variable, we obtain the following results:
Y g
7’
—sin vy 71—=—-cos v sin o+4-sin vy cos o cos ¢

2 [&

. ’ dy"\2? . .
—sin v d——cos v (- —) =—C0s y €08 ¢ —sin v sin o cos

7
-sm'y 3cos-/d7 1;+sm—y (d )—cos-ysma sin v cos o cos §.

When these denvatxves are evaluated for y/=v and s=o0, we get

[—-- =—cos {
[F]=sin’ Ecoty
[—f%:]=sin’ £ cos ¢ (143 cot? 7).
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Introducing these values in (a) we obtain

¥/ —y=—a cos E+§a’ sin? ¢ cot 'y+16c' sin? ¢ cos £ (143 cot? -y):l- e e e
and substituting ¢, ¢’ and « in this expression, we have for the difference of latitude

¢—¢’=0 cos a+§¢r’ sin? a tan ¢—-6!- o*sin? a cos « (1+3 tan®¢)+ - - . . . @)

It will be readily seen that the first term expresses approximately the distance on the meridian PB
from B to'p, p.A being perpendicular to PA at A; the second term, the distance, very nearly, from p
to the parallel passing through A; while the third term is a further approximation, and so on.

Referring now our case to an imaginary sphere of radius equal to N, with its center at the point
where the normal An intersects the polar diameter of the spheroid, we have

s
¢'=NJ
ubstituting which, we get
5% sin® o tan s3 sin? acos
¢_¢l=“:_§.°s£+_:.. _.s.‘_'.l.T\‘,."’ ¢ ; sin’” ac “(I+3 tam? @)+ - - - . ©

This difference of latitude is, however, referred to a sphere whose radius is N and requires still to
be transformed by referring it to one whose radius is R,, the radius of curvature in the meridian for the
middle latitude. Since we do not at first know the middle latitude, it is more convenient to refer to
the radius of curvature R of the starting point, the latitude of which is known, and then find the small
correction due to the ratio of R to R,,.

Multiplying then equation (c) by % and dividing, moreover, by arc 17, in order to express ¢—¢’
in seconds of arc, we get
{
s 1 52 - I s - 2 .
—80= 5y S8 ot 3 RN are 77 S @ tAN O~ g pRm L Sin’ a cos a (13 tan® ¢)+ . . (d)
The computation of this series is facilitated by tables giving the logarithms of the following factors
to the argument of ¢, viz:

- C= tan ¢
R arc 1/ "2RNarc1”

Moreover, substituting in the third term the value of the first term, designated by k, we can write it

B

in?
0SS Sty tant )

and tabulate another factor
1+3 tan ¢
p=rtitele,
when our formula for computation becomes
—b¢p=ys cos a-B+s?sin?® - C—h-s*sin?a-E+ . . . ()
In order, finally, to obtain the true A¢ referred to Ry, we must increase 5¢ by R—;&"M.
m
Now
. . 2 & (sin? ¢ —sin? o)
K —Rm=“(‘“"((fry—gﬁz—;j';?—'(;::f 's'ii1T¢‘,;)'§£)=“ (=€) s oyt =P sinT o)
by developing and neglecting terms involving higher powers of ¢*; but
sin? ¢ —sin? ¢p==sin (¢—o¢n) sin (¢p-+dx)=5¢ sin 1/ sin ¢ cos ¢

very nearly, because —:— sin 2¢==sin ¢ cos ¢; hence we write

R—R a(x—e’)-':—e’ 3¢ sin 17/ sin ¢ cos ¢ (1 —e? sin? ¢y,)3 ‘Z—e’ 3¢ sin 1’/ sin ¢ cos ¢
~Rp__

Rm — (—f s (=& sinf o) %1 a(i=0) (i—as? o)%
nearly, but making

-i—e’sin¢cos¢arc b d

b (x—e? sin® ¢)¥



we get for the desired corrective term/
R—Rﬁ’!‘ 3¢=(36)D,
and we finally have for the true difference of latitude
—A¢=s cos a - B+s*sin? a- C+(6¢)? - D—h- 2 sind « - E, (1)

which formula, although of a somewhat complicated derivation, is very simple and convenient in practical
computation with the aid of the tabulated log factors B, C, D, E. The term ¢ (3¢)? D is here interposed
between the second and third terms of the scries proper, Lecause the latter is frequently not required,
being inscnsible when the distance s is less than about 10 staiute miles or log s (s in meters) less than 4.23.
The term (34)* D should be used whenever log k exceeds 2.31, and h* may be substituted for (3¢)? in all
cases where log s docs not exceed 4.93.

The term depending on the fourth differential coeflicient, neglected in equation (¢), never exceeds
o”/.002 for ¢=1° or s=100 ki'smcters, and may therefore be safcly neglected in practice.?

For sccond-order triangt.lation and when the sides do not exceed about 12 statute miles, or say 20
kilometers, the formula (1) may be advantageously reduced to the following:

—A¢p=scos a - B+s?sin* o - C+h* - D. (2)
In order next to deduce the angle ABP (fig. 2) between the meridional planes passing through A
and B and intersecting in the polar axis, or the difference AX of the longitudes A and N of the points
A and B, counted from east to west, we avail ourselves of the latitude ¢’ of B, which has become known
by the previous calculation, and have simply, using the same notation as before,
sin + :sin §=sin ¢ : sin A\.
Refetring ¢ to a sphere the radius of which is the normal Bn’=N’, we have a=7€;7 and assuming
for the present the small arcs ¢ and AN preportional to their sines, we obtain

s sin o
M= s g are T T ()

/1In his The Theory sud Fractice of Surveying Prof, J. B. Johnson develops this corrective term in a direct manner as con-
trusted with the approximate and laborious method given in the text, and poiuts out that the*:- power in the denominator of D
should be replaced by unity. This has been done in the tables, although the defect is not more than o.co1 of the value of this term,
which is itself very small.—C. A. 8.

¢ This term was devised by the writer of this article in 1846, while arranging the formulas for use in the Coast Survey and put-
ting them iuto the form above given, in which they have been employed ever since.—J. E. H.

A This additional term was, however, developed by M. H. Doolittle, of the computing division, who found that it could be
given as a function of the fuctors /1, C, and E of the tables, thus requiring no special tabulation. It is as follows:

The additional term of Taylor’s theorem

I dYy e

” ° ua‘ sin? & cot v [(x-3 cos? §) (143 cot? v)—6 cos? ¢ cosec? -y]

Substituting 9o®—¢ for v, 180°—a for &, - N for o, and multiplying by P’ “l: -—,, in the same manner us for the other terins

dl
:—4 ?’!4 gt — =4 RN' ar o sin? o tan ¢ (143 tan? ¢)

+ ; RN' atc 1" sin? & cus? « tan ¢ (1+3 tun? ¢)
+ L Ry it cost ctan @ sect 4.

Denoting the second term s? sin? @ C in forinula (¢) by K

sin? a tan & (142 tan @)
12 RN3arc t'”

s3sin? & tan ¢

2 RNiar3 1"

KE=

AT K=
and we finally ohtain
—Agp=scosa.B+sdsinta,C+(34)?. D—k. stsin?a. E

.—%s’ K F+ =:—.\-' cosla. K I+ -:-s' costasec?d . A3 K arct 1’

In the line from Ibepah to Ogden, in Utah, 230 kilometers long, the additional term amounted to o'.038. In Puissant’s time
no such long lines had to he provided for as have since heen observed in triangulations; c. g., in California, Nevada, Utah, and
Colorado, where several sides reach to nearly 2° in length, or slightly surpass this limit, with a maximum siglt of 23{°. The
formulas applicable for the computation of the largest triangles that it is possible to measure, given in Clarke’s Geodesy (Oxford,
1880), and in Appendix No. 9. Coast and Geodetic Survey Report for 18385, pages 462-464, and employed in the British Ordnance
Survey also in the extension of La Caille’s arc in South A!nm. may be employed for a check computation. but they demand the
use of not less than g9-place lugarithms,

For distances greater than any that can be directly ohscrved. see development of formulas in series by Dr. F. R, Helmert
*Theorieen der Hiheren Geodiisie, L.eipzig, 18%," Vol. I, pages 296-20R. Tt includes terms of the fifth order.

DECEMBER, 1804,
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arc 1”7 being used in the denominawr in order to obtain AA expressed in secondsof arc.  The table gives

the logarithm of the factor A=+— Nac” ™ hich must be taken out for ¢’. We have
AX—: sin :/ A-

In order to correct for the assumption that the small arcs s and A\ are pmptrnonal to their sines
we use a table giving the differences of the logarithms of the ‘arcs and sines. ‘This table is given before
the tabulation of the factors A to F. In using it take out the differences for the arguments log s and
log AX the first with a negative, the second with a positive sign, and add their algebraic sum to log AX.

We obtain finally the reverse azimuth o’ by considering that in the spherical triangle APB (fig. z)
we have the following relation

cos — (Y41 | sinT(¢'+9)
cot — (£+£ J=tan L ~ () —1——-=tan—z- AN———
cos — (v'—7) cos —(¢' ~¢)
but ¢=180°—a, therefore
cot %(180°—a+£')=—tan—:-(£’—a)
and

sm—; ¢+ ¢)

— tan - (\a)—t:m z (Ax)

cos - (¢ —¢)
A
C
B
}\
D
HG, 3.

Assuming the tangents of ; Aa and -: AX propartional to their arcs. and writing ¢_.=!z (¢4 2 for the
middle latitude. we have

—Aa= .n—’"’ L
—(M)

When the difference of longitude is very large it becomes necessary to correct for the error in the assumption
that tan 5 (Aa) :

and o’ ~a+ 180°+Aa.

tan % (AN)=Aa : A\. By an obvious transformation we find the correction to be

5 (AX) sin ¢, cos? ¢, sin? 17/, for which we write (A.A)’ F where log F is to be taken from the table (see
last column of table of factors). This term is only o””.01 when log AA=3.36 and need never be used for

second-order triangulation. A convenient table for finding the reciprocal of cos % (A¢) isgiven on page 18.

A5 O - A— 7
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DEVELOPMENT OF FORMULA FOR SPHERICAL EXCESS

In developing the formula for the spherical excess-in the ellipsoidal triangle used in geodetic sur-
veying, let us first assume that the triangle under consideration is a spherical one situated on a sphere
whose radius is the mean radius of curvature for the figure on the ellipsoid of revolution. Next, imagine
a triangle similar to this spherical one on a sphere of unit radius. Now it is obvious that the spherical
excess of this similar triangle on the sphere of unit radius is exactly equal to that of the eriginal spherical
triangle. .

Let fig. 3 represent the unit sphere with the triangle ABC similar to the original spherical triangle.
Since the sides are arcs of great circles, it is permissible to take one of them, as AC, in the plane of the
paper for representation in the figure. Let us suppose AB and CB, two arex of great circles, to be pro-
duced to cut the great circle AC at D and E, respectively.

Now, if we express the three spherical angles A, B, and C in circular measure, and call K the area
of the surface of the entire hemisphere shown in the figure, then we have
Area of surface of lune ACDB equals A/x XK,

Area of surface of lune CBEA equals C/x XK,
Total area of surfaces BDE and ABC equals B/x X K.
Now, call S the area of the surface of the spherical triangle ABC, and we have

K+-25=K (A[x+B[x+C/x)

ar K/x (A+B+C)—K=31S.
N
X Iy

Fic. 4.

But K=2n, since the radius of the sphere under consideration is unity. Therefore
2 (A+B+4-C)—2r=2S

A4B4C—x=S. 1]

or

This proves that the spherical excess in radians of triangle ABC is equal to the area of the triangle.
Or, coming back to the original spherical triangle on the earth, and remembering that its spherical
excess is the same as that of this similar triangle on the unit sphere, we have proved that the spherical
excess of any spherical triangle, expressed in radians, is equal to the area of a similar triangle on a sphere
of unit radius.

Now let us call S/ the area of the geodetic triangle on the earth, and p the mean radius of curvature
of the ellipsoidal surface of this triangle. Designate the spherical excess in radians by . Then, since
S7/S=p*1?, we have from (1)

e=S=S"/p3.

If a and b are the lengths of the sides opposite the angles A and B, respectively, in the geodetic triangle
whose area is S”, then, since the triangles used in triangulation are so small that in computing their areas
they may be treated as plane triangles, we have

labsinC

=S pr=t (o]

9R



The next step is to derive the formula for p. If we represent by R the radius of curvature in the
direction of the meridian and by N the radius of curvature in the direction prependicular to the meridian,
we have

p?=RN. [3)
Let us derive expressions for R and N frous which we can then easily obtain an expression for p.

First, let us consider N. Suppose fig. 4 to represent the ellipse in the plane of the meridian of
the point H where the radius of curvature of the surface is to be determined. Draw HJ perpendicular
to the minor axis NS. Suppose HK to be a normal to the ellipse at H cutting NS at K. Draw KJ
perpendicular to NS. Then angle HK J=¢, the latitude of the place. HM=x. HK, called the
great normal, is equal to the radius of curvature N in the plane perpendicular to the meridian.

N=HK=x/cos ¢. [4)
The equation of the ellipse is 2?/a*43?/b>=1 and e’-—-az;,b-—- The equation of the ellipse may be written
¥=(a*—#) (1—¢) or y=(J =) (V1—¢).
Now the slope of the curve at H is dy/dx=—cot ¢.

But
—z’
Therefore o
~zy1—e?
oot

Squaring and clearing of fractions,
# [(1—#)-oot? ]=a” cot? ¢

or
%% (1—¢? sin? ¢)=a? cos® ¢
or
-, acose

==& sin? )% [s]

Then substitute [5] in [4] and we have
a
N=(x—¢’ sin? ¢)¥% (6]

Next let us consider R. Deriving an expression for this amounts to deriving the radius of curva-
ture of the ellipse at the point H, whose abscissa is x and whose latitude is ¢. In the ordinary calculus

ion
= Loty
d*y)
we have /
_ —xy1—€
dy/dx=—cot ¢= 7

and differentiating

—yJ@—2 J1i—+x 1 -;/a_:—;x’

YR _—a’ ‘J! —e
a'yiax ai—x2 = (az_xa);g" ¢
Substituting the value of x from [s5]
— —a1= - 24)3  —(1— 2
dyjdi= atyi—& ay1—& (1—& sin’? ¢) —(1— sin® ¢)%

—[a’— a* cos’ ]M (a®—a3 sin® ¢—a® cos® @)% asin? ¢ (1—€)
sin’ ¢

Then, neglecting the negative sign,

R [t+(dy/dx)’]% (1+cot? ¢)%
dyld® (1= sin” g)%

asin® ¢ (1—e?)

I-..
sin® ¢ a(1—¢)
R= == sin’y )92 (1—¢ sin? ¢)%" iz}
asin® ¢ (1—¢)

99



Then, substituting [6] and [7] in [3), we have

o a a (1—~¢€?)

vi—é sm’qu(x—e’ sin? ¢)%

a(1—¢%)
P == sint ) L
Substituting [8] in [2], we have
_absin C1—¢ sin? ¢)?
cat (1—&)
where « is expressed in radians. Then if e be expressed in seconds, we have

ab sin C(1—é* sin? 4:)’_

= — N

20t (1—¢2) sin 1”7

_ (1~ sin? ¢)?
m= 2a%(1—¢) sin 1”7

Now let

and we have
e=ab sin CXm
which is the formula given on page 6.

INTERNATIONAL ELLIPSOID

Very fulltables to a large number of decimals have been computed for the International Ellipsoid
of Reference. They are given in a publication entitled ‘“Tables de 1’Ellipsoide de Référence international
calculées sous la direction du Général G. Perrier . . . par E. Hasse . . . Paris au
Secretanat de la Section [de Géodésie] 78, e d’Anjou (8¢), 1928.""
The quantities tabulated are (in the notation of this article)

o8 g8 sy (4= 10915
log 12=log (14¢’? cos? ¢) (#=45° to $==90°)

a—b & , a
[mwlnch/’-— 5 ;?and1=bW]

log N=log (= e g

a(1—¢)
log p==log 17 > (1—¢ sin? ¢)b

o ayi—é

tog VNo=log s —rrg
1

2Np sin 17
The arc length of one minute of longitude for each minute of latitude is tabulated and also the lengths
of meridional arcs in increments of one minute reckoned from the Equatar.

The logarithms of the quantitics A”, B, C, D, m, and F of this publication may be found for the Inter-
national Ellipsoid by the formulas

log .4/=colog N —log sin 17
=colog N'+45.314425133
log B=colog p+s5. 3!4425133

log C=log ( ,,)+log tan ¢

log D=log 34 (¢® sin 1’”)+log sin 2¢-}-log %,

log

31\psm1

=2.338178 — 10+ log sin 2¢ 4 log --W,— (p=0° to p=45°)
2
log D=log 3{ (:’i e? sin 1”)+log sin 2¢+ colog V3

=2.391107 — 10+ log sin 2¢+colog V2 (p=45° to $=g0°)
(The constant logarithms correspond to the parameters of the International Ellipsoid.)

log m=log 2Np sin 17"



Log F is independent of the ellipsoid used and may be taken from this publication.
There is no simple relation between log E and any of the quantities in the tables for the International
Ellipsoid. For a rigorous calculation E must be computed from the formula,

E (143 tan? ¢) (1 —e* sin? ¢)
€a?

In this calculation use may be made of log -v%ior Jog 172 in calculating (1—e® sin? ¢). In all cases, how-

ever, where only four decimals are used in log E its value for the International Ellipsoid may be taken
from the tables in this publication as if there were no difference between the ellipsoids.

A differential formula may be used to give an idea of the magnitude of the error committed by
using the same E for both ellipsoids and is sufficiently exact for all present practical purposes.

log E (International)=log E (Clarke, 1866)—o0.0000247-}0.0000200 sin? ¢.
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