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ADVERTISEMENT,

THE branches of mathematics comprehended in this
volume have usually made a part of the course of instruc-
tion at the public seminaries of the United States. But
the best treatises upon these subjects are too extended,
and of too practical a nature, to be used as a text-book.
What is here offered is intended to furnish only those
general principles and leading methods, which afford a
useful exercise to the learner, and which may be consid-
ered as belonging to the pursuit of liberal studies. The
works principally used in preparing this treatise are Cag-
noli and Bonnycastle’s Trigonometry, Delambre’s As-
tronomy, Bézout’s Navigation, Puissant and Malortie’s
Topography. The tables, except those of meridional
parts and astronomical refractions, are from the stereotype
plates of Bowditch’s Practical Navigator, the correctness
of which is too well known to need any recommendation.

An introductory treatise on the Differential and Inte-
gral Calculus, nearly ready for the press, will complete
this course of mathematics. It is proposed also soon to
commence publishing a work on Natural Philosophy,

adapted to the same class of students.

JOHN FARRAR,

Professor of Mathematics and Natural Philosophy,
in the University at Cambridge,

-Cambridge, May 1822.






) AN

ELEMENTARY TREATISE

oX THE \

APPLICATION OF GEOMETRY AND TRIGONOMETRY TO THE PROJECTIONS
OF THE SPHERE, AND TO THE SOLUTION OF GEODESIC
AND NAUTICAL PROBLEMS.

CHAPTER I

Of Projections and the Construction of Charts.

1. Taz position of a point in a plane is determined by the
posifion of any twe lines passing through this point, since being
in each of these lines it can only be at their intersection.

When there are several points to be designated, the method
generally employed consists in taking two lines 4B, AC (fig. 1), Fig. 1.
perpeundicular to each other, to which all the given points are
referred. The point M, for example, would have its positien
determined by its distance from each of the lines 4B, 4C. In-
deed if we take @ equal to the first of these distances, and
through Q draw QM parallel to 4B, the point proposed will be in
this line ; it will also be in P parallel to AC, and whose distance
from JAC is equal to the distance of the point M from this line ;
the point proposed, therefore, being common to the two lines
QM, PM, will be at their intersection M.

2. When the question involves three dimensions, or relates to
a body, we adopt a method similar to the preceding ; similar,
indeed, to that employed by architects ; it is that of plans,
profiles, and elevations.

. When a point is given in space, we can let fall from this point
a perpendicular upon an assumed plane, and note the place
where it meets the plane ; this is called the projectionef the giv-
en point, and the assamed plane is called the plane of projection.

Let- us suppese, for instance, that all the points of a given
figure arereferred to a horizantal plane ; their projections would

‘Top. 1



Fig. 2.

2 Jpplication of Trigonomeiry.

be the intersections of a plumb-line meeting this plane from
cach point of the given figure, and the lengths of these lines
will be the altitudes of the points respectively above their pro-
Jjections.

3. If now we suppose a plane, raised perpendicularly to the
horizontal plane, and let fall upon this second plane perpendicu-
lars from each point of the given figure, these perpendiculars
will give-a second projection of the given figure representing the
proper altitude of the several points above the horizontal plane.

*Thus, let BAC (fig. 2) represent a horizontal plane, DB a
vertical plane, raised upon the line B ; from the point M of a
given object let fal! the perpendicular MM’ upon the horizontal
plane, and its foot M’ is the horizontal projection of the given
point.

From the point M let fall also the perpendicular MM" upon the
plane DB, and the point M” is the vertical projection of the
given point.

The two lines MM’, MM", are evidently in the same plane,
since they cut each other. The line M'M", drawn in the hori-
zontal plane perpendicularly to the line 4B, the common inter-
section of the two planes, will be perpendicular to the vertical
plane, and consequently parallel to MM" ; and these three lines
will be in the same plane, which is perpendicular to the vertical
and also to the horizontal plane. It is evident that M"M" is
equal to MM, that is, the vertical projection M” is at the same
altitude above the horizontal plane as the point M,

By proceeding in a similar manner with the point P, we should
have its two projections P', P ; and it is manifest that, while the
vertical projections M”, I, give the altitudes of the given
points above the horizontal plane, the horizontal projections M,
P, will give the distances of the given points from the vertical
plane.

In order to represent the different parts of an edifice, an ar-
chitect assumes a horizontal plane, to which are referréed by
perpendiculars the leading divisions and remarkable points of
the edifice; the design thus formed is called a plan; next
another plane is taken in a vertical position, upon which are re-
ferred such points as are required to be noted, of the altitude at
which they are actually placed above the horizontal plane. This
with its delineations is called a section or profile, if it is supposed
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to pass. through the interior, and the ‘elevation if it represent
the outside of the bnilding.
This method, moreover, is made use of to represent the
heights of objects near the earth’s surface, as beacons, towers,
. the tops of ‘moantains, &c. ; alse the streets of cities, and the
boundavies of fields, and generally figures occupying, by their
projections, such a portion of the earth’s surface, as may with-
out sensible error be considered as a plane.

Of Orthographic Projection;

4. According to the method, here given, which is called ortho-
graphic pryjection, a straight line perpendicular to the plane of pro-
jection is represented by a point, and a line parallel to the plane of
projection by a line of the same length. With respect to a straight
line oblique to the plane of projection, it is represented by the dis-
tance between the perpendiculars let fall from the extremities
upon the plane of projection. Let 4B ( fig. 3), for instance, be a pig. 3.
line inclined at any angle to the plane of projection PL. AC
being drawn parallel to PL, the angle BAC will be equal to the
inclination of the line B to the plane of projection FL, and

4B = AC is the projection of theline 4L. Now
4B : 4AC:: R: sin ABC or cos BAC (Trig. 30).

Thus radius is to the cosine of the inclination, as the line 4B is
to its projection ' B’. Therefore if we consider radius unity, the |
prajection of a line is equal to this line, multiplied by the cosine of its *
inclination to the plane of projection. 1If the line 4B be consider-
ed as unity, its projection AC wnll be the cosine of its inclina-
tion simply.

5. This kind of projection is employed in some cases to re-
present a sphencal surface. 'The sun and moon appear as cir-
cles, and the different parts of the hemisphere presented to us
have apparently the same relative situation that they would have
when projected by means of perpendiculars let fall from each
point upon the plane separating the visible from the invisible
hemisphere. This is true of any sphere, whose distance compar-
ed with its diameter is so great that the rays of light proceed-
ing from it and meeting in the eye may be conslderedas per-
pendicular to the plane of projection.

’
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6. If wo imagine the semicivcle DFH (fig. 4) raised perpendic-
ularly upon the plane of the paper, the diameter DH remaining
in this plane, and suppose the perpendiculars FC, IE, &c., let fall
from all the points of the circumference, these perpendiculars
would ineet the plane of the paper in a serivs of points forming
the diameteir DH, C being the centre, the arc. FH will be 90°,
and its projection CH will be equal to radius, that is, to the sine
of 90°. In like manner CE = LI=sin FI will be the projec-
tion of the arc FI.  When, therefore, an arc has its plane perpen-
dicular to the plane of projection and its origin at the perpendicular
which passes through the centre, the ortlwgmphw projection of this
arc is equal toits sine.

7. If the plane of the circle instead of being perpendicular is
inclined to the plane of projection, the ordinates FC, IE, &c.,
falling upon the diameter, will with their projections Cf¥, EK; &c.,
each make an angle equal to the inclination of the two planes,
since the ordinates and their projections are respectively perpen-
dicular to the diameter DH, or the common intersection of the
two planes (Geom. 349). Hence

FC: CG:: R: cos inclination (4),

and IE : EK': : R : cos inclination, &c.,
consequently FC:CG::IE: EK,
IIE, EK’, &CO

But the ordinates in a circle are to the corresponding ordmates

_in an ellipse in a constant ratio, namely, as the semitransverse

to the semiconjugate (Trig. 114). We infer then that DK'6H,
the projection of the inclined simicircle DI'FH is a semiellipse,
of which DC, equal to FC, is the semitransverse, and C& the semi-
conjugate.. The same may be proved by similar reasoning with
respect to the other half of the circle. Therefore the orthograph-
ic projection of an inclined circle is an ellipse, of which the trans-
verse is equal to the duameter of the circle, and the conjugate to twice
the cosine of ils inclination to the plane of projection,

We have supposed the plane of projection to pass through the
centre of the inclined circle. The above theorem, however, will
be true, whatever be the distance of the inclined circle from the
plane of projection ; for we may always suppose a plane par-
allel to that on which the projection is to be made, and passing
through the centre of the inclined circle, and the figures deter-
mined by perpendlculars falling upon two parallel plines must
evidently be the same.
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8. Orthographic projection is little used for geographical
maps, because it is liable to great errors when the map is of

considerable extent. The difference between a small arc FI
and its projection CE' is inconsiderable, arid in this case the
distance between two objects upon the earth’s surface may with-
out sersible error be represented on a map by the distance CE',
But the more the point I approaches towards D or H, the more
will the increase of the arc FI exceed the corresponding in-
crease of its projection CE, and the more considerable will be
the errors in the distances of places thus represented. Suppose
IH = 60° =2 FI; then CE or LI=sin 30°=3} CH (Trig. 18).
Therefore CE = EH, and consequently the distances IH, FI,
the first of which is double the second upon the globe, will be
represented upon the map by equal lines.

"The contraction which takes place teward the plane of pro-
jection will be evident from fig. 12, which is an orthographic Fig. 12.
projection of the sphere upon the plane of the equator, the meri-
dians, having their planes pass through the eye, being represent-
ed by straight lines, and the parallels of latitude by circles whose
radii are equal to the sines of their polar distances respectively,
the radius of the equator being unity.

Notwithstanding the inconvenience above mentioned, astrono-
mers advantageously make use of this projection to represent
and predict the circumstance of an eclipse, because, in this case,
the question is not about the respective distances of places, but
only to describe apon a geographical chart the curves which em-
brace pretty nearly the countries liable to be eclipsed, or the
places from which the same or different phases may be seen.

Of Stereographic Projection.

9. 'Fhe représentation the most convenient for maps, which
comprehend a large part of the globe, is on¢ in which the eye is
sitanted in the surface of the sphere, the plane of projection
passing through the centre perpendicular to the diameter which
is directed to the eye. This is called stereographic projection.

In orthographic projection the whole surface of a sphere may
be represented upen the plane of a great circle as a base, to
which-all the visual rays are perpendicular. In stereographic
projection only a hemisphere can be represented upon the plane
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of a great circle; the eye being supposed at the pole of this cir-
cle; it is necessary that the plane of projection should he infi-
nitely extended to admit of all the points of the sphere being
represented at once. Each hemisphere, however, may be suc-
cessively represented upon the plane of a great circle, by sup-
posing the eye first i in one pole and then in the opposite pole of
this circle.

10. If 40 (fig. 5) be perpendicular to BD, O being the
place of the eye, BD will represent that part of the plane of pro-
jection comprehended within a great circle. This is called the
primitive circle, being that to which all the others.are referred.
C, the centre of the primilige, will be the projection of the point .2,
the pole of the primitive.

Any circle of the sphere, if we except those whose plane pas-
ses through the eye, may be considered as the base of & cone
formed by rays proceeding from the circumference of this cir-
cle to the eye ; and when the circle is parallel te the primitive,

- its representation upon the plane of projection is evidently a cir-

ele ; since, the cone formed, as above described, is a right ‘cone,
and every section of a right’cone, made by a plane parallel to
the base, is a eircle. 'When, however, the circle is oblique to
the plane of projection, the cone formed by the visual rays is also
oblique. 'The circle, for example, which has for its diameter the
chord EF, will be the base of a cone of which OEF is a section
through the axis. Moreover, the section SN'T, made by the
plane of projection, is the projection of the circle EyF. Itis
proposed to determine the figure of this section. Through x,
the centre of the circle EyF, suppose a plane to pass parallel to
the plane of projection, meeting the cone in S'yT"; the two sec-
tions EyF, S'yT', being perpendicular each to the plane OEF, the
common intersection & y will be perpendicular to the plane OEF,
and consequently to each of the straight lines EF and §'7" situ-
ated in this plane. Then, since the angle 0TS is measured by the
sum of the arcs OB, DF,} or half of ODF, it is equal to OEF,
which is also measured by half of ODF ("Geom. 126 ).

t+ Suppose a straight line Ff drawn through the point F parallel to .
DB, we shall have Bf = DIif (Geom. 112),and the angle OFf =0TS.
But the measure of the angle OFF is § OBf = } ODF, therefore this
is also the measure of the angle OTS."
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Also, since 8’7" is parallel to ST, the angle OT'S' is equal to
‘0TS, and consequently equal to OEF. Therefore the triangles
ExS', T'xF, having two angles of the one respectively equal to
two angles of the other, are similar ; whence
Ex: 2T :: 8x : xF,
and - :
Sz x 2T’ = Ex x xF.

Baut Ex, «F, xy, being radii of the aame circle EyF,

Ex x xF = xy,
consequently

Sz x zT' = x_;,
and as this is the case however oblique the two sections EyF
and S8’y T’ are to each other, that is, upon whatever part of
S'T’ the ordinate xy falls, the section 8'yZ” must be a circle
(Trig. 103)

Now suppose a plane OR'NY passing through the axis OR’, and
making any angle with the plane 08'T", we shall have by simi-
lar triangles A
OR : OR :: RS : RS

: RN : RN

whence, on account of the common ratio,

RS : RS :: RN : RN
or R’S:R’JV"::RS : BN
But B'S', R'A”, are equal, being radii of the same civcle ; conse-
quently RS, RN, are alsoequal ; and as this is true, whatever an-
gle the plane OR'N makes with O8'T", the section SNV'T' is a cir- ,
cle. Therefore, in stereographic projection, eoery circle of the sphere,
whose plane does not pass through thc eyc,urcprcscnted on the
plane of prejection by a circle.

11, Let P (fig. 6) be the pole of the circle EF. The angles an. 6
POE, POF, are equal (Geom. 126) ; and the straight line PO,
bisecting the angle EOF, will divide the diameter EF, and its

 projection 8T into unequal parts, making SK' less than KT

" (Geom. 201). Bisect 8T in m, and we shall have
" Om = distance of the centre of the projected cmcle from the
centre of the primitive ; and

Sm = to the radius of the projectedcircle. Call Om d,and Sm r.
Now, since €S, Cm, CT, are in arithmetical progression
(Jig. 223), we shall have
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2Cm = (T~ CS = tang } 4F 4 tang } 4B

_ sin(}AF 4 14E) t
T cos }AFcos § I

sin(} 4F 4 3 AE
= cos } (4P4 PE)cos } (4P—PE)
sindP §

v = §(cos 4P Yeos PE) 3

sin 4P
o8 AP T cos PE 0

and
Cmord =

In like manner
28m = 0T — €8 = tang ; AF — tang | JAE
sin (} AF —} 4E)
cos § vl cos  HE
_ sin(JAF—3 AE) #
= cus} (dP+PEB)cus) (AP —PE)
' sin PE

= 1 (cus 4P + cos PE)

8 _ sin PE
MOTT = AP om PE @)

and

et R sin (a + b) .
t 'l'ha fsmmkhng a«+tag owm m (Tvig. 20),
when R=0C= l,a ..-}.ﬂFandb =} AE, becomes
: sin (§ 4F + } 4E)
cos § AF cus 4 4E.
$AE, AP, 4F; being by construction in arthmetical ‘progression,
AP = } (AF + 4E) =} F + } 4E.
Moreover from the formula o

" tang } AF + tang 3 A

cos &+ cos b = TZ cos } (a + ) cos § (a —b) (Trié 29),

if wo'put R=1,a 5= 4Pand b = PE, and divide both numbers by
2, we shall have
3 (cos &P - cos PE) = co8 } (AP + PE) cos } (AP~ PE.)
tt It will be observed that the stepe in this investigation do not dif-
fer from those just explained, except in the apphca.uon of the formu.
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12. Suppose PE (fig. 7) =0, and the formula Fig 7.
' d= sin AP
= cos AP 4 cos PE’

since cos 0=1, becomes

_ sindP  2sin} APcosg AP} siny AP

T cosdP 1~ 2(cosj dP)* T cos} AP

. =tang § 4P.

The formula (2) in this case becomes
sin PE
cos AP - cos PE 0.
Thus the circle is reduced to a point, namely, the pole, and the
projection of this pole will be the point X, and CK 5 tang 1 AP.
Therefore the projection of a point P has for its distance from
the centre of the primitive the tangent of half its distance on the
sphere from the pole of the primitive,
' 13. If PE =180°, r is still = 0, but
d = smdP sin AP _ sin AP
= cos AP 4 cos PE — cosddP +coa180° cosudP—1
2sin } AP cos } AP
S(ngAPF §
cos } AP
= %in $ 4P
=-—cot} 4P.

1a for the difference of the tangeunts instead of that for the sum. It
is obvious that AF = 'AP + PE,and AE = AP — PE, by construc-
tion, Also } 4F—3} AE =} (AF — AE) = PE, since 4E, 4P,
JAF, being in arithmetical progression, the difference (PE) between
JAE and AP is half the difference between AE and AF.
. . 2sina cosa

t The formula sin 2a = —a (Trig.29), when R = 1,and

a = } AP, becomes sin AP = 2 sin } AP cos } AP ; and the formu-

3 R
2cosa R———R—, with the same suhstitutions, becomes

lacos2a=

o8 AP = 2(cos } AP)® —1,0r cos AP + 1 =2 (cos § AP)*.

i From the formula sina® =3} R(R-—cos 2a) (Trig. 29), or
28in a2 = R (R —cos 2a),when R = 1 and a =} AP, we have
2 (sin } AP)® =1 —cos AP,

or, changing all the signs (dlg. 57),
= 2(sin } AP)? = cos AP~ 1.
Top. 2 ‘
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The projection of the opposite pale K” therefore will bo upon CB
produced to a distance CK’ = — cot } AP, the sign — signifying
that it falls on the otherside of C with respect to K.

14, Suppose PE (fig. 8) = 90° the chord EF will be a diame-
ter, and the circle to be projected will be a great circle ; and
the formula )
= sin AP

~ cos AP + cos PE’
since cos PE = cos 90 = 0, becomes
d = sin AP ,
=~ cos 4P
= tang 4 P..
Thus the d:stancc of the centre of a projected great circle from

' the centre of the primiive, is equal to the tangent of the distance of

its pole from the pole of the primitive, or, which is the same thing,
equal to the tangent of the inclination of the great circle o the plane
of projection. )
15. The other formula in this case, namely,
sin PE
¥ = o 4P ¥ cos PE’
becomes
1
= cos AP
"= sec AP.
Therefore, thc rud;u of a projected great circle is equal to thc se-
cant of the distance of its pole from the pele of the primitive, or the
secant of the inclination of the great circle to the plane of projection.
16. With the radius of the circle to be projected, and the dis-
tance of its centre from the centre of the primitive, it is easy to
describe the circle upon the plane of projection. But it is to be
remarked that the centre m will be in the plane of the great circle
whioh passes through the poles A, P, that is, upon the radius CD
directed to the point D, where the perpendicular arc PD falls.
These simple formulas answer for all great circles. )
17. If AP (fig. 9) =0, the pole of the given circle becomes
the pole of the primitive, and from the formulas (1) (2) we have
_ sin 4P
~ cos AP 4 cos PE

r =

=0
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sin PE . sin PE
r= cosdP fcs PE 14 cos PE — tang } PEf.
From these formulas it appears that all circles parallel to the
plane of projection have for their prejected cenire, the centre of the
primitive, and for their radii the tangent of half their distances res-
pectively from the pole. of the primitive.
18, If 4P (fig. 10) = 90° the general formulas becomo Fig. 10.
sin AP
= o8 AP + cos PE - E =sec PE,

- = sin PE _sin PE
. T cosAP fcos PE  cosPE
that is, circles either great or small, which have their pole in the
circumference of the primitive, have each, when projected, for the
distance of its centre from the centre of the primitive, the secant of
the distance of this cirde from its pole, and for its radius the tan-
gent of this same distance. In the case of great circles, PE = 90°
and sec PE = sec 90° or infinite ; and tang PE is also infinite.
Therefore the centres of great circles, which have their pole in the
eircumference of the primitive, being at an infinile distance from the
cenlre of the primitive, their projections will be straight lines pass-
ing through the centre of the primitive, and cuting each other at
angles, which have for their measure the distances of the poles qf
their circles from each other respectively.

19. When we have found the two poles K, K’ (fig. 7), of arig. 7.
great circle by the methods already given (12, 13), we have two
points of each of the circles that intersect each other at these
points ; the projections of all these circles will have_for a com-
mon chord the straight line KK, which joins the profections of
the two poles; they have all therefore their centres in the
straight line VHX, which passes perpendicularly through the
middle of KK’ (Geom. 106).

20. The formulas which we have thus deduced analytically
may be obtained by geometrical methods. The formulas of
articles 14 and 15, for example, may be demonstrated as follows.

=tang PE;

sina tang ia
R 4 cosa
a = PE, gives the abave expressnon. It may be observed also that
the result of art. 13 might have been obtained more conclsely by means

sina _cotla,
R—cosa ™ "R

1- The formula

s (Trig 29), when R =1, and

of the formula in the table above refened to.
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If PE = 90° (fig. 8), EF will be a diameter, and the circle
will be a great circle, and its projection will have 87 for its di-
ameter, and 1} ST or mT for its radius. Join Om; and SOT,
having for its measure } EPF, is equal to 90°. Therefore the
circle described upon ST in the plane DB4 will pass through
the point O (Geom. 128) ; consequently mO = mT = mS, and
the triangle OmT is isosceles, and mOT = OTm; accordingly
we have

OmC=mO0T + 0Tm =2 0Tm
= BO— DF}
= DO— DF
= 90°— DF.,
But the acute angles of a right-angled triangle being comple-

‘ments of each other,

OomC = 90°— COm.
"Therefore €O m is equal to DF, and
Cm the tang COm = tang DF = tang inclination ;
and Om the sec COm =sec DF = sec mclmatwn.
If we produce Om to I, we shall have
AI=2 A0I=2 DF =2 4P,

which furnishes this graphical method of projecting great cir-
cles, Take JAIequal 2 AP, or twice the inclination, and draw
OmI; m will be the centre, and mO the radius of the circle to

be projected.
Again, since mOC = DF,
and ‘OCR = OF,

we have by addition,
mOC 4 OCR=DF 4 OF
=90°;
therefore
ORC = 90°.
We hence derive this other construction. Draw ORm perpen-
dicular to CF, and we shall have the centre m, and the radius
Om of the circle to be projected, as before,

t Through the point ‘D suppose a straight line I)f drawn parallel
to TO. The angle fDB = OT'm, is measured by
4 Bf =} (BO—f0) =} (BO— DF).
‘Therefore 20Tm = BO— DF,
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21, The formulaa of article 18 are found by a very simple
construction. When AP ( fig. 10) = 90°% P coincides with D aund Fig. 10.
the pole of the given circle is in the circumference of the primi-
tive. EF in this case is perpenduqlar to BD. Bisect the pro-
jected diameter ST in m, and join mE, mF, FC. As the pro-
jected circle must pass through the points E, F, as well as S, T,
it follows that m¥F =mT, and mFT =mTF, wheuoe we have

FmC mFT4+mTF=2mTF

= OB — FD (note tqp. 12.)

= 90° — FCm ;
eonsequently .
FmC 4 FCm = 90°,
and therefore CFm is a right angle, and Fm, the radius of the
projected circle, is the tangent of DF or PE. Also Cm, the
distance of the centre of the projected circle from the centre of
the primitive, is the secant of PE.

22. It appears from the construction just given, that Sm, the
projection of the tangent Em, is equal to Em. Indeed it may
be shown generally that, since the angle OEm or

SEm=3 ODE=} OD+} DE=45"+} DE
and

ESm= 0SB =} 0B+4+} DE=45 4} DE (note o p.6), .
the angles SEm, ESm, are equal; from which we infer that
Sm = Em. Therefore the tangent of a great circle terminating -
in the primitdve has for ils projection a line equal to this tungent.

Let Em, Em’ (fig. 11), be two of these tangents, Sm, Sm'y Fig. 11.
their projections, mm’ being joined, the two triangles Smm/,
Emm/, will be equal in all respects, since they have two sides of
the one respectively equal to two sides of the other, and one side
common. Consequently mSm’' = mEm’. Therefore, since these
tangents make the same angle with each other as the intersect-
ing circles to which they belong (Geom. 471), we conclude that
two great circles make by their projections the same angle that
they make upon the sphere,

23. In the case of an angle formed by two arcs of great
circles which do not terminate in the plane of projection, the
above theorem will hold true, for we may always suppose the
arcs prdduced to the plane of projection, and then the tangents
of these arcs will be equal to their projections, and the arcs and
their projections will make the same angle.
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In like manneryarcs of emall circles, which have a common

intersection and common tangents with those of large circles, will
_ make by their projections the same angles which they make upon
the sphere.;

24. By means of the principles above given, we are able to
trace the different circles of the sphere and thus to represent the
relalive positions of objects in the heavens or on the earth. If
for example it were required to project the northern hemisphere
of the earth, as it would appear to a spectator at the south pole,
the earth itself being supposed to be transparent ; in this case

¥ig. 13. the equator SEHF ( fig. 13) will be the primitivet, and its centre
P will represent the north pole. 4P =0, as in figure 9. We
have therefore. P for the common centre of all the parallels of
latitude, and for their radii PF*, PF", &c., the tangent of half
their distances respectively from the nearest pole (17). To
draw parallels to every ten degrees, for instance, PF' being

taken equal to tang g_go = tang 45 = radius}, we shall have

F' =tang go—o =tang 40% PF" =tang 72 = tang 85%

66 82', &e.

Considering these parallels with reference to their distances
from the equator we mark the first 10°, the second 20°, &c.

As the meridians have their plane passing threugh the eye,
they will all be represented by straight lines intersecting each
other at the centre of the primitive, and dividing the equator into
arcs which measure the inclination of these circles to each other
respectively (18), Thus GPHbeing the first meridian, 10 P 170,
20 P 160, &c., will represent the meridians which pass through
every tenth degree of longltude. In the same manner we may
subdivide the arcs FF', F'F", &c., G 10, 10 20, &c., to any de-
gree of minuteness, and thus represent the situation of cities,

Pf radms of the tropic of cancer = tang

't We here consider the paper as the plane of projection, whereas
in most of the figures of plate 1 the plane of projection is represent-
ed as perpendicular to the paper.

} For the method of taking these lines from the sector, see'note at
the end of this part on the description and use of the Plane Scale,
Sector, &c.
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mountains, the several points of the boundaries of states and
kingdoms, rivers, coasts,, &c., according to their latitudes and
longitudes. We can moreover refer these same lines to the
heavens, and preject the places of the stars according to their
declination and right ascension. This is called a polar projec-
tion of the sphere. It is more simple than the projection upon
the plane of any other circle. It was used by Ptolemy in the
construction of his Astrolabe, and is sometimes preferred for the
méps of countries situated in high latitudes. But, it is adopted
for the most part in celestial rather than terrestrial planispheres,
-and especially for maps containing half of the heavens.

GEHF being referred to the heavens, we may consider EF as
the solstitial, and GH as the equinoctial colure. Accordingly
the ecliptic will pass through the points G, ¢, H, and to represent
this circle we have only to describe a circle which shall pass
through these points (Geom. 149); or conformably to articles
14, 15, to take for a radiuve, the secant of 23° 28', the obliquity
of the ecliptic to the equator, and for the distance of the centre
from the centre of the primitive, the tangent of this same obli-
quity. Moreover the direction of this centre will, according to
art. 16, be in the line PF,

25. If now it were required to project on the same plane
secondaries to the ecliptic, we first find the poles of the ecliptic
as in figure 7. 'Thus, 4BGD being nowi the equator, Je0
the northern half of the ecliptic, and K, K, its poles, the centres
of all the circles which pass through K, K’, will be in the line
VHX. The circle XXK'¥, drawn with the centre H and the
radius MK, will pass through the equinoxes O, 4. Draw KG
making the angle HK'G equal to 10°, and K6’ making the angle
HK'G' equal to 20°, &c., and K'G, K& will be the radii of the
circles K'dkb, K'dKY, &c., inclined respectively 10°, 20°,

t In finding the poles K, K, we consider the equator BD perpen-
dicular to the paper, J its pole, and P, P’, the north and south poles
of the ecliptic. Having found K, K, in the manner already explain-
ed (1%, 13,) suppose the plane of the equator to revolve about its
diameter BD through an arc of 90° or till it coincides with the
paper 3 the eye will be perpendicularly over the point C, and K, K*,
will remain unchanged. By supposing a similar revolution in figure
6, the points S, m, T, will also remain unchanged (26).
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&c., to the circle X' XK'V, or whose longxtnde is 10°, 20’ &cy

respectively (15).
26, Circles parallel to the ecliptic are also easily traced npon

Fig. 6. the plane of pmjectlon. If 4 ( fig. 6) be the pole of the equator,

and P that of the ecliptic, EF, the diameter of one of these cir-
cles, will be represented on the -plane of projection by 87, the
centre of which will be the point m, the middle of ST, and Sm
will be the radius of the circle to be projected, and Cm the dis-
tance of its centre from the centre of the primitive.

27. We have given in figure 13 the simplest construction of the
sphere upon stereographic principles, but the projection the most-
used, especially for maps of the world, is that which sapposes the
eye in the equator, and alternately in the two poles of the first

Fig. 14. meridian. Let the primitive FEBH (fig. 14), represent the first

meridian, the place of the eye being perpendicularly over the
point 90. FB will be the prejection of “half of the equator, the
points E, H, wiH be the ‘poles of - the earth, and the straight line

. joining these will represent the meridian, perpendicular to the

Fig. 8.

first meridian or the meridian of 90°. " The other meridians are
drawn like the secondaries to the ecliptic figure 7, that is, by
taking for radii the secants of their longitude, or -the secants of
their inclination to the first meridian, and for the distance of
their centres, the tangents of these same angles (14, 15). The
parallels of latitude have for their radii the tangents of their
polar distances respectively, and for the distances of their cen-
tres the secants of these same distances (18). Thus 10a 10 for
instance is described with a radius equal to the tangent of 80°,
and from a centre whose distance from the centre of the primi-

“tive is equal to the secant of 80°% and so of the others. This

is called an equatorial projection.

28, The objection to these projections is that the lines. of
the sphere are not faithfully represented in the proportions
which they actually bear to each other. Of the arcs FE, F'E,
&c., each of which represents a quadrant, ouly the first is actu«
ally 0o°.

The circle described from m (fig. 8), as a centre with a ra-

. dius equal to mO, will pass through the points 0 and J, which

are diametrically opposite on the spheré. Thus the arc 084 is
the projection or representative of an arc of 180°% and 08, S4,
represent 90° each. But :
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09= OhS = 96° — (Om = 90° — the inchhatioh (20).
In the same manner it may be shown that the arcs F'E ( fig. 14), Fig. 14,
F"E, &ec., which represent quadrants, are each equal tg 90° — the
longitude respectively, or to the complement of the longitude,

28. With respect to the parallels of latitude, if EF (fig. 10) Fig. 10.
be considered as a diameter of one of these tircles, it will be
seen from what has been demonstrated (21), that

ES=EmS = FmS8 =90 = FCm = 90° — FD,
Thus the quadrants 10 a, 20a’, ( fig. 14) of the parallels of latitude Fig. 14..
are each equal respectively to 90°— the polar distance, that is,
equal to the latitude of the parallel. .

29. It may be observed moreever, that all the lines which
compose & hemisphere, taken together, are reduced one half,
since a hemisphere, which is equal to two great circles (Geom,
536), is representod wpon the surface of one. While the parts
near the centre are the most contracted, they are at the same
time those which, considered among themselves, most faithfully
represent the corresponding portions of the sphere. In maps
therefore of small extent, whether celestial or terrestrial, we can
place the middle of a conatry or the middle of a constellation at
the centre of the projection, and the representation will be suffi.
ciently exact, -

80. We have sometimes occasien to measure an arc on the -
plane of projection, that is, to know the number of degrees which
it represents on the sphere. Let B&D (fig. 15) be the primi- Fig. 15.
tive, lying in the plane of prejection BDT, O the place of the
sye, SIT the prajection of the great circle FHE, Since KT is
n both the plaves B&D, BPDO, it is their common intersection,
ind will consequently pass through the point D. In like man-
1er, because KT is the common intersection of the planes
BGD, FPGO, it will pass through the point 6. Hence, the
wints H, E, being projected inte I, T, it is plain that the arc
7E will have for its prajection the similar ave I7T. Bat since
PE, OD, PH and 06 are each quadrants, if ED, HE, which
ire common, be taken away, the remainder or side PD will be
qual to OF, and PG to OH, And because the opposite angles
PG, EOH, included by these sides are equal, the base DG will
e equal to EH (Geom. 480). Accordingly HE, having been
hown te be similar to, or the measure of I7) its equal DG will
1so be the measure of IT.

Top. 3
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Again, since PF is equal to OB, if we add to each of these
FB, we shall have PFB equal OBF ; and OH has been shown to
be equal to PG. Consequently the two sides PFB, PG, are equal
respectively to the two OBF, OH, and they contain equal angles.
Therefore the third side BG is equal to the third side FH, But
BG isthat arc of the primitive comprehended between the straight

"lines drawn from the pole of SZ (the projection of FH)
through its extremities. Accordingly B6& is the measure of
8I. Therefore any projected arc of @ great circle is measured by
that arc of the primilive which is comprehended by two straight
lines drawn from the pole of the given arc through its extremities.

* 81, The above theorem furnishes us with a convenient method

Fig. 16.of measuring a projected angle. The angle APF (fig..16), for

‘example, formed by the intersection of two great circles AP0,
FPE, heing measured on the sphere by the arc which joins the
" poles of these circles, we have only to refer this arc to the pri-
mitive by straight lines drawn from its pole through its extrem-
ities, Thus K being the pole of AP0, and k the pole of FPE, P
will be the pole of Kk (Geom, 467), and LM, intercepted on the
primitive by the straight lines PX'L, PkM, will be the measure
of the arc on the sphere, of which K% is the projection, that is,
of the angle JPF or EPO, the inclination of the given circles to
each other. Therefore an angle formed by the projections of two
great circles has for ils measure that arc of the primitive which 1s
\ intercepled by straight lines drawn from the vertex of the given
. angle through the projected poles of the given circles.

Other methods of representing a spherical surface upon a plane.

82. In stereographic. projection the parts of the sphere, as
we have remarked, are most contracted toward the centre of
projection ; whereas the reverse takes place with respect to or-
thographic projection (fig. 12.) Now in the former case the eye
is supposed to be situated in the surface of the sphere, and in the
latter at an infinite distance. It is evident therefore that an
intermediate situation may be takeu, that shall present the dif-
ferent parts of an entire hemisphere taken togcther more natur-
ally. At the distance of three fourths of radius from the surface,
in the plane of the equator for instance, the meridians would
appear nearly equidistant, and the parallels of latitude alse
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rearly equidistant. But these lines would no longer be circular
;urves. It is moreover obvious that the partsof a spherical sar-
ace cannot be perfectly represented upon a plane in all their
roportions and bearings. We may indeed divide the equator
FB ( fig. 14), and the meridian EH into equal parts, and draw Fig. 14.
‘he meridians and parallels through these points, instead of the
points of unequal division actually employed in this figare.
This manner of representing the sphere is exhibited in figure
17. It is called by the constructors of maps a globular projec-
ion. It shows the parts of the sphere more naturally and more
nearly in their true proportions, but it is not strictly speaking a
projection,

83. There are other methods of representing portions of the
earth, when they are of small extent, especially in latitude, that
are still more just. ¥Let such a portion be comprehended be-
tween the meridians PEP' (fig. 18), PQF', MN and RS being the 1z, 18.
extreme parallels of latitude. From I and K'the middle points of
the arcs MR, VS, draw the tangents IT, KT, meeting the axis
PP in the point T. The arcs MR, NS, containing only a
small number of degrees, do not sensibly differ from the tan-
gents IT, KT, and the space MRSN" may be considered as mak-
ing a part of the surface of a right cone, which has its vertex in.

T. In order therefore to represent this space developed upon a
plane, we take a radius equal to T, and describe an arc KT}
(fig. 19) equal to KT (fig. 18) ; and having drawn TTM, TKN, gg. ;g-
we set off on each side of I and K, LM, IR, and KWV, K'S, equal &
in length each to the arcs IM, IR of figure 18, or to their chords,
which do not sensibly differ from the arcs. Then dividing MR
and VS into as many equal parts as there are degrees in the
difference of latitude, we describe th*ough these points from the
point 7' as a centre, arcs representing the arcs of latitude. We
divide also the arc IK" into as many equal parts as there are
degrees in the difference of longitude, and draw through these

t That the arcs may be’ equal in length, the number of degrees in
KI( fig. 19) must be as much less than the number of degrees in KT
(fig. 18), as the radius 77 is greater than the radius LI (Geom.
288); that is, the number of degrees in K1 (fig. 19) must be to the
difference of longitude of the two meridians P"EP, P'QP, as IL, the
radius of the middle parallel, is to TZ
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points and the point T straight lines representing the meridians.
‘This being done, the several places comprebhended may be de.
signed according to their latitude and longitade.

- 4. It will be pereeived, that in this kind of construction, as
in the preceding, all the meridians tend to meet.in the same
point. Butin orthographic and stereographic prejection, the

. points of the sphere are designed in petspective, and the degroes

of the equator and those of the meridians are not represented by
equal parts. In this the meridians are represented by straight
lines, and the degrees of longitude are equal ameng themselves,

“and the degrees of latitude are aléo equal to each other, although

different from the degrees of longitude, which diminish accord-
ing as the latitudle increases. This eonstruction therefore has
many advantages over those before given in particular cases.
t is not however used at sea to represent the path described or
to be described by @ ship destined for a particular place,
As a ship, sailing upon a given point of the compass, makes ths
same angle with each meridian that she passes,-if these meridi-
ans are represented by lines that converge fo a point, the route
thus described will be indicated by a eurve, which would render

, the operations for finding a ship’s place toe . complicated.:

v
-

85. To remove this difficulty, through the points I, &) lot the

Fig. 19. straight lines 2B ( fig. 19), CD, he drawn parallet to the meni-

dian @T, which passes through the middle of the parallel 7K,
and we shall have the space before demoted by MASR, now
Tepresented by ACDB, in which al} the panaliels are equal te the
mean parallel JK, and the meridians MR, NS, become the
straight lines /B, CD), parallel to GT'; and the point of meeting
T being at an infinite distance, the arcs MN, IK, RS, become
straight lines perpendicular to G7'; we heace derive the follow-
ing method of coustructing a chart.. .

Having drawn a line Q7 at pleasure, to represent the meridi-
an that passes through the middle of the chart to be constructed,
we divide it into as many equal parts as there are degrees of
latitude to be comprehended. Through the middle G, we draw
the perpendicular IGK, which will represent the middle parallel,
and in order to determine what mast be the length of G, GK,
to answerto the required number of degrees of longitade, we
must recollect that similar arcs are as their radii, and that con-
sequently arcs of the same number of degrees, taken upon dif-
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feremt paraliels, ame as the cosines of the latitudes of these paral.
lelst. Accordingly with a radius CA (fig. 21) equal to the assum- Fig. 21.
ed maguitude of a degree of the meridian, which is also that of
the equator, we describe the arc 4B of a number of degrees equal
to that centained in the middle latitade, and let fall upon CA the
perpendicelar BP, which will give CP, for the magnitude of
each degree of the paraliel.  For in the right-angled triangle
CBP we have -
CBorCA: CP:t R: sin C'BP or cos BCP.
Now radius R is by construction equal to the cosine of the lati-
tude of 0°>. 'We apply, therefore, CP from G ( fig. 20) toward Fig. 20.
I and toward K, as many times as there are degrees in balf the
extent which the chart is to have in longitude ; then drawing
through the points of division of QT lines parallel to /K, and
through the divisions of IK lines parallel to Q7', we shall have the
paraliels and meridians, by means of which it will be casy to note
down the different places comprehended accerding to their lati-
tude and leagitude.
- 86. Charts of this comstruction are more convenient than the
preceding, and may be advantageously used for small distances,
and especially between the tropics, where the meridians are near-
ly parallel. But they become léss exact, according as the dif-
ference of latitude comprehended is greater, and according ajso
as the middle latitade is greater. They give the degrees of the
parallels too small on the one hand and too great on the other.
_ To remedy this defect and retain at the same time the parallel-
ism of the meridians, the following churt, called Mercaior’s, has
been contrived.
87. This chart is, properly speaking, enly a development of a
cylinder, which may besupposed to circumscribe the globe, having

t Since the circumferences of circles are as their radii, and corres-
ponding parts, or arcs of the same number of degrees, are also as their
radii, we shall have QE : KT (fig 18) :: CE: L1 But CE is radius
and LI is the sine of PI or cosine of ET the latitude ; therefore QE
is to K7 as radius to the cosine of the latitude of k7. In the same
manner it may be shown that QE is X" I', the corresponding arc of
any other parallel, as radius is to the cosiuve of the latitude of K'F;
hence the length of the arc K7 is to the length of the arc K*Z’, as
the cosine of the latitude of the former is to the cosine of the latitude
of the latter.
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- its axis coinciding with that of the earth, and its diameter equal
to that ‘of the equator, its length being without limit. It is not
thérefore a projection, or such a view of the lines' represented
upon it as would be presented to the eye at any particular point.
The object of the construction is simply to render the meridians
parallel without changing the ratio of the parts of the meridian
to the corresponding parts of the parallel, To effect this, instead

" of diminishing the length of the degrees of-the -paraMels, ac-
cording as ‘the latitude increases, we make them throughout of
the same magnitude, and equal to the degrees of the equator,
which necessarily renders the meridians parailel. But we en-
large at the same time the degrees of any great circle, according
to the distance of these degrees from the equator, that is, ac-
cording to their latitude.  Thus, since the magnitude of a de-
‘gree taken upon any parallel, is to that of a degree taken upon
the equator, or upon any great cn'clc, as the cosine of the
Iatitude is to radius (85), or as radius is to the secant of the
latitude (Trig. 8), if we make the degree of each parallel -
equal to that of the equator, the degree of any great circle, a
meridian, for example, at any given distance from the equator,
must have for its value a degree of the equator, augmented in the
ratio of radius to the secant of the latitude, that is, multiplied’
by the secant of the latitude and divided by radius.-

In Mercator’s chart, therefore, while the degrees of the paral-
lels are all equal to those of the equator, the degrees of the me-
ridian, or of the latitude, must be unequal, that is, they must in-
crease as the latitude increases. We should fall into a mistake,
Fig. 18, however, if, in taking MN ( fig. 18), RS, as portions of two par-

. allels, distant a degree from each other, we should conclude from

what is said above, that the arc A'S of a degree which measures

the distance of these parallels, is'to be expressed upon the chart
by a line equal to a degree of the equator multiplied by the.se-
cant of the latitude divided by radius. Tt is very true that at NV,

D x sec QN
R

a Jegree of a great circle is equal to s Dbeing a de-

gree of the equator ; and for the same reason, at the point S, a
D xsecQS -
—
different, neither the one nor the othcr can be taken as the meas-
ure of the distance between the two parallels M¥, RS. The

\degree must be equal to But these quantities being
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former would be too small, and the latter too great. If, there-
fore, instead of supposing the two parallels distant from each
other a degrec, we consider them as separated only by an arc of
one minute, we shall have for the length of one miuute of the

meridian at N, M M being a minute of the equater, and

for the length of a minute in § 22 2% | quantities that differ

but very little from each other, and of which either may conse-
quently be taken as the measure of a minute extending from N
to S, ar of the space that'is to sepamte these two parallels on
Mercator’s chart.

88. We see therefore that in order to calculate the augmen.
tations to be allowed to the parts of the meridian relatively to
the augmentations given to the parallels in the construction of-
this chart, we must suppose the meridian divided into very
small portions ; then one of these portions,  multiplied by the
secant of the latitude, and divided by radius, will give the cor-
responding line on the chart, and with greater or less exactness
according to the smallness of the portions into which the meridi-
an is divided. 'We shall attain to all the accuracy necessary for
practical purposes, if we divide the meridian into minutes,
Thus in order to find the length to be allowed to the meridian
intended to mark a particular latitude, it is sufficient to take from
the common tables all the secants, from minute to minute, from
0° up to the latitude in quest}on ; and the sum of these secants
divided by radius will give the number of minutes, which being
applied from the equator in the direction of the meridian will de-
termine the degree of the latitude required on the chart. The
results thus obtained for the different parallels are called meridio-
nal parts. The relative Jengths of degrees from the equator to
the polar circle may be seen in figure 221.

1 There is some intimation of this method of representing the lines
of latitude and longitude in the writings of Ptolemy s bat the first
chart constructed upon this plan was published by Gerard Mercator
in 1566. The theory, however, does not appear to have been under.
stood at this time. In the year 1599, Mr. Edward Wright published
his Correction of Errors in Navigation, in which the principles of
the chart are fully explained. Dr. Halley first showed that the arti-
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Fig. 20.

24 JApplication of Trigonometry.
Of Gnomonic Projection, or Dialling.

39. Dialling consists in drawing lines to represent the inter-
sections of the planes of the meridians with any assumed plane or
other surface. The time in which the sun apparently completesa
revolution about the earth being divided into twenty four parts or

hours, his angular motion will be at the rate of ség or 15%in an

hour. If we consider the axis ‘of the earth PP’ (fig. 23) opaque,
the earth itself being supposed to be transparent, the shadow of
PP will coincide with the plane of the meridian opposite to the
sun, and will move at the rate of 15° in an hour, Let ZPRP' N be
the meridian of any place Z ; the sun being in this plane at noon,
the shadow of PI” will coincide with the plane PRF', and will
intersect the plane of the horizon NOR in RC. After one hour,
that is, at one o’clock, the shadow will fallin the plane PIP, and
after two hours or at two o’clock, it will fall in the plane PIIP,
&c. Now these meridians being inclined to each other at an-
gles of 15°, we shall have RP1 = 15°, RPIT = 30° &c. Moreover
PRis also given, and the angle PRI is a right. Whence in the
spherical triangle PRI, right-angled at B, we have two parts
given, PR and RPI, to find a third BRI, which is the measure of

ficial meridian line is a scale of logarithmic tangents of half the
colatitudes beginning with radius,

Beside the charts above explained there is one in which the degrees
of the parallels of latitude are all of the same length and equal to
those of the meridian. If the divisions of IK'(fig. 20) were made
equal to those of @7, we should have in figure 20 such a representa-
tion of a portion of the earth’s surface. This is called a plane chart.
No allowance is made for the diminution in the length of the degrees
of the parallels. Accordingly it can be used for spaces of small
extent only at a time, or where there is very little convergence of
the meridians. The methods of finding a ship’s place &c., founded
upon this chart, are comprehended in works on Navigation under the
title of Plain Sailing ; those which depend upon the chart represent-
ed in figure 20, as it is actually constructed, are included under the
head of Middle Latitude Sailing ; while those that are derived from
the principles of Mercator’s chart, fall under the denomination of
Mercator’s Sailing. Examples of each kind will be given in the
next chapter.
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the plane angle RCI, formed by the XIT and I o’clock hour
lines, Accordingly, PR 'being the middle part, and RPI (com-
plement) and RI the adjacent parts, by the first of Wer’s mles
(Trig.p.64)webaver |~ ... ., . L (

sin' PR = cot RPFtang lli.- mglu,ltangkl, .

whence
tang RI sin PR tang RPI
In hkc manner tang BRI = sin PR tang RPII.

Therefore the tangenis of the plane angles XII C 1, XII C1I,
&c., are eqial respectively lo the sine of the palar distance multi-
plied by the tangent qf the horary angle.

40, When PR is less than 90° we have PR = EZ = the latl-
tude of the place Z, aud the abovc expressions become

tang RI = sin lal, tang 15°
tang RII = sin lat. tang 30.

If the lamude of the givén place, that of Cambridge for instance,
be-42° 25' 28", we haye only to add the logarithmic sine of 42°
28', 28" taken from the tables, to the logarithmic tangent of 15°,
80°, &c., successively, and the sums will be the logarithmic tan-
gents respectively of the arcs RI, RII, &c., or of the rectilineal
angles XITC I, XII C I, &c. . .

We have considered the plane of the horizon as the plane of
the dial, and the axis of the earth as the gnomonor stile. But

. if we take at Z a plane nor parallel to NOR, that is parallel
to the horizan, and c p parallel to CP, the shadows cast by CP
and ¢ p would, on account of the great distance of the sun, be
sensibly parallel, aud move at the same rate. Consequently the
hour angles 12¢1, 12¢2, &c., inay be considered as equal res-
pectively to XITCI, XIICII, &ct. Therefore the formula above
given will enable us to draw the hour lines ¢ 1, ¢2, &c. And to

- subdivide the hours into halves, quarters, &c., we have only to

t We may suppose ¢ p equal in length to CP, and the plape.nor

of the same dimensions as NOR, and the shadow would obvipusly

: revolve upon the one in the same manner as it yevolves ypon.the

i other, and the hour angles formed at the centres, C, ¢, bemg the same

upon both, these are not affected b by the lengths of the lines that con-

tain them ; we may therefore take c 1, ¢ 2, &c . 88 well ascp, ofanv
convenient length to suit our purpose.

! Top. 4
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take the angle P equal to ——, —-—, °, &c. We draw the lmes on

the other-side of ¢ 12 in the same manner, and number them 11,
10, &c. These are to be extended each way toward ¢z, so as to
comprehend the time during which the sun is above the horizon
on the longest day, aceording to the latitude of the place. cp
may be representes by a straight rod, or more conveniently, on
account of its stability, by the edge of a triangular plate p c 12,
having its plane perpendicular to the plane of the dial, and its
‘base ¢ 12 resting upon the 12 o’clock hour line, the angle p c 12
being equal to the latitude of the place. This is called a horizon-
tal dial. Other dials take their name in like manner from the
position of the assumed plane, on which the intersections of the
planes of the meridians, or hour circles, are traced, ’

" 41. Let us suppose the plane VOR to shift its position so as
cut the planes of all the meridians at right angles, that is, to be-
come the plane of the equatar EQ. The formula above given
will still be applicable ; and since sin PR= =PQ=38in 90 =1, we
shall have

tang RI = sin PR tang RPI
= tang RPI = tang15°;
also tang RIT = tang RPII = tang 30°

that is RI =15°, BII = 80°, &c.

Consequently R, I II, &c., are all equal among themselves, and
each equal to 15°, and the plane angles XIIC1, I C I, &c., are
also equal, and the shadow moves at a uniform rate, the stile
being perpendicular to the plane of the dial. We may now, as
in the former case, suppose a second dial at Z, constructed in
the same manner, having its plane and stile, parallel respectively
to those of the first, and the same time will be indicated upon
both.. In other words, we describe a circle of a couvenient size
upon a plane, divide it by radii drawn from the centre into por-
tions of 15°, for an hour, 7° 30’ for half an hour, &c., insert a
rod at the centre perpendicularly to the dial plane, and place the
dial 50 that this rod, representing the axis of the earth, shall be
situated like ¢ p, that is, in the plane of the meridian, and mak-
ing an angle with the horizon equal to the latitude of the place.
This would be an equinoctial dial, since its plane is parallel to
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that of the equator. It would moreover be a horizontal dial at
the pole, and a.vertical south dial at the equator,

42. To construct a vertical south dial for any other latitude
Z, let us suppose the plane NOR to change stil further till it
comes into a vertical positien facing the south, as represented in
figure 24. At noon the sun being on the meridian of the place,
or in the plane of PEP, the shadow of PP’ will intersect the
plane ZOR in the straight line CXII; after one hour the shadow
of I P will be projected in the direction of PIF, iutersecting
ZOR in the straight line CI, and so on. Thus the hour angles
RCI, RCII, &c., being angles at the centre of the circle ZUR,
will be measured as before by the arcs RI, RIZ, &c., and these
arcs are dctermined by the formula already employed ; for in
the spherical triangle PRI, right- angled at R, we have still the
angle RPI=15° and

PR=PQ + QR = PQ + EZ = 90° 4 lat.
Whence, since sin PR =sin P'R = cos QR == cos EZ, we have
tang RI = sin PR tang RPI
= sin PR tang RPI
= cos lat. tang 15°.

Puttmg for RPI, 30°, 450, &.c., we obtain by the same formula
the other hour lizies. Also, 8s in the former case, we may sup.
pose at Z another dial zo Z having its plane coinciding with
ZOR, and providvd with a rod c¢p’ parallel to CP ; and as the
shadow of cp’ will revolve upon the plane % 0 Z sensibly in the
same manner and at the same rate as the shadow CF’ revolves
upon the plane ZOR, the hour angles 12¢ 1, 12 ¢ 2, &c., may be
considered as equal to XII C 1, XII C 17, &c., and may be comput-
ed by the same formula.

43, It is evident that other planes might be assumed and the
angles calculated in a similar manner. But the abeve will be
found sufficient, especially, as clocks -and watches have now
taken the place of dials, and the latter are rendered of little use
except to regulate the former, and afford occasionally an exercise
to a speculative mind. Besides, the horizontal dial is the one that
is commonly employed. 1t is the most convenient, because it re-
quires the hour angles to be drawn only on one surface, In the
vertical south dial, for instance, at the time of the equinoxes, or
when the sun is in the plane of the equator, he riges and scts in
the plane of ZOR and when his declination is toward P, the
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northern face of the plane ZOR is illuminated affer sunrise #H
the sun reaches this plane, and before sunset after passing this
plane. So also in the equinoctial dial; its ptane being represent-
éd by that of the equator, the southern face will be illuminated
when the sun is on the south sidé of the equator, and the north-
ern face when the sun #s on the north side of the equator.

44. After the lines are drawn upon a plane intended for a
horizontal dial, according to the formula above given, it may be
placed in « horizontal position with sufficient accuracy by means
of a Epirit level, or by adjusting’ it in such a manner that water
pat upon it shall not incline more to one side than to another.
" 45, If the dial after being leveled be tarned till the shadow
of the stile falls upon the 12 o’clock hour line, when the sun’s
ventre is on the meridian, or at the time of apparent noon by a
well regalated clock or watch{, the adjustment of the dial is com-
pleted, and this is the most convenient way of determining a
weridian live for a tial. ‘But a more common method is to make
use of two stars that are in the same horary circle or celestial
meridian, and observe the position of a vertical plane that cuts
them at the same instant. It is customary to take for this purpose
the pole star and the first dtar in the tail of the Great Bear,
chliled Alioth}; wivich are on different sides of tlie pole almost

} The error of the clock or watch, in this case, and its rate of
going should be carefully ascertained by astronomical observations.
The method of doing this will be shown in the chapter on the Solu-
tion of ProMews in Spherical Trigonometry.

{ The star Alioth or ¢ Urs2 Majoris may be recognized in the
heavens from its situation in figure 25, relative to the more remarkable
stars in its neighbourhood. The stars thus selected should have the
same right ascension, or should differ in their right ascension 180°.

Right ascension of Alioth, beginning of 1820 191° 32’ 42"

Pole star 14 12 21

. Difference 177 20 21
If the right ascension of the pole star were 2° 39/ 59’ less, the two
stars would he on the meridian at the same time. But as the pole
star revolves around the pole in a circle of only about a degree and
two thirds, an arc of this circle of 2° 39’ 39 would be seen under
an angle of not more than threc or four minutes, which would be
inconsiderable on a dial. The stars « Ophinci and 8 Draconis differ
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diametrically opposite to' each other, and wiith consequently
pass the meridian of any place nearly at the same time. When
therefore these two stars are cut by the vertical wire of a teles-
copet, adjusted to move in a plane perpendicular to the hovizen,
the axis of the telescope is in the plane of the meridian, and by
inclining it toward such objects as are situated in this plane at
a proper distanee, we can note the points that are nacessary for
tracing a meridian line at any time.

When a telescope eannot be procured, two plamb lives nly
be used for this purpbse, as represented in figure 26, being so
disposed as to admit of the twe stars being seen in their plane at
the same moment ; thon the Jine 4B joining their horizontal pro-
Jjections will be a menditn line, ¥

46. We proceed in the constrgction of dials according to the
priuciples of pure geemetry, and upen suppasitions that are net,
strictly speaking, fownded in truth, 1. The natural days, or times
of the apparent revolation of the.sun, not being perfectly equal,
the apparent motinn of the sun from one hour cirele to another
is not precisely uniform, ‘but is alternately accelerated and re-
tarded in the course of the year ; .50 ‘that a dial will, when com-
pared with a good cloek, be feund to Joose and- gain alternately
at the rate of from hslf a ‘minute to a few sgoonds in a day,till the
difference amounts at 8 maximwn to a little more thas a quarter
of an hour. But this departure from a unifortn measure of time
admits of being calculated, and is generally entered upon the
dial in a small table entitled « equation of time.” To explain the
cause of this departure and the method of estimating its amount
at different times belongs to astronomy.

2. We suppose_the apparent revolution of the sun to take

in right ascension only about 6’ (1820), and they are both stars of the
second magnitude, and conveniently situated for an observation of
this kind.

t+ The vertical telescope of a theodolite, hereafter to be described,
is well adapted to this purpose. Also where the latitude of the place
is not known ; by taking with the theodolite the greatest and least
altitude of .the pole star, that is, the altitude when Alioth is in the
same vertical circle below and above the pole, half the sum of these,
corrected for refraction, will give the latitude suﬂiclently accurate
for the construction of a dial,
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place‘in circles paialél. to the .equator, whereas, om account of
bis continual change of declination, except at the solstices, these
daily motions are performed in a kind of -spiral curve that is
constantly inclined mere or less to the menidian, by which the
forenoons falk short of the afternoons from the winter to the
summer solstice, and exceed them :during the rest of the year.
But the error arising from this cause is. not. perceptible in the
small arcs which measure the time near te noon; when the dial
s most-likely to be used. .

8. We make no alowanoe for refractmn. qr parallax, or.the
circumstance of the shadow being detersiped. by the sun’s limb
instead of -his centre. Refracetion.at a mean elevatcs the sun
when in the horizun, about a diawmetar, awd when this takes
place at right angles to the.howr civcles, as at the equator, or’
_ when its whole effect is to accelerate or retard the progress of
the shadow on the dial, it amounts, at the rate of 15° to an hour,
to about two minutes, But this effect diminishes, as the lati-
tude increases, and becomes nothing at the pole. Besides, we sel-
dom make use of a dial, while the sun is less than 8° or 10° abo:e
the horizon, when the refraction, and consequently its influence
upon the time indicated by the dial, is reduced to a small part
of what is above stated. The effect of parallax is altogether
insensible;. With regard to the shadow of the stile on the plane
of the dial, the extreme part of it or rather of the penumbra,
corresponds, in the forenoon for example, to the eastern edge
of the sun, and the extreme part of the perfect shadow to the
western, and the middle of the penumbra will correspond to the

t It is true that the plane of the shadow of ¢ p (fig. 28) is inclin-
ed to that of the shadow of CP, and when the latitude of Z is 0°, the
perpendicular distance of these planes is a maximum, and equal to the
radius of the earth, and the inclination of the planes is equal to the

san’s horizontal parallax (8”). Suppose a plane passing through ¢ p
strictly parallel to the shadow of CP, this plane would make an
angle of 8” with the shadow of cp, There being 1296000” in 360°,

8" would be

8 . .
1256000 ofa clrcumference. If the circumference of the
of 306

. . 8
dial were 30 inches, fi ! ’
vere 30 inches, for example, an arc of 8” would be 1256000

. 8 1
h L]
inches, that is ——— 75300 ¥ 5706 —— of an inch.
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sur’s centre. This defect thepefore may be.in a degred corvect-
ed ; and the others do not exist even in theory at noon, and are,
taken together, inconsiderable for seme time befare aud after
noon ; so that the hours the medt faveurable te accuracy are
those during which we have erdinarily most frequent occasion
to make use of this ingtrument.

Dialling is eonsidered as a projection of tlw spherp, becauss '
the lines €XIT (fig. 28), Ok, traged npon the assumeqd plane, Fig- 23-
are properly projections of the hour circles PR, PJ, &c,, or such
representations of these circles as, referred to the asspmed plane,
would be presented to an eye situated af the ceptre C, While
therefore in orthographic projection the eye is supposed at an
infinite distance, and in stereographic projection at the surface
of the sphere, in gromonic prejection the place of the eye is at
the centre,
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~ . CHAPTER WL .
Of the Solution of Problems in Plane Trigonomeiry.

47. Ruxes have been investigated (7Vig. 32, 55, $8) for the
solution of all preblems that occur in the calculation of lines
near the surface of the earth, where plane triangles only are
concerned. In these cases it will be recollected that of the six
parts of a triangle three parts are required to be known; and
of these one at least mustbe a side, since the same angles may be.
common to any number of trianglest.

Mensuration of Heights and Disiances.

¥ig.27. 48. The distance BC (fig. 27), measured in a direct horizon-

_tal line from the bottom of a steeple, being 200 feet, and the
angle of elevation 4 bc 47° 30, the height AC of the steeple is
easily found. .

As thesinbdc=cos Abc=cos 47° 30 . . . . 9,82968

is to ¢ =200 feet . . R A A A ) 2,30108

80i88in Abc47°80" . vttt vt e e .. 986763

e — —

12,16866
9,82968

to the height 1c=218,26. . ...+ .....2,33808
We have here subtracted the logarithm of the first term from
the sum of the logarithms of the second and third. But a
shorter way would be to take the arithmetical complement (Jlg.
248) of the first logarithm and add it to the two others ; thus,
0,17052
2,30103
9,86763

2,33898
the same as before.

t Of the manner of measuring the necessary angles and sides and
of the instruments that are used for this purpose an account is given
in a note subjoined Jo this part,
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In the solution of this problem we have made use of the theorem,
the sines of the angles are to each other as the sides opposite to these '
angles. We might also apply the rule given for right-angled trian-
gles (Trig. 30), namely, radius is {o the tangent of one of the acute
angles, as the side adjacent to this angle is to the side opposite ; thus,

As radius or sine of 90°... . . . ... ... . 10,00000
BBt BC o ot oenvoonsnnonneesess 2,3108
soistang Abc 47°830" . . o o . o e 0o 0. o 10,08795

to the height 4c=218,26 : . . . .. .+ . .. 235898
if we add to this 6B or cC, the height of the instrument, we shall
have the whole height AC.

49. It is required to find the perpendicular height AC ( fig. 28) Fig. 28,
of a hill, the angle of clevation of which ABC at the bottom is
46°, and the angle 4DC, taken 100 yards further off on a level
with the bottom St°.

Then © ABC— ADC = DA4B,
that is, 46° — 81° =15°,
Hence, a8 sin'DAB = 15° ¢ . o « e o ¢ 200 0o o o 941300
" i8toDB =100 .. ..0000 0. . 2,00000
50i88in I =51° s e e v e e ee e 971184

10 B, vt et it et e e, 2,20884
Then, . .
asradius =sin 90° ... .e.ce.c0 ... 10,00000
TR X : A X1 1:1.Y 7~
80i8SINABLC =46° . ¢ ¢ ¢ ¢ e v s ¢ s s . « 9,85698

to the height AC=143,14 [ . . + . . o . . . 215577

50. It is required to find the perpendicular height of a cloud
or other object, when its angles of elevation, as taken by two
observers at the same time, on the same side of it, and in the
same vertical plane, were 64° and 35°, their distance apart being
half a mile, or 880 yards.

It is evident from figure 28, that this problem may be solved
in the same manner as the last. .

51. From the top of a tower C (fig. 30) 120 feet high, the rig. s0.
angles CAB, CAD, formed by the perpendicular wall and lines
drawn to two objects B, D, situated in the same plane with 4C
being measured and found to be 33°, and 64° 30’, what is the
distance of the two objects B, D2

Fop. 5
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M mdi“s or sin 90. . ® 0 ® & 0 0 0 o 0 0 o e o 10’00000

isto.n0=120feet..o...o.-.-.... 2,07918
BoistansBac==3$° 0.0-.‘;..000..9981252

tOBC=77;93-...oo--..-........l,89170
In like manner DC is found to be = 251,58. Hence
" DC— BC = DB =173,65 feet.

Fig. L. 52! Given BC (fig. 31) = 100 yards, the angle B = 53°% and

Fig. 32.

the angle C = 79° 12/, to find the perpendicular distance AD.
Then 4+B4+C—(B4C)=4,
that is 180 ~ (58° 4-79° 12') = 47° 48' = BAC.
Hence,
AssinB.ﬂU=47°48' 6o s s e e s s e s 9,86970

Arith, comp. . . . 0,18020
isw BC‘——IOO e e 80 o 006 0 0 0 0000 00 00 3’00000
80 is Sin c= 790 ‘2’ @0 00 060 0o 08 00 08 0 0 0 9039224

tO-ﬂB--..on..c----o.o'oo-oo.ggl2244
And

assin P=radius . « e o e ¢ c e e s o+ . 10,00000

isto.ﬂB......o..---o........ 2,‘2244

S0ISSIN B=053" ¢ c e c o s s o envesssoss 990235

tofrD=!os,39. ce et e e e 2,02479
5% “T'he height of an ohelisk (fig. 32) standing on a hill be-
ing required, we measure from its bottom a.distance CD =40
feet, and take the angle ACD =41°, and then measure another
distance CB = 60 feet in the same direction, and take the angle
ABD = 23° 45",

. Now, since the exterior angle of a triangle is equal to the
sum of the interior opposite angles, we have

ACD — ABC = BAC,
that is 41°—28° 45’ =17° 15,

Hence in the triangle BAC.
.As Sin Bdc: 170 15' e« o o e @ e o e o 9,47209

: Arith. comp. . 0,52791
is to the opposite BC=60 . « . « . . . 1,77815
80 iﬂ Bin 4BC =23° 45' e 6 o » o e o o 9,60503

to the opposite side 4C =814 . . « . . 1,91109
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In the triangle 4CD.
AS m + CD = 131’4.9 * o s » o & & o 2’0“53
7,91547
iS to Cﬂm CD = 41,49 e o o o 6 o o v 1’61792

8o is tang ¢ab '; ADC _ tang 69°30° . . 10,42726
N

to tang CJDQ; ADC
And 69° 30’ —42° 24’} =7° 5} = C4D. Lastly, in the same
triangle ACD ;

Assin CAD=27°5% . . . « . « . . »9,565840

0,34160

i8 to CD =40 . . ¢ o o ¢ s+ o s e = 1,60206
80 is Bin JGD_—'- 4l° » ¢ e o s o e o' 9’8'694

= tang 42° 24’-} . s o o 9'96065

todD=5%624 . . . . . + o « o.. 1,76060
53, It is required to find the horizontal distance of an object
4D (fig. 33) that is inaccessible. Angles of elcvation being Figs 33.
taken at C and B, sitiated in a direct line from D, namely,
ACD = 58°;7aind 4BD = 32° and the distance BC being found
by measurement = 100 yards,
we have ACD — ABC = BAC,
or 58° — 32° = 26°,
Then in the triangle 4BC
AssinBAC=26°, « . . + « o & o« o 9064184
iSOBC=100. . « ¢« « « « « &« . o 200000
soissin JBC=32° . . . . . &+ . . . 972421

0AC . « « ¢ « o ¢ v o o o o o o 2,08257
And in the triangle ACD

AssindDC=90° . . « « . . . . . 10,00000
istodC . . . . . « o s e o o 2,08287
so is sin of C4D or cos .QCD—- cos 58° .« o 972421

toCD=64,06yards . . . « . « . . . 1,80658
54. The height and distance of an object O ( fig. 34) on the top Fig- 34
of a hill being required, we mcasure from an assumed station
B a base BN of 642 yards up the sloping ground BG divectly
from O, the points 4, B, N, being in the same vertical plane ;
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then having set up a staff BS of a height equal to that of the
theodolite 4V, we take our station at V, and find the angle of
elevation O4H of the object 0 = 3° 59', and the angle of depres-
sion HAS of the point § = 39', the angle of elevation OPS at B
being 5° 52'; BR and OR are to be found. 'We have

OAH + HAS = 04S, ASP [or 180 — HAS] — OSP = 084,

or
3°59' 4 0° 39’ = 4° 38/, 179° 21’ —5° 53’ = 1758° 29'.
Hence

180° — (048 + 084) = 20§

180° — 178° 7’ =1° 58, .

As sin A0S =1° 53 6 ¢ ¢ o e e o o o 8’51673

. 1,48327
isto#S=642 . . . . e o o o o o o 2,80754
soissin 0484°38' . . + . . . . . . B8,90730

toSO. . . . . . . . . .« < ¢ . 819811

As radius or sin SPO =90° .’ I. a + « 4 10,00000
is to so . [ . L] o L) . . . e ‘e . 3,19811
soissin OSP=5°52 . . . . « . . 9,00951

to 0P= 161’3 ® e o o o 2’20762

'./-/ [ ] L] L] )
Asradiusorsin90°. . . .. . . . . 10,00000
is to So . e . . . LI t . . . L . . 3,19811
80iscos OSP=5°52" . . . . . . . . 9,99772

@

toSP=1569,75 . . ¢« « + « o « o« o 8,19583
The height of the instrument SB or PR being added, we shall
have the height of the point O above the horizontal linc GR.-
55. Let it be required to determine the distance of an inac-
Fig. 29, cessible object 0 (fig. 29) from a given point A or B, when an in-
strument for measuring angles cannot be procured. We take a
point ain the direction 0.4, and a point b in the direction 0B, and
measure each side of the two triangles 4 a B, 4B b, namely

AB = 500 yards
aA=100 Bb=100
.a B=1560 Ab= 550

Then in the triangle A aR to find the angle a 4B (Trig. 38), we
add the three sides together, which gives 1160, and from half the
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sum 580, we subtract each of the sides .4 a, 4B, successively, and
the remainders are 480, and 80, whence

480 log. 2,68124
80 log. 1,90309
500 log. Arith. comp. 7,30103

100 log. Arith. comp. 8,00000 \
Sum 19,88556
e ety
half sum or log. sin } a 4B 9,94268

which answers in the tables 61° 12’ 20" ; therefore
a 4B =122° 24’ 40",

This taken from 180° gives the angle 0.4B = 57° 35’ 20", In
the same manner we find the angle OBA = 64° 51'. The sum of
these 122° 26’ 20", subtracted from 180°, gives the angle

0= 57° 38 40"
from which the sides 410, BO, are easily found.

56. It will be perceived from the foregoing examples, that
where a right-angled triangle is employed, it is necessary to measure .
or have given only one of the acule angles and one side. 'Thus, if
I take a station 1) (fig. 30) directly opposite to the object ., pig, 30,
whose perpendicular distance is required, having measured the
side BD and the angle B, I can'determine the side 4D by one
solution thus,

as sin BADorcos B: BD::sin B: 4D ; or
as R:tang B:: BD : 4D.

But where the case requires an oblique-angled triangle, it is neces-
sary to know either directly or indirectly two angles and a side, or
two sides and an angle. It is common in questions of this kind
to measure, besides a side which is always an element, one angle
in the triangle containing the side or sides to be determined,
together with one of the opposite exterior angles, then the dif-
ference of these will be the other interior angle, as in articles
49, 52. An exterior angle is often found by adding the observed
angle of elevation or depression to 90°. Thus HBS 4 90° ( fig. 35) Fig. 35.
is equal to the exterior angle of the triangle SBR, and BES bcing
subtracted from it we shall have the other interior opposite angle
BSR. The angle 4GB (fig. 88) is found in a similar manuer. Fig. 3.

In questions respecting heights and distances, although we em-
ploy for the most part either vertical or horizontal angles, yet it is

)
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obwicus that the theorems. of trigonometry are equally applicable
to triangles whose planes are incliped to the horizon. In figure
40 for instance, having the angles 04C, 0CJ, and the side AC,
we proceed in finding, the remaining sides, as if it were hori-
zontal or vertical, that is, without having any regard to the posi-
tion of jts plane.. We thus obtain a side of each of the vertical
triangles 40B, C0B. Care should be taken however in meas-
uring an inclined angle that the plane of the instrument have
the same inclination,

What precedes bemg well underqtood, the answers to the fol-
lowing questions will be readily found by means of the figures
referred to.

Fig.35. 57. It is required to find the height of the castle BR ( fig. 35),
above the level of the sea A4S, and its horizontal distance from a
ship S at anchor, the angles of depression HBS, NRS, being
given equal respectively to 4° 52, and 4° 2/, the height of the
castle being 52 fect.

1 Answer, A4S = 3690 feet, and 4B = 314 feet.
58. It is proposed to find the distance between two objects

Fig. 36. 4, B (fig. 36), rituated on alevel, when they cannot be conve-
niently approached. From two stations C, D. also on a level,
we take the angles ACB =37°, BCD = 5:° 20', CDA = 53° 30,
ADB =45° 15, and measure the distance CD = 300 yards.

Answer, 4B =479, 79 yards.

Fig.37. 59, If both the objects 4, B ( fig. 37), can be seen only from
one point D. we take a station C where 4 can be seen, and a
station E where B can be seen, and measure CD =200 yards,
the angle ADC = 89°, ACD = 50° 30’; also DE =200 yards,
and the angle BDE = 54° 30’y BED = 88° 30/, the angle 4DB
being 72° 30"

Answer, 4B =345, 5.

Fig.38. 60. From a window 4 ( fig. $8) near the bottom of a house
supposed to be on a level with the bettom of a church GD, the an-
gle of elevation G.AD of the top of the spire being 40°, and from
another window B 18 feet directly above the former, the angle
of elevation GBE being 87° 30/, it is required to find the height
of the object GD and its distance AD.

Answer, GD =210, 44 feet, and AD = 250, 79 feet.
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61. Being at the atation 4 ( fig. 39), en & horizontal plane, and rig. 39
wanting to know the height of a tower CD, placed on the top of
a hill, we take the angle ‘of elevation JME of the top ef ‘the hill
equal to 40°, and of the top of the tower CAE equal to 51° ; then
measuring in a divect line from the hill 100 yards to B, we take
the angle CBE cqual to 33° 45'.

Answer, CD =46, 67 yards.

62. Suppose the ohject OB (fig 40) to stand upon a horizontal Fig. 40.
plane 4BC, and that 4C is equal to 250 yards, and that the angles
At its extremities are known, namely, 04C=56° 46', OC4 = 62°
54', OAB = 6° 4', OCB =7°6'. What is the height OB, and the
horizontal distances 4B, CB?

Answer, AB =254, 989 yards
" CB =238, 814
OB = 29, 745.
Navigation. ‘

63. THE situation of places on the earth being designated by
their latitude and longitude, that is, by their angular distance
from the equator, and from some assumed meridian, reckoned on
the equator, the situation of a ship with respect to the places she
has left, and those to which she is going, is known, when we
know her latitude and longitude. The method of finding these
that first suggests itself is by astronomical observations. But
as this method cannot always be resorted to, nd is moreover,
particularly in the case of the longitude, attended with labor and
difficulty, it becomes an important problcm to find the change

of latitude and’ longitude corresponding to any given dntance
that a ship sails in any given directiont ; for, when this’

t The distance, or the length of the path described by a ship, is
estimated by observing the velocity of the ship at stated intervals.
The instrument used for this purpose is called the log. The direc.
tion of the ship’s path, or the angle which it nakes with the meridian
is ascertained by the compass, and is technically called the course.
It will be perceived that, from the pnsteadiness of the wind and
other causes, neither the distance nor course admits of the accuracy
with which lines and angles are measured on land. See note on the
description of the compass and log.
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is known, by applying it to the latitude and longitude of the
place of departure, we learn the latitude and longitude of the

place at which the ship has arrived. If the course of the ship
be due north or south, she does not change her longitude, and

_ the.whole distance in nautical miles is to be considered as so

Fig. 41.

many minutes of a degree, and to be subtracted from the latitude
of the place of departure, or added to it, according as her course
was to or from the equator. 1If on the contrary the course of
the ship were on a parallel of latitude, the whole distance is to
be regarded as a change of longitude, which will be greater or
less according to thelatitude of the parallel, To reduce any
arc of a parallel to degrees or parts of a degree, we find the
eorresponding arc of. the equator by the proportion, cusine of
the latitude is to radius, as any portion of a parallel is to that
portion of the equator which is comprehended between the same
meridians (35). Then, calling the miles minutes, as in the case
of an arc of latitude, we have the change of longitude, which
being added to the longitude of the place of departure, ar sub-
tracted from it, according as the direction has been from or to-
ward the first meridian, we shall bave the longitude of the
place at which the ship has arrived.

64. But, as a ship sails for the most part neither upon a me-
ridian, nor upon a parallel of latitude, but in a direction oblique
to these, she is to be considered as changing both her latitude
and longitude at-the same time. If AB (fig. 41) represent the
line described by a shlp, NS being the meridian of the place
from which she sets out, the angle CAB will be the course,
4B the distance, AC her change of latitude, called differ-
ence of latitude, and CB the arc of a parallel of Iatitude inter-
cepted between the meridian of the place . and that of the place
B, and which corresponds to an arc of the equator that meas-
ures the difference of longitude. Thisis called the departure.
Hence if we know the course or angle 4 by the compass, and
the distance 4B by the log, /I€ and CB are easily calculated.
Suppose 4B = 80, and £4B = two points, or 22° 30'. Then

Asradius . . . . « ¢ ¢« ¢ .+ « » o 1000000
is to the distance AB=80 . . . . . . . 1,90309
soissin B=cos d=c0822°30 . . . . . 9,96562

to difference of lat, AC=73,9t . . . .'. . 1,8687t
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-ls h‘il!' " 8 e o o o . . o s e . 10’00000
hhﬂbm‘n = Bo 3 . . . L] (] 1,90809
8o i sin A.comrse..22°80 . . . . . . 9,58284

to departure CB=30,61 . .-. . . . . 1448593
In like manner, if in addition to the right angle C, any two ,
phrts;, of which one is a side, be known, the others are readily
found, The latitude 4C, for instance, being given = 73,91
together with the distance 4B, the course is determined by the
following proportion ; i
As the distance dB=80 . . . . . . . 1,90309
8,09691

is to l‘adills é . L] L] . . . . ., o o . 10,00000
80 is dim lato JC: 78)91 e o o & o o o 1,86871

to sin B=cos A ..cos course.. . 22° 30". . . 9,96562

65. The above method is not confined to portions of the
earth’s surface, which, without sensible error, may be consider-
ed as planes, but is applicable to routes of any extent, in which
the course remains unchanged. The path described by the ship
becomes in this case a curved line, since it makes with each
successive meridian the same angle. Let . (fig. 42), B, be two Fig. 42
points, upon two contiguous meridians. Let 4B, BR, be drawn
to the northeast, or other point of the compass, to denote the
course of the ship at these points. The angles BAP, RBP, are
equal. Now the arcs BP, 4P, are not parallel ; on the contrary
they converge' and meet at P; therefore the angle PBQ is
greater than P.AQ, and consequently greater than PBR. There-
fore, since BR makes the same anglé with the meridian that 4B
makes, the parts 4B, BR, of the path described by the ship are
not in the same straight line nor in the same plane{.

66. Let JIB (fig. 45) be any part of a rhumb line, PBMN, Fig. 3.
PAM, the extreme meridians, N the equator, PCK, PEL, two

t A line drawn in such a manner as to make the same oblique
amgle with each successive meridian is not an arc of a great
circle, or of any other circle, but is a peculiar kind of curve that
approaches the pole continually in a sort of spiral, without ever
reaching it. It is called a rhumb line or loxodromic curve.

Top. ; 6
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contiguous meridians cutting AB in the two points C, E. If
from the pole P we draw the arcs BS, CD, parallel to the equa-
tor, it is evident that, if B be the path described by a ship,
A8 will represent the corresponding difference of latitude, and
MN the difference of longitude, made in passing from 4 to B.
Accordingly, if EC denote the space passed over in a moment
on the rhumb line 4B, DE will represent the change of latitude,
and LK the change of lougitude in the same time. Now, as the
triangle CDE, right-angled at D, is indefinitely small, it may be
regarded as a plane triangle. If then we suppose the line 4B to
be made up of parts equal respectively to CE, and each of these
parts to be the hypothenuse of a right angled triangle like CDE,
it is manifest that these triangles will be equal among themselves,
since, beside the right-angle and hypothenuse being the same in .
all, they have each an angle equal to CED. It is readily
inferred therefore, that the sum of all the hypothenuses CE, or
the whole line 4B is to the sum of all the sides DE, or the whole
change of latitude, as one hypothenuse CE is to the correspond-
ing difference of latitude DE (Geom. iv). Now since CDE is a
. plane triangle, it is similar to any other plane triangle having
~ the same angles. Accordingly, if we construct a right-angled

plane triangle HGI, baving the angle & equal CED, this trian-

gle will be similar to the triangle CDE (Geom. 74), and we shall

have ‘ _

GH: GI :: EC: ED.

But EC:ED:: 4B: 4S;

whence GH: GI :: AB: 48S.

Consequently, if we make GH equal to the length of the route,

or distance 4B (Geom. 142), GI will be the corresponding dif-

ference of latitude.

Therefore, notwithstanding the path described by a ship is a
curced line, ifwe construct a right-angled plane triangle having the

- hypothenuse equal to the distance, and one of the acute angles equal
to the course,ethe side adjacent to this angle will be equal to the
difference of lati'ude.

67. It remains to determine the change of place east or west,
answering to any given course and distance. It is evident that
this is CD for the indefinitely small route EC. Now, if we sup-
pose, as above, triangles equal to CED, corresponding {o the
several parts of 4B, it will be seen, as in the former case, that
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the sum of all the hypothenuses EC, or the whole distance 4B,
is to the sum of all the sides CD, or the whole change of place
east or west, as EC is to CD; or, on account of the sumlanty
of the triangles CED, HGI, as GH is to HI.

Accordingly, if we make a right-angled plane triangle having
the hypothenuse equal to the distance, and ont of the oblique ungles
equal to the course, the side opposite to this angle will be equal to
the departure or the change of place east or west.

68. The two propositions above given hold true, whatever be
the distance to be reduced. Although this distance and change
of place east or west be curved lines, it is not less rigorously
exact to represent them by the sides of a right.-angled plane
triangle. But we should fall into a mistake if, finding that GI
is equal to A4S, we should couclude that HI is equal BS. HI
indeed is equal to the sum of all the small arces CD, which sum
is greater than BS, since CD is greater than 0Q. Moreaver, if
from the pole P we describe the arc AR, it will be perceived that
HI, or the sum of the small arcs CJ), is less than AR.

69. When we have determined the change of place north or
south, it is easy thence to deduce the difference of latitude ; for,
since this change takes place in a great circle, we have only to
consider every sixty nautical miles as so many degrees, and to
call the remainder minutes.

70. As to -the difference of longitude we camnot so readily
dedace this from the change of place east or west; for, as we
have just seen, the sum of the small arcs CD is greater than BS
and less than 4R, If we knew the latitude of an arc preciscly
equal to the sum of all the arcs CD, it would be casy thence to
determine the arc MV the difference of longitude (35). Indeed
this sum of the arcs CD does not materially differ from TV, the
middle parallel between AR and BS, except when the distance
4AB is great, or occurs in high latitudesi. When, therefore,
we have found the difference of latitude GI, if we add the half
of this to the less latitude AM, the sum will be equal to MT, the

+ If AB, the distance to be reduced, be 600 m%les, the greatest
error of the above assumption would amount to a little more 1’4 ngar
the parallel of 45°, it would be 4’ towards the parallel of 60c, and
322 near the parallel of 75°, and these errors vary according to the
cube of the distance.



44 JApplicatian of Prigovomeiry.
latitude of the middle parallel ; we then obtain the diffevence of
longitude by the following propartion; as the cosine of the
Iatitade MT of the middle parallel is to radius, so is TV, equab
nearly to HI, the sum of the arcs €D, to the number of miles, ap
minutes in the arc V. In other words, we camstruct a right-
Fig. 44 angled triangle BCD { fig. 44), having' the angle OBD:equal to
the latitude of the middle parallel, and the side BC-adjacent to
this angle equal to the number of miles in K (Geom. 142),%and
the hypothenuse BD is the valup of the are MMV; for, by the
common theorem af trigonometry, - . . -
sin BDC orcos CBD: R:: BC: BB, -~

and, by what has been shown above, _
cos mid. lat. : R : : dep. : diff. long. ; al
_therefore BD is the difference of longitude in miles or minutes.
71. But the difference of longitude may he obtained more cor-
rectly and in a manner adapted to all distances and latntudes..
By what has already been proved (85,37)
Fig. 43. CD: LK :: cos LD B (fig. 43)
R :sec LD.
Moreover the right angled-tnangle CED nges
ED:CD:: R :tang CED. (Trig. 30);
and by taking the product of the corresponding terms,, we have.
ED.: LK :: R? : sec LD tang CED; .

whence
LK = ED X sec ;1:) tang CED
_EBDsec LD tang CED -
- =T=® X—=m
Bu tl’w'——;—c—]}—pexpresses the magnitude to be allowed to the

parts ED of the meridian on Mercator’s chart (87) ; by adopt-
ing the same reasoning for the arca CD corresponding to the
different. parts of 4B, we arrive at the. conclusion, that the swm,
of all the arcs LK, or MW, is equal tg the sum of all the meri-.
dioual parts of the difference of latitude 48 multiplied by
ta——-.—-—----—-ng gED, that is, multiplied by the ratia of the tangent of the.
course to radius. We hence derive this simple rule for finding,
the difference of longitude. Radius is to the tangent of the course

- "-"

r
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as the dafference of latitude on, Mercuion’s eharty is fo the difference
of longitude.

73. If we constryct a ught-ungbd triangle GK'L’ having the
angle 6 equal to the . course, and the side 6'K” equal to the dif-
ference of latitude on Mercator’s chart, or the meridional dif-
ference of latitude, the side K”E' will be the difference of longi-
tude ; for by trigonometry,

R:tang K'GL :: 6K : K'E,
and, by what is above shewn,

R : tang course :: mevid. diff. lat.": diff. long. -
Therefore K'L' is the difference of longithde. This being
added to the longitude of the place of departure, or sub-
tracted from-it, according as the route has been from or toward
the first meridian, will give the longitude of the place at which
the ship has arrived.

7S. Moreover from the similarity of the triangles GIH,
GK'L', we have the proportion -

GI:IH:: 6K : K'L,
that is,

diff" lat. : departure.: : merid. diff. lat. : diff. long.
74. Let now the following question be propesed. A ship.in
latitade 47° 23’ N. and longitude 10° 177 W, from Greenwich
sails 126 miles in. a direction S. W. by W, that is, making an

angle with-the meridian of 56° 15’ ; what is the latitude and lon- .

gitude of the place at which she arrives?

We in the first place construct a triangle 4BC (fig. 45), hav- Fig: 45.

ing the angle & equal to the course or 56° 15, and the side 4B
equal to the distance 126 ; BC will then represent the departure,
and AC the différence of latitude. These are found as before
(64), in the following manner,
AgsinC=radius . . . . . . . . o 1000000
istoAB=126miles . . . . . . . . 2,10037
soissing..56°15" . . . . . . . . 991985

t BC= departore =104 miles: . . . . 29,0202

+ This dlﬂ'erence of latitude on Mercator’s chart is- called meri-
diongl. dgﬂ'enence of latitude. It should be. observed that, if the
two extreme latitudes 4, B, be one north and the other south,
the sum of the latitudes on Mercatar’s chart ia to be taken instead of
the difference. ~
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Asthesineof C=radins . ... . . . 10,00000
is tO ﬂB: 126 . e« o . e o o . * o * 29]0037
sois sin ABC=cos A.. 56° 15 , . ., . 9.74474

to MC=diff. lat. =70 miles = 1°10" . . . 1,84511

Subtracting 1° 10’ from 47° 28’ we have 46° 13’ for the latitude
of the place at which the ship arrives ; and by adding half of
1° 10’y or 35, to the less latitude 46° 15, we have 46° 48' for
the middle latitude between the two places 4 and B,

We next draw BD making the angle CBD equal to 46° 48,
the middle latitude. The line BD will then represent the differ-
ence of longitude, and is found thus, '

As the sin D = cos CBD =cos 46° 48’ , . . 9.83540

. 0,16460
s to the departure = BC =104 miles . . . 2,02022
so iS Bil’l C - l‘adills e o o e e 8o e o 10-00000

to BD the diff. of long. =153 =2°33" . ., . 2,18482

As the direction in which the ship sailed is from the first,
meridian, this is to be added to 10° 17, the longitude of the place
of departure, which gives 12° 50' W. for the longitude of the place
at which the ship arrives. -

75. The two right-angled triangles JBC, CBD, may be con-
sidered as forming one oblique-angled triangle in which 4B is
the distance, . the course, BD the difference of longitude, and
D the complement of the middle latitude, Consequently, any
three of these being given, the fourth may be immediately found ;
thus, in the above example, omitting the proportion for the de-
parture, we might proceed directly to find the difference of
latitude, and thence the middle latitude, the complement of which
would be the angle D. Knowing, therefore, the angles 4 and
D, and the side /B, we obtain the difference of longitude by the
following proportion : ' ’

As sin D=cos CBD ... mid, lal., ... 46° 48' . 9,83540

» 0,16460
isto AB=distance=126 . . . . . . . 2,10087
soissinsd...course...56°15 ., . . . 9,91985

to BD - diﬂ: lons- =158 . . . . ¢ s e 2,18482
as before.
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"It will be perceived that in the right-angled triangles A4BC,
BCD, any two of the parts of which we have been speaking
being known in one, and one part in the other, the right angle
excepted, the rest may be found. '

76. To perform the above question by the principles of Mer-
cator’s chart, we take D (fig. 46), equal to the meridional Fig s
difference of latitudet ; .we then draw DE parallel to BC and
meeting 4B produced in E. DE will be the difference of longi-
tude, and is thus found,

Asradius . . . . oo ¢ ¢« + .+ « . 1000000
is to tang B ...course....56°15 ., . . 10,17511
80 is 4D = merid, diff. lat. =103 . . . . 2,01¢84

to DE diff. of long. =154 =2°84' , . . . 2,18795
‘When the departure and difference of latitude are known, and
not the course, we have the proportion (73),
As AC=proper dif. lat. =70 . . . . . 1,84511

————

8,15489
is to Bc = llepal't(ll‘e = 104 ® o o s o o 2,02022
80 is 4D = merid. diff, lat. =103 . . . . 2,01284

to DE =diff. long.=2°3¢ . . . . . ., 2,18795 '

77. It is scarcely necessary to observe, that in this case, as
in that of former solutions, any two parts besides the right
angle (provided these two be not the other two angles) being
given, the remaining parts may be found ; thus, let the latitude
and longitude of any two places, either at sea or on land, be
known, and their bearing and distance are readily determined.
Suppose the two places to be, for instance, the southernmost
point of land in England called the Lizard, in latitude 49° 57/
N. longitude 5° 15" W. and the island St. Mary, one of the
Azores in latitude 36° 57’ N. longitude 25° 9’ W,

Lat. Lizard ~ 49° 57/ N. mer. barts 3470  long. 5° 15’ W.
Lat. St, Mary 36 57 N. mer. parts 2389  long.25 9 W.
Diff. lat. 13 0= 780 mer. diff. lat. 1081 diff. long. 19 54 1194

1 The meridional difference of latitude may be taken from a table
>f meridional parts, calculated in thc manner described in article 38,
3ee table of JMeridional Parts at the end of this volume. Or it may
se found by means of the line marked Mer. on Gunter’s Scale.
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Fig. 46.  Construct the triangle ADE {fig. 46) making 4D = 1081, the
meridional difference of latitude, and DE perpendicular to
JAD = 1194, the difference of longitude, and join AB. The
.angle DAE will be the course, or bearing of St. Mary from
the Lizard, and is found thus,
" AsdD=1081 . . . . « . « . . . .85,03883

‘ . 6,96617
iS to DE = 1194 e e o o e e v v o @ 3,07700
goisradius « ¢« . . ¢ . 0 o o o @ 10,00000

to the tang DAE = bearing . . 47° 51’ . . 10,04317
If now from 4 we set off 4C = 780, the proper difference of lat-
itude, and through C draw CB parallel to DE, we shall have
4B equal to the distance of the above places from each other, by
the proportion ( Trig. 30),.
Asndills'c » ® o °o & 9 o s e o .10,00000
istotheseccourse ... 4...47°15 . . . 10,17323
goisthe diff. lat. = 4C =780 . . . . . £,89209

to the distance =AB=1162 . . . . . . $,00532

78. In resolving the several problems of this chapter we have
given only the method by legarithms. Where great aecuracy
is mot required, the operation may be performed very expedi-
tiously by means of the lines on Gunter’s Scale. Similar re-
sults also might be obtained by geometrical construction. When
the given parts of a triangle are such as admit of the others
being calculated by the rules of trigonometry, the triangle may
be constructed (Geom. 141, &c.), and the part sought, if it be a
side, is found by taking it in the compasses and applying it to
the scale of equal parts, used for the given side or sides. If the
required part be an angle, the degrees and minutes contained in
it are determined by either of the rules for measuring an angle.

Fig. 46. Thus, in the triangle ADE (fig. 46), coustructed as above
described, the angle 4 is found by taking fromm the scale of
chords the chord of 60° or radius, and describing from the
centre 4 an arc, meeting the two sides 4E, 4D, produced if
necessary, and then applying the chord of the contained arc to
the same scale of chords (Geom. 136).
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79, The foregoing principles and examples being well under-
stood, the learner will be able withoat difficulty to solve the fol-
lowing questions,

1. A ship in latitude 16° 385’ 8. sailed N. E. } N. 540 miles.
Required the departure thus made, and the latitude of the place
at which she arrives.

Ans, Departure 342 mllea, latitude 5° 38’ S.

2. 'I'he difference of latitude between two points is 441 miles,
and the course 8. W, by W. Required their distance asunder,
and the departure.

JAus. sttance 798,8 mls. departure 660.

3. A ship from Cape Clear, in latitude 51° 18’ N. and longi-
tude 11° 15" W. sailed S. E. 1 8. 480 miles. Required the lati-
tude and longitudo of the place at which she arrives.

-+ JAns, Lamude 45° 22’ N. longitude 5° 9' W,

4, A ship fi Bavunne,\m latitude 43° 29’ N, and longitude
1° 30' W. sailediN. W. 1 N. and‘ by observation is found to be in
latitade 51° 31’ Iﬁ Required the distance sailed, and the longi-
tude of thé place at which she arrives.

Jns.  Distance 623,5 mls. longitude 11° 17" W,

5. It is required to find the bearing and distance from Land’s
End to the island of Bermudas, the latitude of the former being
50° 06’ N. and the longitude 6° 00’ W. and the latitude of the
latter phace S1° 20' N. and the longitude 64°48' W,

JAns. Bearing 8. 66° 55’ W. distance 2872 mls.

6. A ship from Conception in latitude 36° 43’ S, and longitude
72° 40’ ‘W, sailed upon a single course between the north and
west till she was found by observation to be in latitude 29° 38"
S. having made 324 miles departure. Required her course,
distance, and longitude.

Jns. Course 87° 19/,
Distance 554 miles,
Longitude 79° 07" W,

Beside the problems in navigation now resolved, there are
others of the greatest importance, which depend upon the princi-
Ples of spherical trigonometry. These will be found in the next

chapter.
7

N
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Miscellancous Questions to be solved by the rules of Plane Trigo-
nomelry.

Fig.47. 80. 1. LeT 4 (fig. 47), C, be two stations on a sloping
ground, distant 410 yards, O an object on the top of a hill ; the
following angles being found by observation, namely, 0C4 =
79° 29, 04C = 63° 11/, and the angles of elevation at .£ and C
6° 36' and 5° 22" respectively, it is required to calculate the
height and distance of the object from each station.

Jns. 4G = 660,302, CB = 600,728,
OB = 56,481, 068 = 76,4,
2. It is required to find the distance at which the Peak of

Fig. 48. Teneriffe may be seen at sea, its height 4B (fig. 48) being 21
statute miles; and the diameter of the earth BE 7916.

Jns. 135 milest.
8. The top of a mountain being seen in the horizon at the
distance of 154 miles, what is the height of the mountain 2
Jdns. 8 milest,
4. The bearing of Boston light-house from Harvard Hall in
Cambridge, being 8. 74° 29’ E. and the distance 12} miles,
required the latitude and longitude of the light-house, the lati-
tude of the above building in Cambridge being 42° 25’ 28" N,
and the longitude 71° 07’ 25” W. from Greenwich.

Fig.49. 5. From a ship under sail, an island (fig. 49) is observed to
bear N. 22}° E. and after proceedmg N. 673° W, 20 miles, the
bearing of the same island is found to be N. 56§° E. The dis-
tance from each place of observation is required.

_ JAns. AC 29,93 miles and BC 36 miles.
6. It is required to find the distance and bearing of the city
of Washington from Boston, the latitude of the former place
being 38° 58’ N. and longitude 77° 2' W., and the latitude of the
latter 42° 22’ N, and the longitude 71° 4,

+ No allowance is made in these solutions for terrestrial refraction.
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. CHAPTER IIL
_ Of the Solution of Problems in Spherical Trigonometry.

81. THE learner has already been made acquainted with the
rules necessary for the solution of the cases that eccur in NMau-
lical Astronomy (61). The principles also upon which tha lines
of the celestial sphere are represented have been taught in the
chapter on projections. More particular details relating to the
construction of spherical triangles may be found in the note on
the Description and Use of the Scalet.

" 82, Given the sun’s declination-equal, for example, to 13° 12
N. to find his longitude and right ascension, the obliquity of the
ecliptic being 23° 27’ 57",

The solstitial colure NESQ (fig. 50), being sssumed as the Fig. 50.
primitive, the equator and the ecliptic will have their poles each Y .
. in the circumference of the primitive, and, being great circles, wii  §
be represented by the straight lines EQ, o5V "passing through -
the centre of the primitive, and making the angle A% ® equal .
to 23° 27’ 57", the obliquity of the ecliptic (18). Draw the small
circle m n at the distance of 12° 12’ from EQ, or 77° 48’ from M,
the pole of EQ (18), and through ®, the intersection of zv3
and m &, draw the celestial meridian MO S (fig. 14, 15). In the Fig. 1:
trumgle 4O %, right-angled at 4, we shall have A% ® equalto
28° 27’ 57,” the abliquity of the ecliptic, and 4@® equal to 12° -
12, the sun’s declination, to find 9 ©, the sun’s longitude or dis-
tance from Aries reckoned on the ecliptic, and 4, the sun’s
right ascension or distance from Aries reckoned on the equator.

To compute the first of these quantities, the three circalar parts
in question are 4Q®, coP O, codPQ (Trig. puge 63). SO being
separated from the other two, this is the middie part, and the
other two opposite parts ; whence

t It is supposed in what follows of this chipter, that the student
has some kmiwledge of astronomy, and particularly of the technical
language of the science.
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B sin 4@ = cos (co P Q) cos (co Ay @) =sin PO sin 49O,
which gives the proportiont
sin 4y © .. obliquity ....28°27' 567" . . 9,60010

Arith. comp. , . . 0,39990
istoR . ¢ s o & s s s s o ® e 10,00000
as sin AQ . . declination.. 12°12' . . . 9,32495

is to sin *® . . longitude . . 32° 08’ 09" . . 9,72485
83. To find the right ascension, 4 the three circular parts

are co @4, vJ4, and 40, of which neither being separated
from the other two, since the right angle is not considered as
disjoining those between which it is placed, 9. is the middle
part, and the other two are adjacent parts ; whence
" Rsin 94 = tang (co © P 4) tang AG =cot @ pAtang 4O 5
and to find 9.2 we have the proportion

R . . %V . ¢ oo v oo oo« . 1000000

is tocot @ P4 .. obliquity , . 23°27' 57" , 10,36241

as tang #® . . declination .. .12° 12", . ., 9,53447

is to sin P4, . right ascension 29° 52’ 20” . 9,69728

If this be converted into time at the rate of 15° to an hour, we
shall have for the right ascension in time 1* 59’ 29",

84. It will be observed that as the sun’s declination is the
same four times iu the year, namely, at equal distances each
way from the equinoctial points, the same declination answers
to four different situations of the sun, as to bhis longitude and
right ascension. When the declination is given, therefore, it is
necessary to know the time of the year or the part of the eclip-
tic, at which it takes place, in order theuce to determine the sun’s
longitude and right ascension. Thus, while the sun is meving
from P to g5, or is in the first quadrant of the ecliptic, the lon-
gitude is ¥ ® , and the right ascension ¥4, as above given.
When, however, the sun has passed the solstice g5, and is
descending toward =, the computation having reference to the
triangle 4= @, gives = @, =, the distance of the sun from =,

1 It will be observed that the proportion must begin always with
that term of the equation which is multipled by the term sought.
The three first terms then become known terms, and the last the
term required. :
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the supplements of which, or what they want of 180° will be
the distance of the sun from ¥, or the longitude and right ascen-
sion respectively.

‘When the san has passed = and is descending toward v$, the
computation relates to the triangle = a @, and the quantities
= @, = a, are to be added respectively to 180°, to obtain the lon-
gitude and right ascension reckoned from ¥.

Wiien the sun has passed v3 and is ascending toward ¥, we
make use of the triangle ®a@®, and the arcs ¥ @, ¥a, found as
above, are to be taken from 360°, and the remainders will be the
longitude and right ascension respectively.

85. It will be perceived-that in the triangle 4% @, above men-
tioned, any two parts beside the right angle being given, the
rest may be found. If, for instance, we had the longitude
% © = 32° 03' 09", and the obliquity of the ecliptic 4P @ = 25°
27’ 57", we might proceed to find the declination and right ascen-
sion. Thus

To find the declination 4@, the three circular parts being
co AP @, co Pe and 4@, the middle part is 4@, and co
4P @, co P E are oppasite’ parts ; whence
R sin 40 = cos (co AP @) cos (co PO) = sin AP O sin O,
and

R . . . ¢« ¢ v o v o s« s o o . 1000000
is to sin AP @ .. obliquity .. 25°27' 57" ., 9,60010
as sin PO .. longitude .. .. 32° 03" 09", ., 9,72485

is to sin 4@ .. declinatiop..12°12'. ., . 9,52495
To find the right ascension .4, the three circular parts being
Pd, co AP O, co PO, co AP@ is the middle part, and v,
co P @ adjacent parts ; whence -
o Rsin(co 4P 0O)
or R cos 4P @ = tang P4 tang (co P O) = tang PAcot PO,
and

cot PO ..longitude ..........52°08 09" 10,2038S

9,76667
iBtoR . . . . . .. 4 ¢ v . . . 10,00000
as cos 4P @ .. obliquity .. .....23° 27 57" 9,96251

is to tang P4 . . right ascensiont , . 29° 52’ 15” 9,75918

t This result differs from the former by 5”. They will be found
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86. 1, Given the sun’s declinatien 17° 16’ N. increasing, o find
his longitude and right ascension, the obliquity being as above
stated 23° 27’ 57",

Jns. Sun’s longitude 47° 35', and right ascension 45° 07’,

2. Given the sun’s right ascension 134° 54/, to find his longitude
and declination, the abliguity of the ecliptic being 23° 27’ 57",

- Jns. Sun’s longitude 4* 12° 26/, declination 17° 06' N.

87. The latitude of the place equal, for example, to 42° 23’ 28"
N. and the sun’s declination, being given, to find the time of
rising and setting of the sun on the 21st of June.

Fig.5L.  Taking the meridian ZHN" 0 (fig. 51) as the primitive, the

equator and horizon will be represented by the straight lines
EQ, HO, passing through the centre of the primitive, and making
the angle E ¥ H equal to the complement of the latitude, VS per-
pendicular to EQ will represent the 6 o’clock hour circle, or the
meridian perpendicular to the meridian of the place ZHNO.
The small circle nm, drawn parallel to EQ and 23° 27’ 57" dis-
tant from it, will represent the apparent path of the sun on the
21st of Jume. @ will be the place of the sun at sunrise, and n
his place at noon. Accordingly the hour angle ® V=%, or the
arc On, or which is the same thing as to the number of degrees,
JE, converted into time at the rate of 15° to an hour, will give
the time of sunrising and sunsetting from noon. But ¥ E being
90° is equivalent to 6 hours, It is only necessary, therefore, in
solving the above problem, to find the arc 4P, called the ascen-
sional difference. Now in the trigngle 4® P, right-angled at J4,
we have 4P ® equal 0Q or EH, the complement of the latitude,
and A@ the sun’s declination, to find A%, In this case we have
AP for the middle part, and co AP ®, 4O, for the adjacent parts,
‘Whence
R sin 4¥ =tang (co 4P O) tang 4O = tang NP 0 tang 40,

and

R ¢ ¢ ¢ ¢ ¢ ¢ ¢ o« s ¢« « « « o 10,00000

is to tang NP0 ..lat. ....42°28 28" ., . 9,96040

astang 4@ ..declin. ...23°27'57" . . 9,63759

is to sin AP .. asten. diff. . . 28°20°42" . . 9,59799

to agree, however, when logarithms-are employed to seven places of
declimals insteac of five.
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In tho precoding solutiens, by taking radius into considera-
tion we veduce the operation for the answer to the.form of a pro-
portion, analogous to what takes place in most of the cases of
plane trigonometry. The same resalt might be obtained more
concisely by following the rule in italics (Trig. page 64). Thus
in the above preblem, for example, we have
sin 4P = tang (co 47 @) tang 4O = tang NP©O tang 40,
or, by takmg the logarithms, - -
log. sin 4% = log. tang AP ® + log. tang 40,
thus, :
tang PO ..lat. .. .. 42°29'28" , . , . 9,96040
tang 4@ .. declin, . . . 23°87/37 . . . . 9,63759

sin AP .. ascen, diff. .. 23°20'42" . . . . 9,59799

The arc 23° 20’ 42" being converted into time at the rate of
15° to an hour gives 1* 33’ 33" nearly for the time the sum
rises before and sets after 6 o’clack, on the longest day. Hence

6b — 1b 35’ 23" = 4» 26’ 37" time of sunrising,

6b 4 1k 33/ 23" = 7 33’ 25" time of sunsetting,
78 38 23", the time of sunsetting, being the time from noon, or
half the day, if this be doubled it will give 15 06’ 46" for the
length of the longest day. Also 4° 26’ 37", the time of sunris-
ing, being the time from midnight, if this be doubled it will
give the length of the shortest night, at any place whose lati-
tude is 42° 23’ 28",

88. Moreover, if we draw the parallel of declmatmn rs
23° 27’ 57" south of EQ, we shall have B® % equal to 4@ ¥ ; and
% B, equal ¥4, converted into time, shows how long it is after
6 o’clock before the sun rises, and how long before 6 the sun
sets. 'The longest night and shortest day, therefore, become
equal respectively to the longest day and shortest night, as
before found.

It will be perceived from what is above shown, that when the
latitude and declination are hoth north or both south, the sun
rises hefore and sets after 6 o’clock ; but when one is north and
the other south, the sun rises after and sets before 6.

89. We bave seen that #m and rs represent the apparent
path of the sun, when at its greatest declination north and south,
and that mE weasures the time from midnight to sunrise, or

_half the night, and r® the time from sunrise to noon, or half
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the day. Consequently, when Q0, the complement of the latitude,
is less than 4® or @Qm, the declination circles, # w and r s will
not touch the horizen HO. In such a case, therefore, when the
sun is in nm it will not set, and when it is in rs’it will not
rise, But this can happen only to those places whose polar dis-
tance is less than the sun’s greatest declination 23° 27' 57",

90. It may be observed, that as O is the north point of the
horizon, ¥ is the east point, and ¢ © is the sun’s amplitude or
distance from the east at the time of rising, and from the west
at the time of setting. This arc of ‘the horizon ¥ ©® belonging
to the triangle P10, already employed, we have for the circu.
lar parts co AP O, co ¥ @ and JO, of which 40 .is the middle
part, being separated from the others by the angle v ., and
cos (co 4P @), cos (co P @) are opposite parts. Wheoce
sin 4@ = co8 (co AP @) cos (co PO) = sin AP O sin PO.
Dividing both sides by sin 4% ©, we bave.

. sin 4@
sin PO = m,
or, by taking the logarithms, ’
- log. sin ¢ ® =log. sin JO — log. sin 47 O
thus,
8in 40O ... declin....23°27 57 ., . . . 960010
sin AP0 .. colat...47°36"32" . . . . 9,8683Y

sinP© .. amplitude . . 32° 37 35" from N. . 9,78171

In the triangle ¥4 any two parts beside the right angle
being given, the rest- may be found. Let the sun’s. amplitude,
for instance, be supposed to be known equal to 32° 37’ 85" from
the north, and his declination equal to 23° 27’ 57" N. to find the
latitude and time of the sun’s rising and setting.

dns. Latitude 42° 23’ 28" N,
“Time of sun’s rising 4* 26’.87",
Time of sun’s setting 7 33’ 23",

At London in latitnde 51° $¢" N. the sun’s amplitude being
found by observation equal to 29° 48’ from the north, what is the
sun’s declination and time of rising and setting 2

Ans. Sun’s declination  23° 27’ 59" N,
Time of sun’s rising 3* 47’ 32",
Time of sun’s setting 8* 12’ 28". .
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90, Required the azimuth and time of rising asd setting of
Arcturus at’ Cambridge, in latitude 42° 29’ 28” N. Awgwst 1,

1820, the declination of the star being 20° 07’ 28" N. ( fig. 52), Fig- 52.
and its right ascension 14* 7/ 28", and the right ascension of the
sun gt 43* 59°,

The learner will procéed in this case to find T A as before.
This reduced to hours, minutes, &c. and added to 6®, will give
the time in which the sfar passes from the horizon to the
meridian.” Bat the star crosses the meridian 14* 7 28” — gh'45*
59”, or 5*'21’ 29" after the sun, that is, at 5% 21’ 29" P, M.
Consequently the above time subtracted from this (increased by
12%), will give the time of the star’s rising, and added to this,
will give the time of the star’s setting. '

Jdns. Star’s azimuth 62° 14’ " from the north,
time of rising 10% 03’ 20" A, M.
time of setting 124 39’ 38” P. M.,

91. The above method may be employed to find the time of
rising and seiting of the moon and planets, But when the
change . of declination is considerable in a short time, as is the .
case especially with respeet to the moon, and with regpect to the
sun when near the equator, the declination should be ascer-
tained near the time of rising and setting of the bedy in ques-

h“ < .

92. Given the latitude of the place equal to 42° 23' 28,” amd -
the sun’s declination eqmal to 23° 27 877 N. to find the sun’s .
altitade and azimmséh at 6 o’clack.

The meridian ESQMN ( fig. 33), the equator E Q, &c. being des- rig. 53.
cribed as in figure 51, the declimation circle s m will cut the 6
o’clock hoar circle M9 in @, the sun’s place at 6 o'clock.
Threugh ® describe the azimuth circle ZOAN" cwiting the
horizon in 4.

En the triangle ‘PJI@, right-angled at . we shall have
4F @ = the latitudé, % © = declination, to &nd .4 © the akitaile,

In this case 40 is the middle part, aml ce AP Q, co PO oppoo
site parts. Whence

sin 4@ = cos (co A9 ©) cos (co P e).:da&‘?@ sin ¥ @,
and, taking the logarithms,
log. sin 4® =log. sin 4P O + Jeg. sin ¥,
thus :

. Top: 8



58 Application of Trigonomeiry.
sin AP® . +..lat. ... 42°28'28" ., , . . '9,82878
.. sin PO ....declin,..23°27' 57" . . . . 9,60010

sinde ..alt...... 15°34'22" . . . . 9,42888

1t is evident, moreover, from the above construction, that the
angle OZ4, or which is the same thing, the arc 04, is the sun’s
azimuth, or angular distance from the north. Accordingly, if
we find P4 in the above triangle ©A4®, and subtract it from
90°, we shall have O4 = sun’s azimuth at 6 o’clock. The three
circular parts in thig case are P4, co 4P O, co ¥ @, of which
co AP @ is the middle part, and P4, co ‘PO, adjacent parts.
Whence

sin (co AP Q@)

orcos.d‘PO = tang P4 tang (co ¥ ©) =tang PAcot PO

cos AP O

or tang PA=———= wiTO

and, by logarithms,

log, tang P4 =log. cos AP O — log. cot. ¥ 0O,

thus, : '
cs AP ...lat.. . ... 42°23'28"" . . 9,86839
cot PO ... declin. . .. 28°27 57" . o 10,36241

tang ¥4 .. co-azimuth...17° 46 35" . . 9,50598
consequently 90° — 17° 46’ 85” = 72° 18’ 25" = sun’s azimuth
at the above place and time,

03. It is obvious to remark that, as the declination ‘PO
increases, the altitude 4© of the sun at 6 o’clock increases also,
and the azimuth O4 diminishes. While on the contrary, the de-
clination decreases, the reverse takes place, till the declination
becomes nothing, when the -altitude at 6 o’clock is nothing, and
the azimuth 90°; that is, at the equinoxes the sun rises in the
east and sets in the west at 6 o’clock.

‘94, In the above solution the latitude and declination are
both of the same kind, namely, north. The same will evidently
hold true, when they are both south. When, on the other hand,
onc is north and the other south, we shall have a®, equal 40,
equal to the depression of the sun below the horizon at 6 o’clock ;
" and a P, equal AP, equal to the complement of the sun’s azimuth,
reckoned from the south point H of the horizon. Thus the sun
is as far below the horizon at 6 o’clock on the shortest day, as
he is above the horizon at 6 o’clock on the longest day ; and the
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sun rises as far south of east in the former case, as he rises
north of east in the latter.

95. In the above triangle AT ® any two parts beside the
right angle being given, the rest may be found. Let the two
given parts be, for instance, the declination ¢ @)= 23° 27’ 577,
and the altitude at 6 o’clock 4G =15° 34’ 22", to find the lati-
tude of the place A% @, and the sun’s azimuth, the complement
of A%,

. Jns. Lat. 42° 23" 28"
Sun’s azimuth 72° 18’ 25",

Given the latitude of the place ON (fig. 54) = 51° 82’ N. and Fig. 54.
the declination of a star ¢ % = 20° 16’ N, to find the altitude
and azimuth of the star, when on the 6 o’clock hour circle,

~ Jdns. Altitude 15° 44’
~Azimuth 77° 08',

The time of the star’s passing the 6 o’clock hour circle may
be found by subtracting 6* from the difference of the sun and
star’s right ascension for the given time.

96, Given the latitude of the place 42° 28’ 28” N. and the
sun’s declination 23° 27’ 57" N. to find the time when the sun
is east or west, and his altitude at this time.

Figure 51 being constructed as already described (86), ZN' mg 51.
will be the prime vertical, or great circle perpendicular to the
horizon passing through the east and west points. The point a,
where the tropic nm cuts ZN, will be the place of the sun,
when seen due east or west, and Pa will be his altitade at this
time, and the hour angle a NZ = BE = complement of ¥B,
reduced to time, will give the hours, minutes, &c. from noon,
when the sun is in this situation. Accordingly, in the triangle
PaB, right-angled at B, we have a P B=latitude, and Ba =sun’s
declination, to find ¥a and ¥ B.

1. The three circular parts being Ba, co a, and co a? B,

Ba is the middle part, and the other two are opposite parts,
‘Whence

sin Ba = cos (co Pa) cos (co aB) =sin Pasin a¥ B,

or sin Pg = 20 Ba -
sin a"PB’

and

log. sin Pg =log. sin Ba—log. sin a¥ B,
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sin Ba .. . declin, . . . 28° 27’ 57" “« e' e 9‘00“
siu “CPB L 4 18& * e 0 0 ¢ 42° 23’ 88" L] Ld ] 9’82878

sin Pa . . . altitude . . 56°12'09” . . . 9,77132
2. To find P B, the three circular parts being co a¥B. ¥B
and Ba, P B is the middle part, and the other two are adjacent
parts. Whence
sin ¥ B =tang (co a P B) tang Ba = cotav B tang B a,

and
log. sin ¥ B =log. cot. « P B + log. tang Ba,

" thus .

l’ig. 55.

cota®¥B .. .lat.....42°925'%8" ., . 10,03960
tang Ba . .. declin. .. 23°27' 57" . . 9,68759

sin PB. . hourangle. . 28°28' 42" . . 9,67719

This angle 28° 23’ 42" reduced to hours, minutes, &c., gives
1t 58’ 35" for the true time after 6 o’clock, on the 21st of June,
when the sun is east. Accordingly the actual time is 7* 53’ 35",
If we subtract this from 12" we shall have 4% 6' 25” for the
time when the sun is on the prime vertical in the afternoon of
the same day. .

97. In the triangle PaB any two parts being given beside the
right angle, the others are found as before, The sun’s declina-
tion, for instance B a, being 23° 27’ 57" N, and his altitude when
on the prime vertical Pa 36° 12’ 09”, it is proposed to find the
latitude of the place and the hour of the day.

Jus, Latitude 42° 28' 28” N.
Hour of the day 7 53’ 35%, A. M.,
or 4* 06' 25”7, P. M.

98. Given the latitude of the place 42’ 23’ 28"’ N. and the sun’s
declination 23° 27' 57 N. to find the time when twilight begins
in the morning and ends in the evening.

"The meridian (fig. 55), equator, &c. being described as be-
fore, we draw the crepusculum circle r s parallel to the horizen
HO and 18° below it, cutting the tropic nm in ©. © will be
the place of the sun at the beginning and end of twilight.
Through @ draw the vertical circle ZON’, and the hour circle
NOS.

In the triangle ZON we have ZN = the co-latitede =
47° 36’ 32"y ZO = the zcnith distance = 90° 4- 18° = 108°, N@
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== co-leclinatien or pelar distance = 66° 32’ 09"y to find ZNO =
hour asgle from noon (I¥ig. 62).

ZN = 47° 36’ 3»"
ZO® = 108° 0 00"
NO= 66°33 037_-

Sum 223° (8’ 35"

Half sum 111° 04’ 17"
47° 86’ 32"

18t remainder 63°27'45"...log.8in . . . 9,95165
2d remainder ' 44° 3¢’ 14¥...log.sin . . ., 9,84595

ZN 47° 36’ 32" . . . ar. comp. log. sin  0,13162
NO 66° 32’ 03" . . . ar, comp. log. sin 0,03749
19,9667 1

7‘0 14‘ 15" LY loso Sill % ZN@ - 9’98335
. 2

'

ZNO® = 148° 28’ 80"

This angle reduced to time gives 9* 53’ 52" for the hours,
minutes, &c. from noon to the commencement and termination
of twilight. Thus 12" — 9t 53’ 52" =2 06’ 06” is the time of
daybreak, and 9" 55’ 54" is the time of the cessation of twilight
in the evening on the 21st of June in latitude 42° 23’ 28" N,

If we subtract the time of daybreak from that of the sun’s
rising 4* 26’ 87" (87), or from the time of the twilight’s ceasing
that of the sun’s setting, we shall have 2 20’ 81" for the dura-
tion of twilight at the above time.

99, It will be abserved that, when- OQ — © m, or the co-lati-
tude ~ the declination, is less than O s or 18°, the sun does not
descend below the crepusculum circle, and the twilight continues
all night. Suppose, for instance, the given place to be London
in latitude 51° 32’ ; the co-latitude OQ in this case is 38° 28’,
If now from $8° 28’ we subtract the declination Q@ m = 23° 28/,
we shall have O m = 15°, and consequently less than Os. m
therefure falla between. O and s, and the declination circle am
does net imtersect the. crepusculum circle s, and there is no
cessation of the twilight during the night. We see, moreover,
that if .the. given place kad a less Jatitude by 3° than that of
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London, the crepusculum and declination circles would just touch
each other on the longest day, and that the sun would descend
only 18° below the horizon at midnight. .
1. Given the latitude of the city of Washingten 38° 58’ N. to
find the duration of twilight on the 21st of March.
JAns. Duration of twilight 1* 30’.
2. Given the sun’s declination 10° S. the latitude of the place
Jbeing 51° 32" N. to find the time of daybreak in the merning
and end of twilight in the evening. ) )
Ans, Time of daybreak 4h 54’ 227,
End.of evening twilight 72 5’ 38",
100. The sun appearing at a mean about 33’ above his real
place when in the horizon, it is proposed to find how much the
day is lengthened on this account at the summer solstice.
¥ig. 55. Let the parallel circle rs (fig. 55) be drawn 33’ below the
horizon HO instead of 18°, the rest of the figure being construct-
ed as before, and we ghall have Z® =90° 33’, ZN and N@
remaining unchanged, to find ZN'O the hour angle from noon.
y ZN =47° 36’ 32"
ZO = 90° 33’ 00"
NO = 66° 32' 03"
Sum 204° 41’ 35"

Half sum 102° 20’ 47"
ZN  47° 36’ 52"

1st remainder 54° 44’ 15”7 , . log.sin. ... . 9,91196
2d remainder 85°48°'44" . . log.sin. . . . 9,76725
ZN  47° 36’ 32" . . ar. comp. log. sin 0,13161
NO  66° 82 03” . . ar. comp. log. sin 0,03749

19,84881

57° 06’ 58" . , log. sin } ZN® . 9,92415
2

ZN® =114° 18’ 46"

The angle ZN® reduced to time, gives 7® 36’ 55", Accord-
ingly, if from this we subtract 7» 33’ 23", the computed time of
sunsetting where no allowance is made for refraction, we shall
have 3’ 32~ for the prolongation of each part of the day on
account the apparent elevation of the sun produced by refraction.

7
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101. ‘1, The latitade of the place remaining the same, it is
requived to find how much the length of the day is increased on
account of refraction at the time of the equinoxes, 21st of March
and 23d of September, and at the winter solstice 21st of De-
cember,

2. It is required to find how much the day is prolonged on
account of refraction at the above times for any other latntnde,
as that of the city of Washington, for instance.

102. Given the latitude of the place 42° 23’ 28", the sun’s
declination 23° 27 57" N. and altitude 46° 20t to find the hour
of the day.

In figure 56 the meridian, horizon, &c., being coustructed as Fig. 56.
before, draw the declination circle mn 23° 27’ 57”7 N. and the
parallel circle rs 46° 20’ above the horizon HO, intersecting
mnin ®. Through ® draw the azlmuth circle ZON’, and
the hour circle N@S.

In the oblique-angled triangle ZON we have Z.N' = co-lati-
tude, Z® = co-altitude or zenith distance, and N'@ = co-decli-
nation or polar distance, to find ZN'® the hour-angle from noon.

ZN = 47° 36’ 82”
Ze = 483° 40’ 00”

NGO = 66° 32’ 03"’ :
Sum 157° 48’ 35"
Half sum 78° 54’ 17"
VA 47° 36’ 32"

1st remainder 81° 17745” . . log.sin . . . 9,71555
2d remainder 12° 22’ 14” . , log.sin ., . . 9,38089
ZN .. ... 47°36'32” .. ar. comp. log.sin  0,13161
NO..... 66°82°03” .. ar. comp.log. sin  0,08749

19,21354
23° 54’ 84" . . log. sin }ZNO . 9,60777
2 .
ZN©® =47° 49’ 08" )

The hour angle reduced to time gives s 11’ 17” as the interval
from voon. This answers to 12 — s 11’ 17, or 8 48’ 43" in

t The altitude is taken with a quadrant, sextant, or other instru-
ment, and corrected for refraction.
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the forenoon, or 8% 11’ 17* in the afterrmon. When the given
altitude is furnished by observation, it is of course known to
which part of the day it relates.
103. To find the azimuth NZ® we proceed according to the
above method ; thus,
1st rem; as before = . . . 31° 17" 45" log sin. 9,71555
3} sum — ZO or 2d rem, = 35° 14"17” . . . 976116
ZN . . . . . . . 47°8632" . . .0,8161
ZO .« « . « ¢« + . 48%4000" . . . 0,16086

19,76918
500 037 10" . . log. sin 3 NZO ., .9,88459
2 .

NZo = 100° 06’ 20"

The above method is to be adopted when the three sides only
are known. The hour angle ZN®, for instance, having been
found, we sheuld proceed according to the rule, tAe sines of the
sides are as the sines of the opposite angles (Trig. 47) ; thus

sin ZO® . . co-altitude . . . . 43°40'00" . . 9,83914

0,16086
is to sin ZN'® .. hourangle..47° 4908 . . 9,86984
as sin NO .. co-dechnatlon ..66°352'03” . . 9,96251

is to sin NZ©® . . azimuth.. 100° 96' 20” . o 9,99321

104. 1. Given the latitude of the place 51° 30’ 54” N, the
sun’s declination 19° 39’ N. and the altitude of the sun’s centre
88° 19', to find the azimuth and the hour from noon.

Ans. Azimuth N, 107° 46’ 30" W.
Hour from noon 3* 30,

2. In latitude 51° 32' N. when the sun has no declination,
what is his altitude and azimuth at s* 30’ from noon ?

JAns, Altitude  22° 15,
Azimuth S, 59° 01’ E. or W.

3, At the time of the equinox the sun’s altitude being found
by observation to be 22° 15, and his azimuth S. 59° E. it is
required te find the hour of the day and the latitude of the place.

Ang., 'Time gt 30,
Latitude 51° 38 N.
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4. In latitude.39° 54’ N, longitude 385° 30’ W, the altitude of
the sun’s lower limb an the 7th of May 1796, at 5 50’ 32" P. M.
per watch was found by observation to be 15°40' 57" ; how much
was the watch too fast or tvo slow} ?

: ns. Watch too slow 8’ 1",

105, Given the right ascension and declinagjon of a star, or
other heavenly body, to find its latitude and longitude. Let the
body be Capella, for example, having a right ascension equal to
75° 51’ 04"y and a declination equal to 45° 48’ 107 N.

The solstitial colure NESQ (fig. 57) being taken as the prim- Fig, 57

itive, the equator and ecliptic will have their poles each in the cir-
cumference ot the primitive, and, being great circles, will be rep-
resented by the straight lines £Q, v3e5 (,8). Draw the oblique
circle NCS. making an inclination QNR equal to the comple-
ment of the right ascension. Parallel to EQ, and distant from
it 45° 48’ 10,. describe a declination circle cutting NCS in C.

" Lastly, through the point C and the poles of the ecliptic n, m,

project the oblique circle n Cm; C.will represent the place of the

" star; CV its latitude, or distance from the ecliptic, and Cn ¥ its

longitude, or angular distance from aries reckoned on the ecliptic.

In the triangle » MC, we have n M= 23° 27/ 57, the obliqui- .

ty of the ecliptic, NC = 90° — 45° 48’ 10", or 44° 11’ 50,” the

complement of the declination of Capella, and the angle

aNc = 90° 4 75° 51/ 04", or 165° 51’ 04", the right ascension
added to 90°, to find n @}, the complement of the latitude C¥, and
Cn V. the complement of the longitude ® n V, or ® V.

This question is readily solved by the formula for the case
where two sides and the contained angle are given (Trig. 61).
Thus,

MC = 44° 11’ 50”
n N = 23° 27' 57"

NC +aN =673y 4"
NC —n N = 20° 43' 58"

t In questions of this kind the learner is supposed to have access
to the Nautical Almanac, or other similar ephemeris for the sun’s
declination and semidiaméter for the given longitude and time. In
the present case we should find the sun’s declination 16° 58’ 81" N.
and semi diameter 15’ 53",

Top: ’ 9
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-}(JVC-I-!I”) = 33°49'53"....008...9,91943
0,08057

1 (MC—aN) = 10°21'56"....co8 ... 999285
3 nNC = 82°55'32”....cot... 900378
. —‘*
1 (NMnCH+NCn)= 8°21 38".,..tang .. 9,16720
FVCHnd) = 85°.49/58" .. .. sin. .. 0,74566
: 0,25434
}(NVMC—aXN) = 10°21'56" ....sin'... 925509
;- ﬂNC = 820 55’ 82” o o s o Cot ° o e 9-09378

I(NMnC—NCn)= 2°17'48" ... . tang .. 8,60321

Having now the half sum and half difference of the two un-
known angles, if we add these together we shall have the greater
(Trig. p. 81, note), which being opposite the greater side (Geom.

, 485), will be A*n C. Whence

8° 21’ 38"
2° 17’ 48"

N" c= Vg = o o e e o o e o o o 100 39' 26" .
90

PaV=PV=long.of C=. . . . . . 79°20 34"
To find the side n C, we make use of the proportion, the sines
of the sides are as the sines of the opposite angles (Trig. 47.)
As sinMnC. . . . 10°89'26" . . . 9,26701
0,73299
istosinVC ., . . . 44°11'50" . . . 9,84331
soigsinnNC . ...165°51704" . . . 9,38818

 toginnC . . . . . 67°08'30" . . . 9,96448

'l‘akmg 67° 08’ 30" from 90°, we have 22° 51’ 30” equal to ov,
the latitude of the star C. © -

106. This problem admits of an easy solution by Napier’s
rules. Suppose a perpendicular CP let fall from the point C
“upon NQ ; we shall have in the triangle CNP, right-angled at
P, the side CV and the angle at &, by means of whlch we first
find NP thus, ‘
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sin (co CVP) = tang (co CN") tang NP, ,
vhence  tang NP = cos CNP tang CN,
nd by logarithms, .
cCosCNP . . . . 14°08'56" . . . . 9,98662
tang €N . . . . 44°11'50" . . . . 9,98788

tang NP . . . . 43°18' 55" o . . . 9,97445
Adding NP to N'n we shall have n P = 66° 46’ 52", and by
:onsidering NP and n P as middle parts, the third of Napier’s
rules gives the following proportion :
As sin NP . . . . . . ,48°18 55 .. 983633

0,16367
is to tang (co CN'P)=cot CN'P . 14° 08’ 56". . 10,59845
sois sinwP . . . . . . 66°46'52"..9,96332

to tang (co CnN') = cot CnV"...10° 8Y' 26". . 10,72544
Lastly, by the fourth of Napier’s rules, co .N‘C, €o % ¢, being
middle parts, we obtain the proportion,
As cosAP . . . . . . 43°1855,,.9,86189

0,13811
is t9 sin (co NMC) =cos N'C . . 44° 11’ 50” . .. 9,85549
sois cosnl, . . . . . 66°46 52".,.9,59577

togin (conC)=cosnC . . 67°0824"...9,58937

We have thus a confirmation of our former results. It is
evident, that if the star or other body in question, had been on
the other side of ¥, and less than 90° from it, the arc ¥ ¥ would
show how much the star’s longitude wanted of 360°. It would be
necessary, therefore, to subtract this arc from an entire circum-
ference, to obtain the distance from ¥, reckoned in the order of
the signs. So also if the star were situated more than 90° from
P, we should consider the fizure as representing the opposite
portion of the heavens, having =« instead of ¥ in its centre. In
this case the solution would give the distance from the first of =,
and it would be necessary to add this distance to 180° or to
subtract it from this quantity, as the case might require, in
order to obtain the proper expression for the longitade,

It may be observed, moreover, that if EQ be considered as -
representing the ecliptic, and v§o5 the equator, the above pro-
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cess would give the declination and right ascension, when the
latitude and longitude are known. The two problems may he
regarded, theretore, as leading to the same kind of solution.

107. 1. Required the latitude and longitude of -Spica Virgi-
nis, its right ascension being 198° 34’ 32", its declination 10®
04’ 31" S, and the obhqmty of the ecliptic 23° 28'.

Jns. Lat. 2° 02’ 238” S
: Long. 6°20° 57’ 10".

2. The latitude of the moon being 4° 00’ 34” N., her longi-
tude 7* 14° 26’ 21", and the obliquity of the ecliptic 23° 27’ 48",
it is requiréd to find her vight ascension and declination.

Jns. Right ascen. 7* 13° 1" 117,
] Declination 12° 21’ 147,

8. Required the right ascension in time of the planet Mer-
cury on the 22d of December 1804, its geocentric latitude being
2° 12’ 8., and its geocentric Jongitude 9* 14° 36'.

dns. 19" 41,

108. Given the right ascension and declination of two stars,
or their latitude and longitude, to find their distance asunder.
Let the two stars, for example, be Sirius and Procyon. We
take from a catalogue of the stars the given quantities ; namely,

Right ascen. of Siriue (Jan. 1, 1820), 99° 18’ 12”7 dec. 16° 28'.31” 8.
“ « Procyon 112° 28/ 04” dec. 5° 40 48" N.
Diff. of right ascension . . . . . 13°09 52”
‘We now take the meridian of one of the gwen stars, Pro-
Fig. 58.cyon for instauce, as the primitive ( fig. 58), EQ bemg the equa-
tor, and S, &V its poles. We draw the oblique circle SS'N,
making the angle S'SP equal to 13° 09’ 52", the difference of
right ascension of the two stars ; aml we set off upon SS'/Vthe
arc 88’ equal to 78° 31’ 29” the distance of Sirius from the south
SPN pole, and upon SPWN; we set off SP equal to 90°-4 5° 40/
48" the distance of Procyon from the same pole.

In the oblique-angled triangle SS'P, we have 88', SP, and
the contained angle &'SP, to find the side S’P. We proceed
accordmg to the formula above referred to (105).

; SP = 95°40' 48"
88 = 73°31'%9"

SP 4 88 = 169° 12' 17"
SP—88'= 22° 09’ 19"
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% (SP + 58') ] 84° 86' 08";. COS... 8’97845 e0e 00 sin o0 0 9999807

1,02655 0,00193
% (SP—SS)  — ll° 04’ 39”. .cosm9,99183 se e s“l s s » 9,28361
1 PSS = 6° 34' 56"...ct...10,93783 . ... .cot. . « 10,93788

} (S'P48PS) = 89° 21’ 59"..tan...11,95621 58° 07° 30”..tan..10,22357
(SS’P—SP = 59° 07’ 30" .

S8'P=148° 29’ 29"
‘Whence
As s8inSS'P. . . . 148°2929" . . . 9,71819
0,28181

isto sin8P . . . . 05°40°48” . . . 0,99786
sois sin PSS’ . , . 13°09'52" , ., . 9,35745

D ————

to sin8P. . . . . 25°41'58" , , . 9.68712
T'he distance, therefore, of Sirius and Procyon is 25° 41’ 53",
109. 1. The same figure will serve also for the case where
the latitudes and longitudes of the stars are given, to find their
listance. ‘The mean longitude of Sirius for 1820, as put down
in the tables, is $* 11° 38’ 00’7 and its latitude 39° 32’ 01” 8, ;
and the mean longitude of 'Procyon 3* 23° 19’ 88", and its lati-
tude 15° 57’ 36” S. 'Their distance asunder is required.
JAns. @5°'41’ 21",
2. Required the distance between Lyra and Arcturus, the
declination of the former being 20° 07’ 28".N. and its right
ascension 211° 51’ 45” ; and the declination of the latter 38° 87’
19” N. and its right ascension 277° 52' 31",
dns. 58° 52’ 887,
110, The places of two stars being given and their distances
‘rom,a third star or comet, to find the place of the third object.
Suppose the distance of a comet C ( fig. 60), as measured by a rig. 60.
sextant, to be 65° 47’ 42" from Sirius, and 51° 06’ from Procyon,
it is proposed to find the latitude and longitade of the comet.

+ It will be observed that figure 58 is adapted to the two prab-
lems only in the way of illustrating the process by which they are
solved. Two figures would be necessary if any thing depended om
the construction.
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With the latitade and longitude of Sirins and Procyon, taken
from the tables as before (109), we find their distance SP = 25°
" 41’ 21” in the manner just explained.

Having the three sides of the triangle SPC, we proceed to
calculate the angle CSP, thus,

C8 =65° 47’ 42"
CP = 51° 06’ 00"
8P = 25° 41’ 24*

Sem . . 14:°85 03"

Halfsum . 71°17/ 31"

Ist remainder 5°29'49” . . log.sin . . . 8,98138
2d remainder 45° 36’ 10” . , log.sin . . . 9,85401
€S . . . 65°47'42" , . ar. comp. log. sin 0,03996
SP . . . 25°41'21" . . ar. comp. log. sin 0,36302

1 S Sos—

19,23832
\ —

24° 35’ 12" 9,61916
2

CSP = 4%° 10’ 24" ,

The next step is to find the angle n 8P, This is done by
means of the triangle 8P n, in which we have n P = 15° 57 56"
+ 90° =105' 57’ 36", 8P = 25° 41’ 21", and 8n P = difference
of longitude of 8 and P = 11° 41’ 35”; whence

As sinSP ., . . . 25°41'21" . . . 9,63698

S—————

, 0,36302
isto sin82P . . . 11°41588 ., . . 9,80677
sois sinnP. . . .105°5786" . . . 9,98293

to sinn8P . . . . 26°42'389" . . . 9,65272

If now we take the angle n SP from the angle CSP, we shall
have the angle C8n = 22° 27 45" in the triangle SC n, by means
of which and the two containing sides # 8, €8, the side u C, or
co-latitude of C, and the angle € S, or difference of longitude
of C and 8, are immediately determined. Thus, if we suppose
a perpendicular CP’ let fall from C upon n &, we shall have, by
the first Napier’s rules, taking co CSF” as the middle part,
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' gin (co CSP") = tang (co CS) tang SF.
‘Whence tang 8P’ = cos CSF’ tang C8,
and by logarithms,
cos CSP . ., 22°27'45" . . . 9,96578
tang €S . . 65°47°42” . . . 10,34725

tang SP . . 64°03°37" . . . 10,81298
Sn = 129°32' 01"
SP = 64°08'87”

nP = 65°28'24"

In the triangles CP'n, CP'S, by considering co CS, and co Cn,
as middle parts, we shall have, by the fourth of Napier’s rules,
the following proportion,

As cos 8P’ . . . . . 64°03'37" . . 9,64090

0,35910
isto sin(coCS)=cos CS. . 65°47' 42" . . 9,61279
gsois cosnP . . . . .65°2824 ., . 9,61817

to sin(conC)=cosnC .. 67°02'45" . . 9,59006
and 90° — 67° 02 45" = 22° 57’ 15” = latitude of C.
Lﬂs“y, . .
As sinnC. . . . 67°02'45" . . . . 996417

0,03583
isto sinC9n . . . 22°927°45". . . . 9,58215
sois sinCS . . . 65°47742” . . ., . 9,96003

to sin Gn8 . . . 22°14 17" e o o o 9’57801
‘Whence, if from the longitude of S= . . 101° 38’ 00”
we take the angle Cn § = . . 22°1417"

we shall have the longitude of C = . . 79°23' 438"

By considering v o5 as representing the equator instead of the
ecliptic, we should obtain by the above process, the declination
and right ascension of the object C, the places of 8 and F, as
referred to the equator, being known.

111. The distance of a new star was found to be 65° 47’ 48"
from Capella, and 25° 42’ 10” from Procyon, the latitude of the
former at the time of the observation being 22° 51’ 57 N., and its
longitude 78° 57’ 57", and the latitude of the latter 15° 58' 14”8,

R
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and its longitude 112° 55’ 42" ; the latitude and longitudo of the

_ mew star is required,
’ . m- Latitﬂde 39° 84' W’,

‘, Longitude 101° 18 03”.
112. Given the sun’s declination 23° 28’ N., semidiameter
15 47", refraction 83’, and parallax 9”, the latitude of the place
being 51° 32’ N, to find the time from noon when the sun’s cen-
tre appears in the horizon,
. The effect of parallax being opposite to that of refraction, we
subtract 9/ from 33, which gives 32’ 51” for the apparent eleva-
tion of the sun above its true place when in the horizon. The
“upper limb of the sun, therefore, at the time of its first appear-
ance above the horizon is actually 32’ 51” below it, and the sun’s
centre at the same moment is 32" 51”7 4 15’ 47", or 48’ 38" below
the horizon. Accordingly, when the sun’s limb first presents

Big. 60. itself at 8 (fig. 60), the sun’s centre is at ®.and ® equal to

48’ 38", added to Y0° is equal to Z@. Whence, in the triangle.
ZOWN we have -

Zz © =90°48/38" = sun’s zemth distance

ZN = 38° 28’ 00” == co-latitude .

NG = 660 32" 00" = sun’s co-declination,
to find the hour angle ZNV®. Thus prepared, the problem does
not differ from others where the three sides are given to find
an angle.. ,

Jdns. 8k 19’ 20",

Of Terrestrial Latitude.

. 118. It will be observed that in the preceding calculations the
latitude is a very important element. We have already men-
tioned one way'of determining this' ( page 29, note), which may
be illustrated by the following example. Suppose the greatest
and least altitude of the pole star, as observed at Cambridge, to
be, when corrected for refraction, as below.

Greatest altitude . . . . . 44°08’ 55"
Teast . . . . . . . . . 40°37'45"

Sum [ . [ ] . L] . L] . 84° 46' 40”

Half sum or latitude = , . . 42° 23" 20”7
With either of these altitudes and the co-declination of the
pole star, taken from the tables, and reduced to the given time,
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we readily obtain the latitudet ; thus,
Greatest altitude of the pole star . . . . 44°08 557
Co-declination (Jan. 1, 1820) . . . . . 1°45 85"

Latitude . . . . . . '« o, . . . 42°23'20"
This method is not confined to the pole star. It might obvi-
ously be applied to any other star in the neighbourhood of the
pole. Similar means may be used also with reference to stars
or other bodies in other parts of the heavens, ZE (fig. 51) Fig. 51
being the latitude of a place whose zenith is represented by the
point Z, if we observe the greatest or meridian altitude HE, of
any heavenly body situated in the equator, and subtract this
from 90°, we shall have ZE, the latitudetf. Moreover, when the
heavenly budy, instead of being in’ the equator, is between the
eguator and the horizon, by adding this declination, taken from
the tables, we still have the altitude of the equator, and conse-
guently the zenith distance or latitude. In case the body in
question is between the equator ‘and zenith the declination is
manifestly to be subtracted from the altitude in order to arrive
at the same result. To deduce the latitude from an observation
of the sun, the following are the steps to be taken. -
Obs. alt. of sun’s upper limb, Oct. 11, 1820,  40° 39’ 05"
Sun’s semidiameter — 16’ 05" '
Refraction — 1°17”
Parallax + 6" N

Correction « o o o o ~ 17 16"

dtn— et

True alt. of sun’scentre « . . . . . .40°21'47"
Sun’s decline south ~ . . « « 7, .00 70147 43%

Altitude of the equator . . « . . . . 47°36'sg"
. . 90°

Laﬁtude £ o e o e 4 s s 4 e e 42028 28"

t Where great accuracy is required, it is necessary to apply a cor~
rection for aberration. nutation, and inequality of the precession of
the equinoxes. Also the mean refraction should be corrected for the
state of the barometer and thermometer,

tt When the sun, moon, or a planet is employed as above, for
obtaining the latitude, beside the correction already mentloned,
another is to be applied on account of parallax, :

Top, 10
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114. It may be impossible on account of the weather or other |
causes to take a meridian observation. In this case recourse is
bad to other methods, some of which have been intimated (95, !
97). It is very common at sea to make use of two altitudes of i
the sun and the intervening time. Let the two altitudes, for |
example, be 38° 19’ and 50° 25', and the intervening time 1 30, ‘
the sun’s declination being 19° 39, and the place being in north
latitude.

Fig.61. Let 4, B (fig. 61), represent the two places of the sun, and

we shall have AN B = 22° 30, and N, NVB. each equal to 70°
21, the sun being supposed not to change his declination during
the interval between the observations. Whence, by supposing a
perpendicular let fall from N to the middle of 4B (Gevm. 484)
we shall have the proportion,

As sin . . . . o o . 90000° . . 10,00000 ¢

isto sin ANorBN . . . 70°2 . . 4,97394

sois sinJANVB. . . . . 1N°15 . . 9,29024

to sin}Jd4B . . . . . . 10°3518” ... 9,26418
2

4B = 21° 10’ 26"
Again,
As sindB. . . . 21°1026”" ¢« « . . 955775

‘ . 0.44225
isto sinANB. . . 22°80°00" . ., . . 9,58284
80 is Bin AN . . . 700 PAY 00" e o o @ 9’97394

———

to sin BN . . . 86°10°24"t. . . . 9.99908

t The formula for the case where two sides and the iocluded augle
are given is applicable to the above question, notwithstanding the
equality of the given sides. It will be seen that the factor sin § (b—r)
(Trig. 61), becoming 0, destroys thé expreasion for the difference of
the opposite angles, while cos § (b—c) is equal to radius; whence
we cbtain the angles B, C, as follows : |
3 (AN 4 BN) =70°2100" . . cos . . . 9,52669 !

0,47851 3
I(AN—=BN) =0° 0 ¢ . . cos . . . 10,00000 |
1 4NB =11°1500" . . cot . . . 1070134

d;BNorBJJV =86°10'24* . . tang. . . 11,17465 |
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Now in the trisngle 4BZ we have the side AZ = the comple-
ment of the 1st altitude = 51° 41/, BZ = complement »f the 2d
altitude = 39° 35’, and AB = 21° 10’ 26", as found above.
‘Whence, by the usual formula,

AZ = 51° 41’ 00"
BZ = 39° 35’ 00"
4B = 21° 10/ 26"

———— ——

Sum . . 112° 26’ 26"

Half sum . 56° 13 13"

1st. remainder 16°38°13” . .8im . . . . 9,45683
2d remainder S5° 02’ 47" sin . . . . 975909
BZ . . . '39°35 00”..ar. comp. sin .. 0,19572
AB . . . 21°10'26"” . . ar.comp. sin . . 0,44225

19.85389

57°41'29" , .8in . . . . 9,92695
2 .

ABZ = 115° 22 58"
ABN= 86° 10’ 24"

NBZ = 29°12 54"

Lastly, in the triangle BZM we have the side N'B = sun’s
co-declination = 70° 21’, BZ = sun’s co-altitude = 39° 35', and
the contained angle, to find ZN. ' _ :

By supposing a perpendicular NP, let fall upon BZ produced,
the first of Napier’s rules gives

sin (co WBZ) = tang (co V'B) tang BP;
whence tang BI’ = cos N'BZ tamg N'B,
and by logarithms,
cosNBZ . . . . 29°1284" , . . . 9.940%4
tangNB . . . T0°21100" , . . .10,44725

tﬂng BP ' . . [ . 67° 45’ 05” L L] [ . 10’88819
: BZ . « o . 39° 85, 00" ' .

ZPf L N = 28° 10’ 05"

'+ By using a perpendicular let fall from Z upon JVB, the process
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Accordingly, if we consider co MB, co NZ, as middle parts,
we shall have, by the fourth of Napier’s rules,
As cosBP . . . . . . .67°45 05" .. 957821

0,42179
is to sin (co NB) =cos NB . . 700 21' 00" . . 9,52669
sois cosZP . . . . . . £810'05" .. 9,94526

to sin (co NZ) =cos NZ . . 38° 28’ 08" . . 9,80374
90° 00/ 00"

Latitude = 51° 81’ 57"

would be nearly the same ; and one of these methods may ‘be em-
ployed to verify the result obtained by the other.

In questious like the above, the solution by Napier’s rules is
shorter than that by the formula (T'rig. 61.), as will be seen by the
following application of the formula to the case just solved.

NB = 70° 21
BZ = 39° 35’

109° 56'

; (NB + BZ) = 540 58' $0 . 00 cos.. .9,75895...Sin e .9,918‘9

0,24105 0,08681
3(VB—BZ) = 15°23’.....c08...9,98415..sin......9.42370
1 (J\(’BZ) = 14°56’ 17" «w.-c0t..,..10,58408.. .cot...10,58408

3(BZN + BNZ) = 81° 10’ 55"....tang...10,60928...tang..10,09459
3(BZN —BNZ)= 51° 1 1"

BZN = 1820 23 20"
As sin BZN. . . . 13292207 . . . 9,86852

[ ] S e
0,15148
is to Bin NB e 0 e e 70° 21’ 00”7 o o . 9,97394

sois sin WBZ . . . . 29°12'34” . . . 9,68842

to sin MZ . . . . .88°%803” , . . 9,79384
‘This manner of solvigg the problem may be preferable, when the
time is to be calcdlated by the same observations of the sun’s alti-
tude, for it will be seen that BN'Z, the hour angle from noon, is
immediately deduced from the above operttion, since it is equal to
3 (BZN + BN'Z) ~ } (BZN — BN'Z), or 39° 59’ 26" ; that is,
1» 59’ 58”.
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115, In the foregoing calculation we have supposed the two
altitudes of the sun to be taken at the same place ; but as this
seldom happens at sea, a correction should be applied to the first
altitude for the ship’s change of situation.

Let CE (fig. 43), represent the line described by the ship Fi§- -
during the interval between the observations, and P the ze-
nith of the place at the 2d observation. It is evident that ED
will be the correction in question, which is to be added to the
1st altitude, if the track of the ship make an acute angle with
the bearing of the sun, and to be subtracted when the angle of
direction with respect to the sun is obtuse. '1he amount of this
correction DE, is readily found by means of the angle CED and
the distance CE, as already explained (66).

116. 1. Given the following altitudes of the sun corrected for
refraction &c., namely, 18° 30’ and 44° with the intermediate
time 3, the sun’s declination being 20° N, and the place of ob-
servation being in north latitude, to find the latitude.

Jdns. 54° 01’ N,

2. When the sun’s declination was 22° 40’ N. his correct altitude
at 10% 54’ A. M. was 53° 29, and at 1® 17" P. M. it was 52° 48';
requn'ed the latitude of the place, it being supposed to be north.

dns, 57° 08’ 24” N.

Of Terrestrial Longitude.

117. WE have spoken of the difference of longitude of places
as deduced from certain data by the principles of plane trigono-
metry (67 &c). There are other and more correct methods
furnished us by astronomy, which remain to be mentioned.

The apparent diurnal motion of the sun round the earth being
completed in twenty-four hours, this pottion of time is the
measure of $60° of longitude, and one hour is the measure of

%:%, or 15¢ of longitude. Now, as time is counted, or the

hours, minutes, &c., begin *to be reckoned, in different places
from the instant of the sun’s passage oyer their respective
meridians, the difference of time in any two placés is the meas-
ure of their difference of longitude, and may be converted into
degrees, minutes, &c., by considering one hour as equivalent to
15° and using the same proportion for a less quantity. A signal,
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therefore, made from the top of a mountain, or frem a balloon,
and observed at different places by correct time-keepers, would
farnish the means of directly estimating their difference of lon-
gituaet.

Celestial phenomena, as eclipses, accultations, &c., are better
adapted to this purpose, because they can be seen over a greater
portion of the earth’s surface. Some of these, as eclipses of the
moon, and those of Jupiter’s satellites, being an actual obscura-
tion of the body in question, take place at the.same point of ab-

. solute time, and only require to ‘be accurately ebserved at twe
different places, in orider to obtain their differeace of longitude
But with respect to the former, besides their infreguency, the
commencement and termination of the phenomenon cannot be

recisely noted, on account of the indefiniteness of the earth’s
shadow. This uncertainty amounts ordinarily to about two
minutes, which'corresponds to 30 minutes difference of longi-
tude. Eclipses of Jupiter’s satellites happen very often, and they
admit of great precision as to the time of their occurring ; but they
cannot be observed without the aid of a telescepe, and are there-
fore of little use to the mariner, on account of the difficulty of
using this instrument on board of a ship.

Eclipses of the sun and occultations of stars by the moon,
can be observed at sea and accurately noted. But it is to be
remarked, that they do not take place at the same point of
abs.lute time, in the different parts of the earth’s surface where
they are observed. Allowance, however, may be made for this

t It will be perceived, that chronometers would afford the readiest
means of ascertaining the difference of longitude of places, if their
rate of going could be fully depended upon. Having, for instance,
at sea, a watch that accuratelv shows the time at Greenwich, we
have only to find by ohservation the time for the meridian iv which
we are situated (102), (that is, how much the watch is too fast or too
slow), in order to show the longitude of the place we are in, which
will be east or west, according as the" time thus found, is later or
earlier than that at Greenwich. Chronometers are indeed much
used ; but, beside the small errors in their rate of going, to which
the best are subject, especially in Jong voyages, they are liable to ac-
cidents which cannot be foreseeen, or even known to exist, except by
a recourse to other methods of finding the longitude.

.‘ -
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lifference, and when this is done, they afford the most accurate
means of ascertaining the relative longitude of places.

For the purposes of navigation, these phenomena are lia-
ble to the objectien of rare occurrence. To supply this defect
an ingenious method has been devised, by which any given dis-
tance of the moon from the sun, or from a star, is substituted
for an actual contact, and made use of in the same way, In
order, therefore, to apply this methad, it is necessary to correct
the apparent distance, as actually observed at any particular
place, for the effect of parallax and refraction, and thus to re-
duce it to what it would be, if it were seen from the centre of
the earth. Beside the apparent distance and time, the necessa-
ry observations are the apparent altitudes of the two bodies in
question, - With these data, the true distance is found in.the fol-
lowing manner.

118. Let ZM (fig. 62) be the apparent co-altitude or zenith Fig. 62.

distance of the moon, and Z m her true zenith distance, M m be-
ing the difference between the moon’s refraction and her paral-
lax in altitude. In like manner, let Z8 be the apparent zenith
distance of the sun or a star, and Z s its true zenith distance,
S's being the difference between the sun’s refraction and paral.
lax, or the refraction simply in the case of a start.

There are two cases which present themselves in the solution
of this problem ; 1, with the three sides. Z§; ZM, SM, known
by observation, to find the angle Z, common to.the two triangles

SZM, s Zm ; 2, with the two corrected zemith distances Zs, .

Zm, and the contained angle Z, to find the true distance s m.
The requisite observations being as below ; we proceed accord-
ing to rules already illustrated.

1 Since the observed altitude of any celestial objec} is affected by
refraction and parallax, which always take place in a vertical direc-
tion, it-is obvious that the observed distance between any two heaven-
ly bodies will be effected by the same causes. In the case of the
moon, the effect of parallax always exceeding that of refractien, her
true.place ia above her apparent place, the reverse of which happens
with regard to the sun or a star, the pacallax of the former never
amounting to more than a few seconds, and that of the latter being
altogether insensible.
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1. Given app. alt. of sun or star 8§ = 24° 48’ 00"
o moon M = 12° 30’ 00"

app. dist, SM = 51° 28 85”
whence, by taking the complements of the altitudes, we have
ZS = 65°12' 00"
ZM = 77° 30’ 00"
SM = 51°28’ 35"

Sum, 194° 10’ 85"
Half sum 97°05' 17"
77° 30’ 00”

1st difference 19° 85°17” . log.sin . . . 9,52538
2d difference 81°53'17” . log.sin . . . 9,79279
ZM 77°30'00” . ar. comp. log. sin 0,01040
Z§ 65°12'00”.. ar. comp. log.sin ©,04202

19,30059

——— ——

26°33'01". . log.sin . o - 9,65029
2

Z = 53°06 02"
2. In the triangle Zsm we have, Z8 . . = 65°12’00”
Refraction 4- 2’ 02"
Parallax — 0"
Correction . re e . - 2 02"

Zs . . =65°14'02"

ZM . . =T77°80 00"
Parallax —55' 14"
Refraction 4 4’ 32"
Correction . N . . - 50’ 42"

) Zm. . =76°89"18"
The two sides Zs, Zm, and the contained angle Z, being
known, by supposing a perpendicular s P, let fall from s upon
Z m, the first of Napier’s rules gives
sin (co Z) = tang (co Z's) tang ZP,
whence tang ZP =cos Ztang Z's,
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tos Z . . 53°0602” . . . 9,77845
tang Zs . . 65°14°02° . . . 10,88597

tang ZP . . 52°27'42" . . .,10,11442
ZM. . 76°39 18"

mP . =24°11 36"
And, by the fourth of Napier’s rules, co Zs, co sm, be-
ing considered as middle parts, we have the proportion,

as co8 ZP . .52°27'42" . . 9,78483

} 0,21517
isto sin (coZs)=cos Zs ., 65°14'02" . . 9,62213
sois cosmP. . 24°11'36”., . 9,96007

to sin(cosm) =cossm ... 51°0986’. . 9,79757%

If now we suppose that observations, similar to those above
used, are made under another meridian at the same absolute
time, aud reduced in the same manner, they would evidently
give the same true distance of the moon from the sun or a star,
The difference of time, therefore, at the two:places of observa-
tion, as ascertained by well regulated time-keepers, or by calcu-
lations foumded upon these same observations, would show their
difference of longitude ; since they would have reference to one
common simultaneous occurrence in the heavenstt, just as much
to be depended upon, and as valuable, as an cclipse of the moon or
of one of Jupiter's satellites.

Instead of actual observations at the two given places, it will
be seen, that if the true distance and time at one of the places
were known by correct tables of the moon’s motions, the conclu-
sion would be the same. Hence, by means of a table of the

t There are many ways of abridging the process for obtaining the
true from the apparent distance of the moun from the sun or a star.
The object of the above is merely to illustrate the essential parts of
the operation to the theoretical student.

tt As the moon completes a revolution of 360° in about 30 days, it
moves at the rate of 12° in 24 hours, that is, 30’ or its own diamefer
in an hour. Its change of place, therefore, with respect to the sun,
and more especially with respect to stars near its path, will be at a
mean about 30” in a minute of time, a quantity easily distinguished
by a good sextant.

Top. 11
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true distances of the moon from the sun and certain stars,t calcu.-
lated at sufliciently short intervals, together with the correspond-
ing times for any one particular meridian, as that of Greenwich,
for instance, the relative longitude of -any other place is readily
determined.

119. Let us now suppose, that the foregoing observations were
made at a place whaose longitude is not known, and that the time
of the observations was 10® 11/ 14” in the evening, apparent time;
and that the distances of the moon from the same star, approach-
ing the nearest to the above result, as put down in the Naatical
Almanac, with the corresponding times, are 51° 49 57" at st,
and 50° 21’ 17" at 68, Taking the difference of these distances,
and the difference between the latter and that in the example,
we have the proportion

1° 28°40” : 8% : : 11' 41" : 0* 23843’

Subtracting 0 238’ 43” frqm 62, we have 5® 36’ 17” for the
time at Greenwich, when the distance of the moon from the star
was 51° 09/ 367, or the time at Greenwich, at the moment when
the observation was made, which, as before stated, was 10* 11’
147, 'The difference of these times a* 34’ 57%, or, which is the
same thing, 68° 30’ 14", is therefore the difference of longitude ;
and we say, moreover, that it is east, because the time at the
place of observation is later than that at Greenwich ; had it

= been earlier than Greenwich time, the longitude would have
been west.
1. Givenapp. alt. of thesun’scentre =~ . . 84° 07/ 00"
app. alt. of the moon’s centre . . 5° 17’ 00"
app. dist. of sun and moon’s centres  90° 21’ 15"
true alt. of sun’s centre . . . 840 06" 55"
true alt. of moon’s centre. . : 6° 09’ 04"

to find the true distance of the sun and moon’s centres.
JAns. 89° 29 13"

.

t The stars, made use of in the Nautical Almanac for this pur-
pose are « Jrielis, JAldebaran, « Pegasi, Pollux, Regulus, Spica
Virginis, /Antares, Fomalhaut, and « Aquile. ‘The distances are
given for every three hours of apparent time at Greenwich. The
time corresponding to any intermediate distance can be found by a
simple proportion, since the moon’s motion may, without sensible er-
ror, be considered as uniform for this space of time.
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2. Given app. dist. of the sun and
‘ moon’s nearestlimbs  38° 14/ 537
app. alt. of the moon’s lower limb .  29° 15/ 59”
app. alt. of thesun’slower limb . 35°27' 14"

moon’s correct semidiameter . . 15’ 01”

sun’s 6 “ o, . . 15’ 46"

moon’s parallaxinalt. . . . 50’ 13"

¢ refraction . . . . 1’ 40”

sun’s parallax’ . . . . 07"

< refraction . . . 19"
- It is required to make the reductions and find the true dlstance
of the sun and moon’s centres. . JAns. 38° 28' 22",

Let it be supposed that the time of the above observations was
Ob 23’ 32", or 23’ 32’ past noon, and that the nearest distances
put down in the Nautical Almanac for the same day, with the
corresponding times, are 37° 50’ 28" at St , and 39° 34’ 24” at 6b.
'The longitude of the place of obs&rvation is required.

Jns. 3% 42’ 06" or 55° 30° 01 west.
3. Given app. alt. of moon’s contre . 24° 29 44
true alt. L “ . . . 25°17' 45"
app. alt. of star’s centre . . . 45° 09 12"
truealt. ¢« . .« . 45°0% 15"
app. dist. of moon-and star . . 63°35 18"

time at place of observation . 10k 15” 00"
times at Geenwich with the nearest correspondmg distances as
follows, namely,

at 9* . ., . dist. . . 62949 15"
at 18 . . . dist. . . 64°19 56"
required the longitude of the place,
' Jdns.  11° 09’ 50" E.

Miscellaneous questions to be solved by the rules of Spherical -
Trigonomelry.

120, 1. Given the place of a comet at its first appearance,
namely, declination 29° 83’ 12" N,, right ascension 145° 40’ 83",
and also at its last appearance, namely, declination 16° 29’ 08"
N., right ascension 314° 42’ 43" ; to find the length of the path
described by it while visible, it being supposed to move in the

arc of a great circle.
” Ans, 132° 44’ 22",



84 JApplication of Trigonomeiry.

2. In north latitude at 11> 10’ and at 12> 40’ _per watch, the
altitude of the sun’s lower limb was the same, which being cor-
rected was 26° 55', and his declination was 5° 17/ 8.; required
the latitude of the place. ,
Jns. 57° 09’ N.

3. In north latitude when the sun’s declination was 13° 45’ N.,
his altitude at 8* 39’ 33” A. M. was 36° 53'. Required the lati-
tuce of the place (fig. 61).

JAns. 46° 42,

4. Given the right ascension of Sirius or the dog star 99° 18’
12", and declination 16° 28’21” 8S,, to find the point of the
ecliptic which rises at the same time with the star, in latitude
42° 23’ 28” N., and thence the time of the year when the star
rises cosmically, or with the sunt.

5. The diminution of the obliquity of the ecliptic since the
time of Eratosthenes having athounted to 23’ 28" it is proposed
to find how much the longest day is diminished and the shortest
increased on this account in latitude 42° 23’ 28,

Ans, 8’ 44”.

6. It is reqmred to find how much the afternoon is increased
or diminished at the equinoxes, 21st of March and 23d of Sep-
tember, in latitude 42° 23" 28", on account of the sun’s change
of declination, the amount of this change in 24™ according to
the Nautical Almanac being 23’ 24",

Jns. 89".

7. Given the latitude of the Lizard 49° 57’ N., and its longi-
tude from Greenwich 5° 15' W,, and the latitude of the island
8t. Mary 36° 57’ N. and its longitude 25° 09’ W. 5 to fiud the dis-
tance and bearing of the former place from the latter, on the
supposition that the earth is a perfect sphere.

Jns. Distance 19° {9’ 21" = 1159,3 nautncal miles,
bearing S. 41° 26' 45" W11,

t An artificial globe will be found of great use in forming the
triangles employed in the solution of the above questions.

11 The results of this method will be found to differ somewhat
from those obtained by the application of plane trigonometry to Mer-
cator’s chart (77), on account of the arc of a great circle differingin
its length and position from the loxodromic curve (nofe to page 41).
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CHAPTER 1V.
Of Surveying and Levelling.

121. SURVEYING consists in several distinct operations ; 1, in
measuring certain lines and angles in the field to be surveyed ;
2, in representing these lines and angles upon paper ; 3, in com-
puting the areas or contents of the fields or territories thus rep-
Tesented.

The necessary lines and angles are determined in this case
like other lines and angles, by means of proper instruments,
to which we have had occasion already to refer;. The meas-
ures taken in a field are protracted or transferred to paper;
by the usual problems for the construction of figures (Geom.
132, &c). In common surveying the portions of the earth sub-
jected to measurement, being very small, compared with the
whole surface, are considered as plane figures, Where the sur-
vey extends to large tracts of country, comprehending several
degrees of latitude and longitude, allowance is to be made for
the curvature of the earth’s surface; and the representation
should be given according to the laws of projection (24 &c).
The plan in this case.becomes a map.

Of the contents of fields bounded by straight lines.

122. Let the field, whose content is required, be of the form of
a parallelogram, the sides and anglestt being known. In this
case the area is equal to the product of the length by the breadth,
or base by the altitude (Geom. 174).
If the parallelogram be rectangular, as ABCD (fig. 68), the g;g, 63,

% Beside the instruments employed in the determination of heights
and distances, and in navigation, there are others adapted partica-
larly to surveying, the description and use of which will be found in
the notes. .

tt One of the angles being known, the whole are known, because
the opposite angles are equal (Geom. 84), and the adjacent ones are
supplements of each other (Geom. 64). The sines of all the angles
therefore are equal to each other.

.
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product of the length by the breadth is the prodact of any two
contiguous sides.
¥ig. 64 If the parallelogram be oblique-angled, as ABCD (fig. 64),
the breadth or perpendicular distance of either two opposite
sides, as CP, is equal to the .product of the corresponding ob-
_lique side CB by the sine of the angle of the parallelogram,
radius being unity (7rig. 30). Hence, the area of a purallelogram
is equal to the product of any two contiguous sides multiplied by the
sine of the contuined angle, radius being unity.

Given AB = 59 chains 80 links, or 59,80ch., AC = 37,05 ch.,
and 4 = 907, we have 59,8 x 87,05 x 1 = 2215,59 square chains
= £2155900 square links. Now, since 10 square chains, or
100000 square links, make an acre, if we divide the area in
chains by 10, or the area in links by 100000, and multiply there-
mainder successively by 4 and by 40, dwndmg each time by the
same number, we shall have the content in the usual denomi-
nations employed in surveying ; thus,

221,559
4

2,236
40

9,44
Area = 221 groods g g qperches.

Given 4B = 59,80 ch. AC = 37,05 ch., the angle 4 = 72° 10’,
to find the area.

‘We have 4B x AC = 2215,59, as before, which, multiplied by
0,95195, the natural sine of 72° 10/, radius being 1, gives 2109,13
= 210* S* 26P- .

Or performing the whole by logarithms, .

4B . . . 5980 . . . log. . . . 1,77670
4. .. 8505 . . . log. . . . 1,56879
4 ... 72100 . . . log.sin . . 997861

210,91 3,32410
4
8,64
40
25,60
° Area = 210~3 ™ 25,67
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128. 1. Given the length = 52,25 ch., and the breadth = 38,24
ch., of a rectangular field, to find the area in acres, roods,
and perches.

JAns. 199~ S 8,6»

2. Given one side of a parallelogram = 15,36 ch., and its
contiguous side = 11,46 ch., the included angle being 47° 30’, to
find the area.

JAns. 12 §* 36»

124. Since every parallelogram is divided by its diagonal into
two similar and equal triangles (Geom. 87), any triangle what-
ever may be considered as haif of a parallelogram. We hence
derive the following general rule for these cases where two
sides and the included angle are known. The area of a triangle
is equal to half the product of any two of ils sides multiplied by the
sine of the included angle, radius being unity.

If the included angle be a right angle, the sine being equal
to radius, or'1, the rule will give for the area half the product of
the two sides, or, which is the same thing, the product of one
side by half the other.

Moreover, since any triangle whatever is equal.to a right-
angled triangle of the same base and altitude (Geom. 170), we
ean make use of the following simple rule, where the known
parts admit of it, as equivalent to the foregoing ; namely, the
area of a triangle is equal to the produa of the base by half its alti-
tude.

« Given 4B (fig. 65) = 12,38 ch., AC= 6,78 ch., and the angle Fig. 65.
A =462 24’ to find the area.
12,88 ¢ . . . log. . . . . 1,09272
678 . « . . log. . . . . 0,83123
40°24'. . . log.sin . . . 9,85984

6,0,8486 1,78389
4
35944
40
14,57760 . Area = 6% 0~ 14»

125. 1, Given ome-side of a triangular fiell = 18,37 ch., and
the perpendicular distance from this side to the opposite angle
= 18,44 ch., to find the area. .

Ans, 12% 1™ 15»
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- 2. In a triangular field one side being found by measurement
to be 64 perches, and another side 40,5 perches, and the included
angle 30°; required the area.
o ' JAns. 4% o~ 8P

3. Required the area of a triangular piece of ground, one side

of which measures 19,74 ch., its bearing being N. 82° 30’ W.,
and another side 17,34 ch., the bearing of this latter from the
same station being S. 24° 15’ E.
’ Jdns. 14* 2 8-

" 126. When the given parts are a side and the adjacent angles
or two sides and an angle opposite to one of them, the side or
angle required in order to apply one of the above rules, may be
found by trigonometry (T'rig. 34).

127. It may sometimes happen, either from the want of instru-
ments or the inconvenience of using them in particular sitaa-
tions, that the angles of a triangle are neither of them known.
In this case, the three sides being given, we can calculate one of
the angles by the rules of trlgonometry, or which is preferable,
apply the formula

A=4/s(s—b)(s -—c) (s—a) (Trig. 75),
where a, b, ¢, are the three sides, s their half, and A the area.
Fig.66. Given 4B (fig. 66) =49 ch., AC = 50,25 ch., BC = 25,69 ch.,
to find the area,

49,00
50,25
25,69

sum . L . 124,94

———

Halfsum . . 6247 . . . . ., 1,79567
~ 1stremainder 1547 . . . . . 1,12987
2d remainder 12,22 . . . . . 1,08707
8d remainder 386,78 . . . . . 1,56561

5,57772

615,75 2,78886
And 615,75 square chains is equal to 61* g~ gv-
The above formula is one of the most useful in practical ge-
ometry, since it enables us to effect the survey of any right-lined
field hy means of the chain only.
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128. 1. Given the three sides a, b, ¢, of a triangular field ;

1amely, 4 = 10,64 ch.,, b =12,28 ; and ¢ =9, to find the area.
" Jns. 4% 2% 26P

2. Given the four sides of a quadrilateral field, namely, 4B
= 17,22 ch., AC = 7,45 ch,, CD = 14,10 ch.,, and BD =
5525 ch., together with the diagonal 4D = 15,04 ch., to find the
wrea, :

JAns. 8% 3r 37,8r-

129. Any field bounded by straight lines may be divided into
;riangles, and the areas of these triangles being computed ac-
cording to one of the foreguing rules, their sum will be the area
of the whole field. Let ABCDE (fig. 67) be a piece of ground, Fig. 67.
the sides and angles of which have been measured. By the
diagonals EB, EC, it is decomposed into the triangles 4BE,
BCE, CDE, which may be computed by one or the other of the
rules already givent.

130. If the given field is bounded in part by a circular curve,
as ABC (fig. 68), this may be separated from the rest of the Fig. 68.
figure by the radii A0, CO, or by the chord AC.

t The diagonals EB, BC, way be calculated by the rules of trigo-
nometry, and then all the sides of the several triangles being known,
their areas are found by article (127). A much shorter method is to
take in the compasses the extent of these lines and that of the perpen-
diculars 4F, BG, DH, and apply them to the scale used in protrdct-
ing the survey, which will give the base and altitude of each of the
triangles ; then EB x } AF + ECx } (BG 4 DH) will be the
area. It will be perceived, moreover, that instead of measuring the
sides and angles of the field, these diagonals and perpendiculars will
be sufficient for forming a plan of the field and determining its area.

It may be remarked further, that any four-sided field, as EBCD,
can be surveyed by measuring either diagonal EC, and the perpen-
diculars let fall from the opposite angles ; and the area of the field
will be equal to the product of the diagonal by half the sum of the
perpendicuiars.

If any two sides of a field, or of the portions into which a field is
decomposed, be parallel, as 4B, EC, the figure MBCE becomes a
trapezoid, and its area is found by multiplying half the sum of the
parallel sides 4B, EC, by the perpendicular distance BG (Geom.
178).

Top. 12
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Let A0 or CO, for example, be 22,50 ch. and the arc ABC, or
which is the same thing, the angle AOC equal 28°. 8ince the
sectors of circles are as the number of degrees contained in the
arc of the sector, as 360° is to the area of the whole circle or
{22,50)* x 3,1416, so is 23° to the area of the sector egual to
(_22,5_;(_)%;_3,1416 x 23° (Geom. 290), and by logarithms,

860 . . . o . . log. . . . . o 255630

7,44870
22,50 .+ . . o 2log. . . . . . 2,70136
31416 . . . . log. . . . . . 049714
28 . . . . . . log ... . . 1,36178

»

4 .

40

25,60
Jns. 10% 0™ 25,6v-

181. A segment of a circle being the difference between the
corresponding sector and the triangle contained by the two radii
and the chord of the given arc, having found the area of the
sector ABCO, we obtain that of the segment ABCD by subtract-
ing from the former the area of the triangle AOC.

132." Grounds are sometimes laid out in the form of an ellipse,
the area of which is found by multiplying the product of the
two axes, or greatest and least diameters by the decimal 0,78541,

1 Since the ordinates to the transverse axis of an ellipse are to the
corresponding ordinates of the circle in a constant ratio, that is, as
the semiconj.lgate to the semitransverse (Trig. 114), the sum of the
ordinates in the ellipse (or the area of the ellipse) is to the sum of
the corresponding ordinates in the circumscribed circle (or the area
of the circle) as the conjugate axis is to the transverse.

Again, since the ordinates to the conjugate axis of an ellipse are
to the corresponding ordinates of the circle as the transverse axis to
the conjugate, the area of the ellipse is to that of the inseribed circle
as the transverse axis is to the conjugate. The above proportions
may be stated thus,
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This figure being a mean proportional bstween its circumscrib-
ed and inscribed circles, that is, equal to a circle whose diame-
ler is a mean proportiomal between the axes of the ellipse, we
may consider the producé of the two axes of any ellipse is the
square of the diameter of a circle of the same area. But the
liameter of a circle being squared and multiplied by. 0,7854
&c., (the area of a circle whose diameter is onet), the product
will be the area, Hence the area of an ellipse is found by multi-
alying the product of the two axes or greatest and least diamelers
by 0,7854 &c.

133. Sometimes the boundary of a field is irregularly curved,
or is made up of straight lines of small extent, as 4BCD &c. Fig. 69
“fig. 69). In this case it is usual, especially where great accu-
'acy is not required, to assume a line, as .4’ M’, from which the
serpendicular distances or offsets 44, B B, C'6, &c., are measur-
:d ; and in computing the contents the mean of all these distan-
ses is taken as equivalent to the average breadth of the part
;omprehended between ABCD &c. and 4 M', and the area is es-
;imated accordingly.

134, THe area of a field may be computed by means of the
lifference of latitude and departure corresponding to the direc-
ion and length of the several sides. Thus in the field 4BCD ( fig. Fig. 70.
"0) beginning at the westcrnmost point 4, with the bearing of
4B and its distance, we find the difference of latitude b and
leparture b B, as in navigation;. We proceed in like manner

ellipse : circumscribed circle : : conjugate : transverse,
. ellipse : inscribed circle :: transverse : conjugate.

If we take the products of the corresponding terms, the two last
erms of this new proportion become the same ; whence the two first
erms are equal, that is, the square of the ellipse is equal to the pro«
luct of the circumscribed and iuscribed circles, or in other words, the
llipse is a mean proportional between the two inches.

t The diameter of a circle being 1, its circumference is 3,14159, &c.
.Geom, 294). But the area is found by multiplying the circumference
y half of the radius or one fourth of the diameter, (Geom. 289).
Whence 1 of 3,14159 &c., or 0,7854 &c., is the area of a circle whose
liameter is 1.

1 Instead of calculating each of the latitudes and departures by
he rules of trigonometry it is usual to take them from a table of
atitudes and departure prepared for problems of this kind.
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with each of the other sides, and thus obtain successively & ¢,
mCy,nDorcd, Cn, Ad,and Dd.

- The area of the space 4B b is found by multiplying half the
departure b B by the difference of latitude 4. Soalso the area
of b B Cc is found by multiplying half the sum of the departures
b B, c C, by the difference of latitude bc, and the area of 2dD,
is equal to the product of half d Dby J4d.

But if these several areas be -subtracted from tle trapezoxd
eCDd, or from } (c C+d D) x cd, we shall have for the re-
mainder the area of ABCD.

Tt will be seen that all the areas to be subtracted belong to
those sides of the ficld, 4B, BC, D4, whose bearing is northerly
and whose differences of latitude are all in the same direction ;
and that the trapezoid c € D d belongs to the side of the field
CD, whose bearing or difference. of latitude is southerly.
Moreover, the departures,0,b B, cC, d D, 0, are obtained by
adding successively the departure corresponding to each side of
the field to the preceding, beginning and ending with 0, and re-
. garding the east departures as plus, and the west departures as
‘minus,

The above reasoning is applicable to any rectilinear figure,
whatever the number and position of the sides, as will be evident
from a slight inspection of figure 71.

‘When the bearing of one of the sides, as DE, is due east or
west, the corresponding difference of latitude being 0, the area
of }(dD+dE) x 0is nothing, Also when one of the sides is
due north or south, as FG, the corresponding departure being 0,
3(fF 4+ g G) is equalto fFor g G.

Sometimes in the case of a reentering angle like AIH, a por-
tion of the figure AI'r is reckoned twice. But this is corrected
by the sabtractive space h HIi, which includes not only the exte-
rior portion h HI 4,but also the whole additive triangle AIi be-
longing to the last side of the figure L4.

When the above method is adopted, it will be found convenient
to arrange the several results as in the following table, adapted

to figure 70.
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Bearings. |Dist| N. | 8. | E. | W. [| Dep.[Sum {||North [South
< areas. | areas.
AB N.2°FE. |17 [1565 6,64 6,64 6,64 (/103,92
BC N.8°E.|11 | 1,34 |0, 17,56124,20 {| 32,4:
CD S. 14°E. 23 ,32] 5,56 23,15/40,68 23}907,9
DA N.77°W.[23,660 5,35 23,05 23,12 123,
] 112,32/28,39125,13125,051 | 11259,581907,%8|.
239,58
648,
, Half 324,20

Area = 32% 1™ 27,2P

It may be remarked that, when the several operations are per-
formed with perfect accuracy, the sum of the northings will be
equal that of the southings, and the sum of the eastings to that of
the westings. This necessarily follows from the circumstance of
the surveyor’s returning to the place from which he set out ; and
it affords a means of judging of the correctness of the work. But
it is not to be expected that the measurements and calculations in
ordinary surveying will strictly bear this test. If there is only
a small difference, as in the above example, between the north-
ings and southings, or between the eastings and westings, it
may be imputed to slight imperfections ‘in the measurements.
If the difference is considerable, the work should be reviewed,
and if no error can be discaovered, the difference above mentioned
ought to be apportioned among the differences of latitude and
departure in such a manner as to produce the least possible
change in the given numbers. This is done by the following
proportions. As the sum of the boundary lines 4B, BC, &c., is
to the errorin latitude, so is the length of any pagticular boun-
dary to the correction of its corresponding difference of latitude ; -
and as the sum of the same boundary lines is to the error in the de-
departure, so is any particular boundary to the correction of the
corresponding departure.  The correction in each case is addi-
tive or subtractive, according as it belongs ta the column whose
sum is the least, or to that whose sum is the greatest 11; thus, in
the above example,

t Instead of multiplying half the sum of the departures at each
step by the difference of latitude, it is more convenient in practice
to employ the entire sum of the departures, and then to take half
the final result, as in the above example.

tt The learner may find a demonstration of the above rule by
Bowditch, and also by professor Adrain, in the Analyst, No. 4, edit-
ed by the latter gentleman.



94 Jpplication of Trigonomeiry.

4B + BC + &c. =74,66:0,07::1f :0,02

::11 :0,01

:2: 28 : 0,02

:: 28,66 : 0,02
The three first of the abeve corrections belonging to the
column whose sum is the greatest, they are to be subtracted
from their respective departures. 'The fourth correction for the

opposite reason is additive. ~They are applied below according

to their signs. .
E. Ww. Correction.  Cor. E. Cor. W.

6,64 — 0,02 6,62

10,92 — 0,01 10,91

5’56 — 0,02 5,54

23,05 + 0,02 23,07
Sum 25,07 28,07

The departures, thus corrected, become equal, and the cor-
rected area is 32% 1™ 18,1P,

The above will serve as an illustration of the rule. In most
cases both the latitudes and departures require correction.

One adyantage of the foregoing method of computing the con-
tents of afield is, that it may be directly applied to the original
minutes taken of the survey, without any plau being drawn,
and without relying in any degree upon the accuracy of a con-
structed figure.

185. 1. Given the following bearings and distances of the
several sides of a field, namely,

l. N.58°E, 19ch.
2. E. 6°8. 20
3. S.17°W, 20
4 W. 20
5. N.42°35 W. 15,10

to find the area.
JAns. 54% 3r- 24p.

2. Given the following bearings and distances, namely,

1. N.45°E, 40 ch.
2. S. 80° 'W. 25

S. -8 5E. 86

4. Ww. 29,60
5. N.20°E. 81

to find the corrected differences of latitude and departure.
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Jns. ' N. | S E. w. |
1. 1 28,30 28,30
2. 21,63 12,49
3. 385,84 8,16
- 4.1 0,02 29,59
1 5. | 29,15 10,62
57.47 | 57,47 | 42,08 | 42,08

D.’.. ofl l

136. There is often occasion after surveying a piece of ground
to divide it into portions or ois, of certain given dimensiens gr
bearing a certain _prapertion to the whole.

'We have already given general metheds adapted to questions:
of this kind (Geom. 255 &c. Trig. 80 &c.). But there are par-
ticular problems occuring in snrveymg that admit of very sim-
ple solutions. -

137. Suppose, for example, that the given field is.of a trian-
gular form, and that it is preposed to divide it into two parts
that shall be to each other as m to.n.

1. If the dividing line is to preceed from one of the angles, as
4 (fig. 72), we divide the opposite side CB into two parts, having rig, 72
the ratio to each other of m to n (G'eom. 286), and draw the line
A e from the vertex of the angle . to the point of division e.
Then since the triangles JACe, A ¢ B have the same altitude, .
they must be to each otber as their bases, that is, as m to «.

‘Whatever the number and ratio of the parts into which CBis
divided, the partial triangles, found as above, will be to each other
as these parts,

2. If the dividing line is required to be parallel to one of the
sides of the field as 4B (fig. 73), the'portion cut off bein;: simi- ¥ig. 73.
lar to the whole, we shall have (Geom. 218),

—3 —3
CAB:Cee':: CA: Ce,y

) o
— —g
m4n:m ::C4:Ces

whence :

— E"

C

=m+n
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and
l’Cd =CJI’

therefore Ceis a mean proportional between C4 and

+ n’

If the side C4 be 15ch., and the portion C e ¢, to be cut off, be
one half of the triangle C.4B, we shall have

m
o4 m-+a
Fig.74. 1f it were proposed to divide the triangle 4BC (fig.74) into
three equal parts, by lines parallel to 2B, it is evident from what
is above shown that we should, have
cd=¢C4a V;’ and Cd'=C4 J,g.—,
3. The conditions of the problem may require that the divid-
¥ig.75.ing line or lines should proceed frem a given point-D (jig 75)
in one of the sides.

If it were proposed, for instance, to divide the triangle into
three equal parts. Having divided the side C according to this
same proportion, through the points of division F, F', we draw
¢ F, ¢ F' parallel to BD'; then joining e D, ¢’ D, we shall have
deD,eDé, e DC, equal to each other, or in the ratio of the
lines AF, FF', FFC. 'This will be rendered evident by suppos-
ing lines 'drawn from B to F and F’, making three triangles of
the same altitude and consequently having the same ratio to each
-other as their bases. But, since ¢ F, ¢/ F', are each-parallel to
BD; 4 e D is equal to ABF, and C¢' D to CBF'.

Knowing therefore 4B and 4D as well as AC, we have only
to find a fourth proportional Ae, to the three given lines /4D,

4B, ££ or AF (Geom. 237). 'The point ¢ is found in the same

manner.

The above method is evndently applicable to a division of the
given triangle into a greater number of ‘parts, and such as bear
a different relation to each other.

Fig.76. 4. The problem may require that the dividing line EF (ﬁg.76)
should be perpendicular to one of the sides of the given trian-
gle. In this case, the ratio of the parts being expressed by
m:n,let AE = z, EF =y, AD= a, 4B=>b, CD=h; we have,

4BC or > 5+ 4EF or 22 ""-” :m4n: m




Bwroeying. g7
whence ‘
bh
m 4+ n

L

zy
2

Bat, since by simifar triangles,
. ka '
a:hi:xigpy = .

Substituting for ¥ this valne, weé obtain
Fx®  3bhm - b.am
Fo - mrn”T Taxw )
We ﬁml therefore that 2 or ZEis a mean proportional between

b and + ~ It m=n, the triaugle AFE being oue Lalf of
2CB, we shiould beve ~

x’:;,

that id, 4 is-€ medn proportidiial between the base 4B and half
of the segment 4D. JE may chance to be greater than 4D, in
which case we shionld desigriate e B by x, and BD by a.

1388. Tlie division to be performed may relate to a field of fear
or more sides, In the ¢ase of a paraljelogram, if the dividing
line, as EF (fig. 77)y be- required to be parallel to one of the Fig.77
.sides 4B, the distance at which this line is to be drawn,
may be found by dividing the area of -the portion to be separated
by 4B. If the parallelogram ba oblique-angled (fig. 78), and Fig. 7s.
the conditions of the problem require that the dividing line EF
should be perpendicular to one of the sides, and meet at the
same time the oppositet, since the figure to be cut off will be a
trapezoid, dividing it by EF, supposed to be known, we have for
the quotient the distance of DF fiow Fthe middle of SD (Goom.

179).

139. With respect to other quadrilaterals and figures of more

than four sides, if we suppose two sides AC, BD (fig. 79), pro- Fig. 79,
duced till they meet, they will form'with the intercepted side’ CD,.
a triangle, which, #8 all the parts of given figuves are suppbsetl
to be known, will be known also. This being added to-the part
that is to e cut off, the préblém: reduces iteelf to one or the
other of the cawes ah'mdy considered:

+If the dividing Ime do not wfeet both the mdes of the parallelo- -

gram, the portion to be cut off isa triangle, and the case refets itself
to art. 187,4.

Top. : 13
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Levelling.

140. T'wo or more points are said to be on a level when they
are equally distant from the centre of the eartht, or from the
surface of a tranquil fluid, supposed to be situated immediately
above or below them. A level surface, therefore, is one that is
every where perpendicular to a plumb-lire, or the radius of the
earth considered as a sphere. Thls is called a frue level, while
a straight line or plane that is perpendlcuhr to the radius of the
sphere or plumb-line only at one pomt, is denominated an ap-

Fig. 80. parent level. Thus AB (fig. 80) represents an apparent level,
4D a true level, and BD the deviation of the ane from the other,
or the difference of level of the points 4, B, referred to a tangent
at J.

141. Knowing the tangent 4B, we readily find BD by the
proportion,

. BH : 4B :: 4B : BD (Geom. 228),
which gives - ‘

BD= gn=scp+BIr

But, as BD is always small in comparison with 2 CD, the diam-

eter of the earth, it may be neglected in the second member of
the above equationt{ ; and, in most cases, for the same reason,

AD may be considered as equal to 4B ; whence

/ ip
BD = 2CD \
In like manner, for another distance AD’, we shall have
—q
AD
BY =351s

t The small errors committed by supposmg the earth a sphere in-
stead of a spheroid, are safely neglected in the common operations
of levelling.

11 If it were necessary we might find the difference of level with-
out neglectmg BD. Thns from the above eqnatlon we obtain

' BD+20D><BD.-.HB,
or, calhng BD x,CD a,and 4B b,
2% + 262 m b2, and 2 == =—a + VB3 + a? (Mg, 109).



Levelling. 99
and
aD  AD
BD: B ” HH 3Ch ¢ 30D
. — —

:: 4D : 4D, . .
that is, the difference of level for different distances, is as the square
of the distance, .

The distance 4D behisuppnaed, for example, = 1 statute mile
or 5380 feet, and 2 CD, the diameter of the earth = 7912 miles,
or 7912 X 5280 feet, we have
___(5380)

1le ~ 7918 X 5280°
and by logarithms,
' 580 . . .2log. . . . . . . 7544521
7912 . . .log. . . 8$,89829 ‘

5280 . . . los. o o . 3’72263
S 7,62092

12

Sy ———

BD = 8,0076 inches,

Thus the difference between the apparent and true level, an-
swering to a distance of one mile, is 8 inches.

142. For any other distance, as 2} miles for instance, instead
of repeating the above process, we can use the proportion

13 : (2,5)* =6} :: 8in : 52in}.

143. The difference of level of two stations is sometimes com-
puted by means of the zenith distance of each station as observ-
ed from the other. Let 4, B (fig. 81), be two stations at which ;g g;,
the zenith distances are observed ; namely, 2.4B, VB4, formed

3 oy . ., 5280 X 5280
t The difference of level for one mile being in feet 7513 x 5380
5280

o e that is, § very nearly, and the difference of level for any

other distance being as the square of the distance, we have the fol-
lowing convenient rule for finding the difference of level, namely,
take two thirds of the square of the distance in miles for the differ-
ence of level in feet nearly. Thus in the above example, § (2, 5)3 or
% 64 = 43 feet or 52 inches.
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by the vertical lines CZ, CV; and the straight live 4B. If
through the point /1 we draw the chord 4B', parallel to the ter-
restrial chord a b, the points 4, B, will be on a level, and BB
will be the height of the pojnt. B above the point B’. The arc
JB, being supposed to be known, may on account of- its small-
ness pe taken for its chord ; then, by the common theorem for
plane triangles, we have
sin BAB : sin 4BF :: *B’ : 4B,

whence
AB’ x sin 4B
BB = —ndBF
Bat BAB' ="180° — ZAB — BIC

= 180° — ZA4B — (90°— } C).
= 90°— ZAB +}C;
and J4BP = 180° — VBA.
Now from the triangle J4BC we have
180° = C + (180° — Z4B) + (180° — VBA),
or 90°=1 C4 90° — } Z4B + 90°— } VB4 ;
whence ) N ‘
90° =3 (Z4B + VB.(I) —3cC.
Substituting this value for 90° in the above expressions for
BAB, ABB, we obtain
BAB =} (ZAB + VB.‘I) —3C—Z24B+3}C
=} (VB4—24B)
ABB =90° + } (24B + VBA)—}1 C— VB4
=90 4} (ZAB—VBA—0).
Putting these values for BAB', ABB, in the expression for
BB, and designating the chord of the arc 4B’ by K, we have
K'sin 1 (VBA — ZAB)

BY = 5o+ § (BAB—VBI—T))
K'sin } (VB4 — ZAB) e

T Toosg (VB.&-—-Z&B-}- cy
144. This formula is exact. Bat in many cases }C may be

neglected ; then, since ;'i—c; = tang, the expression \becomes

BB’ = K tang } (VBA — Z4B).

When VB4 exceeds Z.AB, BB is positive, otherwise BY is
negative, Z.JB being the observed zenith distance at the place
whose elevation 4 a above an assumed level, as that of the sea,
is known, and VB4 being the observed zenith distance at the
place whose elevation is sought.
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145, When only oue of the zeuith distances can be taken, .
since VBA = BAC 4 C = 180° — ZAB + C, if we subatitute
this value for ¥ B4 in the formula
BB = K'tang } (VB4 — ZA4B),
we shall have ’ |
BB = K tang } (180° — ZAB +4 C — ZAB),

= K tang (90° —ZAB+}C).

=Kcot (Z4B — ;C);
and BE is positive or negative accordmg a8 ZAB is less or
greater than 90°.

146. The above formulas suppose the distance X to be given.
The difference of level may, -however, he determined without
knowing this line. Indeed the formula

BB’ = K tang } (VBA — ZAB)
may be made to involve only the zenith distances and radius
of the earth, For, since half the chord of any arc is equal
to the product of radias by the sine of half this are (I‘ng 50),
we shall have

BB =2 R sin § C tang } (VBA — ZAB)

= — 2 I cos } (Z4B + VBA) tang § (VB4 — ZAB)t.
The sign of BB’, depends upon that of the factors of the second
member of the equation.

147. When there is a series of signals, by proceeding in the
manner above explained, we determine only their relative heights.
Bat it is easy to find the absolule heights, or elevations above the
same horizon, as that of the sea for example. Let us suppose
that the points B, B, B", . ... B", the summits of the signals,
are unequally elevated ahove a common horizon, and that A’
represents the elevation of the point B’ above B, A" that of B”
above B, d” the depression of the paint B’ below B, and so
on, By taking H equal to the sum of the elevations &' 4. A" 4
&c.; and D equal to the sum of the depressions, we shall have

H — D = difference of level ;
and B* will be above or below B, according as H is greater or
less than D, : -

t From the expression 90° = } (Z4B + VBd) — } C (143) we
have 1 C = } (ZAB + VBA) — 90°,
and 8in } C = — cos  (Z4B + VBJ)
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If A" denote the height of the point B above the level of the ses,
N+ H— D will be the height of any other point B* above this
same level ; and it is obvious that we have only to subtract the
length of the signal from the absolute height of its summit,in order
to obtain the absolute height of the ground on which it is placed.

148. In the above formula it is supposed that the points 4, B,
are the summits of the siguals employed ; but the instrument
( used for taking the angles can seldom be placed precisely at

' Fig. 82, these points. In observing B (fig. 82) for instance, the instru-
ment for the most part is at some point a below 4. At the other

. station also, the place of observation, instead of being at B, is

usually at some lower point b. The zenith distances actually
observed therefore will be Za B, Vb A, instead of ZAB, VB4.
In this case, since
AR e ZaB 4 aBA= Z.aB(Gcom.i’s),
if we add a B4 to the zenith distance as observed at a, we shall
have the zenith distance such as it would be found to be if the
instrument were placed at 4. Now 4B and the distance 4 a being
supposed to be known, we obtain the above correction by the
following proportion,
AB : sindaB :: da :sina B4,
which gives
sin am'___.ﬂasin JdaB
4B
R Aasin dcB
=T 4B
in seconds, R’ being the radius in secondst.

149. In what we have said upon the subject of levelling, we

have supposed that light, in coming from an object to the eye,

t The expression for the angle is reduced to seconds by dividing
it by 1, or (on account of the smaliness of the difference) by the
sine of 1”3 or, which amounts to the same thing, by multiplying
it by the number of secouds contained in an arc equal in length
to radius. But, since the'ratio of the diameter to the circumfer-
‘ence is as 1 to 8,14159 &c., when the radius is 1 or the diameter 2,
the circumference is 2 X 8,14159 &c., and the semi-circumference
or 180° is $,14159 &c. ; consequently

8,14159 &c. : 1 :: 180° : R°
whence

180°
R = srmons, = 570 17 448", B = 345775, B" = 206264,8"

The logarithm of R”, which we have frequent occasion for, is 5,31443.
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proceeds in a straight line. But it is to be observed that when

a ray traverses obliquely the different strata of the atmosphere,

it is slightly curved in a vertical plane,} and it is in the ditec-

tion of a tangent to this curve that the object is actually seen.
Thus, if BDA (fig. 83) represent the path described by a ray rig. 83.
of light in passing from B to J4, the object B will be seen at B’

in the direction of a tangent at the point 4.

Let € (fig. 84) be the centre of the earth, and 4, B, two sig- Fig. 84.
nals, 4 the apparent place of . as seen from B, and B’ the
apparent place of B'as seen from 4. ZAB, VB4, will be the
apparent zenith distances, Z48, VB4, the true zenith distances,
and the difference between the former and the latter respectively
will be the refraction sought.

Since ZAB = C + ABC ¥
and VBA = C 4 BAC
we shall have

ZAB 4 VBA = 2 C 4 4BC 4 BAC = 180° + C;
if we subtract from this quantity the apparent zenith distances,
we shall have the sum of the two refractions, namely,

r+r”=18+ C— ZAB — VB

. = C — (ZAB' + VB4 — 180°)
or, by considering r = v,
r=1}(C— (Z4B + VB — 180°) ) ;

that is, we subtract the sum of the depressions of the two signals
below the horizon from their distance asunder, considered as an arc
of a great circle of the earth, and takehal_f the difference for the
terrestrial refruction.

150. At 18,6 yards below the top of the signal 4, the zenith
distance of the upper extremity of the signal B was found by
observation to be 90° 18’ ; and at 16,5 yards below the upper
extremity of B the zenith distance of the point 4 wis 89° 56,
the xectilineal distance between the two signals being 351172,8
yards, It is proposed to determine the amount of the refraction.

We first reduce the zenith distances to the tops of the signals
by the formula

sin @ BA = R'Aasin’da B

T (148). *

t There are sometimes lateral deviations, but these are considered
as exceptions to the general law.
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Thus, to find ths reduction in secends,

4B . .3511723,8..449378° AB . . . . . . 4,49373
' 550622 ‘ 5,50622
da. . .186..1,26951 Bb..165 . ... 1,21748
sindaB..90° 13" 10,00000 sin 45 B .. 89°56' ..10,00000
R" . . . L] . 5931443 R" . ,‘ e e . [ 5’81443
1287 =2'08" . . 2,00016 109" =1'49" . . . 2,03813

Ab B = 89° 56’ 00"

1'49”

ZAB’ = 906° 15’ 03" '"VBA' = 89° 57" 497
151. Now inorder to apply the formula for the terrestrial re-
fraction, since one minute of a degree is equal 6076 feet or
2025,3 yards, 31172,8 yards = 15/ 23" = the angle C; whence,

by the formula
r =} (C— (Z4B + VBA — 180°)),

rig.8s.. J4a B (fig. 84) = 90° 13’ 00”
2 03"

we have
r =} (15’ 23" — (90° 15’ 03" 4 89° 57' 49" — 180°)),
=} (15’ 28" — 12’ 52") .
=3}(231")= 1'155", '
If we divide both nfembers of the equation by C, we shall
have '

7;; = W= 92_3_'; =0,0301‘1-1! nellrly,
whence ’
T = 4y C nearly;
and for other distances r is found to bear about the.same pro-
portion to the angle subtended at the centre, that is, the terrestrial
refraction is ordinarily about one twelfth of the distance between
the observer and the object, considered as an arc of a great circle of
the eurth. Suppose, for instance, that the top of a ship’s mast
is seen twelve nautical miles off at sea, this distance, considered
as an arc of the circumference of the earth, or as subtending an
angle at the centre, amounts to 12/, one twelfth part of which,
or 1/, is the angular elevation of the object produced by refrac-
tion.
Fig.83. 'Thus ADB (fig. 83) being supposed equal to 12 nautical miles,
- B will appear from the point 4 at B, 1’ minute above its true
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place, and BB’ may be considered as the natural sine of an arc
of one minute, belonging to a circle whosé radius is 12 nagfical
miles. Now the sine of 1/, radius being unity, is 0,00029 (see
table of matural sines). Accordingly we have
BB’ = 0,00029 x 12 = 0,00348 of a mile
= 0,00348 X 6076 = 21,14 &. feet. ‘
It follows therefore that at the distance of 12 nautical mlles
an object is seen about 20 feet above its true place.
152. Itis to be observed, however, that the terrestrial refrac+
tion is found to vary considerably in different countries, and at
different seasons in the same country. It is estimated at 45 by
Dr Maskelyne, and at & by Legendre. In France, according
to Delambre, it is about 0,075 in sammer, 0,08 in spring and
auturnn, and from 0,09 to 0,1 in winter.
153. The correction for refraction being applied} to the appa-
rent zenith distances as observed at A and B (fig. 81), the true Fig. 8t
difference of level is found by one of the formulas above investi-
gated; thus
K'sin } (VBA — ZAB)
BB = o (VBa— ZiB 1 C)
K sin § (89° 57/ 49" — 90° 15/ 08")
= Cos § (79° 57’ 4¥ —90° 1% 08" 4 157 25"}
_ 81172,8s¢in § (— 17 14")
S =17 @ F15357)°
or by logarithms,
§ (— 177 14" +15'28") = — § (1’ 51")...55""log €05...10,00000

) 0,00000
I(—1714) ., . 887" . . . log.sin. . 7,39906
811728 & « ¢ o o o o o 449378

BB' = . e ‘e 0 '—'78g134 yd!. . . o o . . 1’89284

As VBA4 is less than ZAB, BP is mnegative, that is, th® dis-
tance of B kom Cis greater than that of A4 from C.

t 1t is not necessary to apply the correction for refraction to ob-
tain the difference of level, when we employ the formula involving
both the Zenith distances, since, by adding the same quantity, 1’ 15”
for instance, to each of the zenith distances VB.J, ZBJ, the djffer-
ence remains unaltered.

Top. 14
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154, We obtain very nearly the same result by the formula
in which } C is-neglected (144). Thus
BB’ = Ktang } (VBA — ZAB)
* . = 81472,8 tang 8’ 87”3
and by logarithms,
811728 . . « o . o 4,49378
tang . . 887 . o + « o o 7,89907

Ot——

BB = . « — 78,185 . . . o« . ~ 1,80285

BB’ is negative for the reason already mentioned (153).
155. If only one of the zenith distances Z.4B were known,
we should make use of the formula

‘ BB = K cot ZAB-—-,}C.
Thus, in the present case,

BB’ = 31172,8 cot (90° 15' 08’ 4 1’ 15" — 7' 42")},
and, by logarithms,

s1172,8 . . . . 449878
90°15'03"4- 1'15” or 90°16'1 8" 7’42" = 90°08’86” log cot 7,39822

BB — 77,98 . . . . ' 1,89200
156. When K is unknown, both the zenith distances being
given, we have recourse to the formula
BB = —2 R cos } (ZAB + VBA) tang } (VBA — ZAB),
which in the above example becomes
BB =—7912X 1760 cos §(90° 16/ 18+89° 59 04”) tang $(89°59'04"'—90°16'18")
7912 . N . . N . . 3,89829
1760 .« . . . 884551
3(90°16'18" 4 89°59°04")=1(1 80°l5’ 20" = 90°7 ’41" log cos 7,34928
1(89°59'047—90°16’18") = 1(17°14") = 8’ 87"...log tang...7,39906
BB —78,08 . . « o . :“ff'\l,agzm
157. The zenith distance Z.4B ( fig.85) of the surface of the
sea, as observed from the top of a mountain, being given, it is
proposed to find the height of the mountain. §
t

We might make use of the formula BB’ = K cot (ZAB — } C)
(145), since C= ZBA — 90° (Geom. 78), apdf(_ .n;';& B ut

a more convenient and exact formula may be obtained.
4 being a right angle, we have the proportion

-

t The correction for refraction + 1’ 15” is applied here, because
only one zenith distance is used.
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smB_coqC CA=R ::sind=1:CB= R+BB’,
whence

)
R R—Rcos C 1 == co8
BB = osC—R= cos C =-;R( cosﬁc)’
But, since 1 — cos C=sin C tang } C{, we obtain

BB =R smcung’c)—RtangCtang}C

= R tang (VBA — 90°) tang } (VBA — 90 ),
or, since VBA — 90° is very small, B
BB’ = R tang (VBA — 90°) } tang (VBA — 90°)
=3} Rtang (VB4 — 90°)3.

158. In this formula VB is supposed to be corrected for re-
fraction. If VBA' be the apparent zenith distance, we shall
have . ,

VBA = VBA' 4 0,08 C (151) .
" = VBA' + 0,08 (VBA' — 90°).
This value being substituted for VBA, the above formula be-
comes
BB = } R tang (VBA' — 90° 4-0,08 (VBA'— 90°))3 .
= } R tang ((1 + 0,08) (VBA' — 90°) )*
= } R (1 4 0,08)* tang(VBA'— 90°)3 very nearly,

159. Suppose for example that the angle VB4, as actually
observed at the point B, to be 90° 19’ 08", we readily obtain the
height of the mountain in feet ; thus
BB’ = 1 3956 x 5280 (1 4 0,08)* tang (90° 19’ 08” — 90°)* ;
and by logarithms

313956=1978 . . . . . . log. . . 8,29628
5280 . ,» o' s o s o o o log. . . 8,72263
14008=1,08 . . . . .2log. . . 0,06685
90° 19' 08” —90°% =19'08" . . 2loug. tang 15,49102

BB’ — 377,84 feet -e . o . . o o o o ° 2,57673‘ -
Deducting the allowance for refraction we have 2,57673 —
0,06685 = 2,50988, which gives the height BB’ = 325,5 feet. .

sin a cot } a
—ora —5— (Trig. p. 25),by multiplying
by R == cos a and dmdmg by cot § a, and putting # = 1, gives .,

:E——matangga.

+ The formula

P
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Fig.86. 160, Reciprocally, the height of the station BB (fig. 86)
being given, it is proposed to find the apparent zeuith distance
VB., or the apparent depression of the horizen HB.Z, cailed
the dip. i

The formula,
BB =} Rtang (VBA — 00°)3 (157),

BE' being known, and VBd the quantity sought. gives
BB’

tang (VBA — 90°) = tang HBA = TR

But the correction for refraction ABA’
=008 B 4 (15[) = 0,08 C = 0,08 HBA;
accordingly we have
HBA' = HBA — 0,08 HBA4 = 0,92 HBA

= 0,92 , Y nearly( Trig.17)

0,92 -
sm "y * T JBB
in seconds.
-—0—’3,-%—_—_: is constant, and its logarithm, R being estima‘ed in
sin 1l 3R

feet, is 1,96379 — 8,19500 = 1,76879.  If the height BB'.as that
of the deck of a ship for example, be 12 feet, we have y BF.= 1
log. 12 = 0,53909. This added to 1,76879 gives 2,30788, which
answers to 203" = 8’ 23" the dip of the borizon, or quantity
to be subtracted from observations of altitude at sea, when the
observer’s eye is 12 feet above the surface. To find the dip for
any other elevation, as a, we have simply to add half the loga-
rithms of @ in feet to 0,76879, or, to use the proportion '
V13 & 4/a :: 8'28” : dip required. :

161. Where the difference of level is great, as in problems
respecting the heights of mountains above their bases or above the
sea, the weight of the atmosphere, as determined by the barometer,
is generally used in preference to any other method. Suppose
Fig.87.the whole height of the atmosphere 4T ( fig. 87) to be divided
inta an indefinite number of strata of the same thickness, and so
small that the density of each strauum may be cousidered as
uniform. If we represent the densities of the several sucessive
strata beginning at the surface of the earth by a, b, ¢, &c.,
since the weight of each is as the density multiplied by the
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thickness, the thickness being considered equal to one, we shall
have the weights as the densities, that is, as a, b, ¢, &c. Conse-
quently, the weight incumbent upon the 1st stratum will be as
b +c¢ +d + &, that upon the 2d as ¢ 4 d 4 ¢ 4 &c., and so
on. Bat the density is as the incumbent weightt, or compressing
force 3 accordingly we have

a:b::bfctd+ & : c4d4e+4&e,

b:ciictdtet & :dyetf4 &
and so on; whence .

a:b::b:c::c:dyandsoontt;
that is, when the altitudes above the surface are taken in arith-
metical progression, the corresponding densities, and conse-
quently the incumbent weights of the atmosphere at these heights,
form a geometrical series ; in other words, the heights are the
logarithms of the corresponding weights of the atmosphere, ac-
cording to a particular base, which may be determined by ex-
periment (Alg. 254). Distinguishing these logarithms by a, if
we denote any two heights by A, 4’ .and the corresponding
weights of the atmosphere, as determined by the barometer, by
w, w’y we shall have '

B —h=2w-—2 wy

or putting A = 0{{, K=aw—arw
that is, the difference of level, or height of one of the places in
gvestion above the other, is expressed by the difference of the

t This is ascertained by experiment. If we take a portion of air
and compress it by a certain weight, upon doubling the weight the
air is reduced to halt the space. The weight being quadrupled, the
air is reduced to one fourth of the space, and so on.

Hifwesupposea : b::b:c:sc:d::d:e:re:f &,
by omitting the first couplet and taking the sum of the antecedents
and sum of the consequents (Geom. 1V), we shall have

b:c::btct+dt&k.:c+d+e &

- and consequently
be:bte+d4 & tcddd e+ ke

By omitting the two first couplets we shall have ‘

c:dorb:croetdte+ &:d+e+f4 &

1t This amounts simply to supposing that the lower station coincides

with the common level, the sea, .or some assumed level, as the base
of a hill, to which the other point is referred.
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logarithms of the mercurial columns, these logarithms bemg
constructed upon a particular base sdapted to this purpose.
Now, since logarithms are changed from one system to another
by a constant multiplier (4ig. 250), we shall have
k' = x (log. w — log. w’),

log. denotmg the common logarithm of the quantity before which
it is placed. Hence, by taking an object whose elevation has
been previously ascertained by other methods, we readily find,
once for all, the value of the multiplier x, thus

log w —l
Let us suppose, for example, that at the bottom and fop of a
tower, whose height is 200 feet, the mercury stood in the ba-
rometer as follows, namely, ,
atthebottom . . . . 29,96 inches,
atthetop . . . . . 2974,
the temperature of the air being 48°. 'We shall have
200 200 200
%= og. 29,96 — 1. 29,74 — 1,47654—1,a7334 — 0,00820
162. But this multiplier is constant only when the mean tem-
perature of the air at the two stations is the same; and fqr a
lower temperature the multiplier is less, and for a higher itis
greater. 4 correction, however, may be applied for any deviation
Jrom an assumed temperature, by increasing or diminishing ("ac-
cording as the temperature is higher or lower) the approximate
height by its 435th part for each degree of Fahrenheil’s thermometer.
'We can moreover change the multiplier to a more convenient form
by assuming such a temperature as shall reduce this number to
60000 instead of 62500. Now 62500 exceeds 60000 by its
25th part ; and, since 1° causes a change of one 435th part, the
1

proportion
=37 : 1° : 179

glves 17° for the reduction to be made in the temperature of the
air at the time of the above observations, in order to change the
constant multiplier from 62500 to 60000, or to 10000, hy calling
the height fathoms instead of feet. Thus, the thermometer stand-
ing at 48°% we may suppose it to stand at 48° — 17° or 31°; and
then we take 10000 as the maultiplier, and apply a correction ad-
ditive for the 17° excess of temperature.

The abave observatl.ons, for example, being given, to find the
height of the tower, .
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29’96 [ . . [ . log‘ . e e [ M?‘“
e9,74 e ° e o o !ogc e o o 1,47834

Dim of log. » @ o o 0,60320
Multiplier . . . . , 10000

Product . . . . * . 382
Thus the height of the tower is 32 fathoms, or 32 x 6 =192
feet, on the supposition that the temperature of the air is 31°;
but it being 48°, this result is to be increased ;}, part for each
degree above 81°; that is, by gy or 3% of the approximate
height. By addmg o5 of 192, or 8, to 192, we bave 200 feet
for the height of the tower.

This same method is applicable to other cases, whatever be
the temperature of the air at the two stations ; that is, the differ-
ence of the logarithins of the two barometric -columng, the decimal
point being removed four places to the right, is the approximate
height or difference of level in fathoms. A correction being ap-
plied for the difference of the mean temperature of the two
stations from 31° according to the rule just given, the true
height is obtained.

163. Given the height of the mercury in the barometer at the
bottom of a mountain = 29,37 in., and at its summit = 26,59 in.,
to find the altitude of the mountain, the mean temperature at the
two stations being 26°.

29,37 . o . o . log. . . . . 1,46790
26,59 ¢« o o o o log. Leoe e 142472

diff. . « « 0,04318
Approximate height . . . 431,8 fathoms,
Correction 4§, of 431,8. . =— 4,9

Trueheight. . . . . . . 426,9=2561, feet.

164. We have supposed in the above examples that the tem-
perature of the mercurial columns at the two stations is the
same. Where the difference is considerable, the result will evi-
dently be affected by it. If the upper station, for instance, be
the coldest, which most frequently happens, the mercurial column
will be too short, and will consequently indicate too great a
height. The contraction being about one 10000th part for each
degree of cold, or 0,0025in. in a column of 25in., it would require
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4° difference of temperature to prodyce an effect amounting to
one division on the scale of a commop barometer, where the
gnduatnon is to hundredths of an inch.

This correction is combined with the foregoing rule in the
following formula, in which ¢, ', represent the temperature of the
air, ¢, ¢’ that of the mercury, at the two stations respectively,
0,0023 being equivalent to ;1 nearly.

tt

w
K= 16000 (1 40,0023 (—— - 3‘) 18 X T ST G—7)

165. Beside the corrections above considered, regard is some-
times had to the effect of the variation of gravity in different
latitudes, and at different elevations above the earth’s surface.
The latter however is too small to require any notice in an
elementary work. The former may be found by multiplying
the approximate height by 0,0028371 x cos 2 lat. It is additive,
when the latitude is less than 45°, and subtractive when greater.
Or it may be taken from the following table.

Latitude. Correction,

0° . . . . v33 of the app. height.

5° e . .
10° . . . .
15° . . . .
20° . o . .
25° . . . o
80° . . . o
35° . . . L[]

+++++++++
]
:v-

Cd
40 . 3 E [ . -’-ﬁ'
45° L] L] L L] 0
00—y
55 . . . . .....,I_,u_l_s,v .

60° o e . . — iz

65° L] . . L]

70° ' . 3 . ' : ’:
75° . i .
80° . . . — 0T
. . . . — 1
"y
o
85 . . . . -5 _} -

9° . . .. 1
166. 1. Given the pressure of the atmos;lf:re at the bottom of-
a mountainequal to 29,68in. of mercury, and that at its summit.
equal to 25,28in., the mean temperature being 50°, to find the
elevation. . Jns, 727,2 fathoms or 4368,2 feet.
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2. The following observations being taken at the foot and
sammit of ‘a mountain, namely,
at the foot bar. 29,862 attach. therm 78° detach. thermt.71°
at the summit ¢ 26,137 “ 68° “ 55°
to find the elevation, :
’ Jns. 618,9 fathoms, or 3713,4 feet.
3. It is required to find the height of a mountain in latitude
50°, the abservations with the barometer and thermometsr being
as follows ; namely,
at the foot  bar. 29,40...attach. therm, 50°...detach. therm. 43°
at the summit ¢ 25,19, “ 46° “ 39°
Jns. 683,27 fathoms, or 4099,62 feet.

Trigonometrical Surveying.

167. Tuxs term is applied to those operations, which have for
their object the more accurate determination of the geographical
position of places, and finally that of the magnitade and figure
of the earthitselfl. Where a survey is made to comprehend an
extensive country, it is evident that the lines, amounting to fiany
miles in length, and extending over mountains and vallies, can-
not actually be measured with any considerable degree of accu-
racy. Itis usual, therefore, in such cases to connect the prin-
cipal points to be determined, by a series of triangles, as repre-
sented in figure 89, the angles of which, together with any one Fig. 89.
side, being carefully measured, the whole become known, and
the distance .and bearing of any two points are thence deduced
by calculation.

The principal triangles are made as large as possible, by con-
necting the most prominent objécts that are favourably situatedf
for this purpose. The side to be measured, called the base, is
usually much shorter than those of the principal triangles, and
is taken upon a heath or other level piece of ground, that ad-

t The attached thermometer measures the temperature of the mer-
cury in the barometer, and the detached thermometer that of the
surrounding air.

tt It evident that the condition the most favourable to accurate
results, other things being the same, is when the triangles are equi-
lateral.

Top. 14



114 JApplication of Trigonometry.

mits of its length, as referred to the level of the sea, being as-
certained with the greatest precision. It is customary also to
mieasure the side of some other triangle, as dc, near the other
extremity of the series, called the base of verification, and to
compare the result of this measurement with the computed
length of dc, for the purpose of being enabled to judge of the
correctness of the whole processt.

Two ether operations purely astronomical are now requisite to
complete the work. 'The first is to find the angle comprehend-
ed between the meridian and the side of one of. the given trian-
gles, as Abb'; and the second to determine the latitude of each

. of the extreme puints 4, B, we shall then have the meaus of
-computing the perpendicular distance bV, pp', &c., of each
-station from the meridian, and the distance of each perpendicu-
lar 4V, 47, &c., from 4. Knowing therefore the absolute dis-
tance 4 @, and the difference of latitude of these two points, we
readily find the length of a degree, and thence the length of
360° or the whole circumference of the earth, considered as

a sphere. By performing similar operations in different lati-
tudes, we obtain the length of degrees in those latitudes, and
thence the true figure of the earth, on the supposition that it is

a spheroid of revolution, or such-as would be formed by the re-

«  volation of an-ellipse about one of its axes.

- 168, The solution of this important problem belongs proper-
1y to astronomy 3 but it may not be amiss to make the learner
acquainted in this place with some of those theorems, that have
been investigated for the purpose of facilitating the observations
and calculations above referred to.

169. It will be readily seen, that, where a triangle is formed
by means of signals placed upon the spires of churches and the
highest points of other objects, it will often be impossible to place

- the instrument at the vertex of the angle to be measured. Sup-
Fig. 88. pose, for instance, that the angle C (fig. 88), in the trianglé 4BC,
is required, and that the nearest position in which the instrument

can be placed is at ' P. The angle 4PB = P, and BPC = P, be-

t In the great French survey, conducted by Mechain and Delam-
bre, the base of verification to a series of triangles extending from
Melun to Perpignan, a distance of about 400 miles, differed less
than 12 inches from its computed length. Instances of such extreme
accuracy occur also in the English survéy.
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ing observed, and the side CP together with AC and BC, being
known, the angle C may be found. Thus,
AIB=P 4 I4P = C + PBC;

whenca

C=P 4 IAP — PBC.
But, by the rules of trigonometry,

4AC : PC :: sin CPA : sin CAP,

whence

sin C.dP.or sin 74P = PCsinCPA _ PC

—ac = ac " (P+P).
Also :

BC : PC :: sin BPC : sin PBC;
whence .
sin PBC = ﬁg sin BPC = ig sin P.
Now, since the angles 14P, PBC, (or the arcs measuring them)
are always very small, their sines may be taken as equivalent
to the arcs themselves (Trig. 17). Accordmsly, by this substi-

tation, we shall have
n(P+P) sinP
C= P+ 4G sm(P+P’)—— C sin ‘P’_.P+Pc(§l-(——2— FC

_ PC sin (P 4+ P') sin
=P+ sinl”\  4C B:')

in seconds.

The use of this formula cannot in any case be embarrassing,
provided the signs of sin (P 4 P’} and sin P’ be attended to.
"T'hus the second term of the correction will be positive, if the
angle (P 4 I) fall between 0 and 180° and it will be negative
if it exceed 180° (Trig. 23). The contrary will take place with
respect to the angle P’, according as it is less or greater than
180°.

170. When 4C.or BC becomes infinite with respect to PC,
the corresponding term vanishes (A4/g. 68), and we have, in the
first case, '

PCsin P’
C=P— 7B
and in the second
PCsin(P 4+ P
C=P+ 8in 1(” %—)'

The first of these formulas is applicable when 4 is a heavenly

body, and the second when B is one. 'When 4C, BC, are each
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infinite with respect to PC, both the terms vanish, and we have
cC="P.

171. But without 4 and B being at an infinite distance, C
may be equal to P in innumerable instances ; that is, whenever
the centre is placed in the circumference of a circle passing
through three points 4, B, C; or when the angle BPC is equal
to the angle BAC, or to BAC + 180°. Whence, though C should
be inaccessible, the angle ACB may in many cases be obtained
without any calculation,

It may be further observed, that when P falls in the circum-
ference of a circle passing through the three points 4, B, C, the
angles 4, B, C, may be determined solely by measuring the an-
gles APB, BPC. For the opposite angles 4BC, AP, of a quad-
rilateral inscribed in a circle, being equal to 180° (Geom. 130),
we shall have

ABC = 180° — 4PC,
also -
BAC = 180° — (4BC 4 ACB)
= 180° — (ABC + APB).

172. If one of the abjects viewed from a further station bea
vane or staff in the centre of a steeple, it will sometimes be found
that such object, when the observer comes near it, is invisible as
well as inaccessible. Still there are various methods of finding

Fig. 90.the exact angle at C (fig. 90). Suppose, for example, the signal-
staff to be in the centre of a circular tower, and that the angle
JAPB was taken at I’ near its base. In the direction of the tangents
I'T, PT', let two equal distances Pm, P m/, be taken at pleasure.
Bisect m m’ at the point n, and thie angle n PB will be equal to the
angle CPB. Also the distance PS added to the radius €8 of the
tower, will give PC the distance of the centre of the position P
from the centre of the station C.

If the circumference of tho tower cannot be measured for the
purpose of determining the radius; by measuring the angles
BPT, BPT', we shall have

BPC = } (BPT + BPT’)
and CPT' = BPT— BPT;
then the measure of PT will give
PC = PT scc CPT. .
173. If the base of the towcr be a regular polygon, which not
Fig. 91 unfrequently happens, take for the position P (fig. 91) the point of

’
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intersection of two of the sides produced, and we shall have, as be.
fore, BPC =} (BPT + BPT'), and PT equal to the distance from
P to the middle of one of the sides ; and hence PC is found as
above. If the figure be a regular hexagen, Pm C w’ is a rhombus,
in which mm'is equal to m C (Geom. 271); accordingly we
have
1: 43 ::mm' : PC (Geom. 272),
and hence
PC=mm 3.

174. If the instrument used for taking the angles be adapted
only to measure angles in the plane passing through the three
stations, it hecomes necessary to reduce these angles to the
horizon. Let BCA (fig. 92) be an angle measured in an inclin-
ed plane, and B'CA’ the corresponding horizontal angle, formed
by the projection of €4, CB. The zenith distances % a, z b, of
the stations 4, B, as observed from C, tegether with the arc a b,
the measure of C, or of ACB, constitute a spherical triangle, in
which the angle at % is equal to 4 CB’ or C, the angle required
(Geom. 471), Hence, by the common theorem for the case where
three sides of a spherical triangle are given to find an angle
(Trig. 62), we have

inlxz—=sinlC'=
sm,Lam,C’.J

sin§(C+za+2b—2z2a)sin§{C+ 204 26—228)
sinzasinzd

sin} (C4z28—ga)sin}(C+za—zb
= J sinzasinzb -

175. It may sometimes be more convenient to take the inclina-~
tions 4C.4, BCRH', of 4 and B, that is, the complements of the
zenith distances, If we call these ¢, ¢, respectively, by intro-
ducing them into the first of the above formulas, we shall have
[sing (C+9U°—c+90°-c'-2(90°—c)sin§( C490°-c4-90°-c'-2(90°~¢')

cos € cos ¢/ .

inl (=
sin} C'=

_ fsin3 (C+c—c)sing (C+ ¢ —c)
cos ¢ cos ¢’ T
176, If c be equal to ¢/, the above formula becomes
[sin} Csin}i C _sin}C
A cosccosc  cosc
177, If the angles c, ¢, be very small and nearly equal, since
the cosines of small angles vary very slowly, we may often use
the following formula without sensible error, namely,

sin1C=

F; i‘. 92.



118 . Jpplication of Trigonometry.
_singC
cos} (c + c’)

178. The observed angles being reduced to the centre of the
station, and to the horizon, it is proposed next to find the angle
contained by the chords of any two sides of a known spherical
triangle. V

p,g 9s- 'The angle 4, for example, of the spherical triangle ABC (fis.
93), and the two sides b, c, being given, it is required to find
the angle A, contained by ¥, ¢/, the chords of b, ¢, respectiv ely.

From a known theorem of spherical tigonometry (Trig. 53),

sin } C' = very nearly.

we have
cos @ = cos b cos ¢ 4 sin b 8in ¢ cos 4.
But
cos ¢ = (cos } ¢)* — (sin § €)* (T'rig. 11),
=1— (sin } ¢)* — (sin } c)’ (Trig. 10),
= 1—2 (sin  ¢)*.
In like manner
cosa =1—2 (gin } a)?,
and - cos b =1— 2 (sin § b).

Substituting these values in the above equation, we have
1—2(sin } a)*=(1—2 (sin} b)? ( 1—2(sin §c)* 4-sin bsin ¢ cos 4,
or, since p
sin b= 28in } bcos } b, and sin c = 2sin } ccos } ¢ (Trig. 11),
1—2(sin §a) 3=<1—2 (sin}b) 3 (1 — 2(singc)$ - 48in 4 bcos F bsingccos fccos A

Now .
sinja=3a,s8in}b=1V,andsintc=1c (Trig.11),
consequently,

1—‘a’—(l-—-‘b”)(1—‘c")+4‘b’cos%b‘c’cos c cosd
=1—3b0*—3c* + 3V c34bc'cosfbcos]c cosd,
and by trsmsposition,

'Y % 't
¥ +’2 2 =134V ccos}bcosiccosd,

-

But
Y34 c't-a

g QR
co8 A = ——; 3T ,orcosA’b’c'_ﬂ—"-'-c’—-—

(Trig. 38).
whence, by substitution and division, we have
cosA’'=3b }¢ 4cos 3bcos }ccos A
or, by restoring the values of } b’ 1 ¢
cos A’ =sin} bsin } ¢ 4 cos3 bcos } ccos 4.
179. When the three sides a, b, ¢, are very small, compared
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with the radius of the sphere, the triangle differs but little from
a plane triangle ; and by considering it as such we can arrive
at an approximate solution ; but in this case we neglect the ex-
cess of the sum of three angles over two right angles( Geom. 489).
In order to obtain a solution more exact, it is necessary to take
account of this excess, which may readily be done by means of
a general principle, which we proceed to make known.

Let r be the radius of the sphere on which the proposed tri-
angle is situated. 1f we suppose a similar triangle, traced upon
a sphere whose radius is 1, the sides of this triangle will be

a b ¢
T T
Then, 2 being the angle opposite a, we shall have
cos £ —cos L cos —
cos =T r T (Trig.58).
- sin -’—’ sin —
P
But, 7 being very great with respect toa, b, ¢,
cos—_l a® +-———,andsm b_.-'f_. o
3r% T 2.5.4r8 r 2.8r3°

b . . . . .
and cos - cos —’_, sin ;, admit of similar expressions. Whence,

by substituting these values in the above equation, we obtain
a? a*
('—, YR 4r‘) - (l"z 723 4r‘) ( T AR ) 4r‘)
cos d =
(r 2. Sr’)( 2. Sr’)

or, by ‘reducing and neglecting all terms exceeding four dimen-
sions, on account of the smallness of the arcs compared with
radius,

b3 4¢3 —at At = b% —u ¢t b o8

2rs 2414 T
be b3 ¢ bc3

cos 4 =

Multiplying both terms of this fraction by 1 -|- , ,lmd

neglecting as before all terms of more than four dimenmons, the
equation becomes

f For an investigation of these expressions for the sine and cosine
of an arc, see note at the end of this part.
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b’+c’_a’ J_a‘_b‘_e‘ 3809 b‘+c‘+2b,c’-—a’b._.’cl

cos A=

bec ' 24bcrs 4llu:r'T 12bcr?
_ b+t c3—at  atfbt4ct—2a2h? —2a3c? —2h3c2 o)
2be 24bcr? *

If now we suppose A to be the angle opposite to the side a, in
the plane triangle whose ndes are equal in length to the arcs
a, b, ¢, we shall have .

y__ b3 4 ct —at .
cos A -—-——2b—;—— (Tng. 38).
Also
. a% — b4 —c* +2a3 b2 4-2a% c* 4 202 c3,
sin 4% = = +4:".’+ == + cl

or, changing all the signs and multiplying both members by é'ri",

__besinf's _ at 4 b4 4 ¢t —2a® b* —34a® c® — 258 ¢t

6r3s 24bcrs
These values being substituted in equation (1) give
be sin 4'*

cos A4 = cos A’ —

6r
Put 4 = A’ + x, and we shall have
co8 A =cos A — x sin 4’ tf.
Baut
besin 4% -
cos A = cos A’ — 5’

whence
becsin A'®

67 °
and bcsin 4

x SN e—
6r2

xsim A =

tsin f'* = 1 —cos 4% (7rig. 10)..
I ety
(2b¢c)s i
— 48 c* —(at4 b4+ e —2a? b’—-ﬁa’ 24288 %) [
\
\

4b* c®
—at—§b ot - 2a% b | 2a%c3 203 c’
453 3
11 By the general formula (Trig. 11)
cos (A’ 4 x) = cos A’ cos £ — sin 4’ sin.x;
or, since  is very small, by considering cos & = 1, and sin & = &
we have

€08 A = cos (' + x) == cos # — & sin A very nearly.
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Since @ is of the second order with respect to —':-_ and -;, it follows

that the above result is exact to quantities of the fourth order;
consequently we have ,
besin A

A=4 4+ D

Now } besin 4’ is the area of a plane triangle (124), whose
sides.are a,,, ¢, and which does not sensibly differ from that
of the spherical triangle under consideration. Accordingly if
we call the area of either the one or the other «, we shall
have

A=4+ ’,,o
or v — g

£=4 3 r"
In like manner

B =B-—

whence .
A+B+Cor180°=44+B+C— 55
that is
J+B+C-—-180°=—:-_;;

%’- therefore may be considered as the excess of the sum of the

three angles of the proposed spherical triangle over twe right
angles. This being established, we have the following remark-
able theorem, by which the resolation -of very small spherical
triangles is reduced to that of plane triangles.

4 spherical triangle being proposed, the sides of which are very
small compared with the radius of the sphere, if from each of its
angles we subtract a third of the excess of the sum of the three an-

. gles over two right angles, the angles so diminished may be taken
Jor the.angles of a plane triangle, the sides of 'whwh are equal in
length to those of the spherical triangle.

In other words—

A spherical triangle, slightly curved, whose angles are A, B, C,

Top. 16
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and whose opposite sides are a, b, c, answers always to a planc
triangle, whose sides are of the sume length a, b, c, and whose op-
posite angles are A — 3¢ B — 34, C — 3+, being the excess of
the sum of the angles.of the spherical triangle over two right an-
glest.

180. The excess ¢ or —'—,-, which is proportional to the area
T

of the triangle, may always be calculated a priori, by means
of what is known in the spherical triangle considered as a plane
triangle. If two sides b, c, are given, together with the contain-
ed angle A, we have for the area

«=3bcsinAd (124).
If the parts given are a side @ and the two adjacent angles B, C,
we shall have for the area

=1 g 8in Bsin C

38 sin(B + C)H
Moreover we have
- = _:-;. R"
R’ being the number of seconds contained in radius ; and thus ¢
will be expressed in seconds, and % is a constant quantity.

If the given side or sides be estimated in feet, r is also to be
taken in feet, and we shall have in this case '
log. R’ — log. r® = log. 206264,8” — 2 log. 8956 x 5280
= 5,31443 — 14,63978
=  10,67465
'We have therefore only to add 10,67465 to the logarithm of the
area of the triangle, expressed in feet, or to subtract its arith-
metical complement 9,32535111, in order to obtaim the spherical
excess in seconds.

t This curious theorem was first announced by Legendre in the
Memoirs of the French Academy for 1787.

] . . . asin B
1t Sin d=mn(B+C).a..smB.b=m)’
. . caseain O: o 350 C

sin f == sin (B 4 C):a::8m C: ¢ s B+ Oy

sin B sin C
sin (B + C)'
ttt The constant subtractive logarithm used by General Roy, in

Hence the area = { bc sin 4 = } a®
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Suppose, for example, that we had given two sides of a trian-

gle, a, b, and the included angle C, namely a = 248230 feet,

b — 212628 feet, and C =103° 19’ 10”, we should have for the
area

s«=}absin C, orabﬁnc,

and, by logarithms, L
2-.....;105.....0,30107

9,69897
8 . . 248230 . . log.. . . . 5,89485
b . . 212698 . . log.. . . . 532762
C...108°1910” .. log.sin. . . 9,98816

Logarithm of thearea . . . . . . 0,40960
Constant logarithm subtractive . . . 9,32535

Spherical excess = 12,14” . . . . . 1,08425

Thus the spherical excess in this example amounts to a little
more than 12”{; and the sum of the three angles ought to
exceed 180° by this quantity. We are thus enabled to judge of
the accuracy of the observations, and in some degree to apply
a correction for slight inevitable errors. It is customary to in-
crease or diminish each of the observed angles by a third of the
error, in order to render their sum equal to two right angles
plus the spherical excess.

- The angles of the several triangles being thus corrected we
may proceed to calculate the sidestt directly by the rules of sphe-
rical trigonometry, or by reducing the angles to those contained

the English survey, was 9,3267737, derived from the supposition that
r = 3962 x 5280 feet nearly, or 6 miles greater than the above.

t The sides in the example above given are very large, being be-
tween40 and 50 miles. There are few cases in geodesic operations
in which the spherical excess exceeds 5.

1 One or more of the sides are first calculated for the purpose of
finding the spherical excess,and by this means, of correcting the ob-
served angles. 1In the method however of reducing the spherical tri-
angles to those contained by the chords, there is this criterion of the
accuracy of the observations, that the sum of the three reduced an-
gles should always be equal to 180°,
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by the chords (178), or by deducting one third of the spheri-
cal excess from each of the angles, and considering the re-
maining angles, together with the actual spherical sides, 4s con-
stituting a plane triangle. The first of these methods was prac-
tised by Boscovich, the second by Colonel Mudge and Delambre,
and the last by General Roy. Indeed, Delambre informs us,
that he computed, by each of the three methods, the whole series
of triangles extending from the British channel to the Mediter-
ranean,
¥ig.88 181. 1. Given AC (fig. 88) = 4510 yards, BC = 4730 yards,
APB = 83° 58’ 37,48", BPC=232° 55, to find the angle ACB,
or the reduction to the centre of the station.
JAns. ACB = 266° 52' 54,35"
vig.92. 2. Given the inclined angle ACB (fig. 92) and the apparent
+ zenith distances Z a = 91° 25’ 51, Z b = 91° 32' 45", to find the
corresponding horizontal angle #'CB.
JAns, ACB = 61° 10’ 49,18",
¥ig.91. 3. Given the arcs b, ¢ (fig. 91) equal respectively to 15’ 197,
7' 26", and the angle A equal to 66° 30’ 36,88", to find the angle
A’ contained by the chords of a, b.
JAns, A = 66° 30’ 36,68"
4. Given two sides of a triangle equal to 70290,2, and
18849,6 feet respectively, and the contained angle equal to 55°
48’ 07", to find the spherical excess:
Jns. 5,022
5. Given the three observed angles of a triangle, namely,
4 = 53° 58’ 85,75", B =57° §6' 39,5”, C=68° 24’ 44/, and the
side ¢ opposite to C = 79211,22 feet, to find the sum of the errors
of observation.
Jns, — 1,837,
6. Suppose that two sldes a, b, and the included angle C, of a
spherical triangle have been determined as follows, namely,
a = 79211,22, b = 71934,2, and C = 58° 58' 85,75”,
it is proposed to find, by the theorem of Legendre, the angles,
and the remaining side, of the corresponding plane triangle.
angles of the spherical triangle, angles of the plane triangle. sides.
A 68° 24" 45", .. 4 = 68° 24’ 44,64", . . 6 =79211,22
iB 57° 36' 40,38”, .. B' = 57° 36’ 89,98", . b =71934,2
C 58° 58’ 85,75" .. C' = 58° 58’ 85,89", . . ¢ = 68896,9
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) 8

Description and use of the Plane Scale, Sector, &e.

Tae plane scale is an instrument of wood or metal varying in
length from six inches to two feet. It usually contains lines of the

followmg denominations, namely,
.+ « i«  Equal Parts, marked- E. P
2. . Chords, . . . . Che

© 8. . . . Rhumbs, . . . . Rh.

4, e « o+ Sines, . .« o . Sin.

5. . . . Tangents, « « « Tan.

6. . . . - Secants, . . . . Sec.
7« « . Semi-Tangents, . . 8. T.

8& .+ . . |Longitudee . . . Long.
9, . . . Latitude, . . . Lat.
10. . . . Hours, . . Ho.
11. . . . Inclination of Mendlans, In. Mer.

1. Lines of equal parts are of two kinds. The firat, represented
by figure 94, consists simply of a certain number of equal portions of
any convenient length, the extreme one on the left being deeimally,
or duodecimally subdivided, and the rest being numbered 1, 2, 8, &c.
There are usually several of these lines adapted to different purposes
and distinguished by the numbers 20, 25, &c., showing into how
many parts an inch is divided.

These lines are used in laying down any distance, as feet, chains,
miles, &c., expressed by a number consisting of two denominations, or
two figures. The several divisions may be considered as feet, for ex-
ample ; then the decimal subdivisions would be tenths of a foot, and the
duodecimal subdivisions, inches. So also each of the principal divisions

1 These letters are often omitted, and the names of the other lines still
further abbreviated, as Ch. or C. for Chords, Si. or S. for Sines, Ta. or T. for -
Tangents, &c.
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may be regarded as ten feet, ten miles, &c., and in this case the de-
cimal subdivisions will represent feet, miles, &c., respectively.

The second construction for lines of equal parts is represented by
figure 95. It consists, when intended for a decimal scale, of eleven
lines, drawn parallel to each other, and at equal distances, the ex-
treme ones being divided in the manner above explained, and the
subdividing points being connected by diagonal lines, that is, by lines
proceeding from the first point on the one side, to the second on the
opposite, and so on, as exhibited in the figure. Then, by similar tri-
angles,asab:ac::bo:cd, that is, cd is one tenth of the subdivi-
sions, or one hundredth of the primary divisions of the scale. In
like manner e f may be shown to be two hundredths, and g & three
hundredths of a1. While, therefore, the first scale is limited to two
figures, this is adapted to three. If the number proposed were 253,
for example, we should take 250 as on the former scale, by extending
the compasses from 2 of the principal divisions, considered as contain-
ing each ten parts, to five of the subdivisions, then by opening the
compasses to the corresponding extent on the third of the paraliel
lines, we shall obtain the length required.

There are generally two diagonal scales laid down on the same face
of the instrument, the unit of the one being double that of the other,
and commencing on opposite ends of the scale.

In order to construct the remaining lines of the plane scale, de-

Fig. 96. scribe the circle AEBD (fig. 96) with any convenient radius 4C,
: and draw the diameters AB, DE, at right angles to each other.
Continue B at pleasure toward F, and through D draw DG parallel
to BF. About the circle circumscribe the square HMW, having its
sides HM, MV, parallel respectively to the diameters 4B, DE, and
draw the chords BD, BE, 4D, AE.

2. For the line of chords, divide the arc D4 into equal parts, mark-
ing the tenth divisions with the figures 10, 20, 30, &c. With one foot
of the compasses in D transfer the several distances D 10, 1) 20, &c.,
to the chord DJ, which, marked with the corresponding figures of the
arc, will become a line of chords. There are usually several of these
lines, constructed with different radii, upon different parts of the
scale. )

8. For the line of rhumbs, divide the arc BE into eight equal
parts, marking them with the figures 1, 2, 8, &c., and subdivide each
of these parts into four quarters; then, with one foot of the compass-
es on B, transfer the several distances B 1, B 2, &c., to the chord BE,
which, marked with the corresponding figures of the arc, will be 2 -
line of rhumbs.
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4. For the line of sines, through each of the divisions of the are
D4 draw lines parallel to the radius AC, and CD will be divided into
a line of sines, which are to be numbered from C to D for the right
sines, and from D to C for the versed sines. These may be continued
to 180° by applying the divisions of the radius CD from C to E.

5. For the line of tangents, lay a ruler on C and the several divi-
sions of the arc D, and the intersections with the line DG, i)eing
numbered with the corresponding figures of the arc, will become a
line of tangents. '

6. For the line of secants, with one foot of the compasseg(in C trans-
fer the distances from the centre C to the divisions on the line of tan-
gents, namely, C 10, C 20, &c., to the line AF, and these will give -
the divisions of the line of secants, which is to be numbered with
the corresponding figures of the line of tangents.

‘7. For the line of semi-tangents, lay a ruler on E and the sevenl
divisions of the arc 4D, and the points of intersection with the ra- -
dius Cd4, being numbered with the corresponding figures of the arc
4D, will be a line of semi-tangents. This line is generally continu-
ed as far as the length of the scale will admit. The divisions beyond
90° are found by dividing the arc J4E like the arc /D, and placing a
ruler on E and these divisions of AE, and the line of semi-tangenta
above 90° will be obtained on C.4 continued.

8. For the line of longitude, divide 4H into sixty equal parts, and
through each of these points draw lines parallel to the radius 4C, and
meeting the arc 4E. With one foot of the compasses in E transfer
these divisions to the chord .AE, and this line will become a line of
longitude. If this line be put on a scale close to the line of chords,
but inverted so that 60° on the line of longitude shall be against 0° on
the line of chords, &c., and any degree of latitude be counted on the
line of chords, we shall have opposite to it on the line of longitude,
the miles contained in one degree of longitude in that latitude, the
measure of one degree at the equator being sixty geographical miles.

9. For the line of latitude, place a ruler on J and the several di-
visions of CD), and note the intersections made on the arc BD. With
one foot ef the compasses in B, transfer these divisions to the chord
BD, numbering them with the corresponding divisions of CD,and -
this will be a line of latitude.

10. For the line hours, bisect the quadrantal arcs BD, BE, in
¢, b. Divide the quadrant a b into six equal parts, making 15° to an
hour, and subdivide each of these into four parts for quarters of an
hour. A ruler on € and the several divisions of the arc @ b will in- *
tersect the line MJV' in the hour pomts, which are to be marked as in
the figure. '
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11. For the line of inclination of meridians, bisect the arc £.4in
¢; divide the quadrant bc into ninety equal parts ; place a ruler on
T and the several division of the arc b, and the intersections with
the line #M will be the divisions of a line of inclination of me-
ridians.

The line of chords is used in protracting and measuring angles. If

Fig. 97.it were required, for instance, to draw the lines 4B, AC ( fig. 97.),
making the angle 4 equal to 20°, having drawn one of these lines, as
AB, we should extend the compasses on the line of chords from 0 to
60°, and with this extent, describe from .4 as a centre, an arc cutting
the line 4B in m; then since the chord of 60° is equal to radius
(Geom. 271), this arc will have the same radius as the circle to which
the given scale of chords belongs ; accordingly if we take in the com-
passes on the same scale the extent from 0° to 20°, and apply it from
m to n, and through the point n draw the line AC, the arc m n will be
equal in all respects to the arc ) 20°, that is, it will contain 20°, and
being the measure of the angle 4, this angle will be of the required
magnitude. .

In like manner, if the lines 4B, AC, were already drawn, and it
were proposed to measure the angle contained by them, having de-
scribed the arc m n with the chord of 60°, we take in the compasses
the extent from m to n, and applying it from 0 toward .4 on the same
line of chords, and the number against which it falls shows the magni-
tude of the angle 4.

The line of rhumbsis also a line of chords. It has reference to the
divisions of the Mariner’s Compass, in which a right angle, instead
of being divided into 90°, is considered as containing 8 points of 11°
15’ each, and each point is subdivided into four quarters. Problems
in navigation are frequently solved by estimating the angles in points
and quarter points instead of degrees and minutes, but the nature of
the solution is evidently not affected by this change in the denomina-
tion of angular magnitude.

The lines of sines, tangents, secants, and semi-tangents, as also the
line of chords, are used in orthographic and stereographic projection.

Fig. 13. Thus, the primitive circle (fig. 12), being described with a radius
equal to the sine of 90°, the radii C 10, C 20, &c., of the projected
parallels are the sines respectively of the polar distances of these par-
allels, that is, of 80°, 70°, &c. (7). In the polar stereographic projection

Fig. 14. (fig. 14) the radii P 10, P 20, &c., of the parallels of latitude, being

. the tangents of half the polar distances respectively (17), that is, the
semi-tangents of the polar distances, the primitive being described
with the semi-tangent of 90°, or radius, for the radii of the other



allels we have simply to take from the same scale, the semi-tan-
gent of 80°% of 70° &c. So also in the equatorial projection (fig-
14), the line of secants gives the radii of the oblique circles EFH,
EF'H, &c. (15), and pn the line of tangents we have the distances
of their centres respectively from the centre of the primitive (14).
These same lines serve also to find the distances of the centres and
the radii of the projecied parallels 10 a 10, 20 a’ 20, &c. (18)."

The line of longitude, placed by the side of a line of chords in-

verted, shows the length of a degree of longitude in different lati-
tudes. Let the two meridians PEP’, PQP ( fig. 18), be inclined to Fig- 18-
each other one degree, or, in other words, let the arcs QE, K1, &c.,
be each one degree of their respective parallels. The lengths of these
arcs are to each other as their radii CE, LI, &c. If, therefore,
CE be divided into 60 equal parts, the perpendiculars from M, I, R,
&ct.,upon CP, (being taken in the compasses, and applied to CE), will
show the length of a degree in each of these latitudes, or, which
amounts- to the same thing, the divisions of CE, numbered from C to
E, may be transferred, with the corresponding numbers, to the perpen-
diculars above mentioned, by means of lines drawn through M, I, R,
&c., parallel to CP, as in figure 96. The numbers against M, 1, R,
&c., will then show the length of a degree in the latitude of M, I, R,
&c, respectively, and if these numbers be written on a scale of
chords, (as that of EP,) against the chord of EM, EI, ER, &c., re-
spectively, the latitude of a place being given, we shall have, by
inspection, the number of nautical miles contained in one degree of
longitude at that distance from the equator.

The lines of latitude, hours, and inclination of meridians, are em-

ployed in the construction of dials. To give an example of the use of
these lines, let ¢ 5, ¢’ 8’ (fig. 96) be the meridian, ¢ ¢’ being the thick- Fig. 96.
ness of the stile, and VI c# VI the six o’clock hour line. From the line
of latitudes, take the extent from the beginning of the line to the divis-
ion corresponding to the latitude of the place for which the dial is to be
made, and set it off from ¢ to m, and from ¢’ to m’. From the points m,
m’, draw the lines m 2, m’ n’, each equal to the whole length M Nof the.
line of hours,and terminating in the meridian line atn, n’. Transfer
the divisions of the line of hours to the lines m n, m’ »’, numbering
them, as in the figure. From the peints ¢, ¢’, draw the lines ¢ I,c1l,
&c., ¢’ X1, ¢’ X, &c., and these will be the lines of the dial.

To show the truth of this construction, let the latitude for which
the dial is made be equal to the number of degrees in the arc Ap.
Then letting fall the perpendicular pg¢, and drawing through the

Fig. 14,

t M, R, &c., are supposed in this case to be in the meridian EP.
Top. 17



180 JVoles.

point ¢ the line # ¢ r, and joining B, we shall have the triangle
4B r equal, in all respects, to m ¢ n,namely, ABor MN' =mn, Br =
e¢m,&c. Whence
Radius : sin lat. :: AC : C¢q
" 31 dr: Br,
eonsequently
Radius : sinlat. :: nec:cm.

Let Hbe the point in which one of the hour lines, as IV P. M., for
example, meets m n. On the VI o’clock hour line take c R equal to
cn; join n R, and through H draw K'HL parallel to ¢ R, meeting the
meridian in K and the linen BRinL; and joinc L. Now because
Rnand mn are similarly divided at L and H (Geom. 196), and m H
Hn, are respectively equal to MIV, IV NV, Rn, and MN; are similarly
divided at L and IV. But the triangles Re¢n and M C /¥ are mani-
festly similar; consequently the angle nc Lis equal to the angle
MC 1V, and therefore equal to the angle described by the sun
between noon and IV o’clock P. M. v

Now LKornK : HK :: tangK'c Lor tangncL : tangnc H.
But nK:HK:: nc: cm
- ' t:rad : sin lat.

Accordingly .
- Rad. : sin lat. :: tang hor. ang. : tang nc H,
whence
tang n ¢ H = sin lat. tang hor. ang.

Therefore the angle which the line He¢ or IV ¢ makes with the
meridian is of the required magnitude (39). In like manner the
other hour lines may be shown to be drawn according to the formula
above referred to.

To construct a vertical south dial, we have only to take the com-
plement of the latitude instead of the latitude, and it is evident, that
by proceeding in the manner above pointed out, we should have for
the result

tang Hen = cos lat. tang hor. ang.
whlch agrees with the formula for a vertical south dial (42).

The line of inclination of meridians, it will be observed, is con-
structed like the line of hours, except that the angles are expressed
in. degrees instead of hours and quarters. It indicates the angles
made by the intersections of the planes of the meridians with the
plane of the dial, and may be used like the line of hours, as will be
sufficiently evident from what has been said above.

When a dial has been constructed by means of the lines on a plane
scale, the stile is to be made, and the dial is to be placed, according to
the directions already given (40 &c.).
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Of the Sector.

Tae sector consists of two arms or radii moveable about a centre.
It contains, beside the lines above describedf, double sets of lines of
the followmg denommatlons, namely,

1 Lines or equal parts, marked Lin. or L.
2 Chords, . . . . Che. C.
) - . . Sines, . . . . Sin. S.
4 . . . Tangentsto45°,. . . Tan. T.
5 + « .+ Secants, . « .« Sec 8.
6 . «  Tangents above 45" « o Tan. T.
7 4 Polygons, . . . . Pol.

These lmes dlverge from the centre of the axis about which the
arms of the sector turn. The lines of chords, sines, and tangents
to 45°, have the same radius, so that the chord of 60°, the sine of 90°,
and the tangent of 45°, are equal to each other, and each equal to ten
divisions on the line of lines. This common radius is nearly equal
to the length of the instrument when closed. The line of tangents
above 45° and that of secants, have each for its radius, one fourth of
the above, and are continued to about 76° - The line of polygons is
placed upon the inner edge of each arm of the sector, beginning with
4, and extending backward or toward the centre to 12.

The use of the sector depends upon the proportionality of the sides
of similar triangles. Thus, let 4B (fig. 98) be equal to 4C, and 4 b to p;g, g8,
A ¢, and we shall have (Geom. 202)

4B : BC :: 4b : be.
Therefore whatever part 4 b is of .HB, the same is bcof BC. If 4b
bea chord, sine, or tangent to 4B as radius, b ¢ will be the same to
BCasradius. The use of this instrument will be best understood by
a few examples.

1. To divide a given line into any number of eqlul parts, as nine
for instance. Take the length of the given line in the compasses,
and open the sector till the distance between 9 and 9 on the two
lines of equal parts is equal to the above extent. Then the trans-
versett distance between 1 and 1 will be one ninth of the given
line.

2. 1t is proposed to represent a field 140 poles in length, on a plan
that shall be just 6 inches in its greatest extent. If we make the

{ The small sectors of six :nches do not contam all of the above lines.

1 An extent from one point to another point on the same line & called a
lateral distance, and the extent between two.corresponding points of lines of
‘the same kind is called a transverse distanoce.
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transverse distance on the lines of equal parts between 7 and 7, or 70
and 70, equal to half of 6 inches, we shall have in the transverse
distances between corresponding numbers on these lines, a scale of
equal parts of the required magnitude.

It is evident, moreover, from the nature of similar triangles, that
many other questions may he solved by the above lines, as the find-
ing of third proportionals, fourth proportionals, mean proportionals,
&c. (Geom. 237, &c.)

By means of the lines of chords, sines, tangents, and secants we
may form scales adapted to any radius less than the length of the
sector when open. If it were required, for example, to measure the

Fig. 21 arc of a circle already drawn, as 4B (fig. 21), or to lay off any num-
ber of degrees on this arc ; taking in the compasses, the radius of this
arc = AC, and opening the sector till the length of this line extends
from 60 to 60 on the line of chords, or from 90 to 90 on the line of
sines, or from 45 to 45 on the line of tangents, (each requiring the
same opening), we shall have a scale of each of these lines adapted to
the radius of the given arc, and the number of degrees in 4B is
found, by applying the chord of B to the line of chords, or the sine
of 4B = BP, to the line of sines, or the tangent of 4B = 4B, to
the line of tangents ; also any number of degrees may be laid off on
4B by means of the same lines.

In using the line of chords, if the arc to be measured or to be laid

_ off, exceed 60°, we may first measure or lay off 60°, and then the re-
mainder ; if it exceed 120°, we may take 60° twice, and proceed with
the remainder as with an original arc of this magnitude.

If we have occasion to employ a tangent of more than 45°, we
make use of the second line of tangents, the radius of which is one
fourth of thatof the first, and equal to that of the line of secants.

Suppose it were required to make a stereographic projection of the
sphere upon the plane of the meridian, similar to figure 14, the radius
-of the primitive being given equal to two inches. We open the sector
till the transverse distance between 0 and 0 on the line of secants, or
between 45 and 45 on the second line of tangents, is equal to two in-
ches. We then take for the radii of the several meridians to be pro-
jected, the secants of their inclinations respectively, and for the dis-
tance of their centres from the centre of the primitive, the tangents
of these same inclinations, and in projecting the parallels of latitude,
we take for their radii the tangents of their polar distances, and for
the distance of their centres, the secants of these same distances.

The line of polygons is a line of chords of , 1, , &c., part of 360°.
It is used to inscribe a regular polygon. in a circle. Let it be propos-
ed, for example, {o inscribe in a given circle a regular polygon of 8
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sides. Open the sector till the. transverse distance between 6 and 6,
(answering to the chord of 60° on the two lines), is equal to the giv-
en radius, then the transverse distance between 8 and 8 will be the
chord of the 8th part.of the given circle, or the side of an inscribed
octagon. In like manner a polygon of any other number of sides
not exceeding 12, may be inscribed in a circle whose radius is known.

So also when the polygon to be constructed has one side given, by
reversing the above process, we can find the radius of the circle in
which this line can be inscribed the given number of times. Take
the given line in the compasses, and open the sector till the trans-
verse distance between 5 and 5, for example, if the required figure be
a pentagon, be equal to this extent ; then the distance between 6 and
6 will be the radius of a.circle, in which the given line will make
one side of a regular inscribed pentagon.

Of Gunter’s Scale.

GunTen’s scale, commonly of two feet in length, contains on one
side the lines of the plane scale, already described, and on the other
corresponding logarithmic linest.

The line of numbers, marked Num. or JV°, on whlch most of the
others depend, is constructed thus, Let a line, equal to half the
length of the proposed scale, be divided into 1000 equal parts ; then,
since the logarithm of 1 is 0, the distance of 1 from the beginning
of the line is 0, that is, 1 stands at the Beginning of the line. And,
because the logarithm of 2 is 0,301, when ‘the logarithm of 10 is 1,
or, which is the same thing, the logarithm of 2 is 301, when the loga-
rithm of 10 is 1000. Therefore the distance between 1 and 2is 301
equal parts of the above scale. For the logarithm of 3 we take 477
of the same parts, and set it from 1 to 3; for the logarithm of 4, 602
parts, and so on, the- numbers being taken from a common table of
logarithms, but extending only to three places instead of five orsev-
en. The primary divisions being thus formed, the intermediate divi-
sions are obtained in a similar manner, by taking the logarithms of the
intermediate numbers. Thus the logarithin of 1,1 is 41, the loga-
rithm of 1,218 79, and so on.  These numbers being set off in order
from 1 will divide the primary division into ten parts. The other
primary divisions are subdivided in a similar manner. .

The line of sines is constructed by taking from the same scale of
equal parts, the arithmetical complements of the logarithmic sines, as

1 There are usually several of these lines on the small scales of six inches,
namely, the live of numbers, and those of sines and tangents,
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found in the common table, and setting them off from 90 backward
or toward the left hand. A similar method is observed in the con-
struction of the other lines.

There is moreover a line of meridional parts, marked Mer. or M.,
placed directly over a line of equal parts with which it is used. The

‘line of equal parts is numbered 0, 10, 20, &c., from the right hand to
the left. Bach of these large divisions represents 10 degrees of the
equator or 600 nautical miles. The first of these divisions is some-
times divided into 40 equal parts, each representing 15 miles or 15

This line is constructed thus. Take the meridional parts corres-
ponding to the several degrees of latitude from a table of meridional
parts, and reduce them to degrees by dividing by 60. Take the quo-
tients thus obtained, from fhe scale of equal parts, connected with the
line to be constructed, and set them on this line from the right hand
toward the left.

The extent from the brass pin on the line of meridional parts to
any division on this line, applied to the line of equal parts, will give in
degrees, the meridional parts answering to the latitude of that divi-
sion. The extent from one division to another on the line of merid-
ional parts, applied to the line of equal parts, will give the meridio-
nal difference of latitude between the two places denoted by the two
divisions. This meridional difference is reduced to leagues by multi-
plying by 20, or to miles by muitiplying by 60.

Problems in trigonometry may be solved by the double lines of the

Fig.28.gector. Thus, in the question of art. 49 (fig. 28), having the angle
D =31°, and DAB = 15°, and the side DB = 100 yards, we take
halft of 100 on the line of lines, and open the sector till this extent
shall reach from 15° to 15° on the lines of sines, then the sine of 31°,
taken as a transverse distance and applied to the same scale of lines,
will give half of 4B = 99]. Open the sector till the distance 99}
ghall extend from 90° to 90° on the lines of sines, and the sine of
460, taken as a transverse distance and applied to the line of lines,
will give 713, the double of which, 143, is the height required 4C.

It will be readily seen that the above operation amounts to a geo-
metrical construction, in which one of the sides is made the sine of
its opposite angle.

A similar result may be obtained by logarithms, taken from the

tables (49), or by the logarithmic lines on Gunter’s scale.

1 There are many cases in which it is convenient to take a certain part of
the given side or sides, which need o¢casion no embarrassment, since all the
sides may be considered as diminished in the same proportion vudwut alter-
ing the angles (Geom. 205).
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Corresponding to the geometrical proportion, or proportion by
quotients,
sin 15° s sin 81° :: 100 : 199,
we have the grithmetical proportion, or equidifference,
log. sin 15° . log. sin $1° : : log. 100 . log. 199.
Accordingly, if we apply the compasses on the line of logarithmic’
sines from 15° to 319, this extent will reach on the line of numbers
from 100 to the term sought 199.

In like manner for the second solution of the article above referred
to, the extent from 90° to 46° on the line of logarithmic sines, will
reach from 199 to 143 on the line of numbers.

It is hardly necessary to observe, that when the first extent is tak-
«en progressively, or from a less to a greater, the second is also to be
taken progressively, and vice versat. It is equally obvious, that, .
when the proportion happens to present itself in such a form, that
the first two terms are of a different nature, that is, one a side and
the other an angle, and also the last two, the two middle terms may
always be made to change places. Such a change is supposed in the
second of the above examples.

In the case of spherical triangles, the sides being expressed in de-
grees as well as the angles, the four terms may all be considered as
of the same kind, even though some are expressed by their tan-
gents and others by their sines, it being observed always, where a
cosine or cotangent occurs, to take the sine and tangent of the com-
plement respectively.

In the first problem of the chapter on nautical astronomy, if we
open the compasses from 23° 58’ to 90°, or the extremity of radius,
on the line of logarithinic sines, this extent will reach on the same
lme, and in the same direction, from 12° 12’ to 32° 03’. So also in
the second problem, the portion of the line of tangents from 45° to
the tangent of the complement of 23° 5, will extend from 12° 12’
on the same line to a point opposite to 29° 52’ on the line of sines.

We have indicated a method of solving plane triangles by geomet-
rical construction (78). Spherical triangles, in like manner, admit of
being represented and of having their unknown parts determined in-
dependently of calculation.

From the manner in which AP @ (fig. 50) is constructed, it Fig- 0.
will be observed, that the three given parts of /¥ @, are such as they
would appear to be to an eye situated in the surface of the sphere

{Regard however is to be paid to the circumstance of the tangent beyond
4P being continued back on the same line.



156 Notes.

quired P @, P4, are faithfully represented according to the same
method of projection. Consequently, if from the point N or &, the
poles of B Q, we draw straight lines through A and P, meeting the
primitive, the arc of the primitive, thus intercepted, will be the true
measure of AP (30). The number of degrees in P® is found
in a similar manner. \
The same rule will apply where the required side is a portion of
Pig. 57.an oblique circle, as V' C (fig. 57), that is, we first find the pole P, |
of the oblique circlen C mf, and from this point we draw lines
through the extremities of the required arc to the primitive, and the
number of degrees, thus intercepted, will be the measure sought.
If the required part be.an’ angle, we have only to draw from the
. vertex of this angle, through the poles of the containing sides, two
straight lines meeting the primitive, and the arc thus intercepted
will be the measure of the proposed angle.

on which they are supposed to be delineated. Moreover the parts re- \

II.

Instruments for measuring lengths.

1. The instrument most commonly used, for determining dis-
tances, especially in surveying, is the ckain. Itis ordinarily four
rods, or twenty two yardsin length, and is divided into one hundred
links. Each link therefore is &% of a yard, &% of a foot, or 7,92
inches.

The manner of using the chain is very obvious. Ten small ar-
rows being provided, two persons. called the leader and the follower,
apply the chain successively along the line to be measured, the lead-
er putting down an arrow at the termination of each chain’s length,
which is taken up by the follower, being employed both as a mark
for placing the chain, and as a tally to show the number of times it is

1 The projected pole P of any oblique circle n C m is always in V¥ %
drawn at right angles to n m, and its distance P P from P, the centre of
the primitive, is equal to the tangent of half the distance of its pole from the
pole of the primitive, or, which is the same thing, half the inclination of the
oblique circle to the primitive (12); hence, if a straight line n 7, be drawn
meeting the primitive in L,and from L we take L JM equal to 90°, the line
Jjoining n, .M,‘will pass through P, the pole of n C m.
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in any required distance. One or more pickets or station-staves are
set up as a guide to the chain-men to prevent any lateral deviation
from a direct course. In surveying, an allowance is made for the
oblique position of lines to the horizon, especially where the inclina-
tion is considerable.
Where great accuracy is required, distances are often measured in
yards, orin feet and inches. In this case graduated . rods, or poles, or
measuring tapes, are used. In levelling, two staves (fig. 99), are em- Fig. 82
ployed, divided into inches and tenths, each staff consisting of two
Ppieces that slide the one upon the other, 80 as to rise to the height of -
ten or twelve feet when extended. A signal or target, having a
white stripe upon a black ground, to render it conspicuous at a dis-
tance, is attached to each staff’ in such a manner as to adhere to any
part of its length, and thus to point out the elevation of the horizon-
tal line, or line of sight of the levelling instrument, above the ground.
Extensive routes are often measured by means of a wheel (fig. 100)
one half of a rod in circumference, 8o connected with a dial by me-
chanism, that the number of miles, furlongs, &c., are shown by in-
dexes. It is sometimes attached to carriages, and is very conven-
ient for-measuring roads and lines of great extent, but is not generally
so accurate as the chain. It is called a perambulator or way
wiser. ‘ .
Distances in navigation are estimated by the log (fig. 101). This in- Fig 104
strument consists of a line attached to a thin sectoral piece of wood
of about four or five inches radius. By means of a strip of lead
fastened to the arc, it is made to float in a vertical position, about
two thirds being immersed in the water. Upon being thrown into
the sea, therefore, while the ship is under weigh, it will remain near-
ly stationary, and the quantity of line drawn freely from a reel on
which it is wound, will show how far the ship has sailed during the
time employed in this experiment. It is usual to take half a minute,
as measured by a half minute glass. The length of line run off in
this time, multiplied by 120, will accordingly give the rate per hour, on
the supposition that the motion has been uniform. But instead of pro-
ceeding thus, the practice of seamen is to divide the line into portions,
" called knots, that bear the same proportion to a nautical mile that a
half minute bears to an hour. Then the number of these knots run
off in a half minute\will show diregtly the rate of the ship’s sailing

per hour.
Top. 18
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II1. *

Of the levelling instrument and instruments for measuring angles.

1. The essential part of the most approved instruments employed in
levelling, is a glass tube, filled with ether or spirits of wine, excepta
small portion containing air. The bore of the tube being straight or
very slightly curved upward, it is obvious that the bubble of air, on
account of its tendency to the highest point, will remain in the mid-
dle only when the two ends of the tube are on a level. If there-
fore a pair of sights, or small holes in a brass plate, be made to range
on aline parallel to the two ends of*a spirit-level, constructed as
above described, it is evident that these sights will be horizontal,
when the air-bubble occupies the middle of the tube. Instead of
plain sights, a small telescope, a footand a half or two feet in length,
is often employed. ~This enables the observer to see toa greater
distance and with more distinctness.

The use of the levelling instrument is very simple. Being adjust-
ed, and the levelling staves being placed, one on each side by two
" assistants, in the direction of the route where the difference of level

Fig. 102 is to be found (fig.102), the instrument is successively turned to each of
the levelling staves, and the distance of the line of apparent level, from
the ground in each direction noted in two columns under the title of
Jore and back observations. The instrument with the back staff is now
moved forward, the fore staft remaining, and the same. process is
repeated successively, till the extreme parts of the proposed route
are connected together. Then the difference between the sum of
the fore observations and that of the back observations will be the
difference of level required nearly.

It will be perceived that, in the foregoing method, if the instru-
ment be nearly in the middle between the two levelling staves at
each station, no correction is necessary for refraction, or for the curva-
ture of the earth’s surface, since the error in one direction compen-
sates for the error in the other. Where great accuracy is required,
or where there is a great difference on the whole hetween the fore
and back distances, from the instrument to the levelling staves, it be-
comes necessary to measure these distances and to apply a correction
for the inequality.

¥ig. 103 2. The mariner’s compass (fig. 103) is used to trace a route througha



Insiruments for measuring angles. 18p

wood, and to find the bearings of roads, the boundaries of - fislds, &c.;
but it is particularly important in navigation, as it serves to inidicate
the course of a ship in the readiest and most convenitnt manner with-
but the aid of the sun or stars. It consists principally of a magnetic
needle attached to a circular card, the circumference. of which is
divided into 32 equal parts called points, and each point is subdi-
vided into four parts called guarters. 'The line on which 4 ship
Bails, es indicated by the compass, is called a rhumb line, and its
position is denoted by the angle which it makes with the meridian,
expressed ordinarily in points and quarter points, but which may
also be expressed in degrees and minutes, by allowing 11° 15 toa
point, and using the same proportion for a smaller quantity. '

The denominations for the several points of the compass, in an
abbreviated form, may be seen in the figure.

It is to ‘be carefully observed that the magnetic needle does not
point exactly north and south, except in certain particular places.
Allowance therefore is to be made in almost all cases for this devia-
tion, called the variation or declination of the magnetic needle, and
this allowancs is differentin different places, and at different times in
the same place. It has been ascertained by observation in the most fre-
quented parts of the earth, and put down in charts for the use of sea-
men, and the change from year to year is for the most part hot 8b great
as to require to be attended to, till after the lapse of a considerablé

iod.

8. A theodolite (fig. 104), contains, beside a compass, a bhnzontul Fig. 104
circle and a vertical arc, each divided so as to measure degrees and
minutes. It is also provided with telescopic sights and a spirit level
for the proper adjustment of the above graduated limbs, and is thus
capable of being used as a levelling instrument. It is particularly
adapted to measure the angles used in surveying, and in the
mensuration of heights and distances, and is occasumal] y employed
for astronomical purposes.

If we suppose an instrument ,supported like the above, and provid-
ed only with a magnetic needle, a pair of plain sights, and a horizon-
tal arch of 180°, this would be a semicircle. It is often used in
surveying. ~

If the instrument have only a pair of sights and a cempass box,
divided into degrees, as well as into points, &c., it will still answer
the purpese of measuring angles in a field. 'We have only in this
case to determine the bearing of each of the sides centaining the re-
quired angle, and to subtract the less from the greater. The differ-
ence will obviously be the angle sought. An instrument so eon-
structed is called a circumferentor. ¢ :
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Fig. 106 Sometimes a simple table, (fig. 103), covered with a sheet of paper, is
placed successively at the several corners of a field, and by means of a
rule supporting two sights, the actual angles are laid down upon the
paper, and a plan of the field is drawn on the spot. This is called
a plgin table. It is usually provided witha magnetic needle and a
scale of equal parts.

4. The quadrant of reflection, commonly called Hadley’s quadrant,
represented in figure 106, is fitted to measure not only horizontal and
vertical angles, but such as have their planes inclined in any manner
whatever to the horizon. It is particularly useful at sea, where the
motion of the ship prevents the use of instruments in which the
plumb-line, or spirit-level are employed. The angular distance be-
tween two objects, as between the sun’s limb and the horizon, be-

. tween two stars, or between two station-staves on the surface of the
earth is determined in the following manner. The instrument is so
constructed, by means of two mirrors a, b, one of which is attached
to the moveable index I, as to admit of the observer’s seeing one of
the given objects, the sun’s lower limb for instance, directly and by
reflection, 4t the same time. If now, the image and object thus
coinciding, the index, carrying one of the mirrors, be moved for-
ward, till the image of the sun’s limb be brought to the horizon; or
surface of the sea, the arc described by the index, according to a
well known principle in optics, will be just half the arc described by
the reflected-image. We have only therefore to double the above arc,
described by the index, or, which comes to the same thing, in the gra-
duation of the arc A B, to call half degrees degrees, &c., and
then the angle may be read off in the usual way. An eighth part of
acircle is thus made to measure ninety degrees, and where there is
occasion to measure a larger angle, as in taking the distance of the
moon from the sun or a star, for the purpose of finding the longitude,
the graduated limb i3 extended to sixty degrees, and is accordingly
adapted to the measurement of angles of one hundred and twenty
degrees.  So constructed, the instrument is called a sextant. Itis .
usually made with more care than the quadrant, and furnished with
telescopic sights, and with magnifiers for reading off the divisions.

The sextant is sometimes made with a radius of only two or three
inches, to be used in surveying and engineering, instead of the less
portable instruments above described. 1t is usually enclosed in a
box, and called a box or pocket sextant.

Finally, the graduated arc is enlarged to an entire circumference,
and the mirrors so disposed as to admit of the measurement of the
angle being repeated continually; then the sum of all the angles
being divided by the number of. observations, we obtain a result
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more to be relied on, than a single observation, since it is in a degree
freed from certain errors in the construction and adjustment of the
instrument that have hitherto been found unavoidable.

We bave attempted to give the learner only some general notion
of the leading properties of the foregoing instruments. More
may be learned by a few Minutes’® actual inspection, than by the most
extended and laboured description. The more minute details relat-
ing to the history of these inventions, their construction, adjustment,
and use, are left to the teacher, who, with the aid of the instrument
itself instead of a drawing, will be much better able to give the ne-
cessary information.

IV.

Invesh-atum of the expressions for the sine and cosine of an arc
made use of in article 179.

Radius being supposed equal to 1, we have the equation
cos 4% + gin A3 == 1, the first member of which mnay be regarded as
the product of the two imaginary factors cos 4 + /] sin 4 and
08 A — /—l.sin 4. If we multiply together the two similar factors,
cos 2 4 +/—1 sin A, cos B + /71 sin B, the product will be

cos o cos B —sin A sin B 4 (sin A4 cos B 4 sin B cos 4) /=1
This reduces itself to the form

cos (4 + B) + /=1 sin (4 + B)
which is similar to each of the factors. We have, therefore, as a
general result
(cos ¥ + /7 sin A) (cos B + /1 sin B) = cos (4 + B)
+ /=i sin (44 B);
and it is remarkable that quantities of this kind are multiplied
together by simply adding the arcs, which is a property analogous to
that of logarithms. Whence
(cos B+ /"1 sin A) (cos A+ /T sinfl) =cos 24 + J_;sm 24
(cos A4 /i sin ) (cos 2 A+ /1 sin 2 A)=cos 8 A++/"i8in3 A
(cos s+ /"1 sin ) (cos 3 B+ /T sin 3 f)=cos 4 A+ /"1 sind4 4
&c.

The first product is equal to (cos 4 + /=T sin )3, the second
to (cos ¥ + /=1 sin /)3, and so on. Therefore, in general, » being
equal to any entire number whatever, we have

(cos l + /=T sind)* =cosnd+ /—1sinnd

.
L memt e m
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' from which is derived by changing the sign of /=T,
(cos A—/—lsin At =cosn -/ —Tsinn A
From these two equations, which are a consequence the one of the
other, we deduce the separate values of sin n.4 and cos A ; thus,
cos n A = (cos o 4 /1 sin J)";— J—1sinnd,
cos n A = (cos 4— /7 sin AP /7 sinnd,
‘Whence ' _
2 cos n.4 == (cos A + /=1 sin )" + (cos 4 — /=T sin A,
or
cos n A =} (cos A + /=T sin J)" 43 (cos 4 — /=1 sin .
In like manner we obtain
2 /1 sinnd = (cosd + /1 sinJ)*—(cos d— v—18indp
or
3 1_.__ = (cos 4 + =i sin Ay — 2 J-_-f (cos 4—/—T1 sin "
In order to express these same quantities in a series, it is neces-
sary to develope, by .the binomial formula, (cos 4 + /=T sin 4"
which will give

cosJd® 4 -1;- cos JAm—1sin 4 s/'—_i—n—o:i—?l‘(c""a” sin J4*

sinng=

_7.'_'-"—7—1'—’1:—2cos A7 gin 43 =1

1.2.8
n.n—1.n—2.n—3 e
+ T35 4 cos Jr¢sin 44 + &ec.

This quantity being the value of cos n8 + /=T sin n, if we put
the real part equal to cosn ., and the imaginary part to /—1 sinnJ,
we shall have cos n =

n.n—1 . s 7n.n—1.7n—2.2—3 <o
13 cos Jn3 sin 434 T3 3.4 cos JAn¢ sin J

— &c. Alsoby multiplying the same two equal expressions by /=1,
and putting their real part equal to sin .4, and the imaginary part
to 4/=1 cos n.4, we find

c08 A" =

"'nl—.lg'.:;_g cos JA*—3sin 43 + &
By means of these series, the law of which will be easily perceived,
the sine and cosine of an arc, the multiple of .4, may be obtained in
a manner more expeditious than by the method heretofore given.
(Trig. 11, &c.)

These series admit of the form exhibited below, it being recol-
lected that sin A = cos J tang 4 (Trig. 8.)

sinn .4 -='11 cos A1 sin 4

cos nd =cos.£“—n'f:1 cos J" tang 43
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2 A—=1.0—2.0—3
12353 cos J¢ tang M — &e.

oy __n-n—1 g B-t—1.n—2.n—35 -
=mcos A% 1 ) ung.d'+ W tang J4 &c-)

sin n.&=cos.&”(ﬁtang.8—£°—t-l—n—-2

Tas — wusd +&°')

+

Letn= % Then, by substituting this value, still retaining the

factor cos J4%, we shall have cos & =
x.o—Atang 4% = x.x—d.0—24 .x—84 tang A4
°°°‘a'(1 1.2 " dv 1.8.5.4 AR ',"&c')
x tang.ﬂ x.o —JA.20—24 tangd? .

sin x==cos A*¢ ( - T35 2 + c.%

In these formulas .tl may be taken of any magnitude we please.
Suppose 2 very small, and we shall have tar.lag 4 but little different
from unity, since the tangent of a very small arc is nearly equal to
this arc. Still, while the arc is greater than 0, tang .4 > A* or
tang 4 < 1; we have at the same time > sin 4** ; therefore t—%ﬂ
tang.d tang.d 1
<®md” a4 < cosd’
tang /4 is always comprehended between the limits 1 and—— « Let

! P

] ces

. .=0, and we have cos A = 1. Therefore, since tat:ag 4 is compre-

hended between 1 and 55:—3’ it follows that we must have precisely

tang 4
4

-

‘Whence it will be seen that the ratio

=1. Hence, by making A =0, the above formulas become

x3 x* x*
Teti2.5.4a 1.8.3.4.5. b+&c)
. 3 ! w‘
sinz = cos J° ("""1.2.3 t13.5.45 &"‘)
It remains to see what is the value of cos /", when 4 diminishes
more and more, till it finally become zero. Now we have

cosxacos.a"(l—

* AB' (fig. 21) is greater than A B, because the triangle is-to the seetor
ACB :: AB' X $ AC : AB X} 4C :: 4B’ : 4B (Geom. 290.)

** /B is greater than BP because the half of any arc is greater (han half its
¢hord (Geom. 283.)
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= sec 3 (Trig. 29) = 1 + tang 4%,

cos 4%
whence

1
e (e
and accordingly
— a1 n.nt3 -
=TT agy ! lang 4 + =g tang 4 — &
Substituting for = its value% we have
tang 4% x.2x+ 24 , tang 44
a tgg B e e
If ndw we suppose 4 to diminish more and more, & remaining the
same, the value of cos J* will approach nearer and nearer to unity,

till upon making 4 = 0, and tﬂ_g—d = 1, we shall obtain exactly

cos Jf

cos J“ul—%ﬂ.‘

c0s 43 = 1. We have therefore the following formulas ;

x8 xt X8
csr=l—rstie.3.4 1.5.3.45.6 7 %
. X3 xf :
sinw =x— o+ g5 A Yo
which, when & =—:-, become
a a? at :
cos Tl —om Fog e — %o
a,

See Legendre’s Trig. art. xxxii,



' APPENDIX

‘CONTAINING LOGABITHMIC AND OTHER TABLES.

2

Table of Meridional parts.

TuEe construction and use of this table have been already explained
{38, 71). It is only necessary to observe, therefore, that the degrees
and minutes of any given latitude being found in the two first col-
umes, we shall have on the same line in the column marked ZLeng.
the length of the cerrespondimg line on Mercator’s chart.

Table of JAstronomical Refractions.

This table contains the mean astronomical refractions for every
degree of altitude or zenith distance, with the cerresponding varia-
tions for % of an inch of the baremeter, and 20° of Fahrenheit’s
thermometer. The following example will sufficiently illustrate the
use of this table, it being recollected that the refraction is increased
by cold and by greater demsity, and diminished by heat and by great-
errarity. Let the refraction be required, when the zenith distance
or cemplement of the altitude is 25° 20/, and the barometer at 29,6,
and Fahrenheit’s thermemeter at 60°. The refraction corresponding
to 25° 20/, is 27”,0. The variation for % of an inch of the barometer,
i8 0”,8; and therefore the variation for % will be —0%,4, with-the
sign —, since thebarometeris lower than in the Table. ‘The variation
for 20° of Fahrenheit, is 1,3 ; and therefore the variation for 5° is 4-
0”,3, with the sign 4, since the thermometer is’ higher than in the
Table. The refraction consequently is 27".0—0"4-+0"3=26"9.

Table of Natural Sines.

This table contains the natural sine and cosine of every minute of
the quadrant, constructed according to the methods furnished by trig-
pnoll'netry ( Trig. 20), radius being 100000.

19
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It is ‘evident that these numbers may be readily adapted to any
other radius. By supposing, for instance, a radius equal to 1, or one
hundred thousandth part of the radius of the tables, we have only
to reduce the numbers expressing the sines and cosines in the same
proportion, that is, to divide them by 100000, or to separate the five
right hand figures for decimals, and we have the value of the sines and
cosines belonging to a circle whose radius is unity.

It will be seen that the same column is marked at one extremity
N sine and at the other JV. cos. This is done for the sake of
abbreviating the table. Every number, which expresses the sine of an
arc, denoting also the cosine of its complement, it would be super-
flucus to repeat these numbers for the sole purpose of keeping the
sines and cosines distinct. It will be observed therefore that the
denominations at the tops of the columns correspond to the degrees

- at the top, taken in connexion with the minutes on the left; and that
the denominations at the bottoms of the columns correspond to the de-
grees at the bottom, taken in connexion with the minutes on the right.

Tuble of the Logarithms of numbers.

1. The theory of logarithms and the method of obtaining them have
been the subject of consideration (Alg.238). It only remains there- -
fore to point out the practical application of them to the solution of
questions. .

The tables here employed contain the logarithms of numbers from
one to ten thousand.  On the first page of the table the column of
numbers, marked JV; extends from 1 to 100, and against them in the
same line on the right, are the entire logarithms, marked Log.
Throughout the rest of the table only the fractional part of the loga-
rithm is put down, as the integral part, or characteristic, may be readily
supplied, it being recollected that it always contains as many units
wanting one as there are figures in the given number (Alg. 245).

2. If the number whose logarithm is sought be hetween 100 and 1000,
itis to be looked forin the first column of the table intitled JVo., and
the fractional part of the corresponding logarithm will be found on
the same line in the second column. Of numbers between 1000 and
10000 the three first figures are to be sought in the first column, and
the fourth figure in the upper line but one, and the corresponding
logarithm will be found on the line of the three first figures and direct-
ly under the fourth.

8. M the given number exceed 10000, consider the first four fig-
ures on the left as a whole number, and the remaining figures as
decimals. Find the logarithm of the number so reduced, By using a

.proportion for the decimal part, and then restore the original value
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of the given number, by adding to the characteristic as many units
as there are figures in the part cut off for decimals. Thus, to find
the logarithim of 21598, for instance, [ separate by a comma the four
first figures on the left, which gives 2159,8. The log. of this number
will consequently fall between the log. of 2159 or 8,33425, and
that of 2160 or 3,33445. . Now the difference between the loga-
rithms of these two numbers is 0,00020. Consequently,
1 :0,00020 :: 0,8 : 0,00016.

Accordingly, if we add 0,00016 to 3,35425, the log. of 2159, we
shall have the log. of 2159,8 equal to 3,33441. But the given num-
ber is 21598 or 2159,8 X 10 ; we have therefore

log. 21598 = log. (2159,8 % 10) = 3,33441 4 1 = 4,33441 ;

‘Whence the reason of the rule is evident.

4. To obtain the log. of a fractional number greater than unity,
subtract the log. of the denominator from that- of the numerator,
and the remainder will express the log. required. Thus,

log. 3§#° = 3,55011 — 1,39794 = 2,15217.
log. 78y = log. 3} = 1,90849 — 1,04139 = 0,86710.

5. The log. of a fraction less than unity is susceptible of two dif-
" ferent forms. If it is desired that. the log. should be entirely nega-
tive, subtract the log. of the numerator from that of the denominator,
and the remainder, affected with the sign —, will be the logarithm
sought. Accordingly we have ' ,

log. x345 = — (3,55011 — 1,39794) = — 2,15217.
Indeed the fraction ;355 may be considered as the quotient arising
from the division of 1 by 3§4°; therefore, since the log. of a quotient
is equal to the log. of the dividend minus the log, of the divisor, we
have
log. 7345 = log. 1 —log. 2§4°
0 —log. 33%° :

— log. 3§4%=—(8,55011—1,39794)= —2,15217.

6. If the characteristic only is required to be negative,add as many
units to the log. of the numerator, as will suffice for subtracting the
log. of the denominator from it ; perform this subtraction, and the
decimal part of the remainder with a negative characteristic prefix-
ed, equal to the difference between the units of the remainder and the
units added to render the subtraction possible, will be the log. sought.
If we add, in the above example, 7 units to the log. of 25 or 1,39794,
we shall have 8,39794. Subtracting from this the log. of 3549 or
3,55011 we obtain for a remainder 4,84783. The decimal part of
which 0,84783, with a characteristic 3, equal to the difference between
the four units of the remainder and the 7 units added to make the
subtraction possible, will be the requir:d. log. the characteristic of
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which only is negative. Logarithms of this kind are distieguished by
placing the sign — over the figure to be affected by it, thus 3,84783.

The reason of the process here pursued will be easily perceived.
Since the log. of a fraction is equal to the log. of the numerator minus
the log. of the denominator, if we add a rumber of units to the log.
of the numerator, the remainder will be just so much too great, and-
is accordingly to be diminished by the number of units added ; that
is, in the above example, 4 is to be diminished by 7 ; but we can ac-
tually take away only 4,and we indicate the remaining deduction
by the expression — 3,according to the ordinary use of the sign
minus. We should evidently arrive at the same result by adding any
other number of units to the log. of the nemerator.

7. The log. of a decimal number, either greater or less than unity,
might be obtained by finding the log. of its equivalent vulgar fraction.
" But it is more convenient to operate directly with the decimal num-
ber, according to the following rules. .

In the case of a decimal number greater than unity, suppose
the decimal point removed, and proceed to find the log. of the entire
expression considered as a whole number. Then diminish the char-
acteristic by as many units, as the proposed number contained deci-
mal figures, and the result will be the log. required. Thus,

Log. 21,598 = log. 20 = 433441 — $ = 1,33441.
This is agreeable to what has just been shown. See alse JMig. 246.

8. The log. of a decimal number less than wnity admits of two
forms. Ifit is required te be entirely negative, the decimal point
being suppressed, find the logarithm of the given number, considered
as a whole number, and subtract it from as many units as there are
figures in the given decimal. Thus,

456

 log: 0,000456 = log. 7ooroer == 2,65896 — 6 = — 3,34104.

9. If it were proposed that the characteristic only should be negative,
find the log. of the given number, considered as a whole number, and
the decimal part of this log. with a negative characteristic prefixed,
equal to the number of ciphers which precede the first significant
figure of the given decimal, will be the log. sought. Thus,

456 -
log. 0,000456 = log. o == 2,65896 — 6 = 4,65896.

10. Having pointed out the method of obtaining from the table the
log. of any given number, we proceed to shew how to find a number
answering to any given log.

If the given log. is in the table, in ‘which case the characteristic s
0, 1, 2, or 3, the correspongling number, the chatacteristic being less
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bhan 8, will be found on the same line in the column marked M, -
If the 'characteristic exceed 8, ‘the three first figures of the cor-
respondirig number will be in the column marked N, and the fourth
in the upper line but ome directly over the given'log. Thus the
number belonging ¢o the log. 3,56573 is 3679.

11. If the decimal part of the given log., the characteristie for
instance being 3, cannot be found in the table, take the two loga-
rithms, which are next greater and next less, and we shall have the
proportion, as the difference of these two logarithms is to the differ-
ence of the corresponding mumbers, so is the differefice between the
given log. and that which is nearest to it in the table, to the corres-
ponding numerical difference. This numerical difference being added
to the number belonging to the above nearest log. or subtracted from
it, according as the nearest log. is greater or less than the given log.,
we shall obtain the number sought.

Thé given log. we instance being 3,33441, the next greater log.
found in the table is 3,93445, and the next less 3,33425, the differ-
ence of which is 0,00020; the difference of the corresponding num-
bers is 1, and the difference between the given log. 3,38441 and the
one in the table nearest to it in value, 8,38445, is 0,00004. Whence

0,00020 : 1 :: 0,00004 : 0,2.
Accordingly, the nearest log. being greater than the given log., 1f we
subtract 0,2 from the number 2160, belonging to the nearest log.
8,33445, we shall have 2159,8 for the number answering to the given
log. 3,33441.

12. If the characteristic of the given log. be mare than 8, subtract
from it its excess above 3, and find, by one of the above rules, the
number answering to the remainder ; if this number be entire, annex
as many ciphers as there were units subtracted from the character-
istic; if the number be decimal, remove the decimal point as many
figures to the right as there were units subtracted from the charac-
teristic ; the result in each case will be the number answering to the
given log.

Let the given log. be 7,86573 ; subtratting 4 from the characteristic
we have for the remainder 8,56573, the number correspondmg to
which is 8679. Four ciphers being annexed te this gives 36790000
for the number belonging to the log 7,5657 3. The reason may be
briefly shown, thus,

86790000 = 3679 x 10000,
lag. 86790000 == log. 3679 + log. 10000
= §,56573 4- 4 = 7,56573
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Let the given log. be 5,33441 ; 2 being subtracted from the char-
acteristic leaves 3,53441, corresponding to which we have the num-
ber 2159,8; the decimal point being removed two places gives
215580 for the number answering to the log. 5,33441.

13. When the given log. is wholly negative, subtract it from a
number of units greater than the characteristic, and the number
answering to this remainder, with as many ciphers prefixed as there
are units in the characteristic of the given log., will e the decimal
fraction to which the given log. belongs.-

Let the given log. be — 5,34104; subtracting this from 8 for
instance, we shall have for a remainder 2,65896, which answer to the
number 456 ; prefixiig 5 ciphers we obtain 0,00000456 as the num-
ber corresponding to the log. — 5,34104.

The reason may be shown thus,

0,00000456 = 456 x 0,00000001
and log. (456 X 0,00000001) == 2,65896 + log. 0,0000000%
= 2,65896 — 8
= — 5,34104.

14, If the characteristic only of the given log. be negative, adda
number of units greater than this characteristic, and the number
belonging to the log thus obtained with as many ciphers, wanting one,
as there are units in the negative characteristic, will be the decimal
fraction answering to the given log.

Let the given log. be 6,65806. Adding 8 to this, we have for the
sum 2,65896, to which the corresponding number is 456. Five
ciphers being prefixed, gives 0,00000456 for the number required,
appertaining to the log. 6,65896.

The reason of the above process will appear from what is said
above ; since 2,65806 — 8 becomes 6,65896, instead of — 5,34104,
when the fractional part is considered as positive, and the charac-
teristic only is required to be negative.

15. It will be remarked that where a log. either wholly or in part
negative is changed to one that is positive by the addition of a larger
positive characteristic the resulting log. so obtained, may be made to
have for its characteristic 0, 1, 2, 3, &c. at pleasure, and it is not
always indifferent which of these be employed.

If it were proposed, for example, to find the product of 2,745
multiplied by 20,01, we should take the sum of the log. of these two
factors, thus,

log. 2,745 + log. 20,01 = 0,43854 + 1,30125 = 1,73979.
If we seek directly the number to which this log. belongs, we shall
ebtain for the required product 54,92848. But the true product is
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54,02745. The error, therefore, in this case is 108 hundred thou-
sandths. If now we add two to the characteristic of the above log.,
we shall find for the corresponding number 5492,750, which, being
one hundred times too great on account of the above addition, will
give for the required product 54,92750. The error, therefore, is
reduced, by employing a larger characteristic, from 103 hundred
thousandths to 5 hundred thousandths. By always employing the
characteristic 3, which need occasion no perplexity, we shall arrive
at the most correct results of which these tables are susceptible.
‘We may always rely upon the exactnesss of the four first figures on
the left. When this degree of approximation is not sufficient, we
must have recourse to more extended tables.

Of the Table of Log, Sines, Tangents, and Secantst.

1. Po obtain the logarithmic sine, tangent, or secant corresponding
to apy number of degrees and minutes, find the given degrees at the
top of the page, except this number fall between 45° and 135°, in
which case they are to be sought at the bottom, the minutes being
found in the column marked J, which stands on the side of the page
on which the degrees are marked. Thus, if the degrees are less than
45, the minutes are to be found in the left hand column, and it must
be noted, that if the degrees are found at the top, the names of hour,
sine, cosine, tangent &c., must also be found at the top. If the
degrees are found at the bottom, the names, sine, cosine &c. must
also be found at the bottom. Then opposite to the number of min-
utes will be found the log. sine, log. secant, &c. in the column
marked sine, secant, &c. respectively.

If the log. sine of 28° 37/, for example, - were required, we should
find 28° at the top of the page, and directly below it in the left hand
column 37, against which, in the column marked sine, is 9,68029 the
log. sought.

The logarithms secant of 126° 20 being required, we find 126° at
the bottom of the page, and directly above it in the left hand column
20’, against which, in the column marked secant, is 10,22732 the
log. sought.

2. To obtain the log. sine, cosine, &c. for degrees, minutes, and
seconds, we find the log. correspunding to the even minutes next

t 1t will be observed, that if a table of natural sines, cosines, &c., be com=
puted to a radius of 10000000000, and the logarithms of these numbers be
calculated like the logarithms of any other numbers, they would form a table
like that above referred to, in which the log. of radius is 10,00000.
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above and below the given degrees and minutes, and take their dif-
ference. Then as 1” or 60” is to the given seconds, so is the above
difference to the log. of the given seconds, which is to be added ta
the log. corresponding to the less number of degrees and minutes, or
‘subtracted from it, according as this log. is less er greater than the
other.

The log. sine of 24° 16’ 48", for enmple, being required, we take
‘the followmg two logarithms, namely, log. sine of 24° 16" = 9, 61383,
and log. sine of 24° 17’ =9, 61411, the difference of which is
0,00029 ; whence

60" : 48” :: 0,00029 ¢ 0,00023,
‘which, added to 9,61382, the log. sine of 24° 16/, gives 9,61405 for
the log. sine of 24° 16’ 48”.

To find the log. secant of 105° 207 16”, we take the log. secant of
105° 20' = 10,57768, and the log. secant of 105° 21’ = 10,5777, the '
difference of which is 46 ; whence

60” : 16" :: 0,00046 : 0.00012,
‘which being subtracted from the log. correspondmg ta the least num-
ber of degrees and minutes, (since this is greater than the other)
gives 10,57756 for the log. secant of 105° 20’ 16”.

If the given seconds be }, 4, 1, or any other even parts of a minute,
‘the like part may be taken of the difference of the logarithms and
added or subtracted, accerding to the above rule. This may fre- |
-quently be dene by inspection.

" 8. To obtain the degrees, minutes, and secouds correspending is
- any given log. sine, cosine, &c. we find the two nearest numbers to
the given log. sine, cosine, &c., in the columm marked sine, cosine,
&c., respectively, one being greater and the other less, and take their
difference; we take also the difference between the given log. and
‘the log. corresponding to the least number of degrees and minutes.
Then the first of the above differences, is to the second, as 60" is to
the number of seconds corresponding to the second difference, which
‘being annexed to the smaller number of degrees and minutes, before
found, will give the quantity sought.

Thus to find the degrees, minutes, and seconds (less than 90°),

corresponding to the log. sine 9,61405, we take the two nearest log-
, arithms with the corresponding degrees and minutes, namely, 4

Next less log.  9,61382 24° 16’
Next greater log. 9,61411 4° 17
Difference 0,00029 1’

We also take the difference between the given log. and the log.
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Belonging to the least number of degrees, and minutes, namely,
0,00021. Then from the proportion

. 0,00029 : 0,00028 :: 60" : 48"
we have 48” as the quantity to be umexed to 24° 16/ to make the
entire number of degrees &c., answering to the given log. sine
9,61405.

Preceding she table of the logs. of numbers will be found a table
containing the log. sines, tangents, and secants, to every pomt and
quarter point of the compass. This differs from the table last
explained only in having the angles expressed in points and quarters
of a point instead of degrees and minutes.

20
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20 so| | 502 931 1375 | | 1842 ]| | 2343 2890
30 9| |52 941 1386 | | 1854 | | 2355 2904
40| [100] | 522 oss | | 1397 | | 1865 ] | 2368 2918
50| [110] |82 o632 | | 1408 | | 1877 ] | 2380 2933
02| 120 |9| 542 f16| 973 ?s 1419 30| 1888 [s7| 2393 fue| 2946
10| 130 [552 o83 | | 1429 ] | 1900 ] | 2405 2960
20| [140 | | 562 903 | |1440 | | 1011 ] | 2418 2974
so| 150 {578 | 100¢ | | 1451 1023 | | 2450 2988
40| |160f |583] |1014] |1462 | | 1935 ] | 2448 3002
50| {170 {s9s] | 1025 | 1478 | | 1946 | | 2456 3016
o |s| 180 ho| 603 h17[ 1085 Je4| 1484 |s1| 1958 |ss| 2468 Je5] s0s0
10 {190] |613] 1046 ] | 1495 [1970 | | 2481 3044
20| |200] 623 | | 1056 | | 1506 ] | 1981 2494 3058
so| |20 |es¢] | 1067 | |1517] | 1998 ] | 2506 3072
40 220 644 1077 1528 2005 2519 § 5087
501 [2s0] |65¢ | | 1088 | | 1539 ] | 2017 | | 2532 3101
o | 4| 240 |11 654 |18 1098 Jos| 1550 [s2| 2028 fso| 2545 s116
10| |250] | 674 | 1100 ] | 1561 [ | 2040 | | 2558 3130
20| {260 [6s4] | 1119 ] | 1572 | 3058 | | 2571 3144
30| [270] |eos | [1130] | 1583 | | 2064 | | 258¢ 3159
40| [280] |705) | 1140 | 1594 ] | 2076 | | 2597 3173
50| |29} | 5| | 1151 1605 | | 2088 | | 2610 3188
ols soo#xe 725 19| 1161 fes| 1616 Jss| 2099 o 2623 Ja7| 3208
10| [sio] {785 |17z 1628 ] | 2111 | | s636 3217
20| |s20] |76 ] | 1183} | 1639 | 2123 ] | 2649 3238
so| |sso] |7s6 ] |119s] |1650 ] [ 2185 ] | 2662 3247
40| |ss0] |766] |120¢ ] | 1661 | [ 2147 ] | 2675 3262
50 {ssof |76] | 1214 | 1672 ] | 2150 | | 2688 3276
0 |6| 860 fis| 787 Jeo| 1225 Jor| 1684 34| 2171 j1] 2702 M8| 3291
10| [so] |797 [ | 1236 | | 1695 § | 2184 | | om15 3306
20| [sso] |87} |1246] | 1706 | | 2196 | | 2738 ssg1
so| |ssof | s8] [1257] |17 ] | 2208 | | 2741 3337
40| |200] |8e8] | 1268 | 1720 | | 2320 ] | 9755 3352
50| |4100 |8ss ) [1278 ] | 1740} | 2232 | | 5768 3367




Meridional Parts.

o |49 ssastc 4074 Jo3| 14905 Jro| 5966 7| 7467 fo4| 10187
10 3397 4092 4927 5998} | 7512 10234
20 sa12f | 4110 | ¢s49]} | eoas] | 7557 10334
80 s4e8 ] | 4198 4972 | 6055] | 7603 10487
40 3443 ] | 41463 | 4004} | 6085] | 7650 10543
50 s450] | 4164] | 5017} | 6115 7697 10652
o0 |s0| s474157| 4183 Jo4| 5039 fr1| 6146 Jrs| 7745 P8s| 10765
10 sag0] | 4201 soe2| | 6177 7793 10881
20 8506 4219 so85 | | 6208 7842 11002
%0 ss521] | a238) | s108] 1 6240 7892 11127
- 40 8587 4257 s132} | 627t 7942 11857
50 3553 42754 | 5185 | 6303 7994 11392
0 Is1 8569 58| 4294 15| 5179 re| 6335 o] 8046 Jo6| 11533
|10 8585 4318 5202 ] | 6367 8099 11679
20 501 4332 s226 | | 6400] | 8152 11832
80| | 8617y | 4sa1 5250] | 6433 8207 11992
40 8633 4s70{ | 5275 | 6467 8262 12160
50 sc49] | 4389} | 5209] | 6500 | 8318 12334
o |s2| s655 J59| 4409 66| 5823 frs| 6534 Jso| 8375 87| 12592
10 8681 4429 5348 ] | 6569 8438 12719
20 3698 4448 s373] | 6603 8492 12927
30 s714] | 4468 5998 6638 8552 18149
40 8731 4488 sa2s] | 6674 8614 13387
50 8747 4507 5448 6710] | 8676 13641
1 .0 [3] 8764 o] 4527 Jo1| 5474 fr4f 6746 Js1| 8739 Jes| 13917
10 8780 4547 5500 6782 8808 14216
20 8797 4568 5626 | | 6819°] | 8869 14543
30 ss14 ] | 4588 | 3552] | 6856 8936 14906
] 40 3831 4608 | 5578 6894 9004 15311
50 3848 4629 s604] | 6932y | 9074 15770
o |54] 8865 Je1] 1649 J68| 5631Fr5| 6970 Js2| 9145 [89] 16300
10 3882 q670] | 5658 | 7009 9218 16926
20 3899 | | 4691 s685| | 7048 9298 17694 |
so| | sere] | 4mz| | sne] | 7oss] | oses] | 1s6s2
40 3938 4733) | 5739] | 7128) | 9446 | 20075
50 sps0 | | 4754] | 5767 7169 9528 29458
— ~
| 0 |65 3967 le2| 4775 69| 5794 16| 7210 f83| 9606 J90) Infinite.
10 3985 4796 | s822] | 7251 9689
20 4003 4818 | 5851 7293 9774
30 4021 4839 ] | 5879 7336 9861
%0 4038 4861 5908 7379 9951
50 40561 | 4883 5987 7423 |10048




Astronomical Refractions, when the barometer is at 30,0 English
inches, and Fahrenheit’s thermometer at 55°, or when the barome-
ter is at 29,6, and Fahrenheit’s Thermometer at 50°.

;| 8% |33 S HER
sg & 34 sk |3 k
Ig 2 53 .§ &% | d=
2 § FREE 35 | 5% | 8

1 ik

>3 R

[-EN-3¥4 " n 4 ”r ” ”n
00 0.0[00] 0. .11 1. 1390( 29| 45
10 1.0] 00| 0. Y 1432| 30| 47
20f{o0.1]o. 8| 1.1} 1. 1476f 31| 49
80| 0.1]0. af1 1523| 32| 6.1
40| 01 , . 1572| 84| 63
50| 02 2 24| 35| 56
61|02 41, 2 80| 37| 69

70 7.1]02 0 . 7.2 142{ 40| 63

80 81|02 Y y 2 209] 42| 66

90 92| 03| 04(5139/0 46.5| 1.4| 2.1 21l69] 2 283} 42| 69

100 102} 03| 04 0 48.1| 14| 22200 2 36.3] 47| 73
7ol11jo 11.2] 03| 0.5 [49/41)0 49.8| 1.5 22{19[71| 2 451 80| 77
7812l0 12.3| 0.4 | 0.5 ||4842/0 51.6| 1.5| 23 ]18{72] 2 54.7] 63| 82
77113/0 13.3| 0.4 | 0.6 47430 534 1.6] 24{17[73] 3 55| 66| 87
761140 14.4| 04| 0.6 055.3| 1.6] 25//16/74] 3 175] 89| 93
75150 15.4| 0.5 | 0.7 ||45l45/0 57.3) 1.7] 2.6 [[16[75| 3 310 63| 99
74]16/0 16.5| 0.5 | 0.7][44{46/0 59.3| 1.8 2.7 [14]76| 3 46.4] 68| 106
73)1700 17.6] 05| 0.8/43l47(1 14| 19| 28 137;]4 38| 73| 115
72/18/0 18.7{ 0.6 | 0.8([42]481 3.6{ 20| 2912/78] 4 240] 79| 125
71/19)0 19.8| 0.6 | 0.9|[41l491 59| 20| 30//11/79] 4 466| 86| 137
7012010 209 | 0.6 | 0.9|[40/50(1 82| 2.1] 8.1/{10l80| 5 15.6] 9.4| 149

1j0 220 0.7| 1.0|[39l61/1 106| 22| 32 6 490 104] 165

0 232} 0.7{ 1.0 1132] 83| 34| sla®¥ 6 29.7| 11.6] 185
71230 243 07| 1.1 1169 23| 35{ 7|s3| 7 203| 13.1] 813
24/0 25.5| 0.8] 1.2 1187| 24| 37| 6/84| 8 247] 150] 249
26.7] 08| 1.2|[85/55]1 21.6| 2.5| 38/ 585 9 488 17.5] 296

64/26/0 28.0] 08| 1.3 1247|261 39| 4ls6/11 41.8

710 202 0.9 | 1.3([33/57[1 28.0| 2.6] 4.1 318714 184
621280 80.6| 0.9 | 1.4([32i68(1 31.5] 27| 42| 2lss|1I8 1.3
6112010 31.8 1.0 1.4([31(50{1 35.2| 2.8| 4.3)| 1[89}28 214

33.1] 1.0| 1.5{30/60/1 39.0| 29| 4.5 30 508} 65.0{19209




OF NATURAL SINES.

1

| 0o | 10 | 20 3° | 4° |

M. Naine.|N. cos|N sine. N cos.|N.sine. N. cos|N.sine.N. cos,N.sine. N. cos.

0 | 00000/100000! 01745, 99985| 03490| 99939| 05234] 99863| 06976| 99766| 60

1 | 00029]1 01774} 99984 03519| 99938; 05263| 99861 07005 99754, 569

2 | 00058{1 01803} 999341 03548| 99937) 05292| 99860 07034| 99752 58

3 | 00087)1 01832f 99983| 03577 99936| 05321| 99858| 07063| 99750 57

4 | 00116]1 01862 99988f 03606/ 99935/ 05350 99857 07092 99748| 56

5 01891} 99982| 03635 99934( 05379| 99855 07121| 99746 55 M

6 01920] 99982| 03664{ 99933 05408| 99854] 07150| 99744 54

ki 01949 99981{ 03693| 99932 05437] 99852| 07179 94742| 53

8 01978 99980f 03723f 99931 05466 99851| 07208 99740| 52

9 02007) 99980f 03752( 999301 05495 99849 07237| 99738| 51
10 02036/ 99979) 03781f 99929| 05524 99847| 07266{ 99736 50

11 02065 99979f 03810f 99927) 05553 99846| 07295 Y9734 49

12 02094] 99978| 03339 99926 05582| 99844] 07324f 99731| 48

13 02123) 99977) 03868| 99925 05611| 99842| 07353| 99729 47

14 02152| 99977, 03897 99! 05640| 99841] 07382| 99727| 46

15 021811 99976| 03926] 99923 05669 99839 07411 99725 45

16 2 99838 07440( 99723| 44
17 9983;51 07469 99721} 43
18 99834f 07408{ 99719 42

19 99853| 07527| 99716 41
20 998311 07556] 99714 40
21 998291 07585 99712| 39
22 99327f 07614 99710| 38
23 99486 07643{ 99708 37
24 998244 07672 99705 36
25 9 1 9982 0’1701' 99708 35
26 9 99821} 07730! 997011 34 g
27 99819| 07759 99699] 33 | '
28 99817} 07788| 99696| 32 | 4
29 99815] 07817] 99694 31 b
30 | 0087 02618) 99966] 04362| 99905/ 06105| 99813] 07846! 99692| 30
31 | 00902 02647 99965 04391 99904) 06134 99812] 07875) 99689 29 -
32 {00931 02676 999641 04420 99902| 06163 99810] 07904/ 99687| 28
33 | 00960] 02705| 999634 04449| 99901| 06192/ 99808| 07933] 93685] 27
34 | 00989 02734} 99963) 04478| 99 06221 99806 07962 99683 26 .
85 | 01018 02763} 99962| 04507| 99898| 06260( 99804 07991] 99630| 25 A
36 | 01047 02792 99961| 04536 99897 06223' 99803| 08020 99673| 24

37 | 01076 02821| 99960| 04565/ 99896 068081 99801f 08049] 99676! 23
38 | 01105 02850) 99959) 04594( 99894/ 06337 99799 03078 99673 22
39 | 01134 02879| 99959| 04623| 99893( 06366] 99797| 05107| 996711 21
40 | O1164) 999951 02908| 99958| 04653| 99892] 06395| 99795| 08136| 99668| 20
41 | 01193 99993t 02938 99957| 04652| 99890| 06424| 99793| 08165 99666! 19
42 | 01222 99993 02967) 99956 04711| 99889| 06453| 99792 08194] 99664] 18
43 | 01251} 99992 02996| 99955 04740 99888} 06482| 99790] 08223| 99661| 17

41 |01 99992) 03025| 99954| 04769| 99886| 06511| 99788] 08252| 99659 16
45 | 01309 99991} 03054| 99953 04798 99885| 06540 99786] 08281( 99657 15
46 | 013381 99991| 03083| 99952/ 04821| 99883| 06569| 99784| 08310{ 99654] 14
47 | 01367| 99991) 03112 99952| 04856 99832 06598| 997¢2| 99652| 13
48 | 01396| 99990 03141] 99951| 04885 99881] 06627| 9978 99649 12
49 |01 99990) 03170| 99950{ 04914| 99879 06656 99773| 99647| 11
50 |o1 99989 03199f 99949f 04943| 99878| 06685| 99776 99644, 10
51 | 01483 99989 03228| 99948( 04972} 99876 06714| 9977 99642) 9
52 | 01513; 99989) 03257 99947| 05001| 99875 06743| 9977 99639 8
53 | 01542| 999881 03286| 99946) 05030| 99873( 06773| 99770 99637 7
54 | 01571| 99988 03316] 99945| 050569 99872| 06802 99768 99635 6
55 | 01 99987| 03345 V9944( 05088( 99870/ 065831) Y9766 08571 99632| 5
56 1 01629) 99987 03374| 99943| 05117| 99869, 06860( 99764] 08600 99630 4
57 | 01658 99986| 03403| 99942 05146/ 99867 06889| 99762| 08629 99627] 3
58 | 01687 99 03432| 99941f 05175 99866] 06918| 99760} 05658| 99625 2
59 | 01716 99985/ 03461/ 99940( 05205) 99364| 06947| 99758 08687 99622 1
60 1 01745; 99985 03490| 99939| 05234| 99863| 06976 99756| 08716 98G19] ©

N. cos[N.sine.'N. cos.|N.sine.|N. cos|N.sine.IN. cos|N.sine N, cosIN smel M.
I 895 | g3c | 815 | 865 T g5°



OF NATURAL SINES.

[ 50 I 6° ] © | 8 i 99
M. |N.ine., N. cos.N.sine,N. cos.N.sine,N. cos.|N.sine.lﬁ. cos.|N.sine.'N. cos.
" 0 | 08716| 99619 10453| 99452| 12157 99255 13917 99027| 15643' 98769| 60 -
1 | 08745 99617 10432| 99449] 12216/ 99251) 13946| 99023/ 15672| 98764 59
2 | 08774].99614| 10511] 99446 12245| 99248 13975| 99019| 15701| 98760 58 |
3 | 08303| 99612| 10540] 99443| 12274 99244| 14004 99015| 15730 98755{ 57
4 | 08831| 99609| 10569 12302| 99240 14033 99011 15758| 98751 56 '
5 | 08860| 99607| 10597 99437) 12331/ 99237| 14061| 99006| 15787 9BT46{ 55 |
6 | 088891 99604] 10626 99434] 12360 99233 14090, 99002 15816| 98741] 54 l
7 | 08918| 99602| 10655) 99431| 12389|.99230| 14119| 98998( 15845/ 98737 33
8 | 08947| 99599| 10684 99428| 12418 99226| 14148 98996, 15873] 98732 52
9 | 089761 99596/ 10713 99424] 12447 99222( 14177| 98990 15902{ 98728( 5l
10 | 09005) 99594] 10742f 99421| 12476| 99219 14205| 98986 15931 98723 30 |
11 | 09034{ 99591| 10771| 99418} 12504| 99215| 14234( 98982( 15959| 98718 49 ||
12 | 09063| 99588| 10800 99415| 12533| 99211| 14263| 98978 15988| 98714 48 |
13 | 09092| 99586/ 10829| 99412] 12562( 99208| 14292( 98973( 16017| 98709 47 ;
14 | 09121{ 99583 10858 99409| 12591| 992C4| 14320/ 98969! 16046| 98704| 46 :
15 | 09150 99580| 10887| 99406/ 12620 99200| 14349/ 98965 16074 98700 45 |
16 | 09179| 99578] 10916] 99402 12649/ 99197| 14378] 98961| 16103) 98695 ¢ .
17 | 09208| 99575 10945 99399 12678 99193| 14407] 98957| 16132 98690/ 43 :
18 | 09237| 99572| 10973 99396 12706 99189| 14436| 98953 16160, 98686 42 !
19 (09266 99570 11002| 99393| 12735| 99186( 14464/ 98948| 16189] 98681 41 i -
20 og'zssi 99567 11031| 99390 12764, ;E: 14493| 98944| 16218| 98676 40 |
21 | 09324/ 99564 11060 99386/ 12793| 99178/ 14522| 98940| 16246/ 98671/ 39 |
22 | 09353} 99562| 11089| 99383 12822| 99175 14551 98936 16275| 98667 38 .
23 | 09382) 99559/ @1118| 99380| 12851 99171| 14580 98931| 16304] 98662 37 '
24 | 094111 99556 11147| 99377| 12880| 99167| 14608| 98927| 16333| 98657 36 .
25 | 09440} 99553| 11176/ 99374/ 12908 99163| 14637| 98923] 16361 98652 35 |
26 | 09469] 99551 11205 99370] 12937, 99160| 14666| 98919| 16390| 98648, 34 :
27 | 09498( 99548| 11234] 99367 12966| 99156| 14695| 98914( 16419| 98643 33
28 | 09527199545 11263] 99364] 12995| 99152| 14723| 98910f 16447 98638 32
29 | 09556) 99542| 11291| 99360| 13024, 99148| 14752| 98906| 16476| 98633 31 |
30 | 09585/ 99540| 11320( 9935 13053[ 99144| 14781| 98902| 16505| 98629 30 |
31 | 09614] 99537/ 11349] 99354] 13081| 99141' 14810| 93897| 16533 98624 29
32 | 09642| 99534) 11378| 99351| 13110| 99137, 14838| 98893| 16562 98619 28 .
33 | 09671| 99531| 11407| 99347| 13139| 99133| 14867 98389| 16591) 98614{ 27 '
34 | 09700 99528| 11436 993441 13168| 99129| 14896 98884] 16620) 98609 26 |
35 | 09729] 99526( 11465 99341f 13197| 99125| 14925/ 98880 16648| 98604 25 '
36 | 09758) 99523| 11494| 99337| 13226] 99122| 14954/ 98876| 16677 98 2% |
37 | 09787| 99520| 11523| 99334) 13254] 99118| 14982| 98871| 16706| 98595 23 !
38 | 09816| 99517| 11552| 99331| 13283| 99114| 15011| 98867| 16734 98590 2¢
39 | 09845 99514| 11580 99327 13312] 99110| 15040| 93863| 16763| 98585 2t
40 | 09874{ 99511 13341| 99106 15069 98858| 16792 985301 20
41 | 09903 99508 13370 99102| 15097| 98854 1682 19.
42 | 09932/ 99506 13399| 99098| 15126| 98849 16849 18 |
43 | 09961} 99503 99094| 15155| 98845( 16878 n
44 | 09990 99500) 99091 15184/ 98841 16906 16
45 | 10019] 99497 99087| 15212( 98836| 1693 15
46 | 10048| 99494 99083| 15241| 98832 16 M l
47 |1 99491 99079 15270/ 98827| 16992 18,
48 | 10106 99488 99075| 15299/ 98823} 17021 12
49 | 10135 99485| 99071| 15327| 98818/ 170! n |
50 | 10164| 99482 99067| 15356| 98814( 17078 10
51 | 10192] 99479 99063| 15385 98809] 17107, 9.
52 | 10221f 99476 99059 15414/ 98805| 17136 8 |
53 |10250! 99473] 99055| 15442 98800f 17164 1
54 | 10279] 99470) 99051| 15471| 98796/ 17193 6,
55 | 10308 99467 99047| 15500( 98791| 17222 5
56 | 10337| 99464 13802| 9Y9043| 15529 98787| 17250 4
57 | 10366 99461 13531| 99039| 15557| 98782( 17279 3
58 | 10395 99458 13860 99035 15586] 98778| 17308 2
59 | 10424{ 99455) 13889( 99031| 15615| 98773| 17336 1,
60 | 10453 99452| 12187 99255| 13917 99027| 15643| 98769 17365| 0,
N. cos.|N.sine.IN. cos.IN.sine.|N. cos.|N.sine.IN. cos.|N.sine.IN. cos.N.sine.! M. |
] 84° | R 820 | 81° | 80° |




OF NATURAL SINES.

I [ 1° | 1° | 1% | 13 | 1 |

M. |Nasine.N. cos,N.sine. N. cos. N.sine|N. cos.N.sine.N. €os.,N.sine.|N. cos.,
o 17365] 98481\ 19081| 98163| 207911 97815| 22495 97437 24192| 97030( 60
1 17393 98476| 19109| 98157| 20820| 97809| 22523| 97 24220 97023 59
2 17422| 98471 19138| 98152| 20848 97803| 22552 97424{ 24249( 97015 58
3 | 17451] 98466 19167| 98146| 20877| 97797 22580| 97417 24277 97008 57
4 17479| 98461| 19195 98140; 20905 97791} 22608| 97411} 34305{ 97001 56
5 17508 98455 19224| 98135] 20933( 97784| 22637} 97 24333| 969 b6
6 17537| 98450 19252| 98129 20962| 97778| 22665| 97398| 24362| 96987 54
1 17565| 98445 19281| 98124( 20990 97772| 22693| 97391| 24390 96980/ 53
8 17594 98440] 19309| 98118| 21019| 97766{ 22722| 97334 24418| 96973 52
9 17623| 98435| 19338] 98112 21047| 97760| 227, 97378| 24446| 96966 51
10 17651] 98430| 19366| 98107| 21076| 97754| 22778| 97371| 24474l 96959 50
11 17680 98425 19395| 98101| 211 97748| 22807] 97365 24503| 96952: 49
12 17708] 98420( 19423| 98096| 21132 97742( 228356 97358| 24531| 96945 48
13 17737 98414] 19452| 98090| 21161| 97735| 22863| 97351| 24559 96937 47
14 17766 98409| 19481| 98084| 21189 97729 22892| 97. 24587| 96930| 46
15 17794 98404| 19509 98079| 21218 97723| 22920| 97338| 24615| 96923 45
16 17823| 98399 19538| 98073| 21246| 97717| 22948| 97331| 24644] 96916| 44
17 17852| 98394 19566| 98067| 21275 97711 22977] 97325 24672| 96909| 43
18 17830( 98389| 19595| 98061| 21303| 97705| 23005 97318 24700, 96902| 42
19 17909| 98383| 19623| 98056 21331 97698| 23033| 97311| 24728| 96894 41
20 17937| 98378| 19652| 98050{ 21360 97692| 23062| 97 24756| 96887 40
21 17966| 98373| 19680] 98 21388} 97686 23090 97298| 24734| 96880| 39
22 17995] 98368) 19709) 98039 21417| 97680 23118| 97291] 24813| 96873|* 38
23 18023| 98362 19737| 98033| 21445| 97673| 23146| 97284 24841| 96866| 37
24 18052 98357| 19766] 98027| 21474} 97667 23175 97278 24869} 963858 36
25 18081| 98352| 19794{ 98021| 21502! 97661| 23203| 97271 24897} 96851 35
26 18109] 98347| 19823 98016 21530 97655 23231| 9726. 96844| 34
27 18138| 98341} 19851 98010 21559| 97648! 23260| 9725 96837 33
28 18166 98336| 198380| 98004| 21587| 97642| 23238{ 97251 96829 82
29 18195 98331] 19908| 97998] 21616{ 97636| 23316} 97 96822 31
30 18224{ 98325 19937| 97992| 21 97630| 23345| 97237 96815 30
31 18252| 98320| 19965| 97987| 21672| 97623| 23373 97 96807 29
32 18281] 98315 19994 97981| 21701} 97617 23401] 9722, 96800 28
33 18309( 98310 20022| 97975| 21729 97611| 23429|. 37217l 96793 27
34 18338| 98304| 20051| 97969} 21758| 97604| 23458 9721 96786 26
86 | 18367] 98299( 20079| 97963 21786 97598| 23486] 97203 96778 25
36 18395| 98294 20108, 97958, 21814 97592| 23514( 97196 96771 24
37 18424 98288| 20186| 97952| 218. 97585| 23542] 97189 96764 23
38 18452 98283 20165| 97946| 21871| 97579| 23571| 97182 96756 22
39 | 18481| 98277} 20193| 97940! 21899| 97573 23599| 97176| 96749 21
40 | 18509| 98272| 20222| 97934| 21928 97566| 236217 9716 96742 20
41 18538| 98267 20250 97928{ 21956 97560| 23656 97162 96734| 19
42 | 18567| 98261| 20279| 97922| 21985, 97553| 23684] 9715 96727 18
43 | 18595| 98256| 20307| 97916 22013} 97547| 23712| 97148 96719 17
44 | 18624{ 98250( 20336] 97910| 22041 97541| 23740| 97141 96712 16
45 | 18652| 98248| 20364 97905 22070| 97534 23769| 971 96705 15
46 | 18681| 98240 20393| 97899 22098| 97528| 23797| 9712 96697 14
47 | 18710f 98234( 20421| 97893| 22126 97521| 23825 9712 96690| 13
48 | 18738} 98229| 20450| 97887| 22155| 97515 23853| 9711 96682 12
49 | 18767] Y8223| 20478| 97881} 22183| 97508| 233882| 97106, 96675 11
50 | 18795 98218) 20507| 97875 22212| 97802 23910| 971 96667 10
b1 | 18824 98212 205635 97869| 22240| 97496 23938| 97093] 96660 9
52 | 18852 98207| 20563| 97863| 22268| 97489 23966| 97086 96653 8
53 | 18881 98201| 20592| 97857 22297| 97483| 23995| 9707y 96645, 7
54 | 18910 S8196| 20620f 97851] 22325| 97476 24023| 97072 96638, 6
55 " | 18938| 98190| 20649| 97845| 22353| 97470| 24051 97065 96630; 5
56 | 18967| 98185| 20677| 97839] 22382| 97463| 24079| 97058 96623 4
57 | 18995| 98179| 20706| 97833| 22410| 97457| 24168 97051 96615 S
58 | 19024] 98174| 20734| 97827 22438| 97450 24136{« 4 96608 2
59 | 1905%| 98168| 20763( 97821| 22467 97444| 24164| 97037 96600 1
60 | 19081 98163| 20791| 97815 22495| 97437| 24192| 97030 96593 0
N. cos.IN.sine.IN. cos.[N.sine|N. cos. N.sine.IN. cos. N.sine. IN.simre.] M.

1 79° | 78° | 77° | 769 75




OF NATURAL SINES,

| [0 |t | 1o ] 18 | 19 |
R M. |[N.ine.N. cos, .sine. N. cos,N.sine.\N. cos.,N.sine.lN. cos.;N.sine.|N. cos.y
0 | 25882 [ ["29237| 95630| 30902| 95106| 32557
1 | 2591 29265| 95622| 30929| 95097 3!
2 | 25938 29293 95613| 30957| 95088
3 | 25966 29321| 95605| 30985 95079
4 | 259 29348| 95596 31012 95070
5 |26 29376| 95588| 31040| 95061
6 | 260 29404] 95579| 31068 95052
7| 26079 29432] 95571| 31095] 9.
8 | 26107 29460 95562{ 31123] 95033
9 | 26138 29437| 95554] 31151f 95024
10 | 2616 29515| 95645| 31178| 95015
11 | 26191 20543| 95536] 31206] 95006
12 | 26219 29571| 95528 31233| 94997
13 | 26247 29599] 95519| 31261| 94988|
14 | 26275 29626| 95511| 31389| 94979
15 | 26303 29654] 95502| 31316) 9497
16 | 26331 20632| 95493 31344/ 94961
17 | 2635 29710[ 95485| 31372| 94952
18 | 26387 29737| 95476| 31399| 94943
19 | 26415 29765] 95467| 31427| 94933
20 29793| 95459| 31454| 94924
21 | 26471 29821| 95460{ 31482 94915
22 29349| 95441| 31510/ 94906
23 | 26528 29876| 95433 31537| 94897
24 | 26556 29904] 95424| 31565| 94388,
25 | 26584 29932 95415( 31593 94878
26 | 2661 29960, 95407) 31620| 9486
37 | 2 29987} 95398] 31648| 948
23 | 2666! 30015 95389 31675[ 94851
29 | 2669 30043] 95380 31703| 94342
30 | 267 30071] 95372| 31730, 94832
31 | 26752 30098 95363| 31758| 948
32 | 267 30126/ 9 31786] 9481
33 | 26808 30154| 953456| 31813| 9480
34 | 26836| 30182] 953317| 31841 9479
35 | 26864 30209 95328| 31868| 94786] 33518
36 | 26893 96316 31896| 94777 94206 24
37 | 26920| 96308 31923] 94768| 33573] 94196 23
38 96301 31951 94758 94186 22
39 96293 31979| 94749] 33627| 94176} 21
) 96285 32006] 94740| 33655] 94167 20
41 96277 32034| 94730| 33682| 94157 19
42 96269) $2061| 94721| 33710] 94147 18
43 96261 32089| 94712 33737] 94137 17
4“4 9625 32116 94702! 33764 94127 16
45 96246 32144! 94693| 33792| 94118] 15
46 96238 32171] 94684] 33819 94108 14
47 96! 32199| 94674] 33846| 94098 13
48" 96222 32227| 94665| 33874 94088 12
29 | 27256 9621 32254, 94078 11
50 | 27284f 96206 32282 10
51 | 27312] 96198 32309 9
52 | 21340{ 96190 32337 8
53 | 27368| 96182 32364 71,
* 54 | 27396| 9617 32392, 6 |
55. | 27424| 96166 95150, 32419 5 | !
56 | 27462| 96158 95142| 32447 4 {
57 | 27480| 96150 95133 32474 3|,
58 | 27508 96142 95124] 32502 2 !
59 | 27536| 96134] 29209 95115( 32529 1
60 | 27564] 96126| 29237| 95630 95106| 32557) 94552| 34202| 93969 ©
J "IN cos N sine,IN. cos.|N.sine.N. cos|N.sine.IN. cosN.sine.!N. cos.|N.sine.! M.
! e L 7 1 mo T a0} !



OF NATURAL SINES.

21°

22°

23°

240

Nsine?fl: eos?[lﬂ. sine.

N. cos.

I
N.sine.[N. cos., N.sineN. cos,N.sine.|N.cos, |

34202 93969]
34229 93959
34257 93949,
34284) 93939
34311} 93929
34339] 93919
34366| 93909

35837
358

35891
35918
35945)
35973
36000|

374611 92718
37488| 92707
37515; 92697
37542| 92686,
37569 32675

37622| 92653

-| 34448] 93879

34393( 93899,
34421| 93889,

34475 93669
34508 93859
34530| 93849

360!
360.
36081
36108
36135
36162

93285
9327
93
93253
938
93232

37649) 92642
37676 92631

39260( 91971
39287| 91959,
39314| 91948
39341| 91936
39367 91926
39394 91914

40860( 91272
40886/ 91260
40913; 91

40939| 91236

40992 91212

bt | bt ot et =
PRI =~ OWRINANP L= O|>

34557 93839|
34584] 93829
34612{ 93819
34639| 93809
34666| 93799
34694| 93759

361
3621
362
36271
36298
86325

93222
93211
93201
931

93180f
93169

39421 91902
39448( 91891

39474 91319‘

39501| 91868
39528| 91856
39555| 91845

21019] 91

41048| 91188
41073 91176
41098| 91164
41125, 91152
41151] 91140

34721{ 93779
34748| 93769
34775( 93759
34803f 93748
34830 93738
34857| 93728

36352
36379

93159
93148|
93137,
9312

93116
93106}

39581 91833
39608| 91822
39635 91810
39661 91799
39688( 91787
39715{ 91775

41178{ 911
41204y 91116
41231| 911
41257 91092
41284| 9108
41310| 91068

34884| 93718
3491%2| 93708
34939 93698
34966( 93688
34993 93677
35021 93667

93095
930!
9307
9306
9305
9304

39741 91764
39768| 91752
39795| 91741
39822| 91729
39848| 91718
39875 91706

41337! 910
41363| 91
41390 9103
41416
41443;
41469

35048( 93657
35075| 93647

39902| 91693,
39928/ 91683
39955 91671
39982] 91660

90!
41496 90!
41522 90972
4154
415675
41602| 90936
41628

92967
92956
9294
929
92!
9291

41 9091
41681} 908
41707| 908!

26
25
%
23
%2
21
41734] 90875 20
41760| 90863 19
41787 90851| 18
92902 41813| 90839| 17
92892 41840 90826 16
92881 41866 90814] 15
92870 41892| 90802 14
92859 41919) 90790 13
92849 41945 90778 12
92838] 41972| 90766 11
928 419981 90753| 10
51 92816 42024 90741| 9 |
5 92805 42051| 90729 8
53 927 42077 90717| 7
54 9278 42104) 90704| 6
55 92773, 40541] 91414] 43130 90692 5
5 92762 40567| 91402| 42156/ 90680 4
51 92751 40594| 91390| 42183| 90663 3
68 921 40621| 91578| 42209 90655 2
59 92729 40647| 91366| 42235| 90643 1
60 92718 39073 40674) 91355| 42262| 90631 ;') ‘

IN. eos.'N.sine.'N. cos.

69 |

68° |

670 |

66°

|65




OF NATURAL SINES.

I 250 26° | %70 230 290 ]
M. |N.sine.|N. cos.N.sine.lmos.‘N.sine. N. cos|N.sine.[N. cos.|N.sine.|N. cos,
0 | 422621 90631| 43837 89879] 45399 89101] 46947| 88295 48481] 87462 6
1 | 42288| 90613| 43863| 89867| 45425 89087| 46973| 88281 48506 87448 5
2 | 42315| 90606| 43339 89854| 45451| 89074| 46999| 83267| 48532| 87434 3
3 | 42341] 90594| 43916] 89841| 45477| 89061| 47024| 88254] 48557| 87420 5
4 | 42367| 90582| 43942| 89828| 45503| 89048| 47050) 88240 48583 87406 5%
5 | 42394| 90569| 43968| 89816| 45529| 89035| 47076 88226| 48608| 87391 5
6 | 42420| 90557 43994 89803| 45554| 89021| 47101 88213| 48634| 87377 34
T | 42446| 90545| 44020] 89790| 45580] 69008| 47127 88199{ 48659| 87363 55
8 | 42473 90532| 44046] 89777| 45606| 88995| 47153 88185 48684 87349 5
9 | 42499| 90520| 44072| 89764 45632| 88981| 47178| 88172| 48710 87335 5
10 | 42525 90507| 44098| 89752| 45658| 88968| 47204| 88158| 48735| 87321 %
11 | 42552| 90495] 44124| 89739] 456684| 88955 47229| 88144] 48761] 87306 49
12 | 42578] 90483| 44151| 89726] 45710| 88942| 47255| 88130 48736| 87299 4
13 | 42604] 90470 44177| 89713| 45736| 88928 47281| 88117 48811] 87278 41
14 | 42631| 90458| 44203 89700] 45762| 88915| 47306| 88103| 48837| 8764 4
15 | 42657] 90446| 44229 89687| 45787 88902 47332 83089| 48862| 87250 4
16 | 42683| 90433] 44255| 89674| 45813| 88888! 47358 83075 48888 87235 4
17 | 42709] 90421 44281| 89662| 45839] 88875| 47383| 88062| 48913| 87221| 4
18 | 42736| 90408 44307 89649| 45865 88862) 47409/ 88048| 48938| 87207 &
19 | 42762| 90396; 44333| 89636 458911 88848 47434]' 83034| 48964f 87193 4
20 | 42788| 90383| 44359| 89623 45917 88335] 47460| 880 )
21 | 42815| 90371| 44385| 89610! 45942! 88822| 47486| 88006 LY
22 | 42841] 90358] 44411| 89597| 45968; 88808! 47511 8799 5
23 | 42867| 90346| 44437| 89584; 45994 88795| 47537| 8797 N
" 94 | 42894] 90334| 44464{ 89571 460201 88782| 47562 87965 %
25 | 42920| 90321| 44490] 89558/ 46046] 88768| 47588, 81951| 49116| 87107 %
26 | 42046] 90309 44516| 89545 46072] 88755 47614! 87937| 49141| 87093 ¥
27 | 42972 90296 44542 89532! 460971 88741| 47639 87923) 49166| 87079 %
28 | 42099/ 90284 44568| 89519 46123i 88728| 47665, 87909 4919 2
99 | 43025) 90271] 44594| 89506] 46149 88715! 47690; 87896| 49217} 87050 31
30 | 43051| 90259| 44620| 89493] 46175/ 88701 47716 87882] 49242 8703 ¥
31 |4 90246| 43646| 89480] 46201 88688 47741, 87868 ]
32 | 43104 90233] 44672| 894671 46226| 88674! 47767 878 %
33 | 431 90221' 44698| 89454! 46252' 88661} 47793 87840) 9
34 | 43156 90208] 44724| 89441] 46278} 88647 47818; 87826 o
35 | 43182) 90196| 44750| 89428] 46304i 88634| 47844! 87812 ;
36 | 43209) 90183| 44776| 89415, 46330] 88620 47869| 8779
37 44802| 89402) 46355, 88607| 47895 877
38 44828| 89389, 46381| 88593| 47920 8777
39 44354| 89376] 46407, 88580| 47946| 87756
. 40 44880) 89363! 46433) 88566/ 47971/ 87743
41 44906| 89350! 46458, 88553| 47997! 87729
42 ! 44932| 89337 46484] 88539| 48022 87715
43 | 43392| 90095| 44958| 89324} 46510 88526] 48048| 87701
44 | 43418| 90082| 44984) 89311| 46536| 88512 48073 87687
45 90070| 45010 89298 46561 83499 48099/ 87673|
46 | 43471| 90057| 45036| 89285] 46587 88485| 48124 87659
* 47 | 43497| 90045| 45062 89272 46613| 83472 48150{ 876
48 | 43523] 90032| 45088| 89259| 46639 88458| 48175 87631
49 | 43549) 90019| 45114| 89245| 46664] 88445| 48201| 87617
50 | 43575| 90007] 45140| 89232| 46690| 88431| 48226 87603
51 | 43602| 89994 45166 89219 46716 88417| 48252| 87589
52 | 43628| 89981| 45192| 89206| 46742| 88404 48277} 87575
83 | 43654] 89968| 45218 89193| 46767 83390| 48303( 87561
54 | 43680| 89956| 45243| 89180 46793| 88377| 48328! 87546
55 | 43706| 89943 45269 89167| 46819| 88363| 48354 87153
56 | 43733| 89930| 45295| 89153| 46844| 88349| 48379| 87518
57 | 43759| 89918| 45321| 89140 46370| 83336| 48405| 87504] 499
58 | 43785| 89905 45347 89127] 46896/ 88322| 48430] 87490 499
- 59 | 43311 89892| 45373 89114] 46921| 88308 48456/ 87476 49975
60 | 43837| 89879| 45399| 89101| 46947| 88295 48481| 87462| 50000

N. cos.!N.sine.'N. cos.'N.sine.'N. cos.

'N.sine.!N. co0s.N.sine.IN. cos.'N.sine.

| 64° |

629

1

619 |

6 |

60°




OF NATURAL SINES.

$° ] 8P | 3% | 3% | s ]

N.sine[N. cos [N.sine[N. cos.|N.sine N. cos,N.sine.N. cos. N.sine. N. cos.|

516041 85717| 52992 84805| 83867| 55919 82904 60
51529| 85702| 53017| 84789 83851 55943) 82887| 59
51 85687 53041| 84774 83835| 55968| 82871 58
51579 85672 53066| 8475! 83819 55992| 82855 57
51604 85657 53091{ 847 83804{ 56016| 82839| 56
51628| 85642] 53115| 84728] 83788| 56040( 82822 55
51653] 85627 53140 84712 83772 56064 82806| 54

WO ANAW O Z

51678| 85612) 53164{ 84697 83756 56088| 82790 53
51703| 85697} 53189| 84681 83740| 56112 82773 52
51728| 855682| 532141 84666 83724) 56136| 82757| 51

51753 856667 53238] 846350) 83708 56160| 82741| 50
51778 85651 53263| 84635) 83692| b6184| 82724 49
51803| 85536/ 53288] 84619 83676 56208| 82708 48

51828| 85521| 53312] 846

51852| 85506] 53337} 84588
51877 85491f 53361| 8457
51902 85476 53386| 84557|
51927| 85461 63411| 84542
51952 85446 53435| 84526

83660| 56232| 82692 47
83645 56256] 82675 46
83629 56280| 82659 45
83613 56305 82643 44
83597 56329' 82626| 43
83581| 56353| 82610 42

51977) 856431 53460| 84511
52002] 85416| 53484 84495
52026 85401 53509| 84480)
52051| 85385| 63 8446
52076| 85370| 53558| 84448
52101 853556 53583) 84433

83565| 56377] 82598 41
83549 56401f 82577 40
83533 56425 82561 39
83517) 56449] 62544 38
83501 56473| 82528| 37
83485| 56497 82511] 36

52126| 85340| 53607| 84417
52151} 85325| 53632| 84402
52175| 86310] 53656) 84386
52200( 85294 53681| 84370
52225| 85279) 53705| 84355
52250( 85264 53730 84339

83469| 56521 82495 35
83453| 56545| 82478 34
83437 56569 82462 33
83421) 56593] 82446| 32
83405| 656617) 82429} 31
83389| 56641| 82413 30

52275 85249| 537, 8432 83373| 56665| 82396 29
52299 85234| 53779 84308 83356 56689] 82380/ 28
52324| 85218{ 538 8429 56713} 82363 27
52349| 85203| 53828| 84277 82347 26
52374| 85188| 84261 82330 25
52399| 85173| 53877| 84 823141 24
52423| 85157| 53902| 84230, 82297 23
52448| 85142| 53926| 8421 82281 22
52473| 85127| 539561| 84198| 82264 21
52498| 85112 53975| 84182 82248 20
52522| 85096| 54000| 84167 82231 19
52547| 85081| 54024| 84151 82214 18
b2572| 85066| 54049! 84135 82198 17
52697| 85051| 54073| 84120 82131} 16
52621 85036] 54097 84104 8216, 15
52646 54122| 84088, 82148 14
52671| 86005| 54146| 84072, 82132| 13
52696| 84989| 54171| 840567 8211 12
52720| 84974| 54195 84041 82098 11
52745| 84959| 54220| 84025 82082 10
52770] 84943| 54244 84009 82065 9
52794| 84928| 54269| 83994 82048, 8
52819; 84913| 54293 83978 82032 7
52 84897| 54317| 83962 820]5‘ 6
52869| 84882 54342| 83946 .81999] &
52893| 84866] 54366/ 83930 81982, 4
52918| 84851 54391( 83915 81965, 8
52943| 84836| 54415 83899 81949 2
52967, 54440 83883 81932 1
52992| 848056| 54464| 83867 81915 O

N. cos.!N.sine.'N. cos.N.sine. N. cos. N.sine.N. cos.IN.sine./N. ¢os.N.sine.| M.

59° 580 570 560 550
th,WL ‘ ] 5 | | { |




OF NATURAL SINES.

[ 1 ° | 3° | 381° | 88 [ 3° |
| M. |N.sine,N. cos,N.sine.N. cos,N.sine. N. cos. N.sine.,N. cos.lg.aine.lN. cosy
0 | 57358| 81915 58779 80902 60182| 79864| 61566 78801| 62932 77715 60
1 | 57381; 81899( 58802 80885 60205 79846| 61589 78783| 62955| 77696{ 53
2 | 57405| 81882 58826| 80867| 60228] 79829| 61612| 78765| 62977| 77678 58
8 | 57429 81865| 58849| 80850| 60251 79811| 61635| 78747| 63000| 77 5i
4 | 57453( 81848 58873| 80833( 60274 79793| 61658 78729| 63022| TT641] %
5 | 57477| 81832 583896| 80816| 60298| 79776| 61681] 78711| 63045| 776 55
6 | 57501| 81815 58920| 80799| 60321| 79758] 61704] 78694| 63068| 77605 54
7 | 57524f 81798 58943| 80782| 60344 79741| 61726 78676] 63090| 77586 53
8 | 57548] 81782| 58967 80765 60367 79723| 61749} 78658| 63113| T1568] 52
9 | 57572 81765 58990| 80748{ 60390| 79706| 61772 78640| 63135 77. 51
10 | 57596 81748, 590141 80730| 60414| 79688| 61795| 78622| 63158| T7531] 50
11 | 57619] 81731 59037 80713| 60437| 79671} 61818| 78604] 63180{ 77513f 49
12 | 57643] 81714f 59061] 80696| 60460 79653| 61841 78586 63203 774 48
18 | 67667] 81698( 59084 80679 60483| 79635 61864| 78568| 63225 77476] 47
14 | 57691} 81681 59108| 80662| 60506 79618| 61887 78550 63248| T7458] 46
15 | 57715| 816641 59131 80644| 60529| 79600| 61909| 78532 63271| 77439] 45
18 | 57738| 81647| 59154| 80627 60553 79583| 61932| 78514 4“4
17 | 57762| 81631| 59178 80610| 60576| 79565 619656 78496 3
18 | 57786| 81614 59201|ﬂ)593 60599| 79547| 61978| 78478 42
19 | 57810f 81597| 59225| 80576] 60622 79530| 62001| 78460 41
20 | 57833 81580 59248 80558 60645 79512| 62024] 78442 40
21 | 57857 81563] 59272| 80541] 60668| 79494| 62046 73424 39
22 | 57881| 81546| 59295 80524{ 60691| 79477| 62069 78405 38
23 | 57904{ 81530 59318 80307 60714{ 79459} 62092| 78387 k1
24 |.57928] 81513 59342| 80489| 60738| 79441 62115 78369 36
25 | 57952| 81496( 59365 80472 60761 79424] 62138| 78351 35
26 | 57976| 81479| 59389 80455 60784! 79406| 62160, 78333| 3
27 | 57999] 81462 59412 80438| 60807| 79388| 62183| 78315| 33!
28 | 58023 81 59436 80420, 60830| 79371( 62206| 7829 32
29 | 58047| 81428 59459 80403| 60853| 79 62229| 7827 31
30 | 58070 81412 59482 80386| 60876 79335 62251| 78261 30 |
81 | 58094| 81395 59506| 80368| 60899( 79318} 62274( 78243 29
32 | 58118} 81378 59529] 80351 60922 79 62297) 78225 28
33 | 58141 81361] 59552 60945 79282| 62320| 78206 o |
34 | 58165{ 81 595676/ 80316 60968| 79264| 62342| 78188 2%
35 | 58189 81327] 59599| 80299, 60991| 79247| 62365 78170 25
36 | 58212] 81310 59622 80282| 61015( 79229 62388| 78152, 9
37 | 58236| 8129 79211 62411| 78134
38 | 58 8127 79193 62433| 78116
39 | 58283 8125 79176 62456 73098,
40 | 58307 8124 . 79168 62479 78079
41 | 58330 8122 79140| 62502| 78061
42 | 58354| 81208] 59768| 80178| 61153} 79122| 62524| 78043
| 43 | 58378 81191| 59786 80160| 61176| 79105| 62547| 78025
44 | 48401] 81174] 59809| 80143| 61199| 79087| 62570} 78007|
45 | 58425| 81157| 59832| 80125 61222| 79069| 62592| 77988
46 | 58449 811401 59856/ 80108 61245 79051| 62615| 77970
47 | 58472 81123 59879( 80091| 61268| 79033| 62638} 77952,
48 | 58496} 81106| 59902 80073 61291} 79016| 62660| 77934/
49 | b8519| 81089| 59926| 80066 61314| 78998| 62683| T7916!
50 | 58543 81072 59949| 80038| 61337| 78980| 62706| 77897
51 .| 58567| 81055 59972| 80021; 61360 78962 62728| 77879
52 | 58590| 81038| 59995| 80003 61383| 78944 62751| 77861 8
53 | 58614 81021 60019 79986} 61406 78926] 62774| 77843| 64123] 767 7
54 | 58637] 81 60042| 79968| 61429| 78908| 62796 77824 64145| 76717] 6
b6 | 58661} 80987| 60065 79951| 61451| 78891| 62819( 77806| 64167| 76698 5
56 | 58634| 80970 60089| 79934 61474 78873| 62842| TT788| 64190| 76679 4
57 | 58708] 80953| 60112| 79916| 61497| 78855| 62864| 77769 64212| 76661 3
58 | 58731| 80936 60135 79899| 61520 78837| 62887 T7751| 64234| 76642] 2
b9 | 58755| 80919 60158| 79881| 61543| 78819| 62909| 77733| 64256| 76623 1
, 60 | 58779/ 80902| 60182| 79864 61566 78801| 62932| 7T715| 64279 76604] 0
N. cos.IN.sine.IN. cos.|N.sine.IN. cos.|Nisine.|N. cos.N.sine.|N. cos./N.sine.| M.
| 540 | 530 | 52° | 51° | 500 |
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OF NATURAL SINES.

40°

[ ac ]

42!

© | 43° | 44° |

N.sine.

N. cos. N.sine.,N. cos,

N.sine.

N. cos.,N.sineﬁ. cos.lN.sine.lﬁ. €08,

64279
64301
64323|
64346]
64368
64390
64412

76604, 65606| 75471
76586] 65628]
76567 65650
76548 65672
76530| 65694
76511| 65716
76492 65738

15414
756395
75375,
75356

66913
66935|
66956|
66978
66999,
67021
67043

74314| 68
74295 68221
74276, 6824
74256| 6826
74237| 6828
74217| 68
74198| 68327,

73135] 69466
73116; 69487
73096| 69508
73076{ 69529
73056 69549
73036{ 69570
73016] 69591

719
71914
718
71873
71858
71833
7181

64435

COROANPWN=O z

64479
64501
64524
64546

64457 7

76473| 65759
65781
65803
65825|
65847
65869

75337
756318
75299,
75280
75261
75241

76436
76417
76398
76380

67064
67086
67107
67129
67151
67172

l

74178] 6834
74159] 6837
74139 68391
74120
74100
74080

72996| 69612
72976| 69633
72957] 696
72937| 69675,
72917| 69696
72897 69717

71792
71172
71752
71732
71711
71691

64568
64590
64612
64635

76361
76342
76323
76304|

65891
65913
65935
65956

75222[
75203
75184]
75165

64657
64679

76286/
16267

65978
66000

75146
75126

67194
67216
67237
67258
67280
67301

72877| 69737
72857 69758
72837| 69779
72817| 69800,
72797) 69821
T72777) 69842

71671
716
71630]
7161
715
7156

74061
74041

64701
64723
64746
64768
64790
64812

76248
76229
76210,
76192
76173
76154/

66022
66044
66066
66088
66109
66131

75107
75088
75069
75050]
75030f
75011

67323!
67344/
67366
67387,
67409
67430

7154
71529,
71508,
71488
71468|
T1447

68603
6862
68645
68666
63688
687

72757) 69862
72737| 69883
72717| 69904
72697| 69925,
726T7| 69946
92657| 69966

64878

76135
76116
76097
76078
76059
76041

661563
66175|
66197
66218|
662401
66262,

74992
7497
7495
749
74915
74896

67452
67473
67495
67516
67538
67559

68730]
68751
68772].
| 68793
6881
6883

72637
72617
72597,
725677
72657
7256317

T1427]
11407|
71386
71366
T1345|
71325

64967

76022
76003
75984,

74876,
74857,
74838

T5965]
75946
75927

7481
74799
74780]

67580
67602
67623
67645
67666
67688

72517
72497
72477
72457
72437,
72417

70112
7132

53
70174
70195
70215

6885
68878
688
689:
68941
68962

75908
75889
75870
75851
75832|
75813

66414
66436
66458
66480
66501
66523

|

67709
67730|
67752
67773
67795
67816

70236
70257
70277|
70298
70319
70339

68983] 72397

72317
72297,

T5794)
15775
75756
75738| 66610
75719| 66632
75700| 66653

66545
66566
66538

67837
67859
6788

67901

72277,
72257
72236
72216
72196
72176

70360
70381

75680( 66675
75661 66697
66718,
66740
66762
66783|

721
72136
72116

6

65606'
N. cos.|N.sine.IN. cos|N.sine.IN. cos.|N.sine.

66805|
66827
66848
66870|
66891
66913

74412
7439
74373
74353
K

75471 7431

69361 72035)
69382 72015
69403] 71995
69424 71974
69445 719,

69466| 71934
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N. cos.|N_sine.IN. cos.
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47
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Of Logarithmic Sines, Tangents, and Secants to every Point and Quarter
Point of the Compass.
"Poqints)  Sine. Co.sipe. | Tangent. | Ca.tang. | Secant. ) Co.secant.
0 Tnf. neg. | 10.00000 | Inf.neg. | Infinite. | 10.00000 | Infinite. | 8
0 8.69080 | 9.99948 | 8.69132 | 11.30868 | 10.00052 | 11.30920 | 7
0 8.99130 { 9.99790 | 8.99340 | 11.00660 | 10.00210 | 11.00870 | 7
03 9.16652 | 9.99527 | 9.17125 | 10.82875 | 10.00473 | 10.83348 | 7
1 9.29024 | 9.99157 9,29866 | 10.70134 | 10.00843 | 10.70976 | 1
1 9.38557 | 9.986794 9.39879 | 10.60121 | 10.01321 | 10.61443 | 6
1 9.46282 | 9.98088 | 9.48194 | 10.51806 | 10.01912 | 10.53718 | 6
1% 9.52749 | 9.97334 | 9.55365 | 10.44635 | 10.02616 | 10.47251 | 6
2 9.58284 | 9.96562 9.61722 | 10.38278 | 10.03438 | 10.41716 | 6
3 2 9.63099 | 9.95616 | 9.67483 | 10.32517 | 10.04384 | 10.36901 | 5
2 9.67339 | 9.94543 | 9.72796 | 10.27204 | 10.05457 | 10.32661 | 54 !
2 9.71105 | 9.93335 | 9.77770 | 10.22230 | 10.06665 | 10.28895 5J
3" 9.74474 | 9.91985 | 9.82489 | 10.17511 | 10.08015 { 10.25526 | 5 |
3 .9.77503 | 9.90483 | 9.87020 | 10.12980 | 10,09517-] 10.22497 | 4
3 9.80236 | 9.88819 | 9.91417 | 10.08583 | 10.11181 | 10.19764 | 4
3 9.82708 | 9.86979 | 9.957%9~ 10.04271 | 10.13021 | 10.17292 | 4
4 9.84949 | 9.84949 | 10.00000 ; 10.00000 | 10.15051 | 10.15051 | 4
Co. sine. Sine. Co.tang. | Tangept. | Co.secant.\ Secant. | Poirs
i LOGARITHMS OF NUMEERS. - |
No: 1=—J00__ Log. 0.00000——2. 00§00
N. Log. Log. N. Log. N. Log. ‘N. 2
1 10.00000 || 21| 1.32222 41 | 1.61278 61 1 1.78533 || 81 | 1.90u¢
2 10.30103 22 | 1.34242 42 | 1.62326 62 | 1.79239 82 | 1.91%!
3 | 0.47712 23 | $.36173 43 | 1.63347 63 | 1.79934 83 | 1.9198
4 | 0.60206 24 | 1.38021 44 | 1.64345 64 | 1.80618 84 | 1.924%
b | 0.69897 25 | 1.39794 45 | 1.65321 65 | 1.81291 85 | 1.929
6 | 0.77815 26 | 1.41497 46 | 1.66276 66 | 1.81954 || 86 | 1.954d
7 |0.84510 27 | 1.43136 47 |'1.67210 67 | 1.82607 87 | 1.93%1
8 | 0.90309 28 | 1.44716 48 | 1.68124 68 | 1.83251 88 | 1.9444
9 |0.95424 29 | 1.46240 49 | 1.69020 69 | 1.83885 89 | 1.94%4
10 1.00000 30 | 1.47712 50 | 1.69897 70 | 1.84510 90 | 1.9
11 | 1.04139°}| 31 | 1.49136 [{ 51 | 1.70757 71 | 1.85126 91 | 1.95%
12 | 1.07918 32 | 1.60515 52 | 1.71600 72 | 1.85733 92 | 1.9631
13 | 1.11394 33 | 1.51851 53 | 1.72428 73 | 1.86332 93 | 1.9664
14 | 1.14618 34 | 1.53148 54 | 1.73239 || 74 | 1.86923 94 | 1.973
13 | 1.17609 35 | 1.54407 56 | 1.74036 75 | 1.87506 95 1 1.977"
T16 | 1.20412 36 | 1.55630 56 | 1.74819 76 | 1.88081 96 | 1.9v:
17 | 1.23045 37 | 1.56820 57 | I.755687 77 { 1.88649 97 | 1.9%¢]
18 | 1.25527 38 | 1.57978 |{ 58 | 1,76343 78 | 1.89209 98 | 1.991
19 | 1.27875 39 | 1.59106 59 | 1.77085 79 | 1.89763 99 | 1.9%%
20 | 1.30103 40 | 1.60206 60 | 1.97816 80 | 1.90309 | 100 | 2.0
3
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LOGARITHMS OF NUMBERS.

No. 100——1500::.. Tog. 60000——20412.
[No. | 0| 1 2 3] 4 & 6 | 1 g | 9
[T100  [©00000l 00043 00087| 001301 00173/ 00217 00260/ 00303] 03461 V0389
101 | 00432] 00475] 00518| 00561 00604 00647 00689 00732 00775 00817
102 | 00860 00903| 00945| 00988 01030 01072] 01115] 01157| 01199' 01242
103 | 01284| 01326 01368] 01410 01452 01494 01536| 01678| 01620 01662
104 | 01708| 01745| 01787} 01828| 01870| 01912} 01953| 01995| 02036 02078
1056 | 02119) 02160{ 02202] 02243| 02284] 02325 02366 02407| 02449| 02490
106 | 02531] 02572| 02612 02653| 02694{ 02735] 02776] 02816 02857| 02898
107 | 02938| 02979| 03019] 03060( 03100 03141| 03181{ 03222| 03262| 03302
108 | 03342] 03383 03423| 03463| 03503] 03543| 03583 03623 03663| 03708
109 ' 03748| 03782] 03822| 03862| 03902| 03941} 03981| 04021 04060| 04100
110 04139 04179] 04218] 04258| 04297] 04336] 04376/ 04415 04454| 04493
111 04532] 04571] 04610] 04650 04689] 04727| 04766| 04805 04844| 04883
112 | 04922| 04961] 04999| 05038| 05077 06115] 05154| 05192} 05231| 05269
113 | 05303| 05346 05385| 05423( 05461| 05500 05538] 05576| 05614| 05652
114 | 05690 05729] 05767) 05805| 05843| 05881} 05918| 05956 05994| 06032
116 | 06070 06108| 06145| 06183| 06221| 06268 06296 06333| 06371| 06408
116 | 06446] 06483| 06521| 06568 06595 06633} 06670 06707| 06744 06781
117 | 06819| 06856] 06893 06930| 06967| 07004 07041} 07078| 07115{ 07151
118 | 07188] 07225| 07262| 07298] 07335| 07372| 07408| 07445| 07482| 07518
119 | 07555| 07591| 07628| 07664| 07700 07737 07773| 07809| 07846| 07882
120 | 07918| 07954 07990 08027| 08063| 08099| 08135 08171) 08207| 08243
121 | 08279| 08314| 08350 08386| 08422| 08458| 08493| 08529 08565| 08600
122 | 08636| 08672| 08707| 08743| 08778| 08814{ 08849 088841 08920; 08955
123 | 08991{ 09026] 09061| 09096| 09132| 09167} 09202 09237 09272| 09307
124 | 09342| 09377] 09412] 09447| 09482| 09517} 09552| 09587| 09621| 09556
125 | 09691| 09726] 09760 09795] 09850| 09864| 0989Y| 09934f 09968| 10003
126 | 10037| 10072| 10106] 10140| 10175| 10209] 10243| 10278| 10312| 10346
127 | 10380] 10415| 10449] 10483| 10517| 10551| 105685| 10619f 10653| 10687
128 | 10721] 10755| 10789] 10823| 10857| 10890 10924] 10958| 10992 11025
129 | 11059| 11093| 11126 11160 11193{ 11227| 11261 11294 11327| 11361
130 | 11394] 11428| 11461] 11494 11528| 11561] 115694 11628l 11661| 11694
131 | 11727 11760| 11793| 11826 11860| 11893 11926/ 11959| 11992( 12024
132 | 12057] 12090| 12123] 12156| 12189| 12222] 12254] 12287| 12320 12352
133 | 12385{ 12418 19.4@ 12483 12516| 12548| 12581| 12613] 12646| 12678
134 | 12710| 12743] 12775] 12808| 12840] 12872 12905/ 12937| 12969 13001
135 | 13033| 13066] 13098| 13130| 13162 13194} 13226| 13258] 13290| 13322
136 | 13354 13386, 13418| 13450( 13481/ 13513f 13 13677| 13609) 13640
137 | 13672 13704] 13735| 13767( 13799} 13830 13862| 13893f 13925| 13956
133 | 13988] 14019 14051| 14082| 14114 14145] 14176] 14208| 14239 14270
139 | 14301] 14333| 14364| 14395| 14426] 14457 14489( 14520| 14551| 145682
140 | 14613| 14644 14675, 14706 14737| 14768 14799| 14829 14860f 14891
141 | 14922| 14953| 14983 15014] 15045 15076] 15106 15137 15168| 15198
142 | 15229] 15259 15290| 15320{ 15351( 16381| 15412| 15442| 15473 15603
143 | 15534] 15564] 15594] 16625| 15655| 15685| 15715 156746| 16776; 15806
144 | 15836] 15866] 15897 15927| 15957 15987| 16017| 16047| 16077| 16107
135 | 16137| 16167| 16197] 16227| 16256{ 16286] 16316| 16346 16376| 16406
146 | 16435| 16465| 16495 16524 16554] 165341 16613f 16643] 16673| 16702
147 | 16732] 16761| 16791| 16820] 16850| 16879 16909| 16938| 16967| 16997
148 | 17026] 17056 17085| 17114| 17143 17173] 17202} 17231} 17260| 17289
149 | 17319] 17348 17377| 17406| 17435( 17464] 17498| 17522| 17551 17580
150 | 17600| 17638| 17667| 17696 17725] 17764] 17782| 17811| 17840 17869
151 | 17898| 17926| 17955 17984 18013 18041| 18070| 18099| 18127 18156
152 | 18184| 15213| 18241| 18270 18298| 18327] 18355| 18384) 18412{ 18441
158 | 18469| 18498 18526| 18554| 18583| 18611{ 18639| 18667| 18696 18724
154 | 18752| 18780| 18803 18837| 18865| 18893{ 18921 18949 18977} 190056
155 | 19033| 19061| 19089 19117| 19145| 19173[ 19201; 19229} 19257| 19235
156 | 19312] 19340| 19368| 19306 19424] 19451} 19479| 19507 19535| 19563
157 | 19590| 19618{ 19645| 19673] 19700 19728] 19756| 19783| 19811| 19838
152 | 19866| 19893| 19921] 19948| 19976 20003} 20030! 20058 20085 20112
159 | 20140 20167 20194] 20222 20249 20276| 20303| 20330| 20358 20385
| No. o | 11 21 38 41 51 6 1 8¢ ! 9. -4
% -
. e
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* LOGABRITHMS OF NUMBERS.

No. 1600——2200.

Tog. 20412— 34242,

T No. 0 ‘ 11 2 31 4| 5 I 6 | 7| 8 | 9
1160 | 20412 20439| 20466 20493! 20520] 20548] 20575 206021 20629 20656
161 | 20683/ 20710/ 20737| 20763| 20790{ 2081 20871| 20898 20925
162 | 20952 20978 21005 21032 21059 21 21112 21139 211656] 21193
163 | 21219} 21 21272 21299| 21325 21352| 21378 21405| 21431] 21458
164 | 21 21511} 21537 21564| 21590 21617 21643{ 21669| 21696, 21722
1656 | 21748 21775{ 21801} 21827 21906/ 21932] 21958| 21985
166 | 22011| 22037| 22063| 22089 22167 22194| 22220| 22246
167 | 22272 22298| 22324] 22350 22427| 22453| 22479 22505
168 | 22531 22557 22583 22608 22686| 22712 22737 22163
169 | 22789 22814 22 22866 22943| 22968| 22994 23019
170 | 23045 23070 23096 23121 23198| 23223 23249| 23274
171 23 23325 23350 23376 23452| 23477| 23502 235%
172 | 23553 23578| 23603 23629 23704] 23729] 23754 23719
173 | 23805 23830 23855 23880 23958 23980| 24005{ 24030
174 | 24055 24080 24105 24130 24204] 24229| 24254] 24279
175 | 24304| 24329 24353| 24378,
176 | 24551 24576] 24601] 24625
177 | 24797] 24822] 24846| 24871
178 | 25042| 25066| 25091 25115 25139| 251
179 | 25285 25310 25334 25358| 25382
180 | 255627] 25561] 25575 25600 25624
181 | 25768 25792 25816 25840 25864
182 | 26007 26081| 26055| 26079| 26102
183 | 26! 26269 26293| 26316] 26340
| 184 | 26482 26. 26529| 26553| 26576
185 | 26717| 26741| 26764 26788 26811
186 | 26951 26975 26998 27021| 27045
187 | 271 27207| 27231| 27254 27277|
188 | 27416| 27439| 27462 27485| 27508
189 27646' 27669| 27692 27715 27738 27784
190 | 27875| 27898| 27921 27944{ 27967 28012,
191 | 28103! £3126{ 281 28171{ 28194 28
192 | 28 28353| 28375 28398 28421 28466
193 | 28556 28578| 28601| 28623| 28646 28691 287
194 | 28780' 28803| 28825/ 28847| 28870) 28914' 28937 28959] 28981 |
195 | 29003 29026| 29048 29070, 29092 29137| 29159, 29203
196 | 29226 29248] 29270 29292| 29314] 29335| 29358| 29380 20425
197 | 29447 29469] 29491| 2D513| 29535] 29557| 29579 29601 29645
198 | 29667 29688 29710{ 29732| 29754| 29776| 29798] 29820 29842] 29363
199 | 29885 29907 29929 29951 29973 29994 30016| 30038 30060 30631
¢+ 200 °| 30103 30125| 30146 30168| 30190| 30211 30276] 30298
201 | 30320] 30341| 30363| 30384| 30406] 30428] 30449| 30471| 30492} 30514 |
202 | 30535 30557] 30578 30600/ 30621 30664| 30685¢ 30707 30728 !
203 | 30750{ 30771 30792 30814 30835 30856 30878 30899 30942 |
204 | 30963 30984 31006| 31027 31048| 31069 31091} 31112] 31138} 31154 f
+| 205 | 31175] 31197| 31218| 31239| 31260{ 31281 31302 31323 31346] 31366 |
206 | 31387 S1408| 31429 31450, 31471f 31492 31513 31 31555] 31576 |
207 | 31597| 31618| 31639 31660, 31681] 31702 31723 31744{ 31765 31785 |
208 | 31806) 31827 31848 31869| 31890 31911] 31931| 31952| 31973 31994
209 | 32015 32035 32056] 32077 32098' 32118} 32139 32160{ 32181} 32201 |
210 | 32222| 32243| 33263| 32284| 32305 32325 32346| 32366| 32. 32408 |
211 | 32428 32449( 32469 32490| 32510f 32531 38553 32572| 32593] 32613
212 | 32634 32654 32675 32695 32715| 32736] 32766 32777 32797] 32818 |
213 | 52838| 32858 32879) 32899| 32919 32940{ 32960| 32980{ 33001] 33021
214 | 33041! 33062| 33082 33102| 33122/ 33143| 33163/ 33183f 33203] 33224 !
215 | 33244; 33264] 33 33304 33325| 3 33365 33385 33405] 33425 ~
216 | 33445| 33465 33486 33506) 33526] 33546| 33566| 33586 33606 35626
217 | 33646| 33666/ 33686] 33706] 33726| 33746| 33766( 33786] 33806] 33526
218 | 33846| 33866| 33885 33905| 33925| 33945| 33965 33985 34005 34025
219 . | 34044/ 34064| 34084 34104; 34124{ 34143| 34163| 3418 34208} 34223 .
t No. 0 | 1 20 31 4 5 | 6V 71 g 1T g




No. 7] 84 9

220 343801 34400] 34420
221 34571| 34596| 34616
222 34779 34792] 34811
223 34986| 35005
224 35160{ 35180{ 35199
225 35353] 35372| 35392
226 85583
227 35736| 35755| 356774
228 35927 35946| 35965
229 36116} 36135| 36154
230 36305] 36324] 36342
231 36493 36511| 365630
232 36680 36698] 36717
233 36866{ 36884f 36903
234 37051] 87070] 37088
235 37236] 37254 37273
236 37420{ 37438] 374567
237 37603| 37621 37639
238 37785| 37808| 37822
239 37967 37985] 38003
240 33148] 38166] 38184
241 38328 38364
242 38507| 38525/ 38543
243 388686| 38708| 38721
244 38 38381| 38899
245 39041| 39058] 39076
246 89217| 39235| 39252
247 39393| 39410/ 39428
248 39568| 39585 39602
249 39742 39759| 39777
250 39915( 39933| 39950
251 40088] 40106| 40123
252 40261{ 40278| 40295
253 4043 40466
254 40603| 40620| 40637
256 40773] 40790{ 40807
256 40976
257 41111 41128} 41145
258 41 41296| 41313
259 41447 41 41481
260 41614] 41631 41647
261 41780 41797| 41814
262 418 41946] 41963| 41979
263 42045 42111| 42127} 42144
264 4221 42275] 42292| 42308
265 4237 4243 42472
266 42537 42602] 42619 42635
267 427 427656] 42781] 42797
268 428 42943| 42959
269 43088| 43104 43120
270 43185 43249] 43265 43281
271 43345 4348‘1’
212 43505 43569] 43584) 436!

273 43727 43743| 43759
274 438 43886] 43902 43917
275 43981 44059| 44075
276 44138 44201] 44217] 44232
271 44295 44358] 44373} 44389
278 44451 44514 44529] 44545
219 44607 44654| 44669 44685| 44700
No. 7t 81 9




LOGARITHMS OF NUMBERS,

“TLog. 4471653148,

No. 2 | 3| 4 | 5 6 | 7 ] 8 | 9 |
280 447471 447621 44778| 44793| 44809 448244 44855 |
481 44902| 44917| 44932| 44948} 44963 44979| 44 45010
232 45056 450711 45086 45102} 45117} 45133| 45148} 45163
283 45209 45225| 45240 45 45271 45286| 45301 45317
984 45362| 45373 45393| 45406] 45423] 45439 45469
285 45516| 45530| 46645| 45561| 45576| 45591| 45606| 45621
486 45667| 45682| 45697| 45712 45728! 45743| 45758| 45773
287 45818| 45834| 45849 46864| 4587 '/45894- 45909] 45924
288 45969 45984] 46000] 46015] 46030(' 46045| 46060} 46075
289 46120 46135| 46150{ 46165 46180{ 46195| 46210 46225
290 46270 46285| 46300 46315 46 46345| 46359| 46374
291 46419| 46434| 46449 46464] 46479] 46494| 46509] 46523
2932 46568| 46583| 465698] 46613 46627 4664%| 46657 46672
293 46716 46731 46746! 46761{ 46776| 46790| 46805| 46820
494 46864| 46879| 46894] 46909 46923| 46938| 46953] 46967
295 47012| 47026 47041 47056 47070] 47085| 47100} 47114
296 47159 47173| 47188| 47202] 47217| 47232| 47246| 47261
297 47305| 47319| 47334| 47349 47363| 47378| 47392] 47407
298 47451 47465 47480 47494 47509 47524| 47538] 47553
299 47596 47611| 47625 47640| 47654 47669| 47683 47698
300 47741 47756 47770{ 47784 47799 473131 47828| 47842
301 47885| 47900 47914] 47929] 47943| 47958 47972| 47986
302 48029| 48044/ 48053| 48073| 43087| 48101| 48116] 48130
303 48173| 48187 48202 48216 48230| 48244| 48259 48273
304 48316 48330| 48344| 48359| 48373| 48387| 48401] 48416
305 43458| 48473| 48487 48501| 48515 48530| 48544] 48558
306 48601| 48615| 48629 48643 48657| 4867T1| 48686| 48700
307 48742| 48756| 48770 48785 48799 48813| 48527| 48841
308 48883| 48897| 48911{ 48926 48940| 48954| 48968] 48982
309 49024 49038 49052 49066 49080] 49094| 49108| 49122
310 49164 49178 49192| 49206] 49220 49234 49248| 49262
311 49304] 49318| 49332| 49346] 49360| 49374| 49358| 49402
312 49443 49457| 49471| 49185] 49199 49513| 49527| 49541
313 49562 49596| 49610| 49624] 49638| 49651| 49665| 49679
314 49707| 49721 49734 49748| 49762| 49776 49790] 49803| 49817
315 | 49831 49845| 49859| 49872| 49836 49900] 49914] 49927| 49941 49955
316 | 49969| 49983| 49996| 50010 50024| 50037] 50051] 500656 50079| 50092
817 | 50106| 501201 50133{ 50147| 50161| 50174] 50188| 5020:' 50215 50229
818 | 50243| 50256 50270 50284] 50297| 50311| 50325 50333| 50352] 50365
319 | 50379| 50393| 50406] 50420| 50433| 50447| 50461| 50474| 50488] 50501
320 | 50515 50529 50542] 50556 50569| 50683| 50596 50610] 50623| 50637
321 | 50651| 50664| 50678 50691 50705 50718| 50733 50745| 50759| 50712
322 | 50786| 50799| 50813| 50826] 50840| 50853| 50866 50880 50893{ 50907
323 | 50920| 50934{ 50947| 50961| 50974| 50987| 5100 51014} 51028| 51041
324 | 51055| 51068| 51081 51095 51108| 51121} 51135 51148| 51162 51175
325 | 51188| 51202| 51215] 51228| 51242| 51265| 51268| 51282| 51295| 51308
32 | 51322| 51335| 51348] 51362| 51375 51388| 51402| 51415| 51428] 51441
327 | 51455| 51468| 51481] 51495 51508| 51521 515634] 51548| 51561) 61574
328 | 51587 51601 51614/ 51627| 51640] 51654| 51667| 51680| 51693] 51706
329 | 51720 51733| 51746 51759 51772 51786| 51799 51812| 51825| 51838
330 | 51851| 51865 651878 51891 51904] 51917| 51930] 51943f 51987 51970
331 | 51983( 51996] 52009| 52022| 52035| 52048| 52061| 52075 52088{ 52101
332 | 52114] 52127| 52140 52153| 52166{ 52179| 52192| 52205 52218| 52331
333 | 52244( 52257| 52270] 52284| 52297| 52810| 52323| 52336} 52349 52362
334 | 52375 52388| 52401| 52414] 52427| 52440| 52453| 52466 52479] 52493
335 | 52504] 52517| 52530| 52543 525656] 62569| 52682 52595| 526Q8| 52621
336 | 52634| 52647| 52660| 52673| 52686| 52699| 52711} 52724 52737 52750
837 | 52763| 52776| 52789 52802 52615| 52827| 52840f 53653| 52866| 52379
338 | 52892| 52906 52917 52930| 52943| 52956| 52969| 52982 529941 53007
339 | 53020 53033| 53046/ 53055! 53071) 53084( 53097 53110| 53129 53136
No. | 0 I 1 1 2 173 + | 5 6 | 7 1 8 | 9




LOGARITHMS OF NUMBERS.

"No. 5400———4000.

Log. 53148———60206.
T 7

No. | 0 , 1 | 2 ) 3 | 4 | 5 | 6 8 | 9
340 | ~3143| 63161| 53173| 53186 53199| 53213| 53224| 53237| 53250| 53263
341 | 53275 53288] 53301 53314 53326| 53339| 53352( 53364 53377| 53390
342 | & 53415 & 53441} 5 53466/ 53479| 53491 53504] 53517
343 | 53529 5 53555 53567| 53580 535931 53605 53618| 53631| 53643
344 | 53656] 53668 53641 53694| 653706 53719 53732 53744| 53757| 53769 .
345 | 53782] 53794] 53807 53820| 53832 53845| 53857| 53870

346 | 53908] 53920] 53933| 53945| 53958 53970) 53983| 53995

347 54058| 54070 54083] 54095( 54108/ 54120

348 | 54158 64170 54183] 54195 54208| 54220 54233 54245

349 | 54283 54295 54307 54320 5433 54357| 54370

350 54419| 54432] 54444| 54456| 54469| 54481| 54494,

351 54568 64580 54593| 54605| 54617

352 54691{ 54704] 54716| 54728| 54741

353 54814] 54827| 54839 54851/ 548

354 54937| 54949| 54962 54974| 54986

355 55060] 55072| 55084 55096| 55108

356 55182| 65194] 55206| 65218| 55230)

357 55303 55315 55328| 55340 55352

358 56425| 55437| 55449 55461( 55473

359 55546| 55558| 55570) 55582| 55594

360 55666| 36678 556713,

361 557817| 5579 55835

362 55907| 55919 55965

363 56027| 56038 56074

364 56146| 56158

365 56265| 627

366 56384 650396| ¢

367 56502 gl

368 56620, (563

369 56738) 567

370 46865| 56867

371 56972] 569

372 57089| 57101

373 57206 57217 ¢
374 57323| 57

375 57426] 57438 5744

376 57530f 57542| 57558| 57565| ¢

377 51646 57657| 57669| b7680] &

378 57761] 577712 b7784f 57795| ¢

379 57875| 57887] 57898| 67910] ¢

380 57990] 58001] 58013| 58024,

381 58104| 58115| 58127| 58138

382 58218| 58229| 53240| 58252

383 58331| 58343 58364| 658365

384 58444| 58456| 58467 58478

385 58557 58580

386 58670) 58692

387 58782 58805/

388 5889 58917| &
i 889 59006 59028

390 59118 59140

391 59229 59251

392 59340 59362

393 59450 59472

394 59561 59583

395 | 69660| 69671 59693

396 | 59770| 59780 59802

397 | 69879} 598 59912

M8 | 59988 59999| 60010 0021

399 | 60097| 60108| 60119| 60130 §0184)

No. | 0 "1T | 2 V3 14175 |6 | 7 81 9°




LOGARITHMS OF NUMBERS.

No. 4000—4600. Tog. 60206— 66776,

Lamia. Aakd

No. | 0] 1] 2] 3 | 4| 6] 6 7] 8] 9

300 | 60206/ 60217 60228] 60239| 60249) 60260| 60271| 60282/ 60293! 60304
401 | 60314] 60325| 60336| 60347 60358| 60369| 60379 60390| 60401} 60412
402 | 60423| 60433| 60444 60455| 60466| 60477 60487 60498| 60509] 60520
403 | 60531| 60541 60552| 60563| 60574 60584| 60595 60606/ 60617| 60627
404 | 60638| 60649] 60660| 60670] 60681| 60692| 60703 60713| 60724| 6075

1
405 | 60746| 60756| 60767| 60778| 60788 60799 6081 6082:‘1:‘ 60831| 60842
7

406 | 60853| 60863| 60874| 60885| 60895 60906| 60917 60927 60938 60949
407 | 60959| 60970 60981 60991|-61002| 61013| 61023| 61034 61045/ 61055
408 | 61066| 61077| 61087| 61098/ 61109| 61119| 61130 61140 61151 61162
409 | 61172| 61183| 61194| 61204| 61215| 61225| 61236| 61247} 61257 61268

410 | 61278| 61289| 61300| 61310| 61321 61331| 61342 61353 61363( 61374

411 | 61384| 61395| 61405/ 61416] 61426| 61437| 61448| 61458 61469 61479
412 | 61490| 61500{ 61511} 61521| 61532| 61542| 61553 61568 61574 61584
413 | 61595| 61606] 61616| 61627| 61637| 61648| 61658 61669 61679| 61690
414 | 61700| 61711] 61721 61731| 61742| 61752| 61763| 61773) 61784) 61794

415 | 61805| 61815| 61826| 61836| 61847| 61857 61868| 61878 61888) 61899
416 | 61909| 61920| 61930( 61941| 61951 61962| 61972
417 | 62014{ 62024| 62034 62045 62055| 62066/

62169l 62170)

418 | 62118 62128| 62138| 62149
419 | 62221] 62232| 62242( 62252| 62263 62273

420 | 62325 62335 62346| 62356 62366| 62377 6! 62408] 62418
421 | 62428 62439| 62449( 62459 6 62511] 62521
422 | 62531 62542| 62562 62562 62613| 62624
423 | 62634| 62644| 62655| 62665 6! 62716) 62726
424 | 62737 62747| 62757 62767 62818| 62829

425 | 62839] 62849| 62859| 6287
426 | 62941 62951 62961| 62972
427 | 63043| 63053| 63063| 63073
428 | 63144{ 63155 63165 63175)
429 | 63246 63256 63266| 63276

430 | 63347( 63357 63367| 63377
431 | 63448 63458| 63468| 63478 63488| 63498| 63508 63518] 63528| 63538

432 | 63548| 63558| 63568| 63579 63589) 63599 63609| 63619
433 | 63649| 63659] 63669 63679 63689| 63699 63709| 6371
434 | 63749 63759| 63769} 63779 63789 63799| 63809 6381

435 | 63849| 63859 63869f 63879] 63889| 63899 63909 63919f 63929 63939
6|

436 | 63949 63959| 63969) 63979| 63988| 63998| 64008] 6401
437 | 64048| 64058] 64063| 64078| 64088 64098) 64108| 6411
438 | 64147( 64157 64167| 64177| 64187] 64197 64207| 6421
439 | 64246 64256] 64266| 64276] 64236; 64296| 64306 6431

440 | 64845| 64355| 64365 64375| 64385| 64395| 64404 6441 64434
441 | 64444| 64454] 64464| 64473| 64483 64493] 64503f 64513] 64523) 64532
442 | 69543] 64552| 64562| 64572| 64582f 645911 64601 64611 64621 64631
443 | 64640 64650| 64660 64670] 64680] 64689] 64699| 64709t 64719f 64729
444 | 64738| 64748| 64758| 64768 64777| 64787| 64797| 64807 64816 64826

445 | 64836 64846 64856 64865 64875) 64886| 64895 64‘1 64914; 64924

446 | 64933| 64943| 64953| 64963| 64972 64982 64992 65002 65011} 65021
447 | 65031| 65040| 65050, 65060| 65070{ 65079 65089| 65099] 65108) 65113
448 | 65128] 65137| 65147} 65157| 65167 65176] 65186| 65196} 652056| 65215
449 | 65225| 65234| 65244| 65254| 65263| 65273| 65283 65292| 65308 65312

450 | 65321( 65331] 65341 65350 65360| 656369 65379} 653 65398| 65408
451 | 65418| 65427| 65437| 65447} 65456| 65466] 656475 65485 65495 65504
452 | 65514f 655623| 65533| 65543} 66552| 65662 665671} 66581| 65591 65600
453 | 656610} 65619] 6562 65639, 65648| 65658| 65667 65677f 65686] 65696

454 | 65706| 65715 65725| 65734 65744| 65753| 65763| 65772| 66782 65792

456 | 65896| 65906] 65916| 65925 65935| 65944| 65954 65963 65973] 65982
457 | 65992] 66001} 66011] 66020] 66v>c, 66039| 66049 66058| 66068 66077
458 | 66087| 66096 66106] 66115 66124 661°Y 66143( 66153) 66162| 66172
459 | 66181| 66191 66200| 66210 66219 66229' 66238| 66247| 66257| 66266

| No. ol 11 ® 31 4V 51 6+ 7F 81 9

455 | 65801| 65811 65830 65839J 6631%| 65858 ij 65877 65887

T e

L. . . ah [ ST _Tlam. T




LOGARITHMS OF NUMBERS.

No. 4606———5200.

Tog. 66276———11600.

No. | 0 | 1 | 2 | 8 | 4 1 6 ) 6 7] 8 9

460 | 66276 66235 66295 66304! 66314 66323| 66332| 66342 66351] 66361
461 | 66370] 66380 66389| 66398f 66408| 66417| 66427| 66436 66445 66455
462 | 66464} 66474 66492 66502| 66511| 66521| 66530| 66539| 66549
463 1 66558| 66567 66577 66586 66596| 66605] 66614 66624 66633| 66642
464 7 66652| 666611 66671\ 66680 66639| 66699| 66708 66717| 66727 66736
465 | 66745 66755 66764 66773 66783] 66792 668V1] 66811| 66820| 66329
466 | 66839 66848 66857 66867| 66876| 66885] 66394 66904 66913] 66922
467 | 66932| 66941 66950/ 66960| 66969 66978 66987 66997 67006} 67015
468 | 67025 67034 67043( 67052| 67063 67071 670801 67089| 67099 67108
469 | 67117| 67127 67136| 67145 67134{ 67164] 67173| 67182| 67191| 67201
470 | 67210] 67219| 67228| 67237| 67247 67266| 67265 672141 67284{ 67293
471 | 67302| 67311| 67321| 67330| 67339| 67348| 67357| 67367 67376| 67385
472 | 67394] 67403] 67413 67422 G7431f 67440| 67449 67459 67468| 67477
473 | 67486] 67495 67504| 61514( 67523| 67532] 67541 67550, 67560 67569
474 | 67578| 67587| 67596] 67605 67614| 67624| 67633| 67642| 67651| 67660
475 | 67669| 67679| 67688| 67697 67706| 67715 67724 67733| 67742| 67752
476 | 67761| 67770 67779| 67788| 67797 67806| 67815( 67825| 67834| 67343
477 | 67852| 67861| 67870| 67879| 67888{ 67897) 67906| 67916 67925 67934
478 | 67943| 67952 67961| 67970 67979| 67988 67997| 68006| 68015| 63024
479 | 68034{ 68043) 68052| 68061/ 68070 68079| 68088 65097 68106| 68115
480 | 63124] 68133| 68144| 63151 68160| 68169| 68178 63187| 63196/ €6205
481 | 68215] 68224| 68233| 68242 68251 68260 63269{ £5278| 68287| 68296
482 | 68305| 68314| 68323 68332 68341{ 68350 68359 68368 68377| 68386
483 | 68395| 68404| 68413 68422| 68431{ 68440| 68449 68458 63467| 68476
484 | 68485| 68494| 68502 63511 68520| 68529| 68538 68547 68556| 68565
485 | 68574| 66583| 68592 68601| 68610| 68619| 68628| 68637 68646| 68655
486 | 68664) 68673| 63681 63690 63699 68708| 68717| 68726| 68735| 68744
487 | 68753| 68762 68771] 68780 68789( 68797 68806 63315 63824| 68833
488 | 68842| 68851 68860 68369 68878( 68886| 66895] 63904 63913( 68922
489 | 68931| 68940/ 68949| 68958| 68966| 68975 68984] 68993 £9002| 69011
490 | 69020] 69028| 69037 69046( 69065] 69064| 64073 69082 69090( 69099
491 | 69108{ 69117| 69126 69135| 69144| 69152| 69161| 69170 69179] 69188
492 | 69197| 69205| 69214| 69223| 69232( 69241) 69249| 69258| 69267| 69276
493 | 69285| 69294] 69302| 69311| 69320| 69329 69338| 69346! 69355! 69364
494 | 69373 69331| 69390 69399] 69108| 69417| 69425 69434| 69443| 69452
495 | 69161 69469| 69478] 6: 694961 69503 69513] 69522| 69531| 69539
496 | 69548] 69557] 69566| 69574| 69583 69592| 69601] 69609| 69618| 69627
497 | 69636| 69644] 69653 69662| 69671) 69679| 69658| 69697 69706| 69714
498 .| 69723| 69732| 69740 69749| 69758 69767] 69775 69734| 69793, 69801
499 | 69310 69819| 69827| 6Y836| 69845 69854] 69562| 69871| 69880| 69888
500 | 69897| 69906| 69914 69923| 69932] 69940| 69949 69966/ 69975
501 | 69984] 69992 70001] 70010| 70018| 70027| 70036| 7 70053| 70062
502 | 70070| 70079 70088| 70096 70105 70114{ 70122 70140/ 70148
503 | 70157| 70163] 70174{ 70183{ 70191| 70200 70209 70226| 70234
504 | 70243| 70252| 70260 70269| 70278| 70286| 70295 70312{ 70321
506 | 70329] 70338| 70346| 70355 70364 70372| 70381| 70389 70393 10406
506 | 70415 70423| 70432| 70441) 70449| 70458 70467| 70475 T0484| 70492
507 | 70501] 70509] 70518| 70626 70535 70544| 70552| 70561| 70569| 70578
508 | 70686| 70595( 70603| 70612| 70621 70629] T0638| 70646| 70655 70663
509 | 70672| 70680| 70689| 70697| 70706 70714{ 70723| 70731| 70740, 70749
510 | 70757] 710766| 70774 70783| 70791| 70300] 70808| 70817 70823| 76834
511 | 70842| 70851 70859| 70868| 70876| 70885 70893| 70902 70910 70919
512 | 70927 70935( 70944| 70952| 70961| 70969] 70978 70986 70995/ 71003
513 | 71012| 71020] 71029 71037| 71046 71054{ 71063| 71071| 71079| 71088
514 | 71096| 71105| 71113 71122| 71130] 71139| 71147| 71156 T1164] 71172
516 | 71181| 71189 71198| 71206 71214{ 71223| 71231| 71210 71248| 71257
516 | 71265 71278| 7T1282{ 71290| 71299) 71307| 71315 71324/ 71332| 71341
517 | 71349| 71857 71366] 71374| 71383] 71591 71359] 71408 71416| 71425
518 | 71433| 71441 71450 71458 71466| 71475 71483 71492! 71500| 71508
519 | 71517 71525 71533 71542! 71550] T1559| 71567) 71575 71584] 71592
No. | 0 | 1 2.1 3 1 4 1 5 | 6 70 8 |1y

=~

3

-



LOGARITHMS OF NUMBERS.

T 1 %

72024
72107,

72148 721

72189 72230! 72 79255
72272 72313] 72321 72331
7 72395| 7240 72419
72436| 72477 12485| 7 72501
72518 7 72567] T2575| 72583
72599 7 72648| 72656 72665
72681 72722] 72730| 72738| 72746

72803| 72811| 72819] 72827

728

7296
73046 7:
73127 73135
73207 73215
73288
73368
7
73528
73608
73687
73767,
78846
73926
74005| 74013 7 74028
74084] 7 7 74107
74162 74170 T4178| 74186
74241] T4249| 74257| 74265
74320| 74327 74335| 74343
74398| 74406] 74414] 74421
74476| 7 7 74500
74554] 7456 T 74578
74632| 7. 7 74656
74710 74718] 74726] 74733

74764) 74788 74796] T 74811

74842 74850] 74! 74865

74920| 74927| 14935 74943!

74997} 75005| 75012] 7.

75074| 75082| 75089 7

75151 76159'16166 7517

75228| 75236 75243| 756251

75305 75312| 75320 75328

75381| 75389| 75397| 7.

75458 75465| 15473| 75481

75534] 15542| 75549| 7555

75610| 76618| 76626| 756

75686| 75694] 75702| 757

75762 75770 15778 757

75838| 75846| 75853| 75861

75914| 75921| 75929] 75937

75989| 75997} 76005, 7601

76065| '76072] 7 7608

76140 76148 76155| 7616

76215 76223| 76230 76!

76283| 76290( 76298 76305| 76313{ 7
2 1 31 4 | 5] 61
.
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LOGARITHNMS OF NUMBERS.



. LOGARITHMS OF NUMBERS.

"T.og. 80615———84510.

[ No. | O 1| 2 5] 6 | 1 8 9
| 640 | 80618} 80625| 8063 80652| 806569 80665] 806721 80679
641 | 80686| 80693 806 80720 80726 80733} 80740{ 80747
642 | 80754 80760 80767 80787| 80794| 80801{ 80808| 80814
643 | 80821} 80828| 80835 80855 80862| 80868| 80875 80882
644 | 80889 80895| 80902 80922| 80929| 80936| 30943| 80949
645 | 8 80963| 80969 80990} 80996| §1003| 81010| 81017
646 | 81023 81030 81037 81057] 81064| 81070{ 81077 81084
647 | 81090} 81097 81104 81124 81131} 81137| 81144 81151
648 | 81158 81164} 81171 81191] 81198 81204} 81211 81218
649 | 81224] 81231} 81238 81258 81265 81271{ 81278| 81285
650 | 81291} 81298| 8130, 81325| 81331| 81338 81 81351
651 | 81358} 81365| 81371 81391{ 81398| 81405| 814}1| 81418
652 | 81425} 81431} 81433 81458| 81465 81471 81478| 81485
653 | 81491 sms‘ 81505 81525 81531| 81533 81544| 81551
654 | 81558| 81564f 81571 31591} 81598| 81604| 81611} 81617
655 | 81624 81631] 81637 81657| 81664| 81671 81677 81684
656 | 81690} 81697 81704 81723} 81730| 81737 81743| 81750
657 | 81757} 81763 81770 817904 81796{ 31803 81809| 81316
658 | 81823| 51829| 81836 81856 81862 81869| 81875 81882
659 | 8188Y| 81895 81902 81921 8§P28] 81935 81941| 81948
660 | 81954| 81961| 81968 81987 81994 32000
661 | 82020| 82027| 82033 82053] 82060 82066
662 | 82086 52092| 8209 82119| 82125| 82132
663 | 82151 82158 82164 82184} 82191| 82197
664 | 82217 82223 82230 82249} 82256 8226
665 | 82282 82289| 82295 82315 82321) 82328} 82334 82341
666 | 82347 82354 82360) 82380{ 82387| 82393( 82400 82406
667 | 62413] 82419] 82426 82445 82452| 82458| 82465| 82471
668 | 82478 82484| 82491 82510 szsnl 825231 82530 82536
669 | 82543 82549 82556 82675| 82532 82588| 82595 82601
670 | 82607 82614 82620) 82640| 82646| 82653 82659| 82666
671 | 82672 82679] 82685 82706| 82711
672 | 82737 82143| 82750 82769} 82776 l
673 | 82302 82808| 82814 82834 82840 !
674 | 62866| 82872| 82879 82898| 82905 i
675 | 82930] 82937| 82943 5| 82963| 82969 '
676 | 82995| 83001) 83008 83027 83033}
677 | 83059| 83065 83072 8309} 83097
678 | 83123 83129] 83136 83155| 83161
679 | 83187 83193] 83200) 83219| 83225
680 | 83251| 83257 832 83283 8328
631 | 83315( 83321| 83327 83347 8335
682 | 83378| 83385| 83391 834101 83417 83423| 83429( 83436
683 | 83442 83448 83455 83474] 8. 83487} 83493| 83499
684 | 83506 83512| 83518 83537 8 s,saso& 83556| 83563
685 | 83569 83575| 83582 83601| 83607| 83613 83620 83626
686 | 83632| 83639 83645 83664 83670} 83677 83633 83689
687 | 83696| 83702| 83708 83727| 83734| 83740| 83746] 83753
« | 688 | 83759( 83765| 83771 83790 83797 83803} 83809 83816
689- | 83822| 83828| 83835 83853 83860| 83866, 53872| 83879 | |
690 | 83385( 83891/ 83897 83916/ 83923 83929| 83935 83942
691 | 83948| 83954| 83960 83979] 83985 83992| 83998 84004
692 | 84011| 84017| 84023 84042f 84043| 84055! 84061| 84067
693 | 84073| 84080| 84086 84105 84111| 84117 84128 84130
694 | 84136| 84142 84148 84167| 84173| 84180| 84186] 84192
695 | 84198[ 84205 84211] 84217| 84223| 84230| 84236| 84242| 54248| 84255
696 | 84261| 84267( 84273 84305| 84311] 84317
697 | 84323 8 84336 5 84367 84373 84379
698 | 84386| 84392| 84398 84429| 84435 84442
699 | 844438) 8 84460 5| 84491| 84497| 84504
No. 0l 11 2 71 81 9y




»

LOGARITHMS OF NUMBERS.

. No. 7000—————7600. N Log. 845610———388081.

No. 0 1) 2, 31 4 65| 61 7 8| 9

700 | 84510] 84516| 84522| 84528! 84535 84541 84547| 4553 4569 84566
701 | 84572| 84578| 84 84590| 84597| 84603; 84609| 84615 84621| 84628

702 | 84634| 84640 84646| 84652 84658] 84665 84671| 84677} 84633 84689
703 | 84696| 84702f 84708] 84714 84720 84726| 84733| 84739| 84745| 847561
704 | 84757| 84763} 847701 84776| 84782| 84738| 84794] 84800 84807 84813

705 | 84819f 84825 84831| 84837 84844| 84850 84856| 8.4562| 84868| 84874
706 | 84880| 84887 84893| 84899| 84905| 84911 84917| 84924| 84930 84936
707 | 84942 84948 84954| 84960] 84967( 84973 84979 8499¢| 84991| 84997
708 | 85003 85009 85016 85022| 85028 85034/ 85040| 85046 856053 85008
709 | 85065, 85071} 85077 85083( 85089| 85095 85101] 85107 85114 85120

710 | 85126| 85132} 85138| 85144} 85150| 85156 85163| 85169| 85175 85181
71 | 85187| 85193| 85199 85205 85211| 85217| 85224 35230] 85236 85242

712 | 85248| 85254| 85260 85266| 85272| 85278 85285| 85291| 85297 85303
713 | 85309) 85315| 85321 85327| 85333| 85339 85345| 85352| 85358 853G4
714 | 85370| 85376| 85382 85388| 85394| 85400| 85406| 85412} 85418 85425

115 | 85431f 85437 85443| 85449( 85455) 854G1| 85467| 85473 85479| 85485
716 | 85491} 85497| 85508| 85509] 85516] 85522 85528| 35534| 8

17 | 85562 85558} 856564{ 85570) 85576| 85582 85588| 85594| 85600 85606
718 | 85612 85618} 85625] 85631| 85637| 85643| 85649| 85655| 85661| 85667
719 | 85673| 85679] 85685| 85691 85697| 85703 85709| 85715| 85721 86727

720 | 85733 85739| 85745 857511 85757| 85763| 8576Y| 85775 85781| 85788
721 | 85794 85 85806] 85812| 85818] 85824/ 85830| £5836] 85842| 85848
722 | 85854/ 85860 85866 85872| 85878] 85884] 85890| 85896| 85902 85908
723 | 85914 85920] 85926| 85932| 85938| 85944 85950| 85956| 85962 85968
724 | 85974 85980 85986 85992} 85998| 86004 86010f 86016| 86022 86023

725 | 86034| 86040} 86046 86052 86058 86064/ 86070 86076| 86082 86088
726 | 86094{ 86100} 86106{ 86112} 86118} 86124 86130] 86136| 86141| 86147
127 | 86153] 86159 861657 86171} 86177} 86183| 86189 86195| 86201| 86207
728 | 86213 86219) 86225( 86231) 86237 86243| 86249| 86255| 86261| 86267
729 | 86273 86279| 86285| 8G291| 86297| 86303) 86308} 863144 86320 86326

730 | 86332{ 86338 86344 86350| 86356] 86362| 86368] §6374| 86380| 86386
731 | 86392 86398 86406[ 86410 86415 86421| 86427} 86433| 8G439} 86445
63)

732 | 86451| 86457| 86463| 86469| 86475} 86481 86487| £6493| 86439 36504
133 |} 86510 86516) 86522 86528 86534] 86540| 86546| 86552 86558 86564
734 | 86570| 86576| 86581|- 86587| 86593] 86599 866056| 86611| 86617 86623

735 | 86629 86635| 86641 86646| 86652| 86658 86664] 86670| 86676 86682
736 | 86688 86694 86700 86705| 86711| 86717| 86723| 86729| 86735| 86741
737 | 86747| 867a3| 86759) 867G4| 86770 86776| 86782| 86788| 86794| 86800
738 | 86806] 36812| 86817} 86823| 86829| 86835 86841| 86847| 86853] 86859
739 | 86864/ 86870| 86876| 86882 8G388| 86894| 86900 86906 86911 86917

740 | 86923) 86929 86935 86941| 86947| 86953| 86958| 86964 86970 86976
741 | 86982| 86938| 86994 86999| 87005 87011 87017| 87023| 87029| 87035
742 | 81 87046] 87052 87058| 87064 87070 87075| 87081| 87087 87093
743 | 87099 87105f 87111| 87116 87122| 87128| 87134] 87140| 87146| 871561
87157| 87163| 87169| 87175 87181| 87186] 87192| 87198] 87204( 87210

745 |-87216| 87221| 87227| 871233| 87239| 87245| 87251| 87266| 81262 81268
146 1 87274( 87280| 87286) 87291| 87297 87303| 87309| 87315 87320| 81326
747 |} 87332| 87338| 8% 87349 87355| 87361 87367 8737$| 87379 87384

748 | 87390| 87396| 87402| 87408| 87413| 87419 87425 87431| 87437 87442
749 | 87448| 87454| 37460 87466| 87471| 87477| 87483| 87489| 87495| 87500

750 | 87506 87512| 87518| 87623 87529 81535| 87541| 87547| 81552| 87458 |
151 | 87564 87570 87576 87581 87587 81593| 871599| 87604| 87610( 871616
752 | 87622) 87628| 87633| 87639| 87645| 87651| 87656| 87662| 87668| 87674
753 | 87679) 87685 87691 87697| §7708| 87708| 87714f 87720{ 87726/ 87731
154 | 87137 87743| 87749 87754 87760 87766) 87772 87777 67788| 87789

155 | 87795| £7800| 87806 87812| 87818 87823 £7829f 87835 87841 87846

756 | 87852 87858 87864 87869| 87875; 87881 87887| 87892| 87898 87904
757 | 87910] 87915| 87921} 87927| 87933| 87938| 87944| 87950, 87955| 87961
1758 | 87967| 87973| 87978| 87984 87990} 87996, 83001| 83007| 88013 83018

{759 | 88024 83030 88036| 88041| 85047| 83053! 88058| 880G4| $8070] 88076

¢ No. ol 11 20 3 4! 51 61 71 81 ¢



&

«

LOGARITHMS OF NUMBERS.

- No. 7600————8200. Log. 88081 91381.
No.olz.3|4»56lsl1|a 9
760 | 83081 uﬁﬁ! 88093| 88093 88104| 88110] 88116] 88121| 88127| 88133
761 | 88138| 88144} 88150, 88156| 83161| 83167| 83173| 88178 83184 88190
762 | 38195 88201) 28207 88213| 88218| 83224| 88230| 83235| 83241 88247
763 | 88252 83258| 88264/ 88270| 88275| 83281| 83287| 83292 88304
764 | 88309 88315) 88321| 83326| 88332] 88338| $8343| 83349/ 8 88360
766 | 88366 8837 sss’ﬁf 88383 88389 88395| 88400] 88406| 88412 83417
766 |.88423| 88429 88434| 88440| 88446| 83451|.88457| 83463| 8B468| 88474
767 | 88480] 88485 88491 88497 88502 83508| 88513| 88519| 88525 88530
768 | 88536 8 88547| 88553 88559| 88564| 88570| 83576 83581| 88587
769 | 88593| 88598) 88604/ 88610 88615| 88621 88627| 88632| 336:38|. 89643

- 770 | 88649| B8655| 88660| 88666| 88672| 88677| 88683] 88689| 8 88700
T11 | 88705| 88711| 88717| 88722| 83728| 88734| 88739| 88745 88756
772 | 88762| 88767| 88773| 887T73| 88784| 88790| 83795| 88801| 83807 8881S
T3 | B8818| 88824, 83829 83835 88340{ 88846| 83852| 88857 88868

T74 | 88874| 86880| 88885( 88391| 83897| 88902| 83908 ssslai 84925

- 775 | 88930| 88936| 88941| 88947| 88953| 88958| 88964 88969 83981
T76 | 88986| 88992| 88997 39003| 89009| 89014| 8! 89025 89081 89037
TTT | 89042| 89048 89053| 89059 89064] 89070 89076| 89081| B 89092
778 | 89098| 89104| 89109( 89115| 89120 89126| 89131| 89137| 8914S| 89148
T79, | 891541 89159 89165| 89170| 89176| 89182| 89187} 89193| 89188 89204
780 | 89309| 89215 89221 89226| 89232| 89237| 89243{ 89248 89260
781 | 89265| 89271| 89276| 89282| 89287| 89203| 89298| 89: 89315
782 | 89321| 89326| 89332| 89337| 89343| 89348|.89354| 89360 89371
783 | 89376| 89382| 89387| 89393| 89393| 8 89409| 89415 89421| 89425
784 | 89432| 89437| 89443| 39448| 8 89459| 89465| 8947 89481
785 | 89487 894 89526 89631} 89537
786 | 89542| 89548 89581 89592
787 | 89597| 8960 89636| 8 89647
788 | 89653 8 89691 89702
789 | 89708|.89713

7790 | 89763| 89768

! 791 | 89818 898
f 792 | 89873 89878

793 | 89927 899
%794 |8 89988
795 | 90037( 90042
796 | 90091| 90097
797 | 90146| 90151 |
798 | 90200| 90206|. |
799 | 90255
800 | 90309| 90314]. .
801 | 90363| 90369 .
802 | 90417|. 90 .

I 803 | 90472| 90477| 90482 i
i 804 | 90526 90531 ,
: 805 | 90580 90585]- 90590| 90596| 90601| 90607| 90612| 90617 90628 '

‘806 | 90634] 90639| 90644| 90650 90655 90660| 90666 90671] 90682 |
807 | 90687| 90693( 90698| 90703| 90709 90714] 90720]. | 90736
808 | 90741| 90747| 90752| 90757| 90763| 90768| 90773| - 90789 |
809 | 90795 90806/ 90811| 90816 90822| 90827| 190843
810 | 90849 90834 90859 90865| 90870 90875| 90881 90897 '
811 | 90902{ 90907| 90913| 90918 90929 909: 90950
812 | 90956| 90961| 90966/ 90972| 90977 90982 90988 91004
818 | 91009] 91014 91020] 91025| 91030, 91036| 91041 91057
814 | 91062| 91068 91073| 91078| 91084| 91089| 91094 91110
815 | 91116| 91121| 91126{ 91132| 91137 91142| 91148 91164
816 | 91169 91174] 91180| 91185| 91190 91196] 91201 91217
817 | 91222| 91228] 91233| 91238| 91243| 91249| 91254 91270
818 | 91275| 91281| 91286/ 91291| 91297| 91302} 91307 91328
819 | 91328| 913341 91339| 91344| 91350 91355| 91360; ] 91316
‘No. | 0ot 1 1 213 4 1 51 61 9

—— et B, ope o - g—— e fwian o o



LdGAll’l’ﬂHl OF NUMBEARS.

“3200——8800. Log. 91381——94448.
;o.o;-1|z|s|4|o,s]7,a‘Lo
30 | 91381} 91387 913921 91397 91403] 91408| 91413{ 91418 91429
21 |91 91 91445 91 91461 91 91411 914 91482
22 | 91487| 91492| 91498| 91 suoa 91514} 9151 91535
23 | 91540} 915645| 915561] 91 91561 91 9157 sum 91 91587
24 | 91598| 91598| 91603} 91609| 91614} 91619 9162 91635] 91640
35 | 91645| 91651| 91656 91661| 91666] 91672 91677| 9 91687 91693
26 | 91698| 91703| 91709 91714} 91719] 91 917 917 91740} 917456
27 | 91751] 91756( 91761 91766| 9177%] 91777| 91782, 917 9119 91798
28 | 91803| 91808| 91814| 91819 91 91829 91 91360
29 | 91855| 91861| 91866 91871] 91876| 91882 91887 sls 91897 91903
30 | 91908] 91913| 91918] 91924| 91929 91934! 91T 91950 91955
31 | 91960| 91965 91971 91976] 91981| 91986 9199 92007 -
32 | 92012 92018| 92023 92028| 92033] 92033 92059
33 | 92065 92070 92075 92080| 92085 92091 mox 921 92111
34 | 92117 92122! 92127 92163
92169 92174] 92179,

92952
9

9,
93105
93156/

93176}

93207
93258

93227

3 93817

93767,

93867
93917

93967




L

LOGARITHMS OF NUMBERS.

T No. $800—9400. - Log. 93448——97315.
"No. | 0 , 1| 2 ; 3 4 | 5 [ 6 | 7 8 | 9 |
890 | 94448! 94453] 94458{ 94463! 94468 94473l 94478| 94483| 94488| 94193 |'
881 94522] 94527| 94532 94537] 94542
882 7 94571} 94576| 94581 94591
883 94621] 94626| 94630 94640
884 45 94G70) 94675| 94G80| 9. 94659 | |
385 94719 94724 94729| 94734 94738 |'
886 94768| 94773| 94778| 94783 94787
887 94817| 94822 94827} 9 94836
888 94866| 94871| 94876| 94880{ 94885
389 94915| 94919| 94924 94929] 94934
890 94963| 94968] 94973| 94978] 94983
891 95012 95017| 95022| 9. 95032
892 95061 95066| 95071| 95075 95050
393 95109] 95114| 95119| 95124{ 95129
894 95159 95163| 95168| 95173] 95171
| 895 | 95192] 95197| 95202{ 95207} 95211| 95216] 95221] 95256
896 932404 95245| 95250| 952558] 95260] 95265 95270f 95274
887 95289) 95294 95299| 95303| 95308| 95313} 95318] 95323
898 95837 95342 95347 95352| 95357 95361 9. 95371
899 95386| 95390| 95395 95400| 95405| 954101 95415 95419 |
900 | 95424 9542Y| 93 95439) 95458
901 | 95472| 95477) 95452| 95487 98506
902 | 95521 95525, 95530| 95535 95554
903 | 95569 9557H 95578! 95583] 95602
904 | 95617| 95622| 95626| 95651 95650
905 | 95665| 95670, 95674 95679 195698
906, | 95713] 95718 95722| 95727 95746
907 | 95761| 95766 95770 95775 95794
908 | 95809 95813|. 95¢18). 9532 95842
909 | 95856] 95861| 95866 95871 95890
910 | 9. 95909{ 95914 95918 ) 959
911 95957| 95961| 95966 95985
912 1 95999| 96004| 96009] 96014 9603
913 | 96047 96052| 96057 96061 96080)
914 { 96095| 96099| 96104{ 96109 96128
9156 | 96142] 96147( 96152| 96156 96175
916 | 96190 96194 96199 96204 8l 96223
917 | 96237| 96242| 96246| 96251 9627
918 | 96284| 96289 96294| 9629 96317
919 | 96332] 96336( 96341| 96 9636
920 | 96379 96384| 96383 96393 96412
921 | 96426| 96431] 96435 96 96459
922 | 96473| 96478] 96483| 96487 96506{ 965%1] 96515
923 ¢ 96520] 96525| 96530| 9653 9655 96562
924 | 96567] 96572| 96571| 96581 966 96609
925 | 96614] 96619 96624' 96628 42! 96647 96659 96656
926 | 96661| 96666) 96670| 96675 89 966! 96703
927 | 96708| 96713 96717| 96722 96741 96750
988 | 96755| 96759, 96764| 96769 96788| 9679% 96797
929 | 96802| 96806| 96811| 96816 96820 96825 96830 968 96344
- 930 | 96848| 96853| 96868 96862| 96867| 96872| 96876| 96881 96890
931 | 96895 96900 96904 96909] 96914{ 96918| 96923 96928] 96937
| 932 ] '96942| 96946| 96951] 96956| 969601 96965| 96970 9697 96984
933 | 96988| 96993| 96997 97002| 97007| 97011] 97016{ 97021 97030
934 | 97035] 97039! Y7044| 97049| 97053| 97058| Y7065 9706 97077
935 | 97081 97086[ 97090( 97095( 97100( 97104{ 97109 97114] 97118 97123
936 | 97128( 97132 97187| 97142 97146| 97151 97155 97160] 97165 97169
937 | 97174 97179| 97183} 97188| 97192| 97197| 97202 97206 97211 97216
938 | 97220| 97225 97230] 97234 97239 97243| 97248, 97258{ 97257 97262
939 | 97267 97271; 97276; 97280] 97285| 97290] 97294| 97299] 97. 97308
| No. | 0 | 1+ | 2 {381 4 "5 "6 1 7 |81 9

< -

4 7" el DS Y



LOGARITHMS OF NUMBERS.

No. 9400 10000. Log. 97813——99996.
No. | O : 1 | 2 , 3 | 4 5 | 6 718 |9 |
940 | 97313| 97317 97322| 97327] 97331| 97336] 97340| 97345! 97350 97354 |
941 | 97359| 97364] 97368| 97373| 97377| 97382| 97387 97391 97396| 97400
942 | 97405] 97410} 974141 97419] 97424| 97438| 97433| 97437| 97442| 97447
943 | 97451} 97456| 97460 97465 97470 97474 97479 97483| 97484| 97493
94 | 97497| 97502| 97506( 97511| 97516) 97520| 97525 97529{ 97534] 97539
915 | 91543| 97548| 97552( 97557| 97562| 97566| 97671| Y7575| 97580 97585
946 | 97589| 97594| 97598| 97603 97607| 97612| 97617} 97621 97626| 97630
947 |} 97635| 97640] 97644 97649| 97653| 97638| 97663} Y7667| 97672 97676
948 | 97681| 97635] 97690 97695 97699 97704} 97708| 97713| 971717} 97722
949 | 97727] 97731| 97736| 97740| 97745 97749| 97754| 97769| 97763 97768
950 | 97772 97777| Y7782 97786| 97791 97795| Y7800 978041 97809 Y7813
951 |} 97818] 97623| 97827 97832| 97836| 97841| 97845 97850| 97855 97859
952 | 97864} 97868| 97873| 97877| 97882| 97886 97691| 97896 97900| 97905
933 | 97909] 97914} 97918| 97923| 97928 97932| 97937} 97911 97946 97950
954 | 97955| 97950| 97964 97968 97973] 97978| 97932| 97987 97991] 97996
955 | 98000] 98005 98V0Y| 98014| 98019 98023| Y8023[ 98032| Y8037| Y8041
956 | 98046| 98050| 98055 93059 98064 93068 98073] 93078/ 98082 93087
- 957 | 98091{ 98096( 98100; 98105 98109 98114 98118| 98123 98127 93132
958 | 98137| 98141| 98146 98150] 98155 98159| 98164| 98168 98173 98177
959 | 98182| 98186} 98191| 98195 98200| 98204| 98209 98214| 98218} 98223 ‘
960 | Y8227) 98232| Y8236| 98241| Y8245 98250 98254] Y8259| 98263| 95268
961 | Y3272| 98277 98281| 98286 98290} 98295| 98299| 98304! 98308| 98313
962 | 98318| 98322| 98327, 98331| 98336| 98340; 98345 98349| 93354] 98358
963 | 98363| 98367| 98372 983761 98381| 98585 93390| v3394] 98399| 98403
964 | 98408] 98412| 98417| 93421| 98426| 98430 98435 98439| 98444| 98448
965 | 98453 98457| 98462| 98466| 98471| Y8475| 98480| 98484| 93489 98493
966 | 98498| 98502 98507| 98511| 98516| Y8520 98525 98529| 98534] 98538
967 | 98543| 98547 98552 98556| 98561| 98565 98570| 98574| 98579 98583
968 | 98588| 98592 98597 98601 98605, 93610| 98G14| 98619| 98623 98628
969 | 98632| 98637 98641] 9864G| 98650 98655 98659 98664 98668| 98673
970 | 98677| 98682| 98686 98691 98695 98700{ 98704 98709| 98713| Y8717
971 | 98722| 98726| 98731| 98735] 93740 98744| 98749| 98753| 98753| 98762
972 | 98767| 98771{ 98776| 987°0| 98784 987839| 98793 98798 98802| 98807
973 | 98811{ 95816] 98820/ 98825, 93829| 98834 98838| 23843| 98347| 98851
974 | 98856| 98860] 98865 98869| 93874] 98378| 98883| 98887 98892 93896
975 | Y8900{ 98905 98909( Y8914| 98918| 98923| 98927| 98932| 98936| 98941
976 | 98945| 98949| 98954| 98958| 98963| 98967| 98972| 98976| 98981) 98985
977 | 98989| 98994| 98998 99003] 99007| 99012| 99016| 99021 99025 99029
978 | 99034/ 99038( 99043] 99047 99052| 99056 99061| 99065 99069 99074
979 | 99078| 99083| 99037| 99092| 99096] 99100| 99105| 99109| 99114 99118
980 | 99123| 99127| Y9131| 99136| 99140 99145| 99149 99154] 99158} 99162
981 | 99167| 99171] 99176 99180| 99185 99189] 99195( 99198| 99202 99207
982 | 99211| 99216 99220| 99224] 99229 99233| 99238] 99242| 99247 99251
983 | 99255| 99260] 99264 99269| 99273| 99277| 99282| 99286 99291} 99295
934 | 99300! 99304| 99308| 993138 99317| 99322 99326/ 99330 99335 99339
Y85 | 99344 99348| 99352| 99357| 99361| 99366 99370| 99374| 99374 99383
986 | 99388 99392| 99396| 99401| 99405| 99410| 99414| 99419| 99423| 99427
987 | 99432| 99436 99441| 99445| 99449 99454| 99458| 994G3| 99467 99471
988 | 99476| 99480 99484 99489| 99493| 99498| 99502| 99506 99511} 99515
989 | 99520] 99524 99528| 99533 99537 99542| 99546| 99550! 99555] 99559
990 | 99564( 99568 99572| 99577 99581| 99585| 99590( 995694 99599] 99603
991 | 99607| 99612 99616 99621 996256| 99629] 99634| 99638| 99642 99647
992 | 99651} 99656| 99660| 99664| 99669| 99673| 99677 99682| 99686) 99691
993 | 99695 99699| 99704/ 99708| 99712| 99717| 99721| 99726| 99730| 99734
994 | 99739{'99743| 99747| 99752| 99756| Y9760| 99765| 99760| 99774] 99778
995 | 99782( 99787| 99791| 99795 9900( 99804| 99808| 99813( 99817| 99322
996 | 99826 99830| 99835| 99839| 99843( 99848| 99852| 99856| 99861 99865
997 | 99870| 99874 99873 99883| 99887| 99891| 99896 99900] 99904 99909
998 | 99913| 99917| 99922 99926 99930 99935 99939] 99944| 99948| 99952
999 | 99957; 99961| 99965] 99370 99974 99978| 99933| 99987| 99991| 99996
I M. 70 11T 2131741 5 | 6 I'7 8 I 9

4

e ]



Log. Sines, 'Tangents and Secants.

0 Deg. Degs. iiv.

M. [Houra.n|Hourp.n.| Sine. | Co-sine. | Tangent] Cu-tang.| Secant. !Co-neunt M
0112 0 0 00 0 iInf. Neg.[10.00000{Inf. Neg.| Infaite. |10.00000; lofinite. | 60 |
1h1s952 0 8lé. 463733 6.463713)15.5%627 00000/13.53627] 59 !
2] 59 016 | 76476 00000| 76476 2352 23524| 58
3{ 5936 02 | 94085 94085 0591 05915} 571
4 59 28| 0 32 | 7.06579 7.06579{12.93421]  00000{12.93421| 56
511 59 20| 0 0 40 | 7.16270{10.00000| 7.16270|12.83730{10.00000}12.83730f 55
6| 5912 048] 24188 00000| 24188] 75812 - 00000| 75812 54
7| 59 0 56| 30882 00000 30882 69118 00000 69118) 53 .
g| 5858 1 4 36682 00000| 3668 63318 6331 52 ¢
9 58 48 112 41797} 00000 41797} 58208 !
70 (11 68 40| O 1 20 | 7.46373{10.00000| 7.46373112. 536271000000126362750
11 58 32 128 50512/ . 00000 50512 49488} 49
12 58 24f 136 54291 00000 54291 45709 457 48 i

13| 5816 144 57767 00000f 57767 7

14 58 8 152 60985 60986 3901 39015 46 '

15 |11 58 0| 0 2 O | 7.63982{10.00000 7.63982(12.36018{16. 0000012.36018 %

16 5752 2 8 66784] 00000 66785 33215

17 5744 216 69417 9.99999] 69418] 30582 00001

18 57 36| 224 71900 99999 71900] -28100f 00001

19 57 28] 2 32 74248] 99999 74248, 2575 00001

20 |11 57 20{ 0 2 40 | 7.76475( 9.99999| 7.76476(12.23524(10.0000112.23525| 4

21 57 12| 2 48 78594 99999 78595, 21405, 00Dp01]  21406] 39

22 57 4| 2066 80615 99999 80615 19385 00003| 19385 38

23 56 56| 3 4 82545 99999| 82 17 00001 17455) 31

24 56 48] S 12 84393f 99999 843 15606] 00001 15607 3

25 [11 56 40{ 0 3 20 | 7.86166| 9.99999| 7.86167|12.13833/10.00001{12.13; %’

26 56 32 3 28 87870, 99999 87871 1212 00001 121

27 56 24 3 36 89509{ 99999} 89510 1 00001 10491 33

28 56 16) 3 4 91088 99999 91089 08911 00001} 08912 3

29 56 8 352 92612| 99998] 92613] 07387| 00002{ 07383 sI

30 (11 56 O/ 0 4 O | 7.94084] 9.99998| 7.94086/12.05914{10.00002{12.0591 .‘!)]

31 5552 4 8 95508 99998 95510, 04490, 00002

32 56 4 16 | - 96857 99998 96889 03111

33 5536 424 98223] 99998| 99225} 0177 00002

34 55 28] 4 32 99520, 99998 99522 0047 00002,

35 (11 55 20| 0 4 40 | 8.00779] 9.99998| 8.00781]11.99219(10.00002

36 55 12| 4 48 02002 99998, 02 97996] 00002

37 55 4 4 56 03192] 99997 03194 96! 00003

38 5456 b 4 04350, 99997 95647 00003

39 54 48| 512 05478 99997 0548! 94519 00003

40 |11 54 40| 0 5 20 | 8.06578] 9.99997| 8.06581|11.93419|10.060003

41 54 32| b5 28 07650, 99997 07653] 92347

42 54 24| 536 08696/ 99997} 08700} 91300 00003

43 5416 54 09718] 99997 0972 90278 00003

4 54 8 552 10717] 99996] 107 89280 00004

45 [11.54 0] 0 6 O | 8.11693] 9.99996[ 8.1169611.88. 10.00004

46 53 52| 6 8 12647 99996] 12651) 87349] 00004

47 53 4 616 135681f 99996! 13585 86415 00004,

48 5336 624 14495) 99996 1 00004

49 53 28] 6 32 15391)  99996] 15395 8460, 00004

50 (11 53 20| 0 6 40 | 8.16268| 9.99995! 8.16273[11.83727]10.00005

51 53 6 48 17128 99995/ 17133] 82867] 00005

52 53 6 56 17971 99995 17976] 82024] 00005

53 5256 7 4 18798] 99995, 18804| 81196

54 52 48 7 12 19610f 999951 19616 8038 00005

55 |11 562 40] 0 7 20 | 8.20407] 9.99994| 8.20413|11.79587]10.00006(11.79593 §

56 52 32| 7 28 21189 99994‘ 21195 78805 00006 78811! &

57 52 241 17 36 21958 99994} 21964] 78036| . 00006 78042 §

581 52161 744 22N 99994, 22720, 772 00006/ 77287 %

59 52 8 7 52 23456 99994, 23462 76538 00006 76544 i

60 | 52 8 0| 24186] 99993 24192 75808] 0007] 75814 ¢

M. 'Hourr.m.{Houra.u.| Co-sine. ' Sine. !Co-tang.IT t.ICo-s S tc
90 Degs. Degs. 89. |
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91 Degs.

Aal R L

Log. Sines, Tangents and Secants.
Lmlﬂ__g._ . Degs. 178.
. |Houra.u.]Hourr.u.| Sine. | Co-sine. [Tangent.; Co-tang| Secant. [Co-secant| M.
01152 0/ 0 8 0 8.24186] 9.99993 8.24192!11.7580810.0000111.75814 60
1| 518 8 8 24903l 99993 249101 7 00007 75097 59
2| 5144 816 25609] 99993 25616| 74384] 00007] 74391 58
S| 5136 824 -26304f 99993 26312( 73688{ 00007| 73696| 57
4| 5128 832 26988) 99992| 26996] 73004/ 00008 73012| 56
5 (11 61 200 8 40| 8.27661| 9.99992| 8.27669(11.72331(10.00008[11.72339| 55
6| 5112 8 28324| 99994 28332 'nsssl 00008 71676 54
7| 51 8 28977} 99994 2898G| 71014| 00008| 71023 53
8| 50 9 29621} 99992| 29624 70371] 00008 70379 52
9] 5048 912 30255 99991] 30263| 69737] 00009 69745 51
10 {11 50 40} 0 9 20{ 8.30879| 9.99991| 8.30888(11.69112[10.00009}!1.69121 50
11| 5032 928 31495/ 99991 31505| 68495 00009 68505 49
12| 50 9 82103] 99990f 32112] 67883 00010] 67897 48
13 601 9 44| 32702) 999 $2711] 67289] 00010f 67298] 47
11 14] 50 8 952 35292] 99990 33302] 66698| 00010| 66708 46
T 1571160 0] 0 10 0] 8.33875( 9.99990| 8.33886|11.66114(10.00010(11.66125( 45
16] 4952 10 34450| 99989 34461] 65539] 00011 65550 44
17 49 10 16| 35018 99989 35029| 6497I| 00011] 64983 43
18] 49 10 85578) 99989 35590| 64410] 00011 64423 42
19 49 10 82| 36131] 99989 36143| 63857| 00011] 63369| 41
20 |11 49 20{ 0 10 40/ 8.36678] 9.99988| 8.36689|11.63311{10.00012(11.63323| 40
21 4914 10 372170 99988 37229] 62771 00012] 62783 39
2| 49 10 377 99988 37762{ 62238 00012 62250| 38
23| 48 56 11 38276] 99987| 38289] 61711) 00018 61724| 37 |
24| 4848 11 12| 38796| 99987] 38809 61191f 00013| 61204( 36
25 [11 48 40| 0 11 20| 8.39310] 9.99987] 8.39323(11.60677(10.00013{11.60690| 35
2 | 4832 1128 39818) 99986] 39332] 60168| 00014] 60132 34
21| 48 1 40320 99986i 40334] 59666| 00014] 59680| 33
28| 4816 11 40816/ 99986| 40830 59170, 00014f 59184/ 32
29| 48 8 11 52| 41307] 99985 41321| 58679 00015 58693| 31
30 [11 48 0| 0 12 0| 8.41792| 9.99985( 8.4180711.58198/10.00015(11.58208| 30
31| 4752 12 8 42272] 99985 42287) 57713] 00015 57728| 29
2l 4 12 16] 42746 99984| 432762 57238 00016] 57254| 28
33| 473 12 43216] 99984] 43232 56768 00016| 56784| 27
34| 4728 12 32| 43680] 99984 43696] 56304 00016 56320 26
35 1147 20 0 12 40| 8.44139] 9.99983| 8.44156]11.55844{10.00017(11.55861| 256
36| 4712 12 48] 44594] 99983| 44611) 55389] 00017|  55406] 24
37| 47 4 ' 12 56| 45044] 99983] 45061 54939 00017] 54956 23
38| 46 56| 18 45489 99982 45507] 54493 00018 54511 22
39| 4648 18 12| 45930| 99982) 45948] 54052] 00018 54070 21
40 |11 46 40| 0 13 20| 8.46366| 9.99982] 8.46385(11.53615(10.00018 20
41| 4632 13 28] 46799 99981 46817) 53183 00019
42 46 13 36| 47226] . 99981| - 47245( 53755 0001Y
43| 4616/ 13 47650{ 99981 47669| 52331 00019
44| 46 8 13 52| 43069 99980] 48089 51911f 00020 51931l 16
45 [11 46 0| 0 14 0f 8.48485 9.99980| 8.48505/11.51495(10.00020(11.51515] 15
46| 4552 14 § 48896 9997Y; 48917| 51083 00021} 51104f 14
47| 4544] 14 16| 49304) 99979| 49325| 50675 00021) 50696/ 13
48| 4536 14 24| 49708] 99979 49729| 50271] 00021] 50292 12
49| 4528 14 32] 50108] 99978 50130 49570 00022| 49892 11
50 111 45 20{ 0 14 40| 8.50504| 9.99978( 8.50527|11.4947310.00u22}11.49496| 10
51| 4512 14 48] 50897] 99977) 50920 49030, 00023 49103 9
52| 45 4 14 56] 51287| 99977 51810[ 48690| 00023 48713 8
531 4456 15 4f 51673 99971 51696 48304/ 00023| 48327 7
54-] 44 48| 15 12| 52055 99976 52079 47921] 00024| 47943 6
55 |11 44 40 0 15 20| 8.52434] 9.99976| 8.52459(11.47541{10.00024/11. 47566 &
56 | 4432 1528 52810] 99975 52835 47165 00025 47190] 4
57| 4424 1536 53183) 99975 532081 46792 00025 46817 3
58| 4416 1544 535521 99974] 53578 464220 00026] 46448 2
59| 44 8 1552 53919 99974 53945 460551 00026 46081 1
60| 44 O 16 Of 54282' 99974| 54308 45692  00026] 45718| O
M. {Hourr.x./Houra. Co-sine. [ Sine. ! Co-tang: Tangent. €o-secant” Sccant | M.

Degs. oF.

'



Log. Sines, 1angents and Secants.

C————

P

[} . Degs. 177,
M. |Houra.m.[Hourp.x.| Sine. | Co-sine. |Tangent. | Co-tang. | Secant. |Co-secany M.
01144 0 016 0 8.54282 9.99974 8.54305/11.456692{10.00026{11.456713. 60
1 43 52 16 8 54642 99973! 5466 45331 00027] 45358, 39
2 43 16°16] 54999 99973} 5502 44973] 00027} 45001 58
3 43 36| 16 24| 55354 99972 55382] 44618] 00028| ‘44646' 57
4 43 28 16 82| 55705 - 999721 55734 44266 00028 44295 56
5 |11 43 20| 0 16 40 8.56054| 9.99971{ 8.56083|11.43917/10.00029(11.43946 55
6 43 12 16 48| 56400 99971 56429| 438571 00029 43600 54
7 43 4 16 56| 56743 9997({ 56773 43227 00030, 43257 53
8 42 56 17 57084 99970 5711 42886] 000 42916| 52
9 42 438 17 12 57421 99969 57452 42548] 00031 42579, 51
10 |11 42 40| 0 17 20| 8.57757| 9.99969] 8.57788[11.42212{10.00031{11.42243} 5v
11 42 32| 17 28, 58089 99968 58121 41879 00032 41911} 4
12 42 24] 17 36| 58419 99968 58451 41549 00032 415381 48
13 42 16 17 58747 99967 58779 41221 00033] 41253 47
14 42 8 17 52| 59072 99967 59105 40895 00033| 40928 46
15 (11 42 0] 0 18 0] 8.593956| 9.99%67| 8.59428(11.40572{10.00033(11.40603| 4
16 41 52 18 8 59715 99966 59749 40251 00034, 40285 4
17 41 18 16! 60033] 99966{ 60068 39932( 00034] 39967| 43
18 41 36 18 24| 60349 99965 60384] 39616/ 00035 39651| 42
19 41 28 18 32 60662 99964 60698 39302] 00036] 39338| 41
20 'I1 41 20} 0 18 8.60973( 9.99964| 8.61009{11.38991|10.00036(11.39027! 40
21 41 12 18 48 61282 99963 61319 38681 00037} 38’118| 39
22 41 4 18 56| 6158 99963| 61626 38374f 00037] 38411, 38
23 40 56 19 61894 99962 61931 33069| ° 00038| 38106| 31
24 40 43| 19 12| 62196 99962f 62234 37766 00038} 37804 36
25 |11 40 40| 0 19 20| 8.62497] 9.99961] 8.62535|11.37465(10.00039{11.37503] 35
26 40 32 19 28 62795 99961 62834 37166 00039] 37205 34
27 40 24| 19 36 63091 99960 63131 36869 00040] 36909| 33
28 40 16/ 19 44 63385 99960, 63426| 36574/ 00040| S6K15( 32 |
29 40 8| 19 52| 63678 99959| 63718] 36282 00041 36322 31 !
30 {11 40 020 8.63968| 9.99959] 8.64009{11.35991/10.00041{11.36032| 30 ]i
31 39 5 20 8 64256 99958 64298] 35702] 00042 85744] 29 |
32 39 4 20 16 64543] 99958 64585 85415 00042] 35457] 28 |-
33 39 36 202 64827 99957 6487 35130 00043] 35173 27 ;
34 39 28| 20 8 65110 99956 6515 34846, 00044 34893' 26 .
35 |11 39 20| 0 20 40| 8.65391] 9.99956| 8.65435(11.34565|10.00044/11.34609] 25 '
36 39 12| 20 48 66670 99955 65715 34285 00045 24
37 39 4 20 56 65947 99955 6599 34007 00045I 34053| 23
38 38 56 21 66223| 999, 66269 38731 00046] 33777 22 !
39 38 48 21 12 66497/ 99954) 66543 33457] 00046 33503| 21 |,
40 |11 38 0 21 20f 8.66769 9.99953) 8.66816|11.33184[10.00047[11.33231] 20 |
41 38 32 21 28 67039 99952| 67087 32913 00048 32961 19 l
42 38 24 21 36| 67308 999 67356 32644 00048 32692f 18 |
43 38 16| 21 44f 67575 99951 67624 32376] 00049] 32425 17 \
44 38 8 21 52 67841 99951 67890 32110 00049} 32159 16 '
45 111 38 0| 0 22 0| 8.63104| 9.99950( 8.68154{11.5184610.00050(11.31896) 15 .
46 37521 22 8 68367 Y9949 68417)  31583] 00051 31633 14
47 3744 2216 68627 99949} . .68678 31322 00051 31373| 13 !
48 37 36] 22 24| 68836 99948 * 68938 81062] 00052 31114 12,
49 37 28] 22 32| 69144] 99948 69196] 30804] 00052 30856] 11 !
50 |11 37 20| 0 22 40| 8.69400; 9.99947| 8.69453{11.30547/10.00053[11.30600] 10 -
51 37112 22 48 69654 99916 69708 30292| Q0054 30346 9 .
52 37 22 56 69907 99946 69962 30038 00054 30093} 8 !
53 36 56| 23 4] 70159 99945 70214f 29786 00055 29841 7 !
54 36 48| 23 12 70409, 99944| 70465 29535 00056 - 29591 6
55 |11 36 40| 0 23 20| 8.70658| 9.99944{ 8.70714{11.29286/10.00056(11.29342| 5
56 36 32 23 23| 70906 99943 70962 29038 00057 29095 4
57 36 24/ 23 36 71151 99942 71208 28792 00058 28849} 3
58 36 16 23 44 71395 99942 71453 28647 00058 28603f 2
59 36 8 23 52| 71638 99941 T1697] 23303]° 00059 28362 1
GO 36 0 24 0 71880 99940 71940 28060_ © 00060 23120 O
M. tHoure.m./Houra.m.t Cgsine.)  Sine. !Co-tang./Tangent. Co-sccant]| Secant. 1 M.

© Ao 2 il



l.og. Sines, Tan’gént; and Secants.
3 Degs. -

Degs. 176.

M |Houra.m|Hourp.m.| Sine. | Co-sine. |Tangent.|Co-tang.| Secant. [Co-secantj M

01136 O 024 Of 8.71880] 9.99940! 8:71940/11.28060/10.00060|11.28120| 60
1 35 621 24 8l 7212 99940/ 72181} 278191 00060 27880} 59
2 3% 4 24 16| 72359] 99939] 72420 27580 00061} 27641

3 35 36] 24 2 72697) 99988] 72659 27341] 00062] 2740

4 28] 24 32| 72834{ 99938 72896| 27104{ 00062 27166
51 20} 0 24 8.73069| 9.99987| 8.73132(11.26868(10.00063:11.26931]

6 12) 24 48] 73303] 99936] 73366] 26634 00064| 26697|

7 24 56] 73535 99936] 73600} 26400 00064 26465

8 56 4] 737671 99935] '73832] 26168 00065 26233

9 48 73997] 99934 74063 26937 00066 26003
10 {11 ,0 .74226( 9.99934| 8.74292111,25708(10.00066'11.25774
11

44 99933 74521} 25479 00067 25546}
74680 99932! 74748 25252 00068 25320}

BERRERERRER
REEVBIE

13 74906{ 99932 7497 25026| 00068 25094
751 99931 7519 248011 00069 24870!
15 {11 0 8.75353( 9.99930| 8.75423|11.24577/10.00070(11 .24647
16 8 75575 99929 75645 24355 00071 24425
17 16} 75795| 99929 756867 241331 00071{ 2420
18 76018) 99928 - 76087] 23913] 00072 23985

BBV cloni

19 26 3 76234) 99927) 76306] 23694 00073| 23766
20 |11 0 26

21 26 76667) 99926 76742] 23258] 00074] 23333
22 gg 76883 99925{ 76958 23042 00075 23117

77097 99924] 771731 22827 00076 22903
77310f 99923 77387} 22613| ,00077] 226

-
BRLLEB BRI |rRrERRRRREE

B8 a8

QLB B ERERE|ERBESIRBXE|88E

8.76451] 9.99926] 8.7652511.23475/10.00074|11.23549
48,
56
12}
2

256 (11 8.77522] 9.99923| 8.77600{11.22400({10.00077|11.22478

&
<«

T7733) 99929 77811} 22189 00078 22267
77943 99921f 78022{ 21978 00079 22057
78152 99920{ 7823 21768 00030 21848
78360 999 78441, 21559 00080]  21640|

b3

32 24|

288

(=}

2888
SRERE
5288
(-
BRI R RERR R
g

8

79183| 999171 79266] 20734] 00083] 20817 27
79386] 99916 7947 20530) 00084) - 20614‘ 26

8.79588( 9.99915| 8.79673|11.20327(10.00085(11.20412( 25
79789] 99914 79875f 20125 00086} 20211] 24

8|
2|
30 |11 32 ¢ 0| 8.78568] 9.99919] 8.78649|11.21351{10.00081{11.21432
31 31 52| 8t 78774 99918 7885 21145¢ 00082f 21226
32 31 44] 28 16] 78979 99917 61| 20939] 00083] 21021| 28

37 31 28 56) 79990 99913| 80076, 199 00087  20010( 23
38 3056 29 80189 99913 80277 19723} 00087] 19811] 22
39 30 48| 29 12| 80388 99912| £0476f 19524| 00088} 19612| 21
40 (11 30 0 29 20| 8.80585| 9.99911| 8.80674{11.19326,10.00089(11.19415{ 20
41 30 3! 29 281 80782] 99910| 80872{ 19128 00090, 19218} 19
42 30 2. 29 36| 80978/ 99909| 81068f 18932 00091 19022 18
43 30 16] 29 44{ 81173; 99909| 81264/ 18736/ 00091} 18827} 17
44 30 8] 29 52| 81367 99908] 81459 18541 00092| 18633! 16
45 {11 30 0| 0 30 0] 8.81560| 9.99907| 8.81653{11.18347|10.00093(11.18440{ 15
46 29 52| 30 8 81752] 99906, 81846 181 00094| 18248 14
47 29 44| 30 16| 81944f 99905 82038} 1796 00095 18056 13
48 29 36| 30 24| 82134/ 99904 82230{ 17770] 00096 17866 12
49 29 28 380 32| 82324 99 82420 1758 00096]  17676| 11
50 {11 29 20{ 0 30 40| 8.82513| 9.99903| 8.82610{11.17390{10.00097|11.17487| 10
51 29 12| 30 48] 82701 99902 82799 17201f 00098| 17299} 9
v 62 29 30 56| 82888{ 99901f 82987] 17013} ' 00099 17112 8
53 28 56| 31 4 83075 99900, 83175 16325 00100} 16925f 7
54 28 4 31 12| . 83261 9989 83361 166391 00101} 16739} 6
55 |11 28 0 31 20| 8.83446( 9.99898| 8.83547|11.16453]10.00102(11.16! 5
56 28 32} 31 23| 836 99898 83732 16268 00102 16370° 4
. 57 28 2 31 36] 8381S 99897| 83916| 160 00103| 161 3
58 28 16| 381 83996] 99396] 841 15 00104{ 1 2
" 59 28 8 3152 84177 99895 2| 15718 00105 158 1
| 60 28 0] 82 O] 84358 99894 84464y 15536] 00106| 15642| O.
!

M |Hourp.M.jHoura.u.| Co-sine.!| Sine. |Co- Tangent. 'Co-secapt] Secant. ' M
98 Degs. . .- —— . Degs. 36




Log. Sines, Tangents and Secants.

;

" 4 Deg. _ Degs. I7:
M ﬁlouu.m.]ﬁourr.n.[ Sine._| Co-sine. | TangeRt|Co-tang. | Secant. [Co-secant, N
0 |11 28 O 0 32 Ol 8.84358! 9.99894| 8.84464/11.15536(10.00106{11.15642' 60
1| 2752 32 8l 845391 99893 84646l 1 00107} 15461 5
2| = 82 16| 84718) 99892| 85826| 15174] 00308| 15282 58
s| 2736 3224 84897 99891 85006 149 00109 15108 57
4| 2728 3232 85075 99891 851 14815  00109] 14925 5
5 |11 27 20) 0 32 40| 8.85252| 9.99890] 8.85363|11.14637{10.00110]11. 14748 5
6| 2712 3248 85429 99889 1 00111 14571
7| 21 4] 3256 85605 99888 1 00112 14395 53
8( 2 56 33 4| 85780] 99887 14107)  00113] 14220 52
9| 2648 3312 85955 99386 13931) 00114 . 14045 51
10 |11 26 40. 0 33 20| 8.86128] 9.99885 8.86243/11.13757(10.00115(11. 13872 50 .
11| 2632 3328 863011 99884 86417 13583 00116/ 13699 49
12| %624/ 3336 86474 99883 86591 13409 00117 1352 £
18| 2 16 3344/ 86 99882| 86763 13237] 00118 13355 47
14| 2 33 52| 86816] 99881) 86935 13065/ 00119] 13184 45
15 |11 26 0 © 34 0 3.86987| 9.99880| 8.87106|11.12894/10.00120[11. |
16| 2552 34 s 387 99879] 8727I| 12723 00121 I
17| 25 34 16| 878 99879] 87447) 12553 00121 :
18| 25 34 24| 874 99378| 87616| 12384 0012 i
19| 2528 3432 87661 99877] 87785] 12215 001 |
20 |11 25 20| 0 34 40| 8.87829| 9.99876| 8.87953(11.12047{10.00124|11.12171 4 .
21| 2512 3448 87995 99875 88120| 11880 001 12005 39
22 25 34 56/ 88161] 9987 882, 11713] 00126} 11839 38
23| 3456 35 4 88326 99873) 88463 11547 00127 11674 31
o3| 2448 3512 884 99 88618| 11382( 00128 11510 %
25 |iT 24 40| 0 35 20| 8.88654] 9.99871| 8.88783(11.11217(70.00129|11. i
26| 2632 28( 88817] 99870| 88948 11062| 001
27| 2523 3536 889800 99869 89111 10889 00131 |
28| 9416 3544] 89142 99868 89274| 10726 001 i
20! 24 8 35052 89 99867| 89437] 10563 00138, -
30 [Tr2s 0/ 036 0f 8.89464| 9.99866( 8.89598]11.10402/{0.00134(11.105%( ¥ |
31| 2352 36 8 89 99865 . 89760, 10340, 001 10375 %
32| o8 36 16| 897 99864 899 1 00136 10216) % '
38| 2336 362 8 99863] 90080, 099 00137 10057 %1
| 34] 2328 3632 901 99362 902 097 00138 09898 %
{736 (11725 200 36 40{ 8.90260| 9.99861| 8.90399]11.09601/10.00139(11.09740/ % |
36| 9312 3648 90417 99860] 9055 001 09583 2 |
37 28 4f 3666 90574 99859] 90715] 09285 00141 09426 %3 :
38| %256 37 4f 907 99858] 90872| 09128| 00142 09270 2
1 38| 2248 3712 908 99857| 91029] 08971] 00143] 09115 % |
[ 90 |T1 22 40| .0 37 20 8.91640] 9.99856| 8.91185|11.08815(10.00144|t1.08960| 20
41| 2232 3728 91195 99 91 08660| 00145 08805 19
42| 2224 3736 91349 998 91495 08 00146 08651| 18
43| 2216] 3744 @ 99853| 916 08 00147/ 08498 11
4| 22 8 3752 916 99852] 91803 08197] 00148
45 |11 22 0] 0 38 0| 8.91807| 9.99851| 8.91957]11.08043]10.00149(11.08193] 15
46| 2152 88 8 91959 99 92110| 07 001
47| 2144 3816 921100 99 92262| 07738 00152
48| 21 36| 3824 92261 99847 07586 00153
| 2128 3832 92411 99846 07 001
50 {11 21 20'0 38 40 07284(10.00155|11.07439| 10
51 2112 3848 071 00156
2| =1 38 56 06984 00157
53| 2056 39 4 06835] 00158] 06993
54| 20438 3912 066 001
"6 |11 2040/ 0 39 20 8.9: 8.93462(11.06538/10.00160|11.06699
.| 66| 2032 3928 93609| 06391 00161] 0655
87 20 24| 39 36] 935! 00162 06406
| 58} 2016/ 39 44 00163{ 06260
(] 59| 20 8 389 52 00164; 06115
60| 2 o 40 0 00166] 05970
M _|Hourr..{Houra.x.! C&ﬂn.lvm.'lw ‘angent.iCo-secam! Secant. !

Degs.




Log. dines, rangents and secams.

5 Degs Degs. Via
M ﬁloun u[Hourru] Sine. | Co-sine. | Tangent] Co-tang] Socant. [Cosecanty M
0|11 20 0] 0 40 0! 8.94030] 9.99 8.94195]11. 05803110.00166!1.0597 60
1 19 521 40 8 94174 99833 9 0566! 00167 053%| 59
2 19 40 16| 94317 99832] 9448 0551 0016 95688 58
3 19 36] 40 24] 94461] 99831} 946 + 0016 Q5539 57
4 19 2 40 32| 94603{ 99 94773 05227 0017 05397 56
5 111 19 0 40 40| 8.94746] 9.99829| 8.94917)11. 0608 10.00171{11 .08 56
6 191 40 48| 94887) 99828 9506! 00172 05113 64
7 19 40 56/ 95029] 99827 952 798 0017 04971 53
8| 1856 41 4 95170, 99825 95 04656] 00175) 04330 52
9 18 48] 41 12| 95310[ 99824] 95486] 0451 00176 04690| 51
10 {11 18 0 41 20{ 8.9 9.99823{ 8.95627|11. 04373 10.00177{11. 50
11 18 32| 41 28] 95589 99822 9576 00178]  04411] 49
12| 18 24] 41 36| 95728 99821 95 04002 00179 04272 48
13 18 16] 41 95867 99820 039 0018 04133 47
14 18 8 41 52| 96005 99819 961 03813] 00181} 03995( 46
15 {11 18 0 42 0] 8.96143| 9.99817| 8.96325{11.03675|10. 00l 11.03857| 46
16 17 52| 42 8| 96280 99816/ 9646 03536 03720] 44
17 17 44 42 16] 96417 99815 9660 03398 03583( 43
18 17 36] 42 24| 96553 99814 9673 03261 WIB 03447] 42
19 17 28] 42 32| 96689] 99813 9687 03123 00187 08311] 41
20 |11 17 20} 0 42 8.96825( Y.99812; 8.97013{11.02987{10.00188{L1.03175| 40
21 17 12] 42 48/ 96960, 99810| 971 02850 00190 39
22 17 42 56| 97095 99809| 9728 0271 00191 38
3 16 56| . 43 4] 97229] 99808] 9742 026'79 00193 37
24 16 48] 43 12| 97363 99807 9755 00193 36
25 |11 16 40f 0 43 20| 8.97496 Y.99806 8. 97691 11. 02309 10.00194{11. 35
26 16 32| 43 28] 9762 99804/ 02175 00196 U
27 16 2 43 36| 97762 99803 9795 60197 b
28 16 16| 43 9789 99802, 01908 w198 32
29 16 43 52 98026 99801 01775 31
30|11 16 0] 0 44 8.98157| 9.99800| 8. 9835 11.0164%) 10 3
31 15 52 44 8| 98288 99798 0151 2D
32 156 44] 44 16| 98419] 99797 01378] 28
33| 15.36] 44 24{ 98549 99796 9375 01247 27
34 15 28 44 32] 98679 99795 01116] 00205 26
35 (111 0 44 40| ¥.98808f 9.99793| 8. 9901511 0098 10 11 25
36 15 12 44 48| 9893 99793 991 24
37 44 56/ 9 99795  9927. 00725 23
33 14 56 45 991 99790, 9! 00595 0021 22
39 14 48 45 1 99322 9978 99 0046 0021 21
40 |11 1 0 456 8.99450] 9.99787| 8.99662{11.00338110.00213{11. 20
41 14 32 45 2! 9957 9978 99791f 00! 0021 19
42 14 2 45 36] 997 99785 - 9991 00081y 0021
43 14 16| 45 998 9978, 10. 999 00217]
4 14 8| 456 52| 99956 9978 00218
45 |11 14 0] 0 46 0f 9.00082] 9.99781} 9. 0030] 10. 996 10. 00219 10. 99 15
46 13 52| 46 8| 00207 9978 995 14
47 13 44| 46 16{ 00332 99778, 0055 00222 13
48 13 36] 46 2 00456] 99777 '1 99321 12
49 [ 13 28] 46 32| 00581 99776 9919 19 11
60 [11 13 20| 0 46 40| 9.00704f 9.9977 9. 10.99070{10.00225/10.99296] 10
51- 13 12| 46 48] 00828 99773 98945 00227] 99172 9
52 13 4f 46 56! 00951} 99772 0022! 99049} 8
53 12 56] 47 4 01074} 99771 98697 00229 98926f 7
54 12 48f 47 12{ 01196} 99769 00231}  98804] 6
55 {11 12 40| 0 47 20| Y.01318{ 9.99768! 9.015 10.98682| 5 ‘
56 12 32| 47 28 O1 99767 0167 98560 4
57 12 24| 47 36| 01561 99765 01796 00235/ 98439] 3
58 12 16/ 47 44| 01682} 997 01918 00236/ 98318 2
59 12 8| 47 52| 01803] 99768| 02040 97960( 00237 981 1
60 12 0 48 O 01923 99761] 02162| 97838 00239} 98077 O
M |Hourr.m.|Houran.| Co-sine.| Sine. | C&ung"LzenL'Co-ncantl Secant. | M
95 Degs. Dogs. 34




‘Log. Sines, Tangents and Secants.

6§ Degs. - Degs. 173.
{ | _h_i Houra.m. Hourp.x.| Sine. | Co-sine. , Yangent.j Co-tang.| Secant. secan; M -
0111 12 0] 0 48 0] 9.01923 9.99761] 9.02162/10.97838110.00239(10.98077| 60 !
1 11 52 48 8| 0204 99760| 0228 9171171 00240 97957, 59 |
2 11 44| 48 16 02163, 99759] 024 97596 00241 97837| 58 !
.3 11 36] 48 4] 02283, 9975 02525 97475 00243 97717 51
4 11 28 48 32| 02402 99756 02645 97355 00244 97598 56 !
5 ]11 11 20] 0 48 40| 9.02520| 9.99755| 9.02766|10.97234/10.00245(10.97480; 55
6 11 12] 48 48 02639 99753| 02885 97115 00247 9’7361! 54
7 11 4] 48 56 02757, 99752] 0300 96995 00248 97213, 53
8 10 56] 49 4] 02874, 99751 03124y 96876 00249 97126; 52
9 10 4 49 12] 02992 99749] 03242 96758 00251 9'7008| 51
10 {11 10 40] 0 49 20| 9.03109| 9.99748| 9.03361{10.96639|10.00252[10.96891! 50
11 10 32| 49 28] 03226 99747] 03479 96521 00253 96774| 49
12 10 24] 49 36 03342 99745] 03597 96403] 00255 96658| 48
13 10 16 49 44| 03458 99744] 03714 96286 00256 9654% 47
14 10 8] 49 52| 03574] 99742 03832 96168 00258 96426, 46
15 |11 10 0 50 0] 9.03690] 9.99741} 9.03948/10.96052{10.00259{10.96310 45 |
16 9 5620 50 8 03805 99740] 04065 95935, 00260 96195i 44
17 9 50 16] 03920 99738] 04181 95819 00262 96080) 43 |-
18 9 50 24] 04034 99737] 04297 95703] 0026 95966, 42 ||
19 9 28 50 32| 04149 99736 04413 95587 95851 41 '
20 {11 9 20| 0 50 40| 9.04262] 9.99734] 9.04528|10.95472({10.00266|10.95738 40 ||
21 9 12 50 48 04376 9973 04643 95357, 00267 956241 39
22 9 4] 50 56] 04490 99731 04758] 95242 00269 95510{ 38
23 8 56, 51 4] 04603] 99730f 04873} 95127 00270, 95397 37
24 8 48 51 12 04715 99728 04987, 95013 00272 95285| 36 l
25 |11 8 40] 0 51 20{ 9.04828] 9.99727] 9.05101{10.94899(10.00273|10.95172] 35
26 8 32| 51 28] 04940, 99726] 05214 94786] 00274] 95060 34 |,
27 82 51 36 05052 99724] 05328 9467 00276 94943| 33 l'
28 8 16] 51 051 99723] 05441 9455 00277) 94836] 32 ||
29 8 8 51 52| 05275 99721 05553] 9444’ 00279 94725| 31
30 (11 8 0] 0 52 9.05386| 9.99720{ 9.06666{10.94334{10.00280/10.94614{ U |:
31 7 52 52 8 05497 99713f 05778 94222| 00282, 94503 29
32 7 44] 52 16 05607 99717 05890, 94110 <00283] 94393] 28 l
33 7 36] 52 24 05717 99716 06002 93998] 00284! " 94283 27
M4 7 28 52 32| 05827 99714] 06113] 93387} 00286 94173 26 |
35 {11 7 20| 0 52 40| 9.05937 9.99713| 9.06224{10.93776{10.00287(10.94063| 25 I
36 7 12 52 48] 06046 99711 06335] 9366 00289 939 24 |,
37 7 4] 52 56 0615, 99710, 06445 9 00290 23
38 6 56 53 4{ 06264] 99708] 06556] 93444 00292 93736 22
39 6 48 53 12 06372 99707 06666f 93334] 00293 93628] 21 f
"40 {11 6 40| 0 53 20| 9.06481] 9.99705| 9.06775/10.93225/10.00295{10.93519] 20 |
41 6 32| 53 28 06589] 99704 06885] 93115 0029 93411 19 |!
42 6 24| 53 36 06696 99702 0699 93006] 00298 9 18
43 6 16 53 44) 06804 99701 07103} 92897 0029 931 17 i
44 6 8 5352 06911 99699] 07211] 92789 00301 93089 16 ||
45 (11 6 0| 0 54 Of 9.07018] 9.99698| 9.07320]10.92630(10.00302/10.92982( 15 ' |
46 b5 52 54 8 07124] 99696] 07428 92572 00304] 92876| 14 I
47 544 5416 07231 99695 07536 92464 00305 92769 13 !!
48 5 36 54 24 07337] 99693] 07 92357 00307 !
49 5 28 54 32 07442 99692 07751 92249 00308 92558; 11
50 |11 5 20] 0 54 40| 9.07548] 9.99690| 9.07858(10.92142{10.00310]10.92452| 10 ;(
51 5 12} 54 48 07653 99689 07964 92036 - 00311 92347 9
52 6 4] 54 56 0TI58 99687 08071 91929] 00313] 92242 3 ‘I
53 4 56 55 4] 07863 99686] 08177 91823] 00314 92137] 7 .t
54 4 48| 55 12 07968l 99684 08283 91717 00316 92032 6 ,1
55 |11 4 40| 0 55 206{ 9.08072| 9.99683( 9.08389{10.91611/10.00317{10.91928] 5 ||
56 4 32 55 22’ 08176| 99681 08495 91506f 00319 91824 4 f‘
b7 4 2 b5 36| 08280‘ 99680 08600 91 00320 91720, 3 ||
58 4 16/ ~ 55 44/ 08383: 9967¢[ 08705 91295 00322, 91617 2 'I
3 59 4 Bl 56 52 08486] 99677 08810, 911 00323 91514 1 i
| 60 4 0 56 0 08539]  99675| 089141 91086 00325, 91411} 0 .,
i_| M Houwr.m.[Houra.u!Co-sine.! Sine. | Co-tang.|Tangent./Co-secant| Becant. | M |
96 Degn. .. . Degs. 83.



4. "

Log. Sines, Taugents and Secants.

5

.

7 . . Degs. 172.
| M |Houra.m.Hourr.u.| Sine. |Co-sine. [Tangent.| Co-tang.| Secant. |Co-secant| M |
0 i1l 4 O] 0 56 Of 9.08589| 9.99675| 9.08914{10.91086{10.00325|10.91411| 60
1 352 56 8 08692] 996741 090191 90981 00326/ 91308| 59
2 3 44| 56 16] 08795 996721 09123| 90877] 00328 91205 53
3 336 &6 08897| 99670, 09227] 9077 00330] 91103| 57
4 S 28| 56 32| 08999 99669| 08330 9067 00331 91001] 56
-5 {11 8 20 0 b6 40| 9.09101| 9.99667| 9.09434({10.90566(10.00335(10.90899 55
6 3 12| 56 48] 09202] 99666 09537] 90463 00334 90798 54
7 3 4f b6 56| -09304{. 99664f 096 903 00336] 90696 53
8 2 56 &7 09405] 99663 097 902 00337] 90695| 52
9 2 48| 57 12| 09506] 99661 09845 9015 0033 90494 51
10 |11 2 40| 0 57 20| 9.09606| 9.99659| 9.09947{10.90053|10.00341}10.90394| 50
11 2 32) 57 28] 09707 99658 10049] 89951 00342] 90293| 49
12 22 87 36| 09807] 99656/ 10150 898 00 90193 48
13 2 16| &7 09907 9965, 10252] 8974 00345 90093 47
14 2 8] 57 53] 10006] 99653] 10353] 89647] 00347] 89994 46
15 (11 2 6 0 58 0| 9.10106| 9.99651| 9.10454(10.89546{10.00349(10.89894f 45
16 152 58 8 102050 99650f 10555 89445 00350 89795 44
17 1 44| 58 16] 10304] 99648 10656/ 89 00352] 89696| 43
18 1 58 24] 10402| 99647) 10756 89244 00353] 89598| 42
19 12 58 32| 10501 99645 10856f 891 0035 89499] 41
20 |11 1 20[ 0 58 40| 9.10599| 9.99643( 9.10956/10.89044]10.00357(10.89401| 40
21 112) 58 48] 10697} 99642| 11056 389 00358] 89303] 39
22 1 58 10795 996 11155, 88 00360] 89205 38
23 0 56| 59 10893] 99638 1125 88746 00362] 89107| 37
24 -0 48] 59 12| 10990, 99637| 11353] 89647 00363] 89010 36
25 |11 0 401 0 59 20| 9.11087| 9.99635| 9.11452|10.8854810.00365/10.38913[ 35
26 0 321 59 28] 11184/ 9963 11551 88449 00367| 88816| 34
27 0 2 59 36| 11281f 99632] 11649, 88351 003G3] 8871Y| 33
28 016/ 59 11377} 996 11747| 88253 00570{ 88623 32
29 0 59 5 11474] 99629] 11845 88155 00371 88526| 31
30111 0 01 O Of 9.11570{ 9.99627| 9.11943}10.88057{10.00373{10.88430| 30
31 |10 59 52 0 8 11666] 99625 12040, 87960 00375 88334] 29
32 59 0 16] 11761 99624 12138, 87862} 00376] 83239] 28
33 59 36 02 11857 99622| 12235 8776 00378 88143| 27
34 59 28 0 321 11952 996207 12332| 87668 00320, 88048| 26
35 |10 59 20 1 O 40! 9.12047| 9.99618] 9.12428(10.87572{10.00382 10.87953[ 25
36 59 12 0 48] 12142| 99617| 12625 8747, 00383] 87858| 24
37 59 4 0 56f 12236] 99615] 1262)f 87379 00385 87764 23
38 58 56 1 12331} 99613 12717 9728 00387 87669{ 22
39 58 48 1 12 12425 99612 12813 87187] 00383 87575| 21
40 (10 58 40| 1 1 20| 9.12519] 9.99610( 9.12909/10.87091}10.00390|10.87481} 20
41 58 32 1 281 12612] 99608, 13004 869 00392| 87388f 19
42 58 24, 1 36f 12706 99607 13099] 86901 00393f 87294/ 18
43 58 16 1 4 12799 99605, 131 86806] 00395, 87201} 17
4“4 58 8 1 52| 12892/ 99603] 13289 86711 00397 87108 16
45 (10 58 0] 1 2 0] 9.12985| 9.99601| 9.13384(10.86616[10.00399(10.87015| 15
46 57 52 3 8 13078 99600 13478 8652% 00400 86922( 14
47 57 44| 2 16] 13171) 99593 13573{ 86427 00402| 86829 13
48 57 36 2 13263] 99596 13667 863 86737 12
49 57 28| 2 32) 13355 99595 13761f 86239 00405  86645| 11
50 {10 57 20| 1 2 48] 9.13447| 9.99593]| 9.13854/10.86146({10.00407|10.86553{ 10
51 57 12 2 48| 13539] 995911 13948 86052f 004C9| 86461 9
52 571 4|y 256] 13630 99589] 14041] 83959] 00411] 86370| 8
53 56 56/ ' 3 13722 99588 M4134{ 85866] 00412] 86278 7T
54 56 48 3 12| 13813] 99586| 14227 85773 0041 86187 6
55 (10 56 40| 1 3 20| 9.13504| 9.99584| 9.14320/10.85680{10.00416/10.36096| 5
56 56 32 3 281 13994 995821 14412( 85588f 00418 66006 4
57 56 24 3 36| 14085 99581 145041 85496/ 00419 85915 8
58 56 16, 3 14175 99579| 14597 85403 00421 85825 2
59 56 8 35 14266] 99577 14688 85312 00423 85734 1
60 56 4 0 14356) 99575 14780] 85220] 0042 85644 O
"M ‘Hourr.m.Houra.m! Co-sine.! Bine. |Co-tang. Tangent./Co-sccant! Secant. ' M

97 Degs. Degs. o




Log. Sines, T

"angents and Secants.

8 Degs. Degs. 171.
M jHoura.m.[Hourr.x.| Sine. | Co-sine. [Tangent.| Co-tang.| Secant. [Co-sécant| M
01056 0 1 4 0f 9.14356] 9.99575| 9.14780{10.8522010.00425(10.85644! 60
1| 6552 4 8 1 99574| 14872\ 85128l 00426] 85555 59
2| b6 4 16| 14535 99572] 14963] 85037 00428) 85465 58
3| 5536 42 146 99570, 150 84946} 853176| 51
4| 5528 432 14714 99568] 151 84855 00432] 85286 5
5 (10 65 20 1 4 40| 9.14803] 9.99566{ 9.15236/10.84764(10.00434(10.85197| 55
6| 55612 448 14891 99565] 15327] 84673| 00435 85109 54
7| 85 4 56| 149801 99563] 15417] 84583] 00437] 85020 53
8| 545 & 15069] 99561] 15508( 84492 00439 8493l 52
9| 5448 512 15157] 99559| 15598 8 00441) 84843 51 |
10 |10 54 40| 1 5 20| 9.15245| 9.99557| 9.156688/10.84312{10. 10.84755) 0
11| 5432 528 15333 99556] 15777] 842 00444] 84667 49
12| 5 5 15421] 99554| 15867] 84133] 00446 84579 4
13| 5416 5 15508 99552| 15956| 84044 00448 84492/ 47
14| 54 8 552 15596] 99550 16046 839 84404 46
15 10 64 0| 1 6 Of 9.15683 9.99548| 9.16135(10.83865[10.00452{10.84317/ 45 |
16| 5352 6 15770] 99546| 16224/ 83776, 84230 44
17| 5344 6 16] 15857] 99545 16312 83688 00455 84143 43
18| 5336 624 159 99543  16401] 83599 84056 42
19| 5328 632 16030 99541 16489 83511 00459 83970{ 41 ’
20 [10 53 20[ 1 6 40| 9.16116] 9.99539] 9.16577|10.83423(10. 00461 10.83884/ 40 |
21| 53129 648 16203 99537 16665 833 837917 59
22| 53 4 6 56| 16289 99535 16753 83247 83711 55 .
23| 5256 7 4 16374 99533 16841 ssusg 83626| 37 |
24| 5248 712] 16460 99532 16928 83540f 3 |
25 |10 52 40 1 7 20| 9.16545 9.99530 9.17016, 82984 10. 00470 10.83455( 35
26| 5232 723 16631) 99528 17103 82897] 00472{ 83369 34
27| 5224 736 16716 99526| 17190] 828101 00474 83284 83
28] 5216 7 16801 995 172771] 82723| 00476| 83199 32
29| 52 8 752 16886] 99522 17363 82637] 00478 83114{ 51
30 1052 0] 1 8 0] 9.16970| 9.99520] 9.17450{10.82550/10. 0048010.33030 30 |
31| 5152 8 8 17055 99518 17536| 8246 82943 29 ||
32| 5144 816 17139 99517] 17622] 82378 82861| 9 |
33| 5136 824 17223 99515 17708] 82292 82771| 97 |
34| sl zs 8 32| 17307 99513 177 82206 82693 %
35 |10 51 20/ 1 8 40| 9.17391] 9.99511[ 9.17830{10.82120{10. 0048910.825 %
36| s1 12{ 8 48| 17474) 99509 17965| 82035 00491 82526 %4 |
37| 51 8 56| 17558] 99507 18051] 81949 00493 82442 ¢3 i
38| 505 9 17641] 99506| 18136] 81864] 00495 82359 22 |
39 | 5048 912 17724| 99503] 18221] 81779| 00497] 82276 o) |
40 10 50 40/ 19 20f 9.17807/"9.99501( 9.18506]10..81694/10.00499]10. 8219350 |
41| 50320 928 178 99499 18391] 81609] 00501} 82110| 19
42| 5024 936 17973 99497 18475 815 00503 82027 18 |
43| 5016 9 18055] 99495] 18560 81440/ 00505 81945 17
44| 50 8 952 18137 99494| 18644] 81356 00506 81863 16 !
45 1050 0 1 10 0] 9.18220] 9.99492| 9.18728/10.81272(10.0050810.81780| 15 |
46| 4952 10 8 18302 99490 18812 81188) 00510f 81698 14 l
47| 49 44/ 10 16| 18383 99483] 18896 811 00512] 81617 13
48 | 49 36| 10 24| 18465 99486] 18979 81021 00514] 81535 12
49| 49 28| 10 32| 18547 99484] 19063 8093‘7 00516 81453 11
50 |10 49 20 1 10 40| 9.18628) 9.99482] 9.19146 10 10 00518 10.813'72" 10 |
51| 4912 10 q 18709 99480( 19229 0052 81291} 9
52| 49 4 1056 187 99478 19312 sossa 00522 81210 §
53| 4856 11 4] 18871 99476 ~ 19395/ 80605 00524 81129 17
54 | 4848 11 12| 18952 99474 19478 80522 00526| 81048 6
55 [10 48 40 1 11 20] 9.19033( 9.99472 9.19561(10.80439]10.00528(10.80967| 2
56 | 48 32( 11 28 19118/ 99470] 19643| 80357 00530 80887 4 \
57| 48 24/ 11 36| 19193 99468 19725 80275 00532| 80807 3
58 | 4816 11 19273| 99466 19807| 80193| 00534] 80727 :
59| 48 8 1152 19353 99364] 19889 80111 00536 80647
[ 60| 48 0 12 0] 19433] 99462 19971 00538 sosm,_J
| M |Hourp.x|Houram. Co-sine. | Sine. | Co-tang|T "Co- E
08 Degs. Degs

~aa

-



Log. Sines, 'l‘angexxli and decants.

Degs. 170,

) .

M |Houra.x[Hourr.m] Sine. | Co-sine. [Tangent.| Co-tang| Secant, |Co-secant| M
0 110 48 112 9.19433] 9.99462] 9.19971}10.80029{10.00538{10.80567| 60
1 47 521 12 19513] 99460] 20053] 79947 00540; 80487| 59
2 47 44| 12 16| 195 99458 201 79866] 00542 80408 58
3 47 36 12 1967 99456] 20216] 7978 00 80328 57
4 47 28| 12 32 99454] 20297| 79708] 00546] 80249| 56
5 |10 47 2
6 47 1
1 47
8 46
9 46 48
10 110 46 40| 1 13 20

11 46 32

12 46 2

13 48 16|

14 46 8

15/1046 0/ 114 O

16 45 52|

17 45

18 45

19 45

20 {10 45

21 45

22 45

23 44

4 44 78107 00587

25 |10 44 1 15 20| 9.21382] 9.99411| 9.21971{10.78029{10.00589|10.78618| 35
26 44 32 15 28| 21458 99409| 22049 77951 00591 78542| 34
27 4“4 2 15 36 21534 99407 22127 Ti873) 00593 78466] 33
28 44 16 15 44| 21610 9! 22205 77795 00596/ 78390| 32
29 4 8 15 52 21685 99402 22283, 77717 00598 78315 31
30 110 44 O] 1 16 0] 9.21761}) 9.99400; 9.22561{10.77639;10.006060{10.78239( 30
31 43 52 16 8 21836 99398, 22438 T1562! 00602 78164} 29
32 43 44 16 16 21912 99396 22516 77484 00604 78088| 28
33 43 36 16 24| 21987 99394} 22593, 77407 00606 78013 27
34 43 28 16 32| 22062] 99392 22670| 77330 00608| 77938 26
35 |10 43 20| 1 16 40| 9.22137| 9.99390} 9.22747{10.77253 l0.00GWlO.77363 25
36 43 12 16 48, 22211 99388, 22824 77176 00612 77789} 24
3 43 4 16 56 22286 99385 22901 77099 00615 T1714| 23
38 42 56 17 4 22361 99383 22977 77023 00617 T1639] 22
39 42 48 17 12 22435 99381 23054 76946, 00619 T7565| 21
40 |10 42 40] 1 17 20] 9.2%509] 9.99379| 9.23130{10.76870{10.00621/10.77491| 20
41 42 32 17 28 22533 99377 23206 76794 00623 77417} 19
42 42 24 17 36 22657| 99375 23283 76717 00625 T7343( 18
43 42 16 17 44} 22731 99372 23359 76641 00628 77269 17
44 42 8 17 52 !2305‘ 99370 23435 76565 00630 77195 16
45 (10 42 0] 1 18 O] 9.22878| 9.99368| 9.23510{10.76490{10.00632|10.77122| 15
46 41 52 18 22952| 99366 23586| . 76414 00634 77048 14
47 41 44 18 16 23025 9936 23661 76339 00636 76975 13
48 41 36 18 24| 23098] 99362 23737 76263, 00638 76902 12
49 41 28 18 32 23171 99359 238121 76188 00641 76829{ 11.
50 (10 41 20[ 1 18 40{ 9.23244| 9.99357| 9.23887(10.76113/10.00643({10.76756|-10
51 41.12 18 48 23317, 99355 23962 76038 00645 76683 9
52 41 18 56| 23390 99358 24037, 75963 00647 76610 8
53 40 56 19 4 23462 99351 24112|° 175838 00649 76638 7
54 40 48| 19 12| 23535 99348 24186 75814 00652 76465 6
55 [10 40 40| 1 19 20| 9.23607] 9.99346] 9.24261{10.75739|10.00654/10.76393{" &
56 40 32 19 28 23679 993441 24335 75665 00656 76321 4
57 40 24| 19 36| 23752 99342| 24410/ 175590, 00658 76248| 3
58 40 16| 19 4 23823 99340{ 24484 75516 00660 6171 2
59 40 8| 19 52 23895/ 99337 24558 75442 00663, 76105 1

60 40 0 20 0 23967 9933 24632, 75368 00665 76033 0
M |Hourr.n./Houra.x.!| Co-sine. | Bine. | Co-tang.|Tangent.ICo-secant’ Secant. | M
99 Degs. Aa Degs. 80.



~.og. Sines, Tangents and Secanc,.

10 Degs. Degs. 169. |
M [Houram.|Houre.n.| Sine. | Co-sine. [Tangent.| Co-tang.| Secant. |Co-secant; M | |
0 /10 40 0 1 20 0| 9.23967| 9.99335| 9.24632/10.75368!10.00665{10.76033| 60 !
1 39 52 20 8 24039 99333| 24706' 756294| 00667 75961 59 |
2 39 44/ 20 16| 24110] 99331} 2477y 75221} 00669 75890 58 l
3 89 36 20 24| 24181 99328 24853 75147 00672 75819 51
4 39 28| 20 32) 2425 99326f 24926| 75074] 00674 T75747| 56 }
5 |10 39 20| 1 20 40| 9.24324| 9.99324 9.25000(10.75000|10.00676(10.75676| 55 | !
6 39 12| 20 48] 2439 99322 25073] 74927 00678] 75605 54 | |
7 89 4] 20 56 24466] 99319 25116 T48564] 00681 7 53 |
8 38 56/ 21 4 24336] 993171 25219) 74781} 00683 7 5 |,
9 38 48] 21 12 24607 99315 25292 74708, 006 75393 51 | °
10 (10 38 40| 1 21 20{ 9.24677| 9.99313} 9.25365{10.74635(10.0068710.75323| 50 I
31 38 32| 21 28 24748 99310{ 25437) 74563 00690 75252 49 | .
12 38 24 21 36| 2131y 99308 25510]  T44 00692 75182 48 | ,
13 38 16| 21 44! 24838 99306] 25582 74418| 00694 75112 47 |
14 38 8 21 52 24958 99304 25655 74345 00696 75042} 46 |
15 (10 38 0] 1 22 0| 9.205025] 9.99301| 9.257217|10.74273(10.00699(10.74972] 45
16 37 52| 22 8| 2509 992991 25799 74201 00701 74902 4
17 37 44| 22 16| 25168 99297] 25871y 74129 00703| 74832 43 | -
1 37 36] 22 24| 25237| 99294 25943| 740567) 00706| 74763) 42 | '
1 87 28] 22 32| 25307 99292 26015 73985 ©0708f 74693 41
20 |10 37 20{ 1 22 40f 9.25376| 9.99290| 9.26086/10.73914/10.00710{10. 74624{ 40
21 87 12| 22 48| 25445| 99288] 26158| 738421 00712] 74655| 39 |
22 37 4 22 56] 2551 99285 26229| 73771 00715 74486} 38
23 36 56 23 4] 25583 99283] 26301} 73699 00717} 74417 7
24 36 45 231 25652 99281 26372 73628] 00719 74348 36 | .
25 {10 36 40| 1 23 R0| 9.25721] 9.99278] 9.26443(10.73557|10.00722|10.7427Y| 35 I
26 36 3?1 23 28] 257 99276] 26514 73486 00724] 74210| 34 |,
27 36 24| 23 36/ 25858] 99274] 26585 73415 00726 74142 33 | .|
28 36 16| 23 44] 25927 99271 26655 733451 00729 74073) 32 | ||
29 36 8| 2352 25995 99269] 26726| 173274 00731 74005| 81 |-
30 {10 36 O 1 24 0] 9.26063] 9.99267| 9.26797|10.73203{10.00733{10.73937| 30
31 35 52 24 8| 26131 99264] 26867 73133] 00736 73859 29 ‘
32 35 44| 24 16| 26199| 99262] 26937] 73063 00738 73801 28 |:
33 85 86] 24 24{ 26267 99260 27008] 72992 00740, 73733} 27 |
34 35 281 24 32| 26335 9925 27078 72922 00743] 73665 26
35 |10 35 20| 1 24 0| 9.26403| 9.99256| 9.27148(10.72852{10.00745(10.73597| 25 |
36 35 12| 24 48] 26470] 99252| 27218 72782 00748 73530( 24
37 35 4f 24 56] 26538 99250] 27288 72712] 00750 73462 23
38 34 56 2 4f 26605] 99248] 27357 72643 00752 73395 22
39 34 43| 25 12] 26672 99245] 27427 72573f 00755] 73328 21
40 [10°34 401 T 25 20926750 9.99%33 9 27496/ 10. T2604(10.0075710. 73%61) 20
4 84 32 25 28| 26806 99241] 27566 00759, 73194 19
42 84 24 25 36| 26873] 99238 27635 72355 00762 73127} 18
43 34 16] 25 44| 269 99236 277 72296 7 17
44 34 8| 2552 27007 99233| 27713 72227 0076'7 72993 16
45 110 34 0| 1 26 0] 9.27073( 9.99231| 9.27842(10.721568/10.00769(10.72927) 15
46 335 26 8| 27140 99229 27911 7208 00771 72860 14
41 83 44/ 26 16! 27206 99226 27980 72794 13
43 83 36] 26 24, 2727 99224 71951 00776 72727 12
49 33 28] 26 32 27333! 99221 23“ 7188 72661 11
50 |10 33 20| 1 26 40| 9.27405 9.9921Y| 9.28136(10.71814{10. 00781 10.72595 10 I
51 33 12| 26 48] 27471 99217 28254f 717 00783] 72529 9
52 33 4] 26 56] 27537 99214 28323] 71677 00786{ 72463 8
53 32 56| 27 4; 27603 99212| 28391} 71609 00788] 72398 7
54 32 48] 27 12| 27668 99209| 28459 71541} 00791 172332 6
56 (10 32 40| 1 27 20{ 9.27734| 9.99207| 9.28527}10. 7147 10.0079310.7 5
56 32 32| 27 28] 27799, 99204{ 28595 00796| 72201} 4
57 82 24{ 27 36! 27864 99202| 28662 71338 00798 72136 3
58 32 16| 27 44| 279301 99200f 28750, 7127 00800 72070¢ 2
59 32 8] 2762 27995 99197 28798 712 00803| 72005 1
| 60 32 28 O] 28060f 99195 28865 71135 00805 71940, O |
|” M 'Hourr.m.'Houra.x.| Co-sine.! Sine. ' Co-tang.'Tangent.ICo-secant| Secant. | M
100 Degs. > Degs. 9.
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Log. Sines, ‘vangents and Secau.s.

11 Degs. Deg. 168.
M _Houra.m]Hourp.]| Sine. | Co-sine.| Tangent.| Co-tang. Secant. [Co-secant] M
O {10 32 0] 1 28 0| 9.28060| 9.99195| 9.2886510.71135}10.00805{10.71940| 60
1 31 521 28 8 281251 99192] 28933l 71067 00808, 71875! 59
2 81 44 28 16/ 28120 99190 29000 71000 0081 71810| 58
3 31 36] 28 24| 28254 99187, 29057 170933 0081% T8746| 57
4 { . 3123 2832 28319] 99185} 291 70866/ 00815 71681 56
5 |10 31 20| 1 28 40| 9.28384] 9.99182| 9.29201|10.70799|10.00818/10.71616] 55
6 31 12| 28 48| 23448/ 99180] 29268 70732 00820 71552| 54
7 31 4] 28 56] 28512 99177 29335 7066 00823| 71488| 53
8 S0 56 29 4] 28577] 99175F 29402 70598 00825 71423| 52
9 S0 48{ 29 12} 28641 99172] 29468 7053 00828 71359 51
10 {10 30 40{ 1 29 20{ 9.28705| 9.99170| 9.29535/10.70465{10.00830{10.71295( 50
11 30 32| 29 28] 28769 99167| 29601} 70399 00833 71231 49
12 30 24| . 29 36 28333| 99165 29668 70332| 00835 71167} 48
13 30 16] 29 44] 28896 99162, 29734} 70266| 00838] TI104 47
14 30 8 29 52| 28960; 99160{ 29800/ 702 00840, 71040] 46
15 {10 S0 0f 1 30 Of 9.29024{ 9.99157| 9.29866/10.70134/10.00843(10.70976( 45
16 29 52| 30 8 29087] 99165 29932, 7006 Q0845 70913| 44
17 29 441 30 16] 29150 99152 29998 70002| 00848 43
18 29 36| 30 24/ 29214 99150 3006 69936} 00850f 70786 42
19 29 28| S0 32| 29277 99147| 30130 69870 00853| '70723] 41
20 |10 29 20| 1 30 40| 9.29340} 9.99145( 9.30195/10.69805/10.00855/10.70660| 40
21 29 12| SO 48] 29403 99142 30261 69739 00858 70597 39
22 29 4 30 56| 29466/ 99140{ 30326/ 6967 00860 70534 38
23 28 56| 31 4| 29529] 99137] 30391 69609 00863] 70471f 37
24 28 48] 81 12| 29591 99135 30457 69 00865 17 36
25 [10 28 40' 131 20[ 9.29654! 9.99132( 9.30522(10.69478{10.00868(10.70346| 35
26 23 32| 31 28} 29716 99130| 30587 69413|. 00870 7 34
27 28 24] 31 36| 29710 99127| 30652 69 00873 70221| 33
28 28 16| - 31 44| 29841] 99124 30717 6928 00876/ 70159 32
29 88 8 31 52| 29903 99122 30782 69218 00878] 70097 31
30 |10 28 0j 1 32 0] 9.29966 9.99119 9.30846/10.69154/10.00881}10.7 30
31 27 52| 32 8 30028 99117| 80911 69089 00883 69972 29
32 27 44| 32 16| 30090 99114] 30975 6902 00886/ 699101 28
3 27 36| 32 24| 30151 99112| 31040, 63960, 00888] 69849 27
34 27 28] 32 32| 30213] 99109| S1104| 68396| 00891 69787 26
35 |10 27 20| 1 32 40( 9.30275) 9.99106| 9.31168/10.68832{10.00894|10.69725{ 25
36 27 12| 382 48] 30336 99104 31233 68767 00896/ 6 24
37 27 4] 8256 30898 99101 31297 68703 00899 6 23
38 26 56] 33 4/ 3045 99099 31361 68639] 00901 69541} 22
39 26 48] 33 12| 30521 99096| 31425 ‘68575 00904
40 (10 26 40| 1 33 20| 9.30582; 9.99093! 9.31489/10.68511{10.00907
41 26 32* 33 28| 30643| 99091| 31552] 68448 00909
42 26 24, 33 36! 30704 99088 31616 6833 00912
43 26 16| 33 44| 30765 99086] 31679( 68321] 00914
4“4 26 g 3352 30826 9908 81743] 68257 00917
35 |10 26 0f 1 34 0| 9.30887| 9.99080| 9.31806|10.68194{10.00920
46 25 52] 34 8 30947 99078/ 31870 681 00922
47 25 44| 34 16| 31008) 99075( . 31933] 68067 00925
438 25 36] 34 24 81063 99072 31996] 68004 00928
49 25 28] 34 32/ 31129| 99070 32059 67941 00930
50 {10 25 20{ 1 34 9.31189| 9.99067| 9.32122{10.67878{10.06933(10.68811} 10
51 25 12] 34 48] 31250, 99064/ 32185 6781 00936] 687 9
52 25 4] 34 56| 31310[ 99062 382248 67752 00938 686 8
53 24 56| 85 4| 381370, 99059 32311] 67689 00941 686 7
54 24 43| 85 12| 31430, 99056] 82373{ 67627 00944/ 685701 6
55 |10 24 40[ 1 356 20] 9.31490| 9.99054| 9.32436/10.675664(10.00946{10.68510, 5
56 24 32| 85 28/ 31549 99051] 32498/ 67502 00949 68451 4
57 24 24| 35 36| 31609 99048 32561 6743 00952| 68391 3
58 @4 16" $5 44 31669] 99046] 32623 67377] 00954( 68331 2
59 94 g 3552 31728] 99043 32685 67315 00957, 68272 1
60 24 36 0 31788 99040, 32747] 6725 00960 68212 O
M Houre.x.Houram. Cosine.!Sine. | Co-tang. Tangent. ICo-secant! Secant. © M
101 Degs. Dcge 8.




Log. Sines, Tangents and Secan...

12 Degs. Degs. 167,
M Houn.u.lﬂourt.u. Sine. | Co-sine. [Tangent. |Co-tang. | Secant. |Co-secant| M )
0110 2¢ 0] 1 36 0| 9.31788( 9.99040| 9.32747110.67253/10.00960'10.68212 60 |
1 28 52| 36 81 318470 99038 3281 67190] 00962l 68153 5
2 23 44| 36 16| 31907] 99035 32872 67128] 00965 68093 58
3| 2336 362 31966{ 99032 32933 67 00968]  68034{ 57
4| 92328 3632 32025 99030] 32995| 67005 00970] 67975 56
5 (10 23 20| 1 36 40] 9.32084] 9.99027| 9.33057/10.6694310.00973{10.67916( 55
6| 23120 3648 32143 99024] 33119 66881 00976] 67857| 54
71 23 36 56| 382202 99022 33180] 66820] 00978] 67798 &3
8| 2256 37 32261] 99019] S3242| 66758 00981] 67739 52
9| 2248 371 mlstms 33303] 66697] 00984] 67681 51
10 |10 22.40| 1 37 20| 9.32378] 9.99013| 9.38365/10.66635|10.00987(10.67622( 50
11 22 32| 87 28] 32437] 99011] 83426| 66574f 00989} 67563 49
12 2224 9736 32495 99008 33487 66513 00992 67505 48
13| 2216 37 44| 32553] 99005 33548 66452f 0099, 67447 47
14| 22 8 37052 32612 99002l 33609] 66391 00998 67388 46
15 |10 22 1 38 0| 9.32670 9.99000] 9.33670/10.66330{10.01000(10.67330} 45
10| 2152 38 8 32728 98997 33731| 66269 01003} 67272 4
1 21 44| 38 16| 32786] 98994 3379 66208 - 01006/ 67214{ 43

18| 2136 3824 32844 98991] 33853 66147| 01009f 67156 42
19| 2128 3832 32902] 98989 33913 66087 01011 67098| 41 ji
20 |10 21 20| 1 38 40| 9.32960| 9.98986 9.33974|10.66026(10.01014]10.67040| 40
21 e1 12| 38 48 - 33018] 98983] 34034| 65966/ 01017| 66982 39 ||
22| 2t 38 56| 33075| 98980] 34095 65905 01020( 66925[ 38 |l

23| 92056 39 33133| 98978| 34155 65845 01022) 66867 37
2| 20 39 1 33190 98975 34215| 657850 01025 66810 3 :
25 (10 20 40| 1 39 20| 9.33248| 9.98972| 9.34276/10.65724]10.01028(10.66752] 35 "
2 | 2032 3928 33305 98969 34336] 6566 01031] 66695 34 |
21| 202 39 36| 33362 98967] 34396 656 01033 66638 33 ||
23 ( 2016 39 83420 98964 34456] 65544] 01036 66580 32 I
29| 20 39 52 33477] 98961] 34516] 65484{ 01039] 6 3
30 (10 20 0| 1 40 0| 9.335634] 9.98958| 9.34576{10.65424/10.01042(10.66466( 30 |
31 19 52| 40 8 33591 98955| 34635 65365 01045 66409 29
3t 19 44] 40 16] 33647] 98953| 34695 65305 01047 66353 28
33 19 36| 40 24| 33704] 989501 34755 65 01050 66296 27 |
34 19 40 33761] 98947] 34814/ 65186 01053 66239 36 |
35 |10 19 20| 1 40 40| 9.33818| 9.98944| 9.34874|10.65126(10.01056/10.66182| 25 '|
s6| 1912 4048 33874] 98941 34933 65067 01059 66126 24 |
37 19 40 56| 33931] 98938] 34992 65008 01062] 66069 23 l
38| 1856 41 $3987| 98936 35051| 64949 01064 66013 22 |i
39 18 48] 41 12| 34043 98933| 35111 64889 01067| 65957 21 |
40 {10 18 1 41 20| 9.34100| 9.98930| 9.35170/10.64830|10.01070{10.65900 20 |
41 18 3 41 28| 34156| 98927 85229 64771] 01073 19 :
42 18 2 41 36| 84212| 98924] 35288 64712| 01076] 657881 18 -
43 18 16| 41 34268| 98921] 35347] 64653] 01079 65732 17 .
4| 18 41 52] 34324] 98919 35405 64595 01081 65676| 16 ,
45 |10 18 1 42 0| 9.34330| 9.98916] 9.35464/10.64536/10.01084/10.65620{ 15
46 17 52| 42 8| 34436] 98913 35523 64477 01087 6 14,
47 17 42 16| 34491' 98910, 35581 64419] 01090 65509| 13
48 17 36| 42 34547] 98907 35640 64360 01093] 65453| 12
49 17 28] 42 32| 34602] 989041 35698 64302| 01096] 65398) 11
50 |10 17 20| 1 42 40| 9.34658| 9.98901| 9.35757|10.64243/10.01099{10.65342) 10 ,
51 17 1 42 48| 347131 98898 35815 64185 01102 65287 Y .
52 17 42 56| 34769 98896 35873f 64127| 01104 65231 8 |
63 16 56| 43 4| 34824! 98893 35931 64069 01107| 65176 7
54 16 48] 43 12| 34879 98890| 35989] 64011 O01110| 65121} 6
55 {10 16 1 43 20{ 9.34934] 9.98887| 9.36047|10.63953(10.01113/10.65066| >
56 16 32| 43 28| 34989] 98834 36105 63895 01116| 65011 4
51| 162 43 36| 35044] 98881 86163 63837] 01119 64 3
58 16 16| 43 35099 98878 3622i| 63779 01122 64901 £
59 16 8| 43 52| 35154 983750 36279 63721] 01125 64346 1
60 16 Of 44 Of 35209] 98872 36336] 63664 01128 64791 O
M {Hourr.x., Houran.| Co-sine, | Sine. | Co-tang.|Tangent.|Co-secant’ Secant. | M

' Degs. 77

102 Degs.



Degs.

Log. Sines, Tangents and Secauts.

Degs. 166.

:oura.m.{Hourr.m.,| Sine. |Co-sine.|Tangent.| Co-tang.[ Secant. [Coseeant] M

)16 O 14

9.35209) 9.98872| 9.36336(10.63664{10.01128,10.64791| 60

16 52| 4 8 8526 983691 363 636061 0113Y 64737 59

15 44} 44 16| 356318] 98867 36452] 63548 011 64683 568

15 36] 44 2 3537 9886 36509 63491 011 64627 57

15 28| 44 3 98861 36566] 6 0113 64573 56

0 15 20{ 1 44 9.354.:1} 9.98868| 9.36624]10.63376/10.01142}10.64519 55

15 12| 44 48] 3553 98855 36681 63319 011 64464] 54

15 4] 44 56] 355 96852 36738 63262 011 64410 53

14 56 45 356 9884 3679 63205 01151] 64356{ 52

14 48 45 12| 35698 98846] 36852 63148 011 64302 51

014 40{ 1 45 9.356752| 9.98343| 9.36909(10.63091/10.08157{10.64248| 50

14 32| 45 28] 35806| 98840| 36966] 63034 01160 64194] 49

14 24| 45 36| 3586 98837] 3870231 62977 01163 64140 48

14 16| 45 44 3591 98834 37080 62920 01166 64086| 47

14 8| 45 5 35968) 98831 37137] 62863| 01169] 64032| 46

014 0] 146 0f 9.36022 9.98828] 9.37193|10.62807(10.01172{10.63978| 45

13 62| 46 8 3607, 98825 87 62750, 01175 63925 44

13 44| 46 16| 36129] 98822| 37306 62694| 01178] 63871} 43

13 36| 46 24{ 3618 98319; 387363] 62637 01181} 63818 42

13 28] 46 32| 36236| 98816 37419] 62581 01184 63764| 41

10 13 20f 1 46 40} 9.3628Y] 9.98813| 9.37476/10.62524/10.01187(10.63711| 40
13 12] 46 48| 36342 98810| 87532| 62468 01190] 63658 39 |
13 4] 46 56 3639 98807 87588 62412| 01193 63605 33 |

12 56| 47 4] 36449 98804 37644 62856] 01196| 63651| 37

12 48| 47 12| 36502| 98301 37700{ 62300| 01199] 63498| 36

10 12 40| 1 47 20{ 9.36555 9.98798] 9.37756|10.62244(10.01202(10, 36

12 32| 47 28 36608 98795( 37812 62188) 01205 63392)i 34

12 24| 47 36| 36660 98792 37868| 62132 01208 63340/ 93

12 16] 47 44) 36713] 98789 37924 62076| o1211)' 63287 3¢

12 8] 47 52| 36766] 98786] 37980| 62020 0121 63234 31

10 12 0] 1 48 0] 9.3681Y] 9.98783( 9.38035{10-61965(10.01217(10.63181] 30

11 52 48 8 386871 98780 38091f 61909 01220 63129 29-

11 44/ 48 16| 3692 98777 388147 61853 01223] 63076| 28

11 36/ 48 24| 36976| 98774( 33202| 61798 01226 63024| 27

11 28| 48 32| 3702s| 98771| 38257 61743 01229 62972 25

10 11 20| 1 48 40| 9.37081] 9.98768| 9.38313(10.61687|10.01232/10.62919| 25

11 12| 48 48| 37133 98765 38368] 61632 01235 62867] 24

11 4| 48 56| 37185 98762 38423| 61577| 01238 62B15{ 23

10.56] 49 4| 37237 98759 88479 61521 01241] 62763| 22

10 48] 49 12| 37289] 98756 38534 61466 012 62711} 2t

10 10 40| 1 49 20 9.37341| 9.98753| 9.38589{10.61411]10.01847{10.62659] 20

10 32| 49 28] 3739 98750, 38644 61356 01250, 62607| 19:

10 24] 49 36| 37 98746| 38699| 61301] 01 62555 18

10 16| 49 3749 987. 33754| 61246| 01257] 62508 17

10 8| 49 52| 37549 98740| 38808 61192 012 62351 16

(10 10 0f 1 50 Of 9.37600f 9.98737| 9.38863[10.61137[10.01268{10.62: 15

952 50 8 37652 987 33918| 61082) 01266] 62348| 14

944 50 16| S770: 98731f 38972 61028 01369 62297 13

936 50 2 37755| 98728 39027] 60973| 01272] 62245 12

9 28] 50 32| 37806 98725/ 39082] 60918 01275| 62194] 11

1 {10 9 20| 1 50 40| 9.37858| 9.98722| 9.39136(10.60864(10.01278{10.62142| 10

9 12{ 50 48] 37909] 98719 39190 60810 01281 62091 9

; 9 4 50 56| 37960| 98715 39245 607655 01385 6 8

] 856 &1 4 3s011f 9871 39299| 60701f 01288 61989 7

b 848 51 12| 38062 98709 39353| 60647 01291f 61 6

) [10 8 40] 1 51 20{ 9.38113] 9.98706] 9.39407|10.60593)10.01294]10.61887 5

H 832 5128 3816 98703 39461 60539 01297 61836 4

! 8 24 51 36| 38315 98700 39515 60485 01 61785, 3

3 8 16| 61 44 38266/ 98697 39569 60431 01303 617 2

) 8 8 51 52| 38317 9869 39623| 60377 01306 61683 1

h] 8 0 52 O] 33368 92690, 39677| 60323] 01310 61632 O

(" 'Hourr.u/Houra.u.| Co-sine. | Sine. |Co-tang. | Tangent..Co-secant| Secant. | M

7103 Degs-

Degs. 76.



V4

Log. Sines, 'f'angents and Secants.

14 Degs. Deg. 165.
M [Houra.m.[Hourr.m| Sme. | Co-sine.|Tangent| Co-tang| Secant. [Co-secany M
0 {108 1 62 0* 9.38368! 9.98690| 9.39677110.60323110.01310{10.61632] 61
1 T 52 52 8 38418 9868 39731 60269 Q1313 61532 ¥
2 7 44 52 16{ 38469, 98684 3978, 60215 01516 61531, 5
3 7 36] 52 24 88519 98681 3983 60162, 01319 61481 5
4 7 28 52 32 38570, 9367 39892 60108 01322 61430, 5%
5 {10 7 20| 1 b2 40| 9.88620| 9.93675| 9.39945{10.60055/10.01525;10.61330 5
6 7 12} 52 48] 38670] 98671f 39999] 60001] 01329} 61330 34
7 7 52 b6 88721 93668 4005 59948 0133 61279; 83
8 6 56| 53 4 38771 9866. 401 598 0133 6127 32
9 6 48] 53 12| 83821 98662 40159 59841 01338 61179 3l
10 {10 6 40| 1 63 9.38871] 9.948659 9.40212{10.59788[10.01341,10.61129 50
11 6 32| 58 28] 88921] 98656] 40266] 597 013 61079 49
12 6 24 53 36| 38971 923654 40319] b59681) 01348] 61029 &
13 6 16| 53 44| 39021 93649 40372] 59628 01351 60979] LY
14 6 8 58352 39071 98646 40425 5957 01354{ 60929 45
15110 6 0] 1 58 0] 9.39121] 9.98643| 9.40478/10.5952210.01357 10.60879| 9
16 5 52| 54 8| 89170] 98640 40531 59469 01360] 60 4.
17 5 44 54 16] 389220{ 98636) 405 5941 01364 60730 43
18 b 36] 54 24) 89270t 98633] 40636] 59 01367 60730 42 |
19 5 28 54 32 39319 98630 4068 59311 01370 60681 i‘\
20 |10 5 20| T 54 40| 9.39369] 9.98627| 9.40742|10.5925810.0137310.60631] 40 |
21 5 12 54 48 39418 98623h 4079, 5920. 01377 60582 39 °
22 5 4} 54 56| 39467 98620] 40847 59153 01380 60533 X .
23 4 56| 565 4 - 39517} 92617 409 591 01383 60433 37
24 4 48] 55 12 39566 98614| 40952 59048 01386 60434 ¥
25 110 4 40| 1 55 20{ 9.39615) 9.93610| 9.4100510.58995(10.01390}10.60383 3
26 4 32 55 28 39664, 98607 41057 58943 01393] 60336 34
27 4 24| 55 86] 39713 98604 4110 58891 01396 60287 33 '
28 4 16 55 44 39762, 98601 41161 58839 01399] 60238 3 °
29 4 8] 56 52| 389811 98597 4121 58786 01403]  G0189) 31
30 |10 4 0‘ 156 0' 9.39860] 9.98594] 9.41266(10.58734/10.01406!10.60140 30
31 3 52| 46 8 39909 9859:' 41316 58682 01409 6009) 0
32 3 44 56 16/ 3995 98588 41370] 58630 014121 60042 23 -
33 3 36] 56 24| 40006 98584 41422 58578] 01416{ 59994 1 !
34 3 28 56 32! 40055 98581 4147 58526 01419 59945 26 -
35 |10 3 20| 1 66 40| 9.30103| 9.98578| 9.41526(10.58474/10.01422[10.59897) & -
36 3 12] 56 48] 4015 9857 41578] 58422 01426f 59848 24
37 3 4| 56 o 402 98571) 416 58371 01429) 59800 2
38 2 56 57 4| 40249 98568 41681 58319 01432 59751 2 |
39 2 48| 57 121 40297] 9856 41733] 58267 01435 59703‘ 21
40 |10 2 40} 1 57 20| 9.40346] 9.98561] 9.41784/10.58216/10.01439[10.59554 2
41 2 3 57 28| 403 98558| 41836] 58164 - 01442 59606, 12
42 2 57 40442 9 41887 58113] 01445 59558 18
43 2 1 57 4049 98551] 41939 58061 01449] 59510 17 |
4 2 8] 57 52 40538 98 41990, 58010 01452] 59462 16 ‘;
45 110 2 158 9.40586| 9.98545| 9.42041{10.57959(10.01455/10.59414] 15 |
46 1 52| 58 8 406 98541 42093| 57907] 01459 59366| 14
47 1 44] 58 16] 40682 98538 421 57856] 01462 59318 13
48 1 36| 68 24| 407 98535 42195, 5780, 01465{ 59270 1¢
49 1 28] 58 32 40778 98531 42246 577 01469 59222 1
50 (10 1 20| 1 58 9.40825 9.9852 10.57708{10.01472{10.59175( 10 |
51 T 12| 58 48| 40873 9852 57652| 01475( 591 9
52 1 4] 58 66/ 40921 98521 57601 01479f 59079 8 |
53 0 56f 89 4| 40968 98518 57 014821 59032 7
54 0 48, 59 12| 41016[ 98515 57499| 01485 58984 6
55 |10 0 40| 1 59 20| 9.41063( 9.98511] 9.42552|10.57448/10.01489/10.58957 5
56| 0 32| 5928 41111 98508 573971 01492 58389l 4
57 0 24f° 59 36 41158 98505 57347] 01495| 58842 3
58 0 16| 59 44] 41205 98501 57296 01499 58795 ¢
59 0 8 59 52| 41252 98498 42755 572 01502 58748 |
60 0 02 O 0l 41300; 9849 42805' 57195 01506 587 0
M _|Hourp.u.!Hourau.' Casine. | Sine. | Co-tang. Tangent.!C (Secant | ¥
104 Degs. Degs. 75.
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Log. Siues, Tangents and Sccants.
164.

,%’nom W] Swe, Co-tafig| Setant. [Co-secantyy M _
0 {10 20 413 .
119 5! 0

2 0

3 0

4 0

519 2 0

6 .0

1 0

8

9

|

9.4176

folastyslag. pE

3
‘ er h D
EREEEAL 2 2 R30S L X 230 5 33 -9

©

Bpges

6l
8
16
2
3
48
1
11 .
1 3 0
1 128 4181 49
12 136 41861 g
13 1 41
14 15 419, 6 46 )
159 2 2 ¢ 9.42001
16 2 4204
17 2 18] 4209
18 2 421
19 2 3% 42186| 4 41
20 | 9.57 3] 2 2 30 9.4223 0
21| 8719 245 4227 7728 39
22| 87 2 56| 4232 38
23 86 56 s 42370 8 |
24 86 3 18] 42416 [ 3
25 | 9.56 40] 2 S 20| 9.42461 891{10.5733%] 35 .
26| a6 3 28 42507 441020  b5898| 01598 57498 34
27] 862 3 36] 42558 44151  b5849| 0159 6744! 3
23| 61 S 44| 4259 442011  §5799] 016 $7401| 32
29| 8 3 58 42648 93395) 44250 b5 01 57356 31
30 | 9.66 O} 2 4 0] 9.42690| 9.98391] 9.4498{10.55701{10.01609}10.5731D| 30
s 85 4 8 42735 98388 4 55653 Q1618  57265| 29
2| .85 4 16] 4378} 983 443 5 01616 57219 ¥8
33| & 4 24 42826] 98381 5s5554) Or619]  57174) X7
4| 85 438 42878 98377 4 016 57128 26
359 4 40 9.42917| 9.9837 10.55456{10.01627/10. 57088} 25
36 4 48] 42962| 93370 55408] 016 57038 %4
37 4 56| 43008 98366 45359 01634 56998 23
83 5 430569 9836 65310] 01637]  5694%| %2
39 5 18) 0164 56902 %1
40 5 20
41 5
42 5
43 5
“ 5
45
46

stjasoskizreekizresss

9. 6 15
8 56588{ 14
47 16 56543| 13
48 b6498! 12
49 11
e |
50 |9 10
51 : 9
52| 83 5 8
63| 52 7
54| &2 y_ 4 01698 56231| 6
55 | 9.62 S0%| 9.45511{10.54489{10.01698[10.5618% 5
56| &2 } 45558 ba441| 01701 56148] 4
571 &2 456 54394] 01705] 36099 3
58§ 621 4565t 01708] 56 2
59} &2 45708  54298] 01718 86010 1
| 60) &2 93284|  45750] - 54250] 01716 55966 .0
.|"M_Heurr.d,Houra.m.| Co-sive.| Siné. | Co-tang|Tangeiit./Co-sccant] Secamt. |- M -
: Degs. W.

105 Degs.
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50
50
10} 9 50
11 50
12 50
13 50 16
14 5 8
1519 50 .
16 49 52|
17 49
18 49 36
19 49

21949 210 9.449051 9.98211] 9.46694110.53306

21 49 12| 10 44! 98207 46741 53259

22 49 10 449 9 46 53212

23 438 11 53165

2% 48 111 98196] 46881f 83119 B

21948 2 11 20{ 9.45120f 9.9819% 9.46928/10.53072{10.01 10.5488% ]
26 48 32| 11 451 9818 4697 53025 O1811] 54837 34
27 48 11 36| 45 981 47021} 52979] 0181 54794 33
28 41 11 4524 98181] 47068] 52932 0181 |
29 48 8 11 & 45 98171 4711 52886| 01

301|948 212 9.45 9.98174 9.471

31 47 52 12 8 45377 98170[ . 47

32 47 441 12 16| - @541 98166] 47253

33 47 36| 12 45462| 9816 47299

34 47 28] 12 3% 981 47.

S5 |9 47 20| 2 12 9.45547] 9.981568| 9.473:

364 47121 1248 4 98151 47438

37 47 4] 12 56| 45632. 98147 47

38 46 56| 13 4567 98144 47

39 46 48] 131 4571 981 47576

40 | 9 46 213 9.45758] 9.98136)

41 46 13 28] 45801] 98132 47668

42 46 13 36 98129 4771

43 46 16| 13 45886) 98125f 477

“ 46 8 13 52 45927 98121} 47806

45| 9 46 21¢ 9.45969] 9.98117] 9.47852(10.52148

46 45 14 8 46011} 98113 47897 52103

47 45 14 16 9811 47948) 52057

48 45 36| 14 4609/ 98106] 47989 52011

49 45 14 461 98102) 48035 51965

50| 9 45 214 9.46178] 9.98098) 9. 10.51920

51 45 1 14 48] 46220{. 9 51874

52 45 14 56] 4626 98090 51829 8
83 “w 15 98087 51783 53697} 7
54 “ 16 12| 46 98083 51738 X 6
5519 44 215 9.46 9.98079{ 9.48307(10.51693/10.01921110.53614 5
56 44 320 15 28] 464 98075| 51647 01 53572 4
57 4 %4 15 4646 98071 51602] 01929| 53531 §
58 416] 15 46511} 98067 51657 O1 =
59 44 8 15 52 46562 98063 51511f 01937 53448 1
60| 44 16 46594) 98060, 4 51466] 01 83406 0
M_|Hourr.u[Houra .| Co-sine. | Sine. | Co-tang|TangentCo-secant! Secant.| M
106 Degs. . i Degs. 13.

i 2.



Smu Tangents and Secants.

17 Degs. 162.
M [Houra. uTHoun.l] Sine. | Co-sine. | Tangent | Co-tang | Secant, [Co-socant] M
u{ 01944 O 216 0l 9.46594] 9.98060] 9.485 10514661001940'106540660
1] «s52 16 s 98056] 48579| 51421l  01944! 59
2 46676| 9808 48624] 51876| 01948 & 58
] 46717| 98048 48669] 5iss1| 01952 53288| 57
4 46758) 980 48714] 51286 019 6| & 56
5 N 9.46800] 9.98040! 6 55
6 468411 98036 9 54
7 4638 980 53
8 469 98029 52
9 4696 98025 5 51
10 20{ 9.47008] 9.98021 10.51016/10.01979]10.52995| 650
11 8] 470 9801 50971  01988] 5 49
12 5| 4708 9801 g 48
13 42 16 17 44 47127 98009 47
141 42 8] 1752 47168 93008 46
151942 0 2 13 0] 9.47209( 9.98001 45
16| 415% 18 47249 9799 “
17| 4 18 16] 47290 97993 43
18| 4136 18 47330 97989 42
19 4128 18 47371 97986 41
20 [ 9 41 20| 2 18 40] 9.47411[ 9.97982 40
21 411 18 48] 47458 97978 39
22| 41 18 66| 47492 97974 38
23| 4056 19 47533 97970 37
24| 4048 19 12| 47578] 97966 36
25 | 9 40 40] 2 19 20§ 9.47613] 9.9796 35
2 | 40 32| 19 28 47654] 9795 34
27| 40 19 4769 9795 33
28 40-1 19 47 97950 32
29| 40 19 58| 4774 97946 Y s1
301 940 0| 220 0 9.47614] 9.9794%] 9.49372]10. wmw 02058(10.52186( 30
31 39 52( 20 47854] 97938 * 52146| 29
32| 8944 2016 47 979 9960{ D0 02066] 52106| 28
33| 3936 2 47 97930{ 50004| 49996 owl 52066 27
34| 3928 2032 47974 97928 50048| 4995! 2026| 26
35| 9 39 20{ 2 20 40f 9.48014] 9.97922] 9.50098]10. 4990 10. om 10. 51986 25
36| 8912 2048 97918] 50136 946| 24
37| 39 4 20 56 97914] 50180 51906 23
38| 38 21 48133 97910 50223 51867| 22
39 | 3348 21 1% 48173) 97 50267 51827] 21
40 [ 9 38 40{ 2 21 9.48213] 9.97902] 9.50311]10. 4968 10. ozoss 10.51787| 20
41 38 32| 21 23] 48252] 978 50355, 51748] 19
42 | 38 24/ 21 36| 48299 978 50398 4 ozlos 51708] 18
43| 38 16| 21 44| 48332 978 50442 49558 02110] 51668 17
44| 38 8 2152 48371 97886 50485 49514 o02114] 51629] 16
45| 933 0f 2 22 9‘8411 9.97882] 9.50529(10.49471(10.02118(10.51589( 16
46 37 52| 22 8 97878] 50572 4 021 51560] 14
47 37 44 22 16| 42490 97874 50616 49384 . 02126 51510{ 13
48 3736 22 48529 97 50659 49341 o2t 51471| 12
49 | 8723 22 48568 97 50703 49297 o021 51432] 11
50 | 9 37 20] 2 22 40{ 9.48607] 9.97861] 9.50746 10.02139{10.51393] 10
51 3712 22 48647| 97857] 50789 021 .51 9
52 37 4 22 486 97853| 50833 02147 51314] 8
53 36 56| 23 97849| 50876 02151 51275 7
54 36 48| 23 48764| 97 50919 021 51 6
55 | 9 36 40| 2 23 20| 9.48803] 9.97841] 9.50962[10.49038(10.02159|10.51197[ 5
56 36 32| 23 28 97837 51005 48995 02163] 51148 4
57 36 24| 23 48881 97! 51048 48952 021 511191 3
58 3 16) 23 48 97829] 51092| 48908] 02171] 51 2
59 36 8 2352 48959 97825 51135 48865 02175 5104} 1
60 36 0 24 0 48998 97821) 51178 02179] 51002| 0

107 Degh.

"M 'Hourr.x.|Hourax.! Co-sine.! Sine. 'Cotu;__ﬂmlf,o-uem' Secant. ™

Degs. 72




Log. 8ines, Pangents and Secants. 4
, 18 Degs. Degs. 164
FT%M.-fﬁ [Co-sine. | Tangent|Co-lang. | Secant. [Co-secant; ¥ |
t’"'o 9 36 o}z 2¢ 0] 9.49998! 9.97621] 9.51176/10.4862210.02179!10.51002 60
1| 5520 24 8 49037] ove17l s1221] 4em79l 02183 50963l 59
3 35 24 16| 4d076| 97612 51264 49736 02188] 5D 58
8| S5 24 24f 4D115| 97BO8| 51306 486 021 50885, 51
¢| 3528 24 32| 4D153] 07804 51349 48651 02196] 80847 56
| 9 35 20 2 24 40! 9.4b12} 9.57800| 9.51392(10.45608110.02200(10. 30808, 55
6| 3512 2648 4b231| 91796, 51435 4856 : 80169 54
9| 85 4 2456 b2 9MY 022 50731 53
8| 3456 5 4| 40308 9788 0221 52
|1 9| 3448 =512 40347 9774 0221 51
10 | 9 3¢ 40, £ 25 20| 9.49386! 9.97779| 9.51606(10.48394(]0.02221 ao.gl 50
1| 83432 2528 49424 971975 b1648] 48852 022 76| 49
12| 3424 536 49462 97| B1691| 48309 0222 48
18| 3416/ %544 40500 91767 17 48266 02 §500| 47
14| 8¢ 8 2552 49539 07163| _ s1776] 48224 02837 HOR6l| 46
15 | 9 34 2 26 9.49577 9.97959| %.51819/10.48181{10.02241(10.5 45
16 3852 96 8 49615 97754[ 51861 48139]° 02246 D885l 44
17| 33 26 16| 49654 97T150] 851903] 48097 02 43
18| 3 9 24| 49692 97746] 619 48054] 022 8| 4%
19 33 28] 96 32 49730' 97¥42| 5198 48012 02858 & 11
20 | 9 33 20| 2 26 40| 9.49163] 9.97738| 9.52031/10.47969'10.02263|10. | 40
o1 ] 3312 2648 49806] 9T¥34{ 52073 47927 02266 3
22! 33 26 56| 49844] OT¥20| B2115] 47885 02271 38
28| 3356 € 4| 49882 97125 62157 47843] 0%275 50118 31 !
24 3345 2712 49920 97121 -59200] 47600; 02279 50080 ¥ |
25| 9 32 40| 2 £7 20{ 9.49958) §.97719| 9.52249/10.47758/10.0828310. 50048 35 |
26] 3232 2728 49996 .97¥13| 5284l 47716| 02287 LT
27] 3224 2736 50034 9TI08| 52326| 47674} 02292 38 |
28| 32 16| 2744 50072] 97704] beses| 47632 o2 CRR
29| 32 8 2762 s0110) 97900 52410f 47590] 4 3|
30| D 33 6 228 0] 9.50148] 9.97696] 9.5245%(10.47548(10.02304/10 .4 30
s1| S152 26 8 :‘:g 97891) 524 47006] 02309 49815 29 |,
321 3144 2816 9v887| be836| 47464] 02813 43977| 28 ||
33| 3136 2324 50t61] 97683 52578] 47429] 02817 27 |
34| 3128 832 50298 97679 526 47880, 02321 49 o6 ||
35 | 9 31 86{ 2 28 40{ 9.50336| 9.97674] 9.52661(10.47339{10.0252610. 25 ’
s6{ 3112 2848 50374 97670| B2703| 47297} oe 2%
31| 81 4 2856 50411 97666) 527 47255 2
38| 8056 29 4 50449 97662| 52787] 47213} 02838 49851| 22
39| 3048 29 12| 50486| 97657 562829 47171 514 21
40 | 9 30 2 29 20 9.50523( 9.97658| 9.5287010.47130/10.02347(10.4947Y/ 20 [
41 30 32| 2948 50361 97649 52912{ 47088 -
42| 3024 2936 97645) 52053 4704 :
43| S0 16| 29 44 ¥7640| 52995 49005 i
4| 30 8 2952 97636] 53037] 4696 :
45|930 o 230 0 9.97632 9.53073/10.46982(10. !
46] 2952 30 8 97628|  53120] 48 !
471 29 44| 3016 97623|  551G1] 40839 !
.48{ 2936 30 24| 971619] 53802 46798 ‘
49| 29e8 3032 97616 53! 46756 02 '
50| 9 29 20} 2 30 40 9.97616] 9.53%85(10.46715|00.02390{10.49%104 10 | -
51) 2912 3048 97606] 53527] 46673} 02 49067 9 |°
53| 29 4 3056 97602] 53368| 46632] 02398 8 |
53| %8 st 4 97597] 53409 46691] 02403 49998 7 |,
54| 2848 3112 97593) 53350| 46850] 02407 - 48957 6 |
55 | 9 28 wl 331 ml 9.51589] 9.53492|10.46308]10.02411{10. 5
56| 21882 S1¢8 97584 535 46467 4
57} 2324 3186 97580 53574] 46426 3
58| 2816 31 44 97576| 53615 46385 0242 2
59| 98 8 S152 97571f  53666] 46 1
60| 28 o 32 of - 97567] 53697] 46303] 0243 0
M |Hocre.u.!Houra.u.l Co-sine.| ~ Sine. | Co-tang|Tangent.iCo-secant! Se¢ M
108 Dogs. . D) . Degs.7l.



. i M
19 Daps. Long. Sines, Tangents and Secants. Degn. 160,

M |HouraHourr.x| Sine.  Co-sine. |T§ngont1004anx[ Seeant.]Co-secont] M |

01928 Q 232 Q9.51264] 9.97567] 0.53697(10.46303{10.02438{F0.46736! 60
1, 2752 82 8 51801 975631 53738 46262 02437 48699l 59
®| 2744 32 16] 51838) 975658 3779 46221] 02442 48662 58
S| 2736 8224 51374 915 53820] 48186 0244G| 486%26( 57
4| 27928 3232 s&l1411] 97 53861] 46139 48589| 58
5 |9 27 20| 2 32 404 9.51447] 9.97545 9.53902110.46098]10. 10.485653 55
61 2112 3248 51484] 97541 53943] 46057] 02459 48516] 54
7| 27 4 3256 61520 97636] 53984 46016 48480] 58
8| 2656 33 4] 51657 97632 64025 45915 02468] 48443 52
9| 248 3312 51593 97528 54065 45935 0472  48407| 51
10 | 9 26 40 £ 33 20| 9.51629] 9.97528] 9.54106(10. us 10.08477(10.48871| 50
11 26 32| 33 28] 51666 97519 54147 02481  48334{ 49
12| 6 24| 33 36] 51702] 97515] 54187 46813 02485] 48298| 48
13] 2 16| 83 44) 51738] 97510, Ba22s| 457172 o2 48062 47
14| 26 8 8352 51774) 97506) 54269) 45731) 02494| 48226 46
15|93 0|2 3% 0| 9.51811] 9.97501[ 9.64309, 10.02499/10.48189}, 45
16| 25652 34 8 51847] 97497 54350 02503 48153| 44
17| 2% 44 34 16] 51883 97492 54390 02508 48117 48
18| 2536 4 24f 51919 . 97488 54431 02512 48081| 42
19| 25 28] 34 32| 51955 97484( B544TL - 02916]  48045| 41
209325 n; 2 34 qol 9.51991] 9.97479|"9.564512/10.45488|10.02521{10.45009| 40
21 | 25 12] 34 48 52027 97475 64552 47973 39 .
221 25 <4 3456 52063 9470} 54593 0R830| 47937| 38
23| 2456 385 4| 52099 97466! 54633| 02834]  47901| 37
24| 2% 48] 35 12] 52135| 97461) bd673| 45827 08539]  47865|'36
25 | 9 24 40] 2 35 20| 9.562171] ¥.97457| 9.56T14{10.46286]10.02543(10.47820 35
26| 2632 3528 52207 97458| 64754 45346| 02647 47793 34
27| 9424 35360 02242 Y7443 54794 6| 0”552 . 47758 33
28| %4 16| 8544 52278 97 54835 48165] O0BB56| 49722 32
29| 2% 85 52| 52314  97439] 54875 4p125)  02561)  47836) 31
301923 Q236 0] 9.583501 9.97435] 9.54915]10.45086(10.08565/10.47650| 30
31| 2352 86 8 52385 97430 5ay55| 4b@45| OBLTO| 47615 29
32| 23 44| 36 16] 52421] 97426] 54995| 45805 O08574] 47579] 28
33| 2336 8624 53456) 974211 50035 44Y65] OBSTY 47844 27
34| 2328 3632 5292 97417 55075| 44925| O08883] 47508 26
35| 9 23 20; 2 86 40] 9.52527] 9.9741%| 4.55115(10.4488510.02868{10.47473{ 256
36| 2312 3648 52563 97408 . 56365) 44845 02892 47437 24
37| 23 86 56| 526Y8] 97403  spIO5F 44805 09T 47402] 23
38| 2256 37 4f 52634] 97399 5235|447 02601] 47366 22
39| 2248 37 12| b52G69] 97394 55275 44725 02606| 47331) 21
1D | 9 22 20| 2 37 20] 9.52705] 9.97390] 9.55315(10.44685|10.0%610{10.47298] 20
41 | 2232] 3725 62740| 97385 55355 44645 02015  47360{ 19
42 | 22 24) 3736 62775 97381 83395 02619 472256| 18
43| 2216| 387 44 52811 97376| 63434| 44566] 026 47189 17
44| 22 8 3752 5946 97372] naeT4| 44526] 02628 47154 16
45 | 922 0] 238 0f 9.528561| 9.97367] 9.56514/10.44486{10.02633(10.47119] 15
46 | 2152 38 € 52916] 97363 55654 02637]  47084] 14
47 | 21 44] 38 16| b2951] 97358 55393] 44407] 02642 47049| 13
48 21°3G] 38 24| 5298G| 91353 55633 44367] ©2047] 47014] 12
49 | 2128 3882 53621 97MY| 55673 44327) 026561} 46979 11
50 | © 21 20| 2 38 40| 9.53066] 9.97544 9.85671%]10.44284(10.02656(10.46544] 10
51 21 12| 38 48] 83092) ¥340| 56752 44245 02660 46908] 9
52 21 4 38 b6l 63KG| UI335| BATON| 442091 02665 46874 8
53 20 56| 39 4| 53161f wi331| 56881 44169 02669] 46839 7
54 20 48| 39 12| 53196| 97326 55870] 44130] 02674] 4 6
55 | 9 20 40| 2 39 20] 9.53231] 9. 973’53{ 9.55910{10.44090{10.02678{10.4676% 5
56 20 32 39 28] 53266 97317| 655949 44051) 02683 46734 4 -
57| 2024 39 36| 53301 97312] 56989 44011] 02683f 46699 3
58| 20 16| 39 44| 53336) ©97308| 56028 43972 02692 “46664 o
58| 20 8 3952 53370 97393 b56067| 43933 02697 46630 1
60 2 ¢ 40 53405 97299  56107| 43883 02701| 46595 ©
M 'Hourp.x. mouu »1.| Co-sine. | Sme | Co-tang. 'I'angent.|Co-secanr! Secant. | M l

103 Degs.  Degs. 0. .




Log. Sines, Tangents and Secants.

20 Degs. 159.
" M |HouranHourrx Sine. | Co-sine.] Tangent| Co-tang. Secant. \Co-secant] M
0|92 o2 w 9.53405! 9.97299) 9.56107|10.43893:10.02701|10. 46595 60
11 1952 53440 972 56146 43854 02706 46663' 5 {
2 19 40 16 53475 97289| 56185 4381 02711 58
3| 1936 4024 53509 97285 56 43776]  02715]  46491| 57
4| 1928 40 32 97 437 027 56
51919 20 2 40 40f 9.53578] 9.97276| 9.56303|10.43697]10.027 . 55
6| 1912 4048 5313 97271} 56342 46387] 54
7| 19 4] 40 56| 53647 97266 56381 53
8| 1856 41 53682 97262 56420 5
9| 1848 4112 53716] 97257 56459 51
10 | 9 18 40| 2 41 20| 9.53751| 9.97252| 9.56498|10.
11| 1832 4128 53785 97248 56537
12| 18 24| 41 36| 53819] 97243| 56576
13| 1816] 41 . 538 97238) 56615
14| 18 8| 4152 53888 97 6
156918 0] 2 42 0] 9.53922] 9.97229] 9.56693{10
16| 1752 42 8] 53957 97204 56732
1| n 42 16| 53991] 97220 B6TT1
18} 1736 42 97215 56810
191 1728] 4232 54059 97210] 56849 :
20 | 9 17 20| 2 42 40| 9.54093| 9.97206] 9.56887|10.43113{10.027
21| 1712) 4248] b54127] 97201] 56926
22| 17 4 42056 54161 97196 66965
23| 16 56| 48 541950 97192
24| 16 48] 43 18| 54229 9787 51041
25 | 9 16 40} 2 43 20| 9.54263| 9.97182| 9.57081(10. 4291 10. 02818 10.46737
26 | 16 32) 43 28| . 54297] 97178] 57120)
27| 1692} 4336 54331 97173] 57158 ozszv 45669| 33
28} 16 16} 43 44] 54365| 97168 51197 429
29| 16 8| 43 52| 54309 97163
30| 916 0| 2 44 0| 9.53433| 9.97159| 9. 57274 10. 421 10. ozwllo m E)
S1| 1552 44 8| 54466 97154 57312
32, 1544 44 16| 54500 97149 57351 wu as !
33| 1536 442 5e534] 97145 57389 42611 ~mus 45466 27 |
34| 1523 4433 54667) 971400 57428 42577 02860 ‘zs ;
35| 9 15 20{ 2 44 40! 9.54601} 9.97135] 9.57466/10. 10. 10.45399| 25 |
36| 1512 44 48] 54635 97130 57 424 02870] 45365 % |
S7| 15 4 44 56| »54668] 97126] 57543] 424571 02874 45332] 2 |
38| 14.56] 45 4| b54702] 97121] 57581 42419] 02879 45298 22
39| 1448 4512 54735 om16| 57619 42381 o02834] 45265 21 !
40 | 9 14 40| 2 45 20| 9.54769] 9.97111] 9.5765810. 10.02889(10. 45231 0 '
41| 1432 4528 6'1696 02893 45198/ 19 |
d 42} 1424 4536 s 45164, 13 .
43| 1416/ 45 45131 1
4| 14 8 4552 5731 421 16
45 | 9 14 0| 2 46 0] 9.54936] 9.97087| 9.57849(10.42151]10. 0291 m. 5 1!
46| 1352 46 8| 54969 97083 51337 4211 02917 45031] 14 |
41| 1344 461 asoos 91018 44997} 13
48| 1336 4624 3l 1
49| 1328 46 39 55069 snoss 4199 ozssz 44931| 11
50 | 9 18 20| 2 46 40| 9.55102] 9. 9106 9. 58039 10. 4196! 10. 02937 10.44895] 10 |
51| 1318 46 48) 55136 9
53| 13 4f 46 56| 5516 68115 us 44831) 8
53| 12 56 47 58153 41347 02951 u-zga 7"
54| 1248 4712 58 58191 02956 6
' 55 | 9 12 40| 2 47 20| 9.55265| 9. 91039 9. 68229 10. 41711 10. oz.)ellxo.uv 5
56| 1282 4728 553%01] 417 02965 44699 4 .
57| 1224f 4736 97030 41696 02970| 44666 3
68 12 18] 47 553«7 97 02975 ?
12 8 47 416 02980 . 44600 1
1 so 12 48, 97015 53418 02985 44567 0
| M IHoure.u.[Houraw.! Co-sine. l Sine. 'CO-IIII‘IT ﬁentJC Secant. | M~
10Deg. » -~ o . e e _ Degs. 69.
- v . - J



Log. Sines, Tanéents and Secants.

Degs. : . 158.

|Houra.m[Hourra.| Sine. | Co-sine.|Tangent.| Co-tang] Secant. [Co-secant, M

9 12 O 2 48 0} 9.55433! 9.97015! 9.58418!10.41582(10.02985(10.44567| 60

11 52| 48 8! 5546681 97010/ 58455 41 029901 44534 59

11 44 48 16 55499] 97005 58493 41507 02995 44501 58

11 36 55532 97001 58531 4146 02999| 44468 57

11 28 96 58569] 41431 03004] 44436| 56

9 11 20{ 2 48 40 9.55597] 9.96991} 9.58606{10.41394{10.03009(10. 56

11 12| 48 48] & 96986] 58644] 41356 03014 44370 54

11 48 56 55663 96981 58681 41319 03019] 44337 53

10 56 49 4 55695 96976} 58719 41281 52

10 48 49 12 55728 96971 58757 41243 0302 44272] 51

9 10 40| 2-49 9.55761} 9.96966] 9.58794{10.41206/10.03034/10.44239{ 50

10 32| 49 23] 55793| 96962 58832 41168 03038 44207 49

10 2 49 36| 55826 96957, 58869 41131 03043 44174] 48

10 1 49 44| 55858 9695 58907 41093 03048 44142 47

10 8] 49 52| 55891 96947) 58944] 41056 03053 44109 46

910 O 2 50 0f 9.559 9.96942] 9.58981{10.41019(10.03053|10.44077| 45

9 62| 50 8 55956 96937 59019f 40981 03063 4

9 50 16] 55988 96 59056 03068 44012 43

9 36 50 24 56021 96! 59094! 40906/ 03073| 43979] 42

9 23 50 3 5605 96 69]31| 40869 03078 43947] 41

9 9 20| 2 50 40{ 9.560! 9.96917! 9.59168(10.40832{10.03083(10.43915| 40

9 12| 50 48 56118 . 9691 89205, 40795 03088 43882| 39

9 4] 50 56/ 561 96907 59243, 40757 03093] 43850 38

8 56 51 4] 5618 96 59280, 407 03097] 43818] 37

8 48| 51 12| 562] 96898] 59317 40683] 03102] 43785 36

9 8 40 9.59354/10.40646(10.03107(10.43753] 36

8 32| 59391 40609] 03112] 43721) 34

8 59429 40571] OS117] 43689 33

8 16 59466/ 03122| 43657 32

8 8 59, 404 03127 43625| 31

9 8 2 52 0| 9.56408] 9.96868] 9.59. 10. 10,03132/10.43592| 30

762 52 8 9686 595717, 03137 29

1 52 16] 56472 96858] 5961 40386 03142 28

7 36] 52 24 56504 96 59651 03147 27

7 2 52 32| 56536 596! 40312 03152 26

|9 7 20] 2 52 40| 9.56568] 9.96843| 9.59725/10.40275/10.03157 25

; 7 12] 52 48] 56599 96838 59762| 40238/ 03162 24

7 4 5% 56 56631f 968 597 40201 03167 23

! 656 53 4] 5666 96828 89 40165 03172 22

) |__648) 53 12| 56695 96823] 59872 40128 03177 21

)19 640 2 53 20] 9.56727] 9.96818] 9.59909]10.40091{10.03182 20
l 6 32 53 28 56759] 96813] 59946/ 400 03187
4 6 24| 53 36] 56790] 96808 59983 40017 03192
3 6 16 53 44| 56822 96803 60019 39981 03197
b 6 8 53 52 56854 96798 60056 03202

»|9 6 0254 0 9.56886] 9.96793] 9.60093|10.39907(10.03207/10.43114] 15

5 552 54 8 56917 96788 60130, 3987 03212 14

14 544] 54 16| 56949] 96783] 60166 398 03217 :gg(l) 13

3 536 54 24] 56980 96773 60! 397 03222 12

) b 28| 54 82| 57012 96772 397 03228 42988] 11

)|9 520 254 9.57044| 9.96767| 9.60276/10.59724110.03233/10.42956| 10

1 512 54 48] 57075 96762) 6031 03238 42! 9

1 & 4] 54 58] 57107 96757 60349 3965 03243] 42893f 8

3 4 56| 55 571 96752] 60386 3961 03248 42862 7

4 448 55 12] 57168 96747 60422 39578 03253 42831 6

519 4 2 56 9.57201] 9.96742| 9.604569{10.89541(10.03258/10.42799] 5

) 432 5528 57232 96737, 39505 03%263| 42763| 4

7 4 65 36] 57 96732| 60532f 39468] 03268 42736 3

8 416 65 57295 96727) 6056 39432 3| 42705 2

9| 4 55 52| 57326 9672 3939 278 4267 1

0 4 56 . 5735 96'7 17) 60641) 39359 - 03283] 42642| O

{_jHourr.x.|Houra.u.| Co—nno | Sine.
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Log. Sines, T%mgents and Secants.

22 Degs. - Degs. 157.
M |Houram|Hourrm.| Sine. | Co-sine. | Tangent.] Co-tang| Secant [Co-secant] B |
0|9 4 0256 0f9.57358] 9.96717] 9.66641{10.34359{10.03283110.42G42 (0 |
1 352 56 8 57389 96711 606771 393231 03289) 42611 59 '
2 3 56 16] 57430, 96706| 60714] 39286| 03294 2530 58
3 336 5624 57451 96761f 60750 39250 03299 42549) b7 |
4 3280 56 32| 57453 96696) 60786 39214) 08304 42518 56 !
5|9 320 256 40| 9.57514| 9.96691] 9.6082310.39177(10.03309(10.42486( 45 |
6| 312 5648 57545 96636] 60859 39141 03314] 4245 ¥ ;
7 3 .66 56/ 575676] 96681 60895 89105 0331 ‘
8 2 56| 57 4| 57607] 96676 60931f 39069 03324 |
9 2 48] 57 12( 57638] 96670| 60967 39033 033 42362 51
10[9 2 40| 2 57 20| 9.567669] 9.96665 9.61004/10.38996/10.03335/10.42331] 50 ;
11 2 32| 57 28] 57700] 96660f 6i040{ 33960 03340 42300 40 !
12 2 24) b7 36| 57731] 96655 61076] 389 03345 4229 48
13 216, b7 51762 966, 61112{ 38888 033 42233 41
14 2 8 5752 57793 96645 61148/ 388562 03353 42207 4 .
159 2 0} 2 58 © 9.57524| 9.96640| 9.61184{10.38816/10.0336(410.42176) 45 '
16 152" 58 8 57855 966 61220| 387 033 421 i
17 144 58 16| 57885 96629 61206 387 03371 42115 43 |
18 136 5824 567916 96624 612921 58708 03376] 42084 42 |
19 128 5332 bi041. 96619] 61328 38672 03381 42053 41
2019 1 221 2 58 40| 9.57978| 9.96614] 9.61364{10.38636/10.03356]10.42022 & |
21 112 58 43] 53008 96608 G61400| 38600( 03392 41992 &9 :
22 1 4] 58 56f 58039} 96603| 61436] 38364, 03397]  41961| 3
23 0 59 £8070] 96598 61472) 58528 03402  41930{ 3
% 0 48| 59 12| 58101 96593] 61508 38492 03407) 41899 % |
25-19 0 40 2 59 20| 9.58131] Y.96583] 9.61544/10.38456/10.03412|10.41869) 3>
26 032 5928 581621 96532] 615790 334211 03418] 41838 34
27 024 59 36( 58192) 96577] 61615) 38385 03423] 41808| 33
28 016! 59 58223] 96572] 61651} 38349 03428 &1777| 3¢ |
29 0 8 59 52|. 58 96567) 61687 38313 03433 41747) 31 |
3019 0 o3 0 O 9.56284] 9.96562] 9.61722{10.38273(10.03438/10.41716} W
81185952 0 8 58314 96556] 61758] 33242 41636| 29
82| 5944 016 58345 96551] 61794] 38206f 03449 41655} 28
88| 5936 024 58375 96546] 61 33170f 03454] 41625 &7
34| 592 032 53406 96541 61865] 38135 03459] 41594] %6
35| 859 200 3 0 40| 9.58436{ 9.96535] 9.61901[10.38099(10.03465}10.41564{ 25 |
361 5912 048 58467| 96530] 61936] 33064 . 03470} 41533 A |
87| 59 0 56| 58497] 96525 61 38028| 03475 41503 23 .
38| 6856 1 58527] 96520 62008] 37992  03480] 41473} 8
391 5348 112 58557] 96514] 62043] 37957| 03486 41443/ %
40 | 8 58 40{ 3 1 20] 9.58588| 9.96509| 9.62079}10.37921{10.03491}10.41412 %0 ;
41| 5832 128 58618 96 62114] 37886| 03496] 41382 19 !
42| 58 1 58648 96498] 62150] 37850f 0Q3502] 41352 18 .
43| 58160 I 58678 96493] 621851 37815] 03507} 41322 11!
44| 58 8 152 58709 96488] 62221] < 87779] 03512) 41291) 16
451858 0 3 2 0f 9.58739 9.96483} 9.62256(10.37744110.03517{10.41261} 15 |
46| 57520 2 8 58769] 96477} 62292f 87708) 03523[ 41231 14
47| 67 2 16] 53799} 96472} 62327F 87673t 03528 41201] 1S
48 ) 5736 2 58829] 96467f 62362] 37638F 03533] 41171 12
49 | 5728 232 58859 96461 37602 03539 41141 11 .
50 | 857 200 3 2 40| 9.58389( 9.96456 0.37567|10.03544[10.41111/ 10
51} 571 2 48]  58919] 96451 31532| 03549 41081} 9
52| &7 2 56| 58949 96445|. 37496 8]
53| 5656 3 58979] 96440 37461 _ 03560 7
84| 5648 312 59009|. 96435 37426, b565|. 6
5518 56 40] 3 3 200 9.59039] 9.96429] 9.62609|10.37391/10.03571/10.40961] 5
5 | 56 32] 328 50069 96424) 62645 37355 4
571 '66 24] 336 59098 96419 626 373 s
58} 5616 3 59128) 96413 62715 872 ]
591 56 8 552 59158 96408| 627 37250 1
60| 56 4 50188/ 96403 62785 37215 0
} M Howr.g.'Houra.n Co-sine. - Sine. A Cuta N
112 - e T T P o g g Degs ¢



Log. Sines, Tangents and Secants.

Degs. Degs. 156.
1 |Houra.m.Hourp.m.| Sine. |Co-sine. Tangent.|Co-tang.| Secant. [Co-secant| M |
0856 03 4 0|9.59188] 9.96403 9.52723110.87215 10.03597!10.40812( 60
1 55 52| 4 8 59218, 96397 628 37180  03603] 40782| 59
2 55 44 4 16] 59247] 96392 62855 37145 03608 40753| 58
3 55 36 42 59277] 96387 62890 3711 03613  40723| 57
4 55 28| 4 32| 59307) 96381f 62926] 3707 03619  40693| 56
5|8 552003 440 9.59336 9.96376'9‘62961 10.37039|10.03624/10.40664, 556
6 55 12| 4 48] 59366 96370] 62996/ 37004 03630 40634| 54
7 55 4 4 66] 59396] 96365 63031 36969 03635 40604, 53
8 54 56 5 4 59425 96360f 63066 36934 03640 40575 52
9 54 48] 5 12| 59455 96354] 63101] 36899 03646| 40545 51
0|8 5440 3 5 20 Y.59484] 9.96349! 9.63135(10.36865{10.03651{10.40516, 50
1 54 32 5 28 59514| 96343 63170, 36830] 03657 40486, 49
2 54 24| b5 36| 59543 96338 63205 36795 03G662| 40457 48
3 54 16 b 595731 96333| 63240| 36760| 03667 40427 47
4 54 8 5 52| 59602f 96327] 63275 36725 03673 40398 46
51854 0f3 6 0 9.59632| 9.96322] 9.63310]10.36690]/10.03678!{10.40368| 45
6 53 52 6 8 59661] 96316/ 633451 36655 03684] 40339 44
7 53 44 6 16| 59690, 96311 63379} 36621| 03689 40310| 43
8 53 36 6 24| 59720{ 96305 63414] 36586| 03695 40280| 42
9 53 28 6 320 59749 963001 63449 36551] 03700 40251| 41
0]85323 6 9.59778| 9.96294| 9.63484{10.36516/10.037C6|10.40222| 40
1 53 12 6 48|  59808] 96289 63519 36481 03711] 40192| 39
2 53 6 56/ 59837| 96284 63553 36447 03716 40163| 38
3 52 56 T 4| 59865 96278 63588 36412 03722 40134| 37
4 52 48 7 12| 59895 96273] 63623] 36377 03727 40105 36
5 7 20 9.59924| 9.96267| Y.63657(10.36343|10.03733]10.40076| 35
6 7 28] 59954 96262 63692| 36308 03738 40046 34
T -7 36| 59983] 96256] 63726 3627 03744]  40017| 33
8 7 44f 60012{ 96251f 63761] 36239 03749 39988 32
9 7 52| 60041f 96245, 63796 36204 03755 39959| 31
0 8 0 Y.60070] Y.96240( 9.63830{10.36170|10.03760{10.39930| 30
1 8 8 60099] 96234/ 63865 36135 03766 39901f 29
2 8 16| 60128] 96229| 63899 36101 03771] 39872| 28
3 8 60157) 96223| 63934) 36066] 03777 39843 27
4 8 32 60166| 96218 63968 36032] 03782 39814 26
5 8 40| 9.60215/ 9.96212] 9.64003(10.35997/10.03788/10.39785| 25
6 8 48] 602441 96207 64037 | 35963] 03793 39756 24
7 8 56| 60273] 96201 64072 35928/ 03799| 39727/ 23
8 9 4| 603021 96196/ 64106] 35894f 03804 39698| 22
9 91 60331 96190 64140 35860 03810 39669| 21
0 9 20| 9.60359| 9.96185| 9.64175(10.35825(10.03815(10.39641| 20
1 9 28] 60388 96179 64209 35791] 03821] 39612 19
2 50 24 9 36 60417 9617 64243 85757 03826] 39583| 18
3 5016 9 60446 96168 64278 85722 03832 39554| 17
4 50 8 9 52 60474] 96162] 64312| 35683 03838 39526| 16
51850 0f 310 9.60503] 9.96157| 9.64346/10.35654]10.03843/10.39497| 15
6 49 52| 10 8 60532] 96151} 64381] 35619] 03849 39468( 14
7 49 44/ 10 16/ 60561 96146)] 64415 35585 03864{ 39439 13
8 49 36| 10 24( 60589 96140| 644491 35551 03860, 39411| 12
9 49 28| 10 32| 60618 96135 64483 35517 03865 39382 11
0 (84920 310 9.60646| 9.96129) 9.64617|10.35483/10.03871/10.39354| 10
1 49 12| 10 48] 6067 96123| 64552 35448/ 03877 39325 9
2 49 10 56| 607 96118] 64586 35414/ 03882 39296 8
3 48 56| 11 60732 96112} 64620, 35380 03838 39268 7
4 48 48| 11 12] 60761 96107| 64654/ 35346| 03893 39239 6
5 | 8 48 40| 3 11 20| 9.60789| 9.96101| 9.64688|10.3531210.03399(10.39211| &
6 48 32| 11 28] 60818 96095 64722 35278/ 03903 39182 4
7 48 24| 11 36| 60846] 96090| 64756 35244/ 03910 39154/ 3
8 48 16| 11 44] 60875 96084 64790 35210| 03916 39125 2
9 48 8 11 52 60908) 96079 6482 35176| 03921 39097 1
0 48 O 12 0 60931] 96073] 64858' 35142 03927 39069 @
[

Hourp.x./Hours.u.i Co-sine. | Sine. !Co-tang. Tangent.|Co-secant! Secant. ' M

Degs.
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Log. Sines, Tangents and Secants.

24 Degs. Degs. 155.

M |Houra.u[Hourr.u] Sine. | Co-sine. [Tangent.| Co-tang.| Secant. |Co-secany M ;
0848 o 312 0f 9.609311 9.96073| 9.64858|10.35142:10.03927[10.39069| 60
1 47 52 12 81 60960 960671 648921 35108 03933 39040} 59 1|
2% 47 44 12 16| 60988 96062 64926 35074 03938 39012 58 |
b 47 36 12 61016] 96056] 64960 35040] 03944 38984 57 |
4| 47280 1232 61045 960oQ 64994 35006 03950\ 38955 56 ||
5| 847 20| 3 12 40| 9.61073] 9.96045] 9.6502810.34972|10.03955/10.38927| 55
6 47 12| 12 48] 61101} 9GO 65062f 34938] 03961 33899 54 |,
701 47 4 12 56| 61129 960 63096] 34904/ 03966] 38871f 53 ||
8 46 56 13 4] 61158] 96028 65130 34370 0397 38842 52
9 46 48 13 12} 61186] 9602 65164] 34836] 03978 38814 51 ||
10 | 8 46 40| 3 13 20| 9.61214| 9.96017| 9.65197}10.34503[10.03983 10.38786i 50 ‘
11 46 32| 13 28] 61242 96011 65231 34769] 0398 387581 49 ||
12 46 2 13 36 6127 9600 66265 34735 0399 38730 48 ‘
13 46 16{ 13 44| 61298 96 65299 34701} 04 38702 47 (!
14 46 8 13 52| 61326] 959 65333] 34667) 04006] 33674( 46 |
15| 846 0f 3 14 0] 9.61354] 9.95988] 9.65366{10.34634/10.04012]10.38646 45 {
16 45 52 14 8 61382 9598 65400{ 34600 04013 38618 44 |'
by} 45 44| 14 16] 61411 95977 65434] 34566] 040237 38589( 43 !
18 45 36 14 61438| 95971f 65467] 34533) 0402 38562 42 | !
19 45 28 14 32| 61466 95965 65501 34499 040 38534| 41 |

20 ' $ 45 20| 3 14 9.61494} 9.95960| 9.65535(10.34465{10. 10.38506( 40 l

21 45 12| 14 48] 61522] 95954f 65568 34432| 04046{ 38478 39 [’

22 45 4] 14 56] 61550 95948] 65602| 3439 04052} 38450 33 ||
23 4 56 15 61578] 95942 65636] 34364] 04058 38422 37 ||
24 44 48 151 61606] 95937 65669 34331 0406 38394} 36

25| 8 44 40| 3 15 9.61634( 9.95931] 9.65703(10.34297(10.04069(10.38366{ 35 1

26 44 32| 15 28] 61662] 95925| 65736| 34264] 04075 38338| 34

27 44 24| 15 36 61689] 95920 65770, 34230 0408 38311} 35

28 4 16] 15 61717 9591 65803) 34197 04086] 38283} 32 ‘

29 44 8| 1552 617451 95908 65837 34163 04092 38255| 31 I

30844 0316 9.61773] 9.95902| 9.65870(10.34130(10.04098[10.38227| 30 |-

31 43 52, 16 8 61800] 95897 65904| 84096| 04103 38200 29 |

32 43 16 16/ 6182 95891 65937 3406 0410 38172 98 |

33 43 36| 16 24| 61856 95885 65971 34029 04115 381 21 i

34 43 28] 16 32| 61883 95879 66004 33996 04121 38117} 26 |

35 | 8 43 20| 3 16 40, 9.61911] 9.95873| 9.66038!10.33962|10.04 127(10.38089 25 !

36 43 12| 16 48 61939] 95368 66071 33929 04132] 38061§ 24 l

37 43 4| 16 56| 61966] 95862 66104/ 33896/ 04138] 38034| 23 i

38 42 56| 17 4] 6199 95866 66138 33862 041 38006G| 22 |

39 42 48 17 12 62021 95850 66171f 33829 04150 37979| 2t ‘|

40 | '8 42 40| 3 17 20| 9.62049] 9.95844 9.66204|10.33796|10.04156|10.37951 20 _

41 42 32 17 28] 62076] 95839| 66238 33762 04161 37924{ 19 -

42 42 24| 17 36| 621 95833| 66271f 33729] 04167 37896} 18

43 42 16 17 62131 95827 66 33696| 04173 37869| 17

4 42 8 17 52| 62159 95821 66337 33663 04179 37841 16 |

45| 842 0 3 18 9.62186| 9.95815( 9.66371/10.33629{10.04185{10.37814| 15

46 41 52| 18 6221 95681 6 33596] 04190 37786| 14 '

47 41 441 18 16] 62241 958 04196{ 37759 13 |

48 41 36 18 62268 95798 335 04202 37732| 12 |

49 41 28| 18 32| 62296] 9579 33497) 04208 387704 11 !

50 | 8 41 20 3 18 9.62323( 9.95786| 9.66537(10.33463[10.04214/10.37677| 10 |,

51 41 12| 18 48] 62350 9578 04220] 37650| 9

52 41 18 56| 62377 9577 33397 04225 37623; 8 |

53 40 56/ 19 62 95769 04231 37595 1

54 40 48 19 1 6243 957 33331 . 04237 37568 ¢

55 |8 40 3 19 20| 9Y.62459| 9.96757| 9.66702/10.33298/10.04243{10.37541| 5

56 40 3 19 28/ 62486] 95781] 66735 33! 04249 375147 4

57 40 19 36 62513 95745 66768 3323 04255| 37487 3

58 40 16) 19 62541 9573 66801 33199 04261 37459 2

59 40 8 19 5 62568 957 668 33166] 04267] 37432 1

60 40 20 6259 95728 66867] 331 0427 37405, o

M [Hourp..'Houra w.' Co-sine.| Bine. | Go-tang.| Tangent,|Co-sccant! Secant.| N
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Log. Sines, Tangents and Secants.
25 Degs. ' ' Degs. 154.

Vi {Houra.m.[Hourp..| Sine, | Co-sine. [Tangent.| Co-tang,| Secant. [Co-secanti M

8 40 0Of 320 9.62595| 9.95728| 9.66867/10.33133110.04272(10.37405| 60
39 52! 20 8/ 62622 95722 669001 331001 04278 37378| 59

39 44| 20 16] 62649 95716] 66933| 33067| 0428 ¥1351| 58
39 36| 20 24/ 62676] 95710] 66966 33034| 042 37324| 57
89 28/ 20 32| 62703f 957 66999) 33001] 04296 37297 56

8 39 20| 3 20 9.62730| 9.95698| 9.67032/10.3296810.04302{10.37270| 55
39 12| 20 48] 62757] 95692 67065 32935| 04308 37243 54

OO LW O

39 4 20 56| 62784f 95686] 67098 32902f 0431 37216| 53
38 56| 21 4| 628111 9568 671311 32869 0432 37189| 52
38 48| 21 12| 62838) 9567 6716: 32837 04326) 37162| 51

11 38 321 21 28/ 62892f 95663] 67229 82771] 04337] 37108 49,
12 38 24| 21 36| 62918 95657] 67262 32738 37082, 48
13 38 16| 21 62945 95651| 67295| 32705 04349 37055| 47
14 38 8| <1 52| 62972 95645 67327] 32673| 04355| 37028( 46

151838 0] 322 0f 9.62999| 9.95639| 9.67360{10.32640{10.04361]10.37001} 45
16 37 52| 22 8| 63026] 95633] 67393( 32607) 04367 386974| 44
17 37 44| 22 16| 63052 95627 67426] 32574] 04373 36948| 43
18 37 36| 222 6307 95621 67458 32542 04379 36921 42
19 37 28| 22 32| 63106 95615 67491] 32509 04385 36894 41

20 | 8 37 20| 3 22 40] 9.63133| 9.95609| 9.67524/10.32476/10.04391(10.36867| 40
21 37 12| 22 48] 63159 95603 67556 32444] 04397] 86841| 39
22 37 4] 22 56| 63186f 95597 67589 32411 0440 36814| 38
23 36 56| 23 63213] 955691] 67622| 32378 04409 36787 37
24 36 48| 23 12| 63239 95585 67654 32346] 04415 36761] 36

3 23 20| 9.63266{ 9.95579| 9.6768710.32313{10.04421(10.36734| 35
26 36 32| 23 28] 63292 95573| 6T719] 32281] 04427 36708 34
27 36 24| 23 36| 63319] 95567] 67752 32248 04433] 36681 33

10 | 8 38 40{ 3 21 2:l 9.62865 9.96668' 9.67196/10.32804{10.0433: 10.37135‘ 50

¥
v
o
(]
o
]

28 | 3616/ 23 63345 95561 67785 32215 04439 36655| 32
29| 36 8 2352 63372| 95555 67817] 32183] 04445| 36628 31
30 | 836 Of 324 0] 9.63398| 9.95549] 9.67850|10.32150]10.04451(10.36602] 30
31| 3552 24 8 63425| 95548| 67882 32118] 04457] 36575 29
32 | 3544 24 16| 63451] 95537| 67915| 32085] 04463| 36549| 28
33| 3536l 2424 63478| 95531| 67947] 32053| 04469 36522 27
35| 3528 2432\ 63504] 95525| 67980| 32020] 04475

35 | 8 35 20| 3 24 40| 9.63531| 9.95519] 9.68012|10.31993]10.04481

36 | 8512( 2448 63557 95513] 68044| 31956 04487

37| 85 4 24 56] 63683 95507| 68077] 31928 04493

38| 3456 25 4 63610 95500 68109 31891 04500

39 | 3448 2512 6363 95494 68142 31858 04506

40 |8 34 40( 3 25 20I 9.63662| 9.95488| 9.68174(10.31826(10.04512(10.36338| 20
a1 | 3432 2598 63689 95482 68206| 31794f 04518 36311] 19
a2 | 34 25 36| 63715| 95476] 68239 31761) 04524] 36285 18 1
43| 3416] 25 44| 63741) 95470 68271 31729 04, 36259 17
44 | 34 8 25562 63767 95464/ 68303| 31697| 04536] 36233 16
45 | 834 0| 326 0| 9.63794| 9.95458| 9.68336|10.31664|10.04542(10.36206| 15
46 | 3352) 26 8 638200 ‘95452 68368 31632 04548 36180| 14
47| 33 2 16| 63846| .95446| 63400 31600 04554 36154| 13
48 | 3336 2 24 63872 95440 68432 31568| 04560 ° 36128 12
49| 33 28| 2 32 63898 95434] 63465 31535 04566 36102 11
50 | 8 33 20| 3 26 40| 9.63924] 9.95427| 9.68497|10.31503)10.04573[10.36076] 10

51 33 12 26 48 63950 95421 68529 31471 04579 36 9
52 33 4] 26 56 63976 95415 68561 31439 04585 360 8
53 32 56| 27 4 64002 95409 68593| 31407| 04591 35998 7
54 32 48| 27 12| 64028 95403 68626| . 31374] 04597 3597 6
55| 8 32 3 27 20} 9.64054] 9.95397| 9.68658(10.31342{10.04603(10.35946] 5
56 32 32 27 28| 64080! 95391 68690 31310 04609 359 4
57 32 24| 27 36/ 64106 95384] 68722 31278 04616] 35394 3
58 32 16| 27 44 64132 95378 687 31246 04622 3568681 2
59 32 8| 27 562 64168 95372] 68786 31214f 04628{ 35842| 1
60 32 0 28 0 64183 95366 68818 31182 | 35816 O
M |Hourr.x.Houra.x.| Co-sine. | Sine. ' Co-tang.' Tangent. Co-secant’ Secant. | M
15 Degs, Ce Degs. G4



Log. Sines, Tangents and Secants.

26 Degs. Degs. 153. |
M |Houram]Hourr.m.| Sine. | Co-sine.| Tangent.| Co-tang| Secant. [Co-secany M ;;
0|832 0328 0 9.6418 9.95366| 9.68818/10. snss]lo .04634/10.35816) 60 ! |
1| 3152 28 8 642] 95360  68850| 311501 04640|  35790| 59 |!
2 31 44 28 16| 64236] 953 68882| 31118 04646 35764 58 [
3 31 36{ 28 24| 64262 95348 65914| 31086 04652 35738 57 l
4 S1 28| 28 32| 64288 95341 689461 31054 04659) 35712 56 |
5|8 31 20| 3 28 40[ 9.64313] 9.95335| 9.68978{10.31022(10.04665/10.35687] 55 ll
6 31 12| 28 48/ 64339 95329 69010 30990| 04671}  35661| 54
7 31 28 56| 64365 95323] 69042 30958 04677} 35633 53 ||
8 30 56| 29 4 64391 95317 69074] 30926/ 04683 35609 52 l
9 30 480 29 12| 64417 95310| 69106] 30594, 04690] 35583 51
10 | 8 30 40| 3 29 20| 9.64442| 9.95304] 9.69138/10.30862/10.04696/10.35558| 50 l
11 30 32| 29 28] 64468 95298 69170| 3083 04702 35532 49 [ i
12 30 24f 29 36[ 6449 95292 69202 30798] 04708  35306| 48 |,
13 30 16| 29 44| 64519] 95286] 69234f 30766] 047 35481 47 1 |

14 30 8 29 52| 64515 95279] 69266] 307 04 35455 46
15830 0 330 0 9.64571f 9.95273| 9.69298/10.30702{10.04727(10.35429 45 : |
16 29 52 30 S| 64596 95267 69329 30671 04733 4 ! !
17 29 44| <30 16| 64622] 95261f 69361f 30639 04739f 35378] 43 H
18 29 36/ 30 24 64647| 95254 69393 30607] 04746 35353 42 ||
19 29 28] 30 32| 64673] 95248 69425 30575 04752] 35327| 41 .,
20 | 8 29 20| 3 30 40| 9.64698| 9.95242| 9.69457(10.30543(10.04758/10.35302f 40 :
21 29 12| 30 48] 64724] 95236] 69488] 30512] 04764 35276| 39
22 29 4 30 56| 64749] 95229 69520/ 30430 04771 35251) 38 '.
23 28 56| 31 4] 64775 95223] 69552] 30448 04777 356225| 31 .
24 28 48| 31 12| 64800f 95217 69584] 30416] 04783 35200| 36 I;
25| 8 28 40| 3 31 20| 9.64526] 9.95211| 9.696156(10.30385(10.04789(10.35174] 35 ' !
26 | 28 52 3128 64851 95204] 69647| 30353 04796 35149| 34
27| 2824 3136 64677 95198 69679 30321 048021 35123 33
28 28 16| 31 44| 64902] 95192 69710 30290 04808/ 35098| 52 '!
29 28 8| 31 520 64927) 95185 69742 30238 04815 35073} 31 !
30 | 8 28 0| 3 32 0] 9.64953| 9.95179| 9.69774(10.30226/10.04821|10.35047[ 30 '
31| 2752 32 8 64978] 95173| 69805 30195 04327 35022 29 |-
32| 2744 32 16| 65003 95167| 69837| 30163 04833 34997 28 |
33 27 36| 32 24 65029] 95160 69868] “30132{ 04340 34971 27 !
34 27 23| 32 32| 65054] 95154 69900 30100| 04846 34946| 26 '
35 | 8 27 0! 3 32 40| 9.65079| 9.95148| 9.69952(10.30068(10.04852|10.34921] 25
36| 27 12| 3248 65104 95141 69963 30037) 04859 34896] 24
37 27 4 32 56/ 65130 95135 69995 30005 04865, 34870 23
38 26 56| 33 4| 65155 95129 70026| 29974 04871 34845| 22 '
39 26 43| 33 12| 65180] 95122 70058 29942 048‘18| 34820f 21 '
40 | 8 26 40| 3 33 20| 9.65205| 9.95116| 9.70089|10.29911/10.04884|10.34795{ 20 -
41 26 32| 33 28| 65230, 95110 70121} 29879| 04890, 34770 19
42 26 24| 33 36] 65255 95103] 70152 29848 04897 34745, 13 '
43 26 16| 33 44/ 65281 95097] 70184 29816 04903, 34719 17 :
44 26 8| 33 52| 65306 95090 70215 29785 04910] 34694{ 16 !
45 | 826 0 3 34 0| 9.65331] 9.95084| 9.70247/10.29753/10.04916/10.34669| 15 .
46 25 52 34 8] 65356) 95078, 70278 29722 04922} 14
47 25 44{ 34 16] 65381 95071] 70309 29691 04929, 34619( 13 -
48 25 36| 34 24| 65406 95065 T0341| 29659] 04935 34594f 12
49 25 28] 34 32| 65431 95059| 70372| 29628 04941] 34569} 11
50 | 8 25 20| 3 34 40| 9.65456] 9.95052| 9.70404{10.29596|10.04943(10.34544| 10
51 25 12| 34 48| 65481 95046 70435/ 29565 04954 34519 9 ,
52 25 4| 34 56| 65506] 95039] 70466 295. 04961 34494 3
53 24 56| 35 4] 655311 95033] 70498 29502 04967] 34469 7T
54 24 48] 35 12| 65356] 95027] 70520] 29471 04973 34444, 6
55 | 8 24 40| 3 35 20| 9.65580] 9.95020| 9.70560/10.29440|10.04980(10.34420, 5
56 24 32| 385 28] 65605 95014] 70592 29408 04986| 34395 4
.57 24 24| 35 36/ 65630 95007 70623| 29377 04993 34370, 3
58 24 16] 35 44] 656551 95001 70654) 29346] 04999 34345 2
59 24 8| 38552 65680 94995 70685 29315 05005 34320 1 .
60 24 0] 36 O 65705 94988| 70717] 29283 05012 34295 O .
M_Hourr.m. HourA.m.! Co-sine. |~ Sine. ! Co-tang.|Tangent.|Co-secand Secant.| M
116 Degs. ’ Degs. 63.



Log. Sines, Tangents and Secants.

27 Degs.

Dega

. 152.

v Houra.x.[Hourp.x.| Sine.

Co-sine. [Tangent.| Co-tang.| Secant. |Co-secantj M

0!824 0336 0] 9.65705( 9.94988 9.10717110.29283‘!0.05012 10.34295| 60
1 23 52| 36 8 65729 94982 70748! 292521 05018 34271 59
2 23 44| 36 16| 65754] 94975 70779] 29221 05025| 34246| 68
3 23 36| 36 24| 65779 94969 70810 291 05031 34221 567
4 23 28] 36 32| 658 94962 70841} 2915 05038  34196| 56
5 | 8 23 20{ 3 36 40) 9.6582g| 9.94956 9.70873(10.29127]10.05044/10.34172| 556
6 23 1 36 48] 6585 94949] 70904] 29096| 05051 34147| 54
7 23 36 56| 65078 94943 70935 20065| 05067| 34122| 53
8 22 56| 37 4| 65902] 94936 70966] 290: 05064  34098| 52
9 22 48| 37 12| 65927] 94930 70997] 29003{ 05070 34073 51
10 | 8 22 40{ 3 37 20| 9.65952| 9.94923| 9.71028]10.25972|10.05077(10.34048] 50
1 22 32| 37 28| 65976] 94917| 7105 28941 05083 34024 49
12 22 2 37 36| 66001 94911f 7109 2891 05089 33999 48
13 22 16| 37 44| 66025 94904] 71121] 28879 05096] 33975 47
14 22 8| 37 52| 66050 94898| 71153] 28847 05102 33950} 46
15| 822 0] 338 0f9.66075 9.94891| 9.71184{10.28816{10.05109{10.33925| 46
16 21 52| 33 8| 66099 94885 71215 28785 05115 33901 44
17 21 44/ 38 16| 661 94878 71246] 2875 05122| 33876| 43
18 2] 36| 38 24| 66148 94871 71277 28723 05129| 33852| 42
19 21 28] 38 32| 66173] 94865 71308] 28692 05135 33827| 41
¥) | 8 21 20 3 38 40| 9.66197| 9.94858| 9.71339(10.28661{10.05142(10.33803] 40
21 21 19| 38 48] 66221 94852 71370| 28630 05148 33779| 39
22 21 4] 38 56] 66246] 94845 71401 28599 05155 33754| 38
'3 20 56| 39 4| 66270 94339 71431 28569 05161 33730| 37
24 20 43| 39 12| 66295 94832 71462 23538 05168 33705| 36
15 |8 20 40| 3 39 20! 9.66319| 9.94826| 9.71493(10.28507/10.05174{10.33681| 35
6 20 32| 39 28| 66343] 94819] 7152 23476] 05181] 33657 34
bl 20 24| 39 36| 66368 94813 71555 28445| 05187] 33632 33
13 20 16| 39 44| 66392| 94806| 71586 28414] 05194 33608| 32
29 20 8| 39 52| 66416 94799 71617 28383 05201| 33584| 31
30 | 8 20 O 3 4D Of 9.66241] 9.94798| Y.71648/10.28352{10.05207(10.33559 30
31 19 52| 40 8| 66465 94786 71679] 28321| 05214] 33535 29
32 19 44| 40 16| 66489 94780] 71709| 28291 05220 33511] 28
33 19 36| 40 24| 66513] 94773| 71740| 28260{ 05227| 33487 27
34 19 28] 40 32| 66537 94767 71771] 28229] 05233 33463| 26
35 | 8 19 20| 3 40 40| 9.66562| 9.94760] 9.71802(10.25198[10.05240{10.33438] 25
36 19 12| 40 48] 66586 94753 71833 28167] 05247 33414| 24
37 19 4 40 56| 66610] 94747 71863| 28137| 05253] 33390 23
38 18 56| 41 4| 66634] 94740 71894 -28106| 05260 33366| 22
39 18 48] 41 12| 66658 94734] 71925] 28075 056266 33342{ 21
10 | 8 18 40| 8 41 20| 9.66682| 9.94727| 9.71955(10.28045(10.05273(10.33318| 20
11 18 32| 41 28] 66706 94720 71986 28014] 05280 33294 19
12 18 24| 41 36| 66731 94714f 7201 27983| 05286 33269| 18
13 18 16| 41 44/ 66755 94707 72048 27952{ 05293 33245| 17
14 18 8| 41 52] 66779] 94700] 72078] 27922| 05300 33221 16
15818 0f 842 0| 9.66803| 9.94694| 9.72109{10.27891|10.05306!10.33197| 15
6 17 52| 42 8| 668271 946871 721400 27860 05313 33173 14
V7 17 44| 42 16| 66851] 9468 72170{ 27830] 05320 33149| 13
I8 17 36| 42 24| 66875] 94674] 72201 27799 05326 33125 12
19 17 28] 42 32 sszm%l 94667 72231] 27769] 05333 83101} 11
0 | 8 17 20 3 42 40| 9.66922] 9.94660( 9.72262{10.27738/10.05340(10.33078| 10
i1 17 12| 42 48] 66946 94654 72293] 27707| 05346 33054 9
V9 17 42 56| 66970 72323] 27677] 05353 33030, 8
i3 16 66| 43 4| 66994 72354 27646 05360 33006 7
4 16 48] 43 12| 67018 72334  27616| 05366 32982 6
5 | 8 16 40| 3 43 20| 9.67042| 9. 9.72415(10.27585(10.05373[10 32958| 5
6 16 32| 43 28| 67066 72445 27555 05380 32934 4
7 16 2 43 36| 67090 72476] 27524 05386 32910 3
8 16 16| 43 44| 67113 72506] 27494 05393 32887] 2
9 16 8| 43 52| 67137 72537] 27463 05400 32863 1
i0 16 0 44 Of 67161] 94593 72557| 27433] 05407] 32839 ©O
1 'Houre.u./Houra.m.| Co-sine.! Sine. ! Co-tang.! Tangent.!Co-secant' Secant. | M

117 Degs.

Degs. 62.




Log. Sines, Tangents and Secants.

28 Degs. Degs. 151.
M Houra.m.[Hourr.m.| Sine. |Co-sine. [Tangent.| Co-tang.| Secant. [Co-secant| M °
01816 3 44 0] 9.671611 9.94593] 9.72567 10.27433{10.05407 10.32839; 60
1] 1552 44 8l 671850 945871 72598 27402 054131 32815 59 |
2 156 44| 44 16| 67208 94530] 72628] 27372 05420 32792 58
3 15 36| 44 24| 67232] 94573 72659 27341f 05427 32768 57 .
4 15 28] 44 32| 67256 94567 92689] 27311 05433] 32744] 56
5| 8 15 20| 3 44 40| 9.67280{ 9.94560| Y.72720{10.27280/10.05440{10.32720! 55 !
6 15 12| 44 48] 67303] 94553 7275 27250| 05447 32697 54
7 15 4] 44 56| 67327 94546] 72780 27220{ O. 32673 58 |
8 14 56| 45 4| 67350 94540| 72811f 27189] 05460,  32650( 52 .
g 14 48] 45 12| 67374] 94533] 72841 27156 05467  32626] 51 )
10-| 8 14 40] 3 45 20| 9.67395) 9.94526| 9.7287210.27128/10.05474/ 10.32502] 50 |
11 14 32| 45 28] 67421] 94519 72902( 27098 05481 32579 49
12 14 24| 45 36| 67445 94513| 72932 27068| 05487  32653| 48
13 14 16] 45 44| 67468 94506] 72963 27037] 05494 32532 47
14 14 8 45 52| 67492 94.£99] 72993] 27007 05501 32508 45 |
15814 0 3 46 9.67515] 9.94492] 9.73023{10.26977(10.05508(10.32485( 45 |
16 13 52| 46 8| 67539 94485 73054 26946 056515 32461 4
17 13 44| 46 16| 67562 94479 73084 26916 05521| 32438 43 [
18 13 86| 46 24| 67586 94472] 73114] 26886] 05528/ 32414{ 42 I
19 13 28| 46 32| 67609 94465 73144| 26856] 05535 32391| 41
20 |8 13 2(% 3 46 40| 9.67633] 9.94458| 9.73175(10.26825|10.05542(10.32367] 40
21 13 12| 46 48| 67656] 94451] 73205 26795 05549 32344{ 39
22 13 4] 46 56| 67680 94445 7323 26765] 05555  32320| 58 |
23 12 56| 47 4| 67703 94438 17326 26735 05562 32297| 31 .
24 12 48] 47 12| 67726 94431 73295 26705 05569|  32274] 3 ,
25 [8 12 40 3 47 20| 9.67750' 9.94424| 9.73326{10.26674(10.05576]10.32250| 35 |
26 12 32| 47 28] 67T773] 94417] 73356 26644] 05683 32237| 34 !
27 12 24| 47 36| 67796] 94410f 73386] 26614) 05590]  32204{ 33
28 12 16] 47 44| 67820] 94404 73416] 26584 05596 32180( 82
29 12 8] 47 52 67843] 94397 73446| 26554] 056603f 32157 31
30 | 8 12 0| 3 48 0| 9.67566 9.94390[ 9.73476/10.26524|10.05610[10.32134 30 .
31 11 52| 48 8 67890] 94333 73507 26493 05617 32110| 29 *
32 11 44| 48 16} 67913| 94376 73537] 26463 056624] 32087] 28 !
33 11 36| 48 24| 67936[ 94369 73567 26433 06631] 32064 27 ,
34 11 28] 48 32| 67959] 94362 73597 26403 05638 32041 % 1
35 | 8 11 20| 3,43 40| 9.6792| 9.94355] 9.73627|10.26373{10.05645(10.32018] 25 ,
36 11 12| 48 48| 68006 94349] 173657 26343] 05651 31994( 23 !
37 11 4] 48 56| 68029 94342 73687 26313] 056658 31971) %8 !
38 10 56| 49 4 68052] 94335 73717 26283] 05665{  31948| 22
39 10 48] 49 12| 68075 94328 73747 26253| 05672 31 21
40 | 8 10 40[ 3 49 20| 9.68098| 9.94321| 9.73777|10.26223{10.05679{10.31902| 20
41 10-32] 49 28| 68121 9431 73807 26193| 05686 31879 19
42 10 24| 49 36] 68144] 94307] 73837 26163| ©5693|  31856( 18
43 10 16| 49 44 68167 94300] 73867 26133] 05700] 31833 17
44 10 8] 49 52| 68190] 94293| 73897 26103| 05707 3181 16 .
45 | 8 10 0| 3 50 0| 9.68213| 9.94286| 9.73927(10.26073(10.05714(10.31787] 15 .
46 9 52| 50 8] 68237 94279 73957] 26043 05721]  31763| 14 *
47 9 44{ 50 16| 63260[ 94273] 73987 26013] 057271 31740 13
48 9 36| 50 24] 68283 94266 74017) 25983| 05734 31717} 1*
49 9 23| 50 32| 68303 94259 74047| 25953| 05741 31695 11 '
50 | 8 9 20| 3 50 40| 9.68328| 9.94252 9.74077(10.25923|10.05748(10.31672 10
51 9 12[ 50 48] 68351 9424, 74107) 25893 05755 31649 9 |
52 9 4| 50 56| 63374f 94238 74137 25863| 05762 31626/ 8 ,
53 | 8 56| 51 4| 68397 94231 74166 25 05769 Slggﬁ 1
54 8 48| 51 12| 68420 9422 74196| 25804| O0B8T76| 31580, 6
55 |8 8 40| 3 51 20| 9.68443| 9.94217| 9.74226{10.25774/10.05783(10.31557 5
56 8 321 51 28] 68466 9421 74256 25744 05790 31534 4
57 8 24| 51 36| 68489 9420 74286) 25714 056797 31511 3,
58 8 16/ b1 44| 68512 94196 74316 25684] 05804 31488
59 8 8| 51 52 68534 9418 74345 25655] 06811 31466( |
60 8 0 52 OI 68557) 94182 74375| 25625 05818 31 1]
M _[Hourr.x.IHoura.u.! Co-sine. | Sirie. ' Co-tang.[Tangent.C Secant. | M

118 Degs.

-

Degs. 61.



Log. Sines, Tangents and Secants.

-~

29 Degs. ) Degs. 150.
M [Houra.m.Houre.m.] Sine. { Co-sine. | Tangent.JCo-tang. | Secant. |Co-secant| M
018 8 0352 0]9.68657] 9.94182) 9.74375|10.25625{10.05818{10.31443 60
1 7 5 52 8l 68580 94175 74405 25595 058 31420 59
2 7 44| 52 16 68603] 94168] 74435 25565 05832 31397| 58
b 7 36 52 24] 68625 94161 7446 25635 05839 381875 57
4 7 28, 562 32 68648 94154] 74494| 25506] 05846] 31352| 56
5|8 7 20| 3 52 40{ 9.68671| 9.94147| 9.745624{10.25476(10.056853|10.31329] 55
6 7 12| 52 48] 68694 94140] 74554 25446] 05860 31306 54
7 7 52 56 68716 94133 74583 26417 05867 31284| 53
8 6 56| 53 4| 68739] 94126/ '74613| 25387| 05874 31261| 52
9 6 48] 53 12| 68762 94119] 74643] 25357 05881f 31238| 51
10| 8 6 40| 3 563 20| 9.65784| 9.94112| 9.74673(10.25327|10.05888|10.31216] 50
11 6 32| 53 28/ 68807 94105 74702 25298 05895 31193| 49
12 6 24 53 36 68829 94098] 74732 25268 05902] 31171 48
13 6 16] 53 44| 68852 94090 74762 25238 05910] 31148| 47
14 6 8 53 52 68875 94083 74791 25209] 05917 31125 46
15|8 6 3 54 0] 9.68897| 9.94076] 9.74821{10.25179|10.05924{10.31103{ 45
16 5 52 54 8 6892% 94069 74851 25149 05931 31080] 44
17 b 54 16 68942 94062 74880 25120 05938 31058| 43
18 5 36 54 24/ 68965 94055 74910 25090{ 05945 31035| 42
19 b5 28 b4 32 68987 94048] 74939 25061 05952| 31013 41
20 | 8 5 20 3 54 40( 9.69010] 9.94041| 9.74909|10.25031{10.05959{10.30990| 40
21 b5 12| 54 48] 69032 94034 74998 25002, 05966/ 30968| 39
22 5 54 56/ 69055 94027] 76028 24972] 05973| 30945| 38
23 4 560 55 4| 69077 9402 75058 24942 05980 30923 37
24 4 48 55 12 69100 94012 75087 24913 05988 30900{ 36
25| 8 4 40| 3 55 20| 9.69122| 9.94005| 9.75117|10.24883]10.05995{10.30878( 35
26 4 32| 5528 69144 93998| 75146 24854] 06002| 30856) 34
27 4 2 55 36 69167 93991 75176 24824 06009] 30833( 33
28 4 16] 55 44| 69189 93984 75205 24795 06016| 30811 32
29 4 8| 5552 69212 93977 75235 24765 06023 30788, 31
308 4 0356 0] 9.69234] 9.93970] 9.75264/10.24736{10.06030/10.30766| 30
31 352 66 8 69256 93963 75294 24706 06037 30744| 29
32 344 56 16 69279 9395 75823 24677, 06045 30721) 28
33 3 36 56 24 69301 93948 75353 24647 06052 30699| 27
34 3 28] 56 32| 69323 93941 75382 24618 06059 30677} 26
35| 8 320 3 56 40| 9.69345] 9.93Y34| 9.75411/|10.24589(10.06066(10.30655| 25
36 8 12| 56 48| 69368 93927 75441 245569 06073] 30632| 24
37 3 4-‘ 56 56 69390 9392 75470 24530; 06080 30610 23
38 2 56 57 4| 694121 93912 75500 24500, 06038 30588| 22
39 2 48 57 12 69434 93905 75629 24471 06095 30566 21
40 | 8 2 40| 3 57 20| 9.69456] 9.93898| 9.756558]10.24442(10.06102(10.30544] 20
41 2 32| 567 28 69479 93891 75588 24412 06109] 30521) 19
42 2 24 57 36 69501 93824 15617 24383 06116 30499| 18
43 2 16 57 44| 69523] 93876 75647 24353] 06124 30477 17
4 2 8 5752 69545' 93862} 75676 24324 06131 30455 16
45| 8 2 0368 0]9.69567 9.93862| 9.76705|10 24295(10.06138(10.30433( 15
46 152 58 8 69589 93855 75735 24260 06145 30411f 14
47 14| 5816 69611 93847] 17576 24236] 06153] 30389 13
48 1 36) 658 24 69633 938 75793 24207 06160i 30367| 12
49 1 28L58 32| 69655 9383 75822 24178 06167 30345| 11
50 | 8 1 20| 3 68 40| 9.69677) 9.93826 9.75852(10.24148(10.06174|10.30323| 10
51 112 658 48] 69699 93819] 175881 241191 06151 30301 9
52 1 4 58 56 69721 93811 75910 24090, 06189 3029 8
53 056 89 4/ 69743 938 75939 24061 06196f 30257) 7
54 048 59 12 69765  93797] 75969 24031 06203 30235 6
55| 8 0 40| 3 59 20| 9.69787| 9.93789| 9.75998]10.24002(10.06211{10.3021 b
56 0 32 59 28] 69809 93782 76027 23973] 06218 3019ﬁ 4
57 0 24| 59 36 69831 93775 76056 23944{ 06225 30169| 8
58 0 16 59 44| 69853 93768 76086 2391 06232 30147 2
59 0 8 569 52| 69875 9376 76115 23885 06240, 30125 1
60 /] 4 0'0 69897] 93753 1761 23856 06247 30103] O
M |Hourp.u.|Houra.n.| Co-sine.! Sine. |Co-tang.|T: t./Co Secant. | M

119 Degs. Degs. 60,
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Log. Sines, Tangents and Secants.

30 Degs. Degs. 149.
M _|Houra.w.[Hourr.u.[ Sine. | Co-siue.|[Tangent.| Co-tang| Secant. {Co-secant, M
0!8 0 4 0 0] 9.69897] 9.93753! 9.76144(10.23856{10.06247/10.30103| 60
117 59 562 0 8| 69919] 93746 76173 238271 062 30081} 59
2 59 0 16| 69941 93738| 76202| 23798 06262] 30059 58
3. 59 36 0 24{ 69963] 93731 76231] 23769 06269 30037| 57
4 59 28 0 32| 69984 93724] 76261 23739] 06276 30016 56
5769 4 0 40| 9.70006| 9.93717| 9.76290|10.23710(10.06283{10.29! 55
6 59 12 0 48] 70028 93709 76319 23681f 06291 29972( 54
7 59 4 0 56| 170050 93702 76348 23652] 06298] 29950 53
8 58 56 1 4] 70072 93695 76377 23623] 06305 29928f 52
9 58 48 112} 70093] 93687 764061 23594 06313] 29907} 51
10 | 7 58 40[ 4 1 20 9.70115] 9.93650 9.76435|10.23565(10.06320(10.29885 50
11 58 32 1 28] 70137] 93673] 76464 23536 06327 29863} 49
12 58 24| 1 .36] 70159] 93665 76493 23507 06335] 29841) 48
13 58 16| 1 44 70180f 93658| 76522 23478] 06342 29820| 47
14 58 8 152 170202f 93650 76551] 23449| . 06350 29798 46
15758 0 4 2 0| 9.70224 9.93643] 9.76580|10.23420{10.06357]10.29776 45
16 57 52 2 8| 70245 93636 76609] 23391 0636 29755| 44
17 57 44 2 16| 70267] 93628 76639 23361f 06372] 29733 43
18 57 36 2 24| 170288] 93621 76668 23332 06379] 29712| 42
19 57 28| 2 32| 70310] 93614 76697| 23303] 06386] 29690| 41
20 | 7 67 20{ 4 2 40| 9.70332| 9.93606| 9.76725({10.23275{10.06394/10.29668] 40
21 57 12 2 48] 70353 93599 T6754| 23246/ 06401 29647| 39
22 57 4 2 56| 70375 93591 76783 23217 06409 29625 38
23 56 56 3 4| 70396 9358 76812 23188 06416] 29 37
24 56 48, 3 12| 70418 93577 76841 23159 06423| 29582 36
25 |7 56 401 4 3 20| 9.70439] 9.93569| 9.76870/10.23130|10.06431|10.29561| 35
26 56 32 3 28| 70461 93562| 76899 23101f 06438 29539{ 3%
27 56 24| 3 86| 70482 93554( 76928 23072 06446 29518{ 33
28 56 16] 3 44 70504] 93547 76957| 23043 06453 29496] 32
29 56 8 3 52| 70525 93539] 76986/ 2301 06461 29475| 31
30756 04 4 0 9.70547| 9.93532| 9.77015/10.22985{10.06463[10.29453] 30
31 55 52, 4 8 70568 93525 77044] 22956 06475 29432 29
32 55 44 4 16| 170590 93517 77073] 22927] 06483 29410] 28
33 55 36 4 24| 70611 93510, 77101}  22899] 064 29389 27
34 55 28 4 32( 170633 93502 77130 22870 06498 29367 26
35 | 766 20{ 4 4 40| 9.70654| 9.93495| 9.77159(10.22841|10.06505(10.29346| 25
36 55 12 4 48] 70675 93487| 77188 22812 06513] 29325| 24
37| .55 4 4 56{ 70697 93480 77217| 22783] 065620{ 29303| 23
38 54 56 5 4 70718 93472 77246] 22754 065628 29282| 22
39 54 48 5 12| 170739 93465 77274 22726] 06535 29261 21
40 | 7 64 40| 4 5 20| 9.70761| 9.93457| 9.77303(10.22697|10.06543(10.29239| 20
41 b4 32 5 28] 70782] 93450f 77332 22668 06550 29218| 19
42 54 24 5 36/ 70803] 93442 77361] 22639 06558  29197] 18
43 54 16 5 44| 70824] 93435 77390| 22610{ 065665 29176{ 17
44 54 8 b5 52| 70846 93427 77418 22582 06573 291 16
451754 014 6 0f 9.70867| 9.93420| 9.77447]10.22553{10.06580{10.29133{ 15
46 53 52 6 8 70888 93412 77476 22524{ 06588 29112| 14
47 53 44/ 6 16| 70909( 93405 7750: 22495 06595 29091] 13
48 53 36 6 24| 170931 93397 77533] 22467 06603] 29069 12
49 53 28 6 32| 70952] 93390| 77562 22438 06610, 29048| 11
50 | 7 53 20{ 4 6 40 9.’70973 9.93382| 9.77591/10.22409{10.06618|10.29027| 10
51 53 12 6 4 70994 93375 77619] 22381 06625 29006/ 9
52 53 4 6 5 71015 93367 77648 22352 (6633 23985 8
53 52 56 7 4 71036 93360 77677 22323| 066: 289 7
b4 52 48 7 12| 71068 93352 77706 22294] 06648! 28942 6
56 | 7 62 40| 4 7 20[ 9.71079| 9.93344( Y.77734{10.22266{10.06656(10.28921] 5
56 52 32 7 28 71100 93337 77763 22237 06663] 28900 4
57 52 24, 7 36 71121 93329] 77791] 22209] 06671] 28379] 3
58 52 16 7 44 71142] 93322) 77820 22180 06678 28858] 2
59 52 8 752 T1163] 93314 77849| 22151] C6686| 28837 1
| 60 52 0 8 O 71184 93307 77877 22123 06693 283816] O
| M ‘Hourp.u.|Houra.m.| Co-sine.| Sine. ! Co-tang|Tangent.!Co-secant! Secant. | M

120 Degs.

Degs. 59
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Log. Sines, Taugeats and Secauts.

31 Degs. : . 148.
M_[HouraaJHourr.u] Sine. | Co-sine. | Tangent] Co-tang. Secant. [Co-secant] M
07562 4 8 0] 9.71184! 9.93307| 9.77877(10.22123[10.06693 10.23316| 60
1 51 52| 8 8 71206l 93299 77906 . 22004) 06701 28795 59
2 51 8 16| 712 93291} 77935 = 22065 06709 28774| 58
3 51 36 8 7124 932 77968 220637 06716] - 28753 57
4 51 28 8 32| 7126 93276] 77992] 22008] 0672 28732| 66
51751204 8 9.71289| 9.93269] 9.78020{10.21980{10.06731{10.28711| 65 °
6 511 8 48} 7131 93261 7804 219511 06739 28690 54
K 51 4 8 56| 71331} ' 93253] 98077} 21923] 06747 28669] 53
8 50 56 9 713, 93246] 78106) - 21894 06754] 26648 52
9 50 48, -9 124 7137 93238| * 7813 218G5| 06762] 28627 51
10 | 7 50 4 9 20| 9.71393] 9.93230| 9.78163{10.21837[10.06770{10.28607| &0
11 50 32| 9 28] . 71414] . 93223 78192] 21808 06777] 28586 49
12 50 2 9 36| 71435 93215, 7822 21780 06785 - 28565 48
13 50 16 9 T71456] . 93207 78249] 21751] 06793| 28544| 47
14 60 8| - 9 52 -714%| 93200 78277 21723| 06800 28523( 46
1517 60 0 9 71498 9.93192| 9.78306{10.21694{10.06808{10.2850| 45
16 49 71519, . 4318 78334] 21666] 06816 28481| 44
17 71339 98177 T8363] 21637 06823] 28461 43
18 7156/ 93169 78391 21609] 06831 - 28440 42
19 ’71581 © 83161 78419 21581 06839J 28419] 41
20117 9.71602] 9.93154| 9.73448(10.21552(10.06846/10.28398| 40
21 7!62 93146 78476] 21524{ 06 28378( 39
‘22 7164 93138 - 785231 2149 06862 28357 38
23 71664] 93131} 785 2146 06369 -28336| 37
24 - 7168 93123 78562| 21438| 0687 28315 36
25 |7 48 40| 4 11 20| 9.71705| 9.93115| 9.78590{10.21410/10.06885{10.28295] 35
26 48 32! 11 28] 71726] 93108] 7861 2138 06892]. 28274 34
27 48 24{ 11 36] 71747 931 78647 213 06900] 28253 33
28 48 16] 11 44] 71767 9309 7867 2132 06908( 28233 32
29 43 8 11 52| - 7178 93084] . 787 21296] 06916 28212 31
30748 0 412 0] 9.71809] 9.93077 9.78732{10.21268]10.06923{10.28191| 30
31 47 5 12 8] 71829 9306 78760 21240 0693 28171} 29
32 47 44| 12 16| 71850] 930611 78789 21211 0693 281 28
33 47 36| 12 24 7187 9305 78817} 21183( 069471 281 27
34 47 28] 12 321 7189 93046] 70845] 21155 06954 28109 26
35| 747 20] 4 12 40 9 7191 9.93088] 9.78874{10.21126/10.06962{10.28089] 25
36 471 12 48 7193 93030 7890 21098 0697 28068| 24
37 47 12 56f 71952 93022 73930 21070 0697 28048 23
38 46 56| 13 4f 71973 9301 -7895! 21041y 06986 20027 22
39 46 48] 13 1?{ 71994  93007] 78987] 21018 06993( 23! 21
40 | 7 46 40| 4 13 201 9.72014{ 9.92999| 9.79015{10.20935/10.07001(10.27986| 20
41 46 32| 13 28] 72034 92991 79043 20967‘ 07009} 27966, 19
42 46 13 36| 72055 92983 07017]  27945( ‘18
43 46 16| 13 44 72075, 92976 791 07024 27925|-17
44 |- - 46 8 13 52| 72096] 92968 79128 2087 07032 16
45 |7 46 0 4 14 0] 9.72116[ 9,92960] 9.79156]10.20844/10.07049(10.278
46 45 52| - 14 8| 172137 92952} 79185 20815
47 45 14 16] 72157) 92944 79213 20787
48 45 36| 14 24] 72177] . 92936] 79241] .20759
49 45 28| 14 3®| 72198 929291 71926 20781
5O | 7 4b 20| 4 14 20| 9.72218 9.92921| 9.79297|10.20703(10,07079|10.27762] 10
51 45 12| 14 48] 72238] 92913|. 793 20674] 07087 27762] 9
52 45 4{ 14 b6| 72259 92905 793 20646 0709, 27741] 8
53 44 56 156 722791 92897 79382, 20618, 071 T2y 7
54 4“4 48{ 15 12] 72299 928891 79410 20590 07111} 27701 6
55 | 7 44 40} 4 15 20| 9.72320| 9.92881| 9.79438(10.20562|10.07118{10.27680| &
56 44 82| - 15 28| 72340 92874 79466 20534 07126 27660 4
57 44 24] 15 36| 72360 92866] 79495 20505 O7L 3
58 44 16) 15 72381 92858,  7952. 204771 07142 276 2
59 44 8| ‘15 & 724011 928 79551 2044 071 27699 1
60 | 4 ol 16 0 72421 92849 79579] '20421] 07158 ~ 27579 ©
™ _|Hourp.m.[Houran.| Co-sine. | Sine. |Co-tmxngangent Co-secant! Secant. | M
121 Degs. Degs. 53.
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Log. Sines; Tangents and Secants.

v 32 Degs. . Degs. 147.
M |Houra.m.[Hourr.m.| Sine. | Co-sine. |Tangent. | Co-tang. | Secant. |Co-secmt‘ M|
017 4% 0 416 0] 9.72421| 9.9284¢] 9.79579(10.20421|10.07158(10.27579| 60
11 4352 16 8 72441] 92834] 79607| 20393 . 07166] 27559 59
2| 43 16 16] 72461] 92826] 79635| 20365| 07174 27539 58
3| 4336 16 72482 92818] 79663| 20337| 07182 27518] 57
12| 4328 1632 725020 92810] 79691] 20309 07190, 27498| 56
5|1 43 22' 3 16 40| 9.72522] 9.92803] 9.79719(10.20281(10.07197(10.27478] 55
61 4312 1648 72542| 92795| 79747| - 20258] 07205 27458( 54
7| 43 a| 16 56| 72562 92187 79776] 20224| 07213] 27438 53
8| 4256 17 72582 92779| 79804 201 07221  27418{ 52
o| 4248 1719 72602 92771 79832| 20168] 07229 27398| 51
70| 7 42 40| 4 17 20| 9.72622| 9.92763| 9.79860{10.20130{10.07237[10.27378 50
11| 4232 1728 72643] 92765] 79888] 20112] 07245 27357 49
12| 4224] 1736 72663] 92747 79916] 20084] . 07253 27337 48
18| 42 16| 17 44 72683] 92739] 79944| -20056] 07261 27317 47
14| 42 8] 17 52| 72708] 92731 79972 20028 07269 27297 46
1517 42 0 4 18 0] 9.72723| 9.92723| 9.80000/10.20000{10.07277(10.27277| 45
16| 4152 18 g 72743 92715 80028 19972 072 27257} 44
17| 4144 1816 72763) 92707] 80056| 19944] 07298} 27237| 43
18| 4136 18 72783 92699 80084| 19916] 07301 27217] 42
19| 4128 .18 32] 72803] 92691 80112] 19888 07309 27197 4t
20 | 7 41 20| 4 18 40| 9.72323| 9.92683{ 9.80140;10.19860|10.07317(10.27177| 40
21| 4112 18 48 72843 92675 80168] 19832 073! 27157 39
22 | 41 4 18 56| 72863] 92667] 80195 19805] 07383] 27137 38
23| 40 56| 19 4| 72883 92659 80223 19777] 0734 27117} 37
24| 4048 1912 72902 92651 80251 19749] 07349 27093 36
25 | 7 40 40| 4 19 20| 9.72922| 9.92643] 9.30279{10.19721{10.0735710.27075| 35
2 | 40 32| 19 28] 72942 92635 80307 19693| 07365 27058} 34 !
27| 4024 19 36| 72962] 92627] 80335 19665 07373 27033 33
28| 4016/ 19 72982| 92619| 80363| 19637] 07381 27018| 32
39| 40 8 1952 73002 92611] 80391 19609 07389 26998| 31
30 |7 40 0 4 20 0] 9.73022] 9.92603| 9.80419(10.19581|10.07397(10.26978| 30
31| 3952 2 8 73041] 92595 80447| 19553] 07405( 26959( 29
32| 39 20 16| '73061) 92587| 80474| 19526 07413{ 26939| 28
ss| 3936 2024 73081 92579 80502) 19498 07421f  26919) 27 |
34| 3923 2032 73101 925671] 80. 19470] 07429 26899} %6 |
35 | 7 39 20| 4 20 40| 9.73121] 9.92563| 9.80558(10.19442(10.07437{10.26879| 25 |.
36| 3912 2048 73140] 92555 80586| 19414] 07445 26860| 24 |,
37| 39 4] 20 56 73150' 92546) 80614| 19386] 07 26840| 23
38| 3856 21 73180] 92538] 80642 19358] 07462 26320f 22
-39 | 3848 21 12) 732000 92530 80669] 19331] 07470| 26800| 21
40 | 7 38 40| 4 21 20] 9.73219| 9.92522| 9.80697(10.19303(10.07478[10.26781| 20 |
41| 3832 2125 73233l 92514 80735 19275 074B6 26761 19 !
42| 3824 2136 73259 92506 80753 19247] 074! 26741} 18 |

. 43| 3816 21 73278| - 92498| 80781 19219| 01 26729 17
‘44| 88 8 21 52 73298] 92490 '80808| 19192] 07510 26702 16 |
45 |7 38 0 4 22 0] 9.73318| 9.92482] 9.80836/10.19164/10.07518(10.26682] 15 |
46| 37520 22 8 78331 92473 s0s64] 19186] 07527 26663( 14 |
41| 37 22 16] 73357] .92465| -80892] 19108 O7. 13 !
48| 3736 2224 73371 92457 80919] 19081 07 26623 12 |

49| 3725 2232 73396 92449 80947| 19053 07551 1
50 | 7 37 20| 4 22 40| 9.73416] 9.92441] 9.80975/10.19025/10.07559|10.26 10 |
51| 3712 . 22 73435 92433| 81003| 18997 07567] 26565 9 !
52| 37 22 56| 7. 92425 810 18970 07575 . 2 8 |
53| 3656 23 4 73474] 92416 81058 18942 07 26526 7 '
54 | 3648 23.12) 73494 92408 81086] 18914 07592 2 6 i

. 55 | 7 36 40| 4 23 20| 9.73513{ 9.9 9.81113/10.18887(10.07600!10.26487| 5
5 | 3632 2328 7 92392| 81141] 18859 07608 26467 4 !
57| 36 23 36] 73552 92384| 81169] 18831 07616 26448 3 '

- 58] 3616 23 73579 92376] 81196! 18304 076! 26428 2
59| 36 8 2352 73591 92367) 81224] 18776] 07633 26409| 1 |
60| 36 0 24 73611]  92359] 81252 18748] 07641) 26389 0
"1 M _|Houtr:x.|Houra.n Co-sine.| Sine. 'Co-tang. Tangent. 1Co-secant! Secant. | M |
- 122 Degs. Degs. 51




Log. Sines, I'angents and Secants,

Ko
[

33 Degs. o . 146.
M |Houra.m.[Hourp.m.| Sine. |Co-sine. |Tangent.| Co-tang.| Secant. [Co-secanty M
0736 0f 424 9.73611| 9.92369| 9.81252(10.18748[10.07641/10.26389{ 60 |
1 356 521 24 736301 92351 81279 187211 07649 26370{ 59
2 35 44| 24 16| 73650] 92343 81307 18693 07657 26 58
3 35 36| 24 73669 92335 81335 18665/ 0766, 26331| 57
4| 3528 2432 73689 92326 81362] 18638 0767 26311| 56
51 7 35 20| 4 24 40 9.78103[ 9.92318| 9.81390{10.18610(10.07682/10.26292( 55
6 35 12 24 48] 73727 92310{ 81418 18582 076 26273 54
7 85 4/ 2 56| 73747 92302 81445 18556 0769 26! 53
8 34 56| 25 4| 73766) 9229 81473 18527 07107 26! 52
9 34 48] 25 12| 73785 92285 81500f 18500| 07715 26215| 51
10 | 7 34 40| 4 256 20{ 9.73805| 9.92277] 9.81528|10.18472(10.07723{10.26195| 50
‘11 34 32| 25 28] 73824 92269 '81656] 18444] 07731] 26176| 49
12 84 24| 25 36| 73343 92260, 81583 18417 07740 26157| 48
13 341 26 73863] 92252( 81611 18389 07748 26137| 47
14 34 8 2552 73882 92 81638, 18362] 07756] 26118| 46
156 |7 84 0] 4 26 0] 9.73901{ 9.92235{ 9.81666{10.18334{10.07765/10.26099| 45
16 3352 26 8 73921 92227 81693| 18307 07773} 26079 44
17 33 44{ 26 16/ 73940| 92219 81721 18279 07781] 26! 43
18 33 36 26 24| 73959 92211] 81748 18252 0778 26041{ 42
19 33 28] 26 32| 73978 92202| 81776 224( 07798] 26022 41
20 | 7 33 20| 4 26 9.73997| 9.92194! 9.81803|10.18197(10.07806/10.26003| 40
21 33 12( 26 48] 74017 92186 81831 18169 0781 25983( 39
22 33 4/ 26 56] 74036/ 92177] 81858] 18142 (782 25964 33
23 32 56| 27 74055 92169 81886 - 18114 (07831] 256945 37
24 32 48] 27 12| 74074 92161 81913] 18087 07839 25926| 36
“25 | 7 32 40| 4 27 20| 9.74093| 9.92152| 9.81941{10.180569/10.07848{10.25907 35
26 32 32| 27 28] 74113] 92144 81968 lsggﬂ 07856] 25887| 34
27 32 24| 27 361 7413 92136] 81996 18 0786 25868 33
28 32 16f 27 74151 92127 82023 17977 (07873] 25849 32
29 32 8 2752 74170, 92119| 82051 17949 07881 25830| 31
301732 0 428 0 9.74189 9.92111| 9.82078/10.17922/10.07889|10.25811| 30
S1 81 52] 28 8 74208 92102 82106 17894 07898) 2579%( 29
32 31 44| 28 16| 742271, 9209 82133| 17867 07906] 25773 28
33 31 36 28 74246) 92086 82161 17839 0791 257541 27
34 31 28] 28 32| 74265 92077] 82188] 17812] 07 25735 26
35 | 7 31 20| 4 28 40| 9.74284] 9.92069] 9.82215(10.17785(10.07931{10.25716( 25
36 31 12| 28 48] 74303 92060] 82243] 17757 07940 25697 24
37 31 4] 28 66/ 74322 92062 82270 17730 07948] 25678] 23
38 30 56{ 29 74341 92044] 82298] 17702| 07956] 25659 22
39 30 48] 29 12| 174 92035 82325 17675 07965 25640 21
40 17 30 429 201 9.74379] 9.92027| 9.82352{10.17648{10.07973(10.25621] 20
41 80 82| 29 28] 74398] 92018 82380| 17620 07982 25602| 19
42 30 29 36| 74417| 92010{ 82407 17693| 07990 25 18
43 30 16] 29 44| 74436; 92002 82435 17565 07998 256564 17
44 30 8| 29 2| 74455| 91993 82462] 17538 08007 16
4517 80 0] 430 9.74474{ 9.91985| 9.82489|10.175611(10.08015/10.25626 15
46 29 52| 30 8 74493 91976] 82517| 17483| 08024} 25507 14
47 29 44] 30 16/ 74512 91968 82544} 17456| 08032] 25488| 13
48| 2936] 3024 74531 91959] 82571 17429] 08041f 25469 12
49 29 28| 30 32| 74549 91951 82599f ¥7401| ' 08049] 25451{ 11
50 | 7 29 20| 4 30.40{ 9.74568| 9.91942| 9.82626110.17374/10.08058{10.25432| 10
51 29 12| 30 48] * 74587) 91934] 82633 17347| 08066 25413 9
52 29 4/ 3056 74606 91925 82681 17319 08075 253 8
53 28 56| 31 4 74625 91917] 82708 17292 08083 25375 7
54 28 48] 381 12} 74 .91908] 82735 17265 08092 25356 6
55 |7 28 40{ 4 31 20| 9.74662| 9.91900| 9.82762/10.17238(10.068100{10.26338| 5
56 | 28 3 31 28] 74681] 91891 82790|. 17210f 08109 25319 4
57 28 31 36 174700{ 91883} 82817 17183 081}7} 25 3
58 28 16| 31 44| 74719|- 91874] 82844{  17156{ 08126 25281 2
59 28 8/ 31 52" 74737 91866 82871 17129} 081 25263 1
60 28 O 32 O 74756] = 91857 82899 17101 081 256244| O
M _[Hourr.u.Houra.m. Co-sine. I Sine. |Co-ting.|Tangent. Co-secant’ Secant. | M
123 Degs. CL i Degs. 86.



ke 2t

Log. Sines, Tangents and Secants.

34 Degs. Degs. 145.
M |Houra.m[Hourp.m.| Sine. | Co-sine. | Tangent.| Co-tang. Secant |Co-secant| M
0728 0| 432 0 9.74756] 9.91857| 9.82899/10.17101{10. 08143!110.252441 60
1 27 52| 32 8l 477 91849 82926] 17074 08151} 25225 59
2 27 44| 32°16] 74794 91840 82953 17047} 08160| 25206} 58
3 27 36| 32 24| 74812 918 8298 17020; 08168 25183f 57
4 27 28| 32 32| 74831 91823 83008] 16992( 08177 25149| 56
5 |7 27 20| 4 32 40| 9.74850( 9.91815! 9.83035(10.16965/10.08185[10.25150f 55
6| 2712 3248 74868} 91806 83062f 1693 0819 25132} 54
7 27 4] 32 56| 74887 91798] 83039 16911f 08202 25113 53
i 8 26 56| 33 4| 74906 91789] 83117 16383 08211] 25094 52
r 9 26 48/ 33 12| 74924| 91781 83144] 16856 08219 25076} 51
10 | 7 26 40| 4 33 20| 9.74943| 9.91772| 9.83171]10.16829/10.08228/10.25057| 50
11 26 32| 33 28] 74961 91763] 83198 16802 08237} 25039 49
12 26 24 33 36; 74980 91755 83225' 16775 08245 25020 43
13 26 16| 33 44] 74999 91746] 83252 167 08254| 25001} 47
14 26 8 3352 75017 91738 83280 16720] 08262] 24983| 46
15| 726 0] 4 34 0] 9.756036[ 9.91729| ¥.83307/10.16693(10.08271110.24964{ 45
16 26 52 34 8 750 91720{ 83334; 16666] 08280 24946 44
17 25 44 34 16| 75073|. 91712f 83361 16639] 08288) 24927} 43
18 |- 25 36| 3424 74991 91703} 83388 16612 08297 24 42
19 25 28] 34 32| 75110 91695] 83415, 16585 08305  24890| 41
20 | 7 25.20] 4 34 40[ 9.75128] 9.91686] 9.83442(10.16558/10.08314{10.24872| 40
21 25 12| 34°48] 75147 91677 834701 1656 08323 24853 39
22 25. 4/ 34 56 75165 9166 83497] 16503] 08331f 24835{ 38
23 24 56 35 4| 75184 -91660 8352 16476] 08340] 24816{ 37
24 24 48| 35 12| 75202 91651 83651f 16449 08349) 24798| 36
25 | 7 24 40| 4 35 20| 9.75221| 9.91643). 9.83578/10.16422(10.08357(10.24779} 35
26 24 32| 3528 75239 91634] 83605 16395 08366] 24761 34
217 24 24t 35 36| 75258f 91625 83632 163 08375f 24742| 33
28 24 16| 35 44| 75276 916l7l 83659} 16341 08383] 24724} 32
29 24 8| 3552 175294] 91608] 83686) 16314 08392} 24706} Si
30 | 7 24 O 4 36 0] 9.75313] 9.91599| 9.83713{10.16287(10.08401{10.24687] 30
31 23 52t 36 8| 75331 91591| 83740F 16260 08409 24669| 29
32 23 44 36 16] 175350] 91582 83768 16232 08418] 2. 28
33 23 36| 36 24| 175368 91573] 83795} 16205 08427 24632 27
34 23 28/ 36 32| 175386] 91565 83822 16178 08435 24614| 26
35 | 7 23 20| 4 3 40| 9.75405| 9.91556] 9.83849(10.16151|10.08444{10.24595| 25
36 23 12| 36.48] 75423 91547] 83876 1612 08453 24577 24
37 23 4 36 56[ 75441| 91538 83903 16097] 0846 23
L | 38 22 56| 37 75469 - 91530 839 16070] 0847 22
Fl 39 22 48| 37 12{ 75478 91521] 83957] 16043 ° 08479 24522 21
40 | 7.22 40| 4 37 20} 9.75496] 9.915612| 9.83984110.16016{10.08488}10. 24504 20
41 22 32| 37 28] 15614f 91504 84011} 15989 08496 19
42 22-24] 37 36f 78533] 91495} 84038] 15962 08505 ~4467 18
43 22 16} 37 . 75551  91486] 84065 1593 0851 24449 17
44 22 8 3752 75569p 91477 8409 15908] 08523] 16
45| 722 0/'4 38 0] 9.76587| 9.91469[ 9.84119 10.10881 10.08531{10. 24413 15
46 21 52| 33 8] 75605 91460} 84146 08540 24395 14
47| - 21.44] 3816] 75624 91451] 84173 ]5827 08549  24376] 13
48 21 36| - 38 24 75642[ 9i442; 842 15800| 08558 24868 12
49 21 28] 38 32| 75660 91433 84227 15773 11
50 | 7-21 20 4 38 40| 9.75678[ 9.91425[ 9.84254/10.15746 FOBE?& 10. 2432" 10
51 21 12| 38 48( 75696 91416} 8428 1572 085! 24304 9
52 21- 4f 38 56| 75714| 91407] 84307 15693 - 08593f 24286| 8
53 20 56| 39 4 75733 9139sf 843 1566 08602 24267 7
54 20 48] 39 12! 75751] 91389 84361 15639 08611 24249| 6
55 | 7 20-40| 4 39 20| 9.75769| 9.91381] 9.84388{10.16612/10.08619(10.24231[ 5
56 20.32f 39 2 75787 91372 84415 15585 08628 24213 4
57 20 2 39 36| 75805 91363} 84442 15558 08637 24195 3
58 20 1 39 44| 75823] 91354] 84469 15531 © 08646 24177 2
59 20 8| 39 52" 75841] 91345 84496 1 08655 24159 1
r | 80 20 0 40 o 75859] 91336f - 84523 15477 08664] 24141} 0
M |Hourp.m.'Houra.m.| Co-sine.! 8ine. ! Co-taung.ITangent.[Co-secant! Secant.| M
. 124 Degn. ~. Dege. 55.

1.




Log. Sines, "I'angents ana decants.

35&& Degs. 14.
M [Houra.|Hourr.s| Sine. | Co-sine.] Tangent, Co-tang. |-Secant. |Ce-secant] M
01720 o] 440 0] 9.75859] 9.91336] 9.84523110.15477110.08664:10.24141/ 60
1| 1952] 40 8 758771 913281 84550, 154501 086721 24123, 59
2| 19 44| 4016] 75895} 91319 84576| 15424{ 08631 24105 58
3| 19 36| 4024 75913[ 91310/ 84608 15397) 086! 24087 57
4| 19 28] 4032 75931] 91301 84630 158370| 08699 24069| 56
5| 719 20| 4 40 40| 9.75949} 9.91292| 9.84657|10.15348{10.0870810.24051| 65
6| 1912 40 48] 75967] 91283] 84684] 15316 08717 24033 54
7 19 40 75985 91274 84711 15289 08726] 24015| 53
8| 138 56 41 760603| 91266] 84738 15262 08734]. 23997| 52
9| 1848 41 12] 76021 91257| 84764 15236| 087 23979| 51
10| 7 18 40| 4 41 20| 9.76039{ 9.91248} 9.84791|{10.16209/10.08752/10.23961) 50
11| 1839 4128 76067 91239] 84818 15182 08761} 23943 49
12| 18 41 36] 76075 912 84845 15155 08770] 23925| 48
13| 18 16| 41 44] 76093] 91221f 84872 15128 08779 23907 47
14 18 8 41 52] 76111] 91212) 84899 15101) 08788| 23889) 46.
156|718 0 4 42 0] 9.76129f 9.91203| 9.54925/10.15075(10.08797/10.23871 45
16| 1752 42 8 76146] 91194] 84952] 15048] 08806| 23854| 44
17| 17 42 1G] 76164| 91185] 84979 15021f 08815 23836 43
18| 17 86| 42 24} 76182] 91176/ 85006] 14994/ 088 23818] 42
19| 17 28] 42 32| 76200 91167] 85033 14967 08833  23300f 41
20 | 7 17 20} 4 42 40 9.76218] 9.91158] 9.85059(10.14941110.08842{10.23782| 40
21| 17 12| 42 48] 176236 91149 85086| 14914/ 08851 23764 39
22 17 42 56| 76253 91141) 85113] 14887) 08859 23747 38
23| 1656 43 4] 76271] 91132] 85140] 14860 08868 23729( 37
24| 16 48] 43 12} 76289f 91123| 85166 14834 08877 23711} 36
25 | 7 16 40| 4 43 20 9.76307| 9.9Ii14] 9.85193}10.14807/10.08886{10.23G693| 35
26| 16 320 43 28 76324 91105] 85220f 14780| 08895  23G76( 34
27| 16 24| 43-36] 76342] 91096] 85247 14758| 08 23658| 33
28 | 16 16| 43 44 76360] 91087 85273 14727 08913 23640 32
w| 16 8] 45 52 76378f 91078 85300} 14700] 08922] 23622, 31
30| 716 0 444 0] 9.76395] 9.91069} 9.85327[10.14673{10.08931|10.23605} 30
31 15 520 44 8] 76413] 91060] 85354 14646 089 23587| 29
32| 15 44 16} 76431] 91051] 85380| 14620 08949  23569| 28
33| 1536 44°24] 76448 91042 85407} 14593 08958 23562| 27
34| 1528 44 32| 76466] 91033] 85434} 14566 08967f 23534 26
35 | 7 15 20| 4 44 40} 9.76484] 9.91023| Y.85460{10.14540{1Q.08977/10.23516
36 15 12| 44 48[ 76501} 91014{ 85437 14513
37 15 4 44 56| 76519] 91005| 85514] 14486
38 14 56| 45 4 76587] 90996] 855647 14460
39 14 48| 45 12| 76554} 90987] 85567 14433
40 | 7 14 40| 4 45 20} 9.76572| 9.90975| 9.85594{10.14406
41 14 321 45 28/ 76590} 90969 85620 14380
42 14 24} 45 36| 76607| 90960] 85647 14353
43 14 16| 45 44| 76625| 909561] 83674 14326
44 14 8| 46 52| 76642 90942| 85700 14300,
45 1 7 34 0| 4 46 0| 9.76660] 9.90933| 9.85727]10.14273|10.09067|10.23340{ 15
46 13 52{ 46 8 76677] 90924| 85754| 14246| 09076| 23323 14
47 13 44| 46 16] 76695 90915 85780f 14220{ 09085 23305 13
48 13 36| 46 24| 176712) 90906 85807| 14193 - 23288§ 12
49 | 13 28 46 32| 76730} 90896] 85834] 14166 091 23270} 11
50 | 7 13 20| 4 46 40| 9.76747( 9.90887| 9.85860{0.14140}10.09113{10.23253{ 10
51 13 12{ 46 48] 176765 Y0878 85887| 14113] 09122 23235(- 9
52 13 4| 46 56| 76782 90869| 8591 14087| 09131f 23218] 8
53 12 56) 47 4 76800 90860, 85940 1 091 23200, 7
54 12 48| 47 12| 76817 90851 85967 1 09149] 23183 6
55 | T 12 40| 4 47 20{ 9.76835] 9.90842| 9.85993/10.14007;10.09158(10.23165{ 5
56 12 82| 47 28] 176852 90832 86020 13980) 23148 4
57 12 24) 47 36| 76870, 908 86! 13954 2313¢| 3
58 12 16| 47 44 76887 90814 86073 13927 23113 2
59 12 8| 47 52 76904| 90805| 86100 13900 23096 1
60 12 0] 48 O 76922 90796| 86126 13874 23078) 0
M _|Houre.x. Houra.x.| Co-sine.! Sine. !Co-tang./Tangent.!Co-secant’ Secant. | M
125 Degs.. - } . Degs. 54,




Log. Sines, Tangents and Secants.

36 Degs. Degs. 143,
M [Hours.m]Hourr.m| Bine. | Co-sine. Tangent.| Co-tang.| Secant. [Co-secanyj M
01712 0448 0 9.769‘22| 9.90796! 9.86126!10.13874!10.09204{10.23078| 60
1] 1152 48 8 76939 90787l 86153 - 13847 0921 23061| 59
2 11 44 48 16/ 76957 90777| 86179 13821 09223] 23043| 58
3 11 36| 48 2 76974] 90768 86206) 1379 09232| 23026{ 57
4 11 28] 48 32| 76991 90759 86232 13768 09241 23009 56
& {7 11 20 4 48 40{ 9.77009| Y.90750| 9.86259{10.13741(10.09250(10.22991} 55
6 111 48 48| 77026] 90741 86285 13715{ 09259 22974 54
7 11 48 56f 770431 90731 86312 1368 09269} 22957 53
8 10 49 4 77061} 90722] 86338 1366 09278]  22939| 52
9 10 48] 49 12| 77078 90713] 86365 13635 09287 22922 51
10 | 7 10 40| 4 49 20| 9.77095 9.90704{ 9.86392(10.13608{10.09296°10.22905| 50
11 10 32] 49 28| 77112 90694] 86418 13582 09306] 22888} 49
12 10 2/ 49 36| 77180] 90685 86445| 13555 09315 22870] 48
13 10 16] 49 44| 77147] 90676 86471) 13520] 09324 22853{ 47
14 10 8 49 52| 77164 90667F 86498 13502 09333/ 22836| 46
157 10 6 4 50 0] 9.77181] 9.90657| 9.86524(10.13476{10.09343/10.22819{ 45
16 952 50 8 7T7T199] 90648 86551 13449] 09352! 22801} 44
17 9 44/ 50 16f 77216] 90639 8657H - 13423 09361] 22784] 43
18| 936 50 24f 77233 90630f 8G603| 13397) 09370} 22767 42
19 9 28] 50 32} 77250) 90620f 86630| 13370| 09380{ 22750{ 41
20 {7 9 20{ 4 50 40] 9.77268| 9.90611] 9.86656(10.13344]10.09389'10.22732] 40
21 91 50 48] 772851 90602{ 86683] 13317] 09398 22715 39
22 9 4} 50 56f 7T7302{ 90592] 8G709] 13291 09408; 22698] 38
23 8 56| &1 4] 77319 90583 86736] 1326 09417} 22681 37
24 8 48] 51 12| 77336 9057 86762] 13238] 09426] 22 36
25 |7 8 40| 4 51 20| 9.77353] 9.90565] 9.86789(10.13211{10.09435[10.22647] 35
26 8 32| 51 28] 77370[ 90555) 86815 13185 09445 22630] 34
27 8 24/ 51 36] 77387 90546 8684 13158 0945# 22613( 33
23 8 16| 51 44] 77405 90537} 86868{ 13132 0946 22595 32
29 8 8| 51 52f 77422] 90527] 86394{ 13106] 09473 22578| 31
30 |7 8 0 4562 0]9.77439| 9.90518] 9.86921{10.13079{10.09482/10.22561
31 752 52 8 77456 90509] 86947 09491
32 744 52 16] T7473] 90499] 86974 09501
33 7 36| 52 24] 77490 90490' 87000 09510‘
34 7 28] 52 32 77507 90480 87027 09520
357 7 20] 4 52 40] Y.77524] Y.90471] 9.87053|10.12947{10.09529]10.22476] 25
36 7 12| 52 48; 17541 90462] 87079] 12921} 09538 - 22459 24
37 7 4] 52 56| 7558 90452] 87106| 12894] 09548 22442| 23
38 6 56 63 4f 7I575) 87132 12868} 0955 22425 22
39 6 48] 53 12| T7592 90434' 87158 12842 09566 22408] 21
30 |7 6 40| + 53 20| 9.77609| 9.90424| 9.87185(10.1281510.09576/10.22391| 20
41 6 321 53 28} 77626] 90415 87211 12789] 09585 22374f 19
42 6 24 b3 36f 77643] 90405] 87238 12762 09595 22357 18
43 6 IGI 53 44| 77660, 90396 87264 12736] 096 2 17
4 6 8| 5352 77677} 90336f 87290{ 1271 09614] 223! 16
456 |7 6 0| 454 0] 9.77694] 9.90377[ 9.87317(10.12683/10.09623/10.22306] 15
46 1. b55Y 54 8 77711“ 90368] . 87343] 12657| 09632, 22289 14
47 b 44 84 16| TTI28] 90358 87369 12631] 09642{ 22272 13
48 5 36) 54 24| TTI44} 90349f 87396 1 09651] 22256 12
49 b 28' 54 3 77761 90339f 87422 12578 - 09661] 22239 11
5017 62 4564 9.77778| 9.90330{ 9.87448(10.12552(10.09670{10.22223| 10
51 512 54 48] TTI95 90320f 87475 12525 0968 22205 9
52 5 54 56/ 778121 90311} 87501 12499 09689 22188} 8
53 4.5 55 4f 77829} 90301 87527| 12473 09699 22171 7
54 4 48] 55 12| 77 90292| 87554| 12446| 09708 221 6
55 | 7 4 40| 4 65 20| 9.77862| 9.90282| 9.87580|10.12420/10.09718(10.22138) 5
56| 492l 5528 77879 90273 ©57606| 12394 09727] 22121] 4
51 4 2 56 36] 177396] 90263 87633 12367] 09737 221 3
58 4 16| 55 44/ 77913] 90254, 87G59] 12341 09746 2208 2
59| - 4 8 5552 . 7T7930] 90244 87685 12315 09756 22070{ 1
60 4 0 56 0 77946 90235 87711 ,12289] 09765 22054{ 0
M 'Hourr.u.lHoura.x) Co-sine.! Sine. | Co-tang.Tangent.!Co i Secant. | M
126 Degs. .. Degs. 53.




Log. Sines, 'l'angents and Secants.

 31Degs. '

* Degs. 142.

M |Hours.m Hourp.m.| Sine. |Co-sine.|Tangent, Co-tang.| Secant. Co-secant] M |

017 4 4 56 9.77946| 9.90235| 9.87711]10.12289(10.09765(10.22054{ 60
1 352 66 8] 77963| 90225 87738 12262 09775 ° 22037! 59
2 3 56 16| 77980 90216 87764 12236 097 22020 58
3 8 36| 66 24/ 77997 90206/ 87790| 12210 0979 22003| 57
4 3 28 66 32| 78013 90197| 87817 12183 0980 21987| 56
517 3 20 4 56 40| 9.78030| 9.90187( 9.87843|10.12157|10.09813110.21970| 56
6 3 12| 56 48| 78047, 90178 87869| 12131] 098221 21953| 54
7 56 56| 78063 90168 87895 12105 09 21937 53
8 57 4| 78080, 90159 87922 12078 09841 21920 52 |
9 57 12] .78097| 90149 87948] 12052| 09851 21903| 51

3
B85

57 36| 7814%] 90120] 83027
78163f 90111 83053

57 28] 78130 BOIGT 88000
57 52{ 78180{ 90101} 88079,

—
[ XSY X
g
£

4 57 20| 9.78113| 9.90139| 9.87974(10.

12000( 09870; 21870 49
11973 098 21853
11947 09889 21837,

12026/10.09861{10.21887| 50
11921| - 09899 21820

b X
>
&
(=]

58 8 78213 90082 88131
58 16/ 78230, 90072 88158

[

9.78197| 9.90091| 9.88105(10.

11895|10.09909(10.21803]
11869] 09918} 21787
11842( 09928 217;21

18 36, 58 24| 78246 90063| 88)84( 11816] 0993 217
19 28' 58 32| 78263] 90053 88210, 117 09947 21737
20( 4 58 40| 9.78280| 9.90043] 9.83236(10.11764/10.09957/10.21720
21 12f 58 48/ 78296/ 90034/ 88262 11738 09966] 21704
22 4/ 58 56| 78313 90024 88289 11711f 09976] 21687
23 56/ 59 4| 78329 90014 88315 1168 09986] 21671
24 48] 59 12| 78346 90005 88341) 11659 09995 21654
25|17 40| 4 59 20| 9.78362| 9.89995( 9.88367|10.1163310.10005{10.21638
26 321 59 28] 78379] 89985 88393 1001 21621
27 59 36/ 78395 89976 88 100 21
28 1 59 441- 78412 89966 88446 100. 21588
29 59 52| 78428 89956 88472 1 2157

g
=2
Voo
(o)

(2

13

& o
(2]

8
-
VOO ICOCOO! O O vt it g bt bt it pee }D| 1O 2 1S 29 20| M0 ¥ W

78478 89927 88550

78494| 89918] 88577

9.78445| 9.89947} 9.88498/10.11502}10.10063{10.21
78461f 89937 885! 11476 l% 21539,

11450, 1 2152

11423] 10082 21506

ILVL2RUL L 4B ERE L5658

0

0 8

0 16

0 2

34 59 28| 0 32§ 178510 89908 88603 11397, 1 2]490' 26
35 6 69 20| 5 0 40| 9.78527| 9.89898| 9.88629|10.11371(10.10102/10.21473/ 25
36 69 12 0 48] 78543 89888 88655 11345 10112] 21457 24
37 59 4 0 56| 178560, 89879 88681 1131 10121 21 23
38 58 56| 1 78576) 89869 88707 11293] 10131 21424 22
39 58 48| 11 78592 89859 88733 11267 10141 21408) 21
40 | 6 58 & 1 20 9.78609| 9.89849| 9.88759/10.11241(10.10151{10.21391| 20
41 58 3 1 28 78625 89840 88786 11214 101 21375| 19
42 58 2 136] 78642, 89830|- 88812 11188] 1017 21358| 18
43 58 16 1 78658 89820, 83838} 11162] 101 21342| 17
44 58 8 1 52| 78674 89810/ 88864 11136 101 21326| 16
45 | 6 58 5 2 9.78691| 9.89801! 9.88890{10.11110{10.10199/10.21309| 15
46 57 52 2 8 178707 89791 88916/ 11084 1 21293 14
47 57 2 16f 78723 89781] 88942 11058 1021 212717 13
48 5736 - 22 78739 89771 88968 11032 102 21261 12
49 57 28 2 32| 78756 89761 88994 11006 . 1023 21 n
50 | 6 57 201 5 2 9.78772| 9.89752| 9.8 10.10980(10.10248/10.21 10
51 57 12 2 48| 78788 89742 89046 10934| 1 21212] 9
52 57 2 56| 78805 89732 8907 109271 102 21195 8
53 56 56 R] 78821 89722 89099 10901 1027 21179} 7
54 56 48] 3 12} 78887| 89712] 89125 10875 10288 21163| 6
55 | 6 56 5 3. 9.78853| 9.89702| 9.89151/10. 10 10.10298{10.21147 5
56 56 32 3 28] 178869 89693 891 108 10307 21131 4
57 56 3 36| .78886) 89683] 89203| 10797 . 10317 21114 3
58 56 16 3 . 78902 8967 89229 10771 1032 21098 2
59 56 8| 3 52 78918] 89663 89255 10745/ 10337] 21082 1
60 56 0] 4 789 89653 89281 10719 10347 . 21066 ©
M |Hourp.m.|Houra.m! Co-sine.| Sine. |Co-tang.[Tangent.|Co-secant| Secant. | M
i Degs. 52.

127 Degs. :




Log. Snes, 1angents ana decauw.

Degs. 131,

38 D
M Honm.l.ﬁoun.u.l?i‘ne. | Co-sine. {Tangent.|Co-tang.| Secant. |Co-secant; M |
0(65 O0|-5 4 0 9.78934] 9.89653|-9.89281/10.10719(10.10347/10.21066! 60
1 55 52 4 8 789 89643! 89307 10693l  10357] 21050! 59
2 56 41 78967 89633] 89333 10667 10367 2103% 58
3 b5 36 42 7898 896! 89359 10641 10376{ 21017 57
4 55 28 4 7899 89614 89385 10615 10386] 21001/ 56
51655205 4 9.79015 9.89604] 9.89411/10.10589{10.10396 10.20985! 55
6 b5 1 4 48] 79031 8959 89437| 610563 10406 20969 54
1 b5 4 56| 79047 89584 8946 10537 10416] 20953 53
-8 54 5 7906 89574 . 8948;‘ 10511 10426 20937 52
9 54 43 51 7907 89 89515 10485 10436 20921! 51
106 544016 5 9.79095| 9.89 9.89541 10.10453'10.!0446‘ 10.20905; 50
11 54 32 5 28] 79111 89 89567 1043. 10456| 20889' 49
12 54 24 5 36| 79128 89534] 8959 10407 10466{ 20872 48
13 541 5 7914 895! 89619 10381 10476 20856! 47
14| 54 8 b5 52| 7916 8951 89645, 1035&' 10486 20840«! 46
16|/6564 0[5 6 9.79176] 9.89504{ 9.89671|10.10329{10.10496{10.20824| 45
16 53 52 6 8 791 89495] 89697 10303 1050. 20808, 44
17 53 6 16 79208 89485 897 10277 1051, 20792 43
18 53 36 6 24] 79224 8947 8974 10251 105 20776‘ 42
19 53 28 6 32| 792 89465| 89775 10225 10535] 20760; 41
20| 653256 6 9.79256| 9.89455| 9.89501/10.10199{10.10545{10.20744, 40
21 53 1 6 7927 894 89827 10173 10555 20728| 39
22 53 4 6 5 79238 89435 89853 10147 10565 20712 38
23 52 56 7 T9304f 89425 89879 10121 10575 20696’ 37
24 52 48 7 12 79319 89415 89905‘ 10095 10585 206381 36
25 | 6 52 40| 5 7 20| 9.79335] 9.89405] 9.89931(10.10069(10.10595(10.20665 35
26 52 32 7 79351 8939 89957 10043| 10605 .20649' 34
27 52 2 7 79367 893 89983 10017 10615 20633 33
28 52 16 7 79383] 89375 90009 0999H 10625 20617, 32
29 b2 8 7 :;1 79399 8436 90035 '09965] °"10636| 20601 31
30| o 62 5 8 9.79415| 9.89354( 9.90061(10.09939 10.10646'10.20586§ 30
31 51 5 8 . 79431 893 90086 09914] 10656 20569 29
32 b1 44 8 16| 79447 893, 901;:1 09888 10666 20553; 28
33 51 3 8 7946 89324 9013 0986 10676] 20537, 27
34 51 8 3 79478 8931 90164| 09836 10686 20522 26
35| 6 61 5 8 9.79494{ 9.89 9.90190{10.09810{10.10696{10.20506; 25
36 811 8 44 7951 892 90216; 09784 10706 20490 24
87 51 85 795! 8928 00242 09758) 10716] 20474 23
38 50 56| 9 7954 8927 90268 09732 107 20458: 22
39 50 48] 91 7955 89264] 902 09706 10736] © 20442 21
40 | 6 50 40| 6 9 20| 9.79573 9.89254| 9.90320{10.09680|10.10746{10.20427, 20
41 50 32 9 28] 79589 892 90 096. 107 20411| 19
42 50 9 36 79605 89! ~ 90371 ' 0962 10767 20395 18
43 50 16 9 79621}, 892 9039 0960 10777} 20379| 17
44 50 8 9 5 796 89213 904! 09577 10787 20364| 16
45 |6 50 0f 5 10 9.79652(- 9.89203] 9.90449{10.09551{10.10797{10.20348| 15
46 49 52| 10 8] 79668 8919 9047. 0952 10807 20332 14
47 49 10 16] 79684f - 89183 90501y ©09499] 10817 20316} 13
438 49 36| 10 24] 79699 89173 905 0947 10827 20301 12
49 49 28| 10 32| 79715 89162] 90553] 09447 10838] 20285( 11
50 [ 6 49 5 10 40| 9.79731} 9.89152] 9.90578(10.09422{10.10848|10.20269} 10
51 49 12| 10 79746 89142 90604 09396] 1085 20254 9
52 49 10 56] 79762] 89132 90630 0937 10868] 20238 8
583 48 56 11 7977 8912 90656| - O 10878 7
54 48 48 11 12] 79793| 89112 90682 09318 10888 20207 6
56 | 6 48 40] 5 11 20 Y.79309| 9.89101] 9.90708/10.09292{10.10899/10,20191: 5
56 48 321 11 28] 79825 89091 90734 09266] 10909] 20175 4
57 48 24/ 11 36] 798 89081f 90759] €9241] 1091 20160 3 .
58 48 16| 11 44] 79856! 89071 9978 09215 - 109 201 2
59 48 8 11 52| 79872 89060, 90811 0918 109 20128, 1
60 48 12 79887 89050 90837] 09163 - 10950 20“3! g :
M_|Houre.m./Houra.u./ Co-sine.’  8ine. ICo-tang. Tangent.|Co-secant! Secant. ' M |"
128 Degs. B PRI Dega. 1.
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Log. Sines, Tangents and Secants.

9

39 Deg. 140.
M Houm.l.ﬁ-imrr.f.] Sine. | Co-sine. | Tangent] Co-tang| Secant. |Co-sccany] M
016438 512 9.79887} 9.89050! 9.90837(10.09163[10.10950(10.20113| 60
1 47 5 12 8 79903, 89040 90863 09137 10960 20097 59
2 47 44, 12 16 '799]8' 89030 90889 09111 10970] 20082 53
3 47 36| 12 24] 79934 8902 90914{ 09086 10980| 20066| 57
4 47 28| 12 32| 79950 89009 90940 09060 10991] 20050, 56
l 51647 200 5 12 40| 9.79965| 9.88999( 9.90966(10.09034{10.11¢01 10.20035| 55
| 6 47 12| 12 48] 7998l| 88989] 90992 09008 11011 20019 54
7 47 4 12 66] 79996| - 83978] 9101 08982 11022 53
8 46 56| 13 41 80012] 88968 91043 08957 11032  199e8| 52
9 46 48] 13 12| 80027 88958 91069 08931 11042]  19973| 51
10 | 6 46 40| 5 13 20| 9.80043| 9.83948] 9.91095[10.08905(10.11052/10.19957 50
11 46 32| 13 28] 80058] 88937} 91121| 08879 11063] 19942 49
12 46 24/ 13 36| 80074 88927 91147 0885 11073{  19926| 48
13 46 16| 13 44/ 80089 88917 91172| 08328 11083 19911 47
14 46 8| 13 52| 80105 88906] 91198 08802 11094 19895 46
1561646 0 65 14 0 9.80120[ 9.88596| 9.91224/10.08776(10.11104|10.19880| 46
16 45 52| 14 8| 80136 8888G| 91250 08750, 11114 19864 44
17 45 44 14 16| 80151| 888Y5| 91276| 08724] 11125| 19849 48
18 45 36! 14 24| 80166] 88865 91301| 08699 11135 19834] 42
19 45 28| 14 32| 80182 88855 91327| 08673 11145 19818] 41
20 | 6 45 20| 5 14 40| 9.80197( 9.88844| 9.91353(10.08647(10.11156(10.19803| 40
21 45 12| 14 48] 80213] 88834| 91379 08621 11166 19787 39
22 45 14 56| 80228| g88824| 91404] 08596| 11176| 19772 38
23 44 56) 15 41 80244f 88813| 91430 08570 11187] 19756 37
24 4448 15 12| 80269 88803| 91456| 08544] 11197] 19741| 36
2516 44 40) 6 15 20| 9.80274| 9.88793| 9.91482(10.08518]10.11207|10.19726| 35
26 44 321 1528 80290| 68782 91507| 08493 11218 19710| 34
27 44 24 1536/ 80305 88772 91533| 08467] 11228] 19695 33
28 44 16| 15 80320] 88761 91559 08441 11239) 19680] 32
29 44 8| 1552 80336 88751 91585 08415  11249] 19664/ 31
301644 0516 0] 9.80351] 9.88741 9.91610{10.08390]10.11259(10.19649| 30
31 43,52] 16 8 80366/ 83730 91636 0836 11270 19634 29
32 43 44/ 16 16) 80382] 88720 91662| 08338 11280 19618| 28
33 43 36| 16 24| 80397) 88709| 91688 08312] 11291 19603| 27
34 43 28| 16 32] 80412| 38699 91713 0828 11301 19588| 26
35| 643 5 16 40| 9.80428| 9 88688| 9.91739(10.08261|10.11312(10.19572| 25
36 43 12( 16 48| 80443| 88678 91765| 08235 11322 19557] 24
37 43 4| 16 56| 80458 88668 91791] 0820 11332  19542| 23
38 42 56| 17 4/ 80473 88657| 91816| 0818 11343 19527 22
39 42 48] 17 12| 80489 88647 91842| 08158 11353 19511} 21
40 | 6 42 40| 5 17 20| 9.80504 9.88636| 9.91868[10.08132(10.11364{10.19496] 20
41 42 321 17 28 80519 88626 91893 08107 11374] 19481| 19
42 42 24 17 36] 8 88615f 91919] 08081 11385 19466, 18
43 42 16} 17 44| 80550, 88605 91945| 0805 11395 19450 17
4“4 42 8 17 52 80565 88594] 91971] 08029) 11406] 19435 16
451642 0 518 0| 9.805680] 9.88584| 9.91996(10.08004{10.11416 10.19420{ 15
46 41 52| 18 8| 80595 88573 92022| 07978 11427) 19405 14
47 41 44| 18 16| 80610 88563] 92048| 0795 11437  19390{ 13-
48 41 36| 18 24| 80625 88552 92073 07927] 11448] 19375 12
49 41 28] 18 32| 80641 88542‘ 92099) 07901 11458 19359 11
50 | 6 41 20{ 5 18 9.80656% 9.88531| 9.92125{10.07875(10.11469{10.19344 10
51 41 12| 18 48| 80671] 88521 92150 078 11479 19329 9
52 41 4 18 56| 80686] 88510{ 92176] 0782 11490 1931 8
53 40 56 19 80701| 88499f 92202| 07798] 11501 19299 7
54 40 48] 19 12} 80716| 88489 92227 07773] 11511 19284 6
55| 6 40 40| 5 19 20 9.80731| 9.88478| 9.92253[10.07747|10.11522(10.19269| 5
56 40 321 19 28 80746] 83468 92279 07721 11532 19254 4
57 40 24| 19 36| 80762 88457] 92304] 07696] 11543| 19238 3
58 40 16/ 19 44( 80777| 88447 92330] 07670] 11553] 19223 2
59 40 8| 19 52| 8079 88436 92356] 076 11564 19208 1
G0 40 O0f 20 80807)  88425] 92381 07619 11575 19193| ©
M _'Hourp.m.'Houra.m. Co-sine. ! Sine, | Co-tang.| Tangent.!Co-secant! Secant. | M
129 Degs. Degs. 50.




Log. Sines, Tangents and Secants.

.

40 Degs. Degs. 139.
M |Houra.m.[Hourrm.| Sine. | Co-sine.| Tangent. Co-tang| Secant. [Co-secanty M | |
0640 O 520 0 9.80807 9.88125! 9.92381(10.07619{10.11575/10.19193) 60
1 39 52| 20 8l 80822] 88415 92407 07593f 11535] 19178! 59
2 39 20 16| 80837] 88404] 92433 07567 11596/ 19163| 58
3 39 36] 20 2 80852 68394 92458| . 0754 11606| 19148 57
4 39 28] 20 32| 80867| 88383] 9248 0751 11617} 19133{ 56
5| 6 39 20| 5 20 40| 9.80882| 9.83372| 9.92510{10.07490{10.11628}10.19118} 55
6 39 12| 20 48| 80897 88362 92535 0746, 11638) 19103} 54
7 39 4 20 b56] 80912| 88351 92561 0743 11649, 19088| 53
8 38 56| 21 4| 80927] 88340| 92587 0741 11660} 19073} 52
9 33 45| 21 12| 80942 88330] 92612] 07383 11670| 19058] 51
10 | 6 33 40| 5 21 20| 9.80957, 9.86319] 9.92638/10.07362{10.11681(10.19043] 50
11 38 32 21 28| 80972| 88308] 92663] 07337} 11692} 19028 49
12 38 2 21 36{ ©0987] 88298 92689 07311 11702] 19013| 48
13 38 16| 21 44 81002| 88287 9271 07285 11713 18998] 47
14 38 8| 21 52| 81017] 88276 927 07260] 11724} 18983| 46
15| 6 33 0 5 22 0] 9.51032| 9.85266| 9.92766/10.07234{10.11734110.18968 45
16 37 52| 22 8| 81047] 88235 92792 07208 11745 18953| 44
17 37 22 16/ 81061 88244 9281 07183 -11756] 18939} 43
18 37 36| 22 24| 81076 88234 9284 07157 11766} 18 42
19 37 28| 22 32| 81091 88223 92868 07132 ll777l 18909; 41
20 | 6 37 20| 5 22 40| 9.81106| 9.88212] 9.92894{10.07106{10.11788|10.18894{ 40
21 37 12| 22 43| 81121] 88201 9292 0708! 11799 18879} 39
22 37 4| 2256/ 81136/ 88191 92945 07055 11809 18864 38
23 36 56| 23 4| 81151 88180 92971f ©07029| 11820| 18849 37
24 36 48| 23 12| 81166] 88169f. 92996 OT! 11831 18834{ 36
25 | 6 36 40 5 23 20| 9.81180! 9.88158 9.93022 10.06978[10.11842(10.18826f 35
26 36 32| 23 28] 81195] 88148 93048 06952| 11852 18305( 3¢
27 36 2 23 36/ 81210{ 88137} 9307 06927 11863 18790 33
28 36 16! 23 44| 81225 88126 93099 06901 11874} 18775| 32
29 36 8| 23 52| 81249 88115/ 9312 0687 11885 18760 31
3016 36 0 5 24 0| 9.81254] 9.88103| 9.93150]10.06850410.11895(10.18746 30
31 8552 24 8 81269 88094/ 93175 0682 18731} 29
32 35 44| 24 16| 8!284 88083| 93201f 0679 *18716] 28
33 35 36| 24 24| 81299| 88072 93227 0677 18701} 27
84 35 28| 24 32] 81314 88061 93252] 067 18686} 26
35 | 6 35 20| 5 24 40| 9.81328 9.88051| 9.93278{10.06722}10.11949) 10.18672| 25
36 85 12| 24 48| 81343] 88040 9330 06697 1196 18657| 24
37 85 4| 24 56/ 81358] 88029 93329| 06671 11971 18642 23
38 34 56| 25 4| 81372 88018 93 066 1198 18628| 22
39 34 48] 25 12) 81387 88007 9338 0662 1199 18613| 21
40 | 6 34 40| 5 25 20| 9.81402| Y.87996| 9.93406/10.0659 10.12004{10.18598| 20 |
41 34 32| 25 28] 81417| 87985 93431] 06569] 12015 18583} 19
42 34 24| 25 36| 81431 87975 93457 065 120 18569 18
43 34 16| 25 44| 81446 87964] 93482 06518 12036| 18554 17
44 34 8| 2552 81461 87953 93508| 064 12047| 18539] 16
45| 6 34 0 5 26 0| 9.81475| 9.87942| 9.93533(10.06467 10.12058{10. 185! 15 l
46 33 52| 26 8| 81490 87931 93559] 06441 12069] 18510f 14 X
47 33 26 16{ 81505{ 879 93584 06416 120 18496{ 13 .
48 33 86| 26 24| 81519 87909 93610( 06390 12091 18481} 12
49 33 28| 26 32| 81534 87898] 93636( 06364 121 18466] 11 |
50 | 6 33 20| 5 26 40| 9.81549| 9.87887| 9.93661/10.0633 10.12113{10.18451] 10 ’
51 33 12| 926 48] 81563] 87877] 93687] 06313f 121 184371 9
52 33 26 56| 81578 87866] 93712 0628 121 18422 8 |
b3 32 56/° 27 4| 081592 81855 93738 062 121 18 7!
54 82 48| 27 12| 81607 87844 9376 06237] 12156 183 6 !
55| 6 32 5 27 20| 9.81622| 9.57833| 9.93789(10.06211{10.12167/10.18378| & :
56 32 32| 27 28] 81636] 87822 93814| 06186 12178 18364 4 '
&7 32 2 27 36| 81651] 87811] 93840, 0616l 12189] 18349 3 '
58 32 16| 27 44| 81665 87800| 93865 06135f 1 18 t 2
59 32 8| 2752 81680 87789] 93891 0610 12211 18320] 1
| 60| 32 of 28 of s8l6o4 87778 93916] O0G0s4 12222) 18306} ©
| ™M THourr . Houram. Co-sie.' Sine. | Co-tang.Tangent.'Co-secant Secant. | M .
et e = - o De‘g_ 49.

130 Pegs,



Log. Sﬁu, T;agenu and Secants.

41 Degs. - Degs. 138.
| M |Houra.u.Hourr.u.| Sine. ; Co-sine. [Taggent.| Co-tang.| Secant. [Co-secant, M|
01632 0 528 0 9.81694 9.87778] 9.93916{10.06084/10.12222|10. 18306/ 60
1 31520 23 8 81709] 87767] 93942 06058| 12233 18291) 59
2 31 44/ 28 16/ 81723] 87756] 9396 06033| 12244 18277 58
3 81 36| <28 81738 87745 93993 “ 06007 12255 18262( 57
4 31 28| 28 3 817521 87734| 94018 05982 12266 18243 56
5|6 31 b 28 9.81767) 9.87728{ 9.94044/10.05956 10.12277|10.18233 55
6 31 12| 28 48] 81781] 87712 94069, 056931 12288, 18219 54
7 31 4| 28 56/ 81796 87701 94095 05905 12299 18204| 53
8 30 56 29 81810, 87691 94120 05880 12310, 18190/ 52
9 30 29 1 81825\ 87679 94146 05854] 12321 18175 51
10 | 6 30 b 29 9.8183Y( 9.87668| 9.94171{10.06829|10.12332(10.18161| 50
11 30 32| 29 28] 81854] 87657] 94197 05803] 12343 18146| 49
12 30 24| 29 36| 81868 B87646] 94222 05778 12354 18132 48
13 30 16] 29 81882) 87635 94248 056752 12365 - 18118| 47
14| 30 8 2052 81897\ 87624f 94273( 05727| 12376| 18103 46
1516 30 O] 530 0] 9.81911( 9.87613| 9.94299(10.05701{10.1238710.18039| 45
16 29 52 30 8] 81926 87601 94324f 06676] 12399 1807# 44
17 29 44{ 30 16| 81940 87590 94350| 05650, 12410| . 18060( 43
18 29 36 30 24| 81955 8757 94375 05025 12421 18045| 42
19 29 28] 30 32| 8196 87568] 94401f 05599] 12432 18031] 41
20 | 6 29 20' 5 30 40| 9.81938 9.87557| 9.94426{10.05574/10.12443|10.15017( 40
21 29 12| 30 48] 81998 87546] 94452 056548 12454 18002| 39
22 29 4| 30 56| 82012 87535 94477| 065623| 12465 17988 38
23 28 56| 31 82026| - 875 94508 06497 12476] 17974| 37
24 28 48] 31 12| 82041 87518] 94528 05472| 12487 17959 36
2516 28 40 5 31 9.82055{ ‘9.875601| 9.94554({10.05446[10.12499,10.17945| 35
26 28 32| 31 28 82069) 874Y0) 94579 05421 12510, 17931} 34
21 28 24| 31 36| 82084 87479] 94604 05396 12521 17916( 33
28 28 16| 31 82098 87468] 94630f 05370 12532 17902| 32
29 28 8| 31 52| 821121 87457 94655 05345 12543] 17888} 31
30628 0] 532 9.82126, 9.87446| 9.94681(10.0631910.125564(10.17874| 30
31 27 32 8 82141 87434 94706 05294 12566/ 17859| 29
32 27 32 16) 82155 87423] 94732 05268 12577 17645 28
33 27 36| 32 24] 821691 87412 94757] 05243 12588 17831 27
34 27 28] 32 82| 82184) 87401] 94783 05217] 12599 17816| 26
35 | 6 27 20| 5 32 40/ 9.82198| 9.87390( 9.94508[10.05192(10.12610(10.17802| 25
36 27 12| 32 48 82212 87378 94834 05166] 12622| 17788 24
37 27 4 32 56| 82226 87367 94859 05141 12633 17774 23
38 26 56] 33 4] 82240 87356 94834] 05116 12644 17760| 22
39 26 43| 33 12| 82255| 87345| 94910] 056090 12655) 17745 21
40 | 6 26 40| 5 33 20! 9.82269| 9.87334{ 9.949385{10.05065(10.12666{10.17731| 20
41 26 3 33 28| 82288 87322 94961f 056039 12678 17717 19
42 26 24] 33 36| 82297 87311 94986 05014 12689| 17708| 18
43 26 16| 33 44| 82311] 87 95012 04988 12700, 17689 17
44 26 8| 33 52| 823 87288 95037| 04963| 12712] 17674 16
45 |6 26 0| 5 34 0f 9.82340| 9.87277f 9.95062(10.04938(10.12723/10.17660| 15
46 25 62| 34 8| 823 87266 95088' 04912| 12734 17646| 14
47 25 44/ 34'16) 83368 87255 95113 04887 12745 17632 13
48 25 36 34 2 823821 872431 95139 (04861 12757 | 17618| 12
49 25 28| 34 32| 82396 87232 95164| 04836] 12768 17604{ 11
50 | 6 26 20[ 5 34 40| 9.82410{ 9.87221| 9.9519010.04810(10.12779(10.17590{ 10
51 25 12| 34 48] 82424| 87209/ 95215 04785 12791 - 17576 9
52 256 4f 34 56] 82439 87198 95240 - 04760| 12802 17561 8
53 24 56| 35 4| 82453 87137' 95266) 04734|. 12813 17547 7
54 24 48] 85°12|- 82467 87175! 952911 04709] 12825/ 17533 6
55 | 6 24 40| 6 35 20| 9.82481| 9.87164{ 9.95317|10.04683|10.12836,10.17516f 5
56 24 321 3528 82495 87153] 95342| 04653 12847 17505 4
57 24 24| 3536 82509 87141f 9536 0463 12659/ 17491 38
58 24 16| 35 44| 8252 87130f 95393| 04607 12870| 17477 2
59 24 8 3552 82537 87119 95418 04582 12881 17463| 1
60 ‘2 0 36 0 82551 87107| 95444 04556 12893 17449 0 |
M _Houre.u.|Houra.u| Co-sine. | Sine. | Co-tang.| Tangent.!Co-sccant’ Secant | M |
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Cdi.

Log. Sines, Tangents angd Secants.

44 Degs. 135.
M Houn.u.‘-Hourr.n.rﬁne. Co-sine. [Tangent. | Certang.| Secant. Co-seeanq M
016 8 05582 0 9.84177) 9.85698| 9.98484 10.01516{10.14307/10.15823| 60
1 752 52 8 84190] 85681 98509] P1491 14319] 15810{ 59
N 2 T 44 52 16 84203 85669 98534) 01466 14331 15797| 58
3 7 36 84216 856567 98560, 01440 14343] 15784} 57
4 7 28 5?, 3' ‘84229 85645 985685 01415 14355 15771} 56
516 7206 01 9. 8424" 9.85632{ 9.98610{10.01390'10. 14365{10.15758] 55
6 7 12 83620 98635 01365 14380 15745 54
7 7 52 56 8426 85608 98661 01339 l4392‘ 18731} 53
8 6 56 5} 85596 93646 01314 14404} 15718] 52
9 6 48 53 1 8429, 85583, 98711 01289 14417 15705{ 51
1W)|6 6 5 53 20| 9.84308| 9.85571| 9.98737(10.0126310.14429(10. 15692} 50
11 6 32| 53 28| 84321 855659 98762 01238 14441 15679} 49
12 6 2 53 86 843 85647 98787 01213 14453 15666] 48
13 6 16 84347 865634 93812, 01188 14466 1566 17
14 6 8 53 6i 84360 85622 98333. 01162| 14478 156: 46
1566 6 5 54 (ll .84373| 9.85510] 9.98863{10.01137{10.14490{10.15627| 45
16 b 52 54 84385 85497 98888 01112 14503 15615 44
17 - b 54 16| 84398 85485 98913 01087 14515 15602] 43
18 b b4 24f 84411 85473 98939 01061 14527 15589 42
19 5 28] 54 32 844 85460 98964 01036 14540 18576 41
2|6 520 5 5% 40| 9.84437] 9.85148 9.98939”10.0101110.14552 10.15563| 40
21 5 12 54 48 84450 85436 99015} 00985 14564/ 15550{ 33
22 5 4] 54 56 84463 85423 99040 00960 14577 156537| 38
23 4 50| 55 4| 84476 85411 99065 00935 14589 15524 37
24 4 48 55 12] 84489 85399 99090 060910 14601 15511{ 36
25|16 4 40| 5 55 20| 9.84502( 9.85386] 9.99116{10.00834/10.14614/10.15498} 35
26 4 32 55 28 84515 85374 99141 00859 14626 15485 34
27 4 24 55 36 84528 85361 99166 00834 14639 15472| 33
28 4 16] 55 44| 84540 85349] 99191 00809 14651  15460( 32
29 4 8 55 52| 84553] 85337 99217, 00783 14663 15447 31
3016 4 0 656 0 9.84566| 9.85324| 9.99242(10.00758/10.14676/10. 15434 30
31 3520 56 8 84579 85312, 99267 00733 14688 15421| 29
32 3 44 56 16 84592 85299 9929 00707 14701 15408| 28
33 3 36 56 24 84605 85287 99318| 00682 14713 15395 27
34 3 28 56 32| 84618 85274 99343| 00657 14726 15382 26
35 |6 3 20| 5 56 40| 9.84630| 9.85262] 9.99368|10.00632|10.14738(10.15370| 25
36 3 12| 56 48] 84643 85250, 99394/ 00606 147 15357 24
37 3 . 56 56| 84656 85237 99419| 00581 14768 5344{ 23
38 2 56 57 4] 84669 85225 99444| 00556 14775 ]5831 22
39 2 48 57 12| 84682 85212 99469 00531 14788 158181 21
40 | 6 2 40| 5 57 20| 9.84694| 9.85200| 9.99495(10.00505(10.14800{10.15306( 20 | |,
41 .« 232 5728 84707 85187, 99520, 00480, 14813 15293 19 |
42 2 24 57 36 847 85175 99545 004565 15280( 18 |
43 ©2 16| 57 44| 847 85162 99570; 00430 15267} 17
44 2 8 57 52 84745 85150 99596| 14850 15255 _lG_J
4616 2 b5 58 9.84758] 9.85137] 9.99621/10.00379/10.14863|10 . 1524
46 1 52 58 8 84771 86125 9964 00354/ 14875 1522
47 1 58 16 847 85112, 99672 00328 148838 15216 13
48 1 36 58 24 84796 85100 99697| 00303, 1490
49 1 28 58 32 84809 85087 99722 00278 14913 15191 ll
5 6 1 20f 558 40 9.84822| 9.85074| 9.99747|10.00253/10.14926{10.15178,
51 1 12 58 48 84835, 85062 99773 00227 14938 1516,
52 1 4] 58 56| 84847 85049 99798 00202 14951 1515
53 0 56 59 4] 848601 85037 99823 00177 1496 151
b4 0 43| 59 12 84873L~ 85024 99848 00152 14976 15127 G
56|16 0 5 59 20 9.84885] 9.85012| 9.99874/10.00126|10.14988(10.15115} 3
56 0 32| 59 28 84893 84999 99899 00101 15001 15102| 4
57 0 24 59 36 84911 84986/ 99924 00076 1501 15089 3
58 0 16 59 44 84923 84974 99949 00051 15026 150770 ¢
59 0 8 59 52 84936 84961 99975,  0002! 15039 15064| l
60 0 06 0 0 84949 84949(10.00000, 00000 15051 1505I|
M |Hourp.n./Houra.u! Co-sine.| Sine. | Co-tang ! Tangent.ICo-secant! Secaut. | ™
154 egs. Dogs. 45.
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