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PREFACE.

THE following little work has been prepared with the double object of
furnishing a text-book in this branch of practical mathematics, and also a
manual for the use of the surveyor. No attempt has been made to extend
the work beyond the bounds indicated in the title. It will be found to be
simply a treatise on Iand Surveying accompanied with such practical direc-
tions and tables as the experience of American surveyors has shown to be
most aseful. The methods and instruments described are mainly those
which prevail in American practice, and which have been found best adapted
to the peculiar wants of this country. At the same time, in order to adapt
the practice to the demand for more rigorous methods, and to give to the
measurement of land the precision which its increase in value requires,
greater prominence has been given to the use of the Transit in surveying,
and improved modes of computing the areas introduced.

The admirable plates of field instruments with which the work is em-
bellished, and which contribute so materially to the value of the book, have
been kindly placed at the disposal of the author by the eminent manufac-
turers of Engineers’ and Surveyors’ Instruments, Messrs. W. & L. E.
Gurley, of Troy, N. Y.

The author acknowledges his obligations to his associates, Professor
George H. Cook and Professor E. A. Bowser for valuable suggestions and
assistance in the preparation of the work, and also to the officers of the
United States Coast Survey for many courtesies,

NEw BRUNSWICK, N. J., June, 1872,






CONTENTS.

IXTRODUCTION. ) raan
* Object of land surveying......ccceeeeesnsscscesccncssnccenas
Surfacesand lines. .ovve.vivieieaesicassesiracescsscnsenane
Plane and grodetical surveying. .. .. ecsscecsscvnsasescassscse
Lines and angles to be measured.......ccccoteceneeeiancacne
Drawing instruments employed......ccceviieiiirininnnnnees

CHAPTER IL.—PLANE TRIGONOMETRY.

Trigonometry the science of triangles. sseocvseeeeesenns cesees I3
Definitions of functions. ....ce.c000.. teseetencsctacecanans . 14
Equations between fanctions. ....ccceeveereccccecccnsccness 14
Algebraic signs of functions....... “eeasessccisssnane PN 15
Natural sines, tangents, etC....ccoveeees.s creceaseseons ceens I6
Logarithmic sines, tangents, etC. .. ce.ovveverearecncanan veees 16
Theorems concerning right-angled triangles.,.....ccc00eunn. o 177
Theorems concerning oblique-angled triangles............ veees I8
Solution of right-angled triangles..... cerecesteeriesancsceeses 20
Examples of right-angled triangles..........cccevvvnnen. cess 21
Solution of oblique-angled triangles.......... coseserescene . 23
Examples of oblique-angled triangles....... ........ cveecses 25

OO oy

CHAPTER I1.— MEASUREMENT OF LINEs.

The unit of length used in surveying...cceeeeccecccecscscecs 27
Gunter’s chain, tape-lines, €tC...cccccoevsceccosssccsccceceece 27
How to measure with the chain.......ccce00eeeeeecnese. cecees 29
Obstructions to MeASUremMent. .cvcveavvacscscassoscssscccsss 30
How to measure past an obstacle.c.covoveeeeesecees [ 1 ¢
. Use of rods for more accurate measurement......coeeeeeseess 33
Measurement of a base-line........ .. eesecesscssscscecssce 34
Odometer......ceco0eene [ PP . 7 §
Micrometer telescope fot measuring lines...... cecesesscessces 35

CHAPTER II1.— MEASUREMENT OF ANGLES,
Angles, definitions............... S R ¥ 4
A graduated circle employed for measuring angles..:.......... 38

*. Surveyor's compass—magnetic needle......ciivieiiieraiiees 38
. Sights—spirit-levels—ball-and-socketjoint. . ..... ... ceeeeess 39

- A



4 CONTENTS.

PAGE
Tripod-head, method of levelling......ccoeeneecercscscccees 40
Howtomensureahorizonta.lmglewiththecompass........... 41
Bearing of @ line....ovvieeiiierenciaicins snneeecnneneee. 42
Vernier........ P .
Vernier compass. .....cooveeieceieciscesessanscsssencoes 4§
Telescope used with the compass......cecieesresscessenceeees 46

The transit, description of......cveveveincncsncececansaceees 46
Cross-threads'in the telescope. .. ...coeeuann eeeresccccscecces 49
Adjustments of ‘the transit......co000eeee teeetcesecccssenes 49
How to measure horizontal angles with a transit.......e.0.... . 53
How to measure vertical angl&s .......... vesaasesssssse ceees 8§
The theodolite. ....cveeivene cesesescasssascasenassscs ase 5O
Adjustments of the theodolite........ cesecectustsaccesnese 57

CHAPTER IV.— INACCESSIBLE DISTANCES.
Indirect measurement of lines.... teseeessnoceccccccccacses 59
What parts must be measured........... eieesserecenennans . 59
Problem  I. Todetermine the distance of an macoessxble point 59
I:’xéblem II. To determine the distance apart of two objects

) separated by an impassable barrier. .... eiee. 6O
Problem III. To determine the distance apart of two inaccessi-
ble objects....... .0 o eesasessrees PR ) ¢

Problem IV. To determine the distance apart of two inaccessi~
ble objects, when no point can be occupied

from which both may be seen...... cieesnue . 63
Problem V. To determine the distance of a point from three .
points whose distance apart are known....... 63

Problem VI. To determine the altitude of a vertical object... 65
Problem VII To determine the altitude of an inaccessible

Problem VIII. To determine the altitude of an object on an in-
accessible plane......cccevveeveiiiieeanee. 67
Miscellaneous Examples....... 6. 886ss00ssssansansonns wees 67

CHAPTER V.— AREAS. .
Definitions. ........ tetsesecssasssascsesenas teresscecseses 69
Problem I. To determine the area of a recungnlar field...... 70
Problem II. To determine the area of a triangular field....... 71
Problem III. To determine the area of a parallelogram........ 72
Problem IV. To determine the area of a trapezoid..... ceveees 73
Problem V. To determine the area of a quadrilateral......... 73



CONTENTS. 5

Problem VI, To determine the area of any rectilinear figure... u;;

Problem VII. To determine the area of a field whose boundary
isirregular....ceeeciectscnsnsercecnscenes 74

CHAPTER VI.— SURVEYING WITH THE COMPASS.

Importance of the method............ .
Definitions..cciveieieciireeeenecortaccsecsrscnssessascees 78
Traverse Table.....cvoeennn. teetecsscescsscsssssascasnsss 70
Rectangular method of computing area......... PP ¥ i
. Field-work of compass-surveying...e...e0e.e tecensscereceess 79

Record of the field-work......cocvveieiianieieiiiaiiienees. 81
Example of computing a Survey.....c.eveeeensccscescenassss 83
Drawing a plot of the survey...e.ciovveeceeeisinesssncesess 85

CHAPTER VIL.— VARIATION OF THE NEEDLE,

Dip and declination of the magnetic needle.......ccccvvevees 89
Variation of the needle in the United States—Chart........... 89

Annual change of variation..... eeescecsnsrene ceeeisnens wee OI
Method of determining variation—pole star.......c.e0vvveeee 032
Times of culmination.......eevee.. cessesscssscssscssssese 03
How to establish a meridian........... ceseetsscnerscccaases 04

CHAPTER VIII.—~ SURVEYING WITH THE TRANSIT.

Advantages of transit surveying........o00eueee tesssssessess Q7
To survey a line with the transit—field-notes........c0uue.. . 97
To survey the streets of a city.....cooeeeennns tecsesecnrsane 99
To surveya tract of land. ......ovvrienerennones verees veess 100
Running entirely around a field—lines and angles .......... R ()
How to compute the area........... ssecesesssass teseseeess 103

CHAPTER IX.— LAYING OUT AND DIVIDING LAND,

Problem I. Tolayoutasquareorrectangle................ 108

Problem II. To lay out a parallelogram........cccevvinn. . 105
Problem III. To setoff a given quantity of land, one side irreg-

. ular. . .eiiiiiiiiiiiiieceiieinnanes eeesss 107
Problem IV. Thesame problem, astartmg pomt beingassigned 107
Problem V. Todivide a rectangular field........cv0e0eo.. 108
Problem VI, To divide a triangularfield...........cco0u0s . 109
Problem VII. To cut off a given portion from a triangular ﬁeld 109
Problem VIII. To divide a quadrilateral field........ccecc.. II0

Problem IX. Todivide anyfield.couoeevreeriaieeniaesacss TIX



6 CONTENTS.
CHAPTER X.— UNITED STATES PUBLIC LANDS,

OFigin OF the SyStem. . evvneeneensevnesesrenneesnnnsesns 112
Explanation of the system.......... Sesessrsenesecasscacacss 112
Burt’s solar -compass—description of......... vesessssnsessss 1I6
How to use the solar compass,,....... teesssciesscecerecess 123

CHAPTER XI.— THE PLANE TABLE.
Use of plane table for executing maps. «oseeeeceeseenseneanss 12§

Description of plane table—plate.....oeuves.. Cecreennes eeee I25
Methods of using the plane table............ ceevssecnaenns . 127
The three-point problem................ cecesestteneiesass I3
CHAPTER XII.— LEVELLING.
Definitions of levelling...c.oo00uaee [ PP & X |
True and apparent level.......... D PN & X
Corrections for apparent level........... cevesnns ceeessnona . 134
Plumb-line level—water-level—spirit-level . . .o e 0o e vaena ... . 13§
The Y-level..ooovveriiivieeonnes see-sesesssvesosas veeeeen 136
Adjustments of the Y-level......ccoveeeveeneneircaeinnaiess 136
Levelling-rod. ceeieeecnnenecennn. ceoeasseene PRI & 4
To find the difference of level between two points........ seses I38
To make a profile of land...c. coevvveviiennceecerccnseaane, 139
Field-notes for levelling..... . . eaee D P 7.1}
Topographical levelling....c..ccvaeets ceeveos ceseee eevess. 143
Applications of topographical levelling....cocoviiaaensn cesees 143
CHAPTER XIII.— UNDERGROUND-SURVRYING.
Modifications of methods underground.............. ceeess .. 146
Angular ihstruments used.......ccc00eeneennn tesstesesenans 147
‘To run a traverse with a COmMPAass..ccveereinnerienerenncnnas 147
To run a traverse with a transit............ sesesassessaanns 149
To reduce a traverse......cceevereececcsccscccasans vesess 150
To connect the underground survey with the surface.......... 15T
Plan and section of the survey.....ccoveeveiiececieeccenens . 154
TABLES.
Explanation of Tables............... tersseescsccensas 155-161
Table I. Useful formul®e....ccce0eeeeiiecense. “wesees 162-164
Table II. Useful numbers and logarithms.......cc00ve.. 165-166
Table III. Logarithms of Numbers............. ceenens 167-182
Table IV. Logarithmic sines, cosines, tangents, etc...... 183-228
Table V. Natural sines and cosines......e.co0eeeee .oo 220-238
Table VI. Natural tangents and cotangents........... .. 239-250

Table VII. Traverse Table....... reeeessans cesesssees 251257




MANUAL

OF

LaAND Su

RVEYING.

INTRODUCTION.
1. LAND SURVEYING has for its object to determine the length of lines,

the area and figure of parcels of land,
and maps.

and to represent the results in plots

" 2. The surface of the earth, considered in proportion to the extent of

the measurements in surveying, being

exceedingly irregular, we conceive a
perfectly smooth and regular spheri:
cal surface to be formed by extending
the surface of the quiet ocean beneath
the uneven land. On this regular
surface we conceive all points, lines,
and surfaces to be projected by per-
pendiculars let fall. The points, lines,
and areas considered in Land Sur-
veying are not the real points, lines,
and areas on the earth’s surface, but
their projections on this imaginary
regular surface.

‘When a farm is surveyed and its con-
tents computed, the boundaries which
‘are measured are not the irregularand
undulating lines on the surface of the
ground, but the horizontal lines in-
cluded between the same limits ; and
the area obtained is not the actual
ground -surface, but its horizontal
equivalent. To obtain the real lines
and real areas would, in most cases,
be impossible, and the representation
of them upon flat maps equally so.
Thus, suppose two adjoining plots of
ground, ABCD and CBFE (Fig. 1)

B8 F

OpF—

0 c

FiG. 1.

having the lines AB, AF, EF, and BE all horizontal, but the line CB,
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which divides the plots, to run over an elevation. If the surveyor, having
obtained the true area, should attempt to map these two plots in their
true position, side by side, in order to give the first its full area, he must
curve its boundary-line to the right, giving the figure ABmCD, and in the
second he must curve its boundary line to the left, giving the figure
BnCEF. The two would overlap each other by the space CmBn.

Fortunately, in the transfer and partition of land, it has always been con-
sidered equitable to regard the loss of area in uneven land as compensated
by the greater value of level land. And in practical agriculture it is plain
that no more stems of grain can grow upon a slope than could grow on
the corresponding horizontal surface.

3. The surface on which surveys are, therefore, actually to be made, is a
spherical surface. But in Plane Burveying the extent of surface is so
small that the lines may be regarded as straight lines, and the areas as
planes, In Gleodetical Surveying the operations are so extensive and
so precise as to require the curvature of the earth to be taken into account.

In a triangle having sides each one mile in length, the difference in
area, whether it be regarded as a plane triangle, or a triangle having sides
curved with the earth’s surface, is only 21 square feet. Each of the angles
of such a spherical triangle would only exceed that of the plane triangle
by 0".0019. And the angles of a spherical triangle, whose area is 75.5
square miles, would only exceed those of the plane triangle, having sides
of the same length, by 1".

Hence it is safe to assume that the divisions of land included in the ope-
rations of an ordinary land-survey may be treated without appreciable
error as plane figures.

4. There are two kinds of guantities to be measured in La.nd Surveying,
lines and angles. From the direct measurement of certain lines and an-
gles, in a figure, we are able to obtain, by computation, other lines and
angles, and their included areas. It will be the object of this manual to
explain how to measure these lines and angles, and how to compute the re-
quired areas. The instruments which are required in the operations will
be described, and their uses explained.

INSTRUM**:NTS.

6. Besides the field instruments employed in Land Surveying, a descrip-
tion of which is given in their appropriate chapters, there are a number of
smaller instruments, which are used in making diagrams and plots of the
executed work. A brief enumeration of them is here given.

Drawing-Board.—This is a plane, smooth board of dry pine, made
perfectly square at the corners, The ends should have strips tongued and
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grooved into them, with the grain running in the opposite direction, to pre-
vent warping. The board should be about 24 by 30 inches.
T-8quare.—This consists of two pieces of wood fastened firmly together, at

right angles to each other.
The long arm is not less
than 24 inches long, and
the short one about 10
inches. The shortarmis
thicker than the other,
giving a shoulder on one
or both sides. This instru-
ment, laid on the draw-
ing-board, with the shoul-
der against the edge, fur-
nishes an easy method of
drawing lines parallel and
perpendicular to each
other.

Triangle.—A thin tri-
angle of wood, made
right-angled at one corner

FiG. 2.

and the other angles 30° and 60°, is useful in drawing parallel lmes
Soales.—The distances measured upon the ground are to be laid down

LI 1| T % I = 17
’ Ll

1 )
IN] Lo Vo g | - J

21s L‘T 43
. =4

31

on paper on a reduced scale,

FiG. 3.
Thus, we represent the chain by an inch, or
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by half:an-inch.. The:instrument with which these reduced measurements
are laid off is called a scale. Fig. 3 represents three different varieties of
scales. The.simplest. one consists. of a small unit, as one inch, laid off
on a wood or ivory bar about 6 inches long.. The unit at the left end is
divided into smaller equal parts, usually 10 or 12. Such a scale measures

inches and tenths, or inches and lines. If an inch is taken to represent.

one chain, then each tenth would represent ten links,

The second is called 2 Diagonal Scale, The unit at the left end has,
a line diagonally across the ten equal spaces into which, the scale is divided.
by parallel lines. Since the.diagonal advances one unit in crossing the en-
tire ten spaces, it must advance one-tenth in crossing one space, two-tenths
in crossing two spaces, etc. Hence, if we want a distance of seven spaces,
for example, we must measure the distance the diagonal has advanced when
it has reached the line marked 7. Thus, a distance of 1.7 would extend
from the point where the diagonal cuts the seventh parallel to the point
where the cross-line marked 1 cuts the same parallel.

When we want a scale which will measure to hundredths, it can best be

rranged as shown in the third part of the figure. The scale is divided
longitudinally into ten spaces. The upper and lower lines of the left unit
are divided each into ten equal parts. Diagonals are¢ then drawn from o
in the lower line, to 1 in the upper; from 1 in the lower, to 2 in the upper,
etc. It is evident that one of these diagonals in crossing one space ad-
vances one-tenth of one-tenth of the unit ; and hence the scale can be
used for measuring to hundredths.

6. Dividers.—This instrument is used for laying off on paper the dis-
tances measured. Two forms are shown in
the figure. The one has shifting legs, to
which may be fitted, when wanted, a pencil-
point, a pen-point, or a needle-point. When

: very large circles are to be drawn, a beam
) compass isused. It consists of a beam of

wood or metal to which are attached two

points ; one of which, carrying a pencil or

pen, may be clamped at any required dis-

tance.
L = ——=0=4 7. Drawing-Pen.—A drawing-pen con-
FiG. 4. sists of two blades of steel commanded by

a small screw, by which their distance apart can be regulated to produce
any thickness of line, It may be used without blotting to draw lines along
aruler. In such pens India-ink should be used instead of common ink. It
does not corrode the pen, and gives a peculiarly smooth and brilliant line.
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8. Protractor.—It consists generally of a semicircle divided into de-
grees, an1 is used for laying off a given angle .

from any point of a given line. Lay the
protractor so that the straight edge coin-
cides with the given line, and the centre
point with the given point. The angle
may then be found on the divided circle, and
a straight line drawn through the centre,

and this point will make the angle required.
A protractor may be made by marking \\
off the degrees on three sides of the rect-

angle composing any scale.
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CHAPTER L
PLANE TRIGONOMETRY.

9. A TRIANGLE has three sides and three angles, which are called its parts,
These parts are so related to each other that, if three of them are given—
one being a side—the remainder may be found. Trigonometry is the
science of triangles ; and plane trigonometry treats of trianglesin a plane,
Only so- much of plane trigonometry is here given as is essential to the
subject of land surveying.

10. The angle between two lines is measured by the arc of a circle in-
cluded between itssides. Thus BC, in Fig. 6, is the measure of the angle A.
For the purpose of expressing this meas-
urement, we conceive the circumference

< of a circle to be divided into 360 equal

parts, called degrees,and each degree

A b B into 60 equal parts, called minutes, and

FiG. 6 each minute into 60 equal parts, called

- seconds. They are expressed by the

characters ° ' ", The magnitude of the angle A is thus expressed by
the number of degrees, minutes, and seconds contained in the arc BC.

It is plain that the arc éc contains the same number of degrees,
minutes, and seconds as the arc BC; hence, either arc may be taken as the
q mMeasure of the angle A, and the meas-

urement of angles is independent of the
B S, magnitude of the radius of the measur-
N ing arc.
P/ 11. A quadrant is the fourth part
of the circumference of a circle. The
0 A complement of an arc is what re-
AL M| M IA mains after subtracting the arc from

a quadrant. The supplement of an

arc is what remains after subtracting
T it from half the circumference. Sincea

c

X g’ quadrant is go°, the complement of an
arc, or the angle which it measures, will be
F1G. 7. obtained by subtracting the number of

degrees from go°. And the supplement
will be obtained by subtracting from 180°. Thus, let an arc contain
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70° 30, its complement will be 19° 30', and its supplement 109° 30’. In
Fig.7 AB is aquadrant, BP is the complement of the arc AP, and PA’
is its supplement. AP’ being an arc, minus BP' is its complement, and
P'A’ its supplement.

12, The sine of an arc is a perpendicular let fall from one end of an

arc upon a diameter drawn through the other end. Thus, PM is the sine _

of the arc AP, BO the sine of AB, P'M' the sine of ABP, etc.

The tangent of an arc is a line drawn touching one extremity of an
arc, and terminated by a line drawn through the centre and the other ex-
tremity. Thus, AT is the tangent of the arc AP, AT’ the tangent of
ABP', AT the tangent of ABA'P", etc.

The secant of an arcis a line drawn from the centre through one ex-
tremity of the arc, and terminated by a tangent drawn through the other
extremity, Thus, OT is the secant of the arc AP, OT' the secant ‘of
ABP, etc. .

The sine of the complement of an arc is called its cosine. In Fig. 7,
PN, which is the sine of BP, is called the cosine of AP. It is evident
that in all cases the cosine is equal to the distance from the centre to the
foot of the sine ; thus NP, the cosine of AP, is equal to OM.

The cotangent and cosecant, in like manner, are the tangent and se-
1 cant of the complement of an arc. BS and

OS, Fig. 7, are the tangent and secant of BP,

) and consequently the cotangent and cosecant
of AP.
N - P 13. The mutual rcla.nons of the above lines,

which are called the functions of an arc, and
of the radius of the circle, are expressed in the
following proportions:
In Fig. 8 let the arc AP be represented by
a, and the radius OA by R, then from the
- similar triangles OPM, OTA, and ORS, we
FiG. 8. have ‘

OM : PM :: OA : AT

Rsina

2" (r)

cosa :sing :: R :tana=

OM:OP:: OA : OT

:R::R:seca:i-. @3)
cos @

~




ve

PEANE TRIGONOMETRY. 15

PM:OM::OR:RS

. n. _Rcosa
sing:cosaz::R:cota = e @)

PM:OP::OR:O0S
" RS
smtr:R::'R:cosec.a:siT;. @)
AT :0A::OR:RS
R'
tan g’ )
Also, from the right-angled triangle OPM we have
PM* + OM* = OP*

tana:R::R:cota =

sin® @ + cos’ ¢ = R? ©)
sin ¢ = /R — cos*a
cos a= VR — sin® ¢

14. The algebraio signs of the functions of an arc are determined thus :

All lines measured upward from the horizontal diameter are positive, all
measured downward are negative,

All lines measured from the vertical diameter to the right are positive,
and all measured to the left are negative,

In Fig. 7, PM, the sine of AP, is positive; P'M', the sine of AP, is
positive. PN, the cosine of AP, is positive, and OM’, the cosine of AP,
is negative. From an inspection of this figure it will be apparent that the
sines are positive for arcs in the first and second quadrant, and negative for
the third and fourth. Also that the cosines are positive in the first and
fourth quadrants, and negative in the second and third.

The signs of the tangents, secants, cotangents and cosecants may be

determined from the equations in-article 13. Since tan ¢ = Bzz%:f-
cota = ‘isi‘:%“, it is evident that both tangent and cotangent will be

positive when the sine and cosine have the same signs, and negative when
their signs are unlike. From equations (2) and (4) it is also evident that
the secant will have the same sign as the cosine, and the cosecant as the
sine. These results may be summed up in the following table :




[
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FIRsT QUAD. | 8ECOND QUAD. | THIRD QUAD. | FOURTH QUAD.
Sine..cooeuen . + + - -
ICosine. ....... + - - +
Tangent...... + - + -
Cotangent..... + - + -
Secant. ....... + - - +
Cosecant,.... + + — -

16. Natural sines, tangents, etc., are so named when the radius of the
circle is equal to one. In Fig. 7, if the radius of the circle were one
foot or one yard, the sine PM would then be the natural sine, AT woild
be the natural tangent, etc.

A table of natural sines, tangents, etc., gives the values of these functions
for all arcs from 0° to go°, usually at intervals of one minute, By inter-
polation the value for intermediate seconds may be obtained. In such a
table the sines would begin with a value of zero for an arc of o°, and in-
crease to a value equal to the radius or a unit for go°. The cosines
would begin with a value of a unit for 0°, and decrease to a value of zero

, for go°.

Between the same limits the tangents would vary between zero and
infinity ; the secants between radius and infinity ; the cotangents between
infinity and zero, and the cosecants between infinity and radius.

16. In Fig. 7 we see that PM is the sine of the arc AP and also of the
arc A'P, and P'M’is the sine of both the arcs AP’ and A’P’. And, in
general, the sine of an arc is always equal to the sine of its supplement.
The sine of 100° is the same as the sine of 80°.

Similarly we see that the cosine of an arc is equal to the cosine of its
supplement, but is measured in an opposite direction, and therefore has an
opposite sign. The tangent of an arc is equal to minus the tangent of its
supplement, and the cotangent equal to minus the cotangent of its sup-
plement.

A table of sines, tangents, etc., is only required, therefore, to extend to
go°. For arcs greater than go° the sines, tangents, etc., may be obtained
by employing their supplements.

Thus, sin 144° 36' = sin 35° 24’ = 0.57928
cos 144° 36' = — cos 35° 24’ = — 0.81513

17. A table of logarithmio sines, tangents, etc., gives the logarithms
of the sines, tangents, etc., of all arcs from 0° to go°. By the use of these
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the computations may be much abbreviated, using additions instead of mul-
tiplications, and subtractions instead of divisions.

The natural sines and cosines being always, and the other functions
sometimes, less than one, their logarithms would in these cases have nega-
tive characteristics. To avoid this inconvenience in computation, all the
functions are multiplietl by 10 billions, or, in other words, their logarithms
are increased by 10. This is the same as taking the functions in a circle
whose radius is 10 billions.

The method of finding the sine, tangent, etc., for a given arc, and also
the reverse method of finding the arc for a given sine, tangent, etc., both
from the table of natural sines and from the table of logarithmic sines,
will be found in the explanations prefixed to the tables. To these the
student is referred.

18. The principles involved in the solution of plane triangles may be
stated in six theorems. Throughout we shall use the large letters A, B, C,
to represent the angles, and the small letters 4, 4, ¢, to represent their cor-
responding opposite sides.

Theorem I. In any right-angled triangle, radius is to the hypothenuse
as the sine of either acute angle is to the g
side opposite, or as the cosine of the
angle is to the side adjacent. D

Let ABC be a triangle right-angled at A.

With a radius equal to R describe the arc

DE around the angle C, and draw the Al i (]
sine DF. CF will be the cosine. Fic. 9.
By similar triangles we have
) CD:CB:: DF : AB
that is, R: a ::sinC:¢
also, CD:CB:: CF :CA

R:a ::cosC:b
These proportions may be expressed in two equations:

Rxec=axsinC (3)
Rxb=axcosC (8)

19. Theorem IL In any right-angled plane triangle, radius is to either
side as the tangent of the adjacent acute angle is to the side oppdsite, or
as the secant of the same angle is to the hypothenuse.

In Fig. g, draw the line EG a tangent to the arc DE, then will CG be
the secant.

(]
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By similar triangles we have
CE:CA:: EG :AB
that is, R: 4 ::tanC:¢
also, CE:CA:: CG :CB

R: 4 ::secC:a
By changing these proportions into equations, we have

Rxe=64xtanC (9)
Rxa=26xsecC (10)

B 20. Theorem IIL In any plane triangle,
the sides are proportional to the sines of
the opposite angles.

Let ABC be any triangle. Draw BD
perpendicular to one side; it divides the
D C triangle into two right-angled triangles.
Fi1G. 10, In the triangles ABD and BDC we

have from equation (7)

R xBD = AB xsin A =¢ x sin A
RxBD=BCxsinC=axsnC
axsinC=cxsinA
g:c::sinA :sinC

a _sinA (1)
o ¢ T“smcC VT

21. Theorem IV. In any plane triangle the sum of two sides is to
their difference as the tangent
of half the sum of the angles
opposite is to the tangent of
half their difference. i
Let ABC be a triangle.
With C as a centre and CA,
the shorter of two sides, as a
radius, describe a circle, cut-
‘ting CB in D, and BC extended
in E, Join AE, and draw DF

parallel to AE,

Fi16G. 11,
BE=BC+CA=a+$
BD=BC—~CA=a-5

alse, ACE=CAB+CBA=A+B
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But ADE being an angle at the circumference, while ACE is at the
centre, both intercepting the same arc,

ADE = }ACE = }(A + B)

By subtracting half the sum of two quantities from the greater, we
obtain half the difference. Hence,

DAF = CAB — CAD = A — §{A + B) = }A — B)

The angle EAD, being inscribed in a semicircle, is a right angle, and
AE and DF are perpendicular to AD. If, with AD as radius, arcs be
described, measuring the angles ADE and DAF, AE will be the tangent
of the first and DF of the last.

Then, by similar triangles,

BE:BD:: AE: DF
that is, a+6:a—5:: tan A + B): tan §(A — B)

a+5 tan{(A + B)
s—t " wmHa—B

or,

23. Theorem V. In any triangle,
if a perpendicular be let fall from
either angle upon the opposite side,
the sum of the segments is to the
sum of the sides as the difference
of the sides is to the difference of
the segments.

Let ACB, Fig. 12, be a triangle,
and CD a perpendicular let fall up-
on AB. With C as a centre, and a
radius AC, describe a circle cutting
BC in G and BC extended in E. Fic. 12

then, BE=BC +CA=a +35
: BG=BC~-CA=a—-5
BA=BD+AD=m+#n
BF=BD~AD=m—n

From the relation of secants to their external segments we have

BA:BE:: BG:BF
mi+n:a+biia—b:m—n

or, S min)ym—n)=(a+8)(a—25). (13)
23. Theorem VI. To determine the angles of a triangle when the
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three sides are given, we have the following formule, for proof of which
we refer to works on analytical trigonometry: P

sin}A = R ‘/(_____"‘2‘("‘).
- E—a@E—9
B =Ry —2— | 1)

- c—a)(—
sin §C = R B
in whichs = (e + 6 + o). J
_ From the above theorems, with the aid of ordinary algebra and geometry,
all problems arising under triangles may be solved.

24 RIGHT-ANGLED TRIANGLES.

L Given the hypothenuse 4, and one of the acute angles, to find the two
sides 4 and ¢, and the remaining angle.
L. The angle may be found from the equation

B + C = go".
2. To find & and ¢, we have equations (7) and (8)
Rxb=axsinB;R x¢c=a x cosB.
IL Given one of the acute angles, as B, and one of the legs, as ¢, to find
the other angle and leg, and the hypothenuse.
t. Find the remaining angle from the equation
B 4+ C = go°
2, Pind the other leg from equation (9)
R xé=c x tanB.
3. Fimd the hypothenuse from equation (10)
R x a=r¢ x secB.

IIL Given the hypothenuse and one leg, as 4, to find the angles and
other leg.
1. Find B from equation (7)

. R x 8 =a xsinB,

3. Find C from the equation
B + C =90

8. Find ¢ from the equation
R xc=a x cosB,
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IV. Given the two legs, to find the angles B and C, and the hypothenuse.
1. Find B and C from equations

Rxd=c¢xtanBandR x¢=5x tanC

From which

R X% sndn = RS

tan B =

2. Find a from the equation

Rxd=asinB, fa= B

Or from equation
' a* =% +

EXAMPLES,

1. In a right-angled triangle, given the angle B 30° 45', and the
hypothenuse 100 yards, Required the remaining parts.
C=90°—-B=59"15

Rxd=axsinB R xe=axcosB
Loga = 2.000000 Log a = 2.000000

+ Log sin B = 9.708670 + Log cos B = 9.934199
~ Log R = 10.000000 ~ Log R = 10.000000
Log 6 51.13 = 1.708670 Log ¢ 8594 1.934199

Or, by natural sines and cosines

= 100 X .§1120 == SI.139 Ans.
¢ = 100 X .85041 = 85.941 Ans.

2. In a right-angled triangle, given the two legs 130 and 150 yards, to
find the remaining parts.
Ans. Hypothenuse 198.49, angles 49° 5’ 8" and 40° 54’ 52".

3. In a right-angled triangle, given one acute angle 48° 1%, and the

side opposite to it 166 feet, required the remaining parts.
Ans. Hypothenuse 222.67, side 148.42, angle 41° 48'.

4. In a right-angled triangle, given the hypothenuse 200 yards, and one

leg 100 yards, to find the remaining parts.
Ans. Side 173.20, angles 60° and 30°.

¢ UN ,I.VIERSITY/
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26. OBLIQUE-ANGLED TRIANGLES.

V. Given two angles and one side, to find the remaining parts,
Let A, B, and a be given.
1. Find the third angle from the equation
A+ B + C =180
2. Find the remaining sides from equation (11)

e _sinA

‘¢ sinC
asin C b_asinB
~ sin A ~ sin A

ExAMPLE—Let two angles of a triangle be A 41° 38', and B 68° 12,
respectively, and the side included between them be ¢ 150 yards.

C = 180° — (A + B) = 70° 10’

a_:sinA md&_csinB
~ sin € ~ sinC
Log ¢ = 2.176091 Log ¢ = 2.176091

+ Log sin A = 9.822404

+ Log sin B = 9.967775
— Log sin C = 9.973444

— Log sin C = 9.973444
Log a = 2.025051

Log 6 = 2.170423
a = 108.93+ Ans.

b = 148.05+ Ans.
VI. Given two sides and the angle opposite to one of them, to find the
remaining parts.
Let a, 4, and A be given.

1. Find the angle B by equation (11)

‘@ _sinA | inB_&sinA
3=smB TE

2. Find the angle ¢ from the equation

A + B + C=180°
3. Find ¢ from equation (11)
_asinC
~ sinA
Since the sine of an angle and the sine of its supplement are the same,
in finding the angle B, from the table, either the acute angle or its sup-
plement will be a proper result. There must, therefore, in this case, be
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two triangles, both answering to the given conditions, Thus ABC,
Fig. 13, is a triangle whose angle is A,
and whose sides are 4 and 6. The angle
B is an acute angle.

If, with the point C as a centre and
the side @ as a radius, we describe an
arc, cutting the side AB in B/, it is plain
the triangle AB'C has the same angle A, FiG. 13.
and the same two given sides @ and 4.

Either triangle is, therefore, a proper solution of the problem. It is tur-
ther evident that the angle CB'A = 180° — B, and, therefore,
~ sinCB’A =sin B

When A is acute, and the side a is greater than §, or when A is obtuse,
it is evident there can be but one triangle, and then but one solution.

EXAMPLE—Given A 44° 27, and the side a 160 yards, and 4 200 yards,
required the remaining parts.

sin B =

bsin A
a

log 4 = 2.301030
+ log sin A = 9.845276
— log @ = 2.204120
log sin B = 9.942186

» B = 61° §' 14" or B’ 118° 54’ 46"

C = 180" — (A + B) = 74° 27’ 46" or C' = 16° 38' 14"

_asinC
~ sinA
log a = 2.204120 or log @ = 2.204120
+ log sin C = 9.983832 °  + log sin C' = 9.456839
— log sin A = 9.845276 — log sin A = 9.845270
log ¢ = 2.342676 log ¢ = 1.815683
¢ = 220,128 Ans, ¢ = 65.416A4Ans,

VIIL Given two sides and the included angle, to find the remaining parts.
Let A, 4, and ¢ be the parts given.
1. Find the angles B and C by equation (12)

b+c tan}B + C)

6- ¢ tan{(B — C)

(B + C) = 180° — A,

(b —ctan ¥B + C)
b+ ¢

tan}(B — C) =
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B'-_-}(B+C)+KB—C)
C=#B+C)—iB-0)
2. Find 4 by equation (11)
sin A | a__bsinA
sinB """ " sinB

H

EXAMPLE.—Given in a triangle A 54° 20', 4 180 yards, and ¢ 150 yards,
Required B, C, and a.
B+Cn=t80’—A=ng'4o'
B + C) = 62° g0’
b+ ¢=330and b —¢ = 30
log (b — o) = 1477121
+ logtan (B + C) = 10.289718
—log (4 + ¢) = 2.518514
log tan §(B — C) = g.248325
CHB ~ o) = 10° 2’ 43"
B= 720 521 43n C= 520 471 !7".
log 4 = 2.255273
+ log sin A = 9.gog782
= log sin B = ¢.980314
log 6 = 2.184741
o 8= 153.017
¢ VIIL Given the three sides, to find the
angles,

First Method,
1. Find the segments and 2 by
AL x B equation (13)
F1G. 14. (m+n)(m-—n)=(a+b)(a—6)
@+8@—b
m+n

m=Hm + n) + Hm — »)

#=im + m) — Km — n)
2. Find A and B by equation (8)

Rxn=4cos A .'.cosAzR:”
Rxm=acosB .. cmB:m
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Second Method.
Find each of the angles by the equations (14)

sinjA = R V - ‘i‘(f =9, ete.

When all the angles are thus found, their sum should make 180°
When two have been thus found, the third may be obtained by subtract-
ing their sum from 180°.

ExXAMPLE—Given the three sides of a triangle, 4, J, ¢, 100, 150, and
200 yards, to find the angles.

es=xa+ b + c= 450 .". § = 225§

§—a=1255—5=1755s—c=125

To find A,
log R* = 20.000000
+ log (s — &) = 1.875061
+ log (s — o) = 1.397940
— log 6 = 2.176091
— log ¢ = 2.301030
18.795880
sin }A = 9.397940
A = 14° 28’ 39"
A = 28° 57" 18"
To find B,
log R* = 20.000000
+ log (s — @) = 2.096910
+ log (s — ¢) = 1.397940
— log @ = 2.000000
— log ¢ = 2.301030
19.193820
sin §B = 9.596910
B = 23°17' 1"
B — 46. 34' 2"

‘To find C,

: log R* = 20.000000
+ log (s — @) = 2.096910
+ log (s - 8) = 1.875061
— log a = 2.000000
—log 4 = 2.176001
19.795880
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siny C= 9897940
$C = 52°14 20"

C = 104° 38’ 40"
Sum of the angles, * w
A = 28°57 18"
B= 46 34 2"
C = 104° 28’ 4d’
Sum = 180°

MISCELLANEOUS EXAMPLES.

1. In the triangle ABC, given AB 153 yards, AC 137 yards, and the
angle A 40° 33’ 12" ; required the remaining parts.
Ans. B 61° 13’ 47", C 78° 13’ 1", BC 101.62.
2. In the triangle ABC, given AB 70 miles, AC 60 miles, and BC 50
miles: required the angle A. Ans. 44° 24’ 56",
3. In the triangle ABC, given AB 500 yards, the angle A 105° 30/, and
the angle B 47°; required AC. Ans. 791.9.
4. In a right-angled tmngle ABC, given B go°, A 30°, and AB 200
feet ;' required BC. Ans. 115.4.
5. In the right-angled tnangle ABC, given the hypothenuse AC 480,
and the angle A §3° 8'; required the two legs.
Ans. BC 384.0, AB 287.9.
6. In the triangle ABC, given A 44° 13’ 24", B 55° 59’ 58", and AC
368 ; required the remaining parts.
dAns, C 79° 46' 38", AB 436.84, BC 309.60.




CHAPTER IL

MEASUREMENT OF LINES,

26. THE unit of length commonly employed in Land Surveying is the
ohain, called, after its inventor, Gunter’s chain. It is 66 feet, or 4 rods,
in length. It was so chosen because 10 square chains were exactly equal
to one acre. The chain is divided into 100 parts, called links ; hence, in
recording distances measured with the chain, the number of links may be
written as decimals of a chain, and so used in computations. The link is
7.92 inches, or nearly two-thirds of a foot.

Other units of length are often used. In measuring small plots of
ground, as city-lots, or streets and roads, the dimensions are nearly always
expressed in feet and inches. The rod and yard are also used. All of
these units are easily converted into eath other. In the United States
Coast Survey it has been found convenient to employ the metre, the
French unit of measure. It is equal to 3.280899 feet, or 39.370799
inches.

27. The Gunter’s chain is made of iron or steel wire, joined together
in links by small rings. At the ends
handles of brass are attached, and
swivels are inserted at the middle and
quarter points to prevent kinking.
Brass tags are inserted at intervals of
ten links to facilitate counting; those
at ten links from each end having one
point, those at twenty, two, those at
thirty, three, those at forty, four, and
that at the niiddle being rounded.

Chains should also be made so that
they may be taken apart at the middle
and quarter points, and used in sec- FIG. 15.
tions for chaining on steep ground.

The best chains are now made of steel wire, which, being stronger than
iron, permits the chain to be made much lighter.

A chain measuring 100 feet is used in preference to the Gunter’s chain
for many kinds of work. It is divided into 100 links, each being, there-
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fore, one foot long. It is used in the engineering work of railroads,
canals, sewers, etc. Being longer, work with it is more rapid and liable
to fewer errors. The formulas for railroad curves, and for embankments
and excavations, are all constructed on the basis of a hundred feet
chain,
28, The chain is liable to changes of length, arising from stretching
the rings, or bending the links. A change of temperature from 32° to
100° Far.—a change to which the chain is often exposed—makes a differ-
ence of about one-third of an inch in the length of a Gunter's chain. The
surveyor requires, therefore, the means of testing the length of his chain.
He should have a standard accurately laid off on some permanent, smooth
surface, such as a flag-walk, a curb-stone, or the stone water-table of a
building. On frequent occasions the chain should be compared with the
standard, and, if found inaccurate, be corrected.

29, If a line has been measured by an inaccurate chain, the true dis-
tance may be determined by the following proportion :

66 feet : the length of the inaccurate chain in feet ::
the measured distance : the correct distance,
Or, 66 feet : the error of the chain in feet ::
the measured distance : the correction required.

Or, the length of the standard given by the incorrect chain, in links :
100 links :: the length of the measured line : the true length.
If the area of a plot of ground has been computed upon measurements
with an incorrect chain, the true area may be obtained by proportions
similar to those above ; thus,
66 feet : the length of the inaccurate chain in feet™ ::
the computed area : the true area.
80. Except in measuring perfectly level ground, the chain does not
rest on the ground, but is suspended between the two ends. The sagging
of the middle must, of course, have the effect of shortening the chain.
It is customary in compass surveying, where the character of the opera-
tions does mot admit of great accuracy, to disregard this error. If, how-

Fic. 16.

ever, precision is required, as in surveying city property, and in engineere
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ing work, means must be used to obviate it. The most effectual means
.is the insertion, at the handle, of a spring balance or dynamometer, Fig. 16,
the index of which shows the amount of tension. The standard length
of the chain is obtained by swinging the chain freely at the ends, and
stretching it until the index of the dynamometer marks the standard
point.

The spring of such a chain is liable to become weakened by use. The
chain must, therefore, be frequently tested by means of a standard line,
and the index adjusted.

31. Tape-lines are frequently used for the measurement of lines, in-
stead of the chain. The best are made of a thin ribbon of steel, jointed at
intervals, and wound up in a leather case. A cheaper measure is made
of linen tape, with a fine brass wire interwoven through its'length. The
common linen tape must be used with caution, as its length is materially
affected by being wet.

32. Two men are required for measuring a line with a chain, the one
in advance being called the leader, and
the other the follower. The leader is
provided with ten iron pins, bent into
rings at the top and pointed at the
bottom. Bright tags are tied to the top
rings, to render the pins easily seen.
An improved pin is made with the
pointed end so heavy that when dropped
it will fall plumb below the point where
it is held. A few thin rods or staves are
also often useful for ranging out lines,
and marking their terminations.

The leader, taking an end of the chain
and the ten marking-pins, walks directly F16. 17.
toward the point to be reached. The
follower, holding his end of the chain at the starting-point, by word or
gesture ranges the leader exactly in line. Then the leader, assuring
himself that the chain is straight and taut, puts down a pin. They then
walk on one chain’s length, and repeat the same operation. The follower
gathers up the pins put down by the leader. In thus measuring a line
the number of pins taken up by the follower will be the number of full
chains in the line. If all the pins are put down before the line is com-
pleted, they are passed back to the leader, and a tally kept for every ten
chains.

Care and skill are required to make the measurement trustworthy. If
the pins are not truly in line, or the chain is not drawn taut, the distance
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will be exaggerated. With all the precautions possible, measurements
made over the ordinary rough surface of the ground with the surveyor’s
chain can only be relied on within very considerable limits. It may be
fairly claimed, however, that they are within the limits of accuracy
attainable in the other parts of compass surveying. When greater accu-
racy is required, a chain with a dynamometer attachment should be used
and the line should be measured in both directions. Methods for the
very precise measurement of a line, which is required in surveys on a
large scale, will be given subsequently.

~ 33. Since the distances used in surveying are horizontal distances, it is
necessary that the chain, in measuring over uneven ground, should be held
horizontal. In going down-hill, as in Fig. 18, the leader must hold his end of

the chain elevated, and in going up-hill the follower. The chainmen depend
upon the eye o determine when the chain is level. A small spirit-level
is sometimes attached for this purpose. The chain is drawn taut, an
allowance is made for sag, and by means of a staff, or by dropping a pin,
the point immediately below the elevated end is marked, If the chain
provided with a dynamometer is used, no allowance for sag is required.

In case the ground is too steep to admit of using the full chain, the
half or quarter chain may be used, The best chains admit of being taken
apart for this purpose.

34. In chaining across a valley, as in Fig. 18, the follower sometimes is
unable to see at the same time the staff at B, and the pin in the leader’s
hand at D. In this case a plumb-line may be held at A, and when the
eye is so held that the line covers B it will also cover the point D. It
will be found convenient in such cases, where the difficulty is liable to
recur at each chain, to set up, by means of a plumb-line, a stake, at C, the
lowest point, and then to range the intermediate points by this.

. 35. If one end of a line cannot be seen from the other because of an
intervening elevation, it is necessary to fix intermediate points. This
may be done as follows: Let it be required to find intermediate points
between A and B, Fig. 19, separated by an intervening elevation. Plant
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a staff at m"', approximately in the desired line, as shown in the horizontal
plan of the figure. Plant
another at 2", in line with
A and m". Sight from m"
toward B; if »#” is not in
line, have it moved to »' in
line. Sight from #' toward
A, and bring the staff at m'’
into line at m'. Thus pro-
ceed, bringing the staves
more and more nearly into
line, until at last they are found exactly in range at m and ».

36. When an obatacle interferes with the ranging and measurement of
a line, the following expedients may be employed to find the length indi-
rectly.

By setting off perpendiculars. Let it be required to find the
length of the line AX, Fig. 20, of which the part BC is covered by an
obstacle. Measure the part AB. At B erect a perpendicular, BD, of such
length as to be clear of the obstacle. At D erect a perpendicular, DE, and

D E

PIG. 19.

.
.

Fi1G. 20,

measure past the obstacle. At E erect a perpendicular, EC, of the same
length as BD. Finally, at C erect a perpendicular, CX ; it will be the con-
tinuation of the line AB, and DE will be the length of the wanting part.

The right angle in the above problem may be set off by the transit or
compass. A small instrument called the surveyor's cross may also be
conveniently used. It consists of a staff, on which is mounted a head,
having two sights at right angles. The staff is set at the point where the
right angle is to be constructed. One set of sights is pointed in the
direction of the given line; the other will then point in the direction of
a perpendicular, Two slits sawed in a board, at right angles to each
other, will, for ordinary cases, take the place of the sights.

A perpendicular may also be set off on the ground by means of the
chain only. Let it be required to erect a perpendicular at B, Fig. 21, to
the line AB. Measure back from B, 40 links to A. Fix one end of
the chain at A, by means of a pin, and also fix the 8oth link at B.
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Then, holding the middle point of the chain, stretch it taut ; it will take
the position D, which will be the
third angle of a right-angled triangle,
AD being the hypothenuse, and AB
and BD being the two legs.
i 37. By constructing a paral-
_A- 40 B lel. Let it be required to extend the
Lt o line ABC, Fig. 23, beyond the in-
Fi1G. 21. terposing obstacle, and to obtain its
length. At two points, Band C, erect perpendiculars BD and CE, of
equal length, and so long that a line running through DE will clear the

) E F (]

Fic. 22.

N
o

obstacle. At two points in this line, F and G, erect perpendiculars FH
and GK, equal in length to those on the other side. The extremities of
these perpendiculars, H and K, will be two points in the continuation
of the line ABC, and EF, when measured, will give the length of the
wanting part, CH.

38. By equilateral triangles. Let it be required to extend the line
ABC, Fig. 23, beyond an obstacle, and also to obtain its length. Set off

FiG. 23.

BC equal to 50 links. Fix one end of the chain at B, and the other at C;
the middle of the chain, when drawn taut, will give D the third angle of
an equilateral triangle. Extend BD sufficiently far to clear the obstacle,
and construct in the same way the equilateral triangle EFG. Extend FG
until FK is equal in length to BF. Construct the equilateral triangle
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HLK ; LK will be the continuation of AC, and BK will be equal in
length to BF or FK.

39. By symmetrical triangles. If the obstacle be such as not to pre-
vent ranging across it, but only prevents measurement, the distance may
be obtained as follows : ’

Let AX, Fig. 24, be a line of which the part BF cannot be directly

FI.G. 24.

measured. Select some convenient point, C. Range and measure a line
BCD, so that CD shall be equal to BC. Also range and measure the line
FCE, making CE equal to FC. Then measure the distance ED, it will
be equal to the wanting part BF. )

Other methods for obtaining the length of inaccessible lines will be
given under Chapter IV, '

40. The surveyor will have occasion sometimes to determine the length
of a line more accurately than is possible by any of the methods of
measurement heretofore described. To accomplish this, some variety of
measuring-rod must be used.

Rods of iron or brass are often used ; and, when a strict estimate is
made of the changes of length resulting from temperature, they are
capable of almost any degree of precision. -

Iron expands, between 32° and 212° Far., .0012675 of its own length,

Bra.ss “ [ “ .00!9062 ‘.

The rods are usually made to measure a certain standard length at a
given standard temperature. Thus, a rod may be made five and a half
yards in length, at a temperature of 60° Far., and in measuring with
such a rod, any variations above or below this must be noted and taken
into account. Let the temperature, for example, be 80° Far., the correc-
tion for the length of an iron rod will be found by the following formula,
I representing the standard length of the rod :

Correction = 2-o_x_ol%:_2°§M’m be added.
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A small thermometer may be attached to the rod, which can be read as
occasion requires. ’

Wooden rods may be advantageously used instead of metal, in ordinary
cases. They are very little affected by temperature, and the effect of
moisture may be mostly prevented by thoroughly soaking the rods in lin-
seed oil, and afterward covering them with shellac. The best material is
yellow pine, selected of straight grain and even texture.

In the rigorous operations required in trigonometrical surveys on a
large scale, such as the United States Coast Survey, the best results have
been attained by using rods made of several metals combined, on the
principle of the compensation pendulum. In the report of the United
States Coast Survey for 1854 will be found a detailed description of the
rods devised for measuring the base-lines, by Professor A. D. Bache, late
superintendent.

41. To measure a base-line accurately with rods, the ﬁrst step is to clear
it of obstructions, so that it may be seen from end to énd. Two rods are
required for the measurement. Place one end of the first rod precisely at
the beginning of the line, and by means of a transit align it in the
required direction, and level it with a spirit-level. Bring the second rod
into line by the transit, level it, and bring the extremities into contact.
Care must be taken not to disturb the position of the first rod by the jar
of the contact. The first rod may now be moved from its position and
aligned in contact with the second. . Light tripods are used for bringing
the rods level, and a light framework to prevent the rods from sagging.

When it is not convenient to measure the whole line on a level, it may

be measured on a slope, and
D a correction made to reduce

A B__— | ] the distance to a horizontal.
F Thus, if we desired to find the
horizontal distance between
A and D, Fig. 25, the part
BC having been measured on a slope, we would have

AF = AB + BE + CD

Fi1c. 25.

in which
BE = BC x cos B
Hence, AF = AB + BC x cos B + CD

In this case it is necessary to measure the angle of inclination of the slope,
either by the spirit-level or by the vertical circle of the transit or theodolite.
432. Methods of measuring lines with dispatch, although with inferior
precision, are often of the greatest service to the surveyor. An apparatus
called an odometer has been devised for this purpose. It consists of a
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vehicle in which one wheel is connected with a train of wheelwork in
sach a way as to record the number of its revolutions by means of an
index. Commonly the wheel is made 8 feet 3 inches in circumference, so
that two revolutions cover one rod. On level ground such an instrument
will give tolerably correct results ; but where it is undulating the distance
recorded will be the surface-distance, and not the required horizontal dis-
tance. It is also supplied with a magnetic compass, so that the surveyor
may record the bearings of the line while the wheel records the distances.

This instrument has been much used in making rough surveys for
county and township maps, and, in the hands of a skillful surveyor who
knows how to make proper allowances, it has proved a very useful inven-
tion. It has been used in the United States Coast Survey for filling up
details of roads, etc.

43. The micrometer telescope furnishes a beautiful method of
obtaining distances with considerable precision. A pair of parallel
threads, Fig. 26, is inserted in the focus of the telescope
of an ordinary surveyor's transit. These threads are
commanded by a pair of fine thread mill-head screws.
They can be made to coincide at the centre of the field,
or by the screws withdrawn from each other any distance.
A rod divided into feet, etc., is placed at a convenient
distance, say 100 feet. The telescope is then pointed at
the rod and focused. The threads of the micrometer are  FIG. 26.
now made to cover a given space in the rod, say one foot.
1t is evident if the rod be removed to twice the distance, the threads will
cover two feet, and so on in the same proportion.

Let it now be required to determine the distance across a lake, or some
other distance not easily accessible. Adjust the threads, as stated, to the
space of one foot on the rod ; send the rod to the desired point, and set it

N E . |A
=t
Fic. 27.

up perpendicular to the line of sight; bring the telescope so that one
thread shall coincide with an even foot. Signal to the assistant until he
slides a mark or target on the rod, so that it shall exactly coincide with
the other thread. The space covered on the rod will enable us to deter-
mine the distance. Let E, Fig. 27, be the position of the eye, a5 the
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space covered on the rod by the threads when at the distance 100 feet,and
AB (= m) the space covered by the threads at the unknown distance EA.
Then, by similar triangles, we have
ab: AB :: Ea : EA
1:m:: 100 : EA
EA =m x 100
Let the space covered on the rod be, for example, 5.45 feet:
EA = 5.45 x 100 = 5§45

In the hands of a skillful observer this apparatus will give results nearly
or quite equal to the best measurements which can be made with a chain.
The manufacturers of transits for surveyors now insert in the telescopes
the micrometer, at little or no additional cost.




CHAPTER IIL
MEASUREMENT OF ANGLES.

44. ANGLES are the second class of magnitudes which, in surveying,
admit of direct measurement, and which, together with the measured
lines, enable us to determine the unknown lines and areas which we re-
quire,

An angle is the inclination of two lines. A horizontal angle is one
in which the lines are horizontal, and which consequently lies in a hori-
zontal plane. A vertical angle is one which lies in a vertical plane. If

F1G. 28,

one side of a vertical angle is horizontal, and the other lies above it, it is
called an angle of elevation. If one side is horizontal and the other
lies below it, it is called an angle of depression. In Fig. 28, BAC is an
angle of elevation, and EDF an angle of depression.

An oblique angle is one whose sides are neither both in a horizontal

F1G. 29.

plane, nor both in a vertical plane. The angle formed by two lines meet-
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ing at some point, as A, Fig. 29, and running to the tops of two mountains
of unequal height, would be an oblique angle.

The two kinds of angles used in Land Surveying are horizontal and
vertical, and the Chapter will be restricted to describing the measurement
of these.

46. A circle divided into 360 equal parts is universally employed for
the measurement of angles. One of these parts is called a degree, which
is subdivided into 60 equal parts called
minutes, and these again into 60 equal
parts called seconds. If two lines, as AC
and BC, Fig. 30, intersect each other in
the centre of such a circle, the number
A c of these equal parts which they include

‘Ié\‘&g /S0 between them in the circumference of
o the circle (in this case 50) will give the
© angle which they make with each other.
FiG. 30. As shown in Art. 10, Chap. I, such
measurement of angles is independent
of the size of the circle on which it is made.

The chief instruments employed in surveying, according to American
' practice, for the measurement of angles, are The Transit, The Survey-
or's Compass, and The Theodolite. The last of these, however, has
nearly disappeared in American surveying, and its place is supplied by at-
taching a vertical circle to the Transit. A description of these instruments
will now be given.

SURVEYOR'’S COMPASS.

46. The essential parts of a Surveyor’s Compass are the divided circle,
the magnetic needle, and the sights. The form and arrangement of the
complete instrument will be seen in the plate opposite.

The magnetic needls is a small bar of steel, the length of which nearly
equals the diameter of the divided circle. At its middle is a small cap
with a steel or jewel centre which serves to suspend it upon a steel pivot
at the centre of the circle, It is made to balance after being magnetized,

N
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by a small coil of fine wire around the south end, which may be moved
until it be exactly poised. The delicacy of the needle may be tested by
the number of vibrations which it will make after being disturbed, before

)
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coming to rest. The greater the number of vibrations before coming to
rest, the greater the magnetic force, and delicacy of suspension.

The needle, when suspended freely, assumes a direction nearly north
and south, which is termed the Magnetic Meridian.

47. The oircle of the ordinary Surveyor's Compass is divided into
degrees and half-degrees,'and is numbered o at the north and south
points, right and left up to go° at the east and west points. This circle is at-
tached to a plate provided with two sights placed on opposite sides of the
divided circle, A straight line running through the two sights will pass
through the centre of the circle at which the needle is suspended, and
through the north and south points. They are placed precisely perpen-
dicular to the plate to which they are attached, and are capable of being
removed when the instrument is to be packed. Each sight has one nar-
row slit and one wide slit in which a thread is inserted. The narrow slit in
one is opposite to the wide slit in the other. When pointed at an object
the eye is placed at the narrow slit, and the instrument turned until the
thread in the wide slit crosses the target.

48. Two small spirit-levels are attached to the plate of the compass
for the purpose of determining when the instrument is level. They are
placed at right angles to each other, and their axes are made parallel to the
plate.  When the two spirit-levels are horizontal the plate is horizontal in
every position.

The spirit-level consists of a glass tube, slightly but uniformly curved,
and closed at both ends. The tube is nearly filled with spirits, leaving a
small bubble of air. When placed
with the curvature upward, and the @
‘two ends exactly in the same level,
the air-bubble will run to the mid- Fic. 32.
dle. If one end is raised, the air-
bubble indicates the fact by running toward the elevated end. To make
the plate of the compass, therefore, horizontal, we have only to
move it until the bubbles are brought to the middle point of
the two tubes.

49. The Compass is supported on a ball-and-socket joint
or on a tripod-head.

The construction of the ball-and-socket joint will be appa-
rent from Fig. 33. The ball is shown by the dotted line
enclosed in the socket. This joint permits motion in any
: direction, and is made to move with sufficient friction to main-
FIG, 33. tain the compass in its place. For the purpose of levelling

the compass, the plate is grasped in the hands and moved on
thie juint until the bubbles occupy the middle of the tubes.
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In sighting the instrument the level of the plate is liable to be disturbed,
‘by moving it by hand into the required line. To obviate this difficulty,
as well as to render the pointing of the instrument more accurate, a
clamp and tangent screw are attached to the ball of the joint. Itis
shown in the plate of the compass, just below the brass plate bearing the
sights,

A staff with an iron-shod point, commonly called a Jacob’s staff, is used
to support the ball-and-socket joint and the compass. The compass,
joint, and staff may all be detached from each other when desired. In-
stead of the Jacob's staff, a tripod may be used to support the instrument.
It gives greater steadiness to it while it is levelled and used.

60. To facilitate the exact levelling of the instrument, a contrivance
called a tripod-head, Fig. 34, is used instead of the ball-and-socket joint
above described. It consists of two brass plates connected together by a

ball-and-socket joint. The lower plate is

N — N connected by means of a large screw to a
brass plate, which forms the top of the tri-
pod. Between the two plates of the tripod-
head are four thumb-screws placed at
opposite points, resting on the lower
plate, and passing up through the upper
plate. By means of these we can change
at pleasure the position of the upper
plate and the instrument supported on it.
The spindle or axis of the compass fits into a conical opening which runs
down into the neck of the ball-and-socket joint.

61. When supplied with a tripod-head, the compass may be levelled as
follows : :

1. Bring the plate as nearly level as possible by moving the legs of the
tripod and watching the effect upon the levels.

2. Turn the compass so that one of the spirit-levels shall be parallel
to one pair of levelling screws, and the other to the other pair.

3. If the bubble stands in the middle of either level, the plate is level
in that direction. If the bubble is not at the middle of a tube, bring it
there by means of the pair of screws parallel to it. Grasp both screws
with the fingers and thumbs, and turn both at the same time an equal
amount, one to the right and the other to the left. This motion raises
the plate on one side and depresses it on the opposite. By watching the
bubble the motion can be arrested at the right moment. When
the one tube has been brought level, the same process may be used
with the other. 1If, in levelling the second, the first has been dis-
turbed, it must again be brought level ; and this must be continued till

H
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both tubes are brought level. Since two lines determine the position of
a plane, when the plate is level in these two directions it is horizontal.

62. To measure a horizontal angle by means of the compass,
proceed as follows :

1. Place the compass precisely over the angular point A, Fig. 3s.
The tripod is provided with a plumb-bob for this purpose.

2. Level the instrument in the manner described.

3. Turn the sights of the instrument along one of the lines forming
the angle, as AB, pointing it '
carefully upon some well-de-
fined signal. It is customary
with most surveyors, in using
the compass, to make the
north end of the plate always
point towards the signal. In
that case the angle should
always be read from the north
end of the needle. The E
and W letters on the face of
the compass are usually put FIG. 35.
on in the reverse from their
natural position, in order that the direction of the line of sight' may always
be correctly read.

4. Note the reading indicated on the circle by the north end of the
needle. If it lies between the N and E points, the line is northeast, etc.
The north end of the needle is always distinguished by some peculiarity
of shape or color. The circle is never divided nearer than to half degrees,
but, by eye, the surveyor can easily estimate to the nearest quarter. This
being the degree of precision usually employed in the traverse tables, no
nearer reading is generally attempted with the compass.

5. Turn the line of sights toward the second signal, AC, and having
accurately pointed it, read as before.

These two readings, when properly combined, will give the angle
included between the lines AB and AC.

63. The following obvious rules for combining the readings to obtain
the included angle will be found*convenient. The propriety of the direc-
tions will be apparent from considering the annexed figure.

1. When the readings are both north or south, and both east or west,
the included angle is equal to the difference between the readings. Thus,

AOB = NOB — NOA

2. When the readings are both north or south, and one east and the
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other west, the included angle is equal to the sum of the two readings.
Thus, '

AOC = NOA + NOC

3. When the readings are
both east or west, and one north
and the other south, the included
angle is obtained by subtracting
the sum of the two readings from
180°. Thus
AOD = 180° — (NOA + SOD)

4. When one reading is north
s and the other south, and the one

east and the other west, the in-
, Fic. 36. cluded angle is obtained by sub-
tracting the difference of the two readings from 180°, Thus,

AOF = 180° — (SOF — NOA)

EXAMPLES.

1. The line AC reads N 54° 30’ E,

the line AB reads N 25° 45’ E: what is the included angle?
2, The line AB reads S 48° 15’ E,

the line AC reads S 19° 30' W: what is the included angle?
3. The line AB reads N 60° 30’ E,

the line AC reads S 16° o' E: what is the included angle?

4. The line AB reads S 73° 45’ W,
the line AC reads N 43° 30’ E: what is the included angle?

64. The angle which a line makes with a true North and South line is
called the bearing of that line. Thus we say that a line from the City
Hall, New York, to Sandy Hook Light-house, bears South 0° 47*East.
The angle 0° 47’ is the bearing of the line.

‘When we reckon the bearing from the magnetic needle, instead of the
true meridian, it is called the magnetic bearing. The angles read from
the surveyor’s compass are the magnetic bearings. If the magnetic needle
pointed due north and south, the magnetic bearings and true bearings

would coincide. Or, if the magnetic needle always varied from the true -

meridian by a constant amount, the angle between two lines measured by
referring them to the magnetic needle, would be the same as by referring
them to the true meridian.

In Chapter VII will be found an account of the variation of the needle,
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and the methods by which it may be ascertained, and the errors arising
from it in practical surveying may be obviated.

VERNIER.

88. The object of a vernier is to enable us to read smaller divisions on
any scale than would be possible with a simple index. It may be applied
to the divisions on a straight scale as a levelling-rod, or of a curved scale
as a graduated circle of a compass or transit.

Let Fig. 37 represent part of the circumference of a circle in an
angular instrument divided into degrees and half-degrees. This is com-

The Vernier
30 4 20 4 1o |
|
oy 3

Fi1G. 37.

monly called the imb, And let the ling marked o, or zero, on the inner
concentric circle, called the vernier, represent a movable index, which
may point successively at all points of the outer divided circle. With
this arrangement only, it is plain that the smallest division of the circle
which could be indicated with accuracy would be half-degrees.

Suppose a space corresponding to 29 divisions on the limb were marked
off on the vernier circle, to the right and left of the index-mark o,
Let this space now be divided into 30 equal divisions.

Since 29 divisions on the limb = 30 divisions on the vernier,

30 divisions on the limb exceed 30 divisions on the vernier by
one division of the limb,
. Hencs, 1 division on the limb exceeds 1 division on the vernier by
¥u of one division of the limb.
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If the divisions of the limb are half-degrees,

1 division on the limb exceeds 1 division on the vernier by
o of half a degree, that is, by 1 minute.

If now the o point of the vernier be made to correspond with o degrees
on the limb, the first division of the vernier will fall short of reaching the
first division on the limb by 1 minute ; the second division, 2 minutes, etc.
And if the vernier circle be moved until the first divisions correspond,
it must have been moved 1 minute ; if the second divisions correspond, 2
minutes, etc. )

Let us suppose, now, that in pointing the instrument the index of the
vernier falls somewhere between two divisions of the limb, as shown in

1 .
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Fig. 38, First, we note at how many dégrees and half-degrees from the 0
point of the limb the index falls; in this case 20°. Then we trace
along the vernier until we find one of its division lines, which matches
exactly a line of the limb; in this case we find that the (zoth) line of the
vernier matches a line of the limb. This indicates that the index of the
vernier stands 10 minutes beyond the last half-degree; and hence the
reading of the instrument will be 20° 10'.

In circular instruments the verniers are made to read in both directions,
that is, to the right and left from the index-point. In all cases, in reading
verniers constructed as above described, we use the forward end, that is,
the end toward which the numbering on the limb proceeds.
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Verniers may be constructed in which 31 divisions of the limb .are
equivalent to 30 divisions on the vernier. In these it is plain that one
division on the limb will be less than one division on the vernier by + of
one division on the limb ; that is, if the divisions are half-degrees, by one
minute. In reading such a vernier, we read from the rear end instead of
the forward end.

86. On the same principle verniers may be made to read to any desired
degree of precision. Thus, a circle may be divided into thirds of degrees,
and a vernier having 60 divisions used. One division of the limb would
differ from one division on the vernier by ¢ of a third of a degree, that
is, by § of a minute, or 20 seconds. Such an arrangement therefore would
enable us to read angles to 20 seconds.

Upon levelling-rods, scales, and other straight instruments, the verniers
are made to indicate divisions of a foot, or an inch.

VERNIER COMPASS.

67. David Rittenhouse, of Philadelphia, introduced an improvement
in the common surveyor's compass, by attaching a vernier to the gradu-
ated circle. The object of the improvement was to facilitate the running
of lines when it was necessary to take into account the variation of the
magnetic needle. In the plate of the compass opposite Art. 46, the
vernier will be seen at the left end of the figure. An arc of a circle read-
ing half-degrees is attached to the plate which carries the sights, and is
concentric with the graduated circle and the needle. A vernier is ar-
ranged to move along this arc by a slow-motion screw, shown in the
figure. This vernier is connected with the graduated circle, so that when
the vernier is moved by the screw the whole graduated circle is carried
along with it. The arc through which it is moved can be read in the
manner described. :

68. This vernier attachment of the compass subserves two objects :

" First: In determining the bearing of any line by means of the com-
pass, if the needle does not point exactly at any division line of the cir-
cle, the additional arc may be determined by turning the vernier-screw
until the last previous division coincides exactly with the end of the
needle ; the arc through which the index-point has been moved, read off
from the vernier, will give the additional arc required.

Since the precision with which the common compass-sights can be
pointed on any object, is ordinarily not greater than can be estimated
directly from the pointing of the needle on the graduated circle, this use
of the vernier attachment is but little resorted to.

Second : The more important use of the vernier in the compass, is to
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enable us to set off by means of it the variation of the needle, and thus
to measure the bearings of lines from the true meridian instead of the
magnetic meridian,

Suppose the variation of the needle at any place to be 5° 13’ west.
Turn the vernier-screw until the vernier shall indicate 5° 13’ on the side
toward which the needle varies. It is plain that when the line of sights
is turned so that the needle shall read zero on the circle, it must point in
a direction §° 13’ east from the needle, and, therefore, must be due north
and south. The compass, when thus set, will give the true bearings of
all lines. If, however, the compass is removed to another locality, where
the variation of the needle is different, it will require to be set anew to
correspond to the changed variation.

The vernier compass will also facilitate the re-running of the lines of
an old survey. Place the instrument on some well-defined line of the old
survey, and turn the vernier-screw until the needle of the compass indi-
cates the same bearing as that given in the old field notes. The reading
of the vernier, when thus set, would give the variation of the needle at the
time of the old survey. All the other lines of the survey may now be
run without further alteration, and the new bearings ought to agree with
the old.

69. To increase the precision with which the compass may be pointed,
a telescope is now often made to take the place of the sights. The con-
struction of the telescope and the manner in which it is supported will be
shown in full in the description of the transit. The advantage of the
telescope in the compass consists in the fact that with it the target can be
more distinctly seen, and seen at a much greater distance, and, by the ap-
paratus for pointing the line of sight, can be more exactly directed toward
it than is possible with the ordinary sights.

THE TRANSIT.

60. The plate opposite represents a transit of such form as is com-
monly employed by American surveyors. It is used to measure angles
with greater accuracy than can be done by the surveyor’s compass above
described. To this end it is supplied with a telescope, and the angles
are read, not from the end of the needle, but from the indications of a
vernier upon a divided circle. It is supported on a tripod, and the ar-
rangement for levelling it by means of a tripod-head is the same as has
been described under the compass.

61. The part of this instrument which serves to measure horizontal
angles consists of two concentric horizontal plates. The lower plate,
called the limb, turns on a spindle, or axis, which fits into a socket in the
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tripod-head. By means of a clamp and tangent-screw, shown in the
figure, it may be clamped fast in any position, and made to move slowly
through a small arc. The circumference of this plate is graduated in
divisions, usually of halves or thirds of degrees. In the transits used by
surveyors these divisions are numbered from some one point on the limb
in both directions around to the opposite point, which will be 180°. The
graduation is generally concealed beneath the plate above it, except at
those parts where the verniers are for the time turned.

62. The upper plate, called the vernier-plate, turns on a spindle
fitted into a socket in the lower plate. It is also provided with a clamp,
‘by means of which it can be clamped fast at any point, and with a tan-
gent-screw, by which it can be turned through a small arc. These are
shown in the figure at the outer rim of the vernier-plate.

This plate has two verniers at opposite sides, each of which enables us
to read smaller subdivisions of the divisions on the limb. The principle
of the vernier in the transit is the same as that described under the head
of the compass. Thus, let the limb of the transit be divided into half-
degrees, the vernier, by having 30 divisions, equivalent to 29 or 31 divisions
of the limb, will indicate a subdivision of the limb equivalent to one-
thirtieth of half a degree, or 1 minute.

The advantage attained by having two verniers located at opposite
points of the circle lies in the fact that by this means is obviated any
error which may arise from a want in the
exact coincidence of the centres of the
vernier-plate and limb. Thus, let C, in
Fig. 39, be the centre of the limb, and C’
the centre of the vernier, and let VV' be a \ N
line running through the o-points of the two , 90 -
verniers. It is plain that the distance of <
V from 0° is just as much too small as the J
distance of V' from 180° is too large.

Hence, if we take the reading of the vernier

V and the supplement of the reading of V', 180

and add them together, and divide the sum Fie. 39.

by two, the result would be the true read-

ing of the vernier V, freed from the error caused by the displacement of
the centre C'.

63. A needle and a divided circle, as shown in the plate, are a common
but not an essential accompaniment of the transit. It may serve asa
rough check on the readings of the angles by the verniers; it will give us
at any step the magnetic bearing of a line ; and, finally, it will enable us
to use the transit as a common compass for the surveying of land and the
re-establishment of lost lines,

o
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64. The telescope is supported on two firm
colutnns, which ase attached to the vernier-
plate. The columns are sufficiently high to
permit the telescope to be reversed by revolving
on its axis. The axis of the telescope is made
parallel to the vernier-plate, and at right angles
to the centre line or axis of the telescope.

Most transits used in surveying have a ver-
tioal circle attached to one end of the axis of
the telescope. It is divided into degrees and
parts of degrees, and, by means of a vernier,’
may be read in the same manner as the hori-
zontal circle. This circle is set so that when
the telescope is horizontal the vernier shall
read o0, and enables the surveyor to measure
vertical angles.

Two spirit-levels are attached to the ver-
nier-plate for the purpose of levelling the instru-
ment. They are placed at right angles to each
other, and are used as explained for levelling
the compass.

68. The interior mechanism of the tele-
scope used in the transit can be seen from the
adjoining figure. The lens placed in the end
of the telescope, which is turned toward the
object, is called the object-glass. The four
lenses placed at the opposite end in a smaller
tube compose what is called the eye-piece.
By means of the object-glass, rays of light
coming from some distant object upon which
the instrument is turned, are converged, and
form a minute but distinct image of the object
at the focus B. The eye-piece shows this im-
age to the eye enlarged. In the telescope used
for astronomical purposes, the eye-piece consists
of two lenses, which shows the image inverted ;
but, in telescopes used for surveying, an erecting
eye-piece consisting of four lenses is used.

An imaginary line running through the opti-
cal centre of the object-glass and of the eye-
piece is called the line of collimation, or ine
axis of the telescope.
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66. At the focus of the telescope, marked BB in the figure, is placed
aring carrying two cross-threads, one placed horizontal and the other
vertical. The ring is so placed in the tube that the intersection of the -
two threads is exactly in the line of collimation, and forms a point by

Fi1G. 41.

means of which the telescope may be directed upon any object. The

ring is held in its place by four screws, as shown in Fig. 41, in which is

given a cross-section of the telescope tube at the cross-threads. The

material which experience has shown to be most suitable for these cross-

threads is the natural thread spun by the spider. It is exceedingly fine,
strong, and elastic, and when once drawn tense remains unchanged. The

threads are fastened to the brass ring by beeswax or varnish,

67, Both the object-glass and the eye-piece are placed in separate
tubes, which may be moved in or out as required, by a rack-and-pinion
movement., Before making an observation with the telescope, the eye-
piece should be moved in or out until the cross-threads are distinctly
seen, and until, when the head is slightly moved from side to side, no
motion appears to take place in the threads. Then the object-glass must
be moved in or out until the object is distinctly visible. Each change of !
distance will require a change in the focusing of the object-glass; and, if y
different observers use the same instrument, the focusing of both the eye-
piece and object-glass may require slight alteration.

68. A spirit-level is attached to the under side of the telescope, and
is made parallel to the centre line of the telescope. It serves to indicate
when the telescope is horizontal.

ADJUSTMENTS OF THE TRANSIT.

69. From the preceding description of a transit, it must be apparent
that the various parts of the instrument require to be brought into certain .
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exact and definite relations with each other, in order that its functions
may be satisfactorily performed. The detection of any deviations from
this just relation of the parts, and their rectification, compose what are
termed the adjustments of the transit. Aside from those which are
made by the manufacturer, and which are not liable to be disturbed in
the ordinary use of the instrument, there are five principal adjustments,

1. The plane of the levels on the horizontal limb must be perpendicu-
lar to the axis on which it revolves.

2. The line of collimation of the telescope must be at right angles to
the axis of the telescope ; so that when the telescope rotates on its axis
the line of collimation will generate a plane surface.

3. The axis of the telescope must be parallel to the plane of the levels
on the horizontal limb ; so that when the horizontal limb is levelled the
axis of the telescope shall also be level.

4. The spirit-level attached to the telescope must be parallel to the line
of collimation ; so that when the level tube is made horizontal, the line
of collimation shall also be horizontal.

5. The vertical circle must be so placed that the vernier shall read zero
when the telescope is horizontal.

70. To adjust the levels of the horizontal limb. Tumn the hori-
zontal limb so that one of the spirit-levels shall stand parallel to a pair of
levelling screws. By means of the ‘screws bring the bubble to the middle
of the tube. Turn the instrument half-way around ; if the bubble still re-
mains in the middle of the tube, the axis of the tube must be at right angles
to the axis of the limb. If the bubble runs to one end, that end of the
tube must be too high. By means of the screws for the purpose, lower
this end or raise the opposite, until the bubble recedes half-way back
towards the middle. By the levelling screws bring the bubble once more
to the middle. Repeat the operation until reversing the position of the
limb does not disturb the position of the bubble.

Each of the level tubes must be adjusted separately.

“k-____>'r<w B

FiG. 42.

71. To adjust the line of collimation, If the line of collimation is
not perpendicular to the axis, the direction in which the telescope points,
when looking forward, and the direction looking backward, will not be in
the same straight line. Thus, in Fig. 42, when the telescope is directed
to the right it may point in the line AB; but when reversed, by revolving
it on its axis and directed to the left, it may point in the line AC. If




MEASUREMENT OF ANGLES. 51

the line of collimation were perpendicular to the axis, these lines would
coincide ; if not, they will, as in the figure, diverge. To make the adjust-
ment, praceed as follows :

Set the instrument on some convenient ground and level it carefully by
the levelling screws. Adjust the focus of the eye-piece to the cross-
threads, and point the telescope on some well-defined object, making the
intersection of the threads exactly coincide. Clamp the limb and vernier-
plate of the instrument in this position. Revolve the telescope on its
axis, and place some well-defined mark at about the same distance as the
first, and in the direction indicated by the reversed telescope. Unclamp
the vernier-plate apd turn the instrument half-way round, pointing the
cross-hairs carefully upon the first mark. Again clamp the vernier-plate
in this position, and revolve the telescope on its axis toward the second
mark. If the line of collimation is perpendicular to the axis, when re-
versed this second time, the intersection of the threads will point exactly
upon the second mark. If, however, when reversed, the intersection of
the threads falls to one side of the mark, a point half-way between this
new direction and the mark must be c
the direction in which it ought to B A ___— e
point. Thus, in Fig. 43, let A repre- \ o
sent the position of the instrument.
Point first at a mark, B ; then revolve Fic. 43.
and set a mark, at the same distance, at C, in the direction of the threads.
Unclamp and turn back toward B. Clamp and revolve the telescope on
its axis. Let D represent the direction in which it now points. It is plain
that neither AC nor AD is the continuation of AB, but a line, AE, lying
midway between them, is its continuation.

The cross-threads must, therefore, be moved so that the intersection
shall point toward E. This is done by the screws shown at BB, in Fig.
40. Loosen one of these and tighten the other until the intersection is
made to point toward E ; remembering that on account of the inversion
of the position of the wires by the eye-piece, we must move the wires in
a direction opposite to that apparently required. The operation must be
repeated until no deviation can be observed.

72. To make the axis of the telescope parallel to the plane of
the spirit-levels. If the standards which support the axis are perfectly
equal the axis will be parallel. If the axis is parallel to the spirit-levels,
whenever the plane of the levels is made horizontal, the axis will be hori-
zontal, and the line of collimation of the telescope, when revolved on
this axis, will describe a vertical plane. This may be testgd by observing
whether, when the telescope is revolved up and down, the intersection of
the threads will follow a vertical line,
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Level the instrument in some position where the top and base of some
high object, as a steeple, can be seen. Direct the telescope at some defi-
B nite point at the top of the

steeple, as B, Fig. 44. Clamp

the horizontal limb and vernier-

plate. Revolve the telescope

down and mark the point C,

indicated by the intersection

of the threads near the bottom

of the steeple; the line BC

ought to be vertical. Turn

the vernier-plate of the instru-

ment half-way round and di-

rect the telescope again to B.

Clamp the vernier-plate and

revolve the telescope down.

A C o If the axis of the telescope

E \ were not horizontal, when re-

volved down, its point of di-

FiG. 44. rection, D, would now err as

far to one side of a true vertical, BE, as the point C had done to the other

side. The end of the axis on that side toward which the telescope devi-
ates from a vertical is too high.

Instruments are usually made with one of the standards adjustable, so
that the end of the axis may be slightly raised or lowered. By trial we ascer-
tain when this has been sufficiently done to make the adjustment perfect.

73. To adjust the level attached to the telescope. This level
tube requires to be made parallel to the line of collimation, so that when
the level tube is horizontal, the line of collimation of the telescope will
also be horizontal.

To effect this, select a space of ground nearly horizontal. Plant the
instrument near the middle, and level the horizontal limb. Bring the
telescope into such a position that the bubble of the attached level shall
be in the middle, and clamp it fast. Set a stake in the ground at a dis-
tance of one or two hundred feet, and on this stake set a staff. Note the
height on this staff indicated by the cross-threads of the telescope. Set
another stake in the ground in an exactly opposite direction, and at the
same distance. Set the staff on this stake, and note the height indicated
on it by the cross-threads of the telescope when turned upon it. The
difference betwgen the two heights will be the difference of level between
the two stakes.

Move the instrument and plant it by means of a plumb-line directly
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over the lower of the two stakes. Level the horizontal limb, and also the
spirit-level attached to the telescope. Measure carefully the height of the
axis of the telescope above the stake over which it stands. From this
subtract the difference of level between the two stakes, and note the
remainder upon the staff. Set the staff on the higher stake and point the
_telescope at the mark above obtained. The telescope must then be level.

By means of the screws provided for this purpose, move the spirit-level,
until, in this position of the telescope, the bubble stands in the middle.
“The level tube must now be horizontal, and therefore parallel to the line
of collimation of the telescope.

74. To adjust the O-point of the vertical circle. When the tele-
scope stands horizontal, the index of the vertical circle ought to read
exactly zero.

Having adjusted the spirit-level attached to the telescope, bring the
horizontal circle to a level by the levelling screws, and also make the
telescope and its attached level horizontal. The vernier of the vertical
circle ought now to read zero. If not, its real reading is called the index
error. Loosen the screws which hold the vertical circle, and carefully
turn it until the reading is made precisely zero.

It is not always easy to make this adjustment so that no index error will
remain. The index error should in that case be carefully noted, and
whenever a vertical angle is measured this correction must be applied to it.

MEASUREMENT OF ANGLES.

75. To measure a horizontal angle with the transit. Let it be
required to measure the horizontal angle BAC. Place the transit directly
over the angular point by means of a plumb-
line. Level the horizontal limb, and clamp
one of the verniers at the o-point of the cir-
cle. Turn the telescope upon the target at
B, and clamp the limb. Unclamp the vernier- A
plate and turn the telescope upon the other
target at C. Read the vernier which had
been set at zero, and the reading will be the
horizontal angle through which the telescope |
turned from B to C. c

It is not necessary to set the vernier at FIG. 45.
zero before pointing at the first target. The
result will be the same if the vernier is read when pointed at the first target
and then read when pointed at the second target. The difference between
the readings will be the angle required. Care must be taken, however, in



54 MANUAL OF LAND SURVEYING.

this method, that when, in turning from the first to the second target, the
vernier passes the o-point or the 180°-point, we must add the readings in
the first case, and add the supplements of the readings in the second
case.

When precision is required in the measurement of these angles, both
verniers should be read for each object. A mean taken between the re-
sults got from the two verniers, will, as was shown in explaining the
vernier, be free from any error caused by inaccurate centering of thg
vernier circle and the limb,

76. To eliminate as far as possible errors of observation in measuring
angles, the operation must be repeated several times, and the mean of the
measurements taken. On the principle that the measurements have pre-
cisely the same probability of being too large as too small, the mean of
many observations will be more accurate than any one.

This repetition is best performed with the transit in the following manner:

Point the telescope at the first target B, and read.

Clamp the limb, unclamp the vernier, and turn the telescope on the
second target C, and read (1).

Clamp the vernier, unclamp the limb, and turn back to the first target
B ; clamp the limb, unclamp the vernier, and turn to C, and read (2).

Proceed thus to turn back to B, retaining each time the reading at C.

It is plain that the difference between the successive readings at B and
C must give successive determinations of the required angle; and that,
omitting the intermediate readings, the difference between the first reading
on B, and the last on C, divided by the number of repetitions, must give
the mean of all the readings. This method has the advantage of bring-
ing into use different portions of the graduated circle, so that errors from
any imperfections in the graduation will be to a certain extent eliminated.

77. It will add to the accuracy of the method above described to con-
tinue it in a reverse order. That is, after noting the last reading at C,
unclamp the vernier and turn back to B. Then clamp the vernier and
unclamp the limb and turn to C. So proceed until the process has been
exactly retraced. Lastly, read the vernier when pointed at B, The differ-
ence between this reading and the last in the direct process will be the
sum of all the repetitions, which, being divided by the number of repe-
titions, will give another determination of the angle.

The advantage gained by this reversion is, that thereby the error arising
from a slight dragging of the limb by the vernier-plate at each tumn is
eliminated. In the direct series of measurements this dragging would
tend to decrease the measured angle; but in the reverse process the drag-
ging of the limb would tend to increase the measured angle. Hence, the
mean of the direct and reverse results must be free from this error.
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78. It will be observed that the angles measured by the method above
described are horizontal angles, because they are read from a horizontal
circle. Since the telescope, in revolving on its axis, moves in a vertical
plane, the angle indicated on the horizontal circle will be the same when
the telescope is pointed at B and C, Fig. 46, as when pointed at B' and
C', which lie vertically beneath them.

The angles, therefore, which are measured between lines on the earth’s
surface by the transit or compass are not the real angles, except when
the lines are horizontal, but are the projections of the real angles ona
horizontal plane. As, in surveying, we have to deal with horizontal dis-
tances between points and horizontal angles between lines, it is an
advantage that the angles measured are horizontal angles,

In case the sextant or reflecting circle is used for measuring the angles,
the measurements require a correction to reduce them to their correspond-
ing horizontal angles.

79. To measure a vertical angle with the transit, Set the instru-

ment, by means of a plumb-

B line, directly over the station,

Fig. 47, and level the hori-

zontal limb. Examine the

vertical circle to see whether

it is in adjustment. If not,

note its index error. Point

the telescope at B, bringing

the intersection of the cross-

threads upon the point. The

° angle indicated on the verti-

d! cal circle by the vernier, cor-

rected, if necessary, for the

index error, will be the angle

BAC, which is called an angle

of elevation. If the object, B, is lower than the instrument, the line AB

will lie beneath the horizontal line AC, and the angle would be an angle
of depression. .

F16G. 47.
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‘

THE THEODOLITE.

80. The principles involved in the construction and use of the theodo-
lite do not differ essentially from those of the transit, above described. In
American practice it is rarely used, having been displaced by the lighter,
more convenient, and equally accurate, transit. It still holds its place,
however, in English practice, and we give a figure of it. As seen from
Fig. 48, it is supported on a tripod and tripod-head. For measuring hori-
zontal angles it is provided with a horizontal circle, graduated to degrees

Fi1G. 48.

"and fractions of a degree, and

read by two verniers. The ver-
nier-plate, verniers, clamp and
tangent-screws, spirit-levels, and
standards, do not differ from those

- already described as belonging

to the transit.

The vertical limb consists of
a half-circle, C, graduated like
the horizontal circle, and read
by the vernier, /.

The telescope, T, is supported
by two supports, YY, and from
their shape called wyes. Collars
and pins serve to hold the tele-
scope in its supports. A spirit-
level, #, is attached to the tele-
scope to indicate when it is hori-
zontal.

The principal difference be-
tween the theodolite and the
transit is, that in the former the
supports of the telescope are
shorter and do not permit the
telescope to be revolved entirely
over on its axis. Instead of this,
however, by unclasping the col-

lars which hold the telescope in the wyes, we may lift the telescope out
of its supports and replace it in a reversed position.

The measurements of both horizontal and vertical angles are executed
in precisely the same manner in both, and the directions do not need to

be here repeated.




MEASUREMENT OF ANGLES, 57

ADJUSTMENTS OF THE THEODOLITE,

81. The adjustment of the levels on the horizontal limb, and of the
vertical limb, is executed in the same way as explained for the transit.
But since the telescope cannot be reversed by revolving on its axis as in
the transit, the adjustment of the line of collimation must be made in a
different way.

82. To adjust the line of collimation. Level the horizontal hmb
and point the telescope so that the intersection of the threads-shall fall

—— : A

=2 o’

FI16. 49.

upon some distinct distant object, A, in the figure. If now the inter-
section of the threads is precisely in the axis of the telescope-tube,
when the tube is revolved over in the wyes the intersection of the
threads will still remain pointed upon the same object, A. If, how-
ever, the intersection of the threads be out of this line, as at a, when
the telescope is revolved over in the wyes, the point @ will fall as far on
the one side of the true axis, at 4’, as it was befqre on the opposite, at a.
Hence, if the line of intersection before pointed to A, it will now point
to a different one, A’. It is plain that the intersection of the threads
ought to be so changed that it will point to a spot which should be
exactly half-way between the two points A and A'. The same test will
also determine whether the intersection of the threads is too high or
too low in the tube,

The adjustment is made by means of small screws shown in the figure
of the theodolite at @ @ 4 5. By loosening one of these and tightening the
opposite, the ring which carries the threads may be moved in any direc-
tion, until the test shows it to be correct.

83. To adjust the standards, so that the axis of the telescope
shall be parallel to the plane of the levels.

Set up the instrument and level it. Hang up near it a long plumb-line,
so protected that it shall not be disturbed by the wind. Point the inter-
section of the threads upon the plumb-line near the top. Revolve the tel-
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escope down along the plumb-line ; if it follows it precisely the standards
must be in adjustment; if it diverges off on one side, the standard on

K
§

s'
Fi16. 50.

- that side is too high.

A more exact test will be afforded by point-
ing the telescope at some distant elevated object,
as a star, and then at the reflection of the same
object in the surface of a fluid at rest. A plate
of mercury at B, Fig. 50, is the best for this
purpose. From the known principles of optics
the point A, the star S, and its reflection S, are
all in the same vertical plane. Hence, when
revolved down, the intersection of the threads
of the telescope must point at the image S’ in

the surface of the fluid, and any deviation must be corrected by adjusting

the standards.




CHAPTER 1IV.

INACCESSIBLE DISTANCES.

84. ONE of the principal objects in surveying is to obtain, by indi-
rect measurement, the length of lines which cannot be measured directly.
Thus, by the measurement of certain lines and angles, it is possible to
obtain the distance across an impassable river, the altitude of a mountain
above a horizontal plane, or the distance apart of two inaccessible moun-
tain-peaks. Since the lines whose length is thus sought are commonly
distances on a horizontal plane, or the altitude of points above a horizon-
tal plane, the questions arising under this head may be termed problems
of heights and distances.

88. The practical solution of all such problems is effected by two dis-
tinct processes :

1. The measurement of the necessary lines and angles,

2. The computation, from these measured lines and angles, of the un-
known lines and angles which are required.

Trigonometry teaches what parts of a triangle are necessary to be
known to enable us to find the remaining parts, and also explains the
methods by which these computations may be made. From these princi-
ples it will be seen that in order to find the unknown parts of a triangle it
will be necessary to measure

I. One side and two angles.

2. Two sides and the included angle.

3. Two sides and any other angle ; or,

4. The three sides.

By means of the methods of
trigonometry, therefore, we may
solve the following problems,
which are those most frequently
met with by the surveyor in his
practice.

86. Problem I. To deter-
mine the distance of an in-
accessible point. Fi16. 51,

Let P be a point whose distance from A is desired. Measure a base-line,
AB, in some convenient direction, and measure with the transit or com-
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pass the angles PAB and PBA. These are sufficient to solve the triangle
and obtain the distance AP. As a test of the accuracy of the measure-
ment of the angles, it is desirable, when practicable, to measure also the
angle P. In a plane triangle the sum of the three angles must equal 180°

Hence P = 180" -~ (A + B)
and by Theorem IIIL, Plane Triangles, we have
snP:sinB:: AB: Ap=ABxsinB
; sin P

ExAMPLE.—Desiring to know the distance to an enemy’s battery, an
engineer measured a base-line, AB, 250 yards, and at its extremities the
angle A, 68° 44', and the angle B, 84° 17’. Required the distance AP,
AB x sin B

sin P
P=180"— (A + B)=180° — 153° I’ = 26° 59’
Log AB = 2.397940
+ log sin B = 9.997835
— log sin P = 9.656799

By the formula AP =

log AP = 2.738976
AP = 548.25
EXAMPLE.—A surveyor, desiring to ascertain the distance across a river,
measured a base-line, AB, 178 yards, and at A measured an angle between
the base and a point, P, opposite, go° ; at B he measured an angle 58° 30",
Required the distance AP. Ans.

87. Problem II. To determine the distance apart of two
obhjects separated by an impassable barrier.

Let A and B be two points whose distance from each other cannot be
directly measured. Select some point, P,
from which both points may be seen.
Measure the angle APB, and the distances
BP (=a) and AP (= J).

From Theorem IV., Plane Triangles, we
have

a+b:a—5:: tan }(A + B)
: tan {(A — B),
in which A + B=180"—P

P
Fic. 52. 3(A — B). Add together half the sum of

This proportion, when solved, will give
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A and B, and half their difference, the result will be the greater of the two
angles ; subtract the same quantities, the result will be the less, Then, by
Theorem III., we have
sin A :sinP::a: AB=‘-1—X.——S-E—I-,

sin A

ExaMpLE—In order to obtain the distance, AB, across a swamp, a
surveyor measured at a point, P, an angle, APB, 64° 19/, and the distances
PA, 1048.3 yards, and PB, 848.7 yards.

B+ A=180"— P =115° 41’ (B + A) = 57° 50’ 30"
b + a = 18970 b —a=199.6
log(0+8)eeceiianaans P 3.278067
tlog(b—a)eevvnnnen. casacess 2.300161
cilogtan (B 4 A)eveeriiinann 10.201544

:logtan (B — A)..oovvnen... 9.223638
3B — A) = 9° 30" 2"

A = 48° 20" 28"
logsin A..oooveennennn, ee..0.873387
:slogsinP......... esssasssanns 9.954823
D U O 2.928754
: log AB......... tevesan eees .3.0101Q0

AB = 1023.61. Ans.

ExAMPLE.—For the purpose of determining the distance, AB, through
a group of buildings, a surveyor measured an angle, P, 60°, and the dis-
tances PA 4.48 chains, and PB 5 chains. Ans. AB = 5.314.

88. Problem IIL. To determine the distance apart of two inac-
cessible objects.

Let P and Q be two objects
which are inaccessible ~from
each other and from the
station of the observer. On
some convenient ground meas-
ure a base-line AB, and at
its extremities measure the
angles PAQ, QAB, and ABP,
PBQ. To compute PQ pro-
teed as follows : Fie. 53.

1. In the triangle ABP compute AP (Theorem IIL).
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2. In the triangle ABQ compute AQ (Theorem IIL).
3. In the triangle APQ compute PQ (Theorems III. and IV.).

ExXAMPLE.—A traveller wishes to determine the distance from himself
and from each other of two headlands, P and Q. He measures a base-
line, AB, 1000 yards, and the angles PAQ 21° 36', PAB 78° 11', ABP
71° 30/, and ABQ 95° 41'.

1. In the triangle ABP, AB = 1000 yards, PAB = 78° 11, ABP = 71°
30, APB = 30° 19",

Therefore, logsin P..... teseenes 9.7031011
clogsinB..oiosainnns 9.9769566
:: log AB......... e ¢+ + 3.0000000
log AP....... ceeeess.3.2738555
AP = 1878.69

2. In the triangle ABQ, AB = 1000 yards, QAB = 56° 35', ABQ =
95° 41', AQB = 26° 44'.
Therefore, logsinQ..oovevnnnnns 9.6215871

: logsinB.............9.9978599
itlog AB.oiiiiiiininnn 3.0000000

tlog AQ..ieeiiennen.. 3.3762728
AQ =2378.33
3. In the triangle APQ, AP = 1878.69, AQ = 2378.33, PAQ = 21° 36’.
Hence AQ + AP =4257.02, AQ — AP = 499.64, }(P + Q) = 79° 12",

log (AQ + AP)... ... 3.6291057 log sin P.....9.9707234
: log (AQ — AP)....... 2.6986572 - : log sin A....9.5659948
:: log tan (P + Q) .:...10.7195122 :: log AQ......3.3762728
: log tan $(P — Q) ..... 9.7890637 : log PQ...... 2.9715442
P —Q =31°36' 9" PQ = 936.57
hence P = 110° 48’ 9"
and Q =47° 35" 51"

EXAMPLE.—A surveyor wishes to ascertain the distance apart of two
islands in a lake. For this purpose he measures a base-line, AB, 500
yards, and the angles PAQ 58° 15’, PAB 93° 48', ABP 46° 30', ABQ 120°,
Required the distance, Ans. 1113.72.
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89. Problem IV. To determine the distance apart of two inac-
cessible objects, when no point can be occupied from which both
can be seen.

Let P and Q be two points whose distance apart is required. Measure
the distance between two points,
A and B, from one of which P
may be seen, and from the other,
Q. Measure also a line AD to
a point from which P and A can
be seen; and a line BC to a
point from which Q and B may
be seen. Measure the following
angles, PDA, DAP, PAB, and
ABQ, QBC, BCQ. The compu-
tation may then be made as fol-
lows :

I. In the triangle ADP com- FIG. 54.
pute AP (Theorem IIL).

2. In the triangle BCQ compute BQ (Theorem IIL.).

3. In the triangle ABQ compute AQ (Theorems IV. and IIL).

4. In the triangle APQ compute PQ (Theorems IV. and IIL).

ExAMPLE.—To determine the distance apart of two spires, P and Q, a
surveyor measured a base-line, AB, 600 yards, and two auxiliary lines,
AD and BC, each 500 yards. At the extremities of these lines he meas-
ured the following angles: PDA 109°, DAP 44° 30', PAB 99° 30', ABQ
103° 20/, QBC 46° 45', BCQ 101° 50'. Required PQ. Ans.

90. Problem V. To determine the distance of a point from
three objects whose distances from each other are known.

This problem is one of frequent occurrence in maritime surveying, for
the location on charts and maps of rocks, reefs, buoys, etc. A number of
points are first surveyed on the shore and mapped down in their proper
location on the chart. The surveyor then occupies any point whose posi-
tion is desired, and with a transit (or sextant, when the observations must
be made from a boat) measures the angles formed by lines to any three
known points. These two angles, together with the known distances of
the points from each other, are sufficient to determine the position of the
point.

MATHEMATICAL SOLUTION.

Let P be a point whose distances from three points, A, B, and C, are
required, the mutual distances of A. B, and C being known. At the point
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P measure the angles APB and BPC. Suppose the circumference of
acircle constructed which shall pass through
P, A, and C. It will intersect the line PB
in some point D. Join AD and DC. The
angles APB and ACD, being both angles
inscribed in the same segment, are equal ;
in like manner the angles BPC and DAC
are equal. The computation may then be
conducted as follows :

1. In the triangle DAC compute DC
(Theorem IIL).

2. In the triangle ABC compute the
angle ACB (Theorem V.).
Then,

BCD = ACB - ACD.

3. In the triangle. BCD compute the angle CBD (Theorem IV.).

4. In the triangle PBC compute PB and PC (Theorem IIL).

5. In the triangle APB compute AP (Theorem IIL.).

It may happen in this problem that the point P is located on the same
side of AC with the point B, instead of the opposite side as in the figure;
or the point P may be located within the triangle formed by the lines AB,
AC, and BC ; or the circumference of the circle may cut the line PB in a
point beyond B. In each of these cases the same solution will apply, pro-
vided that the proper changes are made in the signs of the quantities em-
ployed. : :

GRAPHICAL SOLUTION.

91. When it is required to locate the
point P on a map or chart on which the
points A, B, and C are already located, a
graphical solution only is required, and
may conveniently be executed as follows :

Let A, B, C, be the three fixed points,
already plotted in their true position on
the chart. Let the angles measured at
the point P be APB 20° and BPC 30°.
Since an angle at the centre of a circle
is twice as great as an angle at the cir-
cumference, including the same arc, the
angle at O, in Fig. 56, must be twice the
Fi1c. 56. angle APB, that is, 40° ; and since the trie
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angle AOB is isosceles, the angles at its base must each be }(180° — O).
Hence, draw at A and B two lines, making with AB angles each equal to
70°; they will intersect each other at some point O. With O as a centre, ,
and a radius AO or BO, describe a circumference ; it must pass through
the point P. In the same way construct angles at B and C, each equal *
to 60°, giving the point O, With this centre and O'B as radius, describe
a circumference. It must also pass through the point P. Hence the
intersection of the two circumferences must give on the chart the location
of the point P.

EXAMPLE.—Desiring to know the position of a rock in a harbor, the
positions of three points on the shore were ascertained, and their distances
found to be, AB = 623.5 yards, AC = 1216 yards, and BC = 836.4
yards. The angles from the point P were also measured, viz.,, APB =
26° 18, and BPC = 33° 52. The point, P, lay on the opposite side of
the line AC from B, Required the distances PA, PB, and PC.

Ans.

92. Problem VI. To determine the altitude of a vertical line
above a horizontal plane.

Let PQ be a vertical line whose altitude

above the horizontal plane AQ is desired.
Measure from the base of the object any
convenient distance QA, and at A measure
the angle of elevation PAQ. Then, in the
right-angled triangle PAQ we can find the
side PQ by Theorem II.

In this and the succeeding problems the
angles of elevation are measured by an instru-
ment situated above the horizontal surface.

The computed result will be the altitude Fe. 7.
above the level of the instrument, to which must be added in each case
the height of the instrument. '

: EXAMPLES.
1. Required the height of a flag-staff standing on a horizontal plane,
the distance QA being 100 feet, and the angle PAQ 68° 45'.

R....... teeecseoas « « . 10.0000000

HI 71 1 VO ++.10.4101868
tt AQui.iienns cessssssae 2,0000000
: PQ 257360 cceiinenns . 2.4101868

3. An explorer, wishing to determine the height of one of the mam-
moth tregs of California, measured from its base §50 feet, and at that
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point measured the angle of elevation to its extreme top, 37° 30. Re-
quired its height. Ans.

93. Problem VII. To determine the altitude of an inaccessible
ohject above a horizontal plane.

Let P be a point whose altitude, PQ, is required. Measure a horizontal
line, AB, running directly toward the object, and at the points A and B

Fia. 58.

measure the angles of elevation PAQ and PBQ. The altitude may then
be computed as follows :
APB = PBQ — PAQ

1. In the triangle' ABP compute BP (Theorem IIL),

2. In the triangle PBQ compute PQ (Theorem I.).

EXAMPLE.—The altitude of a church spire is required. A line, AB, is
measured 100 feet, and the angles PBQ 62° 45/, and PAQ 40°.

Ans,
Second Method.
94. When a horizontal line in the direction of the object cannot be

obtained, we may proceed thus:
Measure a base-line, AB, in

any direction. If the ground is
not horizontal on which it is
measured, the horizontal distance
between A and B must be meas-
ured. At A and B measure the
horizontal angles CAB and CBA,
and also at one of the points the
vertical angle PAC. Then,

1. In the triangle CAB com-
pute AC (Theorem IIL).
2. In the triangle PAC com-
Fic. 59. -pute PC (Theorem IL.).
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ExXAMPLE.—To find the height of a precipice, a surveyor measured a
. base-line, AB, 250 feet, and the angles CBA 73° 15', CAB 59° 48', and
the angle PAC 48° 56’. Ans,

95. Problem VIII. To determine the altitude of an ohject
situated on an inaccessible elevated point.

Let PQ be an object whose
height above the elevation, Q, is
required. Measure a base-line,
AB, directly toward the object.
Measure the angles of elevation
QAR, PAR, and PBR. The ’
height of PQ can then be com-
puted thus :

I. In the triangle ABP com-
pute AP (Theorem III.).

2. In the triangle PQA com-
pute PQ (Theorem IIL) in which

PAQ = PAR — QAR
and AQP = go° + QAR Fia. 6o.

EXAMPLE.—A surveyor, wishing to ascertain the height of a tall tree
standing upon the top of an elevation, measured a base-line, AB, 600 feet,
and the angles QAR 34° 10/, PAR 45° 45/, and PBR 31°. Required the
height PQ. Ans.

MISCELLANEOUS EXAMPLES.

1. Having measured a distance of 200 feet in a direct horizontal line from
the bottom of a steeple, the angle of elevation of its top, taken at that point,
was found to be 47° 30. Required the height. Ans. 218.26 feet.

2. Wanting to know the distance between two trees situated on a plain,
in a straight line from the bottom of a tower 120 feet high, I measured
the angles of depression to each from the top of the tower, to the nearest
64° 30, and to the most distant 33°. Required the distance between the
trees. Ans. 173.66 feet.

3. To get the distance across a river, a surveyor measured 200 yards
along the shore, and the horizontal angles 68° 2’ and 73° 15/, at the ex-
tremities of the line, to a house on the opposite shore. Required the
distances to the house. Ans. 296.54 yards and 306.19 yards.

4. To determine the distance of a fort from two ships of war, the ves-
sels sail directly from each other 440 yards. The horizontal angle at
each, between the other and the fort, is then measured, viz., 83° 45’ and
85° 15", Required the distances from the fort to each vessel.

Ans. 2292.26 yards and 2298.05 yards.




68 MANUAL OF LAND SURVEVYING.

5. Desiring to know the distance between two headlands, I measured
from each, to a certain point inland, 735 and 840 yards; also, the hori-
zontal angle included between these lines 55° 40'. What was the distance
required ? Ans.  741.2 yards.

6. There are on shore three points, whose distances I know to be AC
848 yards, AB 426 yards, and BC 524 yards. From a boat off shore I
measure the angles, from my position, P, APB 13° 30’, CPB 29° 50
The point B was observed to lie on the same side of AC as the boat.
Required the distances from my position to the three points.

Ans. AP 121142, BP 859.36, CP 104847,




CHAPTER V.

AREAS.

98. Tur area of a surface is the number of times it will contain some
known unit of area. ‘Thus, 4 square measuring 10 feet on each side, is
said to contain 100 square feet. That is, if a square, measuring one foot
on each side, wete applied 100 times to the given surface, it would exactly
covet it. If the figure ABDC be a rectangle
whose length, AB, is 8 feet, and height, AC, 6 D
feet, it is plain, if we divide the base and
height into feet, and draw parallel lines
through ®he points of division, the rectangle
will be divided into as many squares of one
foot each as the product of the base and the A s
altitude. To find the area of any figure, there- FIc, 61
fore, as a triangle, parallelogram, or circle, is co
to determine to what number of units of area its surface is equivalent.
From the principles of geometry and trigonometry, rules are deduced for
determining the areas of regular figures from their linear dimensions,

97. The units of area used in surveying are the square foot, the
square yard, the square rod, the square chain, the rood, and the acre. All
these, except the last two, are squares having sides of a length equal to
the linear unit of the same name. These units all bear to each other
such simple ratios that they may easily be translated intto each other.

The following table shows these ratios :

EQUIVALENT AREAS,

AORS,

[ oon. S [ Sonr
/ ¢ 9

1| 30f| 273}
I 16 | 484 | 4356
1 2} | 40 |1210 {10890

I 4 YO 160 | 4840 [43560

98. In surveying farm.lands, the area is usually expressed i acres,
roods, and square rods., Thus, a farm in the form of a rectangle, one
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side being 34.26 chains, and the other 21.87 chains, will contain 749 acres,
1 rood, 3 square rods.

When small plats of ground are measured, the area is expressed in
square feet, or square yards, or square rods.

Ten square chains are exactly equivalent to one acre. Hence, when
land has been measured with Gunter’s chain, and the lines expressed in
chains and links, the area obtained will be expressed in square chains and
decimals. From this, the area in acres and decimals may be obtained by
dividing by 10. The roods and square rods equivalent to the decimals
are obtained by multiplying successively by 4 and by 40.

In Table I. will be found a formula for computing the areas of most
regular geometrical figures. From these may be derived rules for solving
all problems involving areas in surveying. The solution requires two
distinct processes: first, the measurement in the field of the necessary
lines and angles ; and, second, the computation from these of the areas
required. ’ °

99. Problem 1. To determine the area of a rectangular field.
" Measure two adjacent sides, and the area is equal to their product.

EXAMPLES,

1. A rectangular field has one side 10.14 chains, and the other 24.46
chains, Required the area in acres, roods, and perches.

Ans.
2. A square field measures 11.38 chains on each side. Required the
area. Ans.

100. Problem IL To determine the area of a triangular fleld.
First Method.

Measure one side, and a perpendicular let fall on that side from the
opposite angle. Half the product of the two dimensions is the area re-

quired.
ExaMpPLE—What is the area of a triangular field whose base is 15.34
chains, and its altitude 6.73 chains? Ans.,

Second Method.

Measure two sides of the triangle, and the angle included between
them. The area is equal to half the product of the two sides into the
sine of the included angle.
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ExAMPLES,
1. Two sides of a triangle are 34.18 chains and 22.16 chains, and the
included angle is 53° 30'. Required the area.
Area = §(34.18 x 22.16 x sin 53° 30)
log 17.00. e 0eeeiene eeeese e 1232743
log 22.16.....c000c000vn s . 1.345570
log sin 53° 30/cccecevesesees.9.905179
logarea . ..cocovnennnnns eeee2.483401
Ans.  304.43.

2. Two sides of a triangular lot were 200 feet and 325 feet, and the
included angle was 79° 48'. Required the area. Ans,

Third Method.

Measure the three sides of the triangle. The area may then be com-
puted as follows :

1. Take half the sum of the three sides.

2. Subtract from the half sum each side separately.

3. Multiply together the half sum and the three remainders,

4. Extract the square root of the product.

This rule may be expressed in the formula:

Area=4/s(Gc—a G- —9

in which g, 4, and ¢ are the three sides, and
s=Ha+8+)

EXAMPLES,

1. Given the three sides of a triangle, 200, 150, and 100 yards.
Required the area.
s=¥Ha+d+c)=225;5s—a=125;,5—=8=1795; 5 —c =135
log $.ieiveeeeeraaianensss 2352183

log(s = a)eeeeesecnnceees 1397040
log(# —8)eeeeeerenense... . 1875061

1og (s = €)ecereccctascss. 2006910
2) 7.722094

3.861047
Ans. 7261.8s,
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2. What is the area of a triangular field whose sides are 25.69, 49, and
5,28 chains ? Ans. 61 acres, I rood, 39 perches.

101. Problem ITII. ‘To determine the area of a field in thé form
of a parallelogram.
First Method.

Measure one of the parallel sides and a perpendictilar let fall on that
side from the opposite. The area is equal to the product of the two
measurements,

ExAmpLES,
1. The base and altitude of a parallelogram were measured, 40 rods
and 4 rods. Required its area in acres. Ans.

2. How many square feet of plank will cover the roadway of a skew-
bridge whose length is 218 feet 6 inches, and its perpendicular width 22 -
feet 6 inches? Ans.

Second Method.

Measure two adjacent sides of the parallelograin and the angle between
them. The area is then equal to the product of the two sides into the sine
of the included angle.

ExaMPLE.—A plat of ground in the form of a parallelogram is 228 feet
and 140 feet on its two sides, and their included angle is 75° 15'.
Required the area. Ans. 30868.3 square feet.

102. Problem IV. To determine the area of a trapesoid.

Measure the length of the two parallel sides and a perpendicular be-
tween them. The area is equal to the product of half the sum of the
parallel sides by the perpendicular, Or,

a+8

Area = p x 2

in which @ and & are the two sides, and p the perpendicular.
EXAMPLE.—The two parallel sides of a trapezoid are 5.42 chains and
7.89 chains, and the perpendicular 4.34 chains. Reguired the area.
Ans,

103. Problem V. o determine the area of any quadrilateral
figure.
Measure the two diagonals and the angle which they make with each
other, Then
Area = {ab sin A
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in which 2 and & are the diagonals, and A the angle made by them. Since
the angle A’ is the supplement of the angle A,

and the sines of both are equal, we may meas-
ure whichever angle is most convenient,
ExaMPLE—In a quadrilateral field there
were measured the diagonals 9.48 chains and
6.78 chains, and the included angle 98° 56'.
Required the area.

Ans,

104. Problem V1. To determine the area Fic. 62,
of any figure bounded by straight lines,
Let ABCDE, etc., be any figure bounded by straight lines. Divide the

field into triangles by diagonal lines in any con-
venient manner. Measure the lines and angles
necessary to determine the areas of these tri-
angles by either of the methods explained.
The sum of the triangles must be equal to the
area of the figure required. Thus, let the di-
agonals d, d’, d”, etc., and the perpendiculars
p, P’ p', etc., as shown in the figure, be meas-
ured. Then
Areu - *(pd + Pld + pudn + plndu + wdlu)
ExaMrLE.—Wishing to ascertain the area
of a field bounded by five sides, a sarveyor
measured the sides AB 4.24 chaing, AE s5.10

chains, and the diagonals AC 11.36 chains and AD 11.09 chains ; also,

F1c. 64.

the angles BAC 46° 48', CAD 30° 50, and DAE 38° 15, Required the

area.

Ans,
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108. Problem VIL. To determine the area of a piece of ground
bounded on one or more of its sides by an irregular line.

A

._Ec

Fi6. 65.

Let ABCD be a figure in which DC, one
of its boundary-lines, is irregular, Run a
straight line, DE, agreeing as nearly as con-
venient, with the irregular line. At con-
venient intervals along this line, measure,
perpendicular to it, offsets to the irregular
line.

Compute the area of the regular figure,
ABED, by the usual rules. Compute the
area of the small figures between the offsets
on the hypothesis that they are triangles and
trapezoids. If these areas are without the

regular figure, add them ; if within, subtract them.
If the offsets are measured at equal intervals, the area of the whole
irregular part may be obtained by the following rule:
RULE.—Add together the intermediate offsets and half the extreme
offsets, and multiply the sum by the interval between the

¢ h

3

Hence,

First trapezoid = h(-. +__.
Second trapezoid = h(— + —)
Third trapezoid = h( < _)

Fourth trapezoid h( —4 ._)

offsets.
Thls rule will be evident from the following demonstra-
= ] 2
. id =n(< 4+ d
2 2
o fd e
“\32 " a2
F1a. 66,

Fifth trapezoid = h(—:— +-:-)

wholeuea::h(—;-+b+c+d+e+—:—)




CHAPTER VI
SUVREYING WITH THE COMPASS.

106. THE surveyor’s compass, described in Chapter IIL, furnishes
one of the most valuable methods of surveying land. Although deficient
in accuracy, the simplicity and rapidity of the field-operations with the
compass give it great advantages when great precision is not required.
Nearly all the early surveys in the United States have been made with
the compass, and the necessity which constantly arises for the surveyor to
trace out old boundary-lines, and to settle the location and contents of
~ lands describéd in old title-deeds, renders a thorough knowledge of the
practice of compass-surveying essential to the land-surveyor.

107. In compass-surveying the directions of the boundary-lines are all
referred to the magnetic meridian, as indicated by the direction of the
magnetic needle. The magnetic needle makes an angle with the true
north and south line, which is called the declination or variation of the
needle. The laws of this variation will be discussed in the succeeding
chapter. The relative direction of the boundary-lines, or the area of
plots of ground, will not differ, whether referred to the true meridian or
to the magnetic meridian.

108. The bearing of a line or course is the angle which that line
makes with the meridian. MAB, in Fig. 67, is the bearing of the course
AB. The reverse bearing is the angle which
the course, BA, makes with the meridian at B, H
that is, ABS'. Since the meridians passing N
through points not far distant are parallel, the N[==="ij=====
bearing and reverse bearing of a course must be
equal.

The bearing of a course is denominated gorth-
east when it runs to the east of the meridian
and north of an east and west line; northwest
when it runs west of the meridian and north of
the east and west line, etc.

109. The difference of latitude of a course
is the distance by which its second extremity is g
farther north or south than the first. For brevity Fi6. 67.

-
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this is usually called the latitude of the course. It is called a northing
if the course runs northward, and a southing if southward. AM is the
latitude of the course AB, and is a northing ; BN’ is the latitude of the
course BC.

The departure of a course is the distance by which its second extremity .

is farther from a given meridian than the fitst. It is called an easting if
the course runs eastward, and a westing if westward. MB is the depart-
ure of the course AB, and N'C of the course BC, both being eastings.

The meridian distance of a point is the distance of that point from
a meridian. MB and N’C are the meridian distances of the points B and
C respectively. The meridian distance of a line is the distance of its
middle point from a meridian. PQ and RT are respectively the meridian
distances of the lines AB and BC from the meridian NS,

110. From the right-angled triangle ABM, we have

AM = AB x cos MAB
BM = AB x sin MAB -

That is, for any course

The latitude = distance x cos bearing
The departure = distance x sin bearing

From these formulee the latitude and depatture for any course may be
computed.

Look out in a table of natural sines and cosmes, the cesine and sine
corresponding to the given bearing.

Multiply these numbers respectively by the length of the course. The
first will give the latitude, the second the departure.

Thus, required the latitude and departure of a course whose distance is
11.25 chains, and bearing 38° 45".

The latitude = 11.25 x cos 38° 45' = 8.7737
The departure = 11.25 x sin 38° 45’ = 7.0416

111, A traversé table is a table of latitudes and departures for dif-
ferent distances, and bearings. It is computed from the formule above.
The traverse table in this work is computed for every quarter of a degree
of bearings, and for distances from I to 10. Bearings are usually not
measured with the compass nearer than quarter degrees. The latitudes
and departures for other distances than those given in the table can be
obtained by addition and multiplication. Thus, to obtain the latitude
and departure for a course whose bearing is N. 44° 30' W, distance 39.44
_ chains: under the proper angle we find in the table,
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For distance 3, latitude = 2.1398, departure = 27

» For distance 30, latitude = 21.398, departure = 21.027

For distance 9, latitude = 6.419, departure = 6.308
For distance .4, latitude = o0.285, departure = o0.280
For distance .04, latitude = 0.029, departure = 0.028
.. For distance 39.44, latitude = 28.131, departure = 27.643

When greater accuracy is required than a table calculated to quarter
degrees will furnish, the table of natural sines and cosines may be used.
This table may indeed be regarded as a traverse table in which the
cosines give the latitudes and the sines the departures for a distance 1.
For any other distance we multiply the latitudes and departures by the
given distance. .

133. Let ABCDE, Fig. 68, represent a piece of ground bounded by
straight lines whose distances have been measured, and whose bearings
have each of them been determined by ' '
the compass. Let perpendiculars be let N

fall from .the angles upon a meridian, °
NS, running through the most western  © \g
angle. A series of triangles and tra- & L-M_N
pezoids will be formed, by combining g, %
which the area of the field may be
obtained. . ’f" % g H
Area = C'CDD’ + D'DEE’ — (ABB’
+ B'BCC' + AEE) A

By inspecting this formula it willbe
found that the area of the field is the Y - N _ ?
difference between the sum of the tri- ‘K, N K
angles and trapezoids constructed on £
those sides running north, and those s :

constructed on the sides running Fic. 68.
south, ’ )

113. To determine the areas of the several triangles and trapezoids
which enter this formula, we proceed thus:

Let perpendiculars be drawn from the middle points of all the courses
upon the meridian NS. These will constitute the meridian distances
(M. D.) of the sides of the field. Twice these lines will be the double
meridian distances (D. M. D.) of the sides. }

2 x area of ABB' = AB’' x 2FF’ = latitude of AB x (D.M.D,)

2 x area of B'BCC' = B'C' x 2GG' = latitude of BC x (D.M.D.)

2 x area of C'CDD’' = C'D’ x 2HH' = latitude of CD x (D.M.D.)
etc. etc, etc.
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The triangle or trapezoid, therefore, constructed on any side, hasfor its
double area the product of the latitude of that side multiplied by its
double meridian distance.

The double meridian distance is used in this computation instead of the
meridian distance, because the method of deriving the former can be
expressed in a simpler rule than the latter.

114. From the figure it is apparent that 2FF’ is equlvalent to BB'.
That is, the double meridian distance of the first course is equal to its
departure. Again,

GG = G'M + MN + NG.
= (M. D.) of AB + }dep. of AB + idep BC.
2GG = (D. M. D.)of AB + dep. of AB + dep. BC. !

That is, the double meridian distance of the second course is equal to
the double meridian distance of the first course + the departure of the
first course + the departure of the second course.

By similar reasoning we could show that—

The double meridian distance of any course is equal to thie double
meridian distance of the preceding course + the departure of the pre-
ceding course + the departure of the course itself.

Having now found the double meridian distances of the several courses,
the areas of the several triangles and trapezoids can be computed by
article 113; and by combining these in the formula of article 112, the
area of the whole figure may be found.

116. The most convenient mode of combining all these operations
may be summed up in the following rule, recording the successive results
in a table:

LATITUDES. [ DEPARTURES.

N. 8.
8TA. | DIS. | BEARING. | AREAS. | AREAS.

N. 8. | E. Ww.

1. Measure the sides of the field and their bearings, and record them in
the columns headed distance and bearing. ’

2. Seek out in the traverse table the latitudes and departures of each
course, and record them in the appropriate columns, according as they are
north or south, east or west.

3. Compute the double meridian distance of each course, and record it
in the column headed D. M. D., remembering that—
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The double meridian distance of the first course is equal to its departure:

The double meridian distance of the second course is equal to the
double meridian distance of the first course + the departure of the first
course + the departure of the second course ;

The double meridian distance of any course is equal to the double
meridian distance of the preceding course + the departure of the pre-
ceding course + the departure of the course itself.

In adding for double meridian distances, the departures to the east are
to be treated as positive, and those to the west as negative. If worked
correctly,’ the double meridian distance of the last course will be equal to
its departure.

4. Multiply the quantities in column D. M. D. by those in columns N.
and S. of latitude, and place the products in the corresponding columns
of areas.

5. Sum up the areas in the columns N, and S., and half the difference
between them will be the area required.

FIELD-WORK OF COMPASS-SURVEYING.

116. From the preceding discussion of the theory of a compass-survey
it will be plain that the field-work must consist in measuring the lengths
and bearings of the boundary-lines, and of such other lines whose loca-
tions and dimensions we desire to ascertain. It will best be understood
from an example.

Begin at any prominent corner of the farm, as A, Fig. 69, and measure
the distance and bearing of each side successively. It is immaterial in
which direction the surveyor proceeds, but the explanation which follows
is formed on the supposition that he goes round the farm keeping it on
his right hand. .

117. The distances are measured with the chain, as explained in
Chapter II. A signal is established at stations B, C, etc., toward which
the chainmen direct their measurement. Sometimes the real line to be
measured is occupied by a wall or hedge, and cannot be followed with"
the chain. In this case, set off on one side, by signals placed at equal
distances from the two ends, a line which is parallel and equal to the real
line, and free from obstruction.

In measuring the sides, the surveyor notes, not only the lengths of the
sides, but also the distances to any noteworthy objects, as the crossing of
the small stream from the spring, by the course CD, etc. Prominent
objects near the line are sometimes determined by measuring from some
point in the line, as the distance of the bridge from the corner B.
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118. The bearing of the line AB is determined by placing the compass
directly over the point A and sighting toward a signal at B. In this case
he finds the line bears by the needle S. 73° 15’ E. A signal is then left
at A and the compass moved to B. It is sighted back toward A and the
reverse bearing read. The direct and reverse bearing ought to agree.
If the disagreement is small, it may be considered as resulting from the
imperfection of the instrument, and the mean between the two taken as
the true reading. If the disagreement is considerable, it indicates either

Fie. 6.

an error in the measurement, or some disturbance of the needle caused
by the attraction of iron. The error in measurement can be remedied
by a second trial. The fact of the local attraction will be shown by an
irreconcilable difference between the direct and reverse bearing. The
station at which the local attraction causes the error will be that one at
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which the reverse bearing on the preceding station and the direct bearing

on the succeeding station are both irreconcilable. In this case, the bear-

ings must be assumed to be those which are found at the unaffected ends ,
"of the lines. 3 )

When the line is occupied by a fence or other obstructions, the compass
may be set at any convenient distance from the true line, and sighted at
a signal set at the same distance from the other end of the line. The
bearing of this parallel must be the same as that of the true line. The
compass may be placed also at any point on the line, as well as at its
extremity.

119. If there are prominent objects on either side of the line whose
position it is desired to fix, the bearings of lines running to these from
any two stations must also be measured. Thus, the bearings of the lines
from the two stations, A and B, to the house, will determine its position.
It would be sufficient to measure the bearing of one such line, provided
its distance also is measured.

120. The surveyor must keep a record of the bearings and distances
which are measured, and also of any other points noted in the course of
the survey. The following table will show the mode of keeping such a
record. An additional record of the offsets and of the bearings upon
prominent objects must also be kept.

BTA. DIS. BEARING. REMARKS,
A 19.08 | S. 73° 15’ E. | Along road.

B 13.68 | S. 19° 30° W. | Offsets to stream.

C 10.34 | N. 69° 15’ W.| L.II crosses small rivulet.
D 11.36 | S. 20° 15’ W,

E 9.06 | N. 68° 0’ W.

F 23.56 | N. 20° 15’ E.

121. Since in many surveys much detail must be recorded concerning
offsets, and intersection of- streams, fences, etc., a mode of keeping field-
notes, represented in Fig. 70, is preferable.

Draw in the middle of a page of the note-book two parallel lines.
These may be considered as representing the continuous boundary-line of
the farm, split into two, so that the distances may be recorded between
them.

Begin at the bottom of the page, in order that the line in the note-book,
when held in front of the face, may correspond in position to the
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Insert between the lines the letter A, representing
To the right set the bearing of the first course.

If the bearing of any other
object from A is taken, as
the line to the house, draw
the line to the right or left
as the object stands, and
write on it the observed

bearing.

Above A insert the meas-
ured distance along the
boundary-line to any objects
noted, and to the next sta-
tions. Thus, 15.94 shows
the distance from A to the
gate, and 19.04 the distance
to B.

To the right at -B write
the bearing of the next
course BC, and also note
the bearing of any other line
from B ; in this case a line
from B to the house, and a
line from B to the barn.

When offsets are measured
from a course, as along BC,
mark between the lines the
distance from the previous
station, and on the proper
side record the offsets. In
this example the offsets are
measured at intervals of
one chain, and recorded in
links. They are measured
by a rod or tape at right
angles to the course, the di-

rection of the offsets being determined with sufficient accuracy by eye.
From such a record the surveyor could put down on paper an exact
representation of the farm surveyed, and could make the necessary com-

putations for determining the area.

122, In making a survey of land, it is important to fix carefully the
position of the corners, so that they may be readily found subse-
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quently. A stone, or a stone monument, or a stake with stones heaped
around it, should be placed at the corners, and the location with reference
to surrounding objects described in the field-notes of the survey.

If a line runs through timber-land, it is well to mark it by “ blazing "
the trees lying in or near its direction. These marks on trees remain for
many years, and may aid in identifying the line. The names of the sur-
veyor and his assistants should be inserted in the notes of the survey, and
in the maps of the land, so that witnesses in regard to the location of the
lines may be available at any subsequent date.

COMPUTATION OF AREA.

123. Having finished the field-work of the survey, the next step is to
compute the area. For this purpose construct a table having twelve
vertical columns, and insert in them the stations, distances, bearings, taken
from the notes of the survey.

A
s-u.l BEARING. |Dis. | Latitndes|Dep’tures| Corr’d | Corr'd | »f N, 8.
N.| 8. |E. | W.| Lat’s. |Dep's.| ¢ | AREAS.| AREAS.

A |8.78° 15 E.|19.08 5.49/18.28 — 5.58( +18.81/34.67 191.8784

B [8.19° 80/ W.|18.68 13.89 4.57|— 12.91| — 4.55[48.43 625.2118
C [N.69°15'W.(10.34| 8.66 9.67) + 8.65| — 9.65/34.23/124.9395

D [8.90° 15’ W.(11.36 10.66) 8.98|— 10.68| — 8.91/20.67 220.7556)
E |N.68° (" W.| 9.06| 8.39 8.40 + 3.38) —8.38| 8.88| 28.324
F |N.20° 15’ E.|28.56(22.11 8.15 + R.08| + 8.18| 8.18/180.6144

87.08/29.16/29.04/26.43/26.57) 333.8783(1087.8453

|_383.8788

2)708.467

851.783

Error in latitude = .18 ; error in departure = .14.

Seek out in the traverse table the latitudes and departures of the
several courses, and insert them in their appropriate columns. If the
survey were absolutely correct, the sum of the northing must be equal to
the sum of the southings, and the sum of the eastings to the sum of the
westings. With such measurements as can be made with the chain and
compass such accuracy cannot be attained. Generally, there is a differ-
ence between the northings and southings, called the error in lati-
tude; and a difference between the eastings and westings, called the
error in departure. On the theory that these errors are in proportion
to the distances run, the required corrections may be made by the follow-
ing proportions :

The sum of all the distances : any one course ::
the error in latitude : the correction,
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The sum of all the distances : any one course ::
the error in departure : the correction,

These corrections must be added to the latitudes and departures which
are too small, and subtracted from those which are too large.
In the above example these proportions will be

87.08 : 19.08 :: .12 : correction for latitude, 1st course, = .026
87.08 : 13.68 :: .12 : correction for latitude, 2d course, = .019
etc.,

87.08 : 19.08 :: .14 : correction for departure, Ist course, = .030
87.08 : 13.68 :: .14 : correction for departure, 2d course, = .022
© etc.

In most cases it is not necessary to compute the corrections by these
proportions. They may be obtained sufficiently nearly by observing how
much the error is for each chain, and then distributing the corrections in
proportion to the number of chains.

When the latitudes and departures have been thus corrected, record
them in columns of “corrected ” latitudes and departures. These ought to
balance exactly. In the table of the example given, we have placed the
northings and southings in the same column, marking the former + and
the latter — ; so also with the eastings and westings.

124. Beginning at the most westerly station, in this example at station
F, compute the double meridian distances of each course according to the
rule given in article 114, and record them in the column D. M. D. It
is not absolutely essential to begin at the most westerly station; any
other point of beginning might be used. But our explanation has been
based on the supposition that the meridian to which the departures and
meridian distances are referred passed through the most western station.
This station may be determined by inspecting the notes of the survey, or
by constructing a hand-sketch of the field surveyed. Of course, the most
western station is not always the station from which the survey began,
and which stands first in the notes.

In this example, beginning at F,

D. M. D.of FA = 8.a8

To get D. M. D. of AB, we have, by the rule,

D.M.D.of FA = 8.8
Departure of FA = 8.18
Departure of AB = 18.31

D.M.D.of AB = 3467
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To get D. M. D. of BC, we have, by the rule,

D.M.D.of AB = 34.67
Departure of AB = 18.31r
Departure of BC = — 4.55

D.M.D.of BC = 4843
etc.

125. The columns of areas are computed by multiplying the number
found in the D. M. D. column by the number in the latitude column. If
the latitude is north or +, set the product in the column of north or +
areas ; if south or —, set it in the south or — column. :

Add up these two columns and take their difference. Divide this dif-
ference by two, and the quotient must be the area in square chains and
decimals. Divide by ten, and the area will be in acres and decimals.
For our example,

) Area = 35.1733.
. 126. The area of the part outside of the course BC may he found by
the method explained in Problem VIL, Chapter V.

a ! 4
Area_h(?+6+c+d....-;-)
Area:xoo(%+21+35+54+63+60+45+35+36+3°+

z4+n+i)
2

Area = 41400 square links = 4.1400 square chains = .414 acres,
Whole area = 35.1733 + .414 = 35.5873.
‘Whole area = 35 acres, 2 roods, 14 perches.

DRAWING A PLOT.

127. The completion of a survey generally includes the construction
of a plot or map of the land surveyed. This is of value, not only asa
representation of the ground, showing its form and natural features, but
also as a check upon the accuracy of work. We give here merely the
method of making a diagram of the ground.

A plot of a field is a miniature representation of its boundary, and
other lines, given in their true proportion and making their proper angle
with each other.

128. The first step is to determine upon what scale the plot shall be
drawn ; that is, what ratio the lines of the real field shall bear to their
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representatives upon the paper. We may, for example, make an inch
upon the paper represent a chain upon the ground ; that would be called
a scale of 1 chain to an inch. Or we may make an inch represent
2 chains, or § chains, or 10 chains. To facilitate the construction of
plots, the scales employed for making the drawings have usually a num-
ber of small spaces marked off into tenths, such as an inch, a half-inch,
a quarter-inch, etc. If one of these is taken to represent a chain, each

Fi16. 71.

tenth would represent ten links. In any particular case the scale to be
used must be determined by the dimensions of the ground and the size of
the plot which it is proposed to make.

129. Having determined upon the scale, select upon the paper some
point, A, Fig. 71, as a starting-point, to correspond with the first station of
the survey. Through this point draw a straight line, NS, to represent the
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direction of the meridian, and with a protractor lay off the direction of
the first coursé ; in this case S. 73° 15' E. Draw an indefinite line in this
direction, and on it lay off with the proper scale the length of the first
course, 19.08 chains. Mark this point B, the second station in the field.
At B draw a line parallel to NS, which will be the meridian at B. From
this lay off the bearing of the second course, and draw a line to the same
scale, 13.68 chains,

N
A AY
Lot
~ B
D d
[
c
E s
e
S 3
F16. 72.

At each station draw a meridian, and from it lay off the next course in
its given length and direction. The last course should end at the starting-
point. Generally, even with the most careful drawing, there will be found
a discrepancy. Any very marked discrepancy will show defects in field
operations or in making the drawing.

130. The above method of plotting employs the bearings and dis-
tances as measured in the field, and whatever errors they contained are
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followed. By using the latitudes and departures after they have been cor-
rected, we can construct a more accurate plot. Draw at the left side of
the paper, Fig. 72, a line, to represent the meridian, through the most west-
ern station. Select a point, F, on this line, to represent the most westerly
station of the field. Lay off on this line Fa 22.08 chains, the latitude (north)
of the course FA, and perpendicular to this A 8.18 chains, its departure
(east). Join F and A ; the result will be the true plot of the course FA.

At the point A draw A parallel to NS 5.52 chains, the latitude (south)
~ of the course AB; and perpendicular to this 4B 18.31 chains, its departure
(east) ; and join A and B.

Proceed thus to lay off the latitude and departure of each course ; when
finally, the latitude and departure of the course FE being measured off, the
point of beginning, F, will be reached.

Instead of beginning at F, the most western station, it would be equally
easy to begin at A, the first station of the survey.

This method of plotting employs chiefly lines running elther north and
south, or east and west. By using a drawing-board and a T-square (Art.
5), these lines can be drawn with great facility and correctness.

131. After having plotted the boundary-lines of the field, the prom-
inent objects which were observed in the survey may be located by draw-
ing the lines in their proper bearing by whlch their position in the field
was determined.

Thus, to locate the house, draw from A a line bearing S. 39° 30’ E.
from the meridian at A, and from B a line bearing S. 75° 15’ W. from the
meridian at B; they will intersect at the location of the house on the

lot.
? The offsets must also be set off along the side BC to the same scale,
and an irregular line drawn through their extremities will be the adjacent
bank of the stream.



CHAPTER VIL

VARIATION OF THE NEEDLE.

132. WHEN a small steel bar, which has been carefully balanced so as
to hang horizontally, is magnetized, it assumes a position which makes an
angle both with the horizon and with the meridian. The angle which it
makes with a horizontal line is called the dip or inclination of the
needle. In the United States the north end of the needle dips down-
ward. In the surveyor’s compass, to overcome this dip, a small counter-
poise is placed on the south end.

The angle which the magnetic needle makes with the true meridian, at
any place, is called its declination, or more commonly its variation.
When the north end of the needle lies on the east side of the meridian, it
is called east variation; when upon the west side, west variation.

133. In the United States the needle varies both east and west ; in the
eastern portion, varying to the west; and in the western portion, varying
to the east. A line drawn through those places where the needle varies
neither east nor west, is called a line of no variation. Such a line runs
through the United States in a northwest and southeast direction, passing
through Michigan, Lake Erie, near Cleveland, through the eastern part
of Ohio, and through the Virginias and North Carolina. In all places
east of this line the variation is west, and in all places west of it the vari-
ation is east ; the amount of variation increasing as we recede from this
line in either direction. In the extreme eastern part of Maine the varia-
tion is 18° west, and in the State of Oregon it is more than 20° east.

134. The accompanying chart, Fig. 73, is copied by permission from the
Report of the United States Coast Survey for 1865, and represents the lines
of equal variation for a part of the United States. It was compiled by
Charles A. Schott, from numerous data, and reduced to the epoch of 1870,
according to the known rates of change which the variation undergoes.
The surveyor can, by inspecting this chart, readily determine within small
limits the variation of the needle at any place for 1870. Then, by applying
a correction for the annual change, he can determine the variation for any
preceding or subsequent year. o

135. Observations continued through a series of years, at any place,
show a continual change to be goinz on in the variation of the needle.
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VARIATION OF THE NEED.

At the present time this change consists in a steady annual movement
of the needle to the westward ; so that on the east side of the line of no
variation, the variation has been increasing, and on the west side decreas-
ing. An examination of the oldest records in regard to changes in the
variation of the needle, indicate that from about 1670 to 1795, the needle
changed eastward annually ; but from about 1795, the annual change has
been westward. This would indicate an oscillatory motion of the needle,
requiring about 125 years to complete one oscillation. If this be true,
the present annual movement westward will continue till about A.D. 1920,
when it will be reversed, and continue eastward.

136. The table given below, shows the annual changes of variation for
a number of places in the eastern portion of the United States. It is
taken from the United States Coast Survey for 1865, from a chart pre-
pared by Charles A. Schott, and gives the annual changes between 1860
and 1870. It will be approximately true for several years to come.

WESTWARD ANNUAL CHANGE FROM 1860 TO 1870.

PLACE. ANRUAL | PLACE. ANNUAL

CHANGE. CHANGE.
Albany, N. Y. 3'.9 Key West, Fa, 3’0
Baltimore, Md. 3.4 Mobile, Ala. 1.1
Bath, N. Y. 3.6 New Haven, Ct. 4.7
Boston, Mass. 3.9 New Orleans, La. 0.2
Buffalo, N. Y, 3.6 New York, N. VY, 3.8
Burlington, Vt. 4.5 Oxford, N. Y. 4.9
Cairo, I11. 2.0 Portland, Me. 3.2
Charleston, S. C. 2.0 Providence, R. 1. 3.0
Eastport, Me. 1.6 Quebec, Can. 5.5
Erie, Pa. 3.0 Rutland, Vt. 5.7
Harrisburg, Pa. 1.5 Savannah, Ga. 1.8
Hartford, Ct. 4.6 Washington, D. C. 3.1
Havana, Cuba. 1.3 Williamsburgh, Va. 3.7

137. If curves were drawn on a chart through those points in the east--
ern part of the United States included in the above table, which have the
same annual change, we should find that :

The curve of 2’ annual change would pass near Eastport, Me., through
the Atlantic near Charleston and Savannah, through Florida into the
Gulf of Mexico. .

The curve of 3’ would pass near Portland, Me., through Martha’s Vine-
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yard, through the Atlantic south of Long Island, through southern New
Jersey and Maryland into Virginia ; thence bending northwest, through
Baltimore, through Pennsylvania, and entering Lake Erie between Buffalo
and Erie. -

The curve of 4’ would pass through New Hampshire, Massachusetts,’
Connecticut into Long Island Sound, nearly through New York City and
Philadelphia ; - thence bending northward through central Pennsylvania
and New York.

The curve of 5’ would pass between Burlington and Rutland, Vt., into
New York west of Albany, and in Otsego County, bending northward, and
running through northern New York.

138. Besides the annual westward change, the needle is subject, also,
to daily fluctuations, depending apparently upon the movements of
the sun. In the northern hemisphere the needle has a westward move-
ment from about 7 or 8 A.M,, reaching a maximum of about 10’ to 15’ at
2 P.M., from which time it recedes to its former position. In the summer
this diurnal change of variation is greater than in winter.

Slight disturbances are also not unfrequently observed in the position
of the needle, especially dumfg thunder-storms, auroras, and other elec-
trical phenomena. These, however, do not interfere with the use of the
needle in surveying.

139. It is evident, from the above facts, that the magnetic needle,
although of the utmost value in surveying as well as navigation, must be
employed with great caution, in order that the various irregularities to
which it is liable may not invalidate the operations depending upon it.
In re-running the lines of old surveys, made when the variation of the
needle was different from its present variation, we must not expect to find
the magnetic bearings correspond until we have made an allowance for
the change during the interval. In surveying with the compass in places
distant from each other, it is necessary to take into account the difference
in the amount of variation prevailing at these places. In making a
survey with the compass, it is important that the surveyor should note
upon his field-book and upon the map the date of the survey and the
variation of the needle prevailing at the time, and see that it is inserted
in any deed or conveyance drawn up by him,

To enable the surveyor to determine the variation of the needle, hc
must be provided with the means of establishing the direction of a true
meridian. This is done by observations on the heavenly bodies.

140. If the position of the north pole of the heavens were exacty
marked by a star, by pointing the telescope of the transit or the sights of
the compass upon it, we would have the direction of a true north and south
line. No star occupies this position, but the north star (Polaris) revolves
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around it in a small circle at a distance of about one and a half degrees,
It makes the circuit in 23h. 56m. Twice during this interval it crosses
the meridian, once above the true pole, at A,
Fig. 74, and once below, at B. These are y
called respectively the upper and lower culmina- ]
tions of the star. An observation on the north
star at either of these points would give the
direction of a north and south line. .

Almanacs prepared for the use of astronomers
and navigators, such as the British and American )
Nautical Almanacs, give the time of the upper
culminations for each day in the year. The time
of the lower culmination will be 11h. 58m. later.
Several smaller almanacs give the means of know-
ing these times with sufficient exactness for the L v &8
purposes of the surveyor. FiG.' 74.

141. The following table gives the times of
the upper culmination of the north star for each fifth day. For inter-
mediate days the times may be obtained by interpolatien. When the up-
per culmination occurs in daylight, it is necessary to use the lower culmi-
nation instead. The times printed in black-faced type in the table indicate
those occurring between 6 p.M. and 6 A.M.

UPPER CULMINATION OF POLARIS, 1872.

142, Inistead of observing the north star at its upper and lower cul-
mination, we may observe it at the points E or W, Fig. 74. These
are called its greatest eastern or western elongation, respectively.
sh. s5gm. before its upper culmination it is at its greatest eastern elonga-
tion, and sh. sgm. after, at its greatest western elongation.

Vertical lines through E and W cut the horizon at R and L to the right

1st Day. | 6th Day. | 11th Day. | 16th Day. | 216t Day. | 26th Day.
H, M. 8, H. M. 8 H. M. 8. H, M. 8, H. M. 8. H. M. 8,
620 3| 6 019| 54935 | bo9si| 510 6| 45023
49641 4 657| 34714| 82780| 8 7T41| 248 4
$319| 91336 15354| 18313 11381 | 134985
12969 | 12 649| 1147 0 11T R | 11 743 1048 6
10982 10 851 94914 | 92938 910 1| 8509
89254| 8 710| 74143| 728 7| 1 888| 648m|°
6202 | 6 947 3 1% §2%§6
*%g'* §f§1 DREHIRER IR §
ZS 7208 4 8
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and left of the north point N. \When these points are observed, therefore,
for determining the meridian, a correction of the amount of LN or RN
must be made. This is the azimuth of the star, and may be obtained by
the formula,
sin PE __sin polar distance
cosPN = cos latitude

The polar distance of the star is given in the nautical almanacs. For
January 1, 1872, it is 1° 22° 23", and changes very slowly. The following
are the values of the azimuth for latitudes from 30° to 49°.

Sin NR =

AZIMUTH OF POLARIS, 1872,

LAT.| AZINMUTH. LAT. AZIMUTR. LAT. AZIMUTH. l LAT. AZIMUTH.

30°| 1° 35" 8" 35° | I° 40" 34" || 40° | 1°47° 33" || 45° | 1° 56’ 31"

3r |1 36 7 36 | 1 41 51 41 | I 49 IO 46 | 1 58 36
32 |1 .37 9 37 |1 43 9 || 42 |1 5052 |47 |2 o048
33 |1 3814 || 38 1 4433 || 43 |1 5237 [[48 |2 308

I 54 32 49 12 535

33113922 (139 | 7 46 1 |l 44

143. The observations for establishing a meridian are best made
with a transit or theodolite. Select some point where a suitable perma-
nent mark may be left, and directly over this mark place the instrument
and level it. Set the vernier at zero and unclamp the lower limb. A few
minutes before the expected culmination, or elongation, point the tele-
scope on the star so that the vertical thread covers it. As the star moves
away from the thread, follow it by the slow-motion screw attached to the
limb. Continue the motion until the exact time arrives. If a culmina-
tion is observed, the instrument is exactly north and south, and a second
mark may be set by it.

If an elongation is observed, the vertical thread must be made to follow
the star, until the star, moving more and more slowly, begins to retro-
grade. The slow motion of the star at elongation, and the fact that a
small error in the time does not affect it, render observations at elonga-
tion more easy and more reliable than at culmination.

The amount of the azimuth given in the table in the preceding article
being now turned off on the horizontal limb, the telescope will point in
the true meridian, and may be used to set a second mark.

In following a star with the telescope of a transit, some mode of mak-
ing the threads visible must be employed. This is readily done by causing
an assistant to hold a light near, but not quite in front of, the object-glass
of the telescope. The light thrown into the tube, and reflected by its
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sides, is generally sufficient to illuminate the threads. Manufacturers of
instruments now provide a contrivance of a mirror and small lamp for
this purpose.

144. The direction of the meridian may be obtained without a tele-
scope, although less accurately.

To do this, suspend a long plumb-line from some projecting point in a
building, and behind it, at a convenient distance, place on a steady sup-
port one of the compass sights, or any contrivance furnished with a fine
hole, through which to look. Place the sight so that when the eye looks
through it, the plumb-line covers the star. As the star moves away from the
line in one direction, move the eye and the sight in the other, so as to keep
the plumb.line covering the star. When the moment of culmination comes,
as given by the table, stop the sight in the position when the star was
covered. The sight and the plumb-line
give two points in a true meridian,
which may be permanently marked.

If the observation is made at an elon-
gation, the star must be followed until
it begins to retrograde. The position of
the sight and of the plumb-line will be
two points in a line varying from the
true meridian by the azimuth given in
the table. Place the compass on this
line and sight along it. Observe the
position of the needle, and then turn the
compass in the proper direction the
amount of the azimuth.

146. A close approximation to the
true meridian may be obtained by
observing when the north star is in
the same vertical line with the star
Alioth in the constellation of the Great
Bear. If a plumb-line be suspended as
in the preceding article, and it be made
to follow the north star, when it has
revolved into such a position that the F1G. 75.
plumb-line covers also the star Alioth,
as shown in Fig. 75, it also coincides very nearly with the true pole.

At its lower culmination the figure would be inverted, but the same
holds true. The above method may be made more accurate by remember-
ing that the north star comes exactly upon the meridian 22 minutes after
it has been in the same vertical line with Alioth; so that if, after we
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have observed both stars covered by the plumb-line, we wait 22 minutes,
and then cover the north star with the plumb-line, the direction will be
exact.

146. Every surveyor should establish with as much accuracy as his instru-
ments will permit, a true meridian, and mark it with permanent marks.
‘With this line he can, whenever desirable, test the variation of the needle,
and any changes which it undergoes would be detected.

It would greatly conduce to the reliability of surveys if standard
meridian lines were established at various accessible points ; and sur-
veyors should be required to observe the vhriation of the needle in their
instruments at designated intervals, and to insert in their surveys of land
the variation which prevailed at the time. The State of New Jersey some
years since authorized the officers of the various counties to secure the
establishment at the county seat of each county of a standard meridian
line. Many of the counties availed themselves of this authority, and
erected stone monuments, giving the true meridian, and generally also the
approximate latitude and longitude of the place. Such a system, if ex-
tended and improved, would do much to lessen land litigation, and to
develop a knowledge of the laws of the variation of the needle.

L 28
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CHAPTER VIIL

SURVEYING WITH THE TRANSIT OR THEODOLITE.

147. The transit or theodolite has two advantages over the compass
as an instrument for surveying land. First, the angles, being read by a
vernier, can be read more accurately than is possible with the needle.
Instead of quarter degrees, it is easy to read to minutes or less. Second,
the use of the telescope instead of the ordinary compass sights, enables
the surveyor to see the target at longer distances,.and to point upon it

- more precisely. The addition

of the telescope to the magnetic
compass, which is now made by
many manufacturers, remedies
the second of these objections
to the compass. But it must
be remembered that as we can-
not read the angles on the com-
pass to less than quarter de-
grees, there is little advantage
in improving the method of
pointing beyond the degree of
precision which can be attained
in reading the angles.

148. To survey a line
with the transit. The line
of a road or railroad, or the
boundary-line between two es-
tates or townships, has often to
be surveyed. Let ABCD, etc.,
Fig. 76, be a broken line, whose
position, directions, and distan-
ces are desired. Measure the
distances AB, BC, CD, etc., the

E

Fi1G. 76.

several parts of the broken line, and with the transit measure the angles
ABC, BCD, etc., included between them. Whenever there are objects, as
M, N, and P, whose positions are to be fixed, the angles to these objects
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from the extremities of one of the lines, or one angle and the distance,
must also be measured. Objects near to the line surveyed may be fixed
by measuring offsets, as a, 4, and ¢, from the line AB.

The notes for such a survey may best be kept in the method described
for compass surveying, Art. 121. Begin at the bottom of the page of the

E
.44
o] 700
8386 o' OAK TREE
© Jons c 134°55°
919 o
_ MM
B 160° 14’

F1e. 77.

note-book, with station A, and record the distances, angles, offsets, etc., as
shown in the annexed specimen. The character [ or 7 is used to indi-
cate to which side the subsequent line turns.

149. For convenience in plotting the survey of .such a line, we may,
instead of measuring the angles included between the preceding and suc-
ceeding line, measure directly from the transit the bearings of all the lines
from the first one. Thus, in Fig. 78, set the transit at B, and fix the
vernier at zero. Turn the limb so that the telescope shall point to A.
Revolve the telescope on its axis: it will now point in the direction BN,
with the vernier at zero. Turn the vernier plate till the telescope points
at C; the vernier will then give the angle NBC, which may be recorded
as the bearing of the line BC with the line AB.
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Clamp the vernier, and remove the instrument to C. Revolve the
telescope on its axis, and then point it (the vernier still clamped)

back at B. The horizontal limb
now stands in the same position
in the field as at B, viz.,, with its
z¢ro point in the direction CN'.
Clamp the limb. Revolve the tele-
scope back on its axis, and then,
unclamping the vernier, point it
toward the next station D. The
angle indicated by the vernier will
be the angle N’CD, which is the
bearing of the line CD with CN’,
or its parallel AB.

Proceeding in this way, we ob-
tain at each station the bearing
of the succeeding course with the
first course. These angles, when
continued from 0° to 360°, meas-
ured from the forward end of the
line, are called the azimuth of
the line. In the above example
these azimuths would be as fol-
lows: ‘

/D

Fic, 78.

STATIONS.

oaow>

o
1 90 46'
64 sI

14 o2

150. The survey of the streets of a city can best be made with
the transit and chain, in the manner above explained. Run the centre
line of the street, measuring the distances to each intersection, and at
each bend of the street measure the change of direction. Also at the in-
tersections measure the angles made by the cross streets with the one
which is run, and measure offsets to the sidewalks, buildings, and other
objects, whose position it is required to determine.

Since land under such circumstances is much more valuable than farm-
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ing lands, greater care must be exercised, both in measurements of the
angles and the distances. The chain should be well tested, and due
allowance must be made for slopes. Important distances should be meas-
ured in both directions-and made to agree. For city surveying, the foot
is the most common unit of measure, and hence it is best to use a chain
or tape divided into feet.

161. To survey a tract of land. For the methods used to deter-
mine the areas of tracts of land of regular geometrical form, we refer to
the various problems of areas in Chapter V. The general method with
the transit consists in dividing the ground into triangles, and measuring
the lines and angles, which will suffice to determine the area of each.

When the tract is of such a form that all the angles can be seen from

one of the corners, as A, Fig. 79, the simplest

8 process is to place the transit at that point,

and measure the angles BAC, CAD, and DAE.

A Then measure the sides AB and AE, and the

¢ diagonals AC and AD, which compose the

lines running from the station occupied to the

several corners of the field. The area can

E D then be computed by Problem II., Chapter V.

1562. The station occupied by the transit

Fi1c. 79. may be chosen within the field when more

convenient. The angles at O, Fig. 80, being

measured, and the distances OA, OB, etc., we can determine the areas of

the triangles, and also the lengths of the sides AB, BC, etc. We have, in

this method, a check upon the correctness of the measured angles around
O, since their sum, if correctly measured, must be equal to 360°.

B C

D

C
A E D
A
Fic. 8o. Fie. 81.
Since the measurement of angles can be more correctly made than the
measurement of lines, it is obviously advantageous to reduce the measure-
ment of lines as much as possible, and substitute for it the measurement
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of angles. This can be done by measuring one line as a base line, MN,
Fig. 81, and from its extremities measuring the angles to each corner.
The base line must be so chosen that from its extremities all the stations
can be seen, and its length must not be greatly disproportionate to the
sides. It may be selected on the most favorable ground for measurement.
One of the sides of the field may be used as a base line ; or the base line
may be chosen outside as well as inside the field.

The length of MN and two angles being known in each of the tri-
angles, MNA, MNB, etc., the positions of A, B, C, etc., can either be
plotted on paper or computed. The area of the entire tract may be com-
puted by finding the area of all the triangles formed by lines radiating
from M or N. Thus, MAB, MBC, MCD, and MDA are together equal
to the whole figure.

153. It is sufficient for determining the figure and area of any tract
of land, whatever its shape and dimensions, to go entirely around it,
measuring the length of its sides,
and the angles between the sides.
In extended tracts of land, espe-
cially those partly covered with
timber and otherwise encumbered,
this method is almost the only one
which can be employed.

Begin at any corner, as A, Fig.
82, and measure the sides, AB, BC,
etc. With the transit measure the
internal angles ABC, BCD, etc.
When one of the angles is re-
entrant, the internal angle will be
greater than 180°. In traversing
the boundary with the transit and
the chain, take measurement and Fic. 82,
note of all objects whose position
it is desired to preserve. The measurements will enable us to construct
a plot of the tract, and also to compute the area. The field-notes may
be kept in precisely the method explained in article 148.

164. The following example will illustrate the method of computing
the area from the measurement of the sides and internal angles:
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STA. |DISTANCE. AIIGLI:.L 'ueua‘.!' ::_::uz".n ’:ﬁﬁ‘; AB.

A 8.93 120° 30’ 59° 30’ o N.

B 15.64 118 30 61 30 61° 30’ N. 61° 30' E,
C 1427 | 104 45 75 15 136 45 S. 43 15 E.
D 8.62 170 33 9 27 146 12 S. 33 48 E.
E 18.52 71 57 108 03 254 15 S. 74 15 W.
F 12.18 133 45 46 15 300 30 N.s9 30 W,
A 360

Oolumn I gives the stations at which the angles were measured.

Column IIL gives the distance from a station to the next.

Column IIL gives the internal angles at each station.

Column IV. gives the external angle at each station; obtained by
subtracting the internal angle from 180°. If the angle were re-entrant
this remainder would be negative.

Column V. gives the azimuth of each course with the first course,
measured from the forward end around toward the right. The azimuth
of the first course must be 0. The azimuth of the second course must be
equal to the external angle NBC. The azimuth of the third course must

'be equal to the azimuth of the second course + the external angle
between this course and the second. The azimuth of any course will be
equal to the azimuth of the preceding course + the external angle of the
course itself.

When the angles are all correct, the azimuth of the last course added to
the external angle of the first course must make 360°. The excess or
deficiency may be distributed equally among the angles, giving the cor-
rected azimuths.

Oolumn VLI gives the bearings of the several courses with the first

N course. They are derived from the azi-

368j0° muths by considering that,
First. All azimuths between 0° and
90° must lie in the quadrant NOE, and
may be marked, as in compass surveying,

Wz ] ¢r NE.

S8econd. All azimuths between 9o°
and 180° lie in the quadrant SOE, and
the bearings may be got by subtracting

180° the azimuths from 180° and marking

them SE.
Fic. 83. - Third. All azimuths between 180°

N
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and 270° lie in the quadrant SOW, and the bearings may be got by
subtracting 180° from the azimuths, and marking them SW.

Fourth. All azimuths between 270° and 360° lie in the quadrant
NOW, and the bearings may be got by subtracting the azimuths from
360°, and marking them NW.

186. The second and sixth columns of the table may now be treated in
the same manner as the distances and bearings in a compass survey.

Arranging the computation as there explained, the above example may
be solved as follows :

BEARING |LATITUDE. |DEPARTURE. o x. ..
8TA. | DIS. WITH . M. D,
AB. N|s|=|w ARRAS. | AREAS.
A |8.98 A 8.98 0 0
B [15.64 |N.61°80 E. | 7.47 18.74 18.74 |102.6378|
C [14.27) 8.43 15 E. 10.40 | 9.718 37.96 387.5040)
D |863)8.83 48 E. 7.18| 4.80 51.84 370.
E [1852(8.74 15 W. 5.03 17.83| 38.83 198..
‘F 112,18 {N. 50 30 W.| 6.18 10.50 | 10.50 | 64.8900
167.5278|958.4
. 167.
Area = 89 acres, 1 rood, 7.17 perches 785.

Since the traverse table does not give the bearings nearer than quarter
degrees, it is necessary, generally, in these examples, to use the table of
natural sines and cosines. Look out for each bearing the natural cosine,
and the natural sine, and multiply them respectively by the distance ; the
former will give the latitude, and the latter the departure.

The sum of the N. column should be equal to the sum of the S. column,
and the E. column to the W, column. The errors in latitude and depart-
ure should always be small, and the correction can be made in the same
way as in compass surveying. The corrected latitudes and departures
may be put in the proper columns. The double meridian distances and
areas are computed as in compass surveying. Half the difference between
the N. areas and S. areas will give the area of the field in square chains
and decimals,

166. When it is desired that the position of the tract of land with
reference to the true or magnetic meridian should be indicated on the
map, it is only necessary that the bearing of any one of the courses with
the meridian should be observed, either with the magnetic needle or astro-
nomically. With this the true north and south line can be drawn on the
map, and the bearing of any other course with the meridian determined.
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EXAMPLES,

1. Given a field, in which AB is 6.60 chains, BC 9.86 chains, CD 7.54
chains, and DA 9.93 chains. The internal angles measured were, A 89°
15°, B 96° o', C 84° 30', D go° 15’. Required the area.

2. In a six-sided field the following measurements were taken: A 92°
30, B g4° 30, C 155° 15’, D 179° 30, E 94° 15’, and F 104°; also the
sides, AB 31.80 chains, BC 2.08, CD 2.21, DE 35.35, EF 20.90, and FA
31.30 chains, Required the area.



CHAPTER IX

LAYING OUT AND DIVIDING LAND,

157. THE processes under this head are the reverse of those given in
the preceding chapters. It is now required that we find methods for lay-
ing out upon the ground, lines and figures whose dimensions are known.
In general, it must be left to the skill of the surveyor to devise methods
for each particular case. Only a few cases of the most common occur-
rence are here given, which may serve as models of the methods to be pur-
sued. It is most convenient to arrange them in a series of problems.

1568. Problem I. To lay out a given quantity of land in the
form of a square or rectangle.

In solving this problem it is presumed that the surveyor is limited to
start from a given point, and run along some fixed line, as a road, stream,
or fence. If the land is to be
a square, the side is equal to the
square root of the given area.
If it is to be a rectangle, of
which one side is given, the
other side is equal to the area
divided by the given side. Y ) X

Measure off along the fixed Fic. 84 ’
line AX, Fig. 83, from the
starting-point A, the side of the given square or rectangle. Then at A
and B, with the transit, or otherwise, lay off right angles, and measure
AD and BC equal to the other dimension.

EXAMPLE.—Lay out along a given line a square containing § acres.

0 (]

Singe
§ acres == 50 square chains.
The side = ‘\/5—0 = 7.071 chains.

159. Problem II. To lay out a piece of ground in the form of a
parallelogram, the angle between the two sides and the length of
one side being given.
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Let it be required to lay off along the lines AX and AY, Fig. 85,2

VA

X

A [3

FIG. 85. '

parallelogram whose area is m, and the side along AX to be equal to a.
The area of the parallelogram = AC x AB x sin A.

Hence, m=a x sin A x AB
m
AB_axsinA

Hence, measure along AX a line equal to 4, and along the side AY a
line equal to = x and at the points B and C run lines parallel to AX

a.sin
and AY.
Otherwise,
The area of the parallelogram = AC x EC =4 x CE
Hence, m=a x CE

cE=Z2
a

At the point C erect a perpendicular to AC equal to %‘, and at E run a

line at right-angles to CE meeting AY in B, and make BD equal to AC.

EXAMPLE.—Lay out a parallelogram having an area of 2 acres, along
two roads, meeting at an angle of 78° 30'; one side of the parallelogram
being 500 feet.

AB=—"__ _ 2 acres _ 87120
T a.sin A" 500.sin 78° 30’ ~ 500. sin 78° 30’ '

Log 87I2.cvciueeiannccnanans «e. 3.940118

= LOg 50..ciiiiiiiiiiinccannnns 1.699057

— Sin 78° 30" . ciieennanennn eesses 9.991193

LogAB.....cccounenn. eesssesss 2.240868

AB = 177.77 feet.
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Problem ITII. To lay out a given quantity of land when one or
more of the boundary lines is an irregular line.

Required to lay off along a straight line AX, Fig. 85, and an irregular
line AY, by a line perpendic-
ular to AX, a quantity of land
equal to m.

By estimate, assume that a
perpendicular from B will
cut off the required amount.
Make a survey of the field
AFGOB, in the usual way,
including the offsets. Com- FIG. 86.
pute its area, and let it be
represented by 7.

m — n = BOED = area to be added to the trial field.

If the boundary OE is nearly parallel to BD, we may find the distance
to be added in order to make the required area by the equation

E_Y

m —. 2%
BD =35

If BOED is a trapezoid, we must divide, not by BO, but by a mean
between BO and DE. This may generally be estimated with sufficient
exactness. Hence, ’

m— n
#BO + DE)

Problem IV. To lay off a given quantity of land along an ir-
regular line, and along a straight line, when a starting point for
the dividing line is assigned.

Let it be required to lay off a given quantity of land m along the
irregular line ABC, Fig. 86, and the straight line AX, by a line CF run-
ning from a given point C to some point in AX.

BD =

Fia. 87.
" Estimate the position of the line cutting oft the required amount to be
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CD. Survey the field ABCD, including the offsets along AB and BC,
and determine its area, and let it be represented by .
m — n = CDF = area to be added to the trial field.
Measure a perpendicular CE drawn from C upon AX.
m — n = CDF = {CE x DF
m—n
iCE

The perpendicular CE can be got by computation, whea in surveying
-the field the angle CDE was measured.

CE = CD x sin CDE,
m—n
DF = 34CD sin CDE

Problem V. To divide a rectangular tract of ground into parts
bearing any proportion whatever to each other, by lines perpen-
dicular to one side.

Let it be required to divide the rectangle ABCD into parts which shall
be to each other as m, i, and p, by
lines perpendicular to AB. The
areas of the several rectangles
AEFD, EGHF, and GBCH, into
which the ground is to be divided,
are to each other as the bases AE,
EG, and GB. Hence, it is only
necessary to divide the line AB

Fic. 88. into parts proportional to m, s,
and p. That is,

DF =

D F H

m
A= aTars”

-
Tmin+p

AB

EG x AB

-2
GB_m+n+}?XAB

EXAMPLE. A rectangular plot of ground was bequeathed to three
children. It was 10.24 chains on the side AB, and 4.93 chains on the
side AD. It was valued at $1,000, of which the first child was to receive
$400, the second $350, and the third $250. Required, the frontage of
each along the side AB. -

Ans, ‘The first received 4.10 chains.
The second received 3.58 chains.
The third received 2.56 chains.
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Problem VI. To divide a triangle by a line running from one
angle to the opposite side.

Let it be required to divide the triangle
ABC, Fig. 88, into parts which shall be to
each other as m and 7, by a line running
from B to the side AC. Since the triangles
ABD and BDC, into which the given tri-
angle must be divided, have the same alti-
tude, they must be to each other as their
bases. Hence, it is only necessary to di-
vide the base AC into parts which are to

each other as m to .
AD = = xAC/
m+tn
DC=<"'/_2"_D(AC wrong
” —_—

ExXAMPLE.—A triangular tract of land containing four acres is to be
divided into two parts, which shall be to each other as 5 to 3, by a line
running from one of the angles to a side 12.25 chains in length. Re-
quired the frontage of each part.

Ans. AD = 5
5+3

X 12.25 = 7.66 chains.

3 _ .
+3 X 12.2§ = 4.59 chains.

Area ABD = § x 4 = 2.5 acres.
Area BDC = § x 4 = 1.5 acres.

Problem VII. To divide off from a given tract of land in the form
of a triangle, a given part by a line
running parallel to one of the sides.

Let it be required to cut off from the
triangular field ABC, Fig. 89, whose
area is m, a part BDE, whose area is 2,
by a line DE running parallel to AC.

From similar triangles,

ABC BDE : AB* : BD?
m: =»n ::AB?: BD?

BD = AB x ‘/"L'T Fic. 8g.

‘\'\-FRARY
OF TWY

TRV RS

~ . —

[ERF A
a4
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BE=CBxﬁ
. m

EXAMPLE.—Given a triangular field ABC, containing 5 acres, 2 roods,
20 perches; the side AB 8.64 chains, and the side BC 11.44 chains. Itis
required to cut off a triangle BDE, containing 2 acres 2 roods, by a line
parallel to AC.

In the same way, '

m = § acres 2 roods 20 perches = 5.625 acres.
7 = 2 acres 2 roods = 2.5 acres.

— 25 - .
BD = 8.64 / S6ay = 576 chains. ,

2.5 .

BE = 11.44 T = 7.63 chains,

Problem VIIL To divide a quadxilateral field into 2 parts hav-

ing a given proportion to each other by a line starting from a

certain point on one side.

F c Let it be required to divide the

quadrilateral ABCD, Fig. go, into

two parts which shall be to each

other as m to », by a line start-

ing from E. Let A = area of the
quadrilateral.

Then, Area ADFE = ik

m+n
”

x A

[
\
E

‘&,

and, Area FCBE = X A
m+n

FI16. go0.

Run a line from the point E to such a corner of the field that the line

* will divide the land most nearly into the parts required. Let EC be that
line. Survey the part ADCE, and compute its area Q. The difference
between this area and the area of ADFE will be the amount to be added
to or subtracted from ADCE to make the right division.

If, as in the figure, the area ADCE is too great, the portion to be cut
off must be a triangle, EFC having an altitude equal to the perpendicular
EP, and an area equal to the difference stated. Hence, to find the base
CF, we have

—Z_A

CF_ADCE—ADFE_Q_:» +n

- } EP - $EP
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In surveying the part ADCE, the angle ECP and the side EC would
become known. From these we can compute the perpendicular EP.

EP = EC sin ECP
m

F = Q- st

~ } ECsin ECP

160. Problem IX. To divide any field into two parts having a
given proportion to each other, by a line starting from a given
point.

Let it be required to divide
the field ABCDEFG, Fig.o1, ¢ P L
into two equal parts by a line e
AM starting from A, Sur- .
vey the entire field, and de- B ,” E F
termine its area m. Suppose e
a line run from A to some o
comer D, to cut the field [
most nearly in the manner A &
required. Compute the area FiG. g1.
of the part ABCD, and let it
be represented by ». The difference between this area and half the entire
field must be the portion to be subtracted from ABCD to give the required
division. In the figure this is a triangle ADM, having a base DM and a
perpendicular AP.

ADM =2 — $ m = } AP x DM

n—4m

} AP

To determine the perpendicular AP, when AD and the angle ADP
are known, we have

C

DM =

AP = AD. sin ADP
n—4m

m‘:;'AD.sin.wr'
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CHAPTER X

UNITED STATES PUBLIC LANDS.

161. THE vast territory which from time to time came into the pos-
session of the United States, has all been, as the occasion required,
surveyed, and laid out on a uniform system. This system was devised for
the purpose of preparing for settlement the lands north of the Ohio
River and east of the Mississippi, which had been ceded to the General
Government by the States of New York, Virginia, Massachusetts, and
Connecticut. It is first distinctly suggested in an ordinance reported by
a committee of the old Congress, of which Mr. Jefferson was chairman,
on the 7th May, 1784, but was not passed till May 20, 1785. Simeon
DeWitt, when the report was presented, was geographer-in-chief of the
Continental army, and it is believed that to him the committee owed the
essential features of the method of dividing up the public lands, which
has been developed into the most perfect system of land partition which
has ever been devised. It is, in reality, the same method which was em-
ployed by the Roman land surveyors in dividing the conquered territory
among the veterans of the army.

162. The system consists in dividing the land into equal squares by
lines running north and south, east and west. One of these squares, the
unit of the entire system, is called a township, and is six miles on each
side. The township is divided, by lines one mile apart, into 36 sections,
-ach of which is one mile square, and contains 640 acres. Each section.
.. again subdivided into quarter sections, containing 160 acres. These
townships, sections, and quarter sections are all run out upon the ground
and marked by appropriate monuments, and correspondingly numbered
upon the government maps.

163. This division of a territory into townships rests upon two princi-
pal lines, the one running east and west, called the base line; the other
running north and south, termed the principal meridian. In making
a survey, these two lines are first run, and the point of their intersection,
or initial point, is always chosen at some prominent natural landmark,
as the confluence of two rivers, or an isolated mountain.

164. The position of a township, with reference to these lines, is
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designated by its number north or south of the base line, and its number
east and west of the principal meridian. Thus, in Fig. 92, the township

]
N
Al § l
318l |
- 3
$ Base| Line
Q
C
F16. 92.

marked A would be designated as township 3 N. range 2 W, that is,
the third township north of the base line, and in the second range of
townships, west of the principal meridian. The township marked B would
be termed township 2 N, range 2 E,, and that marked C would be town-
ship 3 S, range 4 W.

The sections into which a township is divided are designated by num-

312}
9lof uji2
18] 17]18]{ 15| 14 )13
19120}21]22|23|24
3012912827 26|25
31|32|33|34|35(36

F1G. 93.

bers beginning at the northeast corner, and running westward with the
north tier of sections, eastward with the second tier, etc., as shown in

Fig. 93.
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166. Since the meridians in running north converge toward the
earth’s pole, it is plain they cannot be at the same distance apart at the
north and south ends of a township. In latitude 45°, this convergence
amounts to 109 feet in six miles. In a system of townships extending over
a large territory, this convergence would materially modify the size of the
townships and sections. To remedy this defect, it is provided in the
government surveys that standard parallels, or correction lines, be run

Sy ParaLprL

Paincipac_Maninian

Base LinE.
F16. o4.

(since 1866) every thirty miles north and south of the base line. On these
standard parallels the spaces of six miles are measured off anew. Fig. o4
shows how the meridians above and below the standard parallel do not
coincide.

166. When a new territory isto be surveyed, it must be connected with
some territory already surveyed, or a new base line and principal meri-
dian established for it. Six principal meridians have been established,
and are now connected with each other so as to form one continuous sys-
tem. In addition to these, a number of independent meridians have been
established in new territories, and have not yet been connected with the
others by intermediate surveys. Thus, in Utah we have the Salt Lake
meridian, in Oregon and Washington the Willamette meridian, etc. In
the course of the progress of the surveys of the public lands, these inde-
pendent meridians will all be connected with each other and with the
more eastern meridians, thus making a complete network of rectangular
townships from the Ohio River to the Pacific Ocean.

167. The first step in the survey of a new territory is the selection of
an initial point from which the base line and principal meridian are to



UNITED STATES PUBLIC LANDS. 11§

start. This should be in the neighborhood of the lands whose survey is
first desired. The principal meridian must then be run, the township
corners and also the corners of the sections and quarter sections being
marked upon it. It may extend both north and south of the initial point,
and may be continued as the exigencies of the survey demand. The base
line and the standard parallels are next run out, in both directions if
required, and marked by monuments at the corners of the townships,
sections, and quarter sections.

These fundamental lines of the survey must be run with the greatest
precision possible. The instrument chiefly relied on is Burt’s solar
compass, a description of which is given in this chapter. The chain
used is Gunter’s 66 feet chain, and is to be frequently tested by comparison
with a standard chain furnished by the Surveyor-General.

168. The township lines are always run in the order shown in the
annexed diagram, commencing at the corner marked I, and reaching in
regular order the corners 2, 3, 4, etc. The object of this arrangement is

to throw all errors and corrections on the north and outside lines of the
townships. In running the township lines, the section and quarter section
corners are also determined and marked with monuments.

The lines for the sections are run in the same order as directed above
for the townships ; that is, the surveyor first runs No. 36, then No. 25, etc,
Any errors are thus thrown on the upper and outside sections, and cannot
extend beyond the next township boundary.
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169. When a township or other line runs to some impassable barrier,
as a river or lake, the surveyor is directed to establish at such point a per-
manent mark, called a meander corner, and then to run along such obstacle
a line called 2 meander line. These meander lines determine the form
and area of the space reserved from the lands surveyed. All navigable
streams, all lakes of more than one mile in length are thus meandered, and
reserved in the sale of the public lands.

170. The chief object of the Government survey is to establish the
corners, and so to designate them that settlers can from them locate the
lands which they may have purchased. The directions, therefore, issued
to the surveyors, specify the mode of marking the corners so that they
may be identified. The monuments are to be of stone, or of the most
durable timbers in the vicinity. They are to be cut of specified figure
and dimensions, and to be marked with appropriate devices, so that at any
subsequent time it may be known to what township, section, or quarter
section a given monument belongs. The meander corners are also to be .
appropriately marked.

On the standard parallels two sets of corners are required ; one set facing
the south, being the corners of the northern tier of townships, sections, etc.,
and one set facing the north, being the corners of the southern tier of
townships, sections, etc. The former are called closing township corners,
and the latter standard township corners.

171. The surveyor is directed to make accurate note of the features
of the land on which his lines are run. All timber lands, swamps,
lakes, bayous, etc., are to be noted in his field-books. From these records
of the surveys maps are constructed, on which the township lines are put
down, and all the natural features, with the character of the soil, are
indicated.

SOLAR COMPASS.

172. This instrument was invented by William U. Burt, of Michigan,
and was patented by him in 1836. It was designed to furnish a ready
and accurate method of determining a true meridian, and of running
lines with reference to it. It has now come into general use in the sur-
veys of the United States public lands, and in its present most approved
form, as now manufactured by Messrs. W. & L. E. Gurley, of Troy, will be
here described. The accompanying plate represents the instrument as
now constructed by them.

173. Its essential parts are three arcs of circles, on which are set off
the latitude of the place, the declination of the sun, and the hour of the
day, and called respectively the latitude circle, the declination circle,
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and the hour circle. An examination of the plate will show how these
parts are arranged.

The plane of the latitude circle is perpendicular to the horizontal limb
of the instrument, and is shown in the plate at the left hand. It is con-
nected with a curved bar, which may be called the latitude arm, and which
has its centre of motion in two pivots, one of which is shown at the right
hand of the figure. It is moved up and down by a tangent-screw, and is
provided with a clamp-screw to secure it in any desired position. By
means of a vernier it may be read to single minutes. To adapt it to the
territory of the United States it has a range from 25° to 60°.

The deoclination circle is shown at the top of the plate, and is so
divided as to read to single minutes, through a range of 23° 28'. Its ver-
nier is attached to a straight movable arm, turning on a pivot at its lower
end, and is moved by the tangent-screw, and may be clamped in position.
The whole circle and its vernier arm are capable of being reversed by
turning on an axis, so that the graduated arc may be at the lower end, and
its pivot at the elevated end.

The hour circle is not shown in the plate, but lies at the right hand.
It is used to set off the hour of the' day. The middle of the arc is marked
12 o'clock, or 9o degrees. It is graduated on each side of this through an
entire range of about 120 degrees, in divisions of half-degrees. The arc
forms part of the movable arm of the latitude circle, and at its centre is
the polar axis, on which the frame of the declination circle turns.

174. In addition to these distinguishing features, this instrument has
sights like an ordinary compass, or, as in the improved form shown in the
plate, has a telescope for more accurate vision ; it has level tubes to set

_the plate horizontal, and it has a magnetic needle poised in a box, shown
in the plate at the back of the figure. The needle has a range of about 36
degrees, graduated to half-degrees on an arc numbered from the middle
point each way. The needle-box is moved by a projecting arm and a tan-
gent-screw, and is used to set off the variation of the needle east or west.

The horizontal imb of the compass is divided so as to read by two
opposite verniers to single minutes. The usual clamp and tangent screws
serve to adjust this plate in position.

In addition to this, there is provided on the outer rim of the vernier
plate a circle divided into parts of 5° or 10°, which may be used to make
a rough estimate of any angle which does not require 2 more precise
measurement.

176. At each end of the bar of the declination circle is a small convex
lens set in a metal plate, having its focus adjusted so as to lie in the sur-
face of the metal plate of the opposite end. Lines are drawn on this plate,
two horizontal and two vertical, forming by their intersection a small square,
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upon which the image of the sun, when adjusted to the meridian, is thrown.
In the position of the instrument as shown in the plate, the image is formed
by the lens at the upper end of the arm, upon the plate at its lower end.
When the position is reversed, the image is formed by the other lens upon
the plate opposite.

176. To explain the method of using this instrument, we will suppose,
first, that the sun is on the equator, as it is on the 21st day of March
and the 21st day of September, that is, the sun’s declination is zero,
Secondly, we will assume that it is exactly noon by the sun, that is, that
the sun occupies a position precisely south. Thirdly, we will assume
the latitude of the place occupied is 45°. Proceed as follows :

1. Set the latitude circle at 45°.
2. Set the declination circle at zero.
3. Set the hour circle at 13, the middle point.

It is evident now, that if the plane of the latitude circle of the instru-
ment were set north and south, the plane of the hour circle would coincide
with the plane of the equator, the polar axis would point directly to the
north pole, and a line through the declination arm would point directly at
the sun.

In that case, the sun’s rays, passing through the lens at the upper end,

, would be brought to a focus in the little square on the opposite plate,
If the image does not fall directly between the vertical lines which form
this square, it would indicate that the instrument is not directed truly
north and south, and must be moved right or left until the image is
brought into position. .

177. During the part of the year from March 21st to September 21st,
the sun is north of the equator, that is, has north declination. From Sep-
tember 21st to March 21st, it is south of the equator, that is, has south
declination. In the former case, the declination circle must be placed
as shown in the plate, and then must be set to the proper north declina-~
tion for the day. In the latter case, the declination circle must be re-
versed on its axis, and set to the proper south declination. The nautical
almanac, which must be used in connection with this instrument, gives
the proper “declination for noon of each day at Greenwich, that is, for
intervals of 24 hours. The change of declination from the noon of
Greenwich to the hour of observation at any other place must be taken
into account. Fifteen degrees of longitude correspond to one hour of
time.

Thus, suppose the observation were made at 2 o’clock, in west longitude
go°. The difference in longitude is equivalent to a difference of 6 hours
in time. Hence, the whole time subsequent to the Greenwich noon is 8
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hours, The change per hour is given in the almanac, hence it is easy to
find the change for 8 hours.

178. Assume now that the latitude circle has been set to the proper
latitude of the place, and the declination circle set to the declination of
the sun for that day, place, and hour.

When the instrument is north, and the polar axis is directed truly to the
north pole, and the declination arm set to the sun’s declination ; by revolv- |
ing the declination circle on its axis, we could follow the position of the
sun in its path from the east to the west, keeping the declination arm con-
stantly pointed toward it. At 6 hours before solar noon the sun would be
due east, and when the arm is directed to the sun at that time, the hour
angle reads 6; at 4 hours before noon it would read 4, etc. This enables
us to us2 the solar compass at any hour of the day as well as at noon.

When the latitude circle is set, and the declination circle set, and the
hour circle set to the proper hour before or after noon by the sun ; then,
in order that the solar image may be formed by the lens in the declination
arm upon its opposite square, the instrument must be north and south.
Hence, we must move it right or left until the solar image falls in the re-
quired place ; then we know the instrument to be in the meridian.

179. The noon of a good watch or clock does not, in general, coincide
with noon by the sun. They differ by an amount which is called the
equation of time, and which is given for each day in the year in the
nautical almanac.

Now, since the hour to be set off on the hour circle of the solar com-
pass is the time before or after noon by the sun, the time given by the watch
or clock will require to be corrected by the equation of time, before it can
be used for this purpose.

Thus, let the observation about to be made take place at 3h. 18m. 30s.
PM., May 24, 1872. From the nautical almanac for May 24, we find

Clock time =3 18 30
Equation of time = 3 24

Sun time =3 21 54

180. By the refraction of the atmosphere, the rays coming to the eye
are slightly bent out of a straight line, so that all objects except those
directly overhead appear higher than they really are. At the horizon this
effect is greatest, and amounts to about 34', so that we see the whole discs
of the sun and moon above the line of the horizon, when they are still
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really below it. In using the solar compass, this displacement of the sun-
by refraction requires to be taken into account.

The correction requires in all cases to be added to the true altitude,
when, as in using the solar compass, we wish to obtain the apparent
altitude.

The amount of refraction varies with the altitude, being greatest at the
horizon, and zero at the zenith. Tables of refraction are given in the
nautical .almanacs, and also in manuals of astronomy. For the pre-
cise operations of astronomy, the changes produced by variations in the
thermometer and barometer require to be taken into account. This is not
necessary in surveying. Below is given a table showmg the refractions at
a mean temperature of 60° Fahr.

TABLE OF REFRACTIONS.

APPARENT MEAN APPARENT MEAN
ALTITUDE. |REFRACTION. ALTITUDE. |REFRACTION.
o° o 34' 54:/ 11° ol 41 49"
0 20 30 52 12 O 4 25
0 40 27 23 13 O 4 5
I 0 24 25 14 o 3 47
1 30 20 51 15 O 3 32
2 o 18 9 20 O 2 37
2 30 16 1 25 O 2 3
3 0 14 15 30 O I 40
3 30 12 48 35 O 1 22
4 O II 39 40 O I 9
5 0 9 47 45 O o 58
6 o 8 23 50 O o 48
7 o 7 20 60 o o 33
8 o 6 30 70 O o 21
9 O 5 49 80 o o 10
I0 O 5 16 Q0 o o o

181. The effect of refraction is to increase the north declination of the
sun over that given in the nautical almanac, and to decrease the south
declination. When the sun is in the meridian the effect of refraction is in
the same line with the arcs of declination, and, therefore, the corrections
for refraction may be taken directly from the tables of refraction. Take
out the declination of the sun for the day, and correct it for the hour and
the longitude. Then, if the declination is north, add the refraction ; if
south, subtract it.
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Thus, let the observation about to be taken be in latitude 41° 30’ N,

longitude go® W., at noon of May 24th, 1872.

Altitude of equator = go° — lat.
Declination of sun, Greenwich noon
Correction for go° long.

Altitude of sun at observation
We then have :

Correction for refraction
Declination at observation

Corrected declination

nn

I

480 301 oon
+ 20 52 47
+ 2 4
69 25 31
21
20 55 31
20 55 52

When the sun is either east or west of the meridian, the refraction, by

changing its altitude, does not change its
declination by its full amount. Thus, in
figure g6, let s represent the true position
of the sun, sD its declination, and ED its
hour angle. Let ss” represent the effect of
refraction upon the altitude; its effect
upon the declination would be sm, and its
effect on the hour angle DD'.

The values of s» and DD’ for all hours
from the meridian, and for different lati-
tudes, have been computed, and are usually
given in a table like the following. They
are given as fractions of the value of s,
which can be got from the table of refrac-

4

Fia. g6.

tions. Thus, in latitude 40°, for an observation three hours before or after
the meridian, the effect of refraction on declination is &5 of the refraction
due to the altitude, and the effect on the hour circle is ¥i;. For example,

if the altitude be 70°, we have

Refraction due to altitude
Declination component = .84
Hour component = .54

oI 21"
o 176
o IL3

In ordinary practice with the solar compass, the surveyor, by the aid of
lines drawn on the plate, called refraction lines, estimates the effect of re-
fraction, without having recourse to the tables.
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PROPORTION OF REFRACTION TO BE ALLOWED IN HUNDREDTHS OF THE
WHOLE.

ON DECLINATION ARO. ON THE HOUR ARC.

HOUBS FEOM THE MERIDIAN. HOURS FROM THE MERIDIAN.

30|97 (90 |79|66|55(50]| 22|43 |61|75]|84]87
34 |98 | o1 |81 |71 |60 |56| 22|42 |59 | 71| 80| 83
36 (98 | 92 [ 82|72 | 62| 59| 21| 40| 57| 70| 78| 81
38|98 |92 |83)73|65/|62( 20(39]|56]|68|76]|79
40 | 98 | 92 | 84| 75 | 67 | 64| 20|38 |54 |66 | 74|77
46 |98 | 93 | 87 (80| 74 | 72 || 18 | 36 | 49 | 60 | 67

50,99 (95 (8 (83|78 )77 | 17]32|45| 56|62 64

USE OF THE SOLAR COMPASS.

182. To determine the latitude of a place. This requires to be
determined frequently in the progress of the surveys—usually every clear
day—since the latitude is required in running lines with the solar compass.
The observations are best made at noon.

A short time before the anticipated occurrence of the sun noon, set up
the instrument and level it. Set off on the declination circle the declination
of the sun for that day and longitudc, and correction for refraction. Set
the hour circle at 12. Then turn the instrument until the solar image falls
between the hour lines of the plate, and, by the tangent screw of the lati-
tude circle, bring the image between the equatorial lines. As the time
advances toward sun noon, the sun rises higher, and the image will fall
below the equatorial lines. Follow the image with the instrument, con-
stantly keeping it between the four lines. When the sun has reached its
highest point, at sun noon, its further progress will make the image fall
above the equatorial lines. Arrest the movement of the latitude circle at
the point when the image ceases to move down, and begins to move up
across the equatorial lines.
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Read off on the vernier of the latitude circle the arc indicated. It must
be the latitude of the place.

183. To determine the true time by the solar compass. It is ne-
cessary for the surveyor, in running lines, to use the time given by his
watch or chronometer. In order that this may be relied upon, he must
take frequent occasion to test and correct it.

In observing for latitude, as explained in the last article, the instant when
the sun is at its greatest height is the instant of sun noon. Hence, the
same observation will serve to determine the latitude and the time. Note
the time by the watch or chronometer when the sun is at its meridian alti-
tude. Correct this for the equation of time as given in the nautical almanac
for that day. The result will be the reading of the watch or chronometer
at true clock noon, and the difference between this and 12 will be the
error of the watch or chronometer.

If the instrument is already set north and south, which may be done
upon any meridian line, the hour can be determined at any hour as well
as noon. Set the latitude and declination circles. Then turn the hour
circle until the image of the sun falls truly between the lines. The hour
read off on the vernier of the hour circle will be the sun time of the
observation. Correct this for the equation of time, and compare with the
time of the observation as given by the chronometer. The difference will
be the error of the chronometer.

184. To run lines with the solar compass. The lines to be run
in the government surveys are principally north and south lines or east
and west lines. The instrument, however, can be used with equal facility
for running any other lines.

North and south lines. Set the instrument over the starting-point
and level it. Set off the latitude, declination, and hour upon their proper
circles, and clamp them fast. Clamp the horizontal limb at zero, and
bring the instrument approximately north and south by the magnetic
needle. Lastly, by the tangent screw move the horizontal limb till the
solar image falls precisely in its position between the lines. The instru-
ment then points north and south, and may be used to locate points in the
meridian,

Bast and west lines. Proceed as before, except that the horizontal
limb must be clamped, not at zero, but at go°. The line of sight then
stands east and west when the solar apparatus stands north and south,

Oblique lines. To determine the bearing of any line with the merid-
ian, set all the circles as before, and turn the telescope in the direction of
the required line. Move the solar apparatus until the solar image falls in
position. The angle now read on the horizontal limb will be the bearing
required.
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185. The magnetic needle in this instrument is of service to bring it
into approximate position, and to run lines when the sun is obscured, or
when less precision is required. The meander lines along the banks of
rivers and lakes are usually thus run. The section lines, especially when
no local attraction disturbs the action of the needle, may be run with the
needle alone. But the township lines, and, more particularly, the stand-
ard parallels, are all to be run with the solar compass.

Before using the needle, the surveyor determines its variation. This is
done by putting the instrument into the meridian by the sun, and then the
reading of the needle will be its variation. The needle-box may then be
turned by its tangent screw, until the needle reads zero; then the instru-
ment is ready to be used as a vernier compass.

186. The telescope in the solar compass, as represented in the pre-
ceding plate, is placed at the circumference of the horizontal limb. The
displacement of the line of sight from the centre of the instrument may
be disregarded in long sights, or by a simple contrivance the target on
the target-rod may be set as far out of line as the telescope is displaced.

The use of the telescope on the solar compass enables the surveyor
to use the micrometer method of measuring distances, as described in
article 43. In crossing rivers, swamps, lakes, and other impediments,
this method becomes of the greatest service; its accuracy in skillful
hands being almost, if not quite, equal to that of the best chain measure-
ment,



CHAPTER XL
THE PLANE TABLE.

187. WHEN the object of the survey is to construct a map of the
country surveyed, and not to obtain the dimensions of given lines and
tracts of land, an instrument called a plane table has been used with
great success. In the United States Coast Survey this instrument is relied
on to furnish the details of topography, and under the skillful manipu-
lation of its officers, the construction and use of the table have been
carried to a high degree of perfection, We are chiefly indebted to the
essay of Lieut. Harrison, published in the United States Coast Survey
Report for 1865, for such details concerning its construction and use as we
shall here give.

188.. In the plate annexed, Fig. 97, which is copied by permission
from the Coast Survey Report, will be seen the arrangement of a plane
table as now employed. It consists of a well-seasoned board, about 24 by
30 inches, and three-fourths of an inch thick. To prevent warping, it is
made in two layers, with the grain running in opposite directions.

It is supported on a tripod and tripod-head, and provided with level-
ling, clamp, and tangent screws, so that it may be levelled, clamped, and
adjusted to any position.

The paper on which the map is to be drawn is spread upon the board,
and held fast by spring clamps. When the sheet is larger than the board,
it may be fastened in a roll under the edge of the board, and as fast as one
part of the sheet is filled a new part may be unrolled, and the finished
part rolled up. If a small sheet only is required, it may be fastened to
the board by drawing-tacks. ’

189. The alidade used with the plane table is a brass ruler with bevelled
edge, about 20 inches long, from which rises an upright standard bearing
a telescope. Instead of the telescope, this ruler is sometimes provided
with two upright sights at the ends. The telescope is the same in con-
struction as that used in the transit, and may be provided with a microme-
ter to measure distances. An arc of a vertical circle attached to the axis
of the telescope serves, when required, to measure the angles of elevation
or depression of the line of sight. A circular spirit-level is inserted in
the brass ruler, which serves to determine when the board is horizontal.
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A box containing a magnetic needle also accompanies the board. By
means of this the magnetic bearing of any line drawn upon the table can
be ascertained, and the table itself can be adjusted to any position in the
field.

In addition to the apparatus described, the surveyor must be provided
with a pair of dividers and a scale, and with pencils and India-rubber.
An oil-silk or India-rubber cover should also be at hand to protect the
table and instruments from wet and dust.

190. The object of the field operations with the plane table is to con-
struct a map or representation of points and lines upon the ground. It is
really a drawing-board taken into the field, and as fast as the lines and
points are determined they are plotted in their true location and dimen-
sions upon the paper. The location of points in their true position with
respect to one another is accomplished by four methods, which, in actual
practice, are more or less used in conjunction. These have received the
names of the method by radiation, the method by progression, the
method by prosection, and the method by resection.

191. By radiation. Let it be required, for example, to make a map
of the field ABCDE, Fig. g8. Set the plane table up at some point in
the field from which all the corners of the field can be seen. Bring it to a
Ievel by means of the levelling
screws, and clamp it fast in po-
sition. Point the alidade at each
of the stations successively, and
draw indefinite lines on the
paper from p, the point of the
paper directly over the point
on the ground, toward each of
the stations pA, B, etc. Meas-
ure with the chain, or with the
micrometer telescope, the dis-
tance from the station occupied Fic. ¢8.
by the plane table to each station, and lay off upon the drawer the lines
drawn upon the paper, with a suitable scale, these measured distances,
2a, pb, etc.  Join the points a, 4, ¢, etc., by straight lines, and the result-
ing figure abede will be a true representation of the field.

The position of any other objects, such as buildings, trees, bridges,
etc., may be determined by the same method, by drawing with the alidade
a line to each object to be located, and on this laying off to the same
scale the measured distance. .

When the micrometer telescope can be used for measuring the distances
in this method, the operations are exceedingly rapid and easy. And when
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extreme accuracy is not required, no way is more convenient for executing
a sketch of a tract of ground.

192. By progression. In this method the plane table is carried for-
ward and made to occupy successively the stations A, B, C, etc., Fig. 9.
Set it up first at station A, and mark some point & on the paper to repre-

sent A. With the alidade draw

8 c through this point @ an indefinite
.,45—6 f d: line directed toward the station B

‘\ in the field. Measure with the

chain or otherwise the distance
AB, and lay off this distance aé

D withasuitable scale ; 4 will be the
\/ location of the point B in the plot.
Remove the plane table to B.

€ Lay on the alidade so as to coin-

F16G. 99. cide with 42 on the paper, and

turn the table to the right or left

until the alidade points back at the preceding station A. It is now in

exactly the same position with respect to the points of the compass as
when at A.

With the alidade draw a line through 4 directed toward C, and on this
line lay off the measured distance BC to the same scale as the preceding
line ; ¢ will then be the location of C inthe plot. Proceeding thus, we
can lay down every station of the field. .When we have gone entirely
round a field, the last line ought to close with the first station a.

193. The two preceding methods may often be used conjointly. Thus,
in surveying and mapping a road and its adjacent objects, the line of the
road itself may be traversed by the plane table, and each of its angles
occupied as a station, as in the method of progression. At the same time,
Yy the method of radiation, the location of adjacent objects, such as build-
%:gs, trees, etc., may be determined. The general features of the ground
#iay further be sketched in by eye, and thus, while traversing the ground,
a complete and faithful map of the line and all noteworthy adjacent
objects may be executed.

194. By prosection. The principle depended on in this method for
determining the location of points is the intersection of two lines drawn
from two points toward a third. Let it be required to make a map of the
stations A, B, C, etc., Fig. 1g0. Measure with great care a base-line MN,
so situated that from its two extremities all the stations to be located can
be seen. Set up the plane table at one of these stations, as M, and direct
the alidade toward N, and draw an indefinite line. On this, set off ta
some convenient scale m#n, representing MN.

7

Aja--.
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With the table in the same position, direct the alidade toward each of
the stations successively, and draw the indefinite lines mA, mB, etc. Re-
move the table to N, place the alidade so as to coincide with mn, and
then turn the table until the alidade points back toward M, It is then
situated in the field as at M. Through s draw lines with the alidade

/‘\B
J
\Y

>
s
A Y

—mom ey

Fi1G6. 100,

toward each station, #A, #B, etc. The points @, 3, ¢, etc,, where lines
drawn toward corresponding stations from m and » intersect each other,
will be the true location of the points A, B, C, etc., on the map; and
their distances from each other, and from m and #, will be represented
on the same scale as was used in constructing the base-line mz.

If we are surveying a definite tract of ground, as a field, one of the sides
of the field might be occupied as a base-line when convenient. Of the
base-line might be taken entirely outside of the space to be surveyed.
The shores of a lake or harbor, or the features of some inaccessible island,
may in this way be mapped without occupying any part of it.

196. By resection. In this method of using the plane table, one line
of the field must be measured, as, for example, AB in Fig. ro1. Lay off
on the plane-table sheet a line 25, representing AB, to a suitable scale.
Place the plane table at B, and with the alidade on the line aé direct the
sights toward A. The line aé will then be parallel to AB. With the ali-
dade directed toward C draw the indefinite line C. Remove the table
to C, and with the alidade on 8C point back toward B. Turn the alidade
so that, touching the point ¢, it will point toward A. It will intersect the
line 4C in some point ¢, which will be the true location of the point C.
Through C draw a line toward D ; then remove the table to D, and pro-
ceed as at ¢.

While the leading points of the map are thus determined, the location
of any other points on either side of the line may be determined by radi-
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ation or by prosection. The minute details of the topography may also
be sketched in by eye as the survey proceeds.
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196. To orient the table. To place the table in such a position that
the lines of the plot shall be parallel to the lines of the field, is called
orienting the table. It signifies the adjustment of the table to the points
of the compass, one of which is the orient or east.

In the preceding explanations we have shown how this could be done
when the table is located at some point of a line on the ground, which
has been drawn upon the table. We need only to lay the alidade on this
line, and then turn the table until the telescope points at some other
point in the same line.

But when the table is to be removed to some new point P, which is
not connected with ‘any other point in the field by a line already con-

. structed, the method there used
B will not apply. It can always
be done approximately by using
the compass-box which accom-
panies the plane table. At any
preceding station where the
table had been in position, lay
the compass-box so that its
straight edge shall coincide
with any line on the table, and
read the bearing of the needle.
PN A When the table has been re-
moved to the new point P, lay
P the compass-box upon the same
FI1G. 102. line and turn the table until the
needle indicates the same bear-
ing. The table must approximately be then in the same position as at
. the preceding station.
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197. Three-point probl:m. Whenever we have three stations of
the field already located on the plane-table sheet, we can always determine
the location of any other point of the field from which these three points
can be seen. This is called the three-point problem, and is of the most
constant use in operations with the plane table. It includes, of course,
the orientation of the table at the new station.

Let A, B, C, Fig. 103, be three stations whose positions on the sheet
have already been settled at g, 4, and ¢; a.nd let it be required to fix on
the sheet the location of the sta-
tion P, now occupied by the plane 4B
table. It is evident if the plane '
table could be oriented, the point l'
would be determined by resecting 1
from A through a4, and from B 4\ ‘
through 4, and from C throughe. '\ H AC
These lines ought all to intersect \ H
at one point;which would be g, \ '

" the location P, \ H

Having set the table over the 5 ! V4
station P, orient it approximately
by the compass-box. Then with a )
the alidade draw lines through a
toward A, through 4 toward B,
and through ¢ toward C. If the
orientation is not perfect, these P
lines will, by their intersections,
form a small triangle, as shown in
the figure, called the triangle of error.

198. From this triangle of error and the three points g, 4, and ¢, the
true point can always be obtained by geometrical construction. Thus, let
a,4, ¢, Fig. 104, be the locations of three points A, B, C. Describe a circle
through a, 4, and through the intersection of the resection lines drawn
through these points. Describe another through a, ¢, and through the
intersection of their resection lines, and a third through 5, ¢, and the point
be. 'These circles will intersect each other at some point, which will be
the location required.

This construction applies equally to the case where the station P liee
within or without the triangle ABC. When the station is within the tri-
angle, the point will be within the triangle of error, and when P is with-
out ABC, will be found without the triangle of error.

The construction of the point, as above described, is attended with so
many inconveniences in the field that it is rarely resorted to, The prac-

Fi1G. 103.
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tised surveyor is able by trial to make the gdjustment of the table with
great rapidity, and with the additional convenience of avoiding the multi-
plication of lines upon the sheet.

F16. 104.

The method of determining the position of a point with reference to
three points already located, is explained in Problem V., Chapter IV.
‘When the angles from the required point to the known points have been
measured, the location of the point may be obtained by the construction
there illustrated. The usual plane-table method differs from that in not
requiring the actual measurement of the angles.



CHAPTER XIL
LEVELLING.

199. THE process of levelling consists in finding the difference of
level between two points, or in finding the heights above a fixed horizontal
line of the successive points of a line on the surface of the earth. Two
points are said to be in the same level when they are at the same distance
from the centre of the earth. A level line ora level surface is one in
which all points are equally distant from the centre of the earth. The
surface of quiet water is a level surface. Any line or surface parallel to
the surface of quiet water would be level.

The subject of levelling belongs to land surveying so far as it serves to
determine the variations in the surface of the ground, and the consequent
location of roads, drains, watercourses, channels for irrigation, etc. We
propose, therefore, to discuss the subject only so far as it is connected
with the surveying of lands, and not in reference to general engineering
work.

200. According to our definition, a level line is a curved line having
the centre of the earth for its centre. If a telescope be made level at the
point A, Fig. 105, on the surface of the earth, its line of sight would be
AT, which is a tangent line to the true level line at that point. The

A T

=,

F1c. 105.

line AT is called the apparent level line, and AB the true level. At
the distance AB they differ from each other by the distance BT.
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From geometry we know
BT (2BC + BT) = AT®.
Neglecting BT in comparison with 2BC, and representing the radius of

the earth by R, the difference between true and apparent level BT by 4,
and the distance AB, nearly equal to AT, by 4. we have

2RA = a*
P
‘:;ﬁ

For 1 mile, 2 = 8 inches, nearly.
For 2 miles, 2 = 32 inches, nearly.
For § mile, 4 = 2 inches, nearly.
For { mile, 2 = £ an inch, nearly.

In general, the value of 4 varies as the square of the distance. Hence,
to find the value of 4, multiply its value for one mile by the square of the
number of miles.

201. The effect of the refraction produced on rays of light by the
atmosphere is to decrease this difference between true and apparent level
by a small amount. The annexed table gives the combined effect of the
two corrections, at different distances,

L
CORRECTIONS OF APPARENT LEVEL, FOR THE EARTH'S CURVATURE AND

FOR REFRACTION.
D = distance in feet ; A = correction in feet.

D. R, D. h. D. h. D. k.

300 | .002 || 1800 | .066 3360 223 || 4800 472
400 | .003 || IQOO | .074 || 3400 | .237 || 4900 492

500 | .005 || 2000 | .082 || 3500.| .251 || 5000 512
600 | .007 || 2100 | .0g0 || 3600 | .266 || 5100 .533
700 | .010 || 2200 | .099 || 3700 | .281 || 5200 554

800 | .013 || 2300 | .108 || 3800 [ .296 || Im. 571

Qoo | 017 || 2400 | .118 || 3900 | .3I2 2m. 2.285
1000 | .020 || 2500 ( .128 || 4000 | .328 3m. 5.142
1100 | .025 (| 2600 | .I39 || 4100 | .345 4m. 9.142
1200 | .030 || 2700 | .149 (| 4200 | .362 sm. | I14.284
1300 | .035 || 2800 | .I61 || 4300 | .379 6m. | 20.568
1400 | .040 || 2900 | .172 || 4400 | .397 ym, | 27.996
1500 | 046 || 3000 | .184 || 4500 | .415 8m. | 36.566
1600 | .052 || 3100 | .I97 || 4600 | .434 om. | 46.279
1700 | .059 || 3200 | .210 || 4700 | .453 || IOM. | §7.135
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202. Plumb-line level. The direction of a plumb-line is vertical, and
therefore at right angles to a level line. 1If,
therefore, an instrument, having two arms AF Cy JB
AB and CD at right angles to each other,
be so placed that the arm CD is vertical,
the other arm AB will be horizontal. By
suspending a plumb-line at C, we can deter-
mine when CD is vertical. Such an instru-
ment might be employed for finding a level
line.

203. Water level. A tube bent upward
at its two ends, and filled with a colored
fluid, furnishes a simple expedient for obtain-
ing level lines. The vertical parts of the F16. 106.
tube must be of glass; the horizontal part
may be of tin or lead, into which the glass ends may be cemented. The
glass ends may be corked while the instrument is_carried.

When the instrument is set up, and the ends uncorked, the fluid will at

FiG. 107,

once come to the same level in the two ends. By sighting over the sur-
faces of the liquid in the two ends, a level line will be obtained.

204. Spirit level. A ground-glass tube slightly but uniformly bent,
is filled with spirits, only leaving a small bubble of air, which will always
occupy the highest point of the tube. This bent glass tube is then set in

F1G. 108.

 straight brass tube, cut away so as to show the convex side. This may
be set in a block of wood having pzarallel sides, as in the mason’s level, or
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it may be attached to the horizontal plate of a compass or transit, Its
use in this latter case has already been explained, in the chapter treating
of angular instruments.

THE Y-LEVEL.

205. The instrument chiefly employed in surveying for determining
the differences of level between points, is called the Y-level. It is
shown in the accompanying ‘plate. It consists of a telescope, some-
what longer than that used in the transit, mounted on two brass supports,
from their shape called wyes (Y). The cross-bar to which the wyes are
attached is at right angles to the axis or spindle on which it is turned in
a horizontal plane. Directly beneath the telescope, and attached parallel
to it, is the spirit level, by means of which the line of collimation of the
telescope may be rendered horizontal. There is a scale placed on the
brass tube of the spirit level, so marked as to show the position of the
bubble.

The telescope is provided with a diaphragm at its focus, consisting of a
horizontal and vertical thread. The instrument is supported on a tripod
and tripod-head, and is levelled, clamped, and moved in the same way as
the transit.

206. The adjustments of the level are three in number: first, to adjust
the line of collimation ; second, to render the spirit level parallel to the
telescope ; and, third, to render the axis perpendicular to the telescope
and level.

To adjust the line of collimation. Set the tripod firmly, and
loosen the collars holding the telescope in the wyes, so that it may be
revolved freely. Bring the intersection of the threads upon some small,
well-defined object. Then turn the telescope over in the wyes without
disturbing the supports. If, on being revolved, the horizontal thread falls
above or below the mark, the cross-threads are out of position in that
direction. By the small screws provided for that purpose, bring the thread
half-way back to the mark; and then, by the levelling-screws, bring it
upon the mark. Repeat the same operation until the revolution of the
telescope shows no disturbance of the pointing. The same process must
be used to adjust the vertical thread.

207. To adjust the spirit level. The axis of the spirit level must
be parallel to the line of collimation, so that it may serve as an indica-
tion of the telescope being level. Open the clips or collars holding the
telescope. Bring the telescope over one pair of levelling-screws, and by
means of them bring the bubble to the middle. Lift the telescope from
the wyes, and replace it in a reversed position. If the level tube is paral-
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lel to the telescope, the bubble will remain in the
middle. If one end is nearer to the telescope than
the other, the bubble will run to that end. Lower
that end of the level until the bubble returns half-way
back to the middle ; then, with the levelling-screws,
bring the bubble to the middle. Repeat the operation
until the reversal of the telescope in the wyes does
not disturb the bubble.

The level tube may sometimes be out of adjustment
by not being in the same vertical plane with the tele-
scope, that is, the level may stand awry below the
telescope. Roll the telescope a little in the wyes,
so that the bubble tube is brought to one side of the
cross-bar. If the bubble remains in the centre, the
tube is not awry ; if the bubble runs to one end, that
end projects too far, and must be brought back by
the screws provided for the purpose.

208. To adjust the axis. The spindle of the
instrument must be at right angles to the line of col-
limation of the telescope, so that when the telescope
is levelled, and made to revolve on the spindle, it
may describe a horizontal plane surface. The pre-
vious adjustments having been effected, bring the
telescope directly over one pair of levelling-screws,
and bring the bubble to the middle. Unclamp the
axis and turn the telescope into a reverse position
over the same pair of levelling-screws. If the
bubble remains in the middle, the spindle is perpen-
dicular. If it runs to one end, the wye supporting
the telescope at that end is too high. By the nuts on
the wyes, bring the bubble half-way back, and then,
by the levelling-screws, bring it entirely to the middle.
Repeat the operation until the reversal of the tele-
scope on its spindle does not disturb the bubble. The
adjustment is then complete.

209. Levelling.rod. In connection with the
levelling instrument above described, a levelling-rod
is required. It consists of a long rod of wood, Fig.
109, divided into feet, tenths, and hundredths. It is
generally made in two parts, one of which slides
down upon the other; when drawn to its full length
it is about 12 feetlong. A target, or vane, is at:ached

Fi1G. 109.

137
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to the rod, and slides up and down upon it. This target carries a small
vernier by which the heights are read to thousandths of a foot.

The rod is to be held vertically by an assistant, over any station whose
level is to be taken. )

210. To find the difference of level between two stations. Let
it be required to find the difference of level between two stations A and B, .
Fig. 110. Set up the levelling instrument at some point between the two

stations, and as nearly equally distantas can be estimated, and make it
accurately level. Let an assistant hold a levelling-rod at A, and at a sig-
nal from his chief move the target up or down until the horizontal thread
of the telescope exactly cuts it. The reading of the target will give the
distance Ag, the distance of the line of sight of the telescope above A.
The assistant now moves the rod to B, and the distance B4 is read. Itis
plain that
-The difference of level between A and B = Az — Bb.

It is not necessary in this operation that the level should be placed in a
line between A and B. The plane of the instrument is the standard to
which the height of both points is referred, and this may be placed any-
where within sight.

If, as was directed, the level is placed equally distant from the stations,
the eérrors arising from the difference between true and apparent level
exactly balance each other. For short distances the error may be disre-
garded. When long sights are used, the observations upon each station

" must be corrected by the table given in article 201.

211. When no station can be found for the level from which the two
points can be seen, it is necessary to make use of intermediate stations.
Thus, let it be required to find the difference of level between two distant
points A and D, Fig. 111. Select some station from which A and also some
intermediate station B, in the direction of D may be seen. The readingson
A and B will give the difference of level between these two points. Move
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‘the instrument to a new station from which B, and a new point C, further
on, may be seen; the observations on these will give the difference be-

F1e. 111,

tween B and C, which being added to or subtracted from the difference
between A and B, will give the difference between A and C. Proceeding
thus, we finally obtain the difference between A and D.

212. The readings on stations looking backward toward the starting-
point A, are called back-sights. Those taken on stations looking for-
ward toward D, are called fore-sights, From an examination of the
figure it will be plain that the difference of level between A and D will
be found by taking the difference between the sum of the back-sights and
the sum of the fore-sights. If the sum of the back-sights exceeds the
sum of the fore-sights, the last point is higher than the first, and zice
versa.

213. To level for a section or profile of land. When the relative
elevations of a succession of points A, B, C, Fig. 112, etc., are required, it

b ¢ d € F § X
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is customary to refer all the points to an imaginary horizontal line, which
may be assumed to pass through the initial point, or, if more convenient,
at any distance below it. This line is called the datum level.

When the surveyor is required to determine the rise and fall of a line
running over the surface of the ground, such as a line of road or railroad,
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‘he finds the height of a succession of points, generally at equal distances
apart, above a horizontal line AX. Then, having drawn upon paper a
horizontal line to represent AX, he lays off upon it the horizontal dis-
tances between the points to any suitable scale, and at these points erects
perpendiculars representing the heights of the several points. A line
joining the summits of these perpendiculars will show the changes in ele-
vation of the ground along this line. Such a representation is called a
profile or section. .

Since the changes of elevation are usually much more minute than the
horizontal distances, it is customary to use a more exaggerated scale for
setting off the perpendicular heights than the horizontal distances.

214. In levelling over a line it is not necessary to change the position
of the instrument for each new station. The same back-sight will serve
to determine any number of stations on which fore-sights may be taken.
The instrument should be changed when we are no longer able to see the
rods on the forward stations, or when the error from the difference of true
and apparent level becomes appreciable. Thus, in the figure, a back-sight

A

. F16. 113.
on A will determine the relative heights of B, C, and D, on which fore-
sights can be taken from the same station. The instrument being moved,
a back-sight must be taken on any station already determined, and then
fore-sights on any number of succeeding stations.

216. Field-notes. The field-notes in levelling consist in a record of
the back-sights and fore-sights, with such remarks as are necessary to ex-
plain them. When the difference between the first and last station alone
is required, the difference between the footings of the back-sights and the
fore-sights is all that is required. In levelling for section, the field-notes
may be kept in the following form;
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: HEIGHT :
STA, DIS. B. 8, ¥.8, |CHANGR.| ABOVE REMARKS,
DATUM.
A 100 | 9.34 0.00 | Datumlevel through A.
B 100 4.20 |+ 5.14| 5.14
C 100 7.83 [+ 1.51] 1I.51 4
D 100 | 5.48 | 6.75 |+ 2.59| 2.59
E 100 6.60 |—1.12| 1.48
F 100 6.35 |—0.87| 1.72
G 100 1.83 [+ 3.65| 6.24

Column T. gives the stations occupied by the levelling-rod.

Column II. gives the distance from each station to the next.

Column III. gives the back-sights.

Column IV, gives the fore-sights.

Column V., gives the change of level between any station, and that on
which the preceding back-sight was taken; + signifies a rise, — a fall.

. Column VI. gives the heights of the several points above the datum
level. 1In this example, the datum level was assumed to pass through the
first station A. Hence, its height is zero. The height of any station is
got by adding with its proper sign the change of level to the height of
that station on which the last back-sight was taken.

Column VII. contains any remarks or explanations.

216. In executing a series of levels, either for determining the differ-
ence in level between two points, or for delineating a section, the surveyor
ought to make at various points permanent marks, called bench-marks,
to which he can recur, when occasion requires. The starting-point, or
some place near the starting-point, should be thus marked. At all
points where, it may be anticipated, branch levels may diverge from, such
marks should be left. They consist of some permanent object, such as a
point of rock, a stone monument, a stone door-sill, 2 root of a tree, or
other easily recognizable object. They must be marked so that they can
easily and unmistakably be found, and described fully in the notes.

These bench-marks will serve, in case by any accident the points occu-
pied in levelling have been lost, to recommence the line of levels. When
the work has been left unfinished, a bench-mark will give a point from
which to resume.

217. The occasions for determining the difference of level between
two points occur frequently in the experience of a surveyor. To deter-
mine whether a spring of water will flow in a pipe from its source to any
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given point, the surveyor must obtain by levelling the difference in height
between the two points. To determine the head of water which can be
got in any given case, requires the difference of level between two points.

. In draining a farm, the amount of descent from the ground to be drained
to the proposed place of outflow must be ascertained. In the location of
roads and railroads, in the improvement of watercourses, in the grading
and sewering of the streets of a city, this problem in levelling is of con-
stant use,

Levelling for section is applicable in all branches of engineering work.
The first step in preparing to build a road or railroad is to take a system

\of levels which will enable the surveyor to construct a section of the
ground over which it is proposed to be run. For this purpose, he obtains
the elevations of a series of points in this line above some assumed fixed
level line./ These, when plotted on paper, will show to the eye the
changes of elevation along the line, and will show where in the construc-
tion the surface will require excavation, and where filling.

218. Topographical levelling. In order to ascertain and delineate
the changes of level, and the comparative declivity of different parts of a
piece of ground, we conceive the surface intersected by a series of hori-
zontal planes, beginning with one passing through the lowest point, and -
each succeeding one being placed at a certain uniform distance above the
preceding. The intersections of these planes with the ground-surface will
give a series of irregular curve-lines, all the points in any one of which
would be in the same level. These lines are termed contour lines, and
when plotted on a horizontal plan of the ground, serve to show its topo-
graphical features, When the contour lines in such a plan approach near
together, it shows the ground to be steeper than when they are more dis-
tant. The location of valleys, ridges, declivities, and plains is easily
recognized from the distribution of the contour lines.

219. The chief object of topographical levelling is to locate these con-
tour lines. When the ground is small in extent and easily seen from a

| small number of stations, the surveyor can proceed as follows:

Set up the level at some point commanding a view of as much space as

¢ possible, including the lowest point of the ground. Take a back-sight
upon the lowest point. Then lower the target by whatever interval is to
be left between the horizontal planes; for example, one foot. Let the rod
be moved to higher ground until the target is again brought to the level
of the telescope ; this is one point in the one-foot contour line. With the
target at the same point, move the rod until another point is found. Mark
the points thus found ; they will constitute the one-foot contour line. The
target may now be lowered another equal interval, and the points of the
second contour line be located.
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‘When the surveyor can no longer follow the rod from his first position,
he moves to a new position from which he can see the rod on some point
. already occupied, and as much additional space as possible. Placing the
rod on the known point, the target is adjusted to the new position of the
level, and then the work proceeds as before.

The location of these lines on a map may be effected by running them -

with a compass and chain.

220. The method employed when the ground is of considerable extent
will be seen from the following example :

Let it be required to locate the contour lines on a plot of ground
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ABCD. With the transit or otherwise run two sets of parallel lines
dividing the field into equal squares. At the intersections set pegs and
number them. Then with the level determine the height of each peg
above some standard ; for example, the surface of the pond.

Having drawn a plot of the ground, lay down upon it in light pencil-lines
the squares as run in the field. From the field-notes we know the height
of each point, and therefore we know how much the ground rises along
each line from peg to peg. From this we can estimate where each of the
contour lines cuts the parallel lines. Having thus found where the one-
foot contour line cuts each of the lines in the field, draw an irregular
curve-line through these points, and it will be the contour line required.
In the same way find the points and draw each contour line. In general
the estimate can be made with sufficient accuracy by eye.

221. Numerous applications of the principle of topographical levelling
will be met with by the surveyor. In surveying a city for the pur-
pose of laying down water-pipes, or for devising a system of sewerage,
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the heights of all the street intersections above the lowest point, or above
tidewater, are to be determined by the level. With these a system of
contour lines, rising one above another at uniform intervals, can be laid
down upon a city-map. Sucha map will show at a glance the fall along
" any street, the proper outlet for the sewerage of any district, and the
proper streets to be connected together in one district. o

The same method, if applied to a farm, would show the relative heights
of all parts, and the proper location and arrangement of a system of
drains. To illustrate the use of such a survey we insert amap of a portion
sf the New Jersey Agricultural College Farm, at New Brunswick, Fig. 1715,
The contour lines are drawn at intervals of one foot. The heavy line
shows an open ditch for receiving the drainage, and the broken lines the
underdrains so far as executed. In laying down a system of drains it is
necessary to make the lines of drainage cut the contour lines as nearly at
right angles as possible, because this, being the line of quickest descent,
will secure a most rapid flow of the water.



CHAPTER XIIL
UNDERGROUND SURVEYING.

222. For the purpose of delineating the excavations of mines, tunnels,
etc.,, the operations of surveying must frequently be conducted under-
ground. To meet the exigencies of these cases some modifications in the
instruments and methods employed in surface surveying are rendered
necessary. Ordinary flags or other signals cann~t be seen ; hence lanterns
with various colored lights are substituted. The compasses, theodolites,
and transits used are arranged, graduated, and mounted in a manner suited
to the changed circumstances.

223. To measure the lines of an underground survey, a Gunter’s chain,
or the 100-feet engineer’s chain, is used. The chain is not held horizon-
tal, but the measurement is made along the slope of the gallery. At the
same time the angle of inclination of each slope is measured by means of
a semicircle, and recorded opposite to the measured distance. The hori-
zontal distances may be deduced by multiplying the length of each line by
the cosine of the inclination, and the rise or fall for each slope may be
deduced by multiplying the length by the sine of the inclination. The
following table shows how such distances and their reductions may be
recorded. The positive sign signifies a rise, and the negative a fall.

COURSES. | DISTANCES. | INCLINATIONS. | HOR. DIS8. | RISE OR FALL.
AB 56.4 — 16° 30/ 54.1 — 18.2
BC 86.0 + 20 I§ 80.7 + 29.8
CD 21.8 o 21.8 o
CE 40.8 — 18 45 38.6 — I3.I

224. The terminations of the courses may be marked by iron pins
driven into holes drilled for the purpose; or when these points are only
temporary and are not required for future reference, they may be marked
with chalk. The chainmen may also mark the ends of the successive
chain-lengths with chalk. Lamps are employed as signals at the succes-
sive stations to guide the chainmen in running the lines, and also for
signals in measuring the angles.

225. When the dimensions of the cross-section of the gallery are re-
quired, they are measured at right angles to the traverse line. A hand-
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diagram of the cross-section is made in the note-book, and on it are writ-
ten the measurements necessary to determine its area. The distance of
each cross-section from the last preceding sta-
tion is recorded in the notes and noted on
the sketch.

Fig. 116 shows the sketch of a cross-sec-
tion. The dimensions marked upon the
diagram are sufficient to determine the area,
It must also be marked in such a way as to
indicate at what point of the traverse it was
taken.

226. The instrument used for measuring
angles in subterranean surveying is usually either the magnetic com-
passor the transit. When ferruginous substances are present the compass
cannot be, conveniently employed, on account of the deflection of the
needle. Whenever it is employed, care must be used by taking back-
sights as well as fore-sights, to detect the presence of local attraction, and
to eliminate the error. The angular instrument is mounted on a low
tripod or on a box ; or by some surveyors is suspended by a hook from a
wire running through the gallery, and fastened from
station to station of the traverse. In the latter
case the instrument must be mounted so as to hang
horizontal, somewhat after the manner of a ship-com-
pass. :

When the transit or a compass provided with a tele-
scope is used, some method of illuminating the cross-
wires is required. Instrument-makers furnish for this
purpose a small reflector and lamp, to be suspended so as
to throw a faint light through the object-glass upon the
cross-wires.

227. To run the traverse with the compass.
Place the compass at the station where the survey is to
be begun, for example, in Fig. 117, at A, the centre of the
shaft running up to the surface. Point the compass
toward a signal-lamp at B, held at the same height as
the compass. Read the bearing of the line AB from
the magnetic meridian. Measure also the distance AB,
and its angle of inclination. When required, measure
also the cross-section at suitable intervals.

Remove the compass to B, and measure the reverse bearing of BA.
The agreement of this with the direct bearing will test the local attrac-
tion. Measure also the direct bearing of BC, and so proceed till all the

FiG. 116.

F16. 117,
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lines and bearings are measured. A record like the following may be
made of the work:

DIRECT
BEARING.

REVERSE
BEARING.

REDUOED

BEARING. REMARKS,

LIN. | DIS, I INCL,

AB |[56.4] — 16° 30’ | S.48° 30’ E. | 48° 38’ |S. 48° 34’ E.
BC | 86.0| + 20 15 |S.10 48 W.| 10 40 |S. 10 44 W.|68 section.
CD | 21.8 o S.80 18 W.| 80 24 |S.80 21 W.| 5 section.
CE |408] —<18 45 [S.42 11 E.| 42 15 |S.42 13 E.

228. Todiscover at which station local attraction disturbs the magnetic
needle, the surveyor sets up the compass at some intermediate station,
and points it along the same line. If it agrees in reading with that at
either end, the reading at that end may be regarded as free from disturb-
ance, and may be used to correct the other. Thus, suppose in the pre-
ceding example it is found that the reverse bearing at station B, instead
of exactly agreeing or nearly agreeing with the direct, is 49° 45'.
The difference, 1° 15’, is too large to be treated as an error of measure-
ment, and must be regarded as the amount by which the north end of the
needle is attracted to the east. Hence, when the compass is pointed
along BC, the reading will be’ affected 1° 15’ by this divergence of the
needle. Since the south end of the needle points too far to the west, the
reading of BC will be S.9° 33’ W,, too small by 1° 15’, and the true -
reading will be obtained by adding the correction.

The following nile will show how to apply this correction to the next
bearing:

When the reverse bearing exceeds the direct, subtract the difference
from the next direct bearing, if both the courses have both the letters
alike, or both different ; or add the difference when one set of letters are
alike, but the other different.

When the direct bearing exceeds the reverse, add the difference to the
next direct bearing, when both the courses have both the letters alike, or
both different ; or, subtraot the difference when one set of letters are
alike, but the other different.

229. By measuring the internal angles instead of the bearings of the
courses, the magnetic compass may be used for running the traverse of
an underground survey, even when the local attraction prevents our ob-
taining from it the true bearings of the courses. Set up the compass at
the second station B, in the preceding example. The included angle
ABC, measured with the compass, will be precisely the same, whether
the needle is disturbed by local attraction or not. Thus:

The bearing of BA, N. 48° 30° W.
The bearing of BC, S. 10° 48' W
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By Art. 53, angle ABC = 180° — (48° 30’ + 10” 48') = 120° 42'.
The disturbed bearing of BA, N. 49° 45’ W.
The disturbed bearing of BC, S. ¢° 33’ W.

By Art, 53, the angle ABC = 180° — (49° 45’ + 9° 33') = 120° 42",

In the same way the compass may be set up at each of the intermediate
stations, and the angles between the courses determined, the result in
each case being independent of any local attraction.

The bearings of the courses, in this case, with the meridian, will not be
known. If, however, the true bearing of any one of the courses could be
determined by connecting with known lines on the surface, the bearings
of the remainder can be deduced from the known angles which they make
with each other.

230. To run the traverse with the transit. Place the transit over
the second station, as B, Fig. 117. Place signal-lamps at the preceding
and succeeding stations, A and C, taking care to locate them at the same
height above the ground as the telescope of the transit. Measure the
horizontal angle ABC, and also, by means of the vertical circle of the
transit, read the slope of the lines. Remove the transit to the next station
C, and measure the horizontal and slope angles in the same way.

A convenient arrangement is for the surveyor to be provided with three
tripods of equal height. They are so constructed that when the transit is
taken off, a lantern may be put on which will stand at the same height as
the telescope of the transit. The three tripods are set up at three con-
tinuous stations. On the middle one the transit is set, and lanterns on
the others. When the angles at this station are measured, the tripod from
the first station is carried forward to an advance station, the lantern from
the third is placed on the second, and the transit is placed on the third
tripod.

The transit used in subterranean surveying is commonly graduated from
0° to 360° in the direction of the numbering on a watch-face.

231. The field-notes of the survey may be kept in the same way as de-
scribed for transit surveying in Art. 148. Or they may be kept in a
tabular form, as follows:

RISE.

BTA. | DI8. BLOPE. HOR. DIS. FALL. B. 8. F. 8, INT. ANG.
A

B [208 |+ 3°45'| 207.5 | + 13.6 |278° 30’ | 160° 0O’ |241° 30’
C [168|— 2 30| 1678 | — 7.3 | 25 38 [136°52 [11I 14
D |300|— 2 50| 299.6 | —14.8 |348 36 |249 40 {261 4
11:2 316 o 316,0 323 51 |100 7 142 16

o
114+ 4°15 | 113.7 | + 84
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Column I contains the stations in their order of succession. In this
example we have supposed the galleries to succeed each other. But often
galleries branch off from the same station in different directions. The
‘notes must indicate this,

Column IL contains the distances measured along the slopes of the
galleries. They are placed so as to show the distance of the station
opposite to which they stand from the preceding.

Column IIL contains the angles by which the lines from the preced-
ing station slope to the station named opposite. The positive sign indi-
cates a rise, the negative a fall.

Column IV. contains the horizontal distances obtained by multiplying
the distances in Column II. by the cosine of the slope.

Column V. contains the rise or fall of each station from the preceding,
obtained by multiplying the distances in Column II. by the sine of the slope.

Columns VI. and VII. give the readings of the transit when pointed
respectively upon the preceding and succeeding stations. They are set
opposite to the station at which the angles were measured.

Column VIIL is obtained by subtracting the back-sights in Column
VI from the fore-sights in Column VII. Whenever, in turning the
instrument from the back-sight to the fore-sight, we pass the 360° point,
we must add 360 to the reading of the
fore-sight before we subtract.

? When the remainder is less than 180°

it shows that the next course turns to
the left ; when it is greater than 180° it
shows that the next course turns to the
right. ’

232. To reduce the traverse. Let
it be required in the last example to de-
termine the horizontal distance and di-
rection of the last station from the first.
Let ABCDEF, Fig. 118, represent a
horizontal plot of the preceding exam-
ple: it is required to find the line AF
and the angle BAF. By referring all
the courses to the meridian of the first
course, it is plain that A/, the latitude of

FIG. 118. the last station, is the sum of all the lati-

tudes of the courses, and that Ff, the

departure of the last course, is equal to the sum of the departures of all

the courses. The length and bearing of AF can readily be obtained from
the values of Afand Ff.

A
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To obtain these, proceed as in transit surveying. The operation is
summed up in the following table :

é ::::.'. HOR. ANG. \:ll‘::u'::l‘ BEARINGS. LATITUDE. DEPARTURR.
COUBSE. N. [ 3 E W,
A o N. o
B| 207.5 | 241° 30’ | 241° 30’ [ N. 61° 30’ E. |207.50
C| 167.8 | 111 14 | 172 44 |N. 7 16 W.| 80.07 147.46)
D| 299.6 | 261 4 |253 48 [N. 73 48 E.|297.19 37.90
E| 3160|142 16 |216 4 [N.36 4 E.| 88.16 303.45
F| 1137 9I1.91 66.64/
1104.6 : 764.83| o |517.55 37.90
Af = 764.83 [Ff = 479.65

The column of azimuths in this table is derived from the column of
horizontal angles by the following rule :

Subtract 180° from the horizontal angle which any course makes with
the preceding. The remainder may be + or —. Add the result, observ-
ing its proper sign, to the azimuth of the preceding course. If the sum
is negative, add 360° to it ; if positive and greater than 360°, subtract
360°. The result will be the azimuth of the next course.

The bearings are marked from the first course asa meridian, and are
obtained in a manner similar to that described in Art. 154.

The solution of the right-angled triangle AF/ will give the unknown
quantities AF and angle FA/

To find the angle :
_RXFf_ O of apll
tan FAf = AF =335 35
To find the distance :
R x Ff _
AF = <n K——143955

233. To connect the underground survey with lines on the
surface.

In order to trace on the surface the extent and direction of the under-
ground excavations, and also to ascertain the depth below the surface of
any point, the surveyor must connect his traverse underground with lines
on the surface. When the compass has been used in the survey, and we.
have obtained, free from local attraction, the magnetic bearing of the lice
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running from the bottom of the shaft, the extension of the survey to the
surface may be effected thus:

Suspend a plumb-line from the surface down the shaft directly over sta-
tion A. To keep it steady, it may be made to hang in a bucket of water.
By means of this plumb-line, set the compass at the top of the shaft,
directly over station A at the bottom. A temporary platform may be
built over the shaft. Turn the compass until the bearing of the sights is
the same as that of the first course of the underground survey. This line
being run out would correspond with and be vertically over the first
course. Precautions must be used to prevent the iron implements, etc.,
about the shaft, disturbing the needle.

When it is not convenient to set the compass directly over the shaft, the
location of the first line may be got as
follows :

Set up the compass at any point B', Fig.
119, approximately in the required direc-
tion. Sight back on A, the suspended
B plumb-line; if the compass is truly in
B line, its bearing will correspond with the
F1G. 119. reverse bearing of the first course. By
trial, move the compass until the bearing

corresponds ; it is then in the required line.

Having obtained the direction of the first line on the surface correspond-
ing with the first line underground, the surveyor can repeat on the surface
the entire traverse.

234. When the transit has been used for making the survey, the connec-
tion with the surface may be established by suspending two plumb-lines as
shown in Fig. 120. Set up the transit
at B, the second station, and point it
back at A, the first station. From a
rod reaching across the mouth of the
shaft, suspend two plumb-lines CE
and DF, as far apart as the width of
the shaft will allow. Move the rod
carrying the plumb-lines until they are
both exactly in the line of sight of the
telescope. The points CD will then
be two points in the required surface-
line. It is a serious objection to this
method that the plumb-lines can only FiG. 120.
be placed at a small distance apart,and
hence the surface-line cannot be regarded as fixed with great precision,
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238. Fig. 121 shows a second method by which a transit may be em-
ployed to connect an underground with a surface survey. Set the transit
on the edge of the shaft, in such a
way as to be able to see diagonally
across the shaft in the direction of the
gallery. Fix a fine distinct mark at
G in this line. Also fix a mark D
upon the surface, in the same direc-
tion. From a straight-edge placed
across the shaft from the instrument
in the line CD, suspend a plumb-
line EF. The line through the
points F and G, in the underground
survey, corresponds with CD on the
surface. The direction which the FIG. 121.
line through FG makes with the first
line of the survey can easily be determined.

The transit may, in this operation, be placed at the bottom of the shaft
G instead of the top. A diagonal eye-piece is then required to enable the
surveyor to make observations nearly vertical up through the shaft.

236. Being able to locate on the surface the first line of the under-
ground traverse, the surveyor can now locate points directly over each of
the stations of the underground survey. In this operation it must be
remembered that the horizontal distances between the stations are to be
used. :

Let it be required, in the preceding example, Fig. 118, to i1ocate on the
surface the last station F of the survey, and also to determine the depth be-
low the surface. Having measured the horizontal distance of the first
course, 207.5 at this point, measure a horizontal angle 241° 30’ from the pre-
ceding course, and measure the horizontal distance of the second course.
. Proceed thus to measure the horizontal angles and the horizontal distances
of the traverse. Each of the stations on the surface will be directly over
those of the underground survey.

Or, having determined the direction of the first course, and reduced the
traverse as in Art. 232, measure the angle BAF 32° 5’ 35", and also the
horizontal distance AF 1439.5 feet. The point thus reached on the sur-
face will be directly over F of the subterranean survey.

237. To determine the depth of the point F below the surface, find
the difference of level between the mouth of the shaft and the point over
F. This difference and the known depth of the shaft will give the differ-
ence of level between the bottom of the shaft and the required point.
Finally, from the rise and fall in the gallery, we know the change of level




154 MANUAL OF LAND SURVEYING.

from the bottom of the shaft to the underground station, and this, applied
to the previous difference, will give the depth required. Thus,

Required depth = depth of shaft + rise of surface (or — fall) — rise of
gallery (or + fall).

238. The results of the survey may be represented on paper by making
a horizontal plan of the traverse, and also laying down upon it the
width of the gallery as determined by the measurement of the cross-sec-
tion. This will show the horizontal extent and directions of the under-
ground excavations. A wertical section is also constructed, running
through the traverse line of the galleries, without taking into account its
changes of horizontal direction. The vertical scale may be exaggerated
over the horizontal, if that is necessary, to show the vertical changes.
‘This section will show the bottom of the gallery with all changes of level,
the height of the gallery, the depth of the shafts, and also the position of
the surface directly over the gallery.



EXPLANATION OF TABLES.
TABLE 1. USEFUL FORMULZE.

239. Tuis table gives, in a form convenient for reference, the principal
formulz of trigonometry and mensuration which are required in survey-
ing. In the chapter on Trigonometry will be found the demonstration of
those relating to triangles. Those relating to the areas and surfaces and
contents of geometrical figures will be found demonstrated in the works on
geometry. To these are added a few miscellaneous formulae of frequent
use.

TABLE 1I. USEFUL NUMBERS AND THEIR LOGARITHMS.

240. Numbers of frequent application are here given, together with
their logarithms. They will save the computer some labor, and may be
relied on as obtained from the most authentic sources.

TABLE III. LOGARITHMS OF NUMBERS,

241. This table gives the logarithms, carried to six decimal places, of
all numbers consisting of four figures or less; and also furnishes the
means for finding the logarithms of numbers of five or more figures. The
characteristic, that is, the integral part of the logarithm, is not expressed in
the table, but may always be found by the following rule :

The characteristic of the logarithm of a number greater than
unity, is one less than the number of integral figures in the given
number. Thus the characteristic of the logarithm of 366.25 is 2.

The characteristic of the logarithm of a decimal fraction is
negative, and is equal to the number of places by which the first
significant figure is removed from the place of units. Thus the
characteristic of the logarithm of 0.0038 is 3. To distinguish the
negative sign in this case where it only applies to the characteristic, and not
to the decimal part of the logarithm, it is placed over the characteristic.

242. To find the loguithm cf numbers consisting of three

figures or less.
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Find the number in the first column of the page headed N ; then the
logarithm will be found opposite, in the second column headed 0. To
this must be prefixed the characteristic required by the rule.
~ Since the decimal part of the logarithm of a number of two figures, for

example 36, is the same as that of the same number with a cipher attached,
that is 360; when the number consists of less than three figures, we seek
in the first column for these figures with a cipher or ciphers attached.
Thus, to find the logarithm of 36, we seek opposite 360.

243. To find the logarithm of a number of four figures.

Seek the first three figures in the N column, and the fourth at the top of
one of the columns. Opposite the three figures, and beneath the fourth,
will be found the required logarithm.

244. To find the logarithm of a number of five or more figures.

Find the logarithm corresponding to the first four figures, as above. Take
the number standing opposite in the difference column, and multiply this
by the remaining figures of the number used as a decimal. The product
will form a correction to be added to the logarithm of the four figures.
Thus, to find the logarithm of 683237 :

Opposite 3862 we find .586812
Correction = 112 x .37 41
Result with characteristic 5.586853

245. When the number is wholly or partly decimal, the decimal
part of the logarithm is found as if the figures were all integral ; and then
the proper characteristic is prefixed. Thus, the logarithm of 0.00486 is
found opposite 486, and the characteristic § is prefixed. The logarithm
for 96.83 is found opposite 9683, and the characteristic will be 1.

246. To find the number corresponding to any logarithm.

Seek in the table for the logarithm nearest less than the one given, and
take out the three figures in the N column and the figure at the top. These
are the first four figures of the required number. Subtract the tabular
logarithm from the given logarithm, and divide the remainder with ciphers
annexed by the number standing opposite in the difference column. The
quotient will give figures to be annexed to the four already found. The
division may be carried as far as the desired precision requires. The char-
acteristic will indicate where the decimal point must be placed. Thus,
let it be required to find the number corresponding to

Logarithm ...... estenees cecsenan 3.486329
Nearest less logarithm . ........... 486289
Remainder......oco0venn. cesanaen 40
40 4+ I42 i . iiiiiiirtieocinnecnns 282

Number corresponding............ 3064.282
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TABLE IV. LOGARITHMIC SINES, COSINES, TANGENTS, ETC.

247. This table gives the logarithms of the sines, cosines, tangents, and
cotangents of all arcs from 0° to go°, at, intervals of one minute. They
are computed for a radius of 10000000000, whose logarithmis 10. When
this table is used in formulz involving the radius, the logarithmic radius 10
must be employed. The table is not carried beyond go°, because the
functions for arcs above go° are the same as those of their supplements.
Thus:

Sin 100° = sin 80°
Cos 100 = — cos 80
Tan 100 = — tan 80
Cot 100 = — cot 80

248. To find the logarithmic sine or tangent of any are.

If the arc is less than 45°, find the number of degrees at the top of the
page, and the minutes at the left hand. If the arc is more than 45°, find the
degrees at the bottom of the page, and the minutes at the right hand. In
the appropriate column opposite the given minutes will be found the re-
quired logarithmic sine or cosine.

When the arc contains seconds, take out the difference for 1"/ opposite
the logarithm for the given degrees and minutes. Multiply this by the
given seconds, and the product forms a correction which must be added
to the logarithm opposite the given degrees and minutes.

The cosines and cotangents are found from the tables in the same
manner, except that the correction obtained for the seconds must be
subtracted.

To find the sine of 25° 38’ 16" :

Sin 28° 38" ... cciiieinennn 9.636097
Correction 4.39 x 16..... 70

Sin 28° 38’ 16”......4.... 9.636167
To find the cotangent of 119° 12’ 22":

Cot 119° 12’ 22" = — cot 60° 47" 38"
Cot60°47'...... ceeaeaess 9.747616
Correction 4.94 x 38..... —188
Cot 60° 47 38"...... Cveee. 9.747428

249. The secants and cosecants of arcs are not included in the
table, They may be found from equations (2) and (4), Art. 13.

R? R?
Seca = ; COseC @ = —
cos a sin @
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Hence, logseca = 2log R — logcosa
and log cosec 4 = 2 log R — log sin a.
Thus, to obtain the logarithmic secant of 36° 16':
2logR .....0eeee sesesssennens 20.000000
Cos 36°16"...ccceennccnnss «ess 9.906482
Sec36° 16" .iiiiiiinenoneniennn 10.093518

250. To find the arc corresponding with any logarithmic sine
and tangent.

Find in the proper column the logarithm next less than the one
given ; take the degrees and minutes corresponding ; subtract the tabular
logarithm from the one given ; divide the remainder by the difference for

1" standing in the proper difference column ; the quotient will be the
seconds to be annexed to the degrees and mmutes.

The method for finding the arc corresponding to a given cosine or
cotangent is similar, except that we find the next greater loganthm
instead of the next less.

Thus, to find the arc corresponding to a tangent 10.684639:

Given tangent......... . 10.684639
Tabular tangent.,...... 10.684477. .arc 78° 19’

Remainder ............ 162 |
Correction, 162 + 10.61 = 15"
Wholearc ......ccc00uee 78° 19’ 15"

To find the arc corresponding to a cosine 9.964418 ;
Given cosine ......o00use 9.964418
Tabular cosine ......... . 9.964454. .arc 22° 52'
Remainder ........ ceeee 36
Correction, 36 + .89..... 40"
Whole arc....coc0eenes 22° 52’ 40"

TABLE V. NATURAL SINES AND COSINES.

261. This table gives the sines and cosines of all arcs from 0° to go°, at
intervals of one minute to five decimal places. The radius for this table
being unity, the values of all sines and cosines are less than one.

To find the sine and cosine for any aro:

If the arc is less than 45°, seek the degrees at the top,and the minutes
at the left hand of the page. If the arc is more than 45° seek the de-
grees at the bottom, and the minutes at the right hand of the page. The
required sine or cosine corresponding to the given number of degrees
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and minutes will be found in the column of the degrees and opposite the
minutes.

When the given arc consists of degrees, minutes, and seconds, find the
sine or cosine corresponding to the degrees and minutes. Subtract this sine
or cosine from that belonging to the next greaterarc. The difference is the
change for 1 minute or 60 seconds. Multiply this difference by the given
seconds, and divide by 60. The quotient is the correction which the sine
or cosine requires for the additional seconds. In the case of the sine, add
the correction ; in the case of the cosine, subtract.

Thus, let it be required to find the sine of 28° 14’ 36" :

Sine 28° 14’ = 47306 ; diff. = 26
Correction for 36" =16 2036 =16
Sine 28° 14’ 36" = 47322

Let it be required to find the cosine of 61° 29’ 25" :
Cosine of 61° 29" ............... 47741 ; diff. = 26

Correction for 25" = —

Cosine 61° 29" 25" ............. 47730

262. To find the arc corresponding to any given natural sine
and cosine.

Find in the table the two consecutive sines or cosines between which
the given one falls. The least of these, in the case of the sine, corresponds to
the required degrees and minutes ; in the case of cosines, the greater.
Take the difference between the given sine and cosine, and that answer-
ing to the degrees and minutes. Take, also, the difference between the
two consecutive sines and cosines. Multiply the first difference by 60, and
divide the product by the second difference. The result will give the
required seconds.

Thus, let it be required to find

Nearest less tabular sine......... . 59995 .. 3¢° 52'
Difference....ccoeviieeerennnnen 5

Difference between consec. sines. . 24
Required seconds = 5 :460 ceee 12"

Required arc.....coe000e0...36° 52' 12"
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Again, let it be required to find
The arc whose cOSine iS...cecoeecesaesss 94660
Nearest greater tabular cosine...s........ 94665 .. 18° 48’

Difference..cce.ceeeeecsecccssreccesans 1
Difference between successive cosines. .... 9
Required seconds = 5 x 60 veeetseenenne . 33"
Required BAICieeenerennennnens veeo.. 18° 48 33"

TABLE VI. NATURAL TANGENTS AND COTANGENTS.

263. This table gives the tangents and cotangents computed for a radius
of unity for all arcs from 0° to go°. The tangents vary between 0 and in-
finity, and the cotangents between infinity and radius. The variations of
the tangents near the end of the quadrant and the cotangents near the be-
ginning of the quadrant are so rapid that the table cannot be relied upon
to give them for intermediate seconds when the arc lies within one or two
degrees of those peints. But angles of that character are very unusual
in surveying, and when they are required, resort must be had to tables
adapted for this purpose.

254. To find the tangent or cotangent corresponding to a given
arc.
If the arc is less than 45°, seek the degrees at the top of the page, and
the minutes at the left hand. If the arc is more than 45°, seek the degrees
at the bottom of the page, and the minutes at the right hand. The required
tangent or cotangent corresponding to a given number of degreesand min-
utes will be found in the column of the degrees and opposite the minutes.

When the given arc consists of degrees, minutes, and seconds, find in
the table two consecutive tangents and cotangents between which the re-
quired one must fall. Take their difference, and multiply it by the given
seconds, and divide by 60. The quotient will give a correction for the
number opposite the degrees and minutes, to be added in case of the
tangent, and subtracted in case of the cotangent.

Thus, let it be required to find the tangent of 48° 44’ 23" :

Tangent of 48°44'......c...... 1.13961 ; diff. 67

Correction for 23" = = 26

Tangent of 48° 44’ 23".......... L.13987
Again, let it be required to find the cotangent of 74° 16’ 45"':

Cotangent of 74° 16'............ 0.28172; diff. 33
32 x 45 _

60 - =
Cotangent of 74° 16’ 45""........ 0.28148

Correction for 45" =
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266. To find the arc corresponding to any given tangent or
cotangent.

Find in the table the two consecutive tangents or cotangents between
which the given one falls. The less of these in the case of the tangent
corresponds to the required degrees and minutes; in the case of the co-
tangent, the greater. Take the difference between the given tangent or
cotangent and that answering to the degrees and minutes. Take also the
difference between the two consecutive tangents or cotangents. Maultiply
the first difference by 60, and divide by the second. The result will give
the required seconds.

Thus, let it be required to find

The arc whose tangent is.......c00eee0e. 3.48462

Nearest less tangent . ............ ceseees 3.48359..73° 59
Difference.............. teesssenne cosse 103
Difference between consecutive tangents. . . 382
Required seconds —1—0—3:;2—60- = 16"
Required arc......... sessessecsansns 73° 59 16”7

Again, let it be required to find
The arc whose cotangent iS......000000.. 2.50000

Nearest greater cotangent .......... eeee. 2.50018..21°48'
Difference..c.eueiiueiiiniiniannns ceeans . 18
Difference between consecutive cotangents. . 211

. 18 x 60
Required seconds 2:1 = s

Requiredm...................-..... 31043, 5"
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TABLE L
USEFUL FORMULAZE.
LINES AND ANGLES.
FIGURE. GIVEN. | REQUIRED. FORMULE.
R. A. Triangle. | B, a. C,5,¢c |[C=g0°—B
B axsin B axcos B
b= R ;o=
o
o . _R x5, Rxé
B, 4. C,a,¢c. |C=90°—B; a= —n B TanB
¢ A b, c. B,C,a. th:RX&;cotC=Rxb
a—R xb ra= —
=gn BOrAT Vi +e
a, b. B,C,c. [sin B R: b; cos C:R: 5
N s
A, B a | Cé&c |[C=180"—(A+B);
_axsinB _axsinC
T sinA '’ sin A
A b | B.Ce. [sin ="‘_S;Eﬁ
axsin C
C=180—(A+B); c= ey
A, b8,¢c. | BC, a. [tan{B—C)= ———tan«}(B+C)
B={B+C)+#B—C)
C=§B+C)—¥B—C)
a=txsin A
. sin B
a,5,¢. | A B,C, sin A—‘/R'(‘—’) (s—9)
bxc
s=Ha+b+¢)
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AREAS AND CONTENTS.

Triangle.

Parallelogram.

Trapezoid.
Quadrilateral.

Circle.
# = radius
=3.141593

Ellipse.
Parabola,
Right Prism.

Regular Pyramid.

Frustum of a Reg-
ular Pyramid.

Cylinder.
Cone.

Frustum of Cone.

Sphere.

Area = ¢base x altitude

Area =} b xc ; sin A
Ara= /(G- —chs=Ha+5+0)
Area = base x altitude
Area — product of two sides x l:ine of included angle
Area = } sum of parallel sides x altitude

product of diagonals x sine of included angle
Area = R

Circumference =2 x »
circumference
x
Length of an arc =23:°rx No. of degrees
Area ==« x r*
x rt
Area of sector = 360 x No. of degrees

Diameter =

Area of segment = sector — triangle

Area of ring = # (R*— %)

Area = 7ab, in which a and 3 are the semi-axes.

Area = § base x height = § é4

Convex surface = perimeter x altitude =P x £

Contents = area of base x altitude = A x &

Convex surface = { perimeter x slant height = }P x /

Contents = § area of base x altitude =4 A x &

Convex surface = $ sum of perimeters of bases x slant
height =} (P + P) x J

Contents = § alt. x sum of upper base, lower base and
a mean proportional =§ 5 (A+A'+ 1/A . A))

Convex surface = circumference x alt. = 2 x » x 4

Contents = area of base x altitude =z »* x %

Convex surface = } circumf, x slant height =z »/

Contents = § area of base x altitude =§ x »* 4

Convex surface = } sum of circumferences x slant
height =% + ») x I

Contents = § alt. x (upper base + lower base + mean
proportional) = § £z (* + »* + 77’)

Surface = # x square of diameter = 4 x »*

Contents = § # x cube of diameter = § = »*
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MISCELLANEOUS FORMULZX,

Falling Bodies.

£=3ar70 ft.

Discharge of Liquids.

Strength of Beams.

]
s = space described =}g¢'=:?
v= velocityacquired:gt:i;-z Vg

¢ = time, inseconds=z= 1/2—"-
I'4 'S
Velocity per second = 1/2¢4
Quantity per second (theoretical) = A+/2¢4
Quantity per second (actual) = § A+/2g%

A = area of orifice
% = depth of orifice below the surface

Supported at one end:
sbd?
=7 (rectangular)
]
W= "—’1’ (cylindrical)
Supported at both ends :
258d*
= —;— (rectangular)
]
W=7 (cylindrical)

& = tensile strength for each unit of area
/=length; 4 =breadth; 4 =depth
‘W = breaking weight

2 = initial velocity
a = angle of elevation
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TABLE IL
USEFUL NUMBERS AND THEIR LOGARITHMS.
NAMES, NUMBERS. LOGS,
Ratio of circumference of circle to diam-

BLer, . v e veieerasctscccsscacnnnsans 3.1415926 | 0.497150
Ratio of diameter of cxrcle to circum-

ference, %..... Cereeeeetaetaenn «e..| 0318310 | 1.502850
Force of gravity in feet, at lat. 45°.. ..g,,| 32.17076 | 1.507461
Length of seconds’ pendulum in inches,

Iat 45% cievinviinniiiionnnncncnnddyy 39.1156 | 1.592349
Equatorial radius of earth in miles.....s 3,962.80 | 3.598002
Polar radius of earth in miles.......... B  3,949.55 | 3.596548
Radius of earth as a sphere, in miles.... 3,958. | 3.597476
Mean length of a degree on meridian, in

mileS...iiiueiniiieieciiieninsanen. 69.048 | 1.839151
Length of a degree of longntude, lat. 30° 59.044 | 1.777746
Length of a degree of longitude, lat. 35° 56.715 1.753698
Length of a degree of longitude, lat. 40° 53.053 | 1.724710
Length of a degree of longitude, lat. 45° 48.986 | 1.690072
Distance of the sun in miles........ «...| 01,328,009 7.960604
Tropical year, in mean solar days........ 365.2422 2.562581
Statute mile, in feet ....oovevecceennns. 5,280 | 3.722634
Statute mile, in metres......cc0000enaee 1,609.41 | 3.206667
Gallon, in cubic inches ...c.ceaveeneenns 231 2.363612
French metre, in feet...ccceeeeacevenss 3.280869 | 0.515989
French metre, in inches.......... veeees] 30.370432 1.595170
French gramme, in grains..............| 154332349 | 1.188432
Velocity of light per second, in miles .... 185,000 | 5.267172
Velocity per second of sound in air 32°, in

| 17 S eecesssccsanssencans 1,000 | 3.037427
Increase in velocity for each 1° rise in

temperature....ccoiiveeiieeiinennne 0.96
One-horse power, or number of pounds|

raised I foot in I minute....e.c00enns 33,000 | 4.518514
Mechanical equivalent of heat (foot-

pound)....oiiiiiiiiiiiaienanns eieen 772 | 2.887617
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USEFUL NUMBERS—Continued.
sUBeTANOES. GRAVITY, | Bio FOOT. | FER 8. INOR.
Metals.
Brass...ecceecitiennnnns 7.820 488.75 42,000
Copper, cast ...cceeene . 8.788 549.25 24,250
Copper wire......coveeen 8.880 555.00 61,200
Iron, mean American..... 7.690 590.62 31,829
Iron, best Swedish bar.... 7.800 487.50 72,000
Platinum wire ......0000. 20.337 | 1271.06 53,000
Steel, cast, mean......... 7.833 489.61 88,657
Tin, cast..... 7.390 461.82 5,000
ZinCivveas vavecnes reee 6.861 428.81 3,500
Wire ropes. coocoeennees. 37,000
Timbers.
Ash....coveivennnnsn 0.760 47.500 17,000
Cedar .....ooouens eeenn 0.561 35.060 11,400
Elm......cco00eeee eeve 0.540 33.750 13,400
Locust..ccocveneeeenns . 0.950 59.375 20,500
Maple........ tesecnnaas 0.637 39.503 10,500
Oak........ cresssenseas 0.687 42.937 11,500
Pine, red ........ vesases 0.660 41.250 10,000
Pine, American white.....| 0.455 28.438 11,800
SPruce ....ceeoevecsesse} - 0.500 31.250 10,298
Walnut....... coceense ‘e 0.671 41.937 17,800
Building Material.
Bluestone......ccoeeneeen 2 688 168.00
Brick, average........... 1.9o0 118.7%
Granite, Quincy.....c..0. 2.652 165.75
Limestone ... .ceecanens 3.156 197.25
Marble, Italian .......... 2.708 169.25
Sandstone. ...... ee sees 2.200 137.50
Trap cooeeen teeee senens 2.720 170.00




A

TABLE,

THE LOGARITHMS OF NUMBERS

ox 1 vo 10,000.

NUMBERS FROM 1 TO 100 AND THEIR LOGARITHMS,

WITH THEIR INDICES.

PN PSS

| e ~~r f\"\
Y Ka | Log No. | Logarith No. | Logari No. | Logarithm. | No. | Logasitk
1 A | 13919 | 41 | 1612784 | 61 | 1-785330 | 81
2] 0301030 | 22 | 1342423 | 42 | 1023249 | 62 | 1792393 | 83 | 1-913814
3| 0477131 | 23| 1361728 | 43 | 1633468 | 63 | 1-790341 | 83 | 1919078
4] 0602000 | 24 | 1380211 | 44 | 1643453 | 64 | 1806180 | 84 | 1924979
5| 0698070 | 23| 1-397940 | 45 | 1653313 | 65 | 1-812013 | 85 | 1939419
6| 0778151 | 26 | 1414073 | 46 | 1602758 | 66 | 1819544 | 86 | 1-934498
7| 0845008 | 27 | 1431364 { 47 | 1672098 | 67 | 1-826075 | 87 | 1-939519
8| 0903000 | 28 | 1447158 | 48 | 1681241 | 68 | 1832500 | 88 | 1-044483
9 201 1- 49 | 1-600106 | 69 | 1-838849 | 89 | 1-949380
10 | 1000000 | 30 | 1477121 } 50 | 1 70 | 11845008 | 90 | 1954343
11| 104 31| 11491362 | 51 | 1707570 | 71 | 1851258 | 91 | 1-050041
12| 1079181 | 32 | 1-505150 | 52 | 1716003 | 73 | 1857333 | 92 | 1963788
g 13| 1113043 | 33 | 1518514 | 53 | 1-724276 | 73 | 1863323 | 93 | 1-068483
14| 11146198 | 34 | 1531479 | 54 | 1°732304 | 74 | 1'960232 | 94 | 1-0731%8
15| 1:1176091 | 35 | 1544068 | 53 | 1740363 | 75 | 1.875061 | 95 | 1977724
16 | 1204120 | 36 | 1'556303 | 56 | 1748188 | 76 | 1880814 | 96 | 1-982271
17 | 1930449 | 37 | 1-568202 | 57 | 1755875 | 77 | 1886491 | 97 | 1986772
18| 1955273 | 38 | 1579784 | 58 | 1-763428 | 78 | 1-802003 | 98 | 1991226
19 | 1978754 | 39 | 1°501085 | 50 | 1770853 | 79 | 1897627 | 99 | 1
20 | 1°301030 § 40 | 1603060 | 60 | 1778151 j 80 | 1903090 [100
Nots.—In the following part of the Table, the Indices are omitted, as they
can be very easily supplied. Thus, the index of the logarithm of every integer
number, consisting only of one number, is 0; of two figures, 1; of three
figures, 2; of four figures, 3: being alv%-: unit less than the number of
fig: ined in the i 3 index to the logarithm of every
number above 100, in the fo'homm of the Table, is omitted ; yet, in the
operation, it mnn'be prefixed, ing to this remark : so that the logarithm
600 is 2:77815, and that of 6000 is 3 and 80 of the rest.
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OF NUMBERS.

Ne, 0 | 1
160904120 204391
1| 66| 7006
2| 9515 9783
3(312188 1212454
4] 4844| 5100)
8| 7484
6/220108
7| 16| 2976
8 5309 8568
9| 7887| 8144
170(230449|230704
1| 2006| 3250
2} S8:|8| 5781
3| 86| @97
4/940549 (240799
5| 3038| 3286
6| 5513| 5759
7| 3| 819
8250420
9| 9853 3096
180(355273
1) 7679| 9l
2960071
3| 2451 9683
4] 4818 5054
5| 1T 174006
6| 9513 9746
7|271842(979074
8| 4158 4389
9| 6462 6692
190{278754 (278063
1281033281261
2| 3301 3527
3| 55571 TR
4| 7802 8026
51200035
6| W56| A’
7| 4466( 4687
8| 6665 6884
9| 8853 907.
$00(301030
1] 3196] 3412
9| 33511 38566
3| 7408] 7710
4| 9630 9843
5[311754/311966| 8177
6| 30867| 4078
7| 5670| 6180
8| 8063,
9(390146
210{329219(322426
1| 4282| 4488
S| 6336 6541
3| 8380 8583
4/330414/330617|
5| 9438 9640
6] 4454] 4655
7| 6460 6660
8| 8456 8656
340643

:

No. 118 1 3 418|617 ] 8, 9 |
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633560| 6336701633771 633872633073 | 634074634175/ 634276 634376 101
77| 4578| 4679| 4779 508

OF NUMBERS, 173

5736 5844 6059
6704/ 6811) 6919| 7028 7133
7884 7991 8088

9701| 9808
610767|610873(610979| 1086 1193
1820| 1936| 242 48| 54| 260

612800 612996 613102613207 | 613313613419 (613525 613630| 613736 | 106
4053| 4159 4264 4370 4475 4636
5003/ 5108 5213 5319,

8054| 9061 91 9274| 0331| 9488/107
9914|610021|010128 Bl% 01% 610447/610554(107

624076/624179{103
5107]

=
8
=
2
e e

5138
6008
7056
8011
8085
9016
660865
1813

4360( 4465| 4562 4946
mmxm%mmnusemmm

6194| 6200/ 6386

T247) T343| 7438| 7534| 7629 7725 7820| 7016
8107) 8202\ 8208 8393 8488| 8584/ 8679
55[ 9250 9346| 0441

90601 91 9536| 0631
660011 660106660201 | 660206 660391 | 660486 660581 660676

0960 1150| 1245/ 1339| 1434| 1529| 1623| 1718
2096] 2191 2986| 2380| 2475 2569 2663

E
E
&
8
g
g
]
g
SBEBE22288 SIIIIBERFER 8BS

L

~ e, o -

ol O | 21 8 |1 3 | 4| 8161|789 |
AN SN

g
R



174 LOGARITAMS
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OF NUMBERS,
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(Nl © 1 1 18 131 415 | 61 71819 |oa
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No.lo|1|2|3|4|5|6|LL~'8|9|D£?



Or NUMBERS.
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TABLE IV.

LOGARITHMIC

SINES AND TANGENTS,

FOR EVERY

DEGREE AND MINUTE

or

THE QUADRANT.

N. B. Tux minutes in the lef-hand column of each page,
increasing downwards, belong to the degrees at the top; and those
increasing upwards, in the right-hand column, belong to the degrees
below.
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(ODegree.) A TABLE OF LOGARITHMIC

o~~~ o
J M| Bine D. | Cosine | D.| Tang D. Cotang.
0 | 0000000 10-000000 Tnfinite. | 60
16463726 | 501717 | 000000 | 00 |6 501717 (13536274 | 50
2 | 764756 000000 | 00 | 764756 | 293483 | 235244 | 58
3| 940847 000000 | 00 [ 940847 | 208231 | 050153 | 57
4 | 7065786 |161517 | 000000 | 00 | 7065786 | 161517 |12°934214 | 56
5| 162606 | 131968 | 000000 | 00 | 102606 | 131969 | 837304 | 55
6| 2u8r7 |111575 | 000009 | 01 | 241878 | 111578 | 758122 | 54
7 96653 | 990009 | 01 99653 | 601175 | 53
) 8| 366816 | 85254 | 900000 |01 | 366817 | 85254 | 633183 | 52
(8| 41798 | 76263 | 900009 |01 | 417070 | 76263 | 582030 | 51
0 63088 | 990008 | 01 | 463727 | 68988 | 536273 | 50
11 |7505118 | e2081 | 9999998 | 01 | 7-505120 i [12494880 | 49
12 | 342006 | 57936 | 000007 |01 | 542900 | 5733 [ 45700 | 48
13| 577668 | 53641 | 999097 |01 | s7rere | 3842 | 42238 | 47
14| 600853 | 49038 | 000006 |01 | 600857 | 49839 | 300143 | 48
15| 630816 | 46714 | 909006 | O1 | 639620 | 46715 | 360180 | 45
(16| 667845 | 43881 | 990005 | 01 | 667849 | 43882 | 3A2ASL | 44
17| eo173 | 41372 | 900005 01| ep17e | 41373 | 305821 | 43
18 | 718007 | 39135 | 990004 | O1 | 719003 136 | 280097 | 42
19 | 7T4A4TY 900008 | 01 | 742484 | 37198 | 257516 | 41
20 | 764754 | 35315 | 999993 | 01 | 764761 | 35136 4
21 | 7785043 9999902 | 01 | 7785051 12214049 | 3
23 | ‘806146 | 2175 | 909001 | o1 | 06155 | 30176 | 193845 | 38
23| #5451 | 30805 | 999900 |01 | 825460 | 30808 | 174540 | 37
94| 843934 | 20547 | 900080 |02 | 843044 | 20549 | 156056 | 36
95| 861662 | 98388 | 0oooes |02 | 861674 | 28390 | 138306 (35
9 | 878605 | 27317 | 9oo0es |02 | evevos | m318 | 121202 | 34
27 | 895085 oo00e7 |02 | essoo9 | 2635 | 104001 | 33
28| 910870 | 25300 | 000086 | 02 | oloep4 | 25401 | 089106 | 2
20| 026119 | 24538 | 999085 | 02 | 926134 | 24540 | 073866 | 31
30| 940842 | 23733 | 999083 | 02 «/Ts | 050142 | 30
31 | 7955082 | 22080 | 9990082 | 02 | 7955100 | 22061 2
32| 968870 | 22273 | o008l |02 | o6esed | 22975 | 031l | 28
33| 982233 | 21608 | 990080 | 02 | 9exes3 | 21610 | 017747 | 27
34| 995108 | 20081 | 999970 |02 | 995319 | 90963 | 004781 | 26
35 (8007787 | 20300 | 999077 | 02 | 8007809 | 20392 [11-992191 | 25
36 | 020021 | 10631 | 990076 | 02 | 020045 | 10833 | 979955 | 24
37| 031919 | 10302 | 999975 | 02 | 031945 | 19305 | 968055 | 23
38 1 | 18801 | 090073 |03 | o43%27 | 18803 | 956473 |2
39| 054781 | 18325 | 900072 | 02 | 054800 | 18327 | 945101 | 2t
40| 065776 | 17872 | 999071 | 02 | 065806 | 17874 | 934194 | 0
41 |8076500 | 17441 | 0990060 | 02 | 8076531 | 17444 [11923469 | 19
(42| 086065 | 17031 | ooooes | 02 17034 | 913003 | 18
43| 007183 | 16639 | 900066 | 02 | oo7R17 | 16642 | 008783 | 17
44| 107167 | 16265 | 990064 |03 107202 | 16268 | €97ey (16
45| 116926 | 15008 | 909063 | 03 | 116063 | 15010 | 883037 | 15
46| 126471 | 13566 | 999061 (03 | 126510 | 1558 | 873490 | 14
47| 135810 | 15238 | 909950 |03 | 135851 | 15241 | 864149 (13
48| 144953 | 14924 | 900058 | 03| 144006 | 14027 | 855004 |12
49| 153007 | 14622 | 909056 | 03 | 153052 | 14627 | 846048 | 11
50 | 162681 | 14333 | 999954 | 03 | 162727 | 14336 | &3 | 10
51 | 8171280 | 14054 | 9000053 | 03 | 817138 | 14057 11828672 | 9
52| 179713 | 13786 | 990050 |03 [ 179763 | 13790 | 890937 | 8
53| 187065 | 13329 | 900048 | 03 | 188036 | 13532 | 811964 | 7
54| 196102 | 13260 | 990046 16156 | 13284 | 803844 | 6
55 13041 | 999944 |03 | 204126 | 13044 | 785874 | 5
56 | 211895 | 19810 | 900042 | 04 | 211053 | 12814 | 7BBOMT | 4
57| 219581 | 12587 | 999040 | 04 | 919641 | 12590 | 790350 ( 3
58| 227134 | 12372 | 909938 | 04 | 27195 | 12376 | 779805 | €
50 | 234557 | 12164 | 999936 |04 | 934621 | 12168 | 765370 | 1
60! 241855 | 11063 | 990934 ‘04! 241021 ' 11067 ' 7580m ! 0

I




SINESG AND TANGENTS.

(1 Degree.)

18

M. Bine | D. | Cosine D. Tang, | D. Cotang. |
0 [ 8241855 | 11963 | 9-990934 04 | 8241021 | 11967 [11°758079 | 60
1| 249033 | 11768 990032 04 AU0108 | 11773 750898 | 39
S| 256004 | 11380 900929 04 256165 | 11584 743835 | 58
3 263042 11308 999927 o4 263115 11403 736885 | 57
4 269881 11921 909025 04 200056 | 11225 730044 | 56
5| 976614 | 11050 990922 04 76001 | 11054 73309 | 55
6| 283243 | 10883 900020 o4 283323 | 10887 716677 | 54
7| WO | 10721 999918 o4 m 10726 710144 | 53
8| 900307 | 10565 999915 o4 10570 703708 | 32
9| 2546 | 10413 909913 04 302634 | 10418 697366 | 51
10 | 308794 | 10966 909910 o4 308884 | 10270 601116 | 30
11 | 8314954 | 10122 | 9-900007 04 |8315046 | 10126 (11684954 | 49
12 | 21027 900905 04 2119 9987 678878 | 48
13| ®016 9847 999903 04 327114 9851 670886 | 47
14| 33204 9714 990899 05 333025 9719 666975 | 46
15| 338753 9586 999897 05 338856 % 661144 | 45
16 | 344504 9460 999894 05 344610 655300 | 44
17| 350181 9338 909891 05 350280 9343 649711 | 43
18| 355783 9”19 990888 05 355895 92U 644105 | 42
19 | 361315 9103 990885 05 361430 9108 41
0 | 66777 8090 909683 05 366895 8095 633105 | 40
Q1 (831N 8880 | 9909679 05 8372203 8885 [11'627708 | 39
R | 377499 873 900876 05 377623 8T 2378 | 38
B | 3762 8667 999673 05 3820880 8672 617111 | 37
24 | 387062 8564 900870 05 338002 8570 611908 | 36
2B | 393101 8464 900867 03 303234 8470 66 | 35
W | 368179 8366 990064 05 398315 8371 601685 | 34
7 | 403199 .71 990861 05 403338 |, 8276 33
8B 408161 8177 990858 05 408304 8182 591606 | 2
29 413068 8086 909854 05 413013 8091 31
30 | 417919 7906 9996851 08 418068 8003 581932 | 30
31 842717 | 7000 |o9oee4s | 06 794 (11577131 | 99
RN| Q242 7823 900844 08 427618 7830 57382 | 28
3| 42156 7740 900841 08 432315 Ti45 567685 | 27
U 7857 999838 08 436963 7663 563038 | 26
35 | 441394 eud 909634 08 441560 7583 558440 | 25
36 | 445941 7499 999631 08 446110 7505 553800 | A4
37 | 450440 42 990827 08 450613 7428 549387 | W
38 | 454803 7346 990823 08 455070 7358 544930 | 22
39 | 459301 =3 999820 08 450481 = 540519 | 21
40 | 463665 7200 900816 08 463849 7200 536151 | 20
41 (8467085 | 7129 |o9poe12 | 08 |e468172 | 7135 11531898 | 19
42 | 472063 7060 999809 08 472454 7066 527546 | 18
43 | 476498 6001 909605 08 476693 6008 17
44 | 480603 4 999801 08 480803 6931 519108 | 16
45 | 484848 6850 999797 o7 485030 6865 514950
46 | 488963 6794 999793 07 480170 6801 510830 | 14
47 | 493040 6731 909790 « 07 493250 6738 506750 | 13
48 | 497078 0660 990786 o7 497203 6676 502707 | 12
49 | 501080 6608 909782 07 501298 6615 498702 | 11
50 | 505045 6548 909778 o 505267 6555 494733 | 10
51 | 8508974 6480 | 0-009774 07 | 8500200 6496 |11-490800 9
52 | 519867 6431 909760 07 513008 6439 486002 8
53 | 516726 6375 999765 07 516061 6382 483039 7
54 | 520551 6319 999761 o7 520790 479210 6
55 524343 0264 999757 07 524586 [ 475414 3
56 | 528102 6211 989753 o7 528349 6218 471651 4
57 | 531828 6158 999748 07 532080 6165 467920 3
38 | 535523 6108 909744 o7 535779 6113 464221 2
5 530186 6035 999740 07 530447 6062 460553 1
60 542819 6004 999735 07 543084 6012 456016 0
LNLNCub. | | Bine | .| . | M.

88 Degrees.

H

~ -




(2 Degrees.) A TABLE OF LOGARITHMIO

6004

546422 5055
549085 5006
553539 5858
357054 5811
560540 5765
563009 5719
567431 5674
5 5630
574214 5587
577568 5544
8580803 5508
584103 5460
587469 5419
Wg 5330
507153 500
600333 5261
603480 23
606623 5186
600734 5149
8612823 5118
6135801 5076
618037 5041
621003 5008
634965 4073
627948 4938
630011 4904
633854 4871
636776 4839
630680 4806
8-642563 4773
645498 4743
642974 4713
651103 4682
653011 4652
656702 4622
659475 4502
663230 4563
664068 4535
6467689 4506
8670303 4479
673080 451
675751 H“U
4397

681043 4370
683665 434
696272 4318
4202
691438 4267
@42
8606543 4217
600073 4198
701389 4168
704090 4144
708577 4121
700049 4097
711507 4074
713052 4051
716383 4029
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5

5855855558 S555558828 E2SEEEEEEE E8223R22RR RTRRBRRII] T

909731
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909713

i

9990685
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L
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4081
4047
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4880

4848
4818
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4723
4601

466!
4631

-
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“17

g

Bk BRBREE

4179
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11418792
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412208
408049
405717
402508
o<
398161
303090
380006

11-386811
383738
380687

77657
374648
371660
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354147
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345048
342851
340072
37311
334567
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SINES AND TANGENTS, (3 Degrees) 187

M. Sine D. Cosine | D. { Tang. | D. | Cotang | )
0 | 8718800 | 4006 |O-U00404 | 11 (8710396 | 4017 11280604 ; 60 )
1| 721204 | 3084 | wos3v8 | 11 | 721808 | 3095 | ew1%4 [ 59
2| 723505 | 3963 | 909301 | 11 | 724904 | 3974 58 ¢
3| 72572 | 3041 | 900384 | 11 | 7268588 | 39 | M348 | 57
4| 28337 | 3019 | 999378 | 11 | 728050 | 3830 | 271041 | 56
5| 730688 | 3898 | 990371 | 11 | 731317 | 3909 | 268683 | 55
6| 733027 | 3877 | 999364 | 13 3880 | 9266337 | 54
7| 735354 | 3857 | 909357 | 13 | 735006 | 3868 mg 53
8| 731667 | 3836 | 999350 | 13 | 738317 | 3848 | 961 8
9| 739069 | 3816 | 909343 | 13 | 740626 | 3827 | 250374 | 51
10| 74269 | 3796 | 909336 | 12 | 742022 | 3807 | 2670 | 50
11 [8744536 | 3776 | 90003290 | 13 | 8745207 | 3787 [11.254793 | 49
12| 76802 | 3756 | 909323 | 19 | 747470 | 3768 | <5501 | 48
13| 749055 | 3737 | 909315 | 12 | 749740 | 3749 47}
14 | 751297 3717 12 | 751989 3120 248011 | 46 ;
15| 753528 | 3008 | 999301 | 12 | 754227 | 3710 | 45773 | 45
16| 55747 | 3679 | 900204 | 13 | 756453 | 3692 | 243547 | 44
17| 757955 | 3061 | 099286 | 13 | 758668 | 3673 | 241333 | 43
18| 70151 | 3642 | 900279 | 12 | 760872 | 3655 | 239128 | 48
19 3624 | 900273 | 13 | 763065 | 3636 uz
2 | 764511 | 3606 | 990265 | 13 | 765246 | 3618 | 234754 | 40
91 | 8766675 9909257 | 12 |8767417 | 3600 |11-232583 | 39 }
29| 768828 | 3570 | 999250 | 13 | 769578 | 3583 | 230422 | 38 ¢
K| 70070 | 3553 | 999243 | 13 | 7177 | 3565 | 20M73 | 87
24| 773101 | 3535 | 009235 | 13 | 773866 | 3548 | 226134 | 3% |
95| 775223 | 3518 | 990227 | 13 | 775095 | 3531 | 224005 352
96| 777333 | 3501 | 999220 | 13 | 778114 | 3514 | 291886 | 3¢
Q7| 7434 | 3484 | 900212 | 13 | 780922 | 3497 | 21978 | 3
98| 78154 | 3467 | 999205 | 13 | 782320 | 3480 | 17680 | 3
29 | 783605 | 3451 | 000197 | 13 | 784408 | 3464 | 215502 | 31
30 | 785675 | 3431 | 909189 | 13 | 786486 | 3447 | 213514 | 30
31 (8787738 | 3418 9900181 | 13 |8788554 | 3431 (11211446 | 29
R | 780787 | 3403 | 990174 | 13 | 790613 | 3414 | 209387 | 28
3| 79128 | 3386 | 900166 | 13 3390 | 207338 |7
34| 793850 | 3370 | 900158 | 13 | 794701 | 3383 | 05299 | 26
35| 795881 | 3354 | 999150 | 13 | 796731 | 3368 | 203269 | 25
36 | 797894 | 3330 | 990142 | 13 | 79€752 | 3352 | 201248 | %
37| 700807 | 3323 | 909134 | 13 | 800763 | 3337 | 199237 | B
33| 801802 | 3008 | 000126 | 13 | 8027 322 | 197235 | R
30| 803876 | 3293 | 099108 804758 | 3307 195242 | 21
40| 805852 | 3278 | 099110 | 13 | B06T: 292 103258 | 20
41 | 8807810 | 3263 |9890102 | 13 |&80eT1Y 11101983 | 19
42| 800777 | 3240 | 000004 | 14 | 810683 | 3262 189317 | 18
43| 811726 | 334 | 900086 | 14 | 812641 | 3248 | 1 17
44| 813667 | 19 | 000077 | 14 | 814589 185411 | 18
45| 815500 | 2205 | 999060 | 14 | 816520 | 3219 { 183471 | 15
46| 817522 | 3191 | 999061 | 14 | 818461 | 3203 181539 | 14
47| 819436 | 3177 | 990053 | 14 | e20334 | 3191 | 170616 | 13 §
48| 1343 | 3163 | 000044 | 14 | 82008 | 3177 | 172 | 12
40| 823240 | 3149 | 900036 | 14 | &4205 | 3163 175795 | 11 )
(5 | 85130 | 3135 | 900037 | 14 | 826103 | 3150 | 173807 | 10
51 | 8827011 | 3122 9909019 | 14 8827992 36 {11-172008 | 9
52| eo8884 | 3108 | 900010 | 14 | e20674 | 3123 170126 | 8
830749 | 3005 | 900002 | 14 | &31748 | 3110 | 168252 | 7
54| 830607 | 9082 | 908093 | 14 | 833613 166387 | 6
55| 834456 | 3060 | 0Us9B4 | 14 | 835471 164520 | 5
56| 836207 | 2056 | 096976 | 14 | 837301 | 3070 | 162670 | 4
57| 838130 | 3043 | 998067 | 15 | 830163 | 3057 | 160837 | 3
58 3030 | 998958 | 15 | 840008 | 3045 | 150003 | ¢
50| 841774 | 3017 | 908050 | 15 | 842825 | P03 B | 1)
60 3000 ' gosod1 ! 15 ' Buess | 3019 155356 o;
|  Cosine | J Sine | 1 %E l | mc 1 I.’

BRAR
\'\ow TR L4

UNIVIRSITY }

0, RV A ’
LT



188 (4 Degrees.) A TABLE OF LOGARITHMIC

‘u. | Bibe | D. | Cosine D. | .Tang. | D. Coung. 1)
) U [8843585 | 3005 | 0008041 | 15 |S844644 | 3019 (11-135356 | 60
1| 845387 2003 908032 15 846455 3007 153545 | 50
2| 847183 2980 908023 15 848260 2005 151740 | 58
3| 848071 2067 908014 15 850057 2082 149943 | 57
4| 850751 | 2055 | 008005 | 15 | 851846 | 2070 14815¢ | 56
5| 832525 2143 908806 15 853628 2058 146372 | 55
6| 854201 | 2931 | g99ess7 | 15 2946 144507 | 54
7| 856049 2019 9968878 15 857171 2035 142829 | 53
8| 857801 2007 996869 15 2923 141068 | 2
9 | 859546 2896 9968060 15 860636 2011 139314 | 51
10| 861283 2884 996851 15 862433 2900 50
11 | 8-863014 W73 | 9-998841 15 |8864173 2888 (11135827 | 49
12 2361 998832 15 865906 BT 48
13 2850 998823 16 867632 2866 132368 | 47
14 | 868165 2139 996813 16 860351 2854 130049 | 46
15 9968804 16 871064 2843 435
16 | 871565 2817 998705 16 2832 127230 | 44
17 2806 998785 16 874469 W21 125531 | 43
18 | 874938 195 998776 16 876162 2811 123838 | 42
19 | 876613 2780 898766 16 877849 2800 12151 | 41
20 | 878285 a3 998757 16 879529 789 120471 | 40
21 | 8879949 2763 | 9998747 16 |8-881202 11118798 | 39
22| 831607 | 2153 | 098738 | 16 | 882869 | 2768 117131 | 38
b 2142 908728 16 884530 115470 | 37
24 | 834003 2731 908718 16 880185 Q47 113815 | 36
2B | 886542 21 998708 16 887833 Q37 112167 | 35
20 | 888174 2111 998609 16 xR 110524 | 34
27 | 880801 2700 9068639 16 801112 17 108888 | 33
28 | 891421 2690 9968679 16 892742 27 107258 | R
29 | 893035 | 2680 | 998669 | 17 | 894366 | 9097 105634 | 31
30 | 894643 2670 998659 17 895084 2687 104016 | 30
31 |8e0a246 | 2060 |oopeesp | 17 |seo7s08 | 2677 11102404 | 20
2| 897842 2651 908639 17 899203 2067 100797 | 28
33 | 89432 2641 998629 17 900803 2658 099197 | 27
34 | 901017 2631 998619 17 902398 2648 097602 | 26
35 | 902596 2622 998609 17 903987 2638 096013 | 25
36 | 904169 | 2612 | 998509 | 17 029 | 094430 | 24
37| 905736 2603 908589 17 907147 2620 092853 | BV
38 | 907207 2593 908578 17 908719 2610 001281 | 2
39 | 908853 2584 998568 17 910285 2601 089715 | 21
40| 910404 | 2575 | 998558 | 17 | 011846 | 2502 | 068154 | 20
41 | 8911049 2566 | 9-998548 17 | 8913401 2583 (11086599 | 19
42 | 913488 2856 998337 17 914951 2574 085049 | 18
43| 015022 | 2547 | 998527 | 17 | 916495 | 2565 | 083505 | 17
44 | 916550 2538 998516 18 918034 2556 081966 | 16
45 | 918073 2529 18 918568 W47 080432 | 15
46 | 919501 2520 998495 18 921096 2538 078904
47 | 921103 2512 18 922619 2530 077381 | 13
48 | 92610 2503 908474 18 924136 2521 075864 | 12
149 | 924112 UH4 998464 18 925649 8512 074351 | 11
050 | 925600 | 2486 | 908453 | 18 | 927156 | 503 | 072844 | 10
$ 51 | 8-927100 AUTT | 9998442 18 | 8928658 2495 11071342 9
53 | 928587 469 998431 18 930155 2486 069845
‘ 33 | 830068 2460 998421 18 931647 U8 068353 7
54| 931544 | 2458 | 908410 | 18 | 933134 | 2470 | 066866 | 6
> 55 | 933015 2443 998309 18 934616 461 065384 5
/56 | 934481 U435 996388 18 AU53 063807 4
. 57| 935942 U 908377 18 937565 U435 062435 3
38 | 9837398 A£19 996306 18 939032 U337 060968 S
50 | 938850 €11 908355 18 940494 2430 059506 1
60 ' 940206 | 2403 | 908344 ' 18 | 941952 | 2421 058048 | 0
s ]_Cosive | | Sine | |_ Comng. | |_Tuwg | !._{



SINES AND TANGENTS.,

(6 Degrees.) 189

2403 U] 11058048 60
) 1 941738 B394 998333 19 U413 056596 59
’, 2 943174 B87 9968323 19 944852 U405 055148 58
) 3 944600 B9 908311 19 940205 BO7 053705 87
4 BTl 998300 19 4T 2390 052266 56
5 947456 V363 998280 19 9490168 KO- 55
[ 948874 2355 908377 19 950507 W74 049403 54
7 950987 2348 998266 19 952021 266 047979 53
8 951606 040 998255 19 953441 2360 046559 -}
9 953100 BR 908243 19 954856 2351 045144 81
5 10 954490 8B 908232 19 0956267 V44 043733 | 50
11 | 8955804 2317 | 9998220 19 | 8957674 0137 11042328 49
13 957984 2310 998200 19 950075 LR 040925 48
13 958670 2302 908197 19 960473 039527 47
14 960053 225 908186 19 961866 1314 038134 46
15 961429 2288 908174 19 963255 07 036745 45
16 262801 2280 998163 964630 2300 035361 44
17 964170 22073 998151 19 966019 €NV03 033981 43
18 | 965534 2356 908130 20 967394 20206 032606 49
19 966803 259 908128 20 908766 P14 031234 41
0 | 68U R52 908116 20 970133 R 020867 40
21 | 8069600 24 | 9998104 20 8971408 215 11028504 K N
P-3 970047 2138 998003 20 972855 NRB7 027145 38
P<] 972289 231 908080 20 974209 21 025791 7 )
% 973628 QA 998068 220 975560 U4 024440 36
P2 974963 N17 998056 20 976006 W37 023094 335
B 976203 2210 908044 20 o7T8U8 200 021753 4
o 977619 03 998032 20 979586 P« ] 020414 33
8B 1 297 998020 WV 980921 N17 019079 k-]
20 2190 998008 20 082251 2210 017749 3 §
0 981573 2183 997996 20 983577 204 016423 30
31 | 8982883 2177 | 99979684 20 |8-084899 2197 |11°015101 20
k] 984180 2170 997972 20 980217 2191 013783 8
33 985491 2163 997959 20 987532 2184 012468 b1
U 986789 ANS7 997947 20 U8 011138 0B
35 988083 2150 997935 21 980149 AN 000851 B
K] 980374 Q144 90TOR 21 901431 2163 008549 N
3 990660 2138 997910 21 902750 2158 007250 P=<}
8 901943 2131 907897 21 904045 AN 005053 -3
30 | 90320 2125 907885 21 905337 146 004663 S1
40 | 904497 2AN19 997872 A 906024 2140 003376 20
4] | 8995768 2112 | 9997860 21 | 8997908 2134 |11-002092 19
)R 997036 2108 907847 21 900188 ANW 007813 18
43 908290 2100 907835 1 2121 |10-99953% 17
44 909560 2004 9978 21 001738 215 908263 16
43 | 9-000816 2087 997809 21 003007 2109 906993 15
46 2082 907707 21 004272 2103 995728 M
47 003318 2076 997784 an . 005534 2097 994466 13)
48 | 004563 2070 997771 21 006792 2091 993208 12
49 | 005808 20064 997758 A 008047 2085 991953 1
50 | 007044 2058 90745 a 000298 2080 990703 10
51 | 8008978 X052 | 8997 21 |8010546 2074 ]
8| 009510 2046 997719 QA 011790 2068 988210 8
3 010737 2040 997706 21 013031 2062 986969 7
54 011962 34 997603 -] 014268 2056 985733 [}
55| 013183 2029 907680 b} 015503 2051 984498 S
56 | 014400 2023 907667 b3 016732 2045 983268 4
57| 013613 2017 907654 b 017959 2040 0982041 3
) 581 016824 012 907641 -3 019183 2033 980817 ]
Y 59 | 018031 2006 997628 P 208 979597 1
60 010235 2000 997614 b 021620 023 973380 0
) Sos_|___| Comg | | Tew |}



190 (6 Degrees.) A TABLE OF LOGARITHMIC

SO
M. | D. | Cosine | D. | Tang. | D. | Cotang.
0 2000 | 9997614 22 19021620 2023 110978380 | 60
1 1985 997601 b-3 022834 N17 977166 | 59
b} 1980 997588 2 024044 2011 975856 | 58
3 1964 997574 2 025251 2006 974749 | 57
4 1978 9097561 2 026435 2000 973545 | 56
S 907547 2 027655 1945 972345 | 55
[] 1967 997534 K 028852 1990 971148 | 54
1 1963 997520 23 030046 1985 960854 | 53
8 1937 997507 3 031237 1979 52
9 1851 997493 b <] 032425 1974 967575 | 51
» 1047 997480 P<] 033600 1969 966391 | 50
1 1041 | 9997466 23 | 9034791 1964 10965209 | 49
12 1836 907458 23 1958 964031 | 48
13 1630 997439 23 037144 1953 962856 | 47
14 | 035741 1925 907425 23 038316 1948 961684 | 46
15 | 036896 1920 997411 b= 1943 960515 | 43
16 | 038048 040651 1938 058349 | 4
17 | 030197 1910 x 041813 1933 958187 | 43
18 1005 997369 23 042973 1928 857027 | 42 (
19 | 041485 1899 23 044130 193 835870 | 41 ¢
22 | 042625 1894 997341 23 1018 954716 | 40 (
21 | 9043762 1889 | 9997327 % 1913 |1 39
W | 044895 1884 97313 AU 047582 1908 952418 | 38
3 1879 % 048727 1903 851273 | 37
24| 047154 1875 997285 64 1898 950131 | 38
% 1970 997271 % 051008 1893 3
26 | 049400 1865 997257 U 052144 1889 947856 | 34
27 | 050519 1860 097242 % 053277 1884 946723 | 33
28 | 051635 1855 997228 % 054407 1879 945503 | 32
20 | 052749 1850 997214 U 055535 1874 944465 | 31
30 1845 997199 % 056659 1870 943341 | 30
31| 054066 | 1841 |9097185 | 24 (9057781 | 1865 10942219 | 29
32| 056071 1836 997170 % 1869 941100 | 28
3| 51 1831 997156 Pl 060016 1855 P14
34| 058271 182 097141 % 061130 1851 28
33 1822 997127 A% mg 1846 437760 | 25
K] 1817 997113 % 1842 936652 | A4
37 | 061551 1813 997098 A% 064433 1837 935547 | 23
38 1808 997083 85 065556 1833 934444 | 22
39 1804 997068 % 1828 833345 | 21
40 | 064906 1799 997053 25 067752 1824 93248 | W
41 | 9085885 1794 | 9997039 25 |9068846 1819 |10931134 | I9
42 | 066962 1790 997024 % 1815 18
43 | 068036 1788 997009 P 071027 1810 928073 | 17
44 | 069107 1781 996994 P 072113 1806 927887 | 16
45 | 070176 1777 996979 25 073197 1802 926803 | 15
46 | 07142 1T 906064 25 074278 1797 905722 | 14
47 | 072306 1768 906049 25 075356 1793 924644 | 13
48 | 073366 1763 996934 P 1789 923568 | I2
49 | 07444 1759 906019 B 077505 1784 922495 | 11
50 | 075480 1755 B 078576 1780 2144 | 10
51 1750 B 1776 |10920356 9
52| 077583 1746 906874 080710 1772 919290 8
53 | 078631 1742 B 081773 1767 918227 7
54 | 079676 1738 996843 3B 1763 917167 [}
55 | 080719 173 B 083801 1759 916109 5
56| 081739 1729 906812 20 084847 1735 915053 4
57| oenywr 1725 20 086000 1751 914000 3
58 | 083332 T 906782 1B 087050 1747 912950 H
50 | 0~4864 1717 28 088098 1743 911902 1
)60 ' 085804 1713 996751 26 080144 1738 910858 0
O L S | Cas L Teog_ LMy



SINES AND TANGENTS, (7 Degrees)

]
]

1 |  Tang.

SETATHIBH STHRBSRBVE 2EPYRUPBLL LVRRYYRRBBY BEZSEEEEES Scavcanwwms

9085804 | 1713 | 0996751 | 96 | G014
086022 | 1709 2 | oou1sy
0e7o47 | 1704 | 906720 | 26 | 0918
088070 | 1700 | 906704 | 26 | 002266
020090 | 1606 | 906688 | 26 | 093302
001008 | 1693 | 906673 | 28 | 094336
092024 | 1638 | 006657 | 26 | 095367
000037 | 1634 | 906641 | 26 | 006305
094047 | 1680 % | oo
095056 | 1676 | 900610 | 926 | 008448
006062 | 1673 | 996504 | 26 | 099468

9007065 | 1668 |0996578 | 27 [o100487
098066 | 1665 21 | 101504
090065 | 1661 | 006546 | 27 | 102519
100082 | 1657 | 996530 | 27 | 103532
101056 | 1653 | 996514 | 27 | 104542
10048 | 1649 | 906488 | 27 | 105550
103037 | 1645 | 996482 | 27 | 106556
104025 | 1641 | 996465 | 27 | 107550
105010 | 1638 | 906449 | 27 | 108360

1634 | 996433 | 27 | 100550

9106973 | 1630 |9996417 | 27 |9110556
lo7e51 | 1627 2 | 1151
108027 | 1623 | eo63sd | 27 | 112543
100001 | 1619 | 996388 | &7 | 113533
10673 | 1616 | 996351 | 27 | 114321
18 | 1612 o7 | 115507
109 | ¥ 96318 | 27 | 116401
1374 | 1605 %8 | uur
14737 | 1601 | 99285 | 28 | 118452
1 1507 | 906200 | 28 | 119420

911665 | 1504 (9900252 | 28 [9120404
17613 | 1500 | 996285 | 98 | 121377
1867 | 1587 | w6219 | 28 | 1928
19519 | 1583 | opa03 | 28 | 12317

1580 | go618s | 28 | 124284
121417 | 1576 | 906168 | 28 | 125249
12262 | 1573 | we1sl | 8 | 1211
12306 | 1560 | 996134 | 28 | 1w
124248 | 1566 |' 996017 | 28 | 128130
125187 | 1562 | 996100 | 28 | 120087
9126125 | 1550 |o906083 | 29 [9130041
155 | 900006 | 20 | 130994
121083 | 1552 | 996049 [ 20
1285 | 1549 ]
120854 | 1545 | 996015 | 29
130781 | 1542 | eeses8 | 29
131706 | 1539 | 995080 | 20
1535 | 905063 | 2
13551 | 1532 | so5m8 | 20
13470 | 1529 | 995098 | 29

9135387 | 1525 |ogesol |
136303 | 1522 | voseo4 | 29
116 | 1519 | 95876 | 29
B8 | 1516 29
130037 | 1512 | pessa1 | 20
130044 | 1500 | 9o3m3 | 20

1506 | posaue | 29
141754 | 1503 | 995788 | %9
142055 | 150 | 995771 | 20
143555 | 1406 | 905753 | 29

Cotang.

10899513
898406

10889444
887457
886467

-~
o
]

~3

e ™ e e N S e N e

55853323838882882388828:55:&3&5%SES&E&&S&%Q
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192 (8Degrees.) Ao TABLE OF LOGARITHMIC

M. | Sine D. | Coamne D. | Tang. | D. | Cotang. |
0 | 9-143555 1496 | 9905753 30 | o4TB3 1528 |10.852197 | 60
1 1 1493 WISTIS 3 148718 1523 851282 | 50
2| 145349 1400 wuS717 k1 149632 1520 38
3| 146243 1487 N 150544 1517 849456 | 57 E
4| 147136 1484 YYSEs1 k] 151454 1514 848546 | 56
5| 1 1481 YuS664 0 152363 1511 847637 | 55
6| 148915 1478 Y5646 30 153209 1508 846731 | 54
T 149802 1475 Y568 k] 154174 1505 845428 | 53
8| 150686 1472 995610 30 155077 1502 844923 | 52
9| 151569 1469 PY5591 N 155978 1499 51
{ 10 | 152451 1466 Y3573 0 156877 1496 843123 | 0
11 | 9153330 1463 | 9995555 N |I15TTIS 1493 |10842225 | 49
12 1548 1460 S 0 158671 1490 841320 | 48
13 155083 1457 995519 20 159565 1487 840435 | 47
14 | 155957 1454 05501 31 160457 1484 830543 | 46
15 | 156830 1451 995482 31 161347 1481 838653 | 45
18| 1T 1448 995464 31 1479 837764 | 44
17 | 158569 1445 V95446 31 163123 1476 836877 | 43
18| 159435 1442 905427 31 164008 u3 9
19 | 160301 1439 905409 31 164892 1470 835108 | 41
20 161164 1436 905390 3 163774 1467 @
21 | 162025 M43 | 9993372 31 | 9166654 1464 |10-R33346 | 39
W | 162885 1430 905353 31 167533 1461 832468 | 38
8| 163743 1427 945334 31 168409 1458 81501 | 37
AU | 164600 144 985316 31 1 1458 830716 | 36
B | 16544 M2 31 170157 1453 35
W | 166307 1419 905278 31 171029 1450 8971 | 4
Q1| 167159 1416 995260 31 171899 1447 88101 | 3
)W | 168008 1413 Y95241 32 172767 144 32
) 20| 168856 1410 9u5222 R 173634 1442 8263668 | 31
30 | 169702 1 985203 x 174499 1439 8551 | W
31 | 9170547 1405 | 0-095184 RN 9175362 1438 110824638 | 29
R | 171389 1402 95165 x 176224 pre<} 823776 | 48
B | 1720 1399 95148 x 177084 1431 axele | 9«
34| 173070 1396 995127 R 177942 1428 20
35| 173908 13M4 995108 32 178799 1425 211 |2
36 | 174744 1391 995089 x 179655 1423 020345 | U
37| 175578 1388 R 1420 819402 | W
38 | 176411 1386 9u5051 32 181360 1417 818640 | 22
39| 177242 1383 32 182211 1415 817789 | 21
40 | 178072 1380 995013 2 1 1412 816041 | 20
41 | 9178000 1377 | 9994093 R 9183907 1409 10816083 | 19
42| 1 1374 94974 R 184752 1407 815248 | 18
43 | 180551 1372 094955 k23 1 1404 814403 | 17
44 | 181374 1369 994935 R 186439 1402 813561 16
45 | 132196 1366 994916 k<] 187280 1399 812720 |15 )
46 | 183016 1364 k< 188120 1396 811880 | 14
47 | 183834 1361 94877 3 1 1303 811042 |13
48 | 184651 1359 904857 k<] 189704 1391 810206 | 18
49 | 185466 1356 904838 3 190629 1389 809371 |11
S50 | 186280 1353 9u4818 k< 191462 1386 808538 | 10
’ 31 | 9-187092 1351 | 9904708 33 | 9192204 1384 |10-807706 9
52| 187903 1348 o4’ 3 193124 1381 806876 8
53 | 188712 1346 ONTH 3 193953 1379 806047 7
54| 180519 1343 94739 3 194780 1376 805220 []
S| 1 141 994719 B 195606 1374 804304 5
56| 191130 1338 994700 B3 196430 1371 803570 4
57| 191933 1338 904680 33 197253 1360 80747 3
58| 102734 1333 994660 3 198074 1366 801926 e
59 | . 193534 1330 904640 33 1 1364 801108 1
60 ' 194332 1328 994620 3 199713 13681 800287 0
) |_ Cosine | | _Swe ] Cowang. | Tang. | M.

81 Degrees.



SINE® AND TANGENTsS, (9 Degrees.) 193

o ~
M.: Sine | D | Cosine | D | Tane. | D. | Cotang.
0 | OIMI2 | Ik oMW | 33 9i0913 | 1961 |1 60
1| 15129 | 16 3 200529 | 1350 | 790471 | 50
2 195625 | 1323 | ouesev | 33 | 201345 | 1356 | 798655 | 58
3) 196719 | 1321 | 9v4560 | 34 | 20215 | 1354 | 797841 | 57
4| 197511 | 1318 | 004540 | 3¢ | 2029 | 1352 | 797029 | 36
5| 19602 | 1316 | 904519 | 34 | 0378 | 1349 | 79218 |55
6 190001 | 1313 | 904499 | 34 | 204502 | 1347 | 7Tus408 | 54
7| 199879 | 1311 | oo4av0 | 34 | 205400 | 1345 | 78s000 | 53
8| 200666 | 1308 | 904459 | 34 | 206207 | 1342 | 7933 | 52
9| 201451 | 1308 | 904438 | 34 | 20713 | 1340 | 7oe7 | 51
10) 902234 | 1304 | 994418 | 34 | 207817 | 1338 | 702183 |50
11 9900017 | 1301 |9004307 | 34 [9908619 | 1335 (10701381 | 49
15| omwr | 1200 | 04377 | 34 1333 48
13| 904577 | 1996 | 904357 | 34 | 2u0x0 | 1331 | 78O | 47
14| 905354 | 1994 | 004338 | 34 | 21018 | 1328 | 788082 | 46
15| w6131 | 1902 | 904326 | 34 | 21815 | 1326 | 788185 |45
16 1999 | 904295 | 34 | 912611 | 1324 | 78189 | 44
17| 207679 | 1987 | 9844 | 35 3405 | 1321 | 786585 |43
18| 208452 | 1985 | 994354 | 35 | 214198 | 1319 | 78582 | 42
19| 90022 | 1988 | 9e4e33 | 35 | 214989 | 1317 | 78501 |41
20| 900992 | 1980 | om12 | 35 | 25780 | 1315 4
21 [9210760 | 1278 |o9oa191 | 35 |9216568 | 1312 [10-783432 395
9| 211598 | 1275 | 994171 | 35 | 217356 | 1310 | 782644 | 38
o3| s19201 | 1203 | esa50 | 35 | 2842 | 1308 | 781858 |37
o4 | 213055 | 1971 | 994109 | 35 | 218026 | 1305 | 781074 | 36
25| 213818 | 1268 | 994108 | 35 | 218710 780200 | 35
96| 21457 | 1966 | 994087 | 35 | 200492 | 1301 | TIws08 | 34
7| 215338 | 1964 | 994086 | 35 | 2127 | 1209 | TS |3
)98 | 210097 | 1961 | 994045 | 35 | 220058 | 1207 T8 | 3
199 | 216854 | 1350 | 9p024 | 35 1204 | 110 | 31
Y20 | 17600 | 1257 | 984003 | 35 | 23606 | 1202 | 776384 | 3
31 [oe18383 | 1955 [9eosee1 | 35 1900 (10775618 | 99
32| 919116 | 1253 | 903060 | 35 | 205156 | 1288 | 774844 | o8
n 1250 | 993030 | 35 1996 | 74071 |7
3 148 | 993918 | 35 1984 | 773300 |98
35| 921367 | 146 | 903806 | 38 | W4n | 1281 25
36| 2115 | 194 | 903875 | 36 o | Tl |
37| o20861 | 1942 | 9e385¢ | 38 | w007 | 1277 23
38 | 23006 | 133 36 | w3 | 125 | T |
30 | 224349 | 1937 | e03811 | 36 | 230530 | 1273 | 760461 | o)
0| 25002 | 1935 | o370 | 36 | 3s | 1271 | 763688 | @
41 9995633 | 1933 9903768 | 36 |993%65 | 1260 10767835 | 19
42| 296573 | 131 | 993746 | 36 | ¢xNe6 | 1267 | 767174 |18
43| eom11 | 1998 | 993795 | 36 | 933588 | 1265 | 766414 |17
44| 20048 | 1926 | 083703 | 36 | 34345 | 1263 | 765655 | 16
45| 29878¢ | 1924 | 993681 | 36 | 35108 | 1960 | 764887 |15
46| 20518 | 1909 | 990660 | 36 | 235850 | 1258 | 764141 14$
47 120 | 009638 | 36 | 306614 | 1256 | 76386 |13
] 1918 | 993616 | 36 | 937368 | 1254 | 762633 |18
| V1714 | 1216 | 993504 | 37 | 23810 | 1282 | 761880 |11
50 1814 | 903572 | 37 | <3ssm | 1250 | 781128 |10
51 (9933178 | 1212 |9903550 | 37 |9330633 | 1248 [10760878 | 9
) 1200 | 99358 | 37 | 240371 | 1246 | 750620 | 8
53| 934625 | 1207 | 993508 | 37 | 941118 | 1944 | 75888 | 7
54| 235340 | 1205 | 993484 | 37 | 941885 | 1243 | 758135 | 6
55| 6073 | 1203 | 993468 | 37 | 4210 | 1240 | 757398 | 5
56| 936795 | 1901 | 993440 | 37 | 243354 | 1238 | 756646 | ¢
57| 287515 | 1199 | 903418 | 37 | o007 | 1936 | 755008 | 3
58| 938935 | 1107 | 993396 | 37 | 944889 | 1234 | 755161 | 8
50| 238053 | 1195 | 903374 | 37 | s | 13 | 74 | 1
60' 239670 | 1193 ! 93351 | 37 ! 946319 | 10 | 750881 | o
L Gomine Bise Couang. | Tue L%y

80 Dogroes.



194
M.| B8ive , D. | Cosine
0 113 | orous3si
1 191 e
2| Loy | wussu?
3| 2usM 187 | Gusms
4| 242528 1185 QU2
5| U7 1183 QU340
6| 2347 | 181 | 9637
7| U6 umn 93195
8| U563 17 w3172
9| 246069 1B 93149
10 | 246775 nuzm Y3127
11 | 9°AT478 1171 | 9993104
12| 8181 1169 | 993081
13| 2486833 1167 YUY
14 | 249583 1165 VY36
15 | 250222 1163 13
16 1161 942990
17 | 21677 1159 BYGT
18 1158 2944
19 | | 1158 992021
Q0 | 253761 1154 892898
21 115 | 9098875
o | 25514 1150 992352
Q| WM 1148 QU329
YU | BWesW 1146 QU6
25 | 27211 1144 992783
26 | 26788 | 1142 | 982759
Q7 | 20883 1141 QU736
8B | Wuus 1139 992713
20 | 2WHuSL 1137 BUAY0
; 30 | 200633 13 992566
31 | 9261314 1133 | 9992643
3Q | 20194 1131 992619
33 | 2673 1130
)34 | W51 1123 92572
35 | W42 1128 VU249
36 | 204703 1124 2525
37| WS3TT 1122 S50l
38 | 2W6OS1 uW 82478
39 | W6TW 1119 QU454
40 | 20739 117 9Y2430
41 | 9268085 1115 | 9992406
42| WM 1113 Y2382
43 | o402 1111 V92359
44| Ziows9 | 1110 | 992335
45 | 200735 1108 W11
46 | 271400 1108 YRWT
47 | 22004 1S Y2253
48 | 20204 1103 Bu2239
4y | 275388 1101 V2214
50 | 274049 1199 992190
51 | 9274708 1008 | 9992166
2 52 | 275367 1096 2142
53 | 2604 1094 992117
84 | 276681 1092 9u2083
55| 271337 1091 Y2069
56 | 277991 1089 992044
57| 218644 1087 992020
88 | 279297 1086 991996
50 | 279448 1084 991971
60 1082

e

2B SE2B222228 222BBLBYEE BRLBBLEELY ERBBRYELEY BEREBIGEELY

| Tang.

9248319
LTST
UTI
a5
2AUy:264
Uy

U7
W31461
212191

24374

120
Pl
1226
4

(10Degrees.) Ao TaABLE UF LUGARITHMIC

711348

N~~~
! Cotang. ' t
10753881 | 60 §

75243 | 50
5206 | 58
751470 | 57
w736 | 56
0002 | 55
749270 | 54
74853y | 53
4730 | 52
747080 | 51¢
6852 | 50
10745628 495
744900 | 48
744176 47 $
43453 | 46
42731 | 45
4010 | 44
41200 | 43
MW7l | 42
T3u854 | 44
TS | 40
10733423 | 39
378 | 38
Taws | 3
736283 | 38
735572 | 35
734862 | 34
34153 | 33
T4 | R
W13 | 31 $
J 30
10731320 | g9 !
30625 | o8
T | 97
T221 | 28
T2 | 95
7282 | o4
™A |3
%427 [ R
W73 | 21
20058 | 20
1074342 | 19
2W64Y |18
57 | 17
220066 | 16
21576 | 15
087 | 14
0199 |13
Y512 | 12
718828 | 11
718142 | 10
10717458 9
716775 8
716083 17
715412 6
714732 S5
714053 4
713376 3
712699 2
712023 1
0
M.

Tang.
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SINES AND TANGENTS. (11 Degrees.)
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(12Degrees.) A TABLE OF LOGARITHMIC

3

M. | Bine | D. | Cosine | D. | Tang. | D. | Coang. | !
)0 | 9307810 | 900 | Ubudod | 45 | 3741 | 1035 | 10G7e86 (60 )
1| 318473 | o088 | 9os78 | 45 | 320085 | 1033 671905 | 50
2| 310086 | 967 | 900351 | 45 | 3RW/NS | 10X 671285 | 58}
3| 319658 | 986 | Y324 | 45 | 32334 | 1030 670006 | 57
4| 320249 | 984 | 900207 | 45 | 2320953 | 1029 670047 | 56
5| 320840 { 983 | 990270 | 45 | 330570 | 1028 660430 | 55
6| 321430 | 982 | 900243 | 45 | 331187 | 1026 668813 | 54
7| 322019 | 080 | 900815 | 45 | 331803 | 1025 068197 | 53
8| 309607 | 070 | 900188 | 45 | 332418 | 1024 667588 | 52
9| 323104 | 977 | 9%0161 | 45 | 333033 | 1023 666067 | 51
10| 323780 | 976 | 990134 | 45 | 333646 | 1021 50
11 (0304368 | 975 | 0990107 | 46 | 933425 10085741 | 49
12| 324050 | 973 | 990079 | 46 | 334871 | 1019 48
13 972 | 990058 | 46 | 33482 | 1017 664518 | 47
14| 26117 | 970 | 990025 | 46 | 330003 | 1016 663007 | 46
15| 326700 | 960 | 080097 | 46 | 336708 | 1015 663208 | 45
16 | 327281 | 968 | 980070 | 46 | 837311 | 1013 662680 | 44
17| 37862 | 066 | 090042 | 46 | 337819 | 1012 43
18| 28442 | 965 | 960018 | 46 | 33857 | 1011 661473 | 42
19| 320021 | 064 | 080887 | 46 | 339133 | 1010 660867 | 41
20 962 | 960800 | 46 | 330730 | 1008 060261 | 40
21 (9330176 | 961 |9980833 | 46 | 9340344 | 12007 |10650636 | 30
2| 330753 | 960 | 990804 | 46 | 340848 | 30068 650052 | 38
23| 331320 | 958 | 980777 | 48 | 34155 | 2004 658448 | 37
4| 331003 | 857 | 980749 | 47 | 342155 | 1003 657845 | 36
95| 330478 | 956 | 080791 | 47 | %757 | 1002 657243 | 35
96 | 333051 | 954 | 089608 | 47 | 343358 | 1000 656642 | 3¢
F14 953 | 980665 | 47 | 343958 999 656642 | 33
28 | 334105 | 953 | 989637 | 47 | 344558 908 655442 | 32
20| 334 950 | 060000 | 47 | 345157 07 654843 | 31
30 40 | Se058R | 47 | 345758 906 654245 | 30
31 048 |90008553 | 47 | 9346353 004 (10653647 | 29
32| 336475 | 946 | 980585 | 47 | 346049 053 653051 | €8
33 045 | 980407 | 47 | 347545 002 632435 | 27
34| 337610 | 944 | 990460 | 47 | 348141 901 651859 | 96
35| 338176 | 943 | 080441 | 47 | 348733 200 651965 | 25
36| 338742 | 941 | 980413 | 47 | 340020 968 650671 | A4
37| 00306 | 940 | 000384 | 47 | 34000 9687 650078 | B
38| 330871 | 939 | 980356 | 4v | 350814 966 *
39| 340434 | 937 | osexe8 | 47 | 851108 985 643304 | 21
40 | 340996 936 980300 9 351607 963 648383 | 20
4] | 9341538 933 | 9-980271 47 | 035987 983 [106847713 | 19
$42 )| 342119 | 934 | 9093 | 47 | 85876 981 647124 | 18
)43 | 349670 | 933 | ©089%14 | 47 | 353465 960 046535 | 17
) 44| 343239 931 089186 n 854053 79 645047 | 16
45| 243797 | 930 | 980157 | 47 | 854640 77 645360 | 15
46| 344355 | 920 | 980198 | 48 | 353297 976 4773 | 14
47| 344912 | 927 | 980100 | 48 | 35513 o715 644187 | 13
48| 345460 | 926 | 980071 | 48 | 356308 [ 64362 | 12
49 | 346094 | 925 | 980043 | 48 | 356069 73 643018 | U
50| 346579 | 924 | 080014 | 48 | 357560 71 642434 | 10
51 |934m134 | 923 | 0968083 | 48 | 9358140 970 |10641851 | 9
53| 347687 | 921 | 989038 | 48 | 358731 069 641260 | 8
53 | 348240 088027 | 48 | 350013 068 7
54| 348702 | 019 | oese08 | 48 | 350803 967 640107 | 6
55| 349343 | o1 936800 | 48 | 860474 966 639526 | 5
56 | 340003 | 916 | 988840 | 48 | 261053 965 6387 | 4
57| 350443 | 015 | Dessnl | 49 | 26169 963 638368 | 3
58 | 350902 9687RR | 49 | 36210 963 6370 | ¢
50| 351540 | 913 | 988753 | 49 | 362787 961 613 | 1
60 ' 352088 1 | peeTae ' 49 | 303304 960 636636 ' 0
i |__Cosine | | Bies | | Cumg | 1. Tug | M.

i



SINES AND TANGENTS. (13 Degrees) 19)

3

e e

o~~~ A

M) Sioe | D. | Cooe | D | Taug. | D | Coang. |
0| 9353088 | 911 |9-08874 49 (9036364 | 960 110636636 | 60
1| 352635 | 910 | 988605 49 363040 | 93 636060 | 59
g | 353181 | 909 | 988666 49 364515 | 958 635485 | 58
3| 353726 | 908 | 988638 49 365000 | 957 634010 | 57
4| 354271 907 968607 49 385664 955 56 )
5| 354815 | 905 | 988578 49 306237 | 654 633763 | 55
6| 355358 | 904 | 968548 49 306810 | 953 633190 | 54
7| 355001 | 903 | 98es19 49 73R | 9 632618 | 53
8| 356443 | 903 | 988480 49 367953 | 951 047 | 2
9| 356084 | 901 | 968460 9 368524 | 950 631476 | 51
W| 3574 | 800 | 988430 9 360004 | 940 630008 | 50
11 | 9358064 | 808 |9-988401 490 9300063 | 948 10630337 | 49
19| 356003 | 897 | 988371 49 3709 | 946 629768 | 48
13| 350141 | 806 | 988343 49 307990 | 945 020201 | 47
14| 350678 | 805 | 988318 50 371367 | 944 620033 | 46
15| 360215 | 803 | o9emees 50 133 | 943 45
16| 300753 | 8 | 9emess 50 3TU0 | 948 627501 | 44
17 g}g 801 | 988223 50 373064 | o1 626036 | 43
18 890 968103 50 373629 940 626371 [ 43
10| 32356 | 830 | 988163 50 374103 | 939 625807 | 41
1V | 302080 888 988133 50 374758 938 6/ | 0
Q1 | 9363422 | 887 |9-988103 50 |9375319 | 937 [10624681 |3
99 | 363054 | 885 | 988073 50 5881 | 935 @119 |38
23| 364485 | 884 | 988043 50 30449 | 034 @3558 |37
24 | 385016 | 883 | 988013 50 377003 | 933 22007 | 36
25| 385546 | 882 | 987983 50 7563 | e |®U37 | 35
2B | 306075 881 987953 50 31 <] a|1878 | 4
27| 366604 | 880 | 98793 50 378681 | 930 @3y (3
28 | 367131 | 89 | 98788 50 3720 | 929 020761 | R
fsn 367650 | 877 | 9e7eas 50 ST | 98 @0203 | 31
30 | 368185 878 98789 51 380354 o7 619646 | 30
31 |9368711 | 875 |9-967801 51 |9380010 | 996 [10619000 | 98
N | 360236 874 887771 51 381466 s 618534 | 28
33 | 369761 87 987140 51 oM 617080 | 27
34| 370285 | 873 | 987710 51 399575 | 023 617425 | 28
35| 370808 | 871 | 967679 51 383190 | o8 616871 |95
36| 371330 | 80 | 88749 51 383688 | 031 616318 | 24
37| snesm | 88 | sem18 51 84934 | 9% 615768 | 23
38| 3373 | 867 | 967388 51 384786 | 919 GIRM4 | W
30| 37804 | 866 | 987557 51 385337 | 018 614663 | 21
40| 373414 885 987536 51 385888 917 614112 | 0
41 | 937333 | 864 |9-087496 51 |9386438 | 915 19
43| 314453 | 863 | 987465 51 396087 | oM 613013 | 18
43| 314970 . | 863 | 987434 51 387536 | 913 61464 | 17
44 | 375487 | 861 | 967408 5 388084 13 611016 | 16
45| 37003 | 800 | 98733 | =B 3808631 611369 | 15
48| 376519 | 850 | 967341 52 330178 | 910 610832 | 14
47| 3™235 | 858 | 987310 52 300724 | 909 610276 | 13
48| 371540 | 857 | 981 5 300270 | 908 609730 | 12
49| 37063 | 856 | 9878 53 390815 | 907 609185 | 11
50| 3T 854 987217 52 301360 906 608640 | 10
51 (9370080 | 853 |9967186 | 53 (9391903 | 905 9
53| 379601 | 853 | 987158 ] 309447 | 904 607553 | 8
53| 380113 | 851 | 967134 5 302080 | 903 eoro11 | 7
)54 850 987008 52 393531 908 606469 [
53 |-381134 | 84 | 987061 5 |-304073 | 901 605927 | 5
56| 381643 | 848 | 087030 | =3 04614 | 900 605386 | 4
57| 3153 | 847 | 986008 2 05154 | 8m 604346 | 3
58 | 3:wél 846 986087 58 305604 808 604306 )
50| 383168 | 845 | 986006 | 53 063 | 807 603767 | 1
00 ' 38675 844 980004 3 306771 806 603220 0
| Conime Bine | . ) | T M. J

I



\14 Degrees.) A TABLE OF LOGARITHMIC

£

‘,I. Sine | D. | Cosine ! D. | Tang. | D. | Cotang. | ’
0 |0383675 | 844 | 0990004 | 52 (9396771 | 896 (1060320 | 60
1| 38182 | 843 | oe6er3 | 53 | 307300 | 896 | 602601 | 50 (
H a2 | 996841 | 53 | 397846 | €95 | 602154 | 58
3| 385108 | 81 | oeeeop | 53 | 39eas3 | ess | 601617 | 57
4| 385697 | 840 | wee7e | 53 | 30010 | Ee3 | e0i0e1 |56
5| 36201 | &9 | 906746 | 53 | 390455 | eo2 | 600545 |55
6| 3974 | 838 | 986714 | 53 | 300000 | 831 | eoo0l0 |54
7| 37207 | s3r | oee0e3 | 53 | o4 | es0 | 509476 |53
8| 387700 | se6 | 9ecesn | 53 | 401058 | & | eesss |
9| 380 | s35 | oeeo10 | 53 | 4051 | &8 | soe409 | 51
10| 3sm | su 53 | some4 | 837 | 07878 | %0
11 | 9380211 9906555 | 53 0402656 | 896 [10597344 05
12| 3eom11 | ea | eees3 | 53 | 403187 | 885 | soeei3 |48
13| 200210 | e31 | oeedo1 | 53 | 40378 | s8¢ | oeem |47
14| 300708 | e | oecsse | 53 | 4osce0 | 83 | 5w |46
15 | 301206 96477 | 53 | 40478 | €83 | 3R | 45
16| 31703 | &7 | oeedps | 53 | 40508 | 881 | osoR |44
17| 32199 | 96 | 906383 | 54 | 403836 | 890 | Sedies | 43
18| 302005 | 25 | 986331 | 54 | 406364 | 87 r
19! 303191 | &4 | oee2eo | 54 | 4oese2 | 878 | 503108 | 41

%0, 33685 | s3 | oeewes | 54 | 1o | &7 | 281 |40
21 |o3o4170 | s |ooeexn | 54 [odoross | &6 10500055 | 3
| 304673 | s21 | oeee | 54 | 4084m1 | &3 | om0 |38
23| 305168 | m0 | oeelep | 54 | 4o8e07 | 814 | so1008 | 37
% glo | 986137 | 54 | 4oes21 | s74 | se0sm |36
25| 306150 | 818 | 9s6104 | 54 | 410045 | 873 | 3ewess |35
% 1| 617 | oeeos | 54 | 40500 | e | sewamr |34
27| 397132 | 817 | oeeosp | 54 | 4uoe | e | S8 | B
o8| 307621 | 816 | oeeoo7 | 54 | 41615 | & | 5ewsss | B
20| 308111 | 815 | 9eso7a | 54 | 412137 | 869 | 3587863 | 31
3 398500 | 814 | 985042 | 54 | 419658 | 868 | 62 |3
31 |cao00e8 | 813 [99es000 | 55 |oaiar | se7  |1o-seemn |29
32| 300575 | 812 | oesers | 55 | 413 | s66 | Sess0n |98
33| 400062 | 811 | oese43 | 55 | 414210 | 65 | Sesme1 | @
34| 400549 | g10 | oesemx | 55 | 414738 | se4 | S0 | %6
35| 401035 | 809 | o857 | 55 | 41857 | se4 | 54743 |95
36| 401520 | 808 | oasvas | 55 | 41575 | 863 | sesees |24
37| 402005 | 80 | sesmz | 55 | 41623 | 862 | ey |
33 | 402100 | 06 55 | 46810 | 861 | 5e3100 |2
39| 4om | 805 55 | 41728 | 60 | e%67 |91
0| 403455 | 804 | oese13 | 55 | amees | 80 | See1ss |20
41 |p400038 | 803 |ooesseo | 55 (o418 | 858 [10se1eee | 19
| 40u20 | 802 | oessar | 55 | 4ieev3 | &7 | seum |18
43| 40e001 | so1 | eessi4 | 55 | 419387 | &8 | 380613 |1
44| 40533 | eo0 | o8sis0 | 55 | 419001 | &55 | se00m9 |16

045| 405002 | 790 | 9eSe7 | 55 | 420415 | es5 | 57eses |15

46| 406341 | 708 | 985414 | 56 | 420027 | &4 | 5me0r3 | 14
47| 406320 | 707 | oes3e0 | 56 | 421440 | @53 | svmsen |13
48| 407200 | 796 | oe5347 | 56 | 10m | e | smus |12
| 4077 | 75 | oes314 | 56 | 42463 | 851 | 5w |1
50 | 408254 | o4 5 | 42074 | 850 | 577028 |10
51 |p406731 | 794 |ovespa7 | 56 |9azmess | 849 |10578518 | 9
52| 400007 | 703 | ve5213 | 36 | 420003 | 848 | 576007 | 8
53 792 | o518 | 36 | 424503 | 848 | Svsaev | 7
54| 410057 | 791 | ees146 | 56 | 425011 | 847 | 54080 | 6
55| 410092 | 70 | 28513 | 56 | 425519 | 846 | Svae1 | S
56 | 411106 | 789 56 | 425027 | 845 4
57| ausm | 78 5 | 42654 | 84 | 5366 | 3
58| 412052 | 787 | oeso11 | 36 | 427041 | 843 | s7Tese | @
50| 412524 | 8 | oeaon | 56 | 4msar | eas | 5763 | 1

00| 410006 | 785 | oBaoss | 36 | somse | 82 | 5misss | 0

Lol Cosime ) Bime ! L Twg X



i

SINES AND TANGENTS. (16 Degrees.) 199

M Sine D. | Cosine D. | Teagn |} D. | Cotang | 1
0 | 0412006 | 785 |908406 | 57 |9430038 | 843 (10571048 | @0
1| 413467 | 784 | 984910 | 57 | 428357 | 841 571443 | 59
f 9| 413038 | 783 | 084876 | 57 | 420003 | 840 570938 | 58
3| 414408 | 783 | 084842 | 57 | 420566 | 839 570434 | 57
4| 414878 | 783 | 984808 | 57 | 430070 560030 | 58
5| 415347 | 781 | 984714 | 57 | 430573 | 838 560427 | 55
6| 415815 | T80 | 984740 | 57 | 431075 | &%7 568025 | 54
7| 416288 | 779 | 984708 | 57 | 431577 | &6 56843 | 53
8| 416751 | T8 | 984672 | 57 | 43w | 85 s67921 | 58
9| 41217 | 77 | 984637 | 57 | 43580 | 834 567420 | 51
10| 41768¢ | 776 | 984608 | 57 | 433080 | 83 566020 | 50
11 |9418150 | 775 |9984560 | 57 |9-433360 10°566420 | 49

418615 | 714 | 084535 | 57 | 434080 | 8X 565020 | 48 $

13| 41907 | 773 | 984300 | 57 | 434579 | &I 565421 | 47
14| 419544 | 773 | 98u66 | 57 | 435078 | &0 564023 | 46
40007 | 773 | 984432 | 58 | 435516 | €29 564424 | 45

16| 4240 | 71 | 984307 | 58 | 436073 | &8 563027 | 44

0| 03 | 70 | oee3e | 58 | 457 | 8 | sm43 |43
‘18| 41305 | 760 | 98438 | 58 | 437067 | &7 562033 | 42
19| 421857 | 768 | 984004 | 58 | 437563 | e28 562437 | 41
90| 492318 | 767 | 984250 | 58 | 438050 | &5 561941 | 40
91 0422778 | 767 |99842%4 | 58 [0438554 | 824 (10361446 | 39
9| 423238 | 766 | 984100 | 58 | 430048 | &3 560053 | 38
B| 42007 | 765 | 984155 | 38 | 430543 | &3 560457 | 37
24| 424156 | 764 | 984120 | 58 | 440038 | €3 550064 | 36
95| 424615 | 763 | 984085 | 58 | 440520 | &1 550471 | 35
26| 495073 | 768 | 984050 | 38 | 441088 558078 | 34
o7 | 495530 | 761 984015 | 58 | 441514 | 819 558486 | 33
Q28| 435067 | 7o0 | 983961 | 38 | 442008 | 819 557004 | B
20| 426443 | 700 | 083048 | 58 | 442497 | 818 557503 | 31
30| 426800 | 750 | o311 | .58 | 442088 | 817 557013 | 30
31 [9427354 | 758 |99e3875 | 58 |9443470 | 816 [10-556521 | %9
2| 42800 | 757 | 983840 | 50 | 443068 | 816 556033 | 28
33| 49963 | 756 | 983805 | 50 | 444458 | 815 55554 | 27
34| 498m17 | 755 | 983770 | 50 | 444047 | 814 555053 | 28
35| 420170 | 754 | 983733 | 59 | 445435 | 813 554565 | 25
3 | 42023 | 753 | 983700 | 50 | 44508 | 813 554077 | AU
37| 20075 | 752 | 983664 | 50 | 446411 | 812 553580 | B
38| 430597 | 752 | 9830 | 50 | 446808 | 8i1 553102 |
30| 430078 | 751 | 983504 | 50 | 447384 | 810 552616 | 21
4] 431420 | 750 | 983558 | 50 | 447™0 | 809 552130 | 20
41 |ga31879 | 749 |9983523 | 50 |9448356 | 809 [10-551644 | 19
Q| 9990 | 749 | 983487 | 50 | 448841 | 808 551159 | 18
3| 428 | 148 | 98452 | 50 | 440328 | 807 17
44| 433296 | 747 | 983416 | 59 | 449810 | 806 550190 | 16
45| 30675 | 746 | 083381 | 50 | 450204 | 806 | 549706 | 13
46| 434199 | 745 | 963345 | 50 | 450m7 | 805 540293 | 14
47| 434500 | 744 | 963300 | 50 | 451260 | 804 548740 | 13
48| 435016 | 744 | 983273 | 60 | 451743 | 803 548957 | 18

o] 85 | 73 | veawss | 6o | 4mees | em | serms (1
50| 435008 | 743 | 983203 | 60 | 4527068 | 803 547204 | 10
(51 (436353 | 741 |9983166 | 60 [9453187 | 801 |[10-546813 | 9
(52| 436798 | 740 083130 | 60 800 346332 | 8
(53| 43743 | 740 | 083004 | 60 | 454148 | OO 54588 | 7
3454 | 431886 | 730 | 983058 | 00 799 545372 | 6
{55| 438199 | 738 | 983022 | 60 | 455107 | 798 54803 | 8
(58 | 438573 | 737 | 982088 | 60 | 435586 | 797 S4414 | 4
(57| 430014 | 736 | 962050 | 60 | 456064 | 798 543036 | 3
58| 430456 | 736 | 982014 | 60 | 456543 | 706 543458 | 8
50 | 43897 | 735 | 98878 | 60 | 457019 | 795 se2081 | 1
60 | 440338 ! 734 | 9eese3 ' 60 ! 457408 ! T4 542504 | 0
“ | _ Cosine | |__ Bise | | Comog._ | L Tee_ | X
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(16 Degrees.) A TABLE OF LOGARITMIC
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Cosine D. Tang. D.

9982848 60 | 9457406 794 10°542504
982805 60 450073 % 542027
982700 6l 458440 793 541551
982733 61 458025 ki 541075
962606 61 456400 791
982660 61 450875 790 540125
982024 61 460340 790 530651
982587 61 460023 789 530177
982551 61 461207 788 538703
983514 61 461770 788 538230
98U 61 40243 .7 537758

9083441 61 |94714 788 110337286
082404 61 463186 785 536814
982367 61 785 536342
982331 61 464129 84 535871
982004 61 464390 (<) 535401
082957 61 465069 783 534931
9880 (1] 463539 k] 534461
982183 a2 466008 781 533992
082146 [ 466476 780 533524
962100 ) 400045 780 533055

9083072 6 |9467413 79 10532587
982035 (23 467880 ™8 532120
981908 a2 488347 T8 531653
981961 63 408814 ™ 531186
981994 63 460380 778 530720
981886 62 460746 w5 530254
981849 a 470211 3 520789
981813 63 470876 T4 520324
981774 63 471141 ™ 528859
981737 [ 471605 ™3 528305

9981600 63 | 9472068 ™ [10527932
981603 63 47358 1 527468
981625 6 473095 71 527005
981587 a 473457 70 328543
981549 a 473919 769 326081
981513 63 474381 760 325619
981474 6 474848 768 525158
981436 a 475303 767 524607
981300 63 475763 767 524237
981361 476323 | 768 23T

9081323 63 | 9476683 765 10523317
981285 63 477142 765
981247 63 477601 764
981200 63 478050 763 321941
981171 63 478517 763 521483
981133 64 478975 762 521025
981095 64 470433 761
981057 64 479889 761 520111
981019 64 480345 760 51
980081 64 480801 79 519199

9-080042 64 | 9481257 750 |10-518743
980004 64 481712 758 518288
980868 64 483167 %7 317833
980837 64 483631 w57 517379
980780 64 483075 758 516925
980750 64 483520 5 316471
980712 64 483083 35 516018
980673 64 484435 54
9806835 [} 484887 ki3 315113
980506 64 485330 %3

Cotan,

Sine
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SINES AND TANGENTS. (17 Degrees) 20t

B S R e e e 220 2 2o L R VPV VN

M D | i D. 3
0 | 9463935 688 | 9-980596 64 | 9485339 755 | 10-514661 | 60
1] 466348 688 980558 64 485791 752 51 59
S| 466761 687 980519 65 486242 751 513758 | 58
3| 467173 686 980480 63 751 513307 | 57
4| 467585 685 980449 65 487143 750 512857 | 56
5| 467996 685 980403 s 4875083 749 55
6| 468407 684 960364 [ 483043 749 511957 | 54
71 468817 683 w 65 488402 48 511508 | 83
8| 46027 683 65 488941 747 511059 | 52
9| 460637 682 9680247 65 489390 747 510610 | 51
10 | 470046 681 9680208 (] 480838 746 510162 | 50
11 | 470455 680 | 9-980160 65 | 9-490286 746 | 10°:509714 | 49
13| 470863 680 8680130 65 745 509267 | 48
13| 41211 679 980091 [ 491180 744 508820 | 47
14 471679 678 980052 s 491627 744 508373 | 46
15 | 472086 678 980012 [ 743 507927 | 45
18 | 47492 677 979073 65 492519 43 507481 | 44
17| 472808 676 970034 66 4 742 507035 | 43
18 | 473304 676 979893 66 493410 741 508590 | 43
19 | 473710 673 979855 66 740 506146 | 41
W | 474115 674 979816 66 494299 740 505701 | 40
21 | 9474519 674 | 9979776 66 | 9404743 740 | 10-505257 | 39
RNV | 47493 673 879737 [} 495186 739 504814 | 38
V| 47537 673 979607 66 495630 738 504370 | 37
AU | 47570 (22 ] 979658 68 496073 37 503027 | 38
2B | 476133 671 979618 66 496515 737 503485 | 35
2/ | 476536 670 979570 66 496957 736 503043 | 34
2| 476938 060 979539 66 497309 736 502601 | 33
B | 477340 669 979490 | 66 497841 735 502159 | 32
2| 477141 668 979459 66 498282 4 501718 | 31
30| 478142 667 979420 66 49872 734 501278 | 30
31 | 9478542 667 | 9979380 66 | 9-499163 733 | 10500837 | 29
32| 478042 666 978340 66 499603 733 500397 | 28
33| 479342 665 979300 67 500042 T 490958 | 27
34| 479741 665 979260 67 500481 731 499519 | 28
35| 480140 664 979220 67 500920 731 490080 | 25
36| 480539 663 970180 | 67 601359 730 498641 | AU
37| 480937 663 979140 67 501797 730 498203 | 23
38| 481334 662 979100 67 9 497765 | N
39| 481731 661 979059 67 502672 78 497328 | 21
40 | 482128 661 979019 67 503109 8 496881 | 20
41 | 9482595 660 | 9978079 67 | 9-503546 T | 10496454 | 19
42 | 482021 659 978039 67 503982 k14 496018 | 18
43 | 483316 659 978808 67 504418 26 495582 | 17
4| 483712 658 978858 67 504854 5 495146 | 16
45| 484107 657 978817 67 505280 =5 494711 | 18
46 | 484501 657 9787 67 505724 4 494276 | 14
47 | 484895 656 978736 67 506150 4 493841 |13
48 | 485280 655 978696 68 506583 = 493407 | 12
49 | 485682 653 978855 68 507027 k-] 492073 | 11
50 | 486075 654 978615 68 507460 = 492540 | 10
51 | 9486467 653 | 9978574 68 | 9507898 721 | 10-492107 9
52 | 486860 653 978533 68 508326 1 491674 8
53 | 487951 652 978403 68 508759 70 491241 7
54 | 487643 651 978452 68 500191 19 490809 6
55 | 486034 651 978411 68 719 490378 5
56 | 488424 650 478370 68 510054 718 480946 4
57| 488814 650 978329 68 510485 718 489515 3
58 | 480204 649 978288 68 510916 n? 489084 S
59 | 480503 648 978247 68 511346 716 488654 1
60 ' 489062 648 978208 68 511776 716 488994 0
) | Cosine | |  Sine | Cotang. | | Tang. | M.
PN PN
72 Degrees



g

(18 Degrees.) A TABLE OF LOUARITHMIC

1.3 | Cotine | D. | Tang. | D. | Coumng |
0 648 | 9978206 68 | 9511778 716 | 10488224 | 60
1 648 Y78165 68 512206 718 48774 | 69
2 647 Y7814 68 512635 715 487365 | 88
3 491147 646 978083 6 513064 714 486036 | 57
4 491535 646 978042 6 513493 714 486507 | 56
5 491922 645 978001 6 513921 i3 486079 | 55
[ 4 644 977959 69 514349 13 485651 | 54
7 402695 644 977918 69 514777 718 485223 | 53
8 483081 643 9TI8TT 6 515204 713 484706 | 82
9 493466 642 97785 69 515631 1 484369 | 51
10 493851 643 9TTI% 6 516057 710 483943 | 50
11 | 9494238 641 | 9977758 6 | 9516484 710 | 10-483516 | 49
2 44621 641 9771l 60 516910 709 483000 | 48
13 | 485005 640 977669 6 51 709 452665 | 47
4 495388 639 6 5817761 708 482030 | 46
495712 639 977586 @ 518185 708 481815 | 45
16 496154 638 977544 70 518610 07 481300 | 44
17 637 977503 70 519034 706 480006 | 43
18 496019 637 977461 0 519458 206 480542 | 42
19 497301 636 977419 70 519882 705 480118 | 41
0 497682 636 70 05 479645 | 40
<1 | 9408064 635 | 9977335 0 04 | 10479272 | 39
498444 634 977203 70 321151 703 476849 | 3
B 498925 634 977251 70 R1573 03 478427 | 37 (
U 490204 633 977209 70 521905 703 478005 | 38 ¢
B 490584 633 977167 70 52417 703 477583 | 35 P
20 490963 632 977125 70 522838 708 477162 1 4
N 500342 631 977083 70 323259 701 476741 | B ¢
8B 500721 631 977041 70 523680 701 476320 | 32 ¢
20 501099 630 976999 70 524100 700 475000 | 31 7
K 1] 501476 629 976957 70 524520 699 475480 | 30
31 | 9501854 629 | 9-976914 70 | 9524839 609 | 10475061 | 29
Q| 50221 628 976872 n 698 474641 | 28
3 502607 628 976830 n 525778 6u8 4423 (o
Ko 502084 7 976787 71 526197 @97 473803 | 26
135 503360 [04] 976745 71 526615 @07 473385 | 25
36 | 503735 626 976702 71 696 472067 |4
N 504110 625 u 527451 606 472549 | 23
38 625 976617 71 527868 685 472N | N
39 504860 624 976574 71 528285 695 411715 | 2
40 | 505234 63 976532 n 528702 604 471208 | 20
41 | 9505608 9076489 71 | 9529119 693 | 100470831 | 19
42 505981 [:>] 976446 n 603 470465 18
43 506354 976404 n 520850 663 470050 | 17
“ 506727 @1 976361 n 530366 63 460634 16
45 | 507009 620 976318 7 530781 601 460219 | 15
46 | 507471 60 5 71 331196 601 468804 | 14
47 619 976232 kel 531611 690 468389 | 13
48 | 508214 619 976189 k] 60 467975 | 12
49 618 976146 kel 532439 689 467561 | 11
30 508056 618 976103 k] 532853 689 467147 | 10 ;
51 | 9500328 617 | 9976060 7 | 53266 688 | 10466734 9)
52 509606 616 976017 Kt 688 406321 8
53 | 510085 616 5074 k] 534092 687 465008 7
54 510434 615 K 534504 687 465496 6
55| 510803 615 975887 K 534016 666 465084 5
56| 511172 614 975844 k23 335328 666 464673 4
571 511540 613 975800 k] 535739 685 464261 3
38| 3511907 613 915757 k] 536150 685 463850 2
) 50 512275 612 975714 k] 536561 684 463439 1
60 ' 512642 613 975670 ) 536072 684 463028 0
! |__Cosine | | __Bine | | Coang. | |  Tang. l.$



SINES AND TANGENTS, (19 Degrees.) 203

M. |- Bine | D. | Cosine D. | Tang | D. | Coung. | _
0| 971643 | 612 | 0975670 | 13 | 053673 | 684 | 10463028 | 60
1| 513000 | 611 | 975627 | 73 | 5371388 | 683 | 4ez618 | 500
2| N335 | en1 | o5 | B | s3mims 462208 | 58
3| 513741 | 610 | o7353 | 73 | s3m208 | em | 461798 |57
4| 514107 | 600 | 975498 |73 | 538611 | e | 461380 |36
5| 514472 | 600 | g7545@ | 73 | 530020 | 681 | 460080 |55
6| 54537 | 608 | vr5408 | 73 | 539429 | e81 | 460571 | 54
7| 51598 | 608 | 975365 | 73 | 53637 | 60 | 460163 |53
e| 515566 | 607 | o3 | 73 | 540245 | 60 | 450755 |5
9| 515% | 607 | o7 | B 6m | 450347 |51

glo 516204 | 606 | 95233 | 73 | 541061 | 679 | 458939 |50
1| 9516657 | 6us |0975189 | 73 | 9541408 | 678 |1045853 | 49
12| 517020 | 605 | 975145 | 73 | 541875 | e | 438125 | 48
13| 51738 | 64 | o510 | 73 | sem81 | 671 | 45TI9 | 47
M| 517145 | 604 | o75057 | 73 | 542688 | 677 | 457312 | 46
15| 518107 | 603 | 975013 | 78 | 543004 | 676 | 456006 | 45
16| 518468 | 603 | 074960 | 74 | 543190 | 676 | 456501 | 44
17 518320 | 602 | 974925 | 74 | 543005 | 675 | 456005 | 43
18| 51019 | 601 | 974380 | 74 | 544310 | 675 | 455690 | 42
19| 510551 | 601 | 97486 | 74 | 544715 | 64 | 45585 | 41
90 ( 51911 | 600 | 04702 | 74 | 54519 | 674 | 454881 |40
21| 0520211 | 600 |9974748 | 74 |o5a5524 | 673 |10454476 | 20

@ 520631 | 509 | o b 673 | 45072 |38
2| 50000 | 500 | 074650 | 74 | 546331 | 672 | 45366 |37
o4 | 21349 | w8 | oueM | 61 | 453285 |3
25| 521707 | 508 | 91457 | 74 | 847138 | en | 4mseR |35
26 | 522066 | 507 | ora5e5 | 7 | S47540 | e | 45260 |}
o 506 | o481 | 14 | 57043 | 60 | 4057 B
o8| 52281 | 506 | 97443 | 60 | 451655 |32
20| 523138 | 55 | viammn | 47 | 660 | 451253 |31
30| 523405 | 505 | 974347 | 75 | 540040 | 660 | 45081 | 30
31| 952385 | 504 | 9974302 | 75 | 9540550 | 668 |10450450 |20
32| 52208 | 504 | 914357 | 75 | 540051 | 668 | 450040 | 28
] 58 | 9728 | 75 667 | 449648 |

234 524020 | 583 974167 | 75 550752 | 667 449248 | 26

135 | sesers | se2 | om 75 | 551152 | 666 | 448848 | 25

;m 525630 | 501 | 974077 | 75 | 551552 | 666 | 448448 | 24
37| 55084 | 501 | ograom2 | 75 | 551952 | 665 | 44048 | 23
38| 52630 | 500 | or3e67 | 75 | 53351 | 6es | 44769 | 22
30| 56603 | 500 | 973942 | 75 | 552750 | e85 | 447250 |21
40| 527046 | 580 | 973807 | 75 | 553149 | e84 | 446851 |20
41957400 | 509 [oo738m | 75 | 9553548 | 684 |1048e |19
| 52753 | 588 | 93807 | 75 | 553046 | €63 18
43| 598105 | 388 | 97361 | 75 | 554344 | 663 | 443656 | 17
44| 58458 | 387 | omane | 76 | 554741 | eee 16
45| 28810 | 587 | o7 | 7 | 555130 | 6 | 444861 |15
| 520161 | 388 | o365 | 7 601 | 444464 | 14
47| 520513 [ 388 | 973580 | 76 | 355633 | €61 | 444067 |13

;43 520864 | 585 | 973535 | 76 | 55639 | 600 | 4436m |13
49| 530215 | 585 | 973480 | 76 | 3556735 | 660 | 44325 |1
50| 530565 | 584 | 973444 | 76 | 557121 | 69 | a428m |10
519530015 | 584 |o9o73308 | 76 | 9557517 | 65 |10442183 | 9
52| 531985 | 563 | 973352 | 76 | 557013 | 650 | 442087 | 8
53| 531614 | 583 | 973307 | 76 | 558008 | es8 | 44162 | 7
54| 531963 | 582 | o731 | 76 | 558702 | 658 | 44198 | @
55| 53312 | 581 | 97315 | 76 | 550097 | 657 | 440003 | 5
56| 532661 | 581 | 973160 | 78 | 3550491 | 657 | 440509 | 4
57| 533009 | 580 | 973194 | 76 | 550885 | 656 | 40115 | 3
58| 533357 | 580 | 973078 | 76 | 62 | 656 | wom1 |
50| 533704 | 519 | 930 | 77 | 560673 | 655 | 43w | 1
60! 53405 ! 573 | orooe ! 77 | 361006 | 655 | 38034 | 0

{1 Gosine | | _ Biom |} | J L Teng. | M



204 (20 Degrees.) A TABLE OF LOGARITHMIC
M. |  Bine D. | Coaine D. | Tang. | D. | Coang.
0935405 | 578 (9972086 | 77 | 9561066 | 655 10438034 | 60
! 1| 534390 | 57 972040 ik 501459 | 634 43854 5
2| 53445 | 577 o | 7 561851 654 4381490 | 58
3| 535003 | 877 97848 | 7 56244 | 653 437758 | 57
4| 535438 | 576 o802 | 7 562636 | 653 437364 | 56
5| 5373 | 576 972155 | T 563028 | 653 436072 | 55
6| 536120 | 375 o709 | T 563410 | 652 436581 | 54
7| 536474 5714 972663 Kl 563811 652 436189 | 53
8| 536818 | 574 972617 | 77 564202 | 651 435708 | 53
9| 537163 | 573 97570 | T7 564502 | 651 435408 | 51
10| 3537507 | 573 oA | T 564983 | 650 435017 | 50
11 | 9537851 572 | 9972478 | 7 | 9565373 | 650 |10-434627 | 49
12| 538194 512 972431 78 565763 | 640 434237 | 48
13| 538538 | 571 97385 | 78 566153 | 649 433847 | 47
14| 538880 | 571 972338 78 566543 649 433458 | 46
15| 53293 | 570 972201 8 560932 | 648 433068 | 45
16| 539565 | 570 07245 | 8 567320 648 432680 | 44
17| 530007 | 560 972108 | 78 567700 647 432201 | 43
18| 540249 | 569 972151 78 568098 647 431903 | 42
19 540500 568 972105 78 568486 646 431514 | 41
20 | 540931 568 8 568873 | 646 431127 | 40
21 | 9541273 567 | 9973011 78 | 9569261 645 | 10430739 | 39
V! 541613 567 871964 K::] 560648 645 430353 | 38
28| 541953 566 971917 8 5710035 645 420065 | 37
24| 542203 | 568 1870 | 78 644 420578 | 36
X | 542632 565 971823 | 78 570809 644 420101 |35
W | 542071 565 971776 | 78 571195 643 428805 | 34
?W | 543310 564 91179 | 571581 643 428419 | 33
B | 543649 564 g6 | N 571967 642 428033 | 3
29| 543087 | 563 971635 | 7 642 427648 | 31
30 | 544325 | 563 971588 | M 572738 | 642 427262 | 30
319544663 | 562 | 9971540 | 79 | 9573123 641 (10426877 | 28
32| 545000 562 971493 il 573507 641 426493 | 28
» 33| 545338 | 561 971446 Kt d 640 426108 | 27
34| 545674 561 971398 ] 574276 640 425724 | 2
35| 546011 560 971351 ] 574660 639 425340 | 25
36 | 546347 | 560 971303 el 575044 639 424956 | 4
37| 546683 559 971256 ] 515427 639 424573 | 3
38| 547019 | 559 971208 |. 79 575810 638 424190 |22
30| 547354 558 971161 9 516193 | 638 423807 | 21
40 | 547680 558 U3 | 637 423424 |2
41 | 9548024 557 1 80 | 9576958 637 | 10423041 | 19
42 | 548350 557 971018 80 577341 636 422659 |18
43 | 548603 | 556 970970 80 5TIT3 | 636 4217 | 17
44| 540027 556 970922 | 80 578104 | 638 421806 | 16
45 540360 555 970874 80 578480 635 421514 | 15
46 | 549603 555 97027 | 80 578867 | 635 421133 | 14
47| 550026 | 554 970779 80 579248 | 634 420752 |13
48 | 550350 554 970731 80 579620 | 634 420371 | 12
49 | 550602 553 970683 80 580009 634 419091 | 11
50 | 551024 | 553 970635 | 8 580389 633 419611 | 10
51 | 9551356 | 553 | 9970586 80 | 9580769 633 | 10419231 9
52 1 552 970538 | 80 581149 632 418851 8
531 552018 | 558 970400 | 80 581528 6 418472 | 7
54| 552349 | 551 970442 | 80 581907 632 418093 6
55 551 970304 | 80 582986 631 | 417714 5
56 | 553010 | 550 970345 81 582663 631 417335 | 4
571 553341 550 970297 81 583043 630 416957 | 3
58 | 853670 549 970249 81 583422 630 416578 | ¢
59 | 554000 549 970200 81 583800 620 416200 1
60 548 81 584177 629 415823 ' 0

g;

A N
B e e e e e e e e e B

o



SINES AND TANGENTS. (21 Degrees.) 20§
i | Sne | D. | Cosine | D. | Tang. | D. | Coweng. |

( 0 9554320 348 | 9970152 81 | 9584177 620 | 10415823 | 60
1 554658 548 970103 81 384555 6 415445 | 50

2 354987 547 B6UUSS 81 584932 628 415068 | S8 |
3 555315 547 9700068 81 585300 628 414691 | 57
4 3555643 546 968957 81 585686 627 414314 | 56
5 555971 546 969900 81 586062 i1 413938 | 55
] 556299 545 960880 81 586439 67 413561 | 54
7 556626 545 960811 81 386815 628 413185 | 53
8 556953 544 960762 81 587190 626 412810 |
9 357280 544 960714 81 587566 625 412434 | 51
10 557606 543 960665 81 587941 625 412059 | 50
( 11 | 9357932 543 | 9060616 83 | 9588318 625 | 10411684 | 49
, 2 558258 543 960567 -2 588601 A4 411300 | 48
13 558583 342 969518 a3 64 410934 | 47
14 558009 542 969469 2 580440 623 410560 | 46
15 350234 541 969420 2 580814 623 410188 | 45
16 550558 541 969370 -3 500188 623 400812 | 44
17 550883 540 960321 8 500562 o 409438 | 43
18 560207 540 960272 82 590035 (-] 400065 | 43
19 560531 539 82 501308 622 408692 | 41
20 560855 539 960173 8 | . 501681 @1 408319 | 40
21 | 9561178 538 | 906914 8 | 9502054 621 | 10~ 39
2 561501 538 969075 2 502426 620 574 | 38
b2 561824 537 960025 a8 502798 620 N
$ U 562146 537 968976 a 583170 619 406829 | 36
23 538 068926 8 393542 619 406458 | 35
2B 536 968877 8 303914 618 4
b 563112 536 968827 83 504285 618 405715 | 33
N 535 968777 83 504656 618 K>
ol 563755 535 968728 8 595027 617 404973 | 31
% 564075 534 968678 83 305308 617 404602 | 30
31 | 9564396 534 | 9968428 83 | 9585768 617 | 10404232 | 29
N 564716 533 968578 83 586138 616 8
3 565036 533 968528 8 616 403492 | %2
K 365356 532 968479 8 616 W 2B
35 565676 532 968429 83 SOTAT 615 53 | 2B
338 565095 531 968379 8 597616 615 U
3 566314 531 968329 83 507985 615 402015
38 566632 331 968278 8 508354 614 401646 | NV
» 566951 530 268228 84 508723 614 21
40 | 3567269 530 968178 84 500091 613 400809 | 20
41 | 9-567587 520 | 9068128 84 | 9500459 613 | 10400541 | 19
42| 567004 529 968078 84 613 400173 | 18
3 56822 528 968027 84 600194 612 390806 | 17
4“ 568539 528 967077 84 613 300438 | 16
45 | 568836 528 967927 84 600920 611 399071 | 15
46 569172 527 967876 84 611 308704 | 14
47 560488 527 967826 84 601663 611 398338 | 13
48 560804 526 967775 84 610 397971 | 12
49 570120 526 967725 84 602395 610 397605 | 11
50 525 967674 84 602761 610 39739 | 10
51 | 9570751 525 | 996764 84 | 9603127 609 | 10396873 9
] 571066 54 967573 84 603493 609 396507 8
53 571380 54 967522 85 603858 609 306142 7
54 571695 523 967471 85 604223 608 395777 6
55 572009 523 967421 8 604588 608 305412 H]
56 572323 523 967370 85 604953 607 305047 4
57 572636 522 967319 85 605317 607 394683 3
58 372050 22 967268 85 605682 607 304318 2
5 57363 521 967217 85 606046 606 393954 1
60 573573 321 967168 85 606410 606 393500 0
) 5




206 (2 Degrees.) A TABLE OF LOGARITHMIC
) 4 D. | Tang | D |
0 85 9606410 | 606 | 103930 | 60
1 85 606773 | 606 393297 | 50
? 85 607137 | 605 392863 | 58
3 85 607500 | 605 392500 | 57
4 85 607863 | 604 NI | 56
[ 85 | 60825 | 604 301775 | 55
] 85 608588 | 604 391412 | M
7 85 608950 | 603 391050 | 53
8 86 603312 | 603 390688 | 52
88 609674 | 603 390326 | 51
8 610036 | 602 30064 | 50
86 | 9610397 602 | 10389603 | 49
86 610759 602 380241 | 48
86 611120 | 601 388860 | 47
14| 5m7927 | 515 066447 | 86 611480 | 601 388520 | 46
57808 | 514 966395 | 86 611841 | 601 383150 | 45
18| 578545 | 514 966344 | 86 612201 | 600 “
17| 578853 | .513 966202 | 86 612561 | 600 387439 | 43
18 579102 513 966240 86 612921 600 429
19| 579470 | 513 966188 | 86 613281 | 509 386719 | 41
0 §19TT7 512 966136 86 613641 599 386359 | 40
21 | 9580085 | 512 | 9966085 | 87 | 9614000 | 598 | 10-386000 | 39
22| 580382 | 511 966033 | 87 14359 | 598 385641 | 38
23| 580609 | 511 985981 | 87 614718 | 598 3852682 | 37
24 | 581005 | 511 965028 | 87 815077 | 597 384923 | 36
25| 581312 | 510 965876 | 87 615435 | 597 35
28 | 581618 | 510 965824 | 87 615703 | 507 384207 | 34
27| 581924 | 500 965772 | 87 616151 | 596 333840 | 33
28 | 582229 | 509 965720 | 87 616500 | 596 383491 | B
20| 532535 | 509 965668 | 87 616867 | 596 383133 | 31
30 582840 508 965615 87 617224 505 »
31 | 9583145 508 | 9965563 87 | 9617582 505 | 10382418 | 29
2 507 965511 | 87 617939 | 595 382061 | 28
33| 583754 | 507 965458 | 87 618295 | 504 381705 | 27
34| 584058 | 508 965406 | 87 | 618852 | 594 38148 | 26
85| 584361 | 506 965353 | 88 | 619008 | 594 330992 | 25
36 | 584665 | 506 965301 | 88 619364 | 593 380636 | A4
37| 584068 | 505 965248 | €8 619721 | 593 380279 | 3
38| 5821 | 505 965195 | 88 620076 | 593 379924 | 22
30| 585574 | 504 965143 | 88 620433 | 592 379568 | 21
40 | 585877 | 504 965000 | 88 | 620787 | 592 379213 | 20
) 41 | 9586179 503 | 9965037 88 | 9621142 592 | 10378858 | 19
42 | 580482 | 503 964984 | 88 1497 | 591 378503 | 18
s 43| 586783 | 503 964931 | 88 621852 | 591 378148 | 17
44| 587085 | 502 964870 | 88 622207 | 500 377793 | 16
45 502 064826 | 88 | 622561 | 590 377439 | 15
46| 587688 | 501 964773 | 88 | 622015 | 590 377085 | 14
47 587989 3501 964719 88 623269 589 376731 13
48 588289 501 964666 89 623623 589 376377 | 12
49 | 588500 | 300 964613 | 89 | 623976 | 589 376024 | 11
(50| 588890 | 300 964560 | 89 624330 | 588 375670 | 10
51 | 9580190 | 499 | 9964507 | 89 | 9624683 | 588 | 10375317 | 9
52| 580480 | 490 | 964434 | 890 | €25038 | 388 374964 | 8
53| 580780 | 499 | 964400 | 89 | 625388 | 587 3612 | 7
54| 500088 | 498 | 964347 | 89 | 625741 | 587 374259 | 6
55| 500387 | 4908 964204 | 80 | 626003 | 587 373007 | 5
56| 500686 | 497 | 964240 | 89 | 628445 | 588 373555 | 4
57| 590084 | 497 984187 | 80 | 626797 | 586 373203 | 3
58| 591982 | 407 064133 | 8 627149 | 588 assl | 2
50| 501580 | 496 | 964080 | 89 | 627501 | 585 372499 | 1
60' 501878 ' 406 ' 064026 ' 89 ' @8R ' 565 3748 ' 0
Loion | AL S L) S L L Twe t
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BINES AND TANGENTS. (23 Degrees.) 207
~a . ——

( M| Sine D. | Cosine | D. | Tang. D. Cotang. 1:
0 | 9591878 406 | 9-064026 8 [ 9627852 585 | 10372148 | 60
1 392176 485 963973 8 628203 585 371797 | 59
2 502473 485 963919 89 628554 585 371446 | 58
3 502770 405 963865 20 628005 584 371085 | 57
4 583067 494 963811 20 620255 584 370745 | 56
S 593363 494 963757 90 629606 583 370304 | 55
6 590659 493 963704 ] 620956 583 370044 | 54
7 583955 493 963650 80 630306 583 360694 | 53
8 504251 493 963506 90 630656 583 369344 | 2
9 504547 492 963542 20 631005 582 368905 | 51
) 1] 504842 492 963488 90 631355 582 368645 | 50
11 | 9585137 491 | 9-063434 90 | 9631704 582 | 10-368208 | 49
r 505432 491 963379 20 632053 581 367947 | 48
13 585727 491 20 632401 381 367599 | 47
14 506021 490 963271 90 632750 581 367250 | 46
15 506315 490 963217 90 633098 580 366902 | 45
16 506609 489 963163 20 633447 580 366553 | 44
17 596903 489 963108 91 633795 580 366205 | 43
18 597196 489 963054 91 634143 579 365857 | 42
19 507. 488 962999 91 634490 579 365510 | 41
20 587783 488 062045 91 634838 579 365162 | 40
21 | 9508075 487 | 9962890 91 9-635185 378 | 10-364815 | 39
2 598368 487 962836 91 635532 578 38
b2 598660 487 962781 91 635879 578 364121 | 37
AU 508852 4868 962727 91 636226 577 363774 | 36
P23 509244 486 962672 91 636572 577 363428 | 35
2B 304536 485 962617 91 636919 577 363081 | 34
7| Soue7 485 962562 91 637265 577 362735 | 33
8 600118 485 962508 91 637611 576 362389 |
20 484 962453 91 637956 576 362044 | 31
) 30 600700 484 962398 2 638302 576 361688 | 30
31 | 9-600990 484 | 9962343 92 | 9638647 575 |10:361353 | 29
2 601280 483 962288 2 638092 575 361008 | 28
3 601570 483 962233 92 639337 575 un
34 601360 482 962178 92 639682 574 360318 | 26
35 602150 482 962123 92 640027 574 359973 | 25
36 602439 482 962067 2 640371 574 359620 | 24
n 602728 481 962012 92 640716 573 350284 | W
38 603017 481 961857 2 641060 573 358040 | 22
39 603305 481 961902 92 641404 573 358596 | 21
! 40 | 603594 420 961846 2 641747 572 358253 | 20
41 | 9603882 480 | 9061791 92 | 9642091 572 |10:357909 | 19

£>3 604170 47 961735 2 642434 572 357566 | 18

43 604457 479 961680 2 642177 572 357223 | 17¢

44 604745 479 961624 93 643120 571 356880 | 16

45 478 961569 93 571 356537 15¢
46 605319 478 961513 93 643806 571 3561904 | 14
47 605606 478 961458 93 644148 570 13
48 605892 477 961402 93 570 355510 12
49 606179 477 931345 93 571 355168 13}
50 476 961220 w0 645174 569 354826 | 10
51 | 9606751 476 | 9961235 93 | 9645516 569 | 10-354484 9
52 607038 476 961179 93 645857 569 354143 8
53 672 475 961123 93 646199 569 353801 7
54 607607 475 961087 93 646540 568 []
35 474 961011 n 646881 568 353119 5
56 608177 474 23 647222 568 352778 4
57 60461 474 960899 93 7562 567 352438 3
58 608745 473 bl 647903 567 352097 2
59 600029 473 960786 94 648243 567 351757 1
60 609313 473 960730 94 648583 566 351417 (1}
+ Cosine | ] Sine | | Cotang. 'l‘::(’. | M.




g

(% Degrees.) A TABLE OF LOGARITHMIC

>

s M. Sine D. | Cosine | D. ; Tang D. Cotang. |
7 09608313 | 473 | 9900730 | O4 | 9648583 | 506 | 10351417 | 60 )
¢ 1| 608597 | 472 | u60674 | o4 | 649923 | 566 351077 | 59
2| 6UUBB0 | 472 | 90uhI8 | 94 | 649263 | 566 300737 | 58
3| 610164 | 472 | 060561 | o4 566 350348 57§
4 471 | 960505 | o4 | 640042 | 565 350058 | 56
) 5 471 | 960448 | 94 | 6@8l | 565 349719 | 55
)y 6 470 | w003 | 94 | 650820 | 565 54
) 7 470 | 960335 | 94 | 650850 | 564 340041 | 53
) 8 470 | 960279 | o4 | 651297 | 564 348703 | 52
)9 469 | 96022 | 94 | 651636 | 564 348364 | 51
) 10 460 | 960165 | 94 | 651974 | 563 | 348026 50;
1 469 | 0060100 | 95 | 9652312 | 563 |10:347688 (49,
12 468 | 96052 | 95 | 652650 | 563 | 347350 |48
113 468 | usovu5 | 05 | 65988 | 563 | 347012 | 47
114 467 | 950038 | 95 | 653396 | 562 | 346674 |46
115 467 | 959882 | 95 | 653663 | 5@ 346337 | 45
. 16 467 | 050825 | 05 | 654000 | 562 | 346000 | 44
17 466 | 959768 | 95 | 654237 | S61 345063 | 43
18 466 | 959711 | 95 | 654674 | 561 345398 | 42
19 466 | 950654 | 95 | 55011 | 561 344080 | 41
20 465 | 959506 | 95 | 655348 | 561 344652 | 40
21 465 | 9050530 | 05 | 0655684 | 560 |10-344316 | 39
2 465 | 950482 | 95 | 656090 | 560 343080 | 38
<] 464 | 950425 | 95 | 656356 | 560 343644 | 37
% 404 | 950368 | 95 | 656602 | 550 | 343%u8 |36
25 464 | 950310 | 96 | 657038 | 550 | 342072 (35
26 463 96 | 657384 | 550 | 349638 | 34
7 463 | 950195 | 96 | 657600 | 559 | 342301 (33
8 462 | 9138 | 96 | 658034 | 558 | 341966 (32
20 462 | 950081 | 96 | 658360 | 3558 341631 |31
30 462 | 950023 | 96 | 658764 | 358 | 34106 (30
31 461 | 9958065 | 96 | 9650039 | 558 |10-340861 |29
) 461 | 958908 | 96 | 850373 | 557 | 340627 (28
] 461 | 958850 | 96 | 650708 | 557 | 340202 27
A 460 | 958792 | 96 | 660042 | 557 | 339858 | 96
35 460 | 958734 | 96 | 660376 | 557 | 336A (25
3% 460 | 953677 | 96 | 660710 | 556 | 330200 | 24
37 459 | 958619 | 96 | 661043 | 556 | 338857 |23
38 45 | 958561 | 98 556 | 33868 (R
39 45 | 958503 | 97 | 61710 | 555 | 338200 |21
40 458 | 038445 | 97 | 662043 | 555 | 337957 | 20
41 458 | 9958387 | 97 |90662378 | 555 |10-337624 | 19
a2 457 | 958320 | 97 | 662700 | 554 R7291 | 18
43 457 | 95871 | 97 | 663042 | 554 336058 | 17
4“ 457 | 958213 | 97 | €635 | 55 336625 | 16
45 456 | 95815¢ | 97 | @637 | 554 336303 |15
46 456 | 958006 | 97 | 664030 | 553 | 335061 | 14
{47 456 | 958038 | 97 | 664371 | 553 | 335620 | 13
48 435 | 957979 | 07 | 664703 | 553 | 33597 |12
49 455 | 957021 | 97 | 665035 | 553 | 334065 | I
50 455 | 957863 | 07 | @63386 | 552 | 334634 | 10
51 454 | 0957804 | 97 | 9665607 | 652 |10-334303 | 9
52 454 | 957746 | 98 | 660020 | 55 387 | 8
53 454 | 957687 | 98 | 666360 | 551 333640 | 7
54 453 | 957628 | 98 | 660691 | 551 333309 | 6
55 453 | 957570 | 98 | 667031 | 551 BN (5
56 453 | 957511. | 98 | 6738 | 551 339648 | 4
57 452 | w452 | 98 | e6r682 | 550 W18 | 3
58 452 | 957303 | 98 | 668013 | 550 BT | S
5 452 | 057335 | 98 | 668343 | 550 657 | 1
® 451 ' o596 ' e | e6eeT? 650 |z ' 05
s | Cosine | | Bice 1 | m | Tang. | M.




A~

BINES AND TANGENTS. (25 Dejrees) 209
M. ! Sine | D. | Cosue | D. | Tang. { D. | Coung |

0 | 625948 451 93578 98 | ¥-B8uBu73 550 ]10-331327 | 60
1 626219 451 957217 28 669002 A4 330998 | 59
2| 626490 451 957158 28 664332 549 330668 | 58
3| 626760 450 957099 98 669661 549 330339 | 57
4 | 827030 450 957040 98 669991 548 330009 | 56
5| 627300 . 450 956081 | 98 670320 548 320680 | 55
6| 627570 449 956921 99 670649 548 320351 54
7| 627840 449 956862 99 670977 548 320023 | 53
8| 628109 449 956803 99 671308 547 328604 | 52

9 | 628378 448 956744 99 671634 547 328366 | Sl
10 | 628647 448 956684 99 671963 547 328037 | 50
11 | # 628916 447 | 9956625 9 | 9672201 547 [10-327709 | 49
12 | 620185 47 956566 99 672619 546 27381 | 43
13 | 629453 447 956506 99 672047 546 327053 | 47
14 | 620721 446 956447 99 673214 546 326726 | 46
15 | 620989 446 956387 9 673602 546 326308 | 45
16 | 630257 446 956327 9 673029 545 326071 | 4
17 | 630524 446 ¢« | 956268 99 674257 545 325743 | 43
18 | 630792 445 956208 | 100 674584 545 N5416 | 42
19 [ 631059 445 956148 | 100 674010 544 325090 | 41
20 | 63132 445 956089 | 100 5237 M4 324763 | 40
21 |§831503 444 9956020 | 100 |9-675564 544 10324438 | 39
22 | 631859 4“4 955960 | 100 675800 54 324110 | 38
233 | 632125 44 955009 | 100 676216 543 kg
A% 443 955849 | 100 543 36
22 | 632658 443 955789 | 100 543 323131 35
20 | 632023 443 955729 | 100 677194 543 39806 | 4
27 | 833189 442 955669 | 100 677520 542 U0 | B
28 442 9355609 | 100 542 N | N
20 | 833719 442 955548 | 100 678171 543 21829 | 31
30 | 633984 441 955488 | 100 542 R1504 | N
31 |9°634249 441 | 9955428 | 101 |9-67882; 541 [10-321179 | 29
32 | 634514 440 955368 | 101 679146 541 0854 | VB
33 | 634778 440 955307 | 101 670471 541 320520 | 27
34 | 635042 440 955247 | 101 541 320205 | 26
35 | 635306 439 955186 | 101 680120 540 319880 | 25
36 | 635570 439 955128 | 101 680444 540 319556 | A
37 | 635834 439 . 955085 | 101 680768 340 319232 | W
38 | 636097 438 955005 | 101 681002 340 318008 | 22
30 438 954944 | 101 681416 539 318584 | 21
40 | 636623 438 954883 | 101 681740 539 318260 | 20
41 | 437 | 9954823 | 101 |9-682063 539 10317937 | 19
42 , 637148 437 954763 | 101 682387 539 317613 18
43 | 637411 437 954701 | 101 682710 538 317290 | 17
44 | 6370 437 854640 | 101 683033 338 316067 | 16
45 436 954579 | 101 683356 538 316644 | 15
46 | 638197 436 954518 | 103 683679 538 316321 14
47 | 638458 436 954457 | 103 684001 537 315099 | 13
48 | 63870 435 954306 | 103 684324 537 315676 | 12
49 | 638981 435 954335 103 684646 537 315354 1
50 | 639242 435 954274 | 102 684968 37 315032 | 10
51 |#639503 434 | 9954213 | 102 |9-685200 536 |10-314710 9
52 | 630764 44 954152 | 102 685612 536 314388 8
53 | 640024 434 954000 | 102 685934 536 314066 7
54 | 640284 433 954020 | 103 686255 ,| 536 313745 [
55 | 640544 433 853068 | 103 686577 | 535 313423 5
56 | 640804 433 953908 | 102 686808 535 313103 4
57 | 641064 43 953845 | 102 6871219 535 312781 3
58 | 641324 433 953783 | 102 687540 535 31460 2
50 | 641584 433 m 103 687861 534 312139 1
{T 641842 431 103 688182 534 311818 [

| Cosine | o sine | | Coweg | | Twg |M)




210 (26 Degrees.) A TABLE OF LOGARITMIC

oy
N. Bine | D. | Cosine | D. | Taug. | D. | Cowmng. |
0 , 641842 431 9053660 | 103 | 9688182 534 (10311818 | 60
1] €42101 431 953599 | 103 | 688502 534 311498 | 59
2 642360 421 953537 | 103 | 688823 534 311177 | 58
3| 642618 430 953475 | 103 | 68u143 533 310857 | 57
f 4| 642877 430 953413 | 103 | 689463 533 310537 | 56
5| 643135 430 953352 | 103 | 689783 533 310217 | 55
6| 642393 430 953200 | 103 | 6901 533 300897 | 54
7| 643650 429 953228 | 103 | 690423 533 309577 | 53
8| 643908 429 953166 | 103 | 690742 532 0u258 | 52
9| 644165 429 953104 | 103 | 691062 532 308038 | 51
10 | 644423 428 953042 | 103 | 691381 532 308619 | 50
11 | 9644680 428 | 99052080 | 104 |9-691700 531 |10-308300 | 49 |
12 | 644936 428 952018 | 104 | 602019 531 307981 | 48
13| 645193 427 952855 | 104 531 307662 | 47
14 | 645450 427 952793 | 104 | 692656 531 307344 | 46
15 | 645708 427 952731 | 104 | 6u2075 531 307025 | 45
16 | 645962 42 952669 | 104 | 693203 530 306707 | 44
17 | 646218 428 952606 | 104 | 693612 | 530 306388 | 43
518 | 646474 426 952544 | 104 | 693930 530 306070 | 42
19 | 646729 425 952481 | 104 | 694248 530 305752 | 41
20 425 952419 | 104 | 694566 59 305434 | 40
21 |9-647240 425 19952356 | 104 |9-694883 529 10305117 | 39
22 | 647494 4% 952204 | 104 | 695201 529 304799 | 38
0 | 647749 424 952231 | 104 | 695518 520 304482 | 37
24 | 648004 44 952168 | 105 | 695836 529 304164 | 36 (
25 | 648258 4% 952106 | 105 | 696153 528 303847 | 35
26 | 648512 423 105 | 696470 528 303530 | A4
)27 | 648766 423 951980 | 105 | 696787 528 303213 | 33
28 | 649020 43 951917 | 105 | 697103 528 302897 | 32
29 | 649274 422 1854 | 105 | 697420 527 302580 | 31
30 | 649527 422 951791 | 105 527 302204 | 30
31 | 9-649781 422 | 0951728 | 105 |9-698053 527 |10-301947 | 29
32 | 650034 422 951665 | 105 | 698369 57 301631 |28
33 | 650287 421 951602 | 105 | 698685 526 301315 | 27
34 421 951539 | 105 | 699001 528 300009 | 26
35 | 650792 421 951476 | 105 | 699316 528 300084 | 25
36 [ 651044 420 951412 | 105 | 699632 528 300368 | 24
37| 651207 420 951349 | 106 | 699947 526 300053 | 23
38 | 651549 951286 | 106 | 700263 525 09737 |22
30 | 651800 419 951222 | 106 | 700578 525 200422 |21 z
40 419 951159 | 106 | 700893 525 209107 |20
41 |9 419 | 9951096 | 106 |9-701208 54 10208792 |19 %
42 | 652553 418 951032 | 108 | 701523 524 208477 | 18
43 | 652806 418 850968 | 106 | 701837 54 208163 | 17
44 | 653057 418 950905 | 106 | 702152 54 207848 | 16
45 | 653308 418 950841 | 106 | 702466 5% 207534 | 15
46 | 653558 417 950778 | 106 | 702780 523 207220 | 1
47 | 653808 417 050714 | 106 | 7 523 206905 | 13
48 | 654059 417 950650 | 106 | 703469 523 206501 | 12
49 [ 654309 416 950586 | 106 | 703723 523 206277 | 11
50 | 654558 416 050522 | 107 | 704036 522 205964 | 10
51 | 654808 416 | 9950458 | 107 |9-704350 522 |10295650 | 9
52 | 655058 416 950304 | 107 522 295337 | 8
5 | 655307 415 950330 | 107 | 704977 522 g
54 | 655556 415 950266 | 107 | 705290 522 204710 | 6
55| 655805 415 950202 | 107 521 5
256 656054 414 950138 | 107 | 705916 521 204084 | 4
57| 656302 414 950074 | 107 | 706228 521 203772 | 3
58| 656551 414 950010 | 107 | 708541 521 2
59 | 656799 413 0045 | 107 | 706854 521 203146 | 1
60 ! 657047 413 949881 ! 107 | 707166 520 0
|  Cosine | Rine | } _ Cotan, { Tang. | M.
AL



SINEB AND TANGENTS, (7 Degrees.) 211

M.
0 0657047 | 413 | 9041 | 107 | 0707166 | 520 (102934 | 60
1| 657205 | 413 | o416 | 107 | 707478 | 520 | 2o2me 30
2| 65732 | 412 | oavse | 107 | or7e0 | 0 | ev%2m0 |38
3| esTioo | 412 | 90688 | 108 | 7oeio2 | 30 | omee8 |57
‘4 412 | 04623 | 108 | 708414 | 519 | 20158 |56
5| 65684 | 412 | o558 | 108 | 708726 | 519 201274 |55
$ 6| @853 | 411 | 940404 | 108 | 700037 | 519 | 200963 | 54
7| 66778 | 411 | 940420 | 108 | 700349 | 310 | 200651 |53
8| w25 | 411 | o364 | 108 | 7ose60 | 319 | 200340 |32
9| 650271 | 410 | 04030 | 108 | 700971 | m8 | 20009 |51
10| 69517 | 410 | 949235 | 108 | 7io282 | 518 | 289718 |50
11 [ 9650763 | 410 |oo40170 | 108 971058 | 518 |10980407 |49
12| 660000 | 400 | 940105 | 108 | 7iovod | 518 48
13| 60255 | 400 18 | o5 | 518 47
14| eeosol | 400 | o4sens | 108 | 7Tu®s | 517 | g9seers |48
15| 660746 | 400 | 948010 | 108 | 711836 | 517 | 288164 |45
16 | 660ous | 408 | oae8is | 108 | 72M8 | 517 | 987854 |44
17| 661238 | 408 100 | 71245 | 517 | 287544 | 4d
18| 661481 | 408 | o48715 | 109 | 712786 | 516 2
(19| 661726 | 407 | o48650 | 100 | 713076 | 516 | 286024 |41
20| 661970 | 407 | o854 | 100 | 713386 | 516 | 286614 |40
21 |g6e2214 | 407 |o948510 | 100 [o713806 | 516 [10986304 |30
y22 | eauso | 407 100. | 714005 | 516 38
23| o203 | 408 | ose3e8 | 100 | 7134 | 5 | emsess |37
24| oe046 | 408 | oeg3 | 100 | 7u624 | 515 | o85376 |36
25| 663100 | 408 109 | 714933 | 515 35
26| 663433 | 405 | ose102 | 100 | 7152 | 515 | 284758 |34
27| ee36r7 | 405 | os8198 | 100 | 715551 | 514 | o840 |33
98| 663020 | 405 | o48060 | 109 | 71560 | 514 | 28140 |32
20| 681163 | 405 | o47095 | 110 | 716168 | 514 31
30| 664408 | 404 | 047029 | 110 | 716477 | 514 30
310664648 | 404 10 |9716785 | 514 10983215 |20
32| 664801 | 404 | 47797 | 10 | 717083 | 513 28
33| 685133 | 403 | o4r1 | 110 | 7iam | 513 | 2ees00 | o7
34| 665375 | 403 | 947665 | 110 | 71709 | 513 | 28mo1 |98
35| eesé17 | 403 | 47600 | 110 | 718017 | 513 25
36 402 | o453 | 10 | 7ises | 513 | gsiers |24
37| 66100 | 402 | o47467 | 110 | 718633 | 512 1367 | 23
33| 66342 | 402 | o47a01 | 110 | 7iesa0 | 512 | 281060 |22
39| eeass3 | 402 | o4 10 | 719m8 | 512 | 28072 |21
40| esee2e | 401 | oar280 | 1o | 7ie555 | 512 20
41 | 9667065 | 401 7203 | 110 [e710ee2 | 513 (1098038 |19
42| 667305 | 401 | ea7iss | 11 | 7emee | su | greesr |18
43| 667546 | 401 | o407 | 11 | 70476 | 5u | Zmesu {17
44| 67786 | 400 | oe7004 | 111 | 720788 | 51 | 2mer7 |16
45| eoa027 | 400 | oa6037 | 1 | 7089 | 511 | ez |15
46| eoeos7 | 400 | osee71 | 11 | 721306 | 511 | 278604 | 14
47| 668506 | 300 | 96804 | 111 | 72702 | 510 | ommess |13
48| eeer6 | 309 | o678 | 111 510 | ommm
Q49| comes | 300 | seemt | 11 | 7mm1s | 510 | ewess 1
50| eeoz25 | 399 | s46604 | 111 | 72021 |50 | 23 |10
Us1 | poonens | 208 m o007 | 510 |w0grom | 9
52| 660703 | 308 | os6471 | 111 | 732 | 09 | gveves | 8
53| 660p43 | 308 | o46404 | 111 | 73538 | 500 | eses | 7
54| 60181 | 307 | 946387 | 11 | Teasu | 500 | w616 | 6
55| 670419 | 397 | o420 | 112 | 724149 | S00 | owses1 | 5
56 | 670658 | 397 112 509 | o556 | 4
57| 6808 | 307 | o613 | 112 | 74750 | 508 | 2mea1 | 3
58| 671134 | 396 | 946080 | 112 | 725065 | 508 | 74035 [ 2
5| 67372 | 36 | 96003 | 112 | 725360 | 508 | 2omedr | 1
60! 671000 | 306 | 945035 | arz | 7esera | 508 ! emms ! 0
A




212

(B Degrees.) A TABLE OF LOGARITHMIO

-’\w
M.| Bne | D. | Coaine | D. | Teng. ; D. | Cotang. |
(O [9ST1000 | 36 | OVANBS | 113 | 0I674 | 508 | 10274RN w§ .
1| 671847 | 305 | 945068 | 118 | 7Tes0m | 508 | Zmae1 |50
$ 2| o084 | 305 | o45800 | 112 | Teem4 | 507 | emme |3
3| 67321 | 305 | 945733 | 113 | 7eese8 | 57 | ea2 |57
4| 679558 | 305 | 945666 | 112 | Teeee2 | 507 | o708 |58
5| 672705 | 304 | 9435588 | 112 | 7ener | 507 | ems03 |35
6| 673032 | 304 | 945531 | ‘112 | 7ewso1 | 507 | evasm | 54
7| 67268 | 304 | 945484 | 113 | 727E0s | 306 | ¥wies |
8| 673505 | 304 | 045306 | 113 | 78100 | 506 | g7ieor | 3@
9| 673741 | 303 | 945398 | 13 | me8a1e | 06 | 27 | m
10| 673077 | 303 | oa5261 | 113 | 7e8M6 | 506 | 201284 | 50
1 |9674213 | 383 (99045193 | 113 [9720020 | 308 |10270080 | 49
12| 674448 | 302 | 945125 | 113 | 7293 | 505 | w6t |48
13| 6714684 | 302 | 945038 | 113 | 70028 | 505 | 270374 | 47
14| 671491y | 302 | otameo | 113 | 799020 | 505 | <2071 | 48
15| 675155 | 303 | oue2 | 113 | 7338 | 505 | 200767 | 45
16| 675300 | 301 | 944854 | 13 | 730538 o | e |4
17| 65624 | 301 | 94788 | 113 | 730838 260162 | 43
18| 67585 | 391 | 944718 | 13 | 73141 | 504 | 26850 |42
19| 670094 | 301 | 944650 | 113 | 731444 | 304 | 268556 | 41
20 | 676328 | 300 | os5ex | 114 | 731746 | 504 | 268254 |40
21 300 [ooMs14 | 114 |9732048 | 304 [10926792 |39
22| 676706 | 300 | 044446 | 114 | 732351 | 503 | 267643 | 38
23( 677000 | 300 | 044377 | 114 | 732653 | 503 | o67m347 |3
94| 677264 | 380 | 944300 | 114 | 732955 | 503 | 267045 | 36
95| 677408 | 380 | oa4241 | 114 | 733257 | 503 | 206743 |35
96| 6731 | 380 | osar7e | 14 | 733838 | 503 34
27| 677064 | 388 | o4104 | 114 | 733860 | 502 | 266140 | 3
98| 678197 | 388 | o408 | 114 | 734162 | 502 | 265838 | 32
20| 678430 | 388 | 943067 | 14 | 734463 | 502 | 26553 |31
30| 678663 | 388 | 943800 | 114 | 734764 | 502 | 265236 | 30
31 (ooTeeus | %7 | 99430 14 |omies | 401 |l | 2
! 1 9437 1 735367 | 52 | 264633 |98
33| 679360 | 387 | 043003 | 115 | 735668 | 501 | 2643 |27
34| 679502 | 387 | 043624 | 115 | 735000 | 500 | 264031 | %6
35| 679824 | 386 | 943855 | 115 | 7T3e2e0 | 501 | 263731 |25
36| 690056 | 386 | 043486 | 115 | 736570 | 501 | 963430 | 24
37| 680288 | 386 | 94317 | 115 | 736871 | 501 | 263129 |23
38| 60519 | 385 | o4338 | 115 | ™71 | 500 | omesew |22
30| 680750 | 385 | 94379 | 115 | 73471 | 300 | 202529 [@1
40 | 680963 | 385 | 043210 | 115 | 73 | 300 | 262 |20
41 (9681213 | 385 |o943141 | 115 |973%0m1 | 500 |10261920 | 19
42 | 681443 | 38¢ | 943073 | 115 | 43371 | 500 | 261629 |18
43| 681674 | 384 | 943003 | 115 | 736711 | 499 | os1m9 |17
44| 681905 | 38¢ | o4203¢ | 115 | 73eoTI | 499 | 261020 |16
45) 682135 | 384 | 942884 | 115 | 73eem1 | 499 | 260729 |15
46| 682065 | 383 | 942795 | 116 | 7ass0 | 499 | 260430 | 14
47| 63255 | 383 | o4ome8 | 116 499 | 280130 |13
48 | 6B2825 | 383 | 942856 | 116 | 740100 | 499 | 258831 | 12
49 | 683055 | 383 | 042587 | 116 | 740468 | 498 | 5053 |11
50 | 633984 | 392 | 942517 | 16 | 740767 | 408 | 250233 | 10
51 [96easi4 | 382 |o042448 | 116 [9741066 | 498 [1025003¢ | o
5| 683743 | 382 | 943378 | 116 | 741385 | 408 | 50635 | 8
53| 633073 | 392 | 942308 | 116 | 741664 | 498 | 25838 | 7
54| 684201 | 381 | 942239 | 116 | 741082 | 497 | 258038 | 6
B &ux | B | oeiw | e | sl | 4 | ST | S
56 381 | 942000 | 116 | 742550 | 497 | o57am | 4
57 300 | 942020 | 116 | 742838 | 497 | 5742 | 3
58 | ess15 | 380 | samse | 1 743156 | 497 | 256844 | 2
50| 685343 | 380 | o880 | 1 743454 | 497 | 56546 | 1
200 ' eass | 30 | oue0 | 1m ! amse ! w6 | eses | o
i) Cosive__| | Bioe | |_Cotang. | | _ Tug | M)



BINES AND TANGENTS,

(2 Degrees.)

E M | Bioe | D. | Cosine | D. | Tang. | D. | Cotang. !
0 | 9-68557) 380 | 9941819 117 | 9743752 498 | 10256248 | 60
1| 685799 379 941749 17 744050 496 255450 | 59
2| 686027 370 941670 17 744348 406 255652 | 38
3| 636254 379 941609 ur 744645 496 255355 | 57
4 | 686482 37 941530 17 744943 496 255057 | 56
5| 686709 378 941460 17 745340 496 254760 | 55
6 | 686336 378 941308 17 745538 495 254462 | 54
7] 687163 3718 941328 17 745835 485 |, 254165 (53
8 | 687389 378 941258 17 746133 495 233868 | 2
9 | 687616 7 941187 17 746420 405 253571 | 51
10 | 687843 kg 41117 u7 746728 495 253274 | 50
11 | 9688069 377 | 9941046 118 | 9747023 494 10252077 | 49
12 | 6883205 7 940075 118 747319 404 252681 | 48
13 | essl 376 940003 118 747616 494 WA3Be | 47
14 | 688747 376 940834 118 747913 494 2087 | 46
15 | 688973 376 940763 118 748200 494 251791 | 45
16 | 689198 376 940693 118 748505 493 2WB1495 | 4
17 | 680423 375 940623 118 748801 493 231109 | 43
18 | 680648 375 940551 118 749007 493 250003 | 42
19 | 680873 375 940480 118 749393 483 250607 | 41
20 | 680098 35 940400 118 749680 483 250311 | 40
21 | 9600323 374 | 9-040338 118 | 9749085 493 | 10250015 | 39
22 | 690548 34 940267 118 750881 402 U719 | 38
2 | 600773 374 940196 118 750576 402 24! 37
4 | 600996 374 940125 119 750873 492 249128 | 36
25 | 601220 373 940054 119 751167 403 248833 | 35
M | 691444 373 930963 119 751463 493 248538 | 34
21 | 691668 33 939911 119 751757 493 A48243 | B
28 | 691803 373 9306840 119 752053 4901 247048 | 32
20 | 692115 3 939768 119 52347 491 247653 | 31
30 | 692339 32 939697 119 732042 491 U738 | N0
31 | 9-692362 373 | 9930623 119 | 9752937 491 | 10247063 | 29
32 | 692783 31 930554 119 753231 491 246769 | 2B
3 | 603008 n 939483 119 733526 491 6474 | 27
34| 69321 k28 930410 119 753820 490 246180 | 26
35 | 693453 1 939339 119 754115 490 245885 | 25
36 | 693676 370 939267 120 7 490 245501 | A4
37 | 693898 370 930195 120 754703 490 U507 | W
38 | 694120 370 930123 120 754097 490 245003 | 22
39 | 694342 370 930053 120 755201 490 244700 | 21
40 | 694564 360 938980 120 755585 489 20
41 | 9694786 309 | 9938008 120 | 9755878 489 | 1044122 | 19
43 | 695007 369 938836 120 756172 480 243828 | 18
43 | 095229 309 938763 120 756465 489 17
44 | 695450 368 938601 10 756759 489 AU3AU1 | 16
45 | 685671 368 938619 120 157053 489 U048 | 15
46 | 695803 368 938547 120 57345 488 242655 | 14
47 | 696113 368 938475 120 757638 488 42362 | 13
48 | 606334 307 938403 121 757831 488 242069 | 12
49 | 606534 307 938330 121 758224 488 A41776 | 11
50 | 696775 367 938258 121 758517 488 241483 | 10
31 | 9606905 367 |9938183 121 | 9758810 488 | 10241190 9
3| 67215 366 938113 121 750102 487 240808 8
33| 697435 366 938040 121 750395 487 240605 7
t 54 | 697654 366 937067 121 750687 487 240313 []
35 | 697874 366 937805 121 750979 487 240021 5
36 | 698094 365 937823 121 760273 487 230728 4
< 57 | 698313 3685 937749 121 760564 487 239436 3
58 | 698533 365 937676 121 760856 486 2339144 2
30 | 608751 365 121 761148 486 238852 1
60 364 937531 121 761439 486 238561 0
RS SUON U VG SN .. SUSSSURL.. IV S,



|
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214 (30 Degrees.) A TABLE OF LOGARITHMIOC
M | SBine D. | Csine | D. | Tang. | D. | Cotang |

0 | 9608970 364 | 9937531 121 | 9761439 488 10238561 | 60
1| 699189 364 937458 123 761731 486 238269 | 59
2| 699407 364 937385 123 762023 486 WI9TT | 58
3| 699626 364 937313 122 762314 486 137686 | 57
4| 699844 363 937238 122 762608 485 287304 | 56
5| 700062 363 937165 123 762897 485 237103 | 55
6{ 700280 363 937002 122 763188 485 236812 | 54
7| 700498 363 937019 12 763479 485 236521 | 53
8| 700716. | 363 936946 122 763770 485 216230 | 2
9| 700033 362 936872 122 764061 485 235039 | 51
10 | 701151 362 936799 122 764352 484 215648 | 50
11 | 9701368 362 | 0936725 122 | 9764643 484 10235357 | 49
12 | 701585 362 936652 13 764933 484 235067 | 48
13| 701802 361 936578 23 765224 484 4716 | 47
14| 702019 361 936505 123 765514 484 234486 | 46
15 | 702236 361 936431 123 765805 484 2B4193 | 45
16 | 702453 361 936357 123 766095 484 233005 | 44
(17| 702660 | 360 936284 123 766385 483 233615 | 43
( 18 | 702885 360 936210 123 766675 483 233325 | 42
(19 | 703101 360 936138 123 766965 483 233035 | 41
20 | 703317 360 936002 13 767255 483 12745 | 40
21 | 9703533 350 9935088 123 | 9767545 483 1023455 | 39
Q| 703749 359 935914 123 483 2166 | 38
Q| 703964 359 123 768124 482 11876 | 37
U | 704179 359 935766 124 768413 482 11587 | 36
25 359 124 768703 482 31207 | 35
) 26 | 704610 358 935618 14 768092 482 231008 | 34
7| 704825 358 935543 124 760281 482 230719 | 33
28 | 705040 358 935469 124 769570 482 230430 | 32
20 | 705254 358 935395 124 481 230140 | 31
30 | 705460 357 935320 124 770148 481 220853 | 30
31 | 9705683 357 | 9935246 14 | 9770437 48] 10229563 | 29
R | 705808 357 935171 14 T078 481 WI14 | B
3| 706112 357 935097 14 771015 481 W\W085 | A7
U 356 935022 124 771303 481 2028607 | 28
35 356 934948 14 TI1592 481 228408 | 25
36 | 706753 356 934873 124 771880 480 1810 | AU
3| 7 356 934798 125 72168 480 208 |V
38| 707180 355 125 TT2A457 480 W43 | R
39 355 934649 125 TIZI45 480 NV7W5 | A
40 | 707608 353 934574 125 73033 480 226967 | 2
41 | 9707819 353 | 9934499 125 | 9T 480 |10-226679 | 19
2| 70803 354 934424 125 T73608 47 103N | 18
43 | 708245 354 934349 125 773808 47 2206104 | 17
44 | 708458 354 934274 125 74184 479 2816 | 16
45 | 708670 354 934199 125 T4471 479 10559 | 15
46 | 708882 353 934123 125 TI4759 479 2W\WAUL | 14
47 | 700094 353 934048 125 T15046 479 224954 | 13
48 | 708308 353 933973 125 775333 479 WA6BT | 12
49 | 709518 353 933808 126 775621 478 WA | 11
50 | 709730 353 933822 128 715008 478 A2 | 10
51 | 9700941 352 | 9933747 126 | 9776195 478 | 10223803 9
52| 710153 352 933671 126 T16482 478 223518 8
53 | 730364 352 933508 126 716769 478 223231 7
54 | 710575 352 933520 126 TT7055 478 222043 []
55 | 710788 351 933445 126 TT342 478 222658 3
56 | 710097 351 126 77628 4
57| 711208 351 126 3
38| 711419 351 126 2
59 | 711629 350 126 1
00 ' 711839 350 28 0
Cosme | M.
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BINES AND TANGENTS. (3l Degrees.) 218

'hng.|l).|c«n‘.|$

T84 477 10221228
220040

] D. Cosine

b

a
:

E
SREE58E SEEL8ELLLLY

g
s
BasEAEE Speasseset axempegecd nenpensanid

3
;
55 BRERLRERRE SLRBRRRGLE SERHRRHAPL E2BBXRLILES

M| D.
0 198
1 m
P =
3 19
4 1M
5 127
[ ib14
7 mwm
8 bo14
9 2
10 @
11 1)
2 4
13
u 128
15 128
16 128
1 128
18 | 713608 346 128
19 | 715809 U6 128 784195 474 215805
20 | 716017 348 128 784479 474 215521
21 | 971624 35 198 | 9784764 474 1021536
Q| 716433 U5 128
3 | 716639 345 128 785333 473 214668
4 | 716846 Us 1290 785616 473 214384
2B | 717053 345 129 785900 473 214100
W | 71750 344 129 786184 213816
7 | 717466 344 129 786468 473 213532
o8 | 717673 4 120 86758 473 213248
2 | 717870 344 120 787036 473 22064
30 | 718085 M3 120 787319 473 212681
\ 31 | 971201 343 120 | 9787603 473 10212397
RN | 718497 343 129 7876886 472 212114
33| 718703 343 120 788170 4 211830
34 | 718909 343 129 788453 a7 21547
35| 719114 M3 120 788736 473 2K
36 | 718320 342 130 780019 43 210081
37| 719825 u2 130 786303 471 210698
38| 719730 U2 930145 130 780585 471 210415
30 | 719035 341 930067 130 780868 471 210132
40 | 720140 | 341 920989 130 790151 471 200849
41 | 970345 341 9020011 130 | 9790433 271 |10-200567
42 | 70549 U1 020833 130 790716 471 200284
43 | 70754 340 920755 130 790909 471 209001 n
44 | 70958 340 920677 130 791281 471 208719 | 16
45 | 731163 340 920599 130 791563 470 208437 | 15
46 1366 340 920521 130 701846 470 208154 M
47| 721570 340 920442 130 T92128 470 078712 | 13
48| MITI4 339 920364 131 792410 470 207590 12
49 | 721978 339 920286 131 702603 470 207308 1
50 | 7181 339 920207 131 792074 470 207026 10
51 | 9722385 339 | 992012 131 | 9793256 470 10206744 9
52| 722588 339 920050 131 793538 460 8
53 | 72291 338 972 131 793819 469 206181 7
54 | TR2004 338 928803 131 794101 460 6
55 | 72197 338 928815 131 794383 469 205617 5
56 | 723400 338 928736 131 794664 469 205336 4
57| 733603 337 928657 131 704945 460 203055 3
58 | 723805 37 ¥28578 131 79527 469 04773 3
50 | 74007 37 928499 131 795508 468 204492 1
60 ' 724210 37 928420 795780 468 204211 0(
Cosine | Bine %. | I w | I‘._)



216 (33Degrees.) A TABLE OP LOGARITHMIC

M. | Bwne } D. | Cosine | D. o )
0 | 97210 337 | 9998490 12 468 |10204211 | 60 ;
1] 74412 | 337 | 92843 | IR 468 3430 | 59
2 [ 724614 336 938963 12 468 203049 552
3| TU818 336 926183 12 796633 468 3368 | 57
4| 725017 336 928104 1R 796013 468 203087 | S8
51 75219 336 928028 13 797194 468 202808 | 35
6| 72542 35 927946 13 797475 468 W5 | 54
7| 725022 | 385 | 02767 | 133 | 797755 | 468 209245 | 53
8| 788 | 35 | WTET 133 | 708036 | 467 1064 | 52
9| TW0OAU 335 Y2708 132 798316 467 201684 | 51
10 | 736225 3 937620 132 7985068 467 201404 | 50
11 | 9726426 334 | 99540 133 | 9798877 467 |10201133 | 49

12 | 726628 334 97470 133 799157 467 00843 | 48

13 | 68 334 97390 133 T00437 467 200563 | 47

4| ®om 334 927310 133 799717 467 200283 | 46

15| 727228 334 |9 <) 133 790007 466 200003 | 45

16 | 727428 3 027151 13 800377 466 109793 | 4

17 | 721628 3 927071 133 800557 466 100443 | 43

18 | 727838 3 926001 133 800836 466 109164 | 42

19 | 728027 | 333 | 928911 133 | 8ouie | 468 198884 | 41

0 | 72827 333 926831 13 466 108604 | 40

21 | 9728427 332 | 9026751 133 | 9801675 466 |10-198325 | 39 ‘

K| 728628 333 926671 133 801955 466 108045 | 38

B | 78825 333 926501 133 802234 465 197768 | 37 ¢

AU | TV0A 33 926511 134 802513 465 197487 | 38

B | 7023 331 926431 134 465 197208 | 35

6 | 720422 31 996351 134 803073 465 196028 | U

27 | 70421 31 14 803351 465 196649 | 33 ’

2B | 720830 331 926190 134 803630 465 196370 | 8

20| 730018 | 330 | 926110 | 134 465 196093 | 31

30 | 730216 330 926020 134 804187 465 195813 | 30

31 | 9730415 330 | 9925049 134 | 9804466 464 110195534 | 20

32| 730613 330 925868 134 804745 464 105255 | 8

33 | 730811 330 925788 134 805093 464 104877 | W

34| 731000 | 320 | 925707 134 | 805302 | 464 194608 | 26

35 | 731208 329 925820 134 805580 464 104420 | 25

3B | 731404 329 925545 135 8035850 464 104141 | A

37 | 731602 320 925465 135 806137 464 193863 | 23

38 | 731799 329 925384 135 806415 463 193585 | 2

39 | 731906 328 925303 135 806693 463 193307 | 21

40 | 732193 38 135 806971 463 193020 | 20

41 | 9732390 328 | 9925141 135 | 9807249 463 |101192751 | 19

42 | 732587 328 925060 135 807527 463 10473 | 18

43 | 732784 28 92A4979 135 807805 463 102185 | 17

44| 732080 | 327 | 924897 | 135 | 808083 | 463 191017 | 16

45 | 73177 K14 924816 135 808361 463 191639 | 15

46 | 733373 | 327 | 924735 | 136 | 808638 | 463 .| 101363 | 14

47| 733560 | 327 | 924654 136 | 808016 | 462 191084 | 13

48| 733765 | 327 | 924572 | 136 | 809193 | 462 12

49 | 733961 326 | 924491 136 | 800471 | 462 100520 | 11

50 | 734157 320 924409 138 800748 463 100252 | 10

) 51 | 9734353 326 | 9924328 136 | 9810035 462 | 10189975 9
152 | 734549 326 136 810302 462 189608 8

53 | 734744 325 924164 136 810580 462 189490 7

54 | 734939 325 924083 136 810857 %GR 189143 6

55| 735135 | 325 | 924001 136 | 811134 | 461 188868 | 5

56 | 735330 | 325 | 923919 | 136 | 811410 | 461 188500 | 4

57| 735525 | 325 136 | 811687 | 461 188313 | 3

58 | 735719 394 933755 137 811964 188036 H

5 | 735014 34 923673 137 81241 461 187750 1

60 ! 736109 U 9981 137 812517 461 187483 0

L | Cosine | |  Bine | | Cotang. | | Tang | u.}



SINES AND TANGENTS. (33 Degrees.)

D. | Cotine | D.

0 324 ) 9923501 137
1 4 923509 137
2 b o] 923427 137
3 3 923345 137
4 3 137
5| 737080 3 923181 137
6| 7374 323 923008 137
7| 737467 b o3 923016 137
8| 737661 xS 922033 137
9| 737855 23 922851 137
10 | 738048 -] 923768 138
11 | 9738241 N3 | 9922686 138
12| 738434 83 932003 138
13 | 7380%7 N1 138
M| 738820 1 922U38 138
13| 739013 R1 922355 138
16 | 730208 N1 020972 138
17| 73398 »1 922180 138
18| 739500 20 923106 138
19| 78 0 -1 138
0 | 730975 20 921940 138
21 | 9740167 R0 |9-921857 139
V| 7 »20 N17I4 139
740550 319 921691 139
U | 740743 319 921607 139
B | 740934 319 91524 139
20| 741125 319 921441 139
Q| 741316 319 921357 139
8| ™ 318 214 139
0 | 741600 318 921190 139
30 | 741889 318 921107 139
31 | 9743080 318 | 9921023 13
R | 4w 318 920039 140
33| 4R 317 920856 140
34| 7425 a7 920772 140
35 | 743842 a7 920688 140
36| 743033 317 920604 140
37| 74321 a7 920520 140
38| 743413 316 920436 140
39 | 743602 318 920352 140
40 | 743792 316 920268 140
41 | 9743082 6 | 9020184 140
42| 744171 316 920000 140
43| 744361 315 920015 140
44 | 744550 315 919931 141
43 | 7479 315 019846 141
46 | 744928 315 919763 141
47| 745117 315 919677 141
48| 745308 314 919303 11
49 | 745494 314 918508 141
50 | 745683 314 01944 M1
51 | 9745671 314 | 9919339 141
53| 746059 314 M1
53 | 746248 313 919169 141
54 | 746438 313 o1 41
55 | 74664 313 919000 1
56 | 746812 313 0180135 142
511 7 313 918830 142
58 | 741187 312 918745 143
50| 44 312 918659 u3
60 ' 747563 312 918574 43

461
461

SRR OLEEE CRERELLLLE SRERAGGLEG ARG oL ot

| D. Cotang. | ;
46 10-187483
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218 @4 Degrees) A TABLE OF LOGARITHMIOC

M. | Sine i D. | Cosine { D. | Tang | D. | Cotang. °*
09747562 | 312 | 9918574 143 (9828087 | 454 | 10171013 | 60
1| 747749 | 312 | 018489 | 142 | 820260 | 454 170740 | 50
S| 747936 | 312 | 918404 | 142 | 820532 | 454 170468 sas
3| 748123 | 311 | 918318 | 142 | 820805 | 454 170195 | 57
4| 748310 | 311 | 918233 | 142 | 830077 | 454 169923 | 56
5| 748407 | 311 | 918147 | 142 | 83U349 | 453 169651 | 55
6| 748683 | 311 | 91062 | 142 | 8we21 | 453 168379 | 54
7| 748870 | 311 | 91776 | 143 | 8383 | 453 160107 | 53
8| 740056 | 310 | 917801 143 | 831165 | 453 168835 | 52
9 749243 | 310 | 917805 | 143 | 831437 | 453 168563 | 51
30| 749420 | 310 | 917719 | 143 | 831700 | 453 168291 | 50
Y11 | 9mo615 | 310 |9917634 | 143 [os31981 | 453 |20-268010 |49
19| 740801 | 310 | 917548 | 143 453 167747 | 48
13 300 | 917462 | 143 | 8R5R5 | 453 167475 | 47
14| 750173 | 3090 | 917376 | 143 | 83798 | 453 167204 | 46
15| 750358 | 309 | 917390 | 143 | 833068 | 4% 166832 | 45
16 | 750543 | 300 | 917204 143 452 166661 | 44
17 750720 | 309 | 917118 | 144 | 833611 | 452 166389 | 43
18| 750014 | 308 | 91703 144 445 166118 | 42
19| 751000 | 308 | 916046 | 144 | 834154 | 458 165846 | 41
W | 751284 | 308 | 916850 | 144 43 165575 | 40§
21 | 9751460 | 308 [9916773 | 144 (9834606 | 4532 |10165304 | 39,
2| 751654 | 308 | 916087 | 144 45 165033 | 38
23| 751839 | 308 | 916600 | 144 | 835238 | 4% 164762 | 37
A 752023 | 307 | 916514 144 45 164401 | 36
| 752208 | 307 | 916427 | 144 | 835780 | 451 164220 | 35
2 | 752302 | 307 | 916341 | 144 | 836051 | 451 163049 | 34
21| 752578 | 307 | 916254 | 144 | 83632 | 451 163678 | 33
B | 752760 | 307 | 916167 145 | 836503 | 451 163407 | 2
2 752044 | 306 | 916081 145 | 836864 | 451 163138 | 31
| 753128 | 306 | 015994 | 145 | 837134 | 451 162868 | 30
319753312 | 306 9915007 | 145 |9837405 | 451 |10-162595 | o0
3| 753405 | 306 | 915820 | 145 | 837675 | 451 | 1 o8
33| 753679 | 308 | 015733 | 145 | 837046 | 451 162054 | 7
34| 753862 | 305 | 915646 | 145 | 836 | 451 161784 | 98
35| 754046 305 | 915559 145 450 161513 | @5
3B 754220 | 305 | 915472 | 145 | 838757 | 450 161243 | o4
37| 954412 305 | 915385 145 | 839027 | 450 160473 | 23
38| 754595 | 305 | 915297 145 | 839207 | 450 160703 | 2
39| 754778 304 015210 145 839568 450 160432 | 91
40 | 754060 304 915123 46 83u838 450 160162 | 90
41 | 9755143 | 304 |9915035 | 146 |9-840108 | 450 |10-150892 | 19
Q| 7 304 | 914048 146 | 840378 | 450 150622 | 18
43| 755508 304 914860 146 | 840647 | 450 158353 | 17
44| 755600 | 304 | 914773 | 146 | 840917 | 449 159083 | 16
45| 1755872 | 308 | 914685 | 146 | 841187 | 449 158813 | 15
46| 756054 | 303 | 914598 | 146 | 841457 | 449 158543 | 14
471 756236 | 303 | 914510 | 146 | 841726 | 449 158274 |13
48| 756418 | 303 | 014422 | 146 | 841906 | 449 158004 | 12
49| 756600 | 303 | 914334 146 | 842966 | 449 1
50| 756782 | 302 | 914246 | 147 | 842535 | 449 157465 | 10
51 56063 | 302 | 9014158 | 147 [9843805 | 440 [10157195 | 9
81 757144 | 302 | 914070 | 147 | 843074 | 449 156026 | 8.
83| 1757328 | 302 | 913982 | 147 | 843343 | 449 156857 | 7
54| 757507 | 303 | 913894 | 147 | 843612 | 449 156388 | €
85| 757688 . 301 | 913806 | 147 | 843888 | 448 156118 | 5
56 757869 | 301 013718 | 147 | 844151 | 448 155849 | 4
57| 758050 | 301 | 913630 | 147 | 84440 | 448 155580 | 3
58| 758230 | 301 | 913541 147 | 844680 | 448 155311 | 2§
59| 758411 301 913453 | 147 | 844058 | 448 155042 | 1
60' 758501 ' 301 ' 913365 ' 147 | 84527 ' 8 154773 o;

:




NS " PN NSNS P 5 SN NSNS ] I Tt~ P St~ S

SINES AND TANGENTS., (35 Degrees.) 219
~ ~~~——
M. Sine | D. Cosine D. ‘Tang. D. Cotang.
0 | 9758501 301 | 9913363 147 | 9845227 448 | 10154773 | 60
1| 758772 | 300 913276 M7 845408 | 448 154504 | 59
2| 758052 300 913187 148 845764 448 1426 | 58
3| 750132 | 300 | 913089 148 840033 | 448 153067 | 57
4| 750312 | 300 913010 148 846302 | 448 153008 | 56
3| 15040 300 012022 148 846570 47 153430 | 55
6| 750672 200 912833 148 846839 47 153161 | 54
7| 750853 | 209 012744 148 847107 | 447 152893 | 53
8| 760031 209 912035 148 847376 47 15264 | 52
9| 760211 | 209 912506 | 148 847644 | 447 152356 | 51
10 | 760300 209 NUTT 148 847013 47 152087 | 50
11 | 9-760569 208 | 9912388 148 | 9.848181 47 | 10151819 | 49
12 | 760748 298 012299 149 447 151551 | 48
13| 760027 | 298 912210 149 848717 | 447 151283 | 47
M| 761106 | 298 912121 149 848086 | 447 151014 | 46
15| 761285 208 912031 149 840234 447 150746 | 45
16 | 761464 | 298 011942 149 840522 | 447 150478 | 44
17| 761642 | 297 911853 149 849700 | 446 150210 | 43
18 | 761821 207 911763 149 850058 | 446 140042 | 42
19 | 761999 | 297 911674 149 850325 | 446 149675 | 41
20 | 762177 297 011584 149 850593 446 149407 | 40
21 | 9762356 207 | 9911495 149 | 9850861 446 [10:149139 | 39
2| 762534 | 206 911405 49 851120 | 446 148871 | 38
8| MR 206 911315 150 851398 446 148604 | 37
% 762889 | 296 911226 150 851664 | 446 148336 | 36
25| 763067 | 206 | 911138 150 851931 448 148060 | 35
2 | 763245 | 206 911046 150 852199 | 446 147801 | 34
27| 763422 | 206 910956 | 150 852466 | 446 M54 | B
8| 763600 | 205 910866 | 150 852733 “s 4707 | R
W | 76377 | 285 | 910776 150 853001 445 146099 | 31
3| 763854 | 205 910686 150 853268 | 445 146732 | 30
31 | 9764131 205 | 9910506 150 | 9853535 | 445 |[10-146465 | 20
2| 764308 205 910508 150 853802 445 146198 | 28
33| 764485 | 204 910415 150 854060 | 445 145931 | 27
34| 764662 | 204 910325 151 854336 | 445 145664 | 26
35| 764838 | 204 10235 151 854603 | 445 145307 | 25
36| 765015 204 910144 151 854870 445 145130 | AU
37| 765191 | V4 | 910054 151 855137 | 445 144863 | 23
38| 765367 | 204 909963 151 855404 | 445 144506 | 2
39 | 765544 203 900873 151 855671 44 144320 | Q1
40 | 765720 203 909783 151 855938 444 144062 | 20
41 | 9-765896 203 | 9909691 151 | 9856204 444 110143796 | 19
42| 766072 | 203 900601 151 856471 444 143520 |18
43 | 766247 203 909510 151 856737 444 14363 |17
44 76643 203 900419 151 857004 444 | . 142096 | 16
45 | 766508 202 900328 153 857270 444 142730 | 15
46| 766774 | 202 | 000237 152 857537 | 444 14463 | 14
47 | 766040 202 900146 152 857803 444 142107 | 13
48| 767124 | 202 | 909055 152 858060 | 444 141931 |12
49 202 908064 152 858336 | 444 141664 | 11
50 | 767475 | 201 908873 153 858602 | 443 141308 | 10
51 [ 9767649 | 201 |9-908781 152 | 9858863 | 443 |JoM4112 | 9
2 201 908600 152 850134 443 140866 8
R 201 908509 153 859400 443 140600 7
34 | 768173 201 908507 152 850666 443 140334 6
55| 768348 | 200 908416 153 850932 | 443 140068 | 5
56 | 768522 | 290 | 90834 153 860198 | 443 130802 | 4
57 | 768607 200 908233 1533 860464 443 139536 3
58| 768871 | 200 | 908141 153 860730 | 443 13270 | ¢
39 | 769045 200 908049 153 860995 443 139003 1
60 ! 760219 200 907958 153 861261 443 138739 [}

r



A~

220 (3 Degrees.) A TABLE OF LOGARITHMIC
— —~— ——

M. Sine | D. Cosios | D. | Tang. D. Coang. ; g
0| 9700210 | 290 | 0907058 | 153 [980I01 | 43 |01 | 60
1| 700303 | %0 | eo7es6 | 153 | 861577 | 443 | 138473 | %
2| 700566 | %0 | o07Tva | 153 | eeime2 | 43 | 13808 38
3| 700740 | 2% | oovees | 153 | emoss | 42 | 1Bme |;
4| 760013 | 290 | 007500 | 153 | eexde3 | ws | 1367 |36
5| 7087 | 200 | vorase | 153 | soeses | 42 | 13un |55
6| 7ra00 | 28 | 907408 | 153 | sessse | 442 | 137146 | 54
7| 033 | 988 | 907314 | 154 | sen0 | 42 | 13881 |33
8| 70806 | 988 | oo7ee | 15¢ | 86w | 43 | 136615 S

? o| Toro | o8 | vomee | 154 | 63650 | 43 | 136350
10| 70052 | 88 | 907037 | 154 | 863015 | 442 | 136085 | 56
11 [o7ies | 88 | 9000845 | 154 (9864180 | a2 |101358%0 |49
12| 71208 | 87 | 906858 | 154 | 864445 | 442 | 138555 |48
13| 7470 | 957 | 906760 | 15¢ | 864710 | 4e2.| 135200 |47
M| 7163 | 987 | 008667 | 15¢ | 864m5 | 441 | 135035 |46
15| 771815 | 87 | o08573 | 154 | 65240 | 441 | 13470 |45

; 16| 771087 | 987 | oosese | 154 | e65505 | 441 | 131405 |44
17| 150 | 87 | o063 | 155 | a5t | <1 | @ee® |43
18| 7331 | 96 | 906206 | 155 | 866035 | 441 | 1306 | a2
19| 7503 | 86 | 06204 | 155 | s6ed00 | 441 | 100 | @1

20| 7675 | 206 | 906111 | 155 | 266564 | 441 | 133438 | 40

21 |orreser | 208 | 9906018 | 155 |oseeses | 441 |10133m | %0

22| 7018 | 986 | 905025 | 155 | 86704 | 441 | 132006 |38

73100 | 206 | 905832 | 155 | 978 | 441 | e |37,

24| 773061 | 285 | o057 | 155 | 86623 | 41 | 1337 |3

95| 773538 | 985 | 905645 | 155 | s67esr | 441 | 1mu3 |35 ;

96| 734 | 985 | o035 | 155 | eeerse | 440 | 131868 | 3

g7| Te7s | %5 | 9040 | 155 | seale | a0 | musa ;)

98| 774046 | 285 | 905366 | 156 | 808080 | 440 | 133w [

20| 7217 | 285 | oos2re | 156 | e68945 | 440 | 131055 | 31

£ 984 | 905170 | 156 | 860300 | 440 | 1wl |0

31 984 | 9005085 | 156 |9860473 | 440 |10130527 | g9

2| 7Tiaree | o84 | ooup2 | 156 | seor37 | a0 | 130203 |98

3| 7400 | 284 | 90408 | 156 | Sw0001 | 440 | 1998 | @7

34| 750 | o84 | 904804 | 156 | €265 | 440 | 199735 |26

35| 715240 | 284 | o471 | 156 | 870529 | 440 | 129471 |95
36| 75410 | 283 | 904617 | 156 | 80783 | 40 | 1207 |4
37| 7isse0 | 983 | 904523 | 156 | emosT | a0 | 19883 |3
38| 7550 | 983 | 904429 | 157 1321 | 40 | 1986 |

39| 775020 | 283 | 904335 | 157 | enises | 40 | 128415 | @1

20| 76000 | 3 | o041 | 157 | e840 | 430 | 128151 |20

41 |97ree50 | 283 |ovoa4r | 157 |osmue | < |10127888 | 129

42| Tieo | o2 | 004053 | 157 | sv376 | 430 | 17es |18

43| Trem8. | e | ocaes0 | 157 | emes0 | 430 | 12760 {17

44| 7rore8 | 203 | ooasee | 157 | emaeos | 430 | 127007 |16

45 | 776937 o030 | 157 | emier | 430 | 196833 |15

46| 706 | o83 | 003676 | 157 | &30 | 430 | 126570 | 14

41| Trrors | o1 | ooasen | 157 | smess | 430 | 126306 |13

48| Traae | 981 | oonsy | 157 | emest | @9 | 19803 |12

49| 77613 | 981 | 903302 | 158 | svaeo0 | 439 | 19570 | 11

50| 77781 | 981 | 90308 | 258 | 874484 | 439 | 125516 | 10

51 |977050 | 281 | 9903308 | 158 |9€maTar | 439 |1019%3 | 9

t 52| 778119 | 281 | 903108 | 158 | 815010 | 430 | 124980 | 8

53 | 77mesy | 980 | 903014 | 158 | e | 438 | 12477 | 7

54| 778455 | 960 | 902919 | 158 | 75536 | 438 | 124464 | 6

55| 7Tre4 | 980 | o028 | 138 | emeoo | 438 | 120000 | 5¢

5| 7rere2 | 200 | oozvee | 158 | svooss | 438 | 123887 | 4.

57| 778060 | 280 | 909634 | 158 | e6396 | 438 | 128614 | 3

58| 79198 | 980 | 902599 438 2

59 | 77205 | o [ 909444 e 1

60! T3 | o | 9op3e0 438 0

| Cosine | Bine M
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/ SINES AND TANGENTS. (3% Degrees.) 227
~——
Bine | D. | Cosine | D. | Tang. | D. Cotang. | s
9779463 219 | 9002349 1590 | 9877114 438 | 10-122886 | 60
779631 a9 U253 159 871377 438 1223 | 59
T798 9 V02158 159 877640 438 122360 | 58
TI9068 29 902063 159 877903 438 120087 | 57
780133 9 901967 159 878163 438 121835 | 56
780300 78 901872 159 878428 438 121572 | 55
T80467 28 901776 159 878601 438 121309 | 54
780634 08 901681 159 8780353 437 121047 | 53
780801 278 901585 159 870216 437 120784 | 52
780068 28 001490 159 879478 437 120522 | 51
81134 8 901394 160 879741 47 10259 | 50
9-781301 Q7T | 9901298 160 | 9880003 437 | 10110007 | 49
781468 o 901202 160 880263 437 119735 | 48
781634 Q7 901106 160 8805328 437 119472 | 47
781800 b1xd 901010 160 830790 437 119210 | 46
781968 bl 900914 160 881052 437 118048 | 45
782132 Q7 900818 160 881314 437 118686 | 44
782298 26 900722 160 881576 437 118424 | 43
782464 26 900626 160 88, 437 118161 | 42
782630 76 900529 160 882101 437 117899 | 41
0 | 782196 276 900433 161 882363 438 117637 | 40
21 | 9782061 216 | 9900337 161 | 9882625 438 (10117375 | 39
R | 8317 276 900240 161 882887 436 17113 | 38
23 | 783292 Q5 900144 161 883148 436 116852 137
AU 783458 5 900047 161 883410 436 116500 | 36
2B | 7836V 5 809851 161 883672 436 116328 |35
8B 783788 X5 809854 161 883934 436 116066 | 34
b1 783853 75 899757 161 884196 436 115804 | 33
8 784118 05 899660 161 884457 436 115543 | 32
29 78482 274 800564 161 884719 436 115281 | 31)
30 | 784447 04 899467 163 884080 438 115020 | 30
31 | 9784612 274 | 9899370 163 | 988549 436 10114758 |29
2 784776 04 800273 163 885503 436 114407 | 28
3 784041 4 899176 162 885765 436 11435 | !
34| 1785105 24 899078 16 886026 436 113974 | 28
35 | 785269 3 898081 162 886288 438 113712 |25
36 785433 273 808884 162 886549 435 113451 |4
37| 785507 3 898787 162 886810 435 113190 |23
38| 785761 23 898689 162 387073 435 112028 | R
39 | 785025 3 898502 103 887333 435 112667 | 21
40 786089 273 808404 163 887504 435 112406 | 20
41 | 9786252 12 | 9808397 163 | 9887855 435 110112145 | 19
42 | 1786416 b1t] 898200 163 888116 435 111884 | 18
43 | 786579 b} 808202 163 888377 435 11163 | 17
44 | 786742 3 898104 163 888639 435 111361 |16
45 | 786006 b1l 898006 163 888000 435 111100 | 15
46 787069 xR 897908 163 889160 435 110840 | 14
47 87232 1 897810 163 880421 435 110579 | 13
48 | 787385 21 897712 163 830682 435 110318
49 787557 1 897614 163 889043 435 110057 | 11
50 87720 1 897516 163 800204 434 119798 | 10
51 | 9787883 271 | 9897418 164 | 9-890463 434 | 10109535 9
52 788045 271 897320 164 800725 44 100275 8
53 788208 271 164 8900686 434 100014 7
54| 788370 70 897123 164 891247 434 108753 6
55 | 788532 210 897025 164 891507 434 108493 5
56. 788604 270 896926 164 891768 434 108232 4
57| 788856 0 896828 164 892028 434 107972 3
38 789018 270 806720 164 802289 434 107711 S
59 789180 270 806631 164 802549 434 107451 1
60 780342 260 896532 164 892810 434 107190 0
Costne 1 L S | oo |V Tee 1M



222 (38 Degrees.) A TABLE OF LOGARITHMIO

~

D. D. Cotang |

0| 9799342 | 260 | 0896532 434 | 10107190 | 60

1| 78504 | 260 | 896433 | 165 434 106930 | 59

2| 789665 | 260 | 806335 | 165 | 893331 | 4% 106669 | 53

3| 780827 | 269 165 | 893501 | 434 106409 | 57

4| 7e90e3 | 260 | 806137 | 165 | eedss) | 43¢ 106149 | 36

5| 700149 | 269 165 | spanll | 4% 105889 | 55

6| 790310 | 268 | 805039 | 165 | 894371 | 434 105629 “E

7| 790471 | 268 165 433 105368 | 53

| 8| 790632 | 268 | s95741 | 165 | 894892 | 433 105108 | 52\
9| 790743 | 268. 1 | 165 | ses152 | 43 104848 | 51

10| 790954 | 268 | 895543 | 165 | 895412 | 433 104588 | 50
11| 971115 | 268 |989543 | 166 |9895672 | 433 |107104328 | 49
12| 791275 | 27 | 895343 | 106 433 104068 | 48
13| 791436 | 267 | 805244 | 166 | 896192 | 433 103808 | 47
M| 791598 | 267 | 895145 | 166 | 806452 | 433 103548 | 46
15| 791757 | 267 | 895045 | 166 | s96712 | 433 103288 | 45
16| 791917 | 267 | 894945 | 166 | 806971 | 433 103020 | 44
17| 7920m7 | 267 166 | so1m31 | 433 102769 | 43
(18| 702207 | 26 | 8M76 | 168 | 8vn9l | 433 102509 | 42
19| 792397 | 266 | 894646 | 168 | 897751 | 433 102249 | 41
2| 792557 | 266 | 894546 | 106 | 896010 | 433 101990 | 40
21 | 9792716 | 266 |98%4446. | 167 [9898270 | 433 |10701730 |3
22| 792876 | 266 | 894 167 | 898530 | 433 101470 |38
23| 793035 | 266 167 | esere9 | 43 101211 |37
24 793195 | 265 | e94146 | 167 | se0049 | 432 100851 | 36
25 265 167 | 899308 | 432 100692 | 35
26 793514 | 265 | 893946 | 167 | 809568 | 432 100432 | 34
21| 793673 | 265 | £o3846 | 167 | evomer | 432 100173 |3
28| 793332 | 265 | 893745 | 167 | 900086 | 432 099914 | 32
20| 793991 | 265 | 893645 | 167 | 900346 | 432 099654 | 31
30| 794150 | 264 | 893544 | 167 | 900605 | 432 099395 | 30
31| 9794308 | 264 [9803444 | 168 |9000864 | 432 |10-000136 | 29
32| 794467 | 264 | 893343 | 168 | sorie4 | 432 098876 | 28
33| 794626 | 264 | 893243 | 168 | 901383 | 432 098617 | 27
34 264 | 893142 | 168 | 901642 | 43 098358 | 28
35| 704942 | 264 | 893041 | 168 | 901901 | 432 098099 | 25
36| 795101 | 264 | 892940 | 168 | 902160 | 432 097840 | 24
37 264 | 892839 | 168 | 902419 | 432 097581 |23
38| 795417 | 263 | 892739 | 168 | 902679 | 432 097321 |22
39| 705575 | 263 | 892638 | 168 | 902838 | 432 097062 | 210
40 795733 | 263 | e90536 | 168 | 903197 | 431 096803 | 20
41 | 9705801 | 263 |9802435 | 169 | 9903455 | 431 10006545 | 19
42| 796049 | 263 169 | 903714 | 431 096286 | 18
43 706206 | 263 | 892233 | 169 | 903973 | 431 096027 | 17
44 ( 706364 | 262 | 892132 | 169 | 904232 | 431 095768 | 16
45| 796521 | 262 169 | 904491 | 431 15
46| 706679 | 262 | 891929 | 169 | 904750 | 431 085250 | 14
47| 706238 | 262 | 801827 | 169 | 905008 | 431 094002 | 13§
48| 706003 | 262 | 801726 | 169 | 905267 | 431 04733 | 12
49| 797150 | 261 | eo624 | 109 | w0526 | 431 094474 | 11
50 261 | 891523 | 170 | wos7ee | 431 094216 | 10
51| 9797464 | 261 |9ee1421 | 170 [99ue043 | 431 |10083857 | 9
52| 797621 | 261 | €91319 | 170 | 906302 | 431 093698 | 8
53| 707777 | 261 | 891217 | 170 | eoes60 | 431 7
54| 707034 | 21 | esin5 | 170 | 06819 | 431 093181 | 6
55 798001 | 961 | 01013 | 170 | 907077 | 431 5
56 | 798247 | 261 | e90911 | 170 | 907336 | 431 092664 | 4
57| 798403 | 260 | €00809 | 170 | 907584 | 431 3
58 260 | 890707 | 170 | . 431 092148 | 2
50 | 798716 | 260 | 890605 | 170 | 908111 091889 | 1
60 260 | 890503 ' 170 4% 091631 | 0
M.




SBINES AND TANGENTS, (3 Degrees.)

D. D.
260 e 60
260 430 59
260 430 58
250 430 57
250 430 56
259 430 5
250 430 54
250 430 53
259 430 5
258 430 51
258 430 50)
258 430 09!
258 430 48(
258 430 NN
258 430 46
258 430 45
257 430 44
257 430 43
257 429 42
257 429 41
257 429 40
2802128 | 257 2 k)
22| 802282 | 236 429 38
23 | 80438 | 256 420 37;
24 | 802580 | 256 429 %
25| 802743 | 256 429 35
26 | 889y | 236 420 34
27| 803050 | 236 420 33
23 | 803204 | 256 420 32
29 | 803357 | 255 429 31
30 | 803511 | 255 42 30
31 255 429 29
R | 803817 | 255 429 %
3 255 420 b7l
34| 804123 | 255 429 26
35 | 804276 | 254 420 25
36 | 804428 | 254 429 %
37| 804581 | 234 429 2
33| 804734 | 254 | 836571 | 174 | 918163 | 428 081837 | 22
39| 804886 | 54 | 896466 | 174 | 918420 | 428 081580 | 21
40| 805030 | 954 | 836362 | 175 | 918677 | 428 081323 | 20
41 | 9805191 | 254 |9886257 | 175 4928 |10081068 | 19
42| 805343 | 953 | 886152 | 175 | 919191 | 4928 080809 | 18
43| 805495 | 953 | 836047 | 175 | 919448 | 428 080552 | 17
44| 805647 | 253 | 885042 | 175 | 919705 | 428 080205 | 16
45| 805799 | 253 | 885837 | 175 | 919962 | 428 080038 | 15
46| 805951 | 253 | es57a2 | 175 | 920219 | 498 079781 | 14
47| 206103 | 253 | 885627 | 175 | 920476 | 428 079524 | 13
48| 06254 | 253 175 | 920733 | 428 079267 | 12
49| 806406 | 252 | 885416 | 175 | 920090 | 428 079010 | 11
50 | 808557 | 252 | 885311 | 176 | 921247 | 428 078753 | 10
51 | 9806700 | 252 176 [9921503 | 428 |10°078407 | 9
52| 806860 | 253 | 885100 | 176 | 921760 | 428 8
53| eur011 | 258 | 494 | 176 | 922017 | 428 077983 | 7
54| 807163 | 252 17 02074 | 428 6
55| 807314 | 252 | 84783 | 176 | 922530 | 428 077470 | 5
56| 807465 | 251 | 884677 | 176 | 922787 | 428 077213 | 4
57| 807615 | 251 | 884572 | 176 | 923044 | 428 5 3
58 251 | 884466 | 176 | 923300 | 4928 076700 | ¢
59| 807917 | 251 | 884360 | 176 | 023557 | 427 076443 | 1
60! 8os067 | 251 ! ssaes4 ! 177 | 923813 076187 ! 0¢
{ S L Sine U Coung: L In X



224

(40Degrees.) A TABLE OF LOGARITHMIOC

A A T A ISP NSNS NN PSP NI PN NSNSNT P NP NI NSNS NI NSNS NSNS PSPPI

M. | Bine D. Cosine D. Tang. D.
0 | 9808087 21 | 9884234 177 | 9023813 4

1| 8us218 251 884148 177 924070 427
2| 808368 251 884042 177 924327 427
3| 808519 W50 88336 17 924583 427
4 | 808669 250 883820 m 94840 427
S5 | 808819 250 883723 17 925006 427
6 | 80uy69 250 883617 17 925352 427
7| 800119 250 883510 177 925609 427
8- 800269 250 883404 17 925865 @
9 | 800419 A9 853297 178 926122 427
10 | 8095G9 €9 883191 18 926378 427
11 | 9809718 249 | 9883084 178 | 9-926634 427
12 | 400868 249 882977 178 926800 427
13 | 810017 49 882871 178 927147 a1
14 | 810167 A9 882764 178 927403 427
15 | €10318 U8 889857 178 927650 427
16 | &10465 A48 882550 178 927015 427
17 | 210814 A48 882443 178 928171 @
18 | 810763 U8 882336 179. 928427 L>14
19 | 810912 A48 882229 179 928683 L>14
20 | 811061 48 si2U 17 928040 L4
21 | 9811210 48 | 9882014 179 | 9020196 427
R | 811358 U7 881907 179 920452 L>14
2 | 811507 A7 881799 17 920708 @7
4 | 811655 AUT 881693 179 920064 426
23 | 811804 A7 831584 1 930220 426
2/ | 811852 47 881477 179 930475 428
27 | 812100 U7 881369 179 830731 428
8B | 812A8 UT 881261 180 930087 426
20 | 812398 46 881153 180 931243 426
30 | 812544 U6 881046 180 931499 426
31 | 9812692 246 | 9880938 180 | 9931755 426
32 | 812840 A6 880830 180 939010 426
33 | 812088 A6 880722 180 932966 426
34| 813135 A6 880613 180 932529 426
35 | 813283 A6 830505 180 QW78 426
36 | 813430 U5 880397 180 426
37 | 813578 AUS 830289 181 933260 426
38 | 813725 A5 880180 181 933545 426
39 | 813872 U5 830072 181 933800 4206
40 | 814019 A©S 870963 181 934056 426
41 | 9814166 A45 | 9879858 181 |9-834311 428
42 | 814313 245 879746 181 834567 428
43 | 814460 A4 879637 181 934823 428
44 | 814607 A4 878520 181 935078 426
45 | 814753 U4 870420 181 935333 426
46 | 814900 U4 876311 181 935589 426
47 | 815046 U4 879202 182 0935844 426
48 | 815193 U4 870083 182 936100 426
49 | 815339 2A44 878084 182 936355 426
50 | 815485 43 878875 182 936610 426
31 |9-815631 A3 | 9878766 182 | 9936866 425
2 | 81578 A3 878656 182 937121 435
33 | 815024 U3 878547 182 937376 425
54 | 816060 A3 878438 182 937633 425
55 | 816218 U3 878328 182 937887 425
36 | 816361 243 878219 183 938148 4235
57 | 816507 U2 878109 183 938308 423
58 | 816652 U 877909 183 938653 425
59 | 816798 A2 877800 183 938008 425
60 ' 816043 242 877780 183 939163 425




SINES JND TANGENTS, (“‘DOKNOB-) 223

e ——
( M.| 8ine | D. | (omne | D. | Tang. | D. | Cotang. | {
0 | 9-816943 A2 | V877780 183 | 9-830163 425 60
1 817088 U2 871670 183 930418 425 060582 59
e 817233 AU 877560 183 939673 425 060327 58
3 817379 U 877450 183 939928 425 060072 57
4 81754 U1 877340 183 940183 425 059817 56
1 817668 A41 877230 184 940438 425 050562 55
6 817813 U1 877120 184 940604 425 059306 54
7 817958 A1 877010 184 940949 425 059051 53
8 818103 A4l 184 041204 425 058796 2
9 81847 A41 876789 184 941458 425 058542 51
10 818392 A41 876678 184 941714 425 058286 50
11 | 9818536 240 9876568 184 9941068 425 | 10-058032 49
l 12| 818681 A0 876457 184 942223 425 057777 48
13 818825 U0 876347 184 942478 4% 057522 47
4 818969 240 185 942733 425 46
15 819113 240 876125 185 942088 425 057012 45
16 19257 210 876014 185 943243 425 056757 44
17 | 819401 210 875904 185 943498 425 056502 | 43
18 | 819543 239 875793 185 943752 425 056248 | 42
19 | 819680 039 875682 185 944007 425 055993 | 41
20 819832 2039 875571 185 944262 425 055738 40
) 21 | 9819976 239 9875459 185 9944517 425 | 100055483 39
Q| 820120 239 875348 185 44771 424 055220 | 38
2| 8202063 239 185 44 054974 | 37
%U | 820406 239 875126 186 945281 44 054719 | 36
285 820550 28 875014 186 424 35
2 820693 8 874903 186 945790 424 054210 u
27 | 820836 238 874791 186 946045 24 053955 | 33
28 | 820979 8 186 946200 4% 053701 32
22 821122 28 874568 186 946554 4% 053446 31
30 821265 238 874456 186 946808 24 053192 30
31 | 9821407 238 | 9874344 186 | 9947063 424 | 10052037 | 29
32| 81550 238 874232 187 947318 4% 052682 | 28
33 821693 P21 874121 187 424 P14
k7 821835 BT 874009 187 947826 44 052174 26
35 81977 B7 873806 187 948081 44 051919 25
36 | 822120 837 873784 187 948336 424 051664 | 4
37 822262 837 873672 187 948590 4% 051410 P ]
38 82104 BT 873560 187 948844 4% 051156 R
3 822546 B7 873448 187 949099 4% 050901 21
40 892688 236 873338 187 940353 424 050647 | 20
41 | 9-822830 236 187 424 | 10.050393 19
492 822072 236 873110 188 940862 4% 050138 18
43 83114 236 872998 188 950116 4% 049884 17
44 | 82025 26 872885 188 424 049630 16
45 | 823307 236 8T 188 850625 44 049375 15
46 26 | 87259 188 4% 049121 14
47 823680 25 8TR547 188 951133 44 048867 13
48 | 8WR1 235 8TU3M 188 951388 44 048612 12
49 | 823963 25 872321 188 951642 4% 048358 | 11
50 824104 235 188 951806 4% 048104 10
51 | 9-8AUUS5 235 | 9872005 189 | 9-952150 424 | 10047850 ]
5 824386 25 871981 189 4% 047595 8
53 | 8uU5! 235 871868 189 952659 44 047341 7
54 | 824668 B4 871755 189 952013 44 047087 6
55 824808 684 871641 189 953167 423 5
56 824949 B4 1528 189 853421 423 048579 4
57 825090 B4 871414 189 953675 43 046325 3
58 825230 B4 871301 189 423 046071 2
59 825371 Q4 871187 189 954183 423 045817 1
60 825511 Q4 871073 190 954437 423 045565 (1]
ICS Bwe (| Comng | | Teg | M{



226 (U2Degrees.) Ao TABLE OF LOGARITHEMIC
M.

o~~~
| D. | Cosime | | Tang | D. | Cong. | )

0 9m5511 | B4 | 96II013 | 190 | DU5H3T | 423 | 10045563 | 60

1| ees651 190 | o581 | 42 | 043309 |50

S| s2571 | 233 | o086 | 190 | 954945 | 423 | 045055 |58

3| s | @3 190 | 955200 | 423 | 044500 |57

4| seeon1 870618 | 190 | 955454 | 423 | o445 |36

5| seoe1l | 33 19 | 955707 | 3 | owee3 (55

6| e6351 | 233 | 870000 | 190 | ©55061 | 423 | 044030 | 54

7| e840t gnate | 190 | 956215 | 423 | 043785 |53

8| s26631 870161 | 190 | 956460 | 423 | 043531 | =

9| se70 | 191 | 956723 | 423 | o432 |51

}10 826010 | 239 | 660933 | 191 | 956977 | 4B | 043028 |50
1 |om0s | 2@ |osese1s | 191 | 995731 | 423 [10042700 | 49

;n enep | 932 | seoros | 101 | 57485 | 423 | o49515 |48
13 o3 191 | o570 | 438 | oame1 |47

14| eomer | w2 | seo47a | 191 | 957003 | 423 | 042007 | 46
(15| a27606 | %32 | e60060 | 191 | 958246 | 428 | 041754 |45
(16| er7as | 28 | 060245 | 191 | 958500 | 423 | 041500 |44
17| eo7ess | 231 | 869130 | 191 | 958754 | 423 | o048 |43
18| e2803 | =31 | o015 | 102 4B | oo |43
19| e28162 | €31 | e6e900 | 192 | 950262 | 493 | 040738 |41

20 | 9831 | 31 | 866785 | 193 | 050516 | 423 | 040484 |40
921 (0808430 | 31 |osee60 | 193 |9esoree | 423 |10040231 |39
22| mss8 | 931 198 | o60023 | 423 | ooer7 |38
2| wmevie | 01 | vesed0 | 198 | o607 | 428 | oswmes |37
24| eo8855 | 230 | Bes3o4 .| 192 | 960531 | 423 | o03v460 | 36
o5 20 | ses09 | 192 43 | 030218 |35
2 | 820131 | 230 | see0s3 | 193 | 961038 | 423 | o3evee |34
97| 20000 | 230 | ser7e | 13 | ce1em | 43 | wmw |33y
%8| eewi07 | 20 | eomeos | 193 | 061545 | 493 | o3sass |32
20| e0545 | 230 | 867747 | 193 | 61790 | 423 | csee01 |31
30 | 20683 | 230 | sevenn | 188 B | wms |2
31 vm 220 |o867515 | 193 | 9902308 | 423 |10037684 | 20
n 229 193 | 962560 | 423 | 037440 |28
33| 30097 | 220 | s672e3 | 193 | ommi3 | 48 | o3y |
34| 20034 | 20 | 86767 | 193 | 963067 | 423 | 036033 |26
35| 830372 | 20 | 867051 | 193 | 963320 | 423 | o0366s0 |95
36 | 830500 | 29 194 | 963574 | 423 | 036426 |24
37| s30646 | 220 | s06819 | 194 | o638 | 423 | 03613 | B
38| 230784 | 20 | 866703 | 194 | 64081 | 423 | 035019 |2
30 | saose1 | 28 194 | 964335 | 423 21
40| 631058 | 28 | 866470 | 194 | 964588 | 42 | 03412 |20
41 (0831105 | 208 |9866353 | 104 |996ise2 | 422 |10035158 |19
2| s | 2 194 | 965005 | 422 | 034005 |18
43| 31460 | 228 | 266120 | 194 | 065349 | 422 | 034651 |17
44| #31606 | 228 | se6004 | 195 | 965602 | 422 | 03438 |16
45| 31742 | 298 | @65887 | 195 | 965855 | 423 | 034145 |15
46| e31870 | 28 | se5770 | 195 | oesie9 | 422 | 033801 | 14
47| sax015 | 227 | 865653 | 105 22 | omss |13
48| s | 227 | s65538 | 195 | 966616 | 42 B
49 o7 | ses419 | 195 422 | oxm31 |1
50 | saues | 227 195 | 961123 | 423 | o387 |10
51 |osmsen | 27 |omesiss | 195 4 [10039624 | 9
5| exe07 | 227 | e65068 | 105 | so7ee0 | 428 | o03w7 | 8
53| smeeas | 227 | s64850 | 195 | oxur | 7
54| 83060 | 226 | 264633 | 106 | 068138 | 423 | 031864 | 6
{55 3105 | 928 | 964716 | 106 | o630 | 422 | o36m | 5
56 | 833241 | 226 | 964508 | 106 | 968643 | 423 | 031357 | 4
57| ex3377 | 226 | 864481 | 108 | 963806 | 493 | 031104 | 3
58| 833512 | 26 | ©64363 | 196 | 960149 | 429 | o30St | 9
50| 23848 | 926 | 864245 | 106 | vesa03 | 42 | 03057 | 1
60! gx7e3 | o8 | ssarer | 106 ' oevese ! 4o¢ | 030344 ! 0
| _ Cosine | | __Bine | | Co"& 1 | m | u
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228 (44Degrees.) Ao TABLE OF LOGARITHEMIC

M. i D. | Tang. |
0 90841771 | %18 (9856034 | 203 | 9984837 | 421 (10015163 | 60
1| 841902 | 218 | 856813 | 203 985000 | 421 014010 | 50
2| 842033 | 218 204 985343 | 421 014657 | 58
3| 842163 | 217 | 856568 | 204 985506 | 421 014404 | 57
4 8404 | 207 | 856446 | 204 41 014153 | 56
5| 842424 | 217 | 856328 | 204 906101 | 421 [ 55
6| 842555 | 217 | 856201 | 204 986354 | 421 013648 | 54
7| 842885 | 217 204 986607 | 421 0 53
8| 842815 | 217 | 855856 | 204 986860 | 421 013140 | 52
0| 842046 | 217 | 855833 | 204 987118 | 421 51
(10| 843076 | 217 | 855711 | 205 087365 | 431 012635 | 50
11 (9843206 | 216 |9855588 | 205 | 9987618 | 421 |10012383 | 49
12| 843336 | 216 205 987871 | 491 012129 | 48
13| 843466 | 216 | 855342 | 205 988123 | 421 011877 | 47
14| 843505 | U6 | 8519 | 205 988376 | 421 011624 | 48
15| 843725 | 216 | 855008 | 205 088020 | 431 011371 | 45
16 | 843855 | 216 | 854973 | 205 421 011118 | ¢4
17 216 | 854850 | 205 980134 | 431 010866 | 43
i 18| suild | 215 | 854727 | 206 980387 | 421 010613 | 43
19 215 | 854603 | 206 980640 | 431 010360 | 41
(2 | 844372 | 215 | 854480 | 206 980803 | 421 010107 | 40
21 9844503 | 215 [9-854356 | 206 | 9990145 | 421 |10009855 | 39
2 1 | 25 | 854233 | 208 421 009602 | 38
23| 844760 | 215 | 854100 | 206 900651 | 421 009349 | 37
24 215 206 900003 | 421 009087 | 36
25| 845018 | 215 | 853863 | 206 901156 | 431 008844 | 35
26 | 845147 | 215 | 853738 | 206 901400 | 431 008501 | 34
27| 84576 | 214 | 853614 | 207 001663 | 421 008338 | 33
28 | 845405 | 24 | 8534 207 901014 | 421 008088 | 38
20 | 845533 | 24 07 902167 | 421 007833 | 31
30 | 845662 | 24 | 853242 | 207 992420 | 421 007580 | 30
31 |9845190 | Q14 9853118 | 207 | 9902673 | 421 |10007328 | 29
32| 845019 | 24 | 85904 | 207 992025 | 421 007075 | 28
33 846047 | 204 | 852860 | 27 993178 006828 | 27
34| 846175 | 24 | 852145 | 207 993430 | 431 28
35 214 207 993683 | 421 006317 | 25
36 | 846432 | 913 | 852496 | 208 903938 | 421 006064 | 24
37| 846560 | 213 | 85371 | 208 904180 | 421 005811 |83
38| 846688 | 213 | 85x47 | 208 004441 | 491 005550 | 22
39| 846816 | 213 | 852122 | 28 004604 | 421 005308 | 91
40| 846044 | 213 | 851997 | 208 994047 | 421 005053 | 20
41 |o847071 | 213 9851873 | 208 | 9085199 | 421 |10-004801 |19
42| 847199 | 213 | 851747 | 208 905452 | 421 004548 |18
43 213 | 851622 | 208 995705 | 421 004205 | 17
44| 847454 | 28 | 851497 | 209 905957 | 421 004043 | 16
45| 847582 | 22 | 851378 | 209 996210 003790 |15
46 212 | 85 209 906463 | 431 003537 | 14
47| 847836 | 212 | 851121 | 209 996715 | 421 003285 |13
}g 847984 | 212 209 996968 | 421 003032 | 12
848091 | 212 209 W0TR1 | 41 002779 |11
50| 8418 | 2U2 | 850745 | 209 907473 | 421 002527 | 10
‘51 9848345 | 212 |9850619 | 209 | 9997726 | 421 [10003274 | 9O
52| 848472 | 211 210 997979 | 421 8
53| 848509 | 211 210 998231 001 7
54| 848726 | 21 210 098484 | 421 001516 | 6
55| 848852 | <211 | 850116 | 210 908737 | 421 00 5
56 Q11 210 903080 | 421 001011 | 4
57| 849106 | 211 | 848864 | 210 900242 | 421 000758 | 3
58 | #4923 | 211 | 849738 | 210 99495 | 421 000505 | 2
50| 849359 | 211 | 848611 | 210 999748 | 421 000253 | 1
60! 849485 ! 21 210 10000000 ' 421 000000 ! 0
|_ _8ine C .| | Tang. | M.




TABLE V.

NATURAL SINES AND COSINES.




230 TABLE XIV. NATURAL BINES AND COSINES.

§

| Sine. Corin.

One.
00175| One;

DDA W-O .‘
g
-
*

01309| #9991

.01333).99091 ||
LO1567T ) 9999 ([
01396999901 ..
L01425] 9999031 0
01451 994989, (.0
L01483].99939 1,087
L01513].99498911.032
01512. 90983 | .
9998 |
87
9987||.
9886 |
(01687] 499861 1.0:349
.01716)|.99985| |,

101745| 99985/ [ 03490! 9999 .
Cosin, | Sine. || Conin. | Sine | Conin.

05263
05292

.06976 99756 |.08716
Corin. | *ine, co.m ]SIne.

Eu.
05234

90868 |.06976

99926 |.05582| .99844||.07324 | .
.05611|.99842)|.07358|.
05640 99841107382 .
. 05669 .99889/1.07411}.

.99N88||.07440

99561 1.07005 .
.05292| 99860
.05321|.99858|(.07063| .
.05350] .
.05379|.99855||.07121 | .
05408/

8° 4°
| Cosin, || Bine. |

05608

.05727| 49836 (7469
.05756! 908241 07498
-05765 | 9933] 01527
.05814! 99881 | (11556
.05844| 998:9/| 01585
-06873) 90627 | 07614

13: . (5902| .99x26/ |.07648
059811 .99824 | 1.(7672].
05460 .40822||.07701 (.
65969, .4982111.07780).
.060° 899519 L0769 .
(6047 .99817|(.CT7:8).
| 1. 060%6/ 419615/ 1.07817] .
.(6105|.90518) 07546 .

06134 .99812|1.07+75(.
(616840810 17904 .

07483
L6221 | 94N 6) 07162
.C6250|.96804] 076891 | .
L0679 048031 ¢ 8LR0).
il 1.6 08 .G4R01 || 06041,
06887 .09799] .08 T8/ .04

-(6866].99747]| 08107

06511 6978 0825
06540].%’266 b8l

|4 8484

06947 (90758 |.( 8687 .

.06395|.99795(, 08'36) .
106424 Ml"% (ﬁ_N.B

‘orae2| gno| (k28|
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2359
L8368/ 9964
08347
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18542
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TABLE XIV. NATURAL SINES AND COSINES.

N
w
(o)

5° | @° 7° 8° 9°
Sine. | Cosin, (| Sine. | Cosin. | Sine. | Cosin. || Sine [Cosin. || Sine. | Corin,
.08716 .99619| 104581 .99452| |.12187| .99255||.18917|.9902 | | . 15648 | . 98769
087 0488/ 99449/ . 12216 .99251||. 18946 | .09028| | . 15672 | 98764
08774|.996141.10511| 99446 |. 12245| . 99248 [, 13975|.99019| (. 15701 | 98760
.08803|.99612, |.10540| .99443| (. 12274 | 94244 11.14004 | .98015||.15730 (. 98755
LUB331/.996u9) | 10569/ . 99440 |. 12302| .99240||.14¢ 83| .99011|.157568| .8%51
08360 | 99607(1.10697) .99437| |. 12881 | .99287| [, 14061 |.99006| | . 15787 |.98746
.08859] 99604 ||.10626| .99434/ |, 12360 . 82831 |, 14090|.99002| |.15816 | 96741
.08918|.99602/ (. 10653| .99481 ||, 12380| . 99280 |. 14119|.98098| |.16845|.987187

108976| 49596 |.10713| -99424| [ 12447| v209|( 14177 | 9ca00| |- 15002 98728
0900599594 i%f 99421 .1%’1’6 49219 14215 98966 |.15981|.98728

10800| 99415 |- 12533| . 00211 |- 14263 | .98978||. 15968 98714
.10820| 90418 |, 12562/ . 992081 . 14292| 98973 .16017| 48709

—

Py aasassasszassszs];

09287 .%ﬁl .1 99896 991801, 14486 | .9¢9:81.16160|. 96686 42
.09.66( 995701 |.11002| .99393) | 12785/ . 99186 |. 14464 | .9894¢! . 16169 1( 41
09295 99561| .11031] .99390| | 12764/ . 99182||.14493)|.88944| |.16218.98676
.99564!1.110:50{ 99386, |. 12748| . 99178||.14522| .981401!.16246|.98671| 89
09353| 99562 |1 1108999883 |- 1 u175||.14651 | .98436| (.16275|.96667| 88
09332|.99559/ (. 11118| .99880||. 12:51| .991711.14560|.96931 | 16804 |.98662| 87
09411] 99556(| 11147 .99277| |. 12880| .99167||.14608|.98927|1.16888|.98667| 86
.09440].995531|.11176| .99374/ |, 12008/ .491¢8|.14€37|.98928| 16861 |.9¢652| 85
99551 |.11205 14987 .49160{|.14¢66|.96919/ . 16840 .9€648| 84
09198/ .99548| 1. 11234| .99367||. 12066/ . 09156/ |. 14685|.98914|.16419|.98643, 88-
09527(.99515||.11263 . 12995] . G912 | 14728| 68910 16447 82
993421 1.11291| .99360: |. 13024/ .99148]|.1452| . 96906/ |.16476| .9€63%| 81

3
&
£
&
&
g
g
]
8
Wit
5
3
H
ERBEREENES €

l88838838828$%53 SRESESBVRINKRBI2 BRURRREBERE

1010|9948} | 11840| '9929711.18572| 9607 98828 . 17112198541 12
.10135|.994+5| | 11869] .9998| |. .99071| |. 15827|.98818] |.17050{.98536( 11
10164/.994821|.11%98| 99290/ |. 13629 | . 99067 |. 15356 | .88614| | 17(78].98531| 10
101921.994791.11927| 99286/ . 13658] 99068 |. 1 17107/.98526| 9
.102211.99476(|.11956| .99283| |. 18687| .99069] |. 15414 .98805 | (. 17186{.9852)

1 9947311.11985 .99279|1.13716|. 99085 |. 1 98R00| | 17164 .98, 7
102791.9947011.12014| 99276/ |. 18744 | 99051 1. 15471(.98796/|. 17198] .98511| 6
.10308| 99467||. 99272/ (.13773( . 90047} (. 15500/ . 98791 1. 17 98506| 5
104337 120711.99269| | 99043 1. 15629 .172501.98501| 4
103661.99461|.12100, .99265/|.13831{.99059| |. 15557 |. 98782/ . 17279/ .98406| 8
.10395|.99458| (.12129|.99262| |, . 99035/ 98778/ (.17808|.98491| 3
10424 (.99455| . 121581 99258 |.1388Y9|.99081||.15615|.98773| |. 17836(.98486| 1
.104581.99452||. 12187992551 |.13917|.99027|. 15648 1.98769| | 178651.98481| 0

Cosin. | Sine. || Cosin.| Sine. || Cosin. | Sine. |{ Cosin.| Sine. || Cosin. | Sime.
84° | 83° | 8%° 81° 80°
A A A A~ A ~




232 TABLE XIV. NATURAL BINES AND COSINES.

100 11° 12° 18° 14°
Sine G/ . | Sire. | Cosin. || Bine | Cosin || “8ine, | Cosin. || Sine. cm.'
0 [.1736,| 98451 [.19081|.98163/(.20791|.97815||. 22405 | 9743 | |. 24192 | 97080
1 {.17893(.98476 |.19109 .98!67 . 2082097809 | 22523 |.97430| |.R4220.97023
8 |.17422[.98471 |.191.38 98152 (.20845|.97808| |. 22552 | 97424 | 24244 . 97015
8 [.17451.93466 |.19167 .98146 .20877|.97797 (. 22580 |.97417|{.R4277 | 97008
4 .1;479 934611119195 (.98140| . 20905 . 97701 ||.22608 |. 97411 || 24505 | 97001
5
[
7
8

5

23|k

L

. B 5 (.19234 (.98135||. 20033 | 9TT84/ | 237 | 97404} |. 24385 |. 96994
.17537].93450/ (. 19353 | . 93129 | 20862 | . 9TTT8| | 22665 | . 17308 || 24862 | . 06987
17565|.03445;|.19281 | 88124 |, 20990 | . 9TTT2| | 22693 |. 97391 | |, 2480+ | 96680
17594193440 |.193091.98118| |, 21019 |.97766| |, 22722 |. 97384||. 24418 |. 96978
9 |.17523].93435 [.19333|.98112}(.21047|.97760||. N R4446|.

10 |.17351/.93430 |.19366 |.98107||. 21076 |. 97754 |, 22778 |. 47871 ||.R4474| 96959
. .193951.931011.21104|.97748) |. . 96
12 [-17703].9342) 11942398096 [ 21132| - 97742} |- 228: 5 | 35| | 24531 | . 96945
13 |.17737/.93414 |.19452.98090| |.21 161 | . 97785 |. 22863 |. #3351 | 2485 | #6887
14 [ 177650934 19 [ 19431 (.98034]1. 211991, 9772 |. 22892 |. 034! | | 94EE |.£6430
15 |.17794.93404([. 19509 . 98074|1.21218|.97T28| |. 22920 |. 971826 |. 24615 |. 64928

16 . 21248(.977:1|| 22948 |. 97881 |. 24644 | 26916
1| 21275 97711 | 92077 [ 1895 | 24672 | 6909
18| 21308 97705, | 123005 | 1818|247 | 9002
19 21331 |- 97698 | 25083 | is11|| 2470t | C6ro4
2) 121360|-07692] | 23062 | 6780|2475+ | ey
2 21858 976861 - 23090 | 95208| [ 24764 | 91 £60

43368 L 19704 . 21417(,97680| 1. 23118 |. 97291 |. 24815 |.€ 6873
18 "_&i -93362 1.19737). 98083 (. 21445 |. 97673 '.2314!} 57264} (. 24841 !b €6

eBRBRRRRNER 823&%8838%8:3&3 5ESASBT2TEREEIE

5 SREV2BVYRIQERENR 888!232&5

&5
g
&>
g
g2
Bk
&
§
a
§
o
&
3
=
o

.msi..mzs ~97521| |- 23895 |- 97120| |- 28516 |-96690| 13

i 9788111, 22183|. 97508/ [. 2382 | . 97106 1
.18795|.48218/1.90307 | . 97815/ |. 22212 |. 975(2| |. 23910 |. 97100} |.26€01 |.96667] 10
2 8 978601 1. 22240|. 97496 |. 23038 |. (7093 |. 26629 | 96660
.18852(.93207|.20563 | . 97863 | |. 22263 |. 97489 |. 23066 | 07086/ |, 25€5" |. 9658
.20502 | .97TR57|(.22207(.97483) |. 28995 | 97079| | 2565 |. 06645
20620 | . 97851 |1.22825|.97476| |. 24(:28 | 97072 |,
-18933.93191|1.20649 | . 97845/ |. 22853 |.97470| |. 24051 |. 97065 |. 5741 | . 96680
.9 . 20677 |.97839) |. 22382|.97463| (. 24079 |. 97058 .
.189951.98179|1.20706 | . 47833/ . 22410|.97457| . 24108 |.97051 |
-19024).94174/1.20734 | .97827||. 22438 |.97450| |. 24136 |. 97044 | 25826 |. 06608
-19052/.98168,.20763|.97821 | |. 22467 |. 97444/ |. 24164 97037 |. 26854 | 96600
.190311.98163°).20791|.97815||. 2249597487/ |. 24192 |.97080 | 96593
Cosin. | ~ine. || Cosin. | Sine. || Cosin. | Sine. || Cosin.| Sine. || Cosin. | Sine.
79° || 78° 77° 76" 98°
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TABLE XIV.

Cosin | Sine.

Cosin’

27676 | 96094
27781 |. 96078

(‘n'in | Sine

L ax

78°

i 8°\M’\N\/\

L2704 |.460861

27759 |. 9GO0 |,
96532/ [.27787 |. 062 |,
278151960541 1.
27843 (. 646 |.
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.27955 96013 |.
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240 TABLE XV. NATURAL

AL AN

TANGENTS8 AND COTANGENTS.

e e e L I

bk bk ok bk

DX
8
&

SE5h% KREBESERIVENLRE 2RYRRRRRERS
. Saeban
=
@

AN A AA A AAANA AN S NSNS NSNS~ INI O LN NPT AN SIS IS AN AAANAAANNANANANAANS -

I2EFALTTLRS
A,
g

1° 2° 3°
M.| Tane. | Cotaug. Tang. | Cotang. Tang. | Ctany. T we. | Coieng,
0| 00000 |Inflnite. || 01746 |57.2900 (| 28.6363 | TTh2d1 | 19,0811
1| 00029 | 348775 || 01775 | B6. 08521 | 283984 || .052.0 | 18.9755
2| .00058 | 1718.87 || .01804 | 55.4415 || .08550 | 28.1664 ;| .05 | 18.8711
3| .00087 | 1145.42 || .01833 | 54.5613 || .08597 | 27.9372 || .05825 | 187678
4( .00116 |859.436 || .01862 | 53.7036 || .08609 | 27.7117 || .05357 | 18.6656
5| .00145 | 687.549 || .01891 | 52.8321 || .03688 | 27.4899 || . 18.6645
6| .00175 | 572.957 || 01920 | 32.0607 || .08667 | 27.2715 || .05416 | 18.4645
7| .00204 | 491.106 | .01949 | 51.8088 || .08698 | 27.0566 || .(15445 | 18.8655
8| .00238 | 429.718 || .01978 | 50.5485 || .03725 | 2.8450 || .054%4 | 18.2677
9| .00262 | 831.971 || .02007 | 49.8157 || .0875! | 26.6367 || .(5508 | 18.1708
10| .00201 | 343.774 || .02036 | 49.1039 || .03783 | 26.4316 || .05538 | 18.0%50)
11| .00320 | 312.521 [| .02066 | 48.4121 || .03812 | 26.2296 || .05262 | 17.9602
12| .0U31Y | 286.478 || .02095 | 47.7395 || .08842 | 2.0807 || .(.5601 | 17.8868
18] .00 264.441 || 02124 | 47.0853 || .08871 | 25.8348 || .06620 | 17.7984
14| .00407 | 245.552 || .02153 | 46.4489 || . 25.6418 || .05649 | 17.7015
15| .00436 | 220.182 || .02182 | 45.8204 || .08429 | 25.4517 || .05678 | 17.6106

214.658 || .02211 | 45,2261 |1 04058 | 25.2644 || .05708 | 17.5205
202.219 || .02240 | 44.6386 || .08987 | 25.0798 || .(5787 | 17.4814
190.934 || .02269 | 44.0661 || .04016 | 24.897 [ .05766 | 17.8482
180.932 43.5081 |[ .0446 | 24.7185 || 06785 | 17.2568
170885 | 02428 | 42.9641 )| 04075 | 24.5418 || 05824 | 17.1688
163.700 (| .02857 L04104 | 24.3675 || .06854 | 17.0887
156.259 41.9168 | .04183 | 24 1957 || .05683 | 16.9990
149.465 || .02415 | 41.4106 || .04162 | 24.0268 || 06912 | 16.9160
143.237 | . 40,0174 || .04191 | 23.6593 || .0:941 | 16.8319
1 02473 | 40.4358 || .04220 | 23.6945 || .05970 | 16.7498
132.219 || .02502 | 89.9655 || .04250 | 23.5321 949 | 16.6681
127.321 02581 | 30.5059 {| .04279 | 63.3718 || .(6020 | 16.6874
122.7T74 || 02560 | 89.0568 || . 23.8187 || .06058 | 16.5075
118.540 88.6177 (| .04337 | 28.0677 || .06087 | 16.4288
114.589 || .02619 | 88.1885 || .04366 | 22. 06116 | .6.
110,892 || .02648 | 87.7686 || .04395 | 22.7519 || .06145 | 16.2722
107.426 {| .02677 | 87.8579 || .04424 | .6020 || .06175 | 16.1962
104.171 (| .02708 | 86.9560 || .04454 | 22.4541 || .06204 | 16.1190
101.107 {| 02785 | 86. 044 22.8081 || . 16.0485
179 || 02764 | 86.1776° | 04512 .1640 || .06263 | 15.9687
95.4895 || 02793 | 85. .04541 | 22.0217 || .06201 | 15.8945
92.9085 85.4318 || .04570 | 21.8818 || .06321 | 15.6211
90.4633 || .028°1 | 85.0605 || .04500 | 21.7426 || .06850 | 15.7488
88.1436 | .02881 | 84.7151 || .04628 | 21.¢056 || .(6379 | 15.6762
85.9398 || .02910 | 34.8678 || .04658 | 21.4704 || .064C8 | 15.6:048
83.8435 (| .029:9 | 84.0278 21.8869 (| .06437 | 15.5840
81.8470 || .02968 | 38.6085 || .04716 | 21.2049 || .06467 | 15.4638
79.9434 || .02997 | 88.8662 || .04745 | 21.0747 || .06496 | 15.3948
78.1268 i .03026 | 83.0452 || .04774 . 15.8254
76.8900 || .03055 7808 (! . 20.8188 || .06654 | 15.2571
03084

78.1390 || .03114 | 82.1181 || .04863 | 20.5691 || .06613 | 15.1222
71.6151 || .08143 | 81.8205 || .04891 | 20.4465 || .0664R | 15.0557
70.1538-|| .03172 | 81.5284 || .04920 X 06671 | 14.9898

L1601 |1 03201 | 81.2416 | .04949 [ 20. 06700 | 14.9244
67.4019 || .03230 | 80.9599 || .04978 | 20.0872 || .06780 | 14.8506
66.1055 || .0359 6833 || . 19.9702 || .06769 | 14.7954
64.8580 || .03288 | 30.4116 || . 19.8546 || .06788 | 14.7817
63.6567 || .08817 1446 || .05066 | 19.7403 || .C6S17 | 14.6685
62.4992 (| .08346 | 20.8823 || . 19.6278 || .06847 | 14.6059
61.3829 || .03376 6245 || .05124-{ 19.5156 || .06876 | 14.5438

| Tang. || Cotang. Tang. Cetang. | rang. |) C.1eng. | Tang,

|
]

(%@

%

¢

e

)

4

¢

&

| 87° i 86°

A NS N N NS AN

~~

Horwmsoonnc3iEbs SoanoEREBrERRE SRR RERSBESEREE 52A5522R8RESIZEBIK

A AN AN A



TABLE XV. NATURAL TANGENTS AND COTANGENTS.
N g e PSS haar T
_l_. Tang. | Cotane. Tang. | Cotang. Tsae.  Cotang. Tang. | Cota
? 06003 | 14.3007 || 8749 | 11.4301 || 10510 | 9.51436 || .13¢78 B.lﬁ%
07023 | 14.8411 (| .08TTS | 11.8919 || .10840 | 9.48781 || .13308 | X.12481
2| .07051 | 14.1821 || .08807 | 11.3540 (| .10560 | 9.46141 || ~.13848 | 8.10536
3} . 14.1335 || 08837 | 11.3163 || .10609 | 9.48515 || .12367 | 8.08600
4] 07110 | 14.0855 || 08866 | 11.2789 (| .10628 | 9.40804 || .1B97 | 8.06674
5| .07139 | 14.0070 (| .08895 | 11.9417 || .10857 | 9.88307 || .19426 | 8.04756
6| .07163 | 18.9507 || .08935 | 11.2048 || .10687 | 9.8574 || .1 8.0.848
7| 07197 | 13.8940 || .08954 | 11.1681 || .10716 | 9.88155 (| .19485 | 8.00948
8| .0T237 | 13.8378 || .0NU83 | 11.1816 || .10746 | 9.80509 || .19515 | 1.99058
9| 07256 | 187881 || .04013 | 11.0854 || .10775 | 9.98068 || .12W44 | 7.4717
(10| 07235 | 18.7267 || .09043 | 11.0694 1 9.25530 || .1257%4 | 7.
11| .07814 | 13.6719 || .00071 | 11,0237 || .1UR34 | ¥.28016 || .12608 | 793438
18] . 18.6174 || .09101 | 10.9883 || .10863 | 9.20516 || .12638 | 7.91582
13| 13. 09130 | 10.9529 || .10893 | 9.1:028 || .12662 | 7.89734
14) 07402 | 13.5098 || 09150 | 10,9178 || .1 9.15554 || 12698 | 7.
15| .07431 | 13.4560 || .00189 | 10.88%9 || .109523 | 9.18093 || .12722 ( 7.86064
16| 97461 | 18 00218 | 10.8483 10981 | 9.10646 || .12751 | 7.84245
17| 07490 | 13.8515 || 09247 | 1).8139 || .11011 | 9.08211 (| 12781 | 7.
18| .07519 | 13.2006 (| .09377 | 10.TT97 9.08789 || .12810 | 7.80622
19| 07548 | 13.9480 (| .09306 | 10.7457 11070 | 9.08379 || 19840 | 7.78825
20| .07578 | 13.1969 || .09333 | 10.7119 110%9 | 9.00883 || .12869 | 7.77085
81| .07607 | 18.1461 || .0N865 | 11,6783 11128 | R98598 || .12899 | 7.75254
(48| 07636 | 13.0053 || .09394 | 10.6450 || .11158 | 8.96227 || .12099 | 7.73480
(98| 665 | 18.0438 || 09423 | 10.6118 || .11187 | 8. L120568 | 7.71715
4| .07645 | 12.9068 || .U9458 | 10.5789 || .11317 | 8.91520 || .12088 | 7.G9957
2B| 0774 | 12.9469 || .09482 | 10.5462 || .11246 | 8.60185 || .18017 | 7.68A8
W| 01753 | 12.8081 || .09511 | 10.5136 || 11976 | 8.86862 || .13047 | 7.
ST 07782 | 12.8486 || 9541 | 10.4818 | .11305 | 8.84551 || .1:076 | 7.64782
2\| .07812 | 12.8014 || .09570 | 10.4491 11885 | 8.82252 (| .18106 | 7.68005
29| 07841 | 12.7534 | .08600 | 10.4173 11864 | 8.79464 (| .18186 | 7.61287
80| .UT8T0 | 12.7063 || .096%9 | 10.8854 || .11804 | 8.77689 || .18165 | 7.58575
81| .07899 | 12. 109638 | 10.8588 || .11423 | 8.754%5 (| .18195 | 7.57872
82| .07020 | 12.6124 || .09688 | 10.3224 || .11458 | 8.73172 || .182%4 | 7.56176
88| .07958 | 12.5660 || .0A71T | 10.2918 (| .11 8.70881 || .13254 | 7.54487
i . 12.5199 || .00746 | 10.26032 || .11511 | 8.68701 || .18284 [ 7.52806
85| 08017 | 12.4743 || 00776 | 10.2294 11541 | 8.66482 || .18318 | 7.51182
86| .08046 | 12.4288 || .U8803 | 10.1988 11570 | 8.64275 || .13343 | 7.49465
87| .08075 | 13.3838 (| .09834 | 10.1683 || .11600 | 8.620%8 || .13872 | 7.47806
88| .08104 | 12.3390 || .08864 | 10.1381 1169 | 8.59808 || .1340% | 7.46154
89| .081834 | 12.9646 || .09803 | 10.1080 1 8.57T718 || .18422 | 7.44509
40! .03163 | 12.2503 || .09928 | 10.0780 11688 | 8.55655 || .18461 | 7.42871
41 03192 | 12.9067 || 09953 | 10.0483 11718 | 8.58402 || .18491 | 7.41240
43| .03221 | 12.1633 || .00981 | 10,0187 |1 11747 | 8.51280 || .18521 | 7.89616
43| .03251 | 12.1201 || .10011 | 9.98981 1 8.40198 || .13550 ( 7.87Y99
44| .08280 | 12.0773 || .10040 | 9. 11806 | 8.47007 || .18580 | 7.86389
45| .08309 | 12. .10069 | 9.98101 11836 | 8.44896 || .13609 | 7.34786
46| .03839 | 11.9928 || .10099 | 9.90211 || .11865 | 8.42795 || .13639 | 7.33190
47| 08368 | 11.9504 || .10128 | 9.87338 (| .11895 | 8.40705 || .13669 | 7.81600
(48| .08397 | 11.9087 (| .10158 | 9.8448% (| .11994 | 838695 || .13698 | 7.80018
{49| 03427 | 11.8673 || .10187 | 9.81641 (| .11954 | 8.96555 || .137TR8 | 7.28442
(50| .08456 | 11.8362 || .10216 | 9.78817 || .119683 | 8.84496 || .18758 | 7.2:8T3
C51| 08485 | 11.7853 || .10946 | 9.76000 || .12013 | ».82446 || .18787 | 7.25310
§ 53| .08514 | 11,7448 || 10275 | 9.73217 (| .12042 | 8.80406 || .18817 | 7.23754
(53 . 117045 || .10805 | 9.70441 || .12072 | 8.28376 | .13846 | 7.22204
. B54] 08573 | 11.6645 || .10834 | 9.67680 || .13101 | 8.26355 || .13876 | 7.20661
(55| .09602 | 11.6248 {| .10363 | 9.64985 || .12181 | 8,24345 || .13906 | 7.19125
(56] .08632 | 11.5858 || .10898 | 9.62206 (| .12160 | 8.22844 || .13085 | 7.17504
(57| .08661 | 11.5461 || .10423 | 9.50490 8.20352 || .13965 | 7.16071
(o8| . 11.5073 || .10452 | 9.56791 || .12219 | 8.18370 || .18485 | 7.14558
(59( 08720 | 11.4685 || 10481 | 9.54108 || .19249 | 8.168u8 || .14024 | 7.18042
;60| .08749 | 11.4301 || .10510 | 9.51436 || .13278 | 8.14485 || .14054 | 7.11
M.| Cotanv. | Tanz, || Cotang. | Tanmg. || Cotang. | Tang. || Cotang. | Tang.
85° ° 88° . 8%°
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244 TABLE XV. NATURAL TANGENTS AND COTANGENTS.

AL A

A~

AAANAAN SUNAN L NAAA N
o

¢ 16° L G 18° 19
l_ Tang. | Cotang. Tung. Cotang. Tang. | Cotang. Tang. | Ctang. !
0 .23675 | 3.48741 || .90673 | 3.27085 |[.32493 | 3.07768 |[ 34488 | 200421 |60
1| .38706 | 8.48859 || .30605 | 3.26745 || .330% | 3.07464 || .84465 | 2.90147 (59
8| 287138 | 3.47977 || .90637 | 8.26406 || .32856 | 3.07160 || .34498 | 2.89873 |58
8| .38769 | 8.47506 || .30660 | 3.20067 (| .83588 | 8.06867 (| .34530 | 289600 |57
4! .28800 | 3.47316 || .80700 | 3.95729 || .82621 | 8.06554 || .34563 | 2.89827 |56
5| 28833 3.25308 || .32653 | 8.06253 || .34506 | 2.80055 |55
6| .28864 | 3.46458 || .30764 | 8.25055 || .82685 | 8.05060 || .34628 | 2.68788 54
7| .28805 | 3.46080 || 30796 | 8.24719 || .82717 | 8.05649 || .34661 | 2.88511 |53
8| .28937 | 3.45708 (| .30828 | 3.24388 || .32749 .84698 | 2.88240 |52
9| .23958 | 3.45327 || .80860 | 8.24049 || .82782 | 3.05049 || .34726 | 2.87070 |51
10f . 8.44951 || .80801 | 8.23714 (| .82M14 | 8.04749 || .84758 | 2.87700 |50
11| 29021 | 8.44576 || .80028 | 8.23381 || .32W46 34791 | 2.87430 |49
13] . 8.44202 (| .30955 | 3.23048 || .32878 | 8.04162 2.87161 |48
13] . 3.438% || . 8.22715 || .82011 | 8.03854 || .34866 | 2.86892 |47
14| .20116 | 3.43456 || .81019 | 3.22384 (| .82043 | 8.03556 || .34889 | 2.86624 |46
15| .29147 | 3.43084 || . 3.22058 || .32975 34922 | 2.86356 (45
16| .29179 | 8.43M18 || .81 3.21722 || .33007 | 8.(2963 2.86089 |44
17| .29210 81115 | 8.21398 || .83040 | 8.02667 30T | 2.65822 |48
18] .20242 | 3.41973 147 | 8.21063 || .83073 | 8.02372 || .35020 | 2.85555 |42
10| .29%74 | 8.41604 || .31178 | 3.20784 || .83104 | 8.02077 || .85052 | 2.85280 |41
20| .29305 | 3.41236 || .81210 | 8.20406 || .33136 | 8.01788 2 40
21| 29837 | 8.40869 43 | 8.20079 || .38169 | 8.01489 || .85118 | 2.84758 |89
22| 20868 | 3.40502 || .81274 | 8.19752 || .33201 | 8.01196 || .35150 | 2.84494 |38
2W| .29400 | 3.40136 || .81306 | 3.19426 85188 | 2.84220 |87
M| 20433 | 8.89771 || .81333 | 3.19100 || .38266 | 8.00611 | .85216 | 2.83965 |36
BW| .2V468 81870 | 3.1877 || .88%08 | 8.00819 2.83702 |35
/| .20493 | 8.30043 || .31403 | 8.18451 || .33330 | 3.00028 || .85281 | 2.83489 (84
20| .20626 | 3.38679 || . 8.18127 || .83368 | 2.99728 || .85814 | 2.88176 |38
W 3.38317 || .81466 | 3.1 83395 | 2.90447 | .85346 | 2.82014 |32
20| .20590 | 83.37955 || .81498 | 8.17481 || .33427 | 2.99158 2 81
80| .20821 | 8.37594 || .31580 | 3.17159 || .83460 | 3.96868 || .35412 | 2.82301 |30
81 .20633 | 3.87334 8.16888 || .8349% | 2.98580 || .35445 | 2.82130 |20
83 . 3.86875 || 81594 | 8.16517 || .33524 | 2.98202 || .35477 | 2.81870 (28
88| .20716 | 3.36516 || .81626 | 8.16197 || .33557 | 2.98004 || .85510 | 2.81610 |27
34| .29748 | 8.36158 || .81658 | 8.15877 || .33689 | 2.97717 2.81850 |26
35| . .31690 | 8.15558 || .33631 | .97430 || .85576 | 2.81091 |2V
36| .20811 | 8.35443 || 3173 | 8.15240 || .83654 | 2.97144 || .35608 | 2.80838 (24
87| . 3.35087 || .31754 | 8.14023 || .83686 | 2.96858 || .35641 | 2.80574 |28
88| .29875 | 8.34782 1 8.14605 || .88718 | 2.96573 || .85674 | 2.80816 (22
89| .20906 | 8.84377 ), .81818 | 8.14288 || .8851 35707 | 2.80059 |21
40| .20938 | 8.34028 || .31850 | 8.13973 2.96004 || .85740 | 2.79802 |20
41120970 | 3.39670 || .31883 | 8.13656 || .33516 | 2.95721 || .. 2.79545 |19
42| .80001 | 8.33317 || .31914 | 8.18341 (| .33848 2.79289 |18
43| .30033 | 8 .81046 | 8.13027 (| .33881 | 2.95155 2.79088. |17
44| .30065 | 8.832614 || .81978 | 8.12718 || .83913 | 2.94872 || .85871 | 2.78778 |16
45( .30097 | 3.32264 || .82010 | 8.12400 || .33945 | 2.94501 || .85004 | 2.78528 (15
46| .30128 | 8.31914 || .32042 | 8.1 o 2.04500 || .85937 | 2.78%69 |14
4] . 8. 32074 | 3.11776 || 34010 | 2.94028 2.78014 |18
48| .30193 | 8.312316 || .82106 | 8.11464 || .84043 | 2.98748 || .3600% | 2.77761 |12
49! . 8.30868 || .32130 | 8.11153 [ .34075 | 2. .86085 11
50| .30255 | 8.80521 || .82171 | 8.10842 || .84108 | 2.93189 || .86068 | 2.T1254 |10
51{ .30287 | 3.30174 || .32208 | 8. 34140 | 2.92010 || .86101 | 2.77002 | 9
53] .30319 | 3.90820 || .82285 | 8.10223 || .34173 | 2.92682 || .86134 | 2.76750 | 8
58( .30851 | 3.20488 || 32967 | 3.00914 || .34205 | 2.92854 || .836167 | 2.76498 | T
54| .30882 | 3.20189 || .32299 | 8.00606 || .84233 | 2.92076 || .36199 | 2.76%47 | 6
55| .30414 | 3.98795 || .82831 | 3.00208 || .84270 | 291799 || .36282 | 2.75996 | 5
56| .30446 | 3.28452 || .32363 | 8.08991 || .84303 | 2. 86265 | 2.75746 | 4
57| .80478 | 8.23109 || .32396 | 8.08685 || .34335 | 2.01246 || .36208 | 2.7549% | 8
58] . 8249 | 3.08879 || .34368 | 2.90971 (P .36381 | 2.75246 | 3
59| .80541 | 3.27426 || .82460 | 8.08078 || .34400 | 2.90696 | .86364 | 2.74997 [ 1
60| .30578 | 3.27085 || .32492 | 8.07768 || .34433 | 2.904%1 || .36397 [ 2.74748 | O
M.| Cotang. | Tang. || Cotang. | Tang. || Cotang. | Tang. || Cotang. | Tang. |M.
o 78° ’ 73° 71° < 0°
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TABLE XV. NATURAL TANGENTS AND COTANGENTS. 24§

Mfw\l\"\o. MWM\WAA.»ANVEW
M.| Tang. | Cotang. || Tang. | Cotang. || Tang. | Colang. Tang. | Cotang. [M.
? .86397 | 274748 || .38886 | 2.60600 | .40403 | 2.47500 || 43447 | 2.35885 |60
1| 86430 | 2.74490 || 88420 | 260888 || .40436 | 2 47802 || .42483 | 2.85905 |50
2| .36463 | 2.74251 || .38453 | 3.60057 || .40470 | 2.47095 || .42516 | 8.35205 (58
8| .36496 | 274004 ([ 38487 | 2.50681 || .40504 | 3.46888 || .42W51 | 2.35015 (b7
4| .36539 | 273756 (| 38320 | 2.59606 || .40538 | 2.46682 || .4 56
5| 36563 | 278509 || .38568 | L. 40578 | 246476 || .42619 56
6| .36595 | 2.78263 || 98587 | 150156 || .40606 | 246270 || .49654 | 234447 (54
7| .86628 | 8.79017 || .38630 | 2 40040 | 2.46065 || .42688 58
8| .36661 | 27371 || .88654 | AOBI0S [{ .40674 | 245660 || 48722 | . 58
9| .96694 | 3.78326 || 38687 40707 | 2.45055 || .42757 | 2.88881 51
10| .86727 | 3.72981 || 98731 | 258961 [{ 40741 | 45451 42191 | 2.39698 |50
11| .36760 | 2.73036 || 3854 40775 | 2.45246 px 49
12| .36793 | 271793 || 88787 | A5TB15 || 40809 { 245048 || .42460 | 2.88817 (48
18| .8682% | 2.71548 || .88831 40843 | 2.44839 2.33190 (47
14| .96859 | 271805 || .88854 | 2.57871 |} .40877 ( 244636 2.32043 |46
15| .36503 | 2.71063 | 88888 | 257150 [{ .40011 | 244433 || .42063 | 2.32756 (45
16| .36925 | 270819 || .38931 | 256038 |{ .40045 | 244330 || .42008 | 2.82570 (d4
17| .36958 | 270577 || 38956 | 2.56707 2.440%7 {| .48082 43
18| .85091 | 2.70835 || .88088 41018 | 2.488%5 2.82197 |42
19| .87034 | 3.70004 || 89083 | 2.56966 || .41047 | 2.43623 || .48101 | 2.32012 |41
20| 370567 | 2.69653 || 30035 | 2.56046 {| .41081 | 2.43422 2.31826 |40
1| .87090 | 2.69612 || .89089 { 55837 |{ .41115 | 2.48220 {{ .48170 | 2.31641 |89
43| .87123 | 2.60871 || .3912 | 255608 || - 2.48019 || . 2.81456 |88
W| 37157 | 2.60181 || .39156 | 55389 || .411 2.42819 (| . 2.81£71 |37
4| .37190 | 2.68802 || .80190 | 255170 || .41317 | 2.4018 || .43%74 | 2.81086 (36
| 8723 | 2.68653 || .89228 | 254952 || 4121 | 242418 35
26| .37256 | 2.68414 || .89257 | 254784 || .41285 | 242218 || 43343 | 2.80718 |34
7| 87989 | 2.68175 || .89200 | 2.54516 || .41819 | 242019 || ,43878 38
2W\| .87323 | 2.67987 || 898U 41858 | 241819 (| 48412 | 2.30851 |33
20| .87855 | 67700 || .89857 | 2.54082 || .41887 | 2.41620 || .48447 | 2.80167 |31
80| .37388 | 2.6746% || .89801 | 2.53865 41431 | 241491 || 48481 | 2.20084 (30
81| 87422 | 267225 || .80435 | 259648 || .41455 | 241298 || 43516 | 2.206801 |29
83| .37455 | 2.66089 || 30458 41490 | 2.41025 || 48550 | 2.20619 |28
83| .37438 | 2.66752 || .394Y3 | 258217 || .41624 | 2.408%7 || 438585 | 2.20487 (2T
84| .31521 | 2.66516 || .39526 | 2.53001 41558 | 2.40629 || .43620 | 2.29254 (206
85| 87554 | 2.66281 | .39559 { 2. 41693 | 2.40482 || .43654 | 2.20078 (25
86( .87588 | 2.66046 || .39508 { 2.52571 || 41626 | 2.4(235 || .48689 | 2. 1 {24
87| .57621 | 2.65811 || 90626 { 252857 || .41660 | 240088 || .487%4 | 2.28710 {23
88| .37654 | 2.65576 || .89660 | 252142 || .41604 | 280841 || 48758 { 2.98528 {20
89| .37687 | 2.65342 || 39604 {2.61929 || 41728 | 2.89645 | 48763 21
40| .37720 | 265100 || .89727 | 251715 || .41768 { 2.80449 || .48828 | 2.28167 |20
411 37754 | 2.648753 || .39761 | 2.51502 || .41797 | 2.30258 || 43862 | 2 19
° . pX 89795 | 2.51989 || .41831 | 2.39058 || .48897 18
43 .87820 | 264410 || .89829 | 2.51076 || .41865 | 2.38863 || .43983 { 2.271626 |17
44| .37853 | 2.64177 || .39863 | 2.50864 || .41809 | 2.88668 || . 2.27447 |16
45| 37887 | 2.68045 (| .39806 | 250052 || .41983 | 2.38478 || 44001 | 2. 15
46| .37920 | 263714 || .89930 | 2.50440 || .41968 | 2.88279 || .44086 | 2.27088 |14
47| .87953 | 2.63483 || .39963 42002 | 2.88084 || 44071 | 2.26909 (13
48| .37086 | 2.63252 || .89007 | 2.50018 || 42086 | 2.87801 || .44105 | 2.26780 |12
49| .3802 | 3. 40081 | 2.49807 || 42070 | 287607 || .44140 | 2.2652 |1

50| .33053 | 2.62791 || .40065 | 2.49597 || .42105 | 2.87504 || .44175 | 2.26874 (10
51| .38086 | 2.62561 || .40098 | 2.40386 || .42189 | 287811 || .44210 | 226106 | 9
52| .38120 | 2. 40182 | 249177 || .42178 [ 2.87118 || .44 2.26018

53| . 2.62108 || .40166 | 2.48067 || 4207 44279 | 2.95840 | 7
54| .83186 | 2.61874 || .40%00 | 3.48758 || 42243 | 2.96783 || .44814 | 225663 | 6
55| .88290 | 2.61646 || .40234 | 3.48540 || 42296 | 296541 || . 22486 1 5
56| .33283 | 2.61418.|| 40967 | 248840 || .42810 o 4
57| .88986 | 2.61190 || .40801 | 2.48182 || .42345 | 2.96158 (| .44418 | 225182 | 8
68| .38320 | 2.60063 || .40835 | 2.479%4 || .42879 | 235067 || . ]
50| .88353 | 2.60736 || .40869 | 2.47716 || .42418 | 2.35776 (| .44468 | 224780 | 1
60} . 2.60509 || .40408 | 2.47509 || .49447 | 2.35585 || .44528 | 2.24604 | 0
M.| Cotang. | Tang. Cotang. | Tang. Cotaux. | Teng. || Cotang. | Tang. |M.
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346 TABLE XV. NATURAL TANGENTS AND COTANGENTS.

e e e Ve o~ NSNS NSNS NSNS NSNS N NSNS
S4° E° 26° | 27°
M.|"Tang. | Cotang, Tang. |_Cotang. Tang. | Colang. Tung. Cogant, !-

44528 | 3.94601 || 46681 | 2.14451 || 48773 | 2. ; 1.96361 |60
9| 44508 | 224138 || 4stos | 214268 || ‘48800 | 20487 || 1.96120 |50
9| 44593 | 224252 || 46708 | 2.14125 (| .48845 | 9.04728 || .51026 | 1.95v79 (58
8| .44637 | 2.94077 || 46737 | 2.13963 || .48881 | 9.04577 || 51063 | 1.85838 &7
4| .44663 | 2.23908 || .46778 | 2.13801 || 48017 | 2.04426 || .51099 | 1.95698 |56
5| 44697 | 2.23.27 (| .46808 | 2.13639 || .48853 | 2. .51136 | 1.96557 |65
6| 44738 | 2.28553 || .46843 | 213477 || .480989 | 2.04125 || 51178 | 1.96417 |54
7| .44767 | 2.93578 || .46870 | 2.13316 || .49026 | 2.08U75 (| .51209 | 1.96277 |53
8| .44802 | 2.23%04 || .46014 | 213154 || .49063 | 2.08825 || .51246 | 1.95187 gl
9| .44837 | 2.23080 || 46950 | 2.12903 2.08675 || 51268 | 1.94497 |81
10| 44873 | 2.22857 || .46985 | 2.12882 || .40134 | 2.03596 || .51819 | 1.94858 |50
11| 44907 | 222683 || .47021 | 2.12671 || .49170 | 2.08876 || .51856 | 1.94718 (49
18| 44942 | 2.22510 || (47058 | 212511 || .49206 | 2.08237 || .51398 | 1.945%9 |48
18| 44977 | 222337 || 47092 | 2.12850 || .49242 | 208078 || .51430 | 1.94440 |47
14] 45013 | 222164 || 47198 | 12190 || 49278 | 2.02030 || .51467 | 1.94301 |46
15| 45047 | 221993 || 47163 | 2.12080 || .40315 | 2.02780 || .51508 | 1.94162 |45
16| .45032 | 2.21819 || .47199 | 2.11871 || .49851 | 2.09681 || .51540 | 1.94008 |44
17| 45117 | 2.21647 || 47934 | 211711 || .49837 | 2.02488 || 51677 | 1.9:885 |48
18] .45153 | 2.21475 || 47370 | 211552 || 49423 | 209885 || .51614 | 198746 |43
19| .45187 | 2.21304 || 47905 | 2.11393 || .4 2.02187 || .51651 | 1.93608 |41
20| 45222 | 221182 || 47331 | 211283 || . 2( (51668 | 1.98470 |40
2 7 | 2.20061 || 47377 | 21107 || 49582 | 2.01801 || 51724 | 1.45882 |39
98 45202 | 220790 || .47412 | 2.10916 || . 2.01748 || .51761 | 1.98105 |88
98| 45337 | 2.20619 || .47443 | 2.1075s || 49604 | 2.01506 || 51798 | 1.88057 |87
24| 45369 | 2.20449 || 47483 | 210600 || .46640 | 2.01449 || 51885 | 1.929%0 |36
2| 45397 | 220278 || 47519 | 2.10442 || 40677 | 2.01802 || 51872 | 1.92782 (85
26| 45133 | 2.20108 || 47555 | 210234 || .49718 | 201185 || 51909 | 1.92645 |84
27{ .45467 | 219988 || 47590 | 210126 || .40749 | 2.01008 || .51946 | 1.9:508 |33
28| 45502 | 219769 || .47626 | 200964 || .49786 | 2.00868 || 51988 | 1.92x471 |38
29| .45538 | 219509 || .47662 | 2.09811 || .498%2 | 2.00715 || .520:0 | 1.92285 |81
80| 43573 | 219490 || .47698 | 2.09654 || .49858 | 2.00560 || .52057 | 1.92008 (80
81 .45608 | 2.19261 || .47783 | 200498 || .40804 | 2.00428 || .52084 | 1.91062 |29
83| .45643 | 219092 || .47769 | 2.09341 || 4931 | 2.00277 || 52131 | 1.91626 |98
83| 45678 | 218933 || .47805 | 200184 || .49067 | 200181 || .52168 | 1.91680 (27
84| .43713 | 2.18755 || 47840 | 2.00028 || .50004 | 1.90€6 || .52205 | 1.91554 (26
85| 45748 | 218587 || .47876 | 9.08872 || . 1.99641 || 52242 | 1.91418 (25
88| .45784 | 2.18419 || .47913 | 2.08716 || . 1.90695 || .5:279 | 191263 |4
37| 45819 | 218251 || .4 2.08560 || .50118 | 1.96650 || .22316 | 1.91147 |98
.88| .45851 | 2.18084 || .47984 | 2.03405 || .50149 | 1.98406 || .52858 | 1.91012 |28
89| .45889 | 2.17916 || .48019 | 2.08250 || .50185 | 1.99261 || 59390 | 1.90836 |21
40| .45994 | 217749 || .48055 | 2.08004 | . 1.99116 || 52497 | 1.90741 |90
41| .45060 | 217532 || .48091 | 2.07939 || .50265 | 1.98972 || .52464 |1 ]
43| 45995 | 2.17416 || 48127 | 2.07785 || .50.95 | 1.98898 || .52501 | 1.40472 [18
43| 46030 | 2.17249 || 48163 | 2.07630 || .50881 | 1.98684 ||..52538 | 1.90887 [17
44| 46085 | 2.17088 || .48198 | 2.07476 || .50368 | 1.98540 || .52575 | 1.90208 |16
45| .46101 | 2.16917 || .48234 | 207321 || .50404 | 1.98306 || .52618 | 1.90069 |15
46| .46136 | 2.16751 || 48270 | 2.07167 || .50441 .| 1.96268 || . 52650 | 1.89085 |14
47| 46171 | 2.16385 || 48308 | 207014 || .50477 | 1.98110 || 52687 | 1.88801 |13
48| .40206 | 216420 || .48343 | 2.06860 || .50514 | 1.97966 || .52794 | 1.60667 |18
49| .46243 | 2.16335 || .48378 | 2.06706 || .50550 | 1.97828 || .52761 | 1.69538 |11
50| .46277 | 216090 || .48414 | 2.08558 || .50687 | 1.97681 || .52798 | 1.89400 |10
51| 40313 | 2.15925 || 48450 | 206400 || .50628 | 1.97588 || .52836 | 1.89266 | 9
52| .46348 | 215760 || .48486 | 2.0n247 || .50660 | 1.97896 || .52873 | 1.89183 | 8
(53| .16383 | 2.15596 || .48521 | 2.06094 || .50606 | 1.97263 || .52910 | 1.89000 | T
(B4| .46418 | 215483 || .48557 | 205042 || 50733 | 1.97111 || .52047 | 1.85867 | 6
§ab .46454 | 2.15268 || .48598 | 2.05790 || .50769 | 1.06969 || .52985 [ 1.88784 | 5
56| .46489 | 2.15104 || .48620 | 2.05637 || .50806 | 1.968%7 || . 1.88602 [ ¢4
$81| ‘459 | 21 48665 | 2.05485 || 50843 | 1.96685 || 1.68469 | 8
(68| .46560 | 214777 || 48701 | 2.03383 || 50879 | 1.96544 || . 188537 |
¢80 .46505 | 2.14614 || .48787 | 2.05183 || .50916 | 1.96402 || .53134 | 1.88205 | 1
(60| 46631 | 214451 || 48778 | 2.050%0 || . 1.96261 (| .58171 | 1.68073 [ 0
(M.| Cotany. | Tune. || Cotang. | Tang. || Cotang. | Tang. ([ Cotang. | Tang. |M.
¢ 65° 84° °
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TABLE XV, NATURAL TANGENTS AND COTANGENTS. 247

z
:

é 25' ,6; ‘ﬁ 3
M.| Tang. | Cotang. Tang. | Cotang. Tang, ) Cotang. Tang. | Cotang. !-
? 0| 53171 | 1.83078 || 55481 | 1.00406 || 57785 | 1.78206 || .60086 | 1.66438 |60
1| .5%208 | 1.37941 || 55409 | 1.80281 || 57774 | 1.73089 || .60126 | 1.66318 |50
S| .58246 | 1.87309 || .56507 | 1.80158 || .5TS818 | 1.73973 || .60165 | 1.66209 |58
8| .53983 | 1.87677 || .55545 | 1.80034 || 57851 | 1.72857 || .60205 | 1.66099 |57
4] .54320 | 1.87546 (| .55588 | 1.79411 57890 | 1.73741 || .60245 | 1.65990 |56
5| 53858 | 1.87415 || .55631 | 179783 || .57920 | 1.79625 || .60284 | 1.65881 |55
6| .53395 | 1.87T83 || .55659 | 1.79665 || .57968 | 1.72500 || .6084 | 1.765778 |54
7| 53483 | 1.87153 || .53697 | 1.79542 || .55007 | 1.78868 || .60864 | 1.65663 |58
8| .53470 | 1.87021 || .55736 | 1.79419 || .58046 | 1.7R278 || .60403 | 1.65554 .'B{
9] .563507 | 1.86891 (| .55774 | 1.79206 (| .58085 | 1.7°163 || .60443 | 1.65445 |51
10| .53545 | 1.86760 || .45%13 | 1.79174 || .58124 | 1.79047 || .60458 | 1.65887 50’
11| .535832 | 1.86630 || .55850 | 1.79051 || .58162 | 1.71982 || .60522 | 1.65228 (49
12| .5363) | 1.86499 || .35888 | 1.78920 (| .58%01 | 1.71817 || .60562 | 1.65120 |48
18| .53657 | 1.86369 55926 | 1.73807 || 5S40 | 1.71708 || .60602 | 1.65011 |47
14| 53694 | 1.86239 55964 | 1.78685 || .58270 | 1.71588 || .60642 | 1.64008 48‘
15| .58733 | 1.86109 1.18568 || .58318 | 1.71473 || .60681 | 1.64795 |45
16| .58769 | 1.85979 || .56041 | 1.78441 || .58857 | 1.714858 60721 | 1.64687 44;
17| .53807 | 1.85850 1.78819 || .58396 | 1.71244 60761 | 1,64579 48’
18! .53844 | 1.85720 || .56117 | 1.78168 || .58435 | 1.71129 60601 | 1.64471 (43
19| .53383 ( 1.85591 56166 | 1.78077 || .56474 | 1.71015 60841 | 1.64363 41,
53020 | 1.85462 56194 | 1 58513 | 1.70801 60881 | 1.64256 (40
2| 53957 | 1.85333 || .56283 | 1.71884 || .58563 | 1.70787 60821 | 1.64148 89?
2| 58995 | 1.85%04 56270 | 1.77718 || .58591 | 1.50673 6,960 | 1.64041 8¢
23| 54032 | 1.85075 || . 1.TT892 || .58631 | 1.7050 61000 | 1.63084 |87,
24| .51070 | 1.84946 || .56347 | 1.7T7471 || .58670 | 1.70446 61040 | 1.63526 |36
3B| .54107 | 1.84818 56385 | 1.77851 || .58709 | 1.70833 61080 | 1.63719 86)
2MW| 54145 | 1.84689 || .56424 |1 58748 | 1.UR19 61120 | 1.63612 |34 ¢
21| 54183 | 1.84561 56163 | 1.77110 || .58787 | 1.70106 61160 | 1.63505 |48/
23] 54220 | 1.84133 || .56501 | 1.7 5882 | 1.60002 61200 | 1.:3398 83’
20| 54258 | 1.84405 || .56529 | 1.76869 || 58865 | 1.69879 61240 | 1.63203 |81
80| .54296 | 1.84177 || 56577 | 1.76749 || .58905 | 1.69766 || .61280 | 1.63185 so;
81| .54333 | 1.84049 || .56616 | 1.76620 || .58044 | 1.60658 61820 | 1.63079 ”;
82 .54371 | 1.83922 || .56654 | 1.76510 || 58063 | 1.60641 61360 | 1.62072 |8
33| 54400 | 1.83794 || 56603 | 1.7G34%0 || .59023 | 1.60428 614L0 | 1.62866 ﬂ)
84| .54446 | 1.88667 || 54731 | 176371 || .59061 | 1.69818 || .61440 | 1.62760 |26
85| .54484 | 1.83540 || .5676Y | 1.76161 || 50101 | 168208 61480 | 1.62654 l.'t}
86| 54523 | 1.88413 || .563u8 | 1.7 .59 1.60091 || .61520 | 1.62548 ¢
87| .54500 | 1.88286 || .56346 | 1.75013 59179 | 1.6897Y 615661 | 1.62443 (23
88| .54597 | 1.88159 56855 | 1.75794 || 59218 | 1.68866 61601 | 1.62336 ¢
39| .51635 | 1.83083 H6923 | 1.76675 1.65754 61641 | 1.62280 |91
40| .54673 | 1.82006 569062 | 1.75556 59297 | 1.68643 61651 | 1.62125 |20¢
41| 54711 | 1.83730 57000 | 1.76437 59336 | 1.68531 61721 | 1.62019 |19/
49| .54748 | 1.83654 || . 1.75319 1.68419 61761 | 1.61914 |18 ¢
43| 54786 | 1.82523 || .57078 | 1.75200 || .59415 | 1.68308 || .61801 | 1.61808 |17
44 .54824 | 1.82402 57116 | 1.75083 59454 | 1.68196 61842 | 1.61703 |16 ¢
45| .54363 | 1.83376 57155 | 1.74964 || .59494 | 1.68085 61082 | 1.61548 15:
46| .54%00 | 1.82150 || .57193 | 1.74846 || .50538 | 1.67974 || .61922 | 1.61498 |14
47| 54948 5733 | 1.74728 59573 | 1.67868 || .61962 |1 61388 |13 ¢
(48| .54975 | 1.81899 || 57271 | 1.74610 || .58612 | 1.67752 1.61988 |12 ¢
49| .55013 | 1.81774 || 57809 | 1.74492 || .50851 | 1.67641 || .6x043 | 1.61179 )1)
260 55051 | 1.81G49 || 37348 | 1.74375 || 59691 | 1.67530 #2088 | 1.61074 10(
51! .55089 | 1.81524 || 567386 | 1.74257 || .59780 | 1.67419 62124 | 1.60970 | 9,
53| 65127 | 1.81399 || .57425 | 1.74140 || .59770 | 1.67809 64164 | 1.60865 | 8,
53| .55165 | 1.81274 1.74022 || .50809 | 1.67198 1.60761 { T
54| .55:03 | 1.81150 || .57508 | 1.78905 || .50849 | 1. 62245 | 1.60667 .
55| 55241 | 1.81025 || .87541 | 1.73788 )| .50683 | 2.66078 || . 1.60568 | 8¢
56 55279 |1 57580 | 1.73671 || .50028 | 1.66867 || .62325 | 1.60449 | 4«
57| 55817 | 1.80777 || .57619 | 1.78555 |} 50087 | 1.66757 || .62366 | 1.60345 | 8
53| 55855 | 1.80658 || .57657 | 1.73438 || .6000T | 1.66647 || .63406 | 1.60241 | B¢
59| .55398 | 1.80529 || .57 1.733%1 || .60046 | 1.66538 || .€3446 | 1.60137 | 1'
60| .55431 | 1.80405 || .57%35 | 175205 {| .60086 | 1.66428 || .69487 | 1.6008% __0)
M.| Cotang. | Tang. Cotaagy. | Taag. Cotang. Tang. Cotane. Tany, ML,
(3 80° 59° e | ¢
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248 TABLE XV. NATURAL TANGENTS AND COTANGENTS,
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OIS SN SN NSNS NI NSNS NSNS
32° ® 34° l $5°
I_. Tang. | Cotang. Tang. | Cotang. Tang. | Cotang. Tang. ) Cotavg.
0| 62487 [ 1.60.83 || .61941 | 1.69986 || 67451 | 1.48%56 || 70021 | 1.43515
1] 52527 | 1.59980 || 64463 | 1.53888 || 67498 | 1.48163 || .70064 | 1.49:26
2| .6:3568 | 1.59890 || 65024 | 1.58791 || 67396 | 1.48070 || .%50207 | 1.49638
8| .63603 | 1.50793 || .65065 | 1.58648 || 67878 | 1.47977 || 70151 | 1.42850
4| .69649 | 1.59690 || .65106 | 1.53595 || #7630 | 1.47885 || .70184 | 1.49463
5| .62689 | 1.59517 || .65148 | 1.53i97 || .63663 | 1.4799% || 70288 | 1.4987¢
6| .60730 | 1.59114 | 65189 | 158400 || TG | 1.47600 || .70288 | 1.42986
7| 627170 | 1.59311 || 65231 | 1.5830% || .#7348 | 1.47607 || 70825 | 1.42198
8| .62811 | 1.59208 | .6527% | 1.58%05 || .67790 | 1.47514 || 0868 | 1.42110
9 .62852 | 1.59105 || .63314 | 1.53107 (| 6732 | 1.47498 || 70412 | 1.420%2
10( .62393 | 1.59002 || .65355 | 1.58010 || .67376 | 1.47880 || .70455 | 1.41934
11 62989 | 1.58900 || .65397 | 1.52913 || .67917 | 1.47288 || 70409 | 1.41847
12| .6.973 | 1.58797 || .65438 | 1.59816 || .67U60 | 1.47146 | .70542 | 1.41759
18| .63014 | 1.5%03 || #3480 | 1.52719 || .68002 | 1.47058 || .706:6 | 1.41672
14| .63035 | 1.55593 || .65321 | 1.5969% || .68045 | 1.46962 || 70629 | 1.41684
15| .68095 | 1.584%0) || .63563 | 1.52525 || .68088 | 1.46870 || .70678 | 1.41497
16| .63136 | 1.58%%8 || .65604 | 1.594%0 || .68180 | 1.46T78 || .70%17T | 1.41409
17| .63177 | 1.53986 || .65646 | 1.528%2 || .68173 | 1.46686 || 70560 | 1.4189%
18| .63217 | 1.58184 || .65688 | 1.52285 || .68215 | 1.46595 || .70804 | 1.41285
19| 68253 | 1.580%3 || .65729 | 1.52189 || .68258 | 1.46508 || .70848 | 1.41148
20| .63209 | 1.57981 | .65771 | 1.59043 || .68801 | 1.46411 || .7069. | 1.41061
21| 63340 | 1.57879 || .65813 | 1.51946 || .68843 | 1.46820 || .%0485 | 1.40974
22| .63380 | 1.57T78 || .65854 | 1.51850 || .68886 | 1.46220 || .70979 | 1.40887
23| .63121 | 1.57674 || .65396 | 1.51754 || .68420 | 1.46187 || 71023 | 1.40800
24| 63162 | 1.57375 || 65088 | 1.51658 || .68471 | 1.46046 || .TI066 | 1.40T14
25| 63508 | 1.57474 || 658680 | 1.51563 || .68514 | 1.45965 || .71110 | 1.40627
26| 63341 | 1.57372 || .66021 | 1.51466 || .68557 | 1.45864 || .T1154 | 1.40540
7| 63384 | 1.57271 1.51870 || .68600 | 1.45778 || 71198 | 1.40454
23| .63625 | 1.57170 || .66105 | 1.51975 || .68642 | 1.45682 || .T1242 | 1.4(:867
201 .636668 | 1.57069 || 66147 | 1.51179 || .68685 | 1.45502 || .T1285 | 1.40%81
30| .63707 | 1.56969 || .66180 | 1.51084 || .68728 | 1.45501 || .T18%9 | 1.40195
81| 63748 | 1.568A8 || .66290 | 1.50888 || 8771 | 1.45410 || 71878 | 1.40108
82| 64789 | 1.56767 || 66273 | 1.50893 || .68814 | 1.45820 || .71417 | 1.40022
33| 63330 | 1.56647 (| .66314 | 1.7.0797 || 68857 | 1.4:220 || 71461 | 1.38836
84| .63871 | 1. 66356 | 1.50702 || .689.0 | 1.45189 || . 1.89850
85 .63912 | 1.56466 || 66498 | 1.50607 || .63942 | 1.45049 || .T1r49 | 1.29764
86| .63953 | 1.56366 || 66440 | 1.50512 || .6Rue5 | 1.44958 || 21568 | 1.89679
87| .63994 | 1.56265 || .66483 | 1.50417 || .60028 | 1.44863 || .7T1637 | 1.89683
88| .61035 | 1.56165 || .66524 | 1.50822 || .69071 | 1.44778 || .71681 | 1.39607
39| .64076 | 1.56085 || 66566 | 1.50298 || .69114 | :.44688 || .71725 | 1.89421
40| .64117 | 1.55966 || 66608 | 1.50133 || .69157 [ 1.44598 || .71769 | 1.89886
41| 64153 | 1.55866 || .66650 | 1.500:8 || .69200 | 1.44508 || .T1818 | 1.89250
42| 64199 | 1.55766 || 66193 | 1.49844 || 69243 | 144418 || 71857 | 1.39165
43| 64240 | 1.55666 || .66734 | 1.49849 || . 1.44829 || 71901 | 1.89079
44| 64231 | 1.55567 || 66776 | 1.49755 [t 60320 | 1.44289 || 71946 | 1.88:94
45| .64333 |.1.55467 || .66818 | 1.49661 || .68372 | 1.44149 || .TI960 | 1.8:009
46| 64383 | 1.55968 || 66840 | 1.49566 || .09416 | 1.44060 || .72084 | 1.888%4
47| .64404 | 1.55209 || .66802 | 1.40472 || .60450 | 1.48w70 || .72078 | 1.88738
48( 64446 | 1.55170 || .66944 | 1.49378 || .64502 | 1.48881 |} 72122 | 1.88653
49| 64487 | 1.55071 || .66986 | 1.49284 (| .c9645 | 1.48702 || .72167 | 1.88568
50( .64528 | 1.54072 || .67028 | 1.49190 [| . 1.48708 || 72911 | 1,88484
51| | 154878 || .67071 | 1.49097 || .60631 | 1.48614 || .7T255 | 1.88899
52| .64610 | 1.54724 || .67118 | 1.49008 || .69675 | 1.43595 || 72299 | 1.88314
33| .64652 | 1.54875 || .67155 | 1.48908 || .69718 | 1.4346 || .7:844 | 1.88220
54| 61693 | 1.54376 || .67197 | 1.48816 || .69761 | 1.48847 || .7e38% | 1.88148
55| 64784 | 1.54478 || . 1.48722 || .69804 | 1.43288 || .72482 | 1.38060
56| 64775 | 1.54379 1.49690 || .60874 [1.48169 || 52477 | 1.91976
57| 64817 | 1.54281 || 67324 | 1.48536 || .68:91 | 1.43080 | .72591 | 1.87891
53| .6185S | 1.54183 || 67966 | 1.48448 || .69934 | 1.49003 || 79565 | 1.87807
59| 64870 | 1.54085 || .67409 | 1.48340 || .69977 | 1.42008 || 79610 | 1.37728
60| .64931 | 1.59966 || .67451 | 1.45256 || .70021 ) 1.49815 || .72b4 | 1.87638
M.| Cotaug. | Tang. Cotang. | Tang. Cotang. | Tang. Coranv. | Tang.
56° °55 | 54°
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TABLE XV.

NATURAL TANGENTS8 AND COTANGENTS. 246G

[y
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PV NP SN PN
86° 89° it I OSSN (0

Tang. | Cotang. Tang. | Cotang. Tang. | Cotang. Tang. Cotang. l_-
12654 | 1.87638 || . 76855 | 1.89704 || 78120 | 1.27981 || . 1.38490 |60
72600 | 1.37554 || .15401 | 1.32624 || 78175 | 1.27917 || .810%7 | 1.23416 |89
JIR748 | 1.87470 || (75447 | 1.83544 || T8 | 1.27841 || .81076 | 1.93343 |58
JT158 | 1.87886 || 75493 | 1.33464 || .78260 | 1.87764 || .81123 | 1.28270 |57
JB32 | 137902 )] . 1.82884 (| .78816 | 1.27688 || .81171 | 1.28106 u;
JT2877 | 1.87218 || 75584 | 1.83804 || .78463 | 1.27611 || .81220 | 1.28188 |56
73031 | 1.37184 || 75620 | 1.8393%4 | 78410 | 1.27535 (| . 1.23050 |54 ¢
72966 | 1.87030 || 75670 | 1.88144 || .T845T | 1.87458 || .81316 | 1.29977 |58
79010 | 1.86967 || .75731 | 1.3%064 | .18504 | 1.27882 || .81 1.22004 |58
73055 | 1.36888 || .76767 | 1.81984 || .78551 | 1.27306 || .814138 | 1.22831 |51
78100 | 1.86800 || .7581% | 1.81604 || .78508 | 1.27%30 || .81461 | 1.22758 (50
.T3144 | 1.86716 || .75858 | 1.31835 || .7T8645 | 1.27153 || .81510 | 1.22685 (49
.7318) | 1.96633 || .75904 | 1.81745 692 | 1.27077 558 | 1.22612 |48
73234 | 1°86549 || .75050 | 1.31664 78139 | 1.27001 || .81606 | 1.29589 (47
.732718 | 1.86466 || .75996 | 1.31586 1.26925 || .816556 | 1.22467 |46
7332 | 1.36383 || .76043 | 1.81507 || .76834 | 1.26849 || .81703 | 1.22304 (45
73368 | 1.96800 || .76088 | 1-31427 78881 | 1.96774 | .81752 | 122821 (d4
78413 | 1.86217 || .76134 | 1.818348 18098 | 1.26698 || .81800 | 1.2249 |48
18457 | 1.961%4 80 | 1.31269 |( .78975 | 1.26622 || .81849 | 1.22176 |43
13502 | 1.36051 (| .7 1.81190 1.26546 || .81898 | 1.22104 (41
L3547 | 1.85068 || 76373 | 1.31110 1.26471 || .81946 | 1.22081 |40
73592 | 1.85885 || .76818 | 1.31031 79117 | 1.26895 || .81945 | 1.21%69 (39
78637 | 1.35802 1.30953 1.26819 1.21886 |88
78681 | 1.85719 || .76410 | 1.30873 || .79212 | 1.26244 || .82092 | 1.21814 |37
13724 | 1.85637 || 76456 | 1.80785 T9260 | 1.26169 (| .8141 | 1.21742 (36
3171 | 1.85554 1.80718 79806 | 1.26093 || .82190 | 1.21670 |35
73816 | 1.85472 |} .76548 | 1.80637 19354 | 1.26018 || .82288 | 1.21508 (84
73861 | 1.85389 || .76594 | 1.30558 79401 | 1.26943 || 52287 | 1.21526 (33
73906 | 1.85307 || 76640 | 1.80480 79449 | 1.25867 || .82836 | 1.21454 |33
J73951 | 1.3524 1.30401 79406 | 1.25792 || .62385. | 1.218:2 |31
78996 | 1.85143 || 76733 | 1.80338 T9544 | 1.25717 || .82434 | 1.21310 |30
74041 | 1.85060 {| .76779 | 1.30%4 79501 | 1.25642 || .82488 | 1.21238 |29
.74036 | 1.34978 || 7683 | 1.30166 79689 | 1.25667 || .82681 | 1.21166 |28
74131 | 1.84896 1.80087 1.25492 || .82580 | 1.21084 (37 )
74176 | 1.84814 || .76918 | 1.30000 0784 | 1.25417 || 82629 | 1.21023 |26 )
74221 | 134782 | . 1.29931 70781 | 1,25348 || .8%78 | 1.208561 |26 )
74267 | 1.34650 || .77010 | 1.29353 79829 | 1.25268 7 | 1.20879 |4
J4312 | 1.34568 |} . 129775 79877 | 1.25198 || .82776 | 1.208(8 (28
14357 | 1.3487 || .T7103 | 1.29696 1.25118 || 89825 | 1.20736 29;
741402 | 1.84405 || .TT149 | 1.29618 || 79972 | 1.25044 || .82874 | 1.20665 21)
74447 | 1.84323 || 77196 | 1.29541 1.24969 || 82028 | 1.20593 |20/
JT449% | 1.34212 1.29468 || . 1.24895 || 82072 | 1.20622 |19 ¢
14538 | 1.84160 || .T7269 | 1.99385 || .80115 | 1.24820 || .83022 | 1.20451 lsg
4588 | 1.34079 || .7T7335 | 1.29807 || .80163 | 1.24746 || .88022 | 1.20879 |17
74628 | 1.33998 || .77883 | 1.2920 || .80211 | 1.24672 || .831%0 | 1.20808 16$
14674 | 1.833916 || .T7438 | 1.89152 || .80258 | 1.24597 || .88169 | 1.20287 |18 ;
74719 | 183885 || 77475 | 1.20074 || .80806 | 1.94328 || .83218 | 1.20166 |14
J14764 | 1.33754 || .TI581 | 1.98097 || .80854 | 1.24449 (| 83268 | 1.20085 13$
74810 | 138673 || .TT568 | 1.28019 || .80402 | 1.24875 || .83817 | 1.20024 |13
74855 | 1.83602 (| .TT616 | 1.88842 || .88450 | 1.24801 || .83366 | 1.19953 |11
74900 | 1.88511 || .Ti661 | 1.98764 || .80498 | 1.24227 || .88415 | 1.19882 |10
74946 | 1.33440 || 77708 | 1.28687 || .80646 | 1.24153 || .83465 | 1.19811 | 9
4991 | 1,88349 || 77754 | 1.28610 || .80594 | 1.24079 || .88514 | 1.19740 | 8
15087 | 1.89268 || 77801 | 1.28333 || .80643 | 1.24005 (| .88564 | 1.19669 | T
75083 | 1.88187 || .TT848 | 128456 || .80690 | 1.23931 || .83618 | 1.18509 | 6
5198 | 1,83107 || .T7895 | 1.28379 || .80738 | 1.28858 119528 | &
J5178 | 1.83026 || .TT941 | 1.28802 || .80786 | 1.98784 || .85712 | 1.19467 | 4
75219 | 1.32046 || 77988 | 1.98225 || .80834 | 1.28710 (| .837H1 | 119387 | 8
15264 | 1.82865 || 78035 | 1.28148 || 80883 | 1.23687 || .83811 | 1.19816 | 2
75310 | 1.32785 || (78082 | 1.28071 || .80930 | 1.23568 || . 119346 | 1
16355 | 1.33704 || 78129 | 1.37964 || .80978 | 1.98490 || 89910 | 1.19175 | O
Cotang. | Tang. Cotang. | Tang. Cotaog. | Taog. Cotang. ! Twng. M.§
BT RN VN UL . L S o
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250 TABLE XV. NATURAL TANGENTS AND COTANGENTS,
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40° 41° 42° - 48°
’l‘nﬂ. Cotang. Tang Cotang. Tang. (owng. Tany. TS
810 | .191.5 || 86020 | 1.15087 || .90040 | 1.11061 || .085% | 1.0°e87
83960 | 1.19105 | .86080 | 1.14969 || 90093 | 1.1 98306 | 1.07174
84009 | 1.19085 || 87081 | 1.14908 || .90146 1 10931 $8860 | L7112
81059 | 1.18964 || 87088 | 1.14834 || .90199 | 1.10867 || .U8415 | 1.0%(49
.84108 | 11894 (| 87138 | 1.14767 | .90251 | 1.10802 {| .98469 | 106867
54158 | 1.18824 || 87184 | 1.14609 | .90804 | 1.10787 || .93524 | 1.06i%5
84208 | 1.18754 || 87286 | 1.1468% || .90857 | 1.10627 || .48518 | 1.06662
84258 | 1.18684 ;. 87387 | 1.14565 || .90410 | 1.10607 || .93638 | 1.06800
.84307 | 1.18614 || 87338 | 1.14498 || .90463 | 1.10548 || . 1.06738
84357 | 1.18544 || 87389 | 1.14430 || .905616 | 1.10478 || .43743 | 1.06676
94107 | 1.13474 || 87441 | 1.14968 || .00569 | 1.10414 || .98797 | 1.06613
84457 | 118404 || 87443 | 1.14296 || .90621 | 1.10849 || .93852 | 1.06581
o 1.18334 || 87543 | 1.14929 90674 | 1.1028% || 48006 | 1.06480
84556 | 1.18264 || 87605 | 1.14168 | .90727 | 1.1023¢ (| .93961 | 1.06427
84606 | 118194 || . 14095 ([ .90781 | 1.10156 (| .44016 | 1.06865
84656 | 1.18125 (| .87698 | 1.14098 || .90834 | 1.10081 | .74071 | 1.06:3uU8
84706 | 1.18055 [ .87749 | 1.18961 || .90887 | 1.100%7 || .94125 | 1.06241
84736 | 1.17936 || .81801 | 1.18804 || .90940 | 1.09868 || .94180 | 1.06179
84806 | 1.17916 || 87853 | 1.13828 1.00899 || 9425 | 1.06117
84856 | 1.17846 || 87804 | 1.18761 | .91046 | 1.09834 | .94%80 | 1.06066
84906 | 1.17777 || 87955 | 1.13694 01099 | 109770 || .94845 | 1.059%4
84956 | 1.1T708 || .83007 | 1.13627 91158 | 109706 }; .94400 | 1.05952
85006 | 1.17438 || .83059 | 1.18561 01206 | 1.09642 || 94455 | 1.05850
.85057 | 1.17569 |( .88110 | 1.13404 01259 | 1.69578 || 94510 | 1.06809
85107 | 1.1750. || .83162 | 1.18428 91813 | 1.08514 || 94666 | 1.06747
85157 | 1.17430 || .88214 | 1.18861 91366 | 1.09450 || 84620 | 1.05686
85207 | 117361 (| 8365 | 1.13295 91419 | 1.08886 || 44676 | 1.06624
83257 | 1.17292| .88317 | 11328 || 91473 | 1.063% || 94731 | 1.05568
.85308 | 1.17223 || .68369 | 1.38163 || .91526 | 1.092568 || 94706 | 1.05501
.85358 | 1.17154 (| .88431 | 1.13096 91550 | 1.09195 (| .94841 | 1.056439
85408 | 1.17085 || 85478 | 1.13029 || .91633 | 1.09181 || .048V6 | 1.06878
.85438 | 1.17016 || .83524 | 1.12063 || .91687 | 1.00067 || .94952 | 1.08817
.85509 | 1.16917 || .88576 | 1.13397 91740 | 1.08008 || .65007 | 1.056265
85559 | 1.16873 || .88628 | 1.12831 01794 | 1.(8940 || 05062 | 1.05194
.85609 |1.16309 (| 88680 | 1.12765 91847 | 1.08876 (| .95118 | 1.06183
.8566) | 1.16741 || .88733 | 1.1 H1901 | 1.00818 #5113 | 1.06072
85710 | 1.16673 || .83784 | 1.12633 0 955 | 1.0874y 229 | 1.06010
85761 | 1.66603 || .83336 | 1.12567 B LOLEH6 || .U5284 | 1.04949
85811 | 1.16535 || .83888 | 1.12501 B 1.08632 || 96840 | 1.04888
85863 | 1.16466 || 83940 | 1.12485 || .92116 | 1.08559 || 45596 | 1.04¢27
85912 | 1,16398 || 88982 | 1.12869 ||. 92170 | 1.08496 || .$4b1 | 1.04768
.85963 | 1.163:9 || .89045 | 1.12303 || . 108482 || 68506 | 104705
.86014 | 1.16261 || 89097 | 1.12288 || 92207 | 1.0R269 || .46562 | 1.04644
86064 | 116192 || .89149 | L1172 o 18306 || 45018 | 1.04583 .
86115 | 1.16124 || .89201 | 1.12106 42885 | 1.08243 || 45653 | 1.04522
.86166 | 1.16056 || 89353 | 1.12041 92439 | 1.(8199 || .95.%9 | 1.04461
.86216 | 1.15087 (| .89306 | 1.11975 || .0498 | 1.08116 || 95785 | 1.04401
86267 | 1.15919 || .89358 | 1.11909 || .92547 | 1.08 H5e41 | 1.04840
86318 | 1.15851 || .89410 | 1.11844 || .02601 | 1.039%0 [ .95807 | 104279
.86368 | 1.15783 LI1TI8 || .92055 | 1.07927 || .ubu53 | 1.04018
86419 | 1.15715 || .88315 | L11718 || .92709 { 1.00864 || 9608 | 1.04158
86470 | 115647 || 895647 | 1.11648 || .92763 | 1.07801 || .46t 1.04087
86521 | 1.18579 || 50620 | 1.11562 | .92B17 [ 1.07738 || 96120 | 1.04036
86573 | 115611 || 89672 | 1.11517 || .92873 | 1.07676 |[ .96176 | 1.03076
86623 | 1.15443 || 89725 | 1.11452 || .92026 | 1.07613 || . 1.03916
86674 | 1.15%75 || .897TT7 | 1.11887 || .92080 | 1.07550 || .06%8 | 1.03855
86725 | 1.15908 || .84830 | 1.11821 || .93034 | 1.07487 || .96344 | 1 08784
86776 | 1.15240 || .89883 | 1.11256 || .93088 | 1.07425 [ .96400 | 1.0%734
.86827 | 1.15172 (| .80935 | 1.11191 || 93148 | 1.07962 || .46457 | 1.08674
.96878 | 1.15104 || .80988 | 1.11126 || .98197 | 1.07249 (( 96518 | 1 (3618
80929 | 1.15037|( .90040 | 1.11061 || .93258 | 1.07337 || .96569 | 1.03558
Cotanv. | Tang. Cotang. | ‘'Tang. Cotang. | Tang. Cotang. | Tang.
a9° as® ar 46°
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TABLE XV. NATURAL TANGENTS AND COTANGENTS. 251

ANAAAANANAANANNNAAN & ANAN

AN
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¢ M.| Tang Coang. | M. | M. Tang. | Cotang, | M. | M. | Taug. Cotnig,
(0| 96569 | 1.03553 |60 |20 | 97700 | 1.03355 | 40 | 40 | 96843 | 1.011%
( 1| 96625 |1.03493 | 59 | 21 | .97756 | 1.02205 | 89 | 41 | .08%01 | 1.011%0
¢ 8| 96681 | 108433 | 53|22 | 97813 | 1.02236 | 88 [ 42 | 98838 | 1.01053
g 8| 96738 | 1.03873 | 57|23 | .97870 | 1.02176 | 37 | 43 | 98016 | 1.00994
4| 96794 | 108312 | 56 | 94 | 97927 | 1.02:117 | 36 | 44 | .99073 | 1.00835
0 5| 96350 | 1.03252 | 55| 25 | 97954 | 1.02057 | 85 | d5 | 99181 | 1.00876
¢ 6| .96907 | 1.03192 | 54 | 26 | 98041 | 1.01998 | 34 | 46 | 99180 | 1.00818
2 7| 96063 | 1.0818% | 53 | 27 | .96088 | 1.01989 | 48 | 47 | .99R47 | 1.00759
¢ 8| ‘o020 | 1. 52|28 | 08155 |1.01879 | 82 | 40 | .99804 | 1.00701
¢ 9| 9706 [1.03012 | 51 | 20 | .93218 | 1.01820 | 31 | 49 | .99862 | 1.00642
$ 10| 97138 (1.02952 | 50 | 30 | 98270 | 1.01761 | 80 | 50 | .99420 | 1.00588
(H| 97189 | 1.02842 1 49| 31 | 08327 | 1.01702 | 29 | 51 | .90478 | 1.00525
12 1.02532 ' 48 | 32 | 93384 | 1.01642 | 23 | 53 | 919536 | 1.00:67
¢ 18| 91802 | 102772 47|88 | ‘98441 | 1.01583 | 27 | 58 | .99604 | 1.00408
(14 102718 | 46 | 34 | 98499 | 1.01524 | 26 | 54 | 99652 [ 1.00350
(15| 97416 | 1.02653 | 45| 85 | 9556 | 1.01465 | 25 [ 55 | 99710 | 1.00:81
(16| 97473 | 1.02598 | 44 | 86 | 93613 | 1.01406 | 24 | 56 | 99768 | 1.00238
(17| 97529 | 1.02533 | 43|37 | ‘98671 | 1.01847 | 28 | 57 | .99626 | 1.00175
(18| 197586 [ 1.02474 | 42|38 | .9x728 | 1.01288 | 22 | 58 | .99884 ( 1.00116
C19] . 1.02414 | 41|89 | (98786 | 1.01229 | o1 | 59 | .99042 | 1.00058
¢ 20| 97700 |1.03355 | 40|40 | (98843 | 1.01170 | 20 | 60 [1.00000 | 1.00000
M. | Cotang. ' Tang. | M.| M.| Cotang. ' Taung. | M. | M. | Cotang. | Tang.
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TABLE VII
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TRAVERSE TABLE.
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TRAVERSE TABLE. 255

Lat, | Dep.
9.9999(0.0436(89 45
9996| 0873 80
9901| 1809 15
9985 %

1745/89 0
9976 81| 45
9966| 2618 80)
9953| 8054| 15)

9989 849088 0
9923| 8926| 45
9905) 4362 380
9.9885/0.4798| 15
9863 0
8.9 45
9813| 6105 80
5| 6540| 16
9756| 6076/86 0
9725| 7411 46
9692 5
9657| 8281 15
9619| 8716/85 0
9.9580(0 9150| 45
9540/

9406| 0887

9857 1320

9807 1°54| 15
2187/88 0

<H%85

8902 4781
8831 | 5212| 16
8i69| 5643/81 0
8700 074| 45
20 6505 R0
8556 6985 15
8481| %865(80 O
9.8404|1.7704| 45
5| 8224 80
85| 8652 15
8163 9081(79 0
8079| 9504 45
799:| ous7| 80
n905/2.0864| 15
7515 079178 0
v 1218 45
7630 1644| 80
9.7534|2.2070( 15
487 2495|177 0
<920( 45
7237| 345 80
7184| 8769 15
7030 4192[76 0
6923| 4615 45
6815 5088 80
ews| 5460 15
65931 5882(75 0
Dop. | Lit. || Dep. | Lat. || Dep. | Lat._ Dep. | Lat
Dist. 6. !| Dist. 7. || Dist, 8. Dist. 10. 1™
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coLTON’ W 30
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These books : 131+
adaptadtoz{agz;t: ﬂ best
I, Colton’s Net ’ :
With entlrely & on
the most improve ’

IL cowows ce  FEB 81980

With Thirty—ﬁ k.
and drawn on & @ REC. CR. FEB 4 1980 'boo ’
Elegantly lllustra i
This book is the b
raphy of any yet I
and embraces just W thing

more. It also embrt
raphy so far as the 'e?)i
Schools. !

For those degiring phy
we have prepared I ’
Colton’s Physicc :

One Vol. 2to. '

A very valuable k . are
compiled with the g2 jpre-
gent the most remal jical
Geography clearly tO :

. The plan of Colton’s G ? the
exact ‘wants of our Gral its
tendency to make thorotsg 80m-7,'12 og-
raphy that is practical &) this

work, than in all my life o i g e g vy manuell’s
plan.—A. B. HEYwWoOD, Prin. Franklin Gram. School, Lowell, Mass.

‘8o well satisfied have T been with these Geographies that I adopted the
and have procured their introduction into most of the scheols in th}: oount;.”
Jaugs W. THOMPBON, A.M., Prin. of Centreville Academy, Maryland.
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Sheldon & Company’s Zext-Books.

OLNEY'S HIGHER MATHEMATICS.

Olney’s Introduction to Algebra
Olney’s Complete School Alge

Oluey’s Key to do. with | examples. ..
Olney’s Book of Test Exay \ Algebra....
Olney’s University Alge?,/ .............. I
Olney’s Key to

Olney’s Elements G
Olney’s Elements gf
Olney’s Elem.
Olney’s Elem

M u r'—a 4 Trigonom-
g - . Tableg).........

.8. (Flexible covers.).
I , and Calculus......

7 4-'2 ‘ ; . 8 .nich these books have been received

of the country, leads the publishers to
spplied o felt want in our educational ap- I

? Y. Separate.. |

pusnoes.

There is one feature which characterizes this series, so unique,
and yet so eminently practical, that we feel desirous of calling
special attention to it. It is

The facility with which the books can be used for classes of
all grades, and in schools of the widest
diversity of purpose.
Each volume in the series is so constructed that it may be used
with equal ease by the youngest and least disciplined who should

be pursuing its theme, and by those who in more mature years
and with more ample preparation enter upon the study.

Any of the above sent by mail, post-paid, on receipt of price.







