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NOTE.

A new edition of the Useful Tables from Bowditch's Navigator having been called for, they
have been reprinted, together with Tables VII, IX, XXXII, and XXXIII, not included its

the former editions.

They are all printed from the original stereotype plates of the Tables to which, the suc-

ceeding explanations apply.

Corrections have been made in the plates for several discovered errors in the Tables,

BUREAU OF NAVIGATION,

January 28, 1868.
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PREFACE

The following explanations relative to the Tables included in this col-

lection are taken from the Preface by the late Dr. Bowditch to tfce revised

edition (of 1837) of the Practical Navigator:

Tables I and II were calculated by the natural sines taken from the

fourth edition of Sherwin's Logarithms, which were previously examined,

by differences
;
when the proof-sheets of the first edition were examined,

the numbers were again calculated by the natural sines in the second

edition of Button's Logarithms; and if any difference was found, the

numbers were calculated a third time by Taylor's Logarithms.

Table III contains the meridional parts for every degree and minute of

the quadrant, calculated by the following rule, viz :

M = T x 0.0007915704468,

in which T is the log. tangent less radius of half the latitude, increased

by 45, taken to seven places of figures, reckoned as integers; and M is

the meridional parts of that latitude in miles.

Table VII contains the amplitudes of the sun for various latitudes and

decimations, calculated by Taylor's Logarithms, by this rule:

Log. sec. lat. + log. sine declination - 10.0000000= log. sine amplitude.

Table IX contains the time of the sun's rising and setting, calculated

by Taylor's Logarithms, by this rale:

Log. cos. hour= log. tang, declin. -f- log tang, latitude - 10.0000000.

Table X contains the distances at which any object is visible at sen,

calculated by the rule given in 195 of Yince's Astronomy, in which the

terrestrial refraction is noticed. This circumstance was neglected by

Robertson, Moore, and others, and, of course, their tables are erroneous.

The rule given by Mr. Vince, expressed in logarithms, is this:

0-12155 + half log. of height in feet= log. of distance in statute miles.

In reducing the rule to logarithms, the radius of the earth was called

20911790 feet, which agrees nearly with the mean value given ID 1

Lande's Astronomy.
Table X A contains the parallax in altitude of a planet.

Table XII contains the refraction of the heavenly bodies, calculated

bv Dr. Bradley's rule, supposing the refraction to be as the tangent (

the apparent zenith distance of the object, decreased by three times
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refraction, the horizontal refraction being supposed equal to 38'. The

rule, expressed in logarithms, is this :

Log. tang. (app. zen. dist. 3. refraction) 8.243834= log. of ref. in sec.

Tlie numbers calculated by this rule agree nearly with those published
in Table I of Maskleyne's Requisite Tables.

Table XIII contains the dip of the horizon for various heights, calcu-

lated by the rule in 197 of Vince's Astronomy, in which the terrestrial

refraction is allowed for. All numbers of this table differ a little from

those published by Dr. Maskleyne, who had made a different allowance

for that refraction. The rule given by Mr. Yince, expressed in loga-

rithms, is,

1.7712711 -{- half the log. of the height in feet= log. dip in seconds.

Table XIV contains the sun's parallax in altitude, calculated by mul-

tiplying the natural sine of the apparent zenith distance by the sun?s

horizontal parallax 8f". The numbers in this table agree with those

published by Dr. Maskleyne.
Table XV contains the

Augmentation of the moon's semi-diameter= 15".626 X sine })'s altitude.

This table agrees nearly with that published by Maskleyne.
Table XVI contains the dip for various distances and heights, calcu-

lated by this rule :

D=
|d + 0.56514 X h

d
,

in which D represents the dip in miles or minutes, d the
v
distance of the

land in sea miles, and h the height of the eye of the observer in feet.

Table XXII, for turning time into degrees, is the same as in other

works of this kind.

Table XXII contains the proportional logarithms for three hours. The
numbers of this table may be found by subtracting the logarithm of the

time in seconds from the log. of 10800", or, which is the same thing, by
the following rule :

Prop, log. T= 4. 0334738 log. of T in seconds,

neglecting the three right-hand figures of the remainder.

Table XXIV was compared with Sherwin's and Mutton's tables, and

a few errors corrected.

Table XXV contains the log. sines, log. tangents, etc., corresponding
to points and quarter points of the compass. This was compared with

Sherwin's, Hutton's
c
and Taylor's Logarithms.

Plate XXVI, containing the common logarithms ofmunbers, was com-

pared with Sherwin's, Hutton's, and Taylor's Logarithms.
Table XXV11 contains the common log. sines, tangents, secants, etc.

This was compared with Sherwin's, Hutton's, and Taylor's tables. Two
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jiddilional columns are given in tins table, which are very coupon Unit in

imding the time from an altitude of the sun
; also, three columns of pro-

portional parts for seconds of space ;
and a small table at the bottom of

each page for finding the proportional parts for seconds of time. The

degrees are marked to 180, which saves the trouble of subtracting the

given angle from 180 when it exceeds 90.
Table XXXII contains the variation of the altitude of any heavenly

body, for one minute of time from noon, for various degrees of latitude

and declination. The following method was used in constructing the

table : A and B were calculated for each degree of declination by these

formulas :

Log. A= log. 1". 08349+ 2 log. cos. declination 20.00000,

Log. H =log. A -f log. tang, decimation 10.00000;

and then the correction of the table corresponding to the zenith distance

Z (= lat. -f dec.) was found by this formula:
OB

A X cotang. Z 13.

To facilitate the computation of these numbers, a table of the products

of A by the whole numbers from 1 to 9 was calculated.

Table XXXIII contains the squares of the minutes and parts of a

minute of time corresponding to every second from Os. to 12m. 59s.

This require:
1

, no explanation.

Table LI. To change mean solar time into sidereal time.

Table LII. To change sidereal time into mean solar time.

Table on page 76 of the text contains the corrections in minutes, to be

added to the Middle Latitude to obtain the correct Middle Latitude.





REMAKES OF PROFESSOR PEIROE.

By the admirable contrivance of logarithms, the name of their in-

ventor was raised high in the list of the benefactors of his race and the

promoters of science. All the numerical calculations in the higher
departments of theoretical and practical mathematics are performed by
their aid, and the success of the computer principally depends upon the
skill and precision with which he uses his logarithmic tables. It is

worthy of inquiry, then, whether instruction in their use should not be
more common in the schools

; they ought to be studied both as the most
remarkable instrument for facilitating calculations, and as a useful means
of forming the mind to habits of accuracy. Discretion should be exer-

cised in the choice of the tables, for, if ill-constructed and inaccurate,

they will certainly lead to awkward and slovenly forms of calculation.

They should be well-proportioned in their parts; and, if of small extent,

they should not be carried beyond five places of decimals. It is a great
mistake to carry the small tables to six or seven places of decimals;
without any valuable increase of accuracy, they are thus rendered clumsy
and inconvenient. Tables of seven places should be proportionally ex-

tensive, as the large ones of Taylor; while those of six places are of

little value for they are not delicate enough for the higher orders of

calculation, and are not needed for inferior operations ; but, on the con-

trary, the disproportionate labor of using them destroys that brevity of

computation which is the sole recommendation of logarithms. None of

the smaller tables can be compared in accuracy with those of Dr. Bow-

ditch; for, besides the repeated and rigid examinations to which they

have been subjected by the author and his sons, they have been so long-

in common use that 110 important error can have escaped detection. Dr.

Bowditch's singular practical tact is also exhibited in their skilful ar-

rangement, of which they are models deserving careful study. Feeling

the want of such a set of tables for popular use, 1 have urged upon their

proprietors the expediency of publishing the following selection from

them, which will, I hope, be regarded as judiciously made.

This may not be thought an improper occasion to press upon teachers

the inexpediency of forcing the youthful intellect to a premature com-

prehension of abstruse mathematical reasoning, at the expense of failing

to impart' familiarity with the forms of calculation, and readiness and
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accuracy in the use of .figures, at the flexible agewhen the seeds of habit

most readily germinate. Teach the lad how to obtain results, and

you inspire him wii;h the surest stimulus to investigate and apprehend
the nature of the process. Imbue him with the spirit of accuracy, and

you give him a taste for definite and precise thought, which is the solid

foundation of true science, and one of the best antidotes to the laxity of

reasoning and vagueness of research with which the atmosphere of the

times is infected.

BENJAMIN PEIRCE,
Perkins Professor of Astronomy and Mafhematite,

Harvard University.

CAMBRIDGE, 1849.



TABLE I. "r^P



rages] TABLE 1.



TABLE I. [Page 3



rage 4] TABLE 1.



TABLE 1. Ll'age5



Page 6] TABLE I



TABLE i.
1Pag ~p



Page 8] TABLE I



TABLE J. [Page 9



Page 10] TABLE I.



TABLE I. [Page u



Page 12] TABLE I.



TABLE I. ii^u
1



Pagel4| TABLE I.





1'agelCJ TABLE I.



TABLE II. [Pagel7



Page 18] TABLE II.



TABLE II. [Page I9



Page 20] TABLE II.



TABLE II. [Page 21



Page 22] TABLE II.



TABLE II. [Page 23



Page 24] TABLE II.



TABLE II LPage25



Page 26] TABLE II.



TABLE II. [Paat. 27



Page 28] TABLE II.



TABLE II. l^age 29



1



TABLE 11. [Page 3]



Fage32j TABLE II.



TABLE II. [Page 33



i'ugeM TABLE II.



TABLE II. [Page 35



I>age36] TABLE II.



TABLE II. t
page37



Page38J TABLL II.



TABLE II. [Pae33



Page 40] TABLE II.



TABLE II. [Page 41



Page 421 TABLE II.



TABLE II [Pago 43



Page 44] TABLE II.



TABLE II. fP-s- *



l'ae4G] TABLE II



TABLE II. irse4?



Puge48] TABLE II.



TABLE II. [Page 10



I'aguaOj TABLE 11.



TABLE IL fp8g;i



Page 52] TABLE II.



TABLE 11. [I'agesa



Page 54] TABLE II.



TABLE 11.
[Paga5>|



rs56] TABLE 11.



TABLE II. rPuses?



iv,-e58j TABLE II.



TABLE II.

Difference of Latitude and Departure for 43 Degrees.



Page 60] TABLE II.



TABLE II. fl
>

age61



Pa*e62]



TABLE III. [Page Go

Meridional Parts.



to* 64] TABLE III

Meridional Parts.



TABLE III. [P^e 65

Meridional Parts.



''age 66] TABLE 111.

Meridional Parts.





i'age78J TABLE VII.

Amplitudes.



TABLE VII l
p*&

Amplitudes.



Pag' 84
] TABLE IX.



TABLE IX. [Page 83



Page 86]



Fagebaj TABLES XII, XIII, XIV, XV,



TABLE XXI. (Page 131



Page 132] TABLE XXII.



TABLE XXII. [Pa,- 133

Proportional Logarithms.



Page 134] TABLE XXII.

Proportional Logarithms.



TABLE XXIL l
1'^ us

Proportional Logarithms.



^ 13UJ TABLE XXII.

Proportional Logarithms.



TABLE XXII. [Page 137

Proportional Logarithms.



rage 138] TABLE XXII.

Proportional Logarithms.



TABLE XXII. ii'ageisg

Proportional Logarithms.



Page 14 1 TABLE XXII.

Proportional Logarithms.



TABLE XXII. U*fc-i

Proportional Logarithms.



Page 142]



TABLE XXII. IT-* l

Proportional Logarithms.



PageJ44] TABLE XXJJ-.

Proportional Logarithms.



-TABLE XXII. [HH(ei45

Proportional Logarithms



*agelU] TABLE XXII.

Proportional Logarithms.



S.



rag 1601 TABLE XXIV.

Of Natural Sines.



TABLE XXIV. rpagi6i

Of Natural Sines.



AK

Pr"^
part

28

o
O

I

[

4

4
c

f

6

~6~

7

7

7
8

8

9
9
10

10

M
II

T2

12

i3

i3

i4

1 4



1



Figeiw] TABLE XXIV.

Of Natural Sines.



TABLE XXIV. irag* u

Of Natural Sines.



l>;'^ l(i(i
l TABLE XXIV

Of Natural Sines.



~>

TABLE XXIV. [i'agelCT

Of Natural ISines.



Page 1681 TABLE XXIV.

Of Natural Sines.



[Page JO!)



r*t*W] TABLE XXVI.

Logarithms of Numbers.



TABLE XXVI. [P**i

Logarithms of Numbers.



rage 172] TABLE XXVI.

Logarithms of Numbers.



i'ABLE XXVI. [Page 173

Logarithms of Numbers.



pa 174J TABLE XXVI.

Logarithms of Numbers.



TABLE XXVI. [Page 175

Logarithms of JN umbers.



Pas 176 1 TABLE XXVI.

Logarithms of JNuniDers.



TABLE XXVI. [Page 177

Logarithms of Numbers.



Pa e 178
J TABLE XXVI.

Logarithms of Numbers.



TABLE XXVI. [Page 179

Logarithms of Numbers.



**'>] TABLE XXVI.

Logarithms of Numbers.



TABLE XXVI. t
l'age 181

Logarithms of Numbers.



p^ ld*J TABLE XXVI.

Logarithms of Numbers.



TABLE XXVI. IPage 183

Logarithms of Numbers.



Fagel84J TABLE XXVI.

Logarithms of Numbers.



M



agel8G] TABLE XXVII.

Log. Sines, Tangents, and Secants.

P 17^



TABLE XXVII. [Page 1ST

Log. Sines, Tangents, and Secants.

i] 177C



I>a *el8 3 TABLE XXVII.

Log. Sines, Tangents, arid Secants.
3 Yi(?



TABLE XXV II. I***8189

Log. Sines, Tangents, and Secants.

4 175



P: '8e19 '
1 TABLF XXVII.

Log. Sines, Tangents, and Secants. Of.

A A B B C 3 174



s

G

M



Pa

5

T
M
o
i

2

3

4



s

3

M



Pageiy1 ' TABLE XXVJI.

Log. Sines, Tangents, and Secants. G'.

9 A A B B C C 170



TABLE XXVII. [Page 195

Log. Sines, Tangents, and Secants.
G '~

10 A A B E C C 169



Pageiiu] TABLE XXVII.

Log. Sines, Taiigonts, and Secants.

11 A A B B C



-

TARI/E XXVII. ^ Page 197

I og. Sines, Tangents, and Secants. w '

12
3 A A B B C C 167



Fage 1
1

JS|

S'.

13



TABLE XXVII. tragei

Log. Sines, Tangents, and Secants.

14 A A B B C C 16



l';i

5'

15

;\i



TABLE XXVII. [
pa * B5i01

^
Log. Sines, Tangents, and Secants.

16" A A B B C C 163



1>age202] TABLE XXVII.

Log. Sines, Tangents, and Secants.
17 A A B B



TABLE XXVN. [Page203

Log. Sines, Tangents, and Secants. '-'

18 \ A B B C C )<>r



p

s>

(

i

2

3

i

e

E

c



TABLE XXVII.

Log. Sines, Tangents, and Secants.

20 A A B B C



Fa;

5".

rjjo

w"

:i

3

4

5

6

8

9

10
' i

12

i3

i4



TABU: xxvn.
^"*

IjOg- Sines, Tangents, and Secants.

29 A A B B C



I>l 8e3)81' TABLE XXVII.

Log. Sines, Tangents, and Secants.

$J A A B B C



TABLE XXVII. [Page am

^
Log. Sines, Tangents, and Secants. &*

'M A A B B C C 155



f

Pa

.S''.

M
o

i

2

3

4



TABLE XXVII. I"*65" 1

Log. Sines, Tangents, and Secants G '-

26 A A B B C C 153



>7



TABLE XXVII. [Pise aw

Log. Sines, Tangents, and Secants.

:>$> A A B JB C C 151





TABLE XXVII, [."ageais

9. Leg. Sines, Tangents, and Secants.
G> '

W A A B B C C 349



l>i'^ 2L6] TABLE XXVII.

Loo;. Sines, Tangents, and Secants. G '

A A B B C C 148'



TABLE XXVII. [
p ee217

Log. Sines, Tangents, and Secants. G

3^ A A. B B C C 147



TABLE XXVII.

Log. Sines, Tangents, and Secants. G
A A B B C C 140



TABLE XXVIJ ri'agesjg

Log. Sines, Tangents, and Secants. Cl>

J4 A A B B C C 14.r



TABLE XXVII.

Log. Sines, Tangents, and Secants.

A A B B

a
144 :

o.i5477
i545o
1 5424

15397
i537o

0.08664
08673
08681

08690
08699'

9-84657
84684
84711

84738
84764

o.i5343
1 53 1 6

15289

0.08708
08717
08726
o8734

08743

9-8479
848 1 8

84845

84872

84899

18 4o
18 32

18 24
18 16

18

9-849
84962

84979
85ooe

10.0884
o885
o885
0886!

08877

10.08886

08896
08904
08913
08922

9 .85i 9
8622

8624

852731 12

853oo! i3

i a9.85327
85354
8538o
85o-

9-7639
764 1 3

7643

76448

76466
o.i 454o

i45i3
1 4486
i446o
i4433

o.235i6 9 .8546o9.76484
76601

76619
76637
76554

9.7667:
7659c

76607
7662^
7664^

8548-
855i4

85540

86667

9.86694
8562C

8564-

o.i44o6
i438o
i4353

14246
l4220

i4i 93

14166

8578c

858o7

8583^

9 .8586c

86887
85i3

0914 ___
ToTom^sl

09,68
09177 9

i o.i 4007
i398<

i3954
1 302-3

i3oo

9.8699
8602

86o4
86073

9 . 7683

7685

7687

7688
769c

7695

09186
09196
09204

Cosecant.

86100 26

86126 2 7

60

53

91566 1 5?

9.267 6

9.91348 5ol

91239 49

91230 48

91221

91212 461

9.91203 45

91 194 44

91185 43

91176 42

91 167 4

.9ii58|4d|
91 149! 3o

9ii4it38l

91.32 3 7 I

__
36

.91 i i4 35

9iio5|34
9>Q6 3

91087! 3a

9 io78 3i

. 9 io69 |3o|

91060!

9 io5i

91042 27

9 io33 26

9.91023 s!

9 1 oo 5i 23

9 996 2.2

__909_8_7

9.9097820
90969! 19

9o96

9o95i

9.90933
90924
909,6
90906

90896]^

9^0887
9c,878

90869
90860 |

7

1

,

- "



M



l '' l*ea231 TABLE XXVII.

Log. Sines, Tangents, and Secants.
G '

i7 A A B B C C 142C



5'

38

T



r

3!



S'.

40'

M
O

y

3

5

6
-7

8

9

!

1 1

I 2

13

1 4

i5

16

17
18

'9



page zan TABLE XXVII

Log. Sines, Tangents, and Secants.

41 A A B B C



TABLE XXVII. Lrs3W

LOOT. Sines, Tangents, and Secants.

12 A A B B C C 137



TABLE XXVII.
S'

Locr. Sines, Tangents, and Secants.
4'r A A B B c o i;



TABLE XXVII. Va sea39

Log. Sines, Tangents, arid Secants.

44 A A B B l
1 C 135-



Lat.



r*ea40] TABLE XXXII.

Vauution of the Sun's Altitude in one minute from noon.





^242j TABLE XXXII.

Variation of the Sun's Altitude in one minute from noon.



TABLE XXXIII.

To reduce the numbers of Table XXXII to other given intervals of time

from noon.

Time from Noon.

s.



TABLE LI.



76 MIDDLE LATITUDE SAILING

BY GUNTER.
1st. The extent from the distance 215, to the departure 167, on the lint; of numbers,

will reach Irom the radius 90, to the course 50 58' on the line of sines.

2dly. The extent from radius 90, to the complement of the course 39 02' on the
line of sines, will reach from the distance 215, to the difference of latitude 135.4, oil
the hue oi numbers.

3dly. The extent from the complement of the middle latitude 41 37', to the
radius 90, on the line of sines, will reach from the departure 107, to the difference of
longitude 251.5, on the line of numbers.

BY INSPECTION.
As in Case V. Plane Sailing, find the course by seeking in Table II. till against the

distance, in its column, is found the given departure in one of the following columns,
adjoining to which, in the other column, will be the difference of latitude, which if

greater than the departure, the course will be at the top, but if less the course will be
found at the bottom. Then take the middle latitude as a course, and find the departure
in the column of difference of latitude, against which, in the distance column, will be
found the difference of longitude.
Thus the distance 215, and the departure 167, ar* found nearly to correspond to a

course of 51 degrees, and a difference of latitude of 135.3
;
then with the middle latitude

48, as a course, I enter the table, and seek for the departure 1(57, in the latitude

column
;
the distance corresponding 250 is the difference of longitude nearly.

In all the preceding examples, we have used the middle latitude, without any
correction, in computing the difference of longitude ;

but when absolute accuracy is

required, this latitude must be corrected. We have given in the following table the
value of this correction in the most common cases. It requires no particular explana-
jon : one example will serve to show its use. Suppose, therefore, tne two latitudes

*,o be 40 and 60. Here the middle latitude is 50, and the difference of latitude 20
;

the tabular correction corresponding to these numbers is 57'
; adding this to 50, we

get the corrected middle latitude 50 57', which is to be used instead of 50, when

great accuracy is required. We have inserted in the notes at the bottom of the pages,
in the preceding examples, the values of this correction, but have not introduced it

into the calculations, because it is generally unnecessary on account of its smallness.

TABLE.

This Table contains the correction, in minutes, to be added to the Middle Latitude to

obtain the corrected Middle Latitude.



LOGARITHMS.

IN order to abbreviate the tedious operations of multiplication and division wich large
numbers, a series of numbers, called Logarithms, was invented by Lord Napie;, Baron
of Marchinston in Scotland, and published in Edinburgh in 1614; by means of which
the operation of multiplication may be performed by addition, and division by subtrac-
tion

;
numbers may be involved to any power by simple multiplication, anct me root

of any power extracted by simple division.

In Table XXVI. are given the logarithms of all numbers from 1 to 9999 ; to each
one must be prefixed an index, with a period or dot to separate it from the otner part,
as in decimal fractions; the numbers from 1 to 100 are published in that table with
their indices

;
but from 100 to 9999 the index is left out for the sake of brevity ;

but it

may be supplied by this general rule, viz. The index of the logarithm of any integer or

mixed number is always one less than the number of integral places in the natural number.
Thus the index of the logarithm of any number (integral or mixed), betweer ?0 and

100, is 1
;
from 100 to 1000, it is 2

;
from 1000 to 10000 is 3, &c. ;

the method of finding
the logaritli:s from this table will be evident from the following examples.

To fnd the, logarithm of any number less than 100.

RULE. Enter the first page of the table, and opposite the given number will be
found the logarithm with its index prefixed.

Tims opposite 71 is 1.85126, which is its logarithm.

To find the logarithm of any number between 100 and 1000.

RULE. Find the given number in the left-hand column of the table of logarithms,
and immediately under in the next column is a number, to which must be prefixed
the number 2 as an index (because the number consists of three places of figures) and

you will have the sought logarithm.

Thus, if the logarithm of 149 was required ;
this number being found in the left-

hand column, against it, in the column marked at the top (or bottom), is foifud 17319
to which prefixing the index 2, we have the logarithm of 149=: 2. 17319.

To find the logarithm of any number between 1000 and 10000.

RULE. Find the three left-hand figures of the given number, in the left-hand column
of the table of logarithms, opposite to which, in the column that is marked at the top

(or bottom) with the fourth figure, is to be found the sought logarithm; to which must
lie prefixed the index 3, because the number contains four places of figures.

Thus, if the logarithm of 1495 was required; opposite to 149, and in the columr
marked 5 at the top (or bottom), is 17464, to which prefix the index 3, and we have the

sought logarithm, 3.17464.

To find the logarithm of any number above 10000.

KVLE. Find the three first figures of the given number in the left-hand column of

Jie table, und the fourth figure at the top or bottom, and take out the corresponding
number as in tne preceding rule

;
take also the difference between this logarithm and

.he next greater, and multiply it by the given number exclusive of the four first figures;
rross off at the right hand of the product as many figures as you had figures of the

/iven number to multiply by; then add the remaining left-hand figures of this product
to the logarithm taken from the table, and to the sum prefix an index equal to one less
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than the immber of integral figures in the given number, and you will have the sought
logarithm. To facilitate the calculation of these proportional parts, several small tables
are placed in the margin, which give the correction corresponding to the difference D
and to thejifth figure of the proposed number. The use of these tables will be seen in
the following examples.

Thus, if the logarithm of 14957 was required ; opposite to 149, and under 5, is 17464 .

the difference between this and the next greater number, 17493, is 29, the difference D :

this
multiplied by 7 (the last figure of the given number) gives 203; crossing off the

right-hand figure leaves 20.3 or 20 to be added to 17464, which makes 17484
; to this

prefixing the index 4, we have the sought logarithm, 4.17484. This correction, 20
may also be found by inspection in the small table in the margin, marked at the top
with D =n29, and opposite to thefifth figure of the number, namely 7, at the side

; the

corresponding number is the correction, 20.

Again, if the logarithm of 1495738 was required ; the logarithm corresponding to
149 at the left, and 5 at the top, is, as in the last example, 17464

;
the difference between

this and the next greater is 29
; multiplying this by 738 (which is equal to the given

number, excluding the four first figures) gives 21402; crossing off the three right-hand
figures of this product (because the number 738 consists of three figures), we have the
sorrection 21 to be added to 17464

;
and the index to be prefixed is 6, because the

given number consists of 7 places of figures ;
therefore the sought logarithm is 6.17485.

This correction, 21, may be found as above, by means of the marginal table, marked at

the top with D :=: 29, and at the side 7.38 or 7 nearly, to which corresponds 21, as

before.

To find the logarithm of any mixed decimal number.

RULE. Find the logarithm of the number, as if it was an integer, by the last rule, to

which prefix the index of the integral part of the given number.

Thus, if the logarithm of the mixed decimal 149.5738 was required; find the

logarithm of 1495738, without noticing the decimal point; this, in the last example,
was found to be 17485

;
to this we must prefix the index 2, corresponding to the integral

Dart 149
;
the logarithm sought will therefore be 2.17485.

To find the logarithm of any decimal fraction less than unity.

The index of the logarithm of any number less than unity is negative ;
but to avoid

the mixture of positive and negative quantities, it is common to borrow 10 or 100 in

the index, which must afterwards be neglected in summing them with other indices

thus, instead of writing the index 1, it is usually written -[- 9, or -|- 99 ;
but in

general it is sufficient to borrow 10 in the index ;
and it is what we shall do in the rest

of this work. In this way we may find the logarithm of any decimal fraction by the

following rule.

RULE. Find the logarithm of a fraction as if it was a whole number; see how many

ciphers precede the first figure of the decimal fraction, subtract that number from 9,

and the remainder will be the index of the given fraction.

Thus the logarithm of 0,0391 is 8.59218; the logarithm of 0.25 is 9.39794; th*>

logarithm of 0.0000025 is 4.39794, &c.

To find the logarithm of a vulgar fraction.

RULE. Subtract the logarithm of the denominator from the logarithm of the

numerator (borrowing 10 in the index when the denominator is the greatest); the

remainder will be the logarithm of the fraction sought.

EXAMPLE 1.

Required the logarithm of f .

From log. of 3 0.47712

Take log. of 8 0.90309

Remainder, log. of f or .375 9.57403

EXAMPLE II.

Required the logarithm of 3J> or

From log. of 13 l.

Take log. of 4 0.60206

Remainder, log. of 3| or 3.25.. . 0.51188

To find the number corresponding to any logarithm.

RULE. In the column marked at the top (and bottom) of the table, seek for the nexi

less logarithm, neglecting the index; note the number against it,
and carry you
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along that li.ie until you find the nearest less logarithm to the given one, ami you will

have the fourth figure of the given number at the top, which is to be placed to the

right <>f the three othei figures; if you wish for greater accuracy, you must take the

difference, D, between this tabular logarithm and the next greater, also the difference,

rf, between that least tabular logarithm and the given one
;
to the latter difference, i/,

annex two or more ciphers at the right baud, and divide it by the former difference, D,
and place the quotient* to the right hand of the four figures already found, and you
will have the number sought, expressed in a mixed decimal, the integral part of which
will consist of a number of figures (at the left hand) equal to the index of the logarithm
increased by unity.f

Thus, if the number corresponding to the logarithm 1.52634 was required, we find

520.34 in the column marked at the top or bottom, and opposite to it is 336; now,
the index being 1, the sought number must consist of two integral places; therefore it

'

If the given logarithm was 2.32838, we find that 32838 stands in the column
marked at the top or bottom, directly opposite to 213, which is the number sought.
because, the index being 2, the number must consist of three places of figures.

If the number corresponding to the logarithm 2.57345 was required, we must look
in the column 0; and we find in it, against the number 374, the logarithm 57287 ; and,

guiding the eye along that line, we find the given logarithm, 5/345, in the column
marked 5; therefore the mixed number sought is 3745; and, since the index is 2. the

integral part must consist of 3 places; therefore the number sought is 374.5. If the

index be 1, the number will be 37.45; and if the index be 0, the number will be 3.745.

If the index be 8, corresponding to a number less than unity, the answer will be

0.03745, &c.

Again, if the number corresponding to the logaritlm 5.57811 was required, look in

the column 0, and find in it, against 378, and under 5, the logarithm 57807, the difference

between this and the next greater logarithm, 57818, being I f, and the difference between
57807 and the given number, 57811, being 4

;
to this 4 affix two ciphers, which make

400, and d'vnle it by 11
;
the quotient is 36 nearly ;

this number, being connected with
the former four figures, makes 378536, which is the number required, since, the index

being 5, the number must consist of six places of figures.

To show, at one view, the indices corresponding to mixed and decimal numbers, we
have given the following table.

Mixed number. Logarithms.
40943.0 Log. 4.6J218
4094.3 Log. 3.61218
409.43 Log. 2.61218
40.943 Log. 1.61218

4.0943 Log. 0.61218

Decimal number. Logarithms.

0.40943 Log. 9.61218

0.040943 Log. 8.61218

0.0040943 ..Log. 7.61213

0.00040943 Log. 6.61218

0.000040943 Log. 5.61*18

MULTIPLICATION BY LOGARITHMS.

H.ULE. Add the logarithms of the two numbers to be multiplied, and the sum will

be the logarithm of their product.

EXAMPLE I.

Multiply 25 by 35.

25 Log. 1.39794

35 Log. 1.54407

Product, 875 Log. 2.94201

EXAMPLE II.

Multiply 22.4 by 1.8.

22.4 Log. 1.35025

1.8 Log. 0.25527

Product, 40.32 Log. 1.60552

* This quotient must consist of as many places of figures as there were ciphers annexed, conformable
to the rules of the division of decimals. Thus, if the divisor was 40, and the number to which two

ciphers were annexed was 2, making 2.00, the quotient must not be estimated as 5, but as 05, and theJ

two figures must be placed to the right of the four figures before found.

t If the index corresponds to a fraction less than unity, you must place as many ciphers to the left of

that number as are equal to the index subtracted from 9, the decimal point being placed to the Jeft of

uiese ciphers ;
in this manner you will obtain the sought number.

We may find the fifth figure of the required number by means of the marginal tables, by entering the

table corresponding at the top to the proposed value of D, and in the right-hand column with d; thff

eorresponding number is the fifth figure o<" the required natural number.
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EXAMPLE III.

Multiply 3.26 by 0.0025.

3.26.' Log. 0.51322
0.0025 Log. 7.39794

Product, 0.00815 Log. 7.91116

EXAMPLE IV.

Multiply 0.25 by 0.003.

0.25 Log. 9.3971M
0.003 Log. 7.4771',!

Product, 0.00075 Log. 6.87506

In the hist example, the sum of the two indices is 16; but since 10 was borrowed in
each number, we have neglected 10 hi the sum

;
and the remainder, (5, hein" less than

the other 10, is evidently the index of the logarithm of a fraction less than unity

DIVISION BY LOGARITHMS.
RULE. From the logarithm of the dividend subtract the logarithm of the

tlie remainder will be the logarithm of the quotient.

divisor

EXAMPLE 1.

Divide 875 by 25.

875 Log. 2.94201
25 Log. 1.39794

Quotient, a5 . .Log. 1.54407

EXAMPLE II.

Divide 40.32 by 22.4.

40.32 Log. 1.60552
22.4 Log. 1.35025

Quotient, 1.8 Log. 0.25527

EXAMPLE 111.

Divide 0.008 15 by 0.0025.

0.00815 Log.
0.0025 Log.

Quotient, 3.26 Log. 0.5 1 323

7.91116

7.39794

EXAMPLE IV.

Divide 0.00075 by 0.025.

0.00075 Log.
0.025 Log.

Quotient, 0.03 Log. 8.47712

6.87506

8.39794

In Example III. both the divisor and dividend are fractions less than unity, and the
divisor is the least

; consequently the quotient is greater than unity. In Example IV.
both fractions are less than unity ; and, since the divisor is the greatest, its logarithm is

greater than that of the dividend
;
for this reason it is necessary to borrow 10 in the

index before making the subtraction
;
hence the quotient is less than unity.

INVOLUTION BY LOGARITHMS.

RULE. Multiply the logarithm of the number given, by the index of the power to

which the quantity is to be raised ;
the product will be the logarithm of the power

sought. But in raising the powers of any decimal fraction, it must be observed, that

the first significant figure of the power must be put as many places below the place
of units as the -index of its logarithm wants of 10 multiplied by the index of the power

EXAMPLE I.

Required the square of 18.

18 Log. 1.25527

Answer, 324 .'. Log. 2.51054

EXAMPLE II.

Required the cube of 13.

13 Log. 1.11394

Answer, 2197 Log. 3.34182

EXAMPLE III.

Required the square of 6 4.

6.4 Log. 0.80658

2

Answer, 40.96 Log. 1.61236

EXAMPLE IV.

Required the cube of 0.25.

0.25 Log. 9.39794

3

Answer, 0.015625 Log. 28.19382

In the last example, the index 28 wants 2 of 30 (the product of 10 by the power 3);

therefore the fin* significant figure of the answer, viz. 1, is placed two figures distant

the nl-ve of unit*
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EVOLUTION BY LOGARITHMS.

RULE. Divide the logarithm of the number bp the index of the power ;
the quotient

will be the logarithm of the root sought. Bat if the power whose root is to be
extracted is a decimal fraction less than unity, prefix to the index of its logarithm a

figure less by one than the index of the ppwer,* and divide the whole by the index of
the power ;

the quotient will be the logarithm of the root sought.

EXAMPLE I.

Wht is the square root of 324 ?

?J4 Log. 2
)
2.51055

Answer, 18 Log. 1.25527

EXAMPLE II.

Required the cube root of 2197.

2197.. Log. 3)3.34383

Answer, 13 Log. 1.11394

EXAMPLE III.

Required the square root of 40.96.

40.96 Log. 2
)
1.61236

Answer, 6.4 Log. 0.80618

EXAMPLE IV.

Required the cube root of 0.015625.

0.015625 Log. 8.19382

Prefix 2 to the index 3
)
28.19382

Answer, 0.25 Log. 9.39794

TO WORK THE RULE OF THREE BY LOGARITHMS.

When three numbers are given to find a fourth proportional, in arithmetic, we make
a statement, and say, As the first number is to the second, so is the third to the fourth

;

and by multiplying the second and third together, and dividing the product by the

first, we obtain the fourth number sought. To obtain the same result by logarithms,
we must add the logarithms of the second and third numbers together, and from the sum
subtract the logarithm of theJirst number; the remainder will be the logarithm of the sought

fourth number.

EXAMPLE I.

If 6 yards of cloth cost 5 dollars, what
will 20 yards cost ?

As 6. Log. 0.77815

Is to 5 Log. 0.69897
So is 20 Log. 1.30103

Sum of 2d and 3d 2.00000
Subtract the first. . .- 0.77815

To 16.67 Log. 1.22185

The answer, therefore, is 16 dollars and

lVu> or 16 dollars and 67 cents.

EXAMPLE II.

II a ship sails 20 miles in 7 hours, how
much will she sail in 21 hours at the

same rate ?

As 7 Log. 0.84510

Is to 20 Log. 1.30103

So is 21 Log. 1.32222

Sum of 2d and 3d 2.62325

Subtract the first 0.84510

To 60 Log. 1.77815

The answer is 60 miles.

TO CALCULATE COMPOUND INTEREST BY LOGARITHMS.

To 100 dollars add its interest for one year ;
find the logarithm of this sum, and

reject
2 in the index

;
then multiply it by the number of years and parts of a year for

which the interest is to be calculated
;
to the product add the logarithm of the sum

put at interest
; the sum of these two logarithms will be the logarithm of the amount

of the given sum for the given time.

* In tliis rule it is supposed that 10 is borrowed in finding the index to the decimal according U
the ritte, pige 29.
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EXAMPLE.

Inquired the amount of the principal and interest of 355 dollars, fet at 6 per cent
compound interest, for 7 years.

Adding 6 to 100 gives 106
; whose logarithm, rejecting

2 in the index, is 0.02531
Multiplied by 7

Product 0.17717
Principal, 355 dollars Log. 2.55023

Sum gives the logarithm of 533.83 Log. 2.72740

Therefore the amount of principal and interest is 533 dollars and 83 cents.

To Jind the logarithm of the sine, tangent, or secant, corresponding to any
number of degrees and minutes, by Table XXVII.

The given number of degrees must be found at the bottom of the page when
between 45 and 135, otherwise at the top ;

the minutes being found in the column
marked M, which stands on the side of the page on which the degrees are marked

;

thus, if the degrees are lefts than 45, the minutes are to befound in the left-hand column, &c.:
and it must be noted that if the degrees arefound at the top, the names of hour, sine, cosine,

tangent, &c., must also befound at th'e top ; and if the degi-ees arefound at the bottom, the

names sine, cosine, &,c.,must also be found at the bottom. Then opposite to the number
of the minutes will be found the log. sine, log. secant, &c. in the columns marked sine,

secant, &c. respectively.

EXAMPLE I.

Required the log. sine of 28 37'.

Find 28 at the top of the page, directly
below which, in the left-hand column,
find 37'

; aguinst which, in the column
marked sine, is 9.68029, the log. sine of

the given number of degrees ;
and in the

same manner the tangents, &c. are found.

EXAMPLE II.

Required the log. secant of 126 20/
.

Find 126 at the bottom of the page,

directly above which, in the left-hand

column, find 20'
; against which, in the

column marked secant, is 10.22732 re-

quired.

To find the logarithm of the sine, cosine, Sfc.for degrees, minutes, and seconds,

by Table XXVII.

Find the numbers corresponding to the even minutes next above and below the

given degrees and minutes, and take their difference, D ;
then say, As 60" is to the

number of seconds in the proposed number, so is that difference, D, to a correction, d,

to be applied to the number corresponding to the least number of degrees and minutes
;

additive if it is the least of the two numbers taken from the table, otherwise subtractive.

EXAMPLE III.

Required the log. sine of 24 16' 38".

Sine of 24 16' Log. 9.61382

Sine of 24 17 Log. 9.61411

Difference D 29

Then, as 60" : 38" ::29 : 18, which,

being added to the number corresponding
to 24 16', gives 9.61400, the log. sine of

24 16' 38".

EXAMPLE IV.

Required the log. secant of 105 20> 16".

Secant of 105 207

Log. 10.57768

Secant of 105 21 Log. 10.57723

Difference .D 46

Then, as 60" : 16" : 46 : 12, which,

being subtracted from the number corre-

sponding to 105 20', gives 10.57756, the

log. secant of 105 2(X 16".

If the given seconds be , ,

parts may be taken of the differ

, , or, or any other even parts of a minute, the like

rence of the logarithms, and added or subtracted as

above, which may be frequently done by inspection. These proportional parts may

also be found very nearly by means of the three columns of differences for seconds,

^ven, for the first time, in the ninth edition of this work The first cohmm of

differences, which is to be used with the two columns marked A, A, is placed betwee



these columns. The secuiid column of differences, whica is to bo used with the
two columns B, B, is placed between these two columns. In like manner, the third

column of differences, between the columns C, C, is to be used with them. The
correction of the tabular logarithms in any of the columns A, B, C, for any number
of seconds, is found by entering the left-hand Column of the table, marked S'*at the top,
and finding the number of seconds

; opposite to this, in the column of differences, will

be found the corresponding correction. Thus, in the table, page 215, which contains
the log. sines, tangents, &c., for 30, the corrections corresponding to 25", are 9 for

the columns A, A, 12 for the columns B, B, 3 for the columns C, C ;
so that, if it

were required to find the sine, tangent, or secant of 30 12' 25", we must add these
corrections respectively to the numbers corresponding to 30 12'

; thus,

COL. A. COL. B. COL. C
Logs, for 30 12' .... Sine 9.70159 Tangent ---- 9.76493 Secant ____ 10.06335
Corrections for 25" in S'

-f- 9 +12 -f- 3

Logs, for 30 12' 25" .... 9.70168 9.76505 1006338

these corrections being all added, because the logarithms increase in proceeding
from 30 12' to 30 13'. Instead of taking out the logarithms for 30 12', and adding
the correction for 25", we may take out the logarithms for 30 13', and subtract the

correction for 60" 25'', or 35", found in the margin S'
; thus,

Logs, for 30 13' .... Sine 9.70180 Tangent ____ 9.76522 Secant ____ 10.06342

~ 4
Corr. for 35" in col. S',

or 25" in col. G' ....

Logs, for 30 12' 25" ....
9.7_0167

9.76505 10.06338

The corrections are in this case subtracted, because the logaiithms decrease in

proceeding backward 35" from 30 13', to attain 30 12' 25". The tangents and

secants, in this example, are the same by both methods; the sines differ by one unit,

in the last decimal place, and this will frequently happen, because the difference of
the logarithms for 1', sometimes differ one or two units from the mean values which
are used in the three columns of differences. The error arising from this cause is

generally diminished by using the smallest angle
*

S', when the seconds of the pro-

posed angle are smaller than 30"
;
or the greatest angle G', when the number of

seconds are greater than 30". Thus, in the above example, where the angle
S' 30 12', and the angle G' =30 13', it is best to use the angle S' when the given

ar.gle is less than 30 12' 30", but the angle G' when it exceeds 30 12' 30". Thus,
if it be required to find the sine of 30 12' 51", it is best to use the angle G' =30 13',

and find the correction by entering the margin marked S', with the difference

60" 51" 9", opposite to which, in the column of differences, is 3, to be subtracted

from log. sine of 30 13'= 9.70180, to get the log. sine of 30 12' 51"= 9.70177. To
save the trouble of subtracting the seconds from 60", we may use the rfght-hand

margin, marked G', and the correction may then be found by the following rules :

RULE 1. When the smallest angle S' is used, find the seconds in the column S',
and take out the corresponding correction, which is to be applied to the logarithm

corresponding to S'
; by adding, if the log. of G' be greater than the log. of S';

otherwise, by subtracting.

RULE 2. When the greater angle G' is used, find the seconds in the column G', and
take out the corresponding correction, which is to 'be applied to the logarithm

corresponding to G'
; by adding, if the log. of S' be greater than the lo^. of G'

;

otherwise, by subtracting; so that, in all cases, the required logarithm may fall be-

tween the two logarithms corresponding to the angles S' and G'.

The correctness of these rules will evidently appear by comparing them with the

preceding examples ; and by the inverse process we may find the angle coi respond-
ing to a given logarithm, as in the next article.

We have given at the bottom of the page, in this table, a small table for finding
the proportional parts for the odd seconds of time, corresponding to the column of
Hours A. M. or P. M.

;
to facilitate the process of finding the log. sine, cosine, &c*

corresponding to the nearest second of time in the column of hours, or, on the con-

trary, to find the nearest second of time corresponding to any given log. sine, cosine.

&c. Thus, in the preceding examples, where the angle S'zz=30 12', and the

* If we neglect the seconds in any proposed angle whose sine. &c. is required, we get the angle
denoted above by S', and this angle increased by I', is represented by G'

;
so that the proposed angle

falls between S' and G'
; S' being a smaller, and G' a greater angle than that whuse log. sine, &c., is

required ;
the letters S ' and G', accented for minutes, being used because they are easily remembered

as the \nitiais of smaller and greater
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s

hl the column of Hours P.M., are
;;

and if we wish to find the log. sine, cosine, &r
corresponding to any intermediate time, as, for example, 4" l m 39% which differs 3-
from tl.e angle S' we must find the tabular logarithm corresponding to S', and applvthe correction for 3% given hy the table at the bottom of the page, as in the following
examples :

Logs, for S' - 4" 1- 36' Sine 9.70159 Tangent 9.76493 Secant m0633JCorrection for -f- 3
s

-|_ 8
_|_ n 13

Logs, for ..... 4" 1" 39 s Sine 9.70167 Tangent 9.76504 Secant 1O06338

Nearly the same results are obtained by using the angle G', in the manner we
nave before explained :

Logs, for G' 4" l
m 44 s Sine 9.70180 Tangent 9.76522 Secant 10.06342

Correction for 5 s 13 _ 18 _ 5

Logs. for. ... 4 h
1 39 s Sine 9.70167 Tangent 9.76504 Secant 10.06337

These corrections must be applied by addition or subtraction, according to the
directions given above, so as to make the required logarithm fall between those
which correspond to the times S' and G'.

the table at the bottom of the page, it is found to correspond to 3 s

; adding this to

the time S' z=4 h
l
m 36% we get 4 h

l
m 39* for the required time. We may proceed

in the same manner with the logarithms in the columns B, C ; using the numbers

corresponding, marked 15, C, respectively, in the table at the bottom of the page.

To Jind the degrees, minutes, and seconds, corresponding to any given logarithm
sine, cosine, $c. by Table XXVII.

Find the two nearest numbers to the given log. sine, cosine, &c., in the column
marked sine, cosine, &c., respectively, one being greater, and the other less, and take

their difference, D; take also the difference, d, between the given logarithm and the

logarithm corresponding to the smallest number of degrees and minutes
;
then say, As

the first found difference is to the second found difference, so is 60" to a number of
seconds to be annexed to the smallest number of degrees and minutes before found.

The three columns of differences may also be used, by an inverse operation to that

which we have explained in the preceding article.

EXAMPLE V.

Find the degrees, minutes, and seconds (less than 90), corresponding to the log.

sine 9.61400.

Next less log. S' z=24 16' 9.61382 Log. of smallest angle S'=24 16' is 9.61382

Greater G'= 24 17 9.61411 Given log 9.61400

D= 29 c?_ 18

Then say, As 29 : 18 : : 60" : 38", nearly ; which, annexed to 24 16', give 24 16' 38",

answering to lo<r. sine 9.61400. Subtracting 24 16' 38" from 180, there remain

155 43' 22", the log. sine of vyhich is also 9.61400. The quantity 38" may also be

found by inspection in the side column S' of the page opposite rfz= 18, in the

column of differences between the two columns, A, A. If we use the angle G', we

shall have d' equal to 11, the difference of the logarithms 9.61411 and 9.61400, and

the corresponding number of seconds in column G', is 37", making 24 16' 37".

To Jind the arithmetical compicwent of any logarithm.

The arithmetical complement of any logarithm is what it wants of 10.00000, and rs

used to avoid subtraction. For, when working any proportion by logarithms, you

may add the arithmetical complement of the logarithm of the first term, instead of

subtracting the logarithm itself, observing to neglect 10 in the index of the sum of the

logarithms. The arithmetical complement of any logarithm is thus found -

t the index, and write down what each, fgure wants of 9, txcept the
*? .n&Sfi"'

fieure which take from 10.* Thus, the arithmetical complement of 9.62595 is 0.37405 ;

jfm of 1.86567 is 8.13433; and that of 10.33133 is 89.66867, or 9.66867.

* When the index of the <nven logarithm is greater than 10
7
as in some of the numbers of Table

XXVII
'

the left-hand figure of it must be neglected ;
and when there are any cipher*

to the nght ha

of the last agmfirant figure, you may place the same number of ciohers to me nght hand of & other

figures of the" arithmetical complement-
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