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EXPLANATION OF TABLES

Introduction.

Befare considering each individual table it is necessary to con-
er the fundamental principles of logarithms. The logarithm of
umber N to the base a is the exponent x of the power to which
base must be raised to equal the number N. The base @ musl

positive and not equal to 1; further, to stay within the field of

f\..\

I'numbers, N is taken to be positive. The statement “The logarithni
N o the base a” is abbreviated “log.N." Thus the abovg;‘f]’éﬁni-

n can be stated symbotically:

If N = a* then x = log,N.

? { ) 4
O

e logarithm thus defined is unique; every positive number has
e and only one logarithm, and every logar'@m) represents one

d only one number.

The following statements, rea

3 = 9 logs9
25% = 5 Jog2s5
9—3

Preperties of Logurit!]gn%

i

S J
NN

d across, the page, are equivalent.

oY

=0V
= 1/8 : loggi/s g E

—3.

The following four properties are easily proved by using the

ws of exponents.

I. The logarithm%f a product is equal to the sum of the logae-

rithms of \ié?\factor.s ;

) log MN = log. M + log,N.
1. Tkgezf(%arithm of a quotient is equal to the logarithm of the

"

numeralor minus the {ogarithm of the denominator;

N\ ) log;a-];;1 = logM — log,N.

1. The logarihm of the k™ power of « number equals k times

the logarithm of the number;
log. Nx = k log.N.

V. The logarithm of the i root of a number is equal to the

number divided by q;

ix
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Exﬁlanation of Tables

log, VN = ;-— log,N. :

These four properties are used extensively in computation.
Mlugiration,

Express _

log (V5932) (0.436) !
{3,294)3(3.1416) ;
as the algebraic sum of logarithms. *
Solution: . R

g (V/5932) (0436) R
' - (3.294}%(3.1416) & M
[By ny: N

= log('\/5932){0436) —10g{3294 3(3 1\446)
[ By ij:
= logy/59.32 + log0.436 — [log(3\294)3 + log3.1416]

' _[By 111 & IV]:

Ny
= 1510g99.32 + log0436 =\ 3log3.294 — log3.1416.

For computanonal purposes the ‘base a is taken to bhe 10; the

' logarlthms are then called comm:m logarithms. When a = 10 the
base is usually omitted in the: abbreviated symbol; thus the common
loganthm logioN is simply written log N.

From the above defmition of a logarithm it is easily seen thal

~the following iable\gwes the numbers .whose common logarithms
are mtegers

S ;sl\E.xpo'nentia'l Form Logarithmic Form
. ..\\ ............. e SRR
\\\ _103 *1000 . log 1000 = - 3
L 102 = - leg 100 = 2
iy = m. - log 10 = 1
1 =1 . ’ lag 1 == i3
Wi=o01 . ' log 01 = —1
W= 001 log 0.01 = —2
5 S0 =000 . | g 0.001 = —3

By studymg this table it is evrdent that logarlthms are, in gen

eral hot integers. They are in general an integer plus a propel



Introduction xi

-tion which is expressed in decimal form. The integral part is
ed the characteristic, and the decimal fraction is called the
mtissa. Thus
log N = characteristic -+ mantissc.

general the mantissas are non-repeating infinite decimals which
, be approximated correctly to as many places as desired. They
. compiled in tabular form and are known as logarithmic tables.
us the mantissa, or decimal part, is found from tables. These
lues are always positive.

The characteristic is determined according to the following
o rules: P\ N
nle 1. A
If the number N is greater than L. the characteristic of its

logarithm is one less than the number of digits {0‘?& left of
the decimal point. g
ule 2. ;~\\:
1f the number N is {ess than 1. the charagtefistic of its logurithm
is negative; if the first digit which ;Zs’}uft sero occurs in the
kv decimal place, the characteristic &3, minus k.
Since the complete logarithm is given by
log N = characterstic :h’ﬁiantissa;
nd, further, since the mantissa is always positive, the negative
haracteristic, — k, should~glways be written as (10 — k) — 10,
Thus suppose the mantissa, 1% 57325; then if the characteristics are
1, 0, — 1, and — 2 'the logarithms are written 1.57325, 0.57325,
9.57325 — 10, and'857325 — 10, respectively.
ﬂlustra{icns’,\. o
Thé rharacteristics of the logarithms of the numbers in
the i'e}‘t column are given in the right column.

<\' “\‘ Number Characteristic
3
135.2 2
51.35 1
2.693 0
0.3206 21
0.0735 810
0.000837 5-10 .



xii Explanation of Tables

The numbers 0.05903, 0.590300, 5903, 5903000 are said
have the same sequence of digits. (The initial and end zeros are dis
regarded; the significant digits being 5903.) The mantissa of th
logarithm for each of these numbers is the same and is the mantiss
for 5903 : the characteristics are, of course, different.

Antilogarithms.

Jf the Jogarithm is given, the problem becomes that of finding,
the number which corresponds to this logarithm. The aumber\
called the antilogarithm. The characteristic of the given loﬂarﬁhm
determines the position of the decimal point in the anulavarlthm,
the mantissa determines the digits of the number. To plase’ the deci:
mal point in the number, use in reverse order the t:ﬁ"o rules given,
previously for determining the characteristic -0f &' number. Thus
suppose the digits of the antilogarithm are 37504 and the charac
teristic js 1. Since the characteristic is posjiive, Rule 1 is to be used;
using Rule 1 it is noled that there shouia‘ be two digits before the
decimal point in the antilegarithin, Thus the decimal point is plasd

" after the *7,” making the number® 37.564. If the characteristic had
been 8 — 10, that is, — 2, thed “Rule 2 would apply. and the first
non-zero digit after the df-clmal'pomt in the antilogarithm should be
in the second place; therf{ore, the number would be (L.037564.

Cologurilhms\< ~

The cologa,riihm of a number is defined as the logarithm of the
reciprocal ofsthe’ number.

#

“éblogN“—-logﬁ_ log 1 —log N =0 —1log N

\

A = {10.00000 — 10) — log N.
'\ Illustrc:uon
\/ If log 35.7 = 1.55267. find colog 35.7.
Solution:

colog 35.7 = log 1 — log 35.7
= 10.00000 — 10
minus 1.55267
= 844733 — 10.



Common Logarithms of Numbers xiii

To find a cologarithm mentally:

Subtract each digit of the logarithm of the number, except

the last one, from @ and the last one from 10 and subtract 10

from the result. Thus in the above ilustration: 9 — 1 = §;

¢ —5=4:9—-5=4;9--2=7;9—6=3;10—-7 =

3 giving 8.44733 — 10,

Cologarithms are used in computation when it appears to be
desirable 1o add all the logarithms instead of subtracting some of
them. They are also used 1o find log sec & and log csc 8.

A dash printed over a terminal 5 indicates that the true vah;e
is less than 5. For example the logarithm of 59903 to seven de.l:lmal
places is 4.7774486; to five decimal places this is writted 77745,
If only four decimal places are required in a computation, the 5 is
neglected. Thus the above logarithm is written 4.7724.)When a dash
is not printed over a terminal 5, and only four désimal places are
required, the fourth decimal figure is increased by one and the 5
neglected. For example, the logarithm of 761 Mo five decimal places
is 3.88485; to four places this is written 3.8849,

2. Table of the Common Logarithins of Numbers.

Pages 2.3 contain the mantissas ‘of the logarithms of all num-
bers of one, two, and three dlglts the characteristics are determined
by the rules previously givén» If the number has one or twe digits,
it is given in the left ¢olumn, headed N, and the mantissa of its
logarithm is directly opposite it in the second column, headed
“L 0. Thus, log A== 047712, log 0.067 = 8.82607 — 10. If the
number has thres,digits, the first two are given in the “N” column
and the third d}n is given in the horizontal row at the top or boitom
of the Py Phe mantissa of its lagarithm is at the intersection of the
line contalnmg the first two digits and the column containing the
t['urd\ Thus, fog 184 = 220482, log 89.1 = 1.04988, log 937 =
Q97174 — 10,

The logarithm of numbers of one, two, and three digits may
also be found by using pp. 4-21. For example, on p. 2 we find log
12 = 1.07918; this logarithm may also be found on page 4 in the
“120” row and the “L. 0" column. This is tree because 12 and 1200 .

have the same sequence of digits; and therefore, have the same
mantissa,



xiv Explanation of Tables

Pages 2-3 are not to be used when finding the aniilogarithm.

Pages 4-21 contain the mantissas of the logarithms of all num-
bers up to four significant digits and may be used to interpolate
to five places the logarithms of numbers of five and six significant
digits. The arrangement is similar to that of pp. 2-3. The first three
digits of the number are given in the left column, headed by N,
and the fourth in the horizontal row at the top or bottom of the:
page {(these digits head the columns and the columns may be spoken
of as the “2” column or “§” column, ete.). The last three(figiires
of the mantissas are given in the columns headed 0,1, 2/3M75, 6,
7, 8, 9, and the first two, at intervals, in the second ’cggﬁi‘nn under
“L.” When the first two are not given in any Iir{e;:.jthejr are to he!

taken from the first line above containing them,\eXcept when the:'.g
last three are preceded by a e } 3

. AN
The meaning of the { ) in the tuble. ¢*$

If the last three digits of the mantissa are preceded by a ,, the :
first two digits of the mantissa are 't,o‘ be taken from the row directly
below the one in which the last three appear. E

*

NMusgtrations, N

1. Find logm.?xz.;l'ﬁ.
)

Selution : B)f }h}le I the characteristic is 1.

Find the first three digits in the “N” column (p. 8). i
In the (824" row and the “6” column find 135; these are the :
last"\t}jrée digits of the mantissa; the first two are found in :

{h{sécond column under “L”; they are 51. Thus log 32.46 =
151135, ‘

2. Find log 0.3807.

Solution: By Rule 2 the characteristic is — 1.

Find 380 in the “N” column {p. 9). In the 380"
row and the “7” column read .058. Since this number is pre-
ceded by , the first two digits are to be taken from the row
directly below the “380" row; thus opposite 381 under “L”
read 58. Therefore, log 0.3807 = 958058 — 10.
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3. Given log N = 2.89382. Find N.

Solution: The mantissa is 89382, The first two digits appear in

the second column under “L.* Thus find 89 in this column

{p. 17). In columns “0—9" search for the last three digits 382.

They are found in the “17 column, opposite 783 in the “N”

column. Therefore the digits in the number are 7831. The

characteristic is 2; therefore, by Rule 1 there should be three

digits before the decimal point. Thus N = 783.1.

Interpolation. A

When the number has more than four digits, 1ts logarith{h‘is:’
found by interpolation. For small differences, it is assumed.that
differences between numbers are proportional to the differences
between their logarithms, For example, required the Jagarithm of
99458, The characteristic is 2. The mantissa is hetween those for
29450 and 22460, which are 35122 and 35141, Jespectively. The
\abular difference is found by subtracting t e’two consecutive man:
tissas. Thus tabular difference = 35141,3)35122 = '19. The dif-
ference between the numbers 22450 and 92460 is 10 and 22458 is 8
greater than 22450; hence its mantis’s{é 15 B/10 of 19 greater than
that of 22450. Thus 8/10 of 190215 to the nearest integer is to
be added to 35122 and it is casily seen that log 224.58 = 2.35137.

Table of Proportional Rarts.

To facilitate interpolation, the tenths of the tabular differences
are given under P P‘[LP\ropor{ional Parts} in the extreme right-hand
column in the table.’In this column the tabular difference heads a
group of numbers:In each group the integers 1 to 9 in a column on
the left repr‘g&s}ﬁt the fifth digit in the number N. The numbers on
the righi\tepresent the corresponding proportonal part for that
tabmai;.:diﬁerence. Thus in the above example the tabular difference
is ¥9¥n the “P P” column {see p. 6), in the group headed “19,”
antl opposite 8 (the fifth digit in N) read 15.2. This was the amount
which was added to the smaller mantissa. The decimal point in 15.2
indicates the position of the last digit in the given table; thus the
above addition was 35122

152

351372
and then rounded off to five digits.
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Nlustration. :
Given log N = 755469 — 10. Find N.

Solution: The mantissa 55469 is between 5546) and 55473 as
found in the table corresponding to N = 3586 and N =
3587, respectively. The tabular difference = 55473 — 55461
= 12. The PP difference = 55469 — 5546] = 8 (always
subtract the smaller found mantissa from the given marntissa
to find this difference). In the “P P” column in the group
headed by 12 find 8.4 on the right; this is the closesp number
te 8. To the left of this number is found the numbér )7, which '
is therefore the fifth digit of N. The first four a{e:’ghose which
correspond to the smaller mantissa found i the” table, ie,
3586. Therefore the digits of the number a.re.'\'iSSﬁ?. The char-.
acteristic is 7 — 10 = — 3. Thus N = 0,0035867. |
The logarithm of a six digit numbepymdy be found by inter-:

polation; this degree of accuracy is, hdwever, seldom required by
a five-place table, "N\ |

= " 3
flustration. P\

Find log 168.342. 3
Solution: The chargcleffstib is 2,
The maitissa for 1683 is 22608 {p. 5). The tabular
difference is {In'the “P P” column :
the “proportional part for 4 = 104
',\“];/10 proportional part for 2 = 59
Therefore proportional part for 42 = 1092,
or Ao the nearest integer. Thus add 11 to 22608 and log
168:312 = 292619, '
";:I'he above procedure can be used in reverse to find the anti-
dogarithm to six digits.

3" The S and T iables which appear at the bottom of the pages
will be explained later.

N

Computations Using Logarithms.

In carrying out computations wsing logarithms it is desirable
8¥e a systematic form in which 1o display the work, Only a
syslematic form can be read by a person who has not carried out
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he actual computations, The following form, given in the illustra-
ons, is recommended, :

THustrations. .
1. Find Nif N = (¥0.9573) (3.21)2
98.32

Solution: By the four properties of logarithms
log N = 14 log 0.9573 + 2 log 3.21 — log 98.32,

{1) 1% log 0.9573 == 14 [9,98105 — 10] = 9.99368 - 10 U
(2} 2 log 321 = 2 [0.50651] = 1.01302 e
(3 i1y + (2) = 1L00670 — L

(4) log 98.32 = 199264 7

(5) {3} — (4) — 0.01406%* 10

W

N = 0,10329 ’x:\\.

Note: to find )

15 [9.98105 — 10] = 5 [29¢ ‘.38105 — 30] = 9.99368—10
always rearrange a negative characterlst:c so that after divid-
ing the result will be x.xxm——- 10.

2. Find Nif N #° \}&_322_@3
' \\ 673.52
Solution:
log N = 1/2 ES log 0.35926 — log 673.521,

(1) :'\?llog 0.35926 = 3 [9.55541 — 10] = 28.66623 — 30
(2) |\ og 673.52 = 2.82835
Bt 1) —@ — 2583788 — 30
~(4)) % (3) 1583788 — 20 — 7.91894 — 10
N :
N = 00082074

Note: In going from (3) to (4) we made the change 25.83788
— 30 = 15.83788 — 20. This was done sc that after dividing
by 2 the result would be x.xxxxx -— 10.
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The Natural Logarithms. 2

As was pointed out on an earlier page the base of a logarithm ° t
is not necessarily 10. However, besides 10, there is only one other,
base which is frequently used in mathematical problems; that bast i
is the number e. If the base of a logarithm is e, the logarithm i m]
calied the natural logarithm. In the abbreviated symbol the natural
logarithm is frequently written “ln N.” Common logarithms. maj
be converted into natural logarithms by multiplying the.m hy]
2.3025850930, Natural logarithms may be converted intg, cbm‘mon
logarithms by multiplying them by 0.4342944819. In, general !i
convert from the base “a” to the base “b” use {hs fo]lowm%
regulation. O

logN 3O %

105!33 RN };
Page 22 contains an abbreviated tab}e of natural logarithms{
it gives the natural logarithm of wholesnumbers from 1 to 200. The!
number is given on the left and Ihe iogarlthm to the right of it. Iy
tables of the natural ]ﬂgant}u‘né the characteristics are expllclt]j
expressed. For example, In 21 = 3.04452.

log,N =

3. Logarithms of the\'[‘ngonometnc Functions.

The table of;the.Jogarithms of the trigonometric functions haS!
been divided 1nt0\1:wo tables, Pages 23-46 contain the logar:thmﬂ;
of the trigonomeétric functions from 0° to 1° and 89° to 90° fol
every secon:d\, and from 1° to 6° and 84° to 89° for even ten sen‘é
onds, Pag\s 47.92 contain the logarithms of the trigonometry
fuanQns from minute to minute. The second part of the tabld
Whlch is the most frequently used table, will be explained first. T
~amgles from 0° to 45° are labelled at the top of the pages with the
“minutes for these angles given in the left-hand column, and Ik
headings of the columms are to be taken from the top of the pages
The angles from 45° to 90° are labelled at the bottom of the page
with the minutes in the right-hand column, and the headings of th
columns are to be taken from the bottom of the page. The inter
polation is done by the proportional parts table given under th
heading “P P as was done in the table of common Togarithns
The tabular differences are given in the table in the columns heade
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y “d” to the right of the column of “I, Sin™ and “L Cos”; “L Tan”
2d “L Cot” have a common difference and the “c d” column be-
veen them refers to both. The “P P column gives the proportional
arts differences for each second.

The sines and cosines are always less than 1, and therefore the
ogarithms of these trigonometric functions always have a negative
haracteristic. Similarly, tan 8 for § < 45° and cot § for ¢ between
5° and 90° are less than 1, and the logarithms of these functions
ave a negative characteristic. The first part of the characteristie®y
or the logarithms of these functions is explicitly given in the tables
t is, therefore, necessary to subtract 10 from the logarithmg‘gf\lhe
sbove mentioned functions as given in the table. The chara{cte‘l‘istic
‘or the logarithm of tan § for § between 45° and 907, g.tfd‘cot g for
9 > 45° as given in the table is the exaet charadteristie, and no
.ubtraction is to be made in this case. No logarjthms are given for
he secant and cosecant; if these functions_pgeyr in any computa-
ion, express them by means of the reciprgeal identities in terms
of sine and cosine and use cologarithms, Thus log csc § = colog
sin 6. .: X
Llustrations. N\

1. Find log sin 2&3{43'37".
£ Y

Solution: Page 71%H the tables gives 23° at the top; there-

fore the minutes({43) are found in the left column. In the “L

Sin” column opposite 43° read 9.60446. In the “d” column

between 43f and 44’ read 28; this is the tabular difference.

In thev®)P” column, and in the column headed by 28,
pposite 30 read 14.0,

'.if.'bpposite 7 read 3.3;

“\therefore the proportional part for 37” is 17.3, ov 17 to the

nearest integer. Adding this to 9.60446, the result gives log

sin 23°43'37" = 9.60463 — 10.

2. Find log cos 60°36'43".

Solution: 60° is found at the bottom of p. 77; therefore the
righthand minute column is used. Opposite 36 in the minute
column and in the column headed by “L.Cos” at the bottom of
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™

the page Tead 9.69100. The “d” column gives the tabular dif
ference as 23. Under “P P” in the “23” column

opposite 40 read 15.3,

oppesite 3 read 1.2; :
therefore the proportional part difference is 16.5 (17). Th
amount is to be subtracted from 9.69100 because the cosinei
a decreasing function (the’ cotangent is also a decreasing fum
tion, whereas the sine and tangent are increasing functionsiy

Thus e
10g cos 6‘0’36’4‘3” .: 9-69083 . 10' '\0 Ny

3. Given log tan 8 .= 9.74627 — 10. Find™¢.

Solution: In the “L Tan” columns the umihbeér just smalle
than 9.74627 is 9.74613 as found on p..¢%.'and correspondin
to 29°8". The tabular difference as found in the “c d” colum
is 30; the proportional parts diffecence is 9.74627 — 9.746%
= 0.00014, or simply 14. (Only*the last two digits are affects
in this difference and the subttgction should be done mentally.
Under “P P in the “30”_golumn

opposite 10.0 read'at the left 20,

opposite 4.0 rfad at the left 8;
therefore # = r4‘3"8'28”

. \\
4. Given' log cot § = 981672 — 10. Find 6.

Solutwm In the “L Cot” column search for the numbers clos¢
to 981672, On p- 81 in the “L Cot” column headed at i

\%tlom of the page find 9.81693 and 9.81666 corresponding ¥

\.56°44’ and 56°45’, respectively. The tabular difference, as four

* in the “c d” column, is 27. The difference between 9.816%

(always use the logarithm correspounding to the smaller angle
and 9.81672 (the given logarithm) is 21. In the “P P” colum
under 27
opposite 18.0 (on the right} read 40 (on the left),
opposite 3.2 {on the right) read 7 (on the left);
therefore the proportional part is 47” and § = 56°44°47".

Note: 1f it is desirable to find the angle to the nearest tenf
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of a second it could be accomplished by the proportional parts
as follows:
18.0 is the prop. part for 40
2.7 is the prop. part for 6
.32 is the prop. part for .7
thus 21.02 is the prop. part for 46.7
and § = 56°44°46.7".

The Small Angles

Pages 23-46 contain the logarithms of the trigonometric Furicy
tions for the small angles to the seconds. The general arrange\fﬁent’
of this table is similar to that just deseribed. Again the de(gfhps are
given at the tops and bottoms of the pages. The_txigonomelric
functions are also labelled at the tops and the boltoms’}f the pages.
On pp. 23-25, the minutes and each ten seconds\ale given in col-
umns at the left and right, headed ” and 7, x{nﬁ' the odd seconds
are given in a horizontal row at the top aprd \bottom of each page.
On pp. 36-46, the minutes are given if eblumns at the left and
right, headed ’, and each ten seconc}q’i’s given in a horizontal row
at the top and bottom of each pagehThe columns of minutes on the
left read downward; the horizofrg'tai rows at the top, from left 1o
right; these go with the degfees at the top of the pages. The col-
umns of minutes at the {iglﬁ’*and the horizontal rows at the bottom,
read in the opposite difséiions, zo with the degrees at the bottoms
of the pages. On pp) 36-46 the odd seconds are found by the use
of the “P P golgmns. On pp. 24-25, the proportional parts are
given at the t(jfyéf the pages; on all other pages they occur in the
usual right¢hand column.

G

ﬂ}\iitruﬁons.
N\

~0 1. Find log sin 0°37724.37".

) |

Solution: Page 30 gives log sin 0°37'24” = 8.03659 — 10
Tabular difference is 19. “P P columns reads
proportional part for 3 =351
1/10 proportional part for 7 = 1.33;
therefore proportional part for .37 = 7.03 0r 7.
Thus log sin 0°3724.37" = 8.03666 — 10.
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2. Find log tan 0°42'17.48".

‘Solution: From p. 33: log tan 0°4217” = 8.08992 — 10,
Tabular difference is 17 and from the “P P” column the pro.
portional part for 48 is 8.16 or 8,

Thus log tan 0°42’17.48" = 8.09000 — 10.

3. Find log cos 89°43"26.4".

Solution: From p. 26: log cos 89°43'26” = 7.68296 — 10.
The tabular difference is 44 and the “P P” column giyes the
proportional part for 4 as 17.6 or 18. Since the Eosine is 8
decreasing function this is to be subtracted from the above

‘logarithm. Therefore the result is log cos 89 43’26 4” = 7.68278
— 10, .

N
Solution: From p. 45: log col@AP3430” = 8.97758 — 10
The tabular difference is 23 .and the “P P” column gives the
proportional part for 2 as’6 or 5. Subtract this from the

above logaritbm and obtam the result, log cot 84°34'32"” =
8.97753 — 10.

4. Find log cot 84°34732",

5. Given log'tan § = 8.74875 — 10, Find 4.

Solution: Flk\n p. 41: log tan 3°12'30” = 8.74861 — 1
The tabular difference is 38 and the prop. parts differenc
(8. 74875 — B8.74861) is 14. From the “P P” column under 38
the\p\oportmnal part for 3.7 is 14.6. Thus # = 3°12'33.7".

”s and T Tables.

\ When a very small angle is to be found by means of its log

V

arithmic sine or tangent (angle near 90° by means of its logaritt
mic cosine or cotangent), and accuracy is desired, the cologarithm
of 5 or T, pp. 221, should be used. These are given in the column
headed “C §” and “C T.” pp. 48-50. When the logarithm of the sin
or tangent of very small angles {cosine or cotangent of angles nez
90°) expressed to many decimal fractions of a second, the S and’
table should be used. The formulas for their use are as follows:
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To find the logarithm:
logsin ¢ = log 67 + 8
log tem 6 = log " + T:
log cos § = log (90° — 4)” + S:
log cot 9 = log (90° — 8} + T:
where #” = number of seconds in ¢ and (90° — 6)” = num-
her of seconds in 90° — 6.

To find the angle:

log §” = log sin § + C8S; ‘O
log 8" = logtan ¢ + CT: O
log (90° — #)” = log cos § + C8: (5.‘;.
log (36° — ¢)"” = log cot § + CT; D
where the notation is the same as above.
IHustrations. p \\ ),
1. Find log sin 3.4785". A\
Soelution. QO
From p. 8: log 3.4785 = 054139
From p. 2: S 4.68557 — 10

log sn 5.4785" = 5.22696 — 10.

2. Given qugﬁk — 6.82973 — 10. Find 6.

Solution: The vahe of @ {see p. 58) lies between 0°2" and 0°3’,
or between {20” and 180", and, corresponding to this,

(9= 531443
logsin0 = 6.82973 — 10

_\}og §7 = 2.14416.
The number corresponding to the logarithm 2.14416 is (p. 4)
\139 368. Therefore, § = 139.368" = (0°2'19.368".

\ Change of Trigonometric Functions.

It is sometimes tequired to find the logarithm of one trigono-
metric function from that of another, without requiring the angle.
To facilitate this, special proportional tables, headed with the
tabular differences of both functions, are given (pp. 57-92) wher-
ever the space admils it.
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Nlustration.
Given, log tan x = 9.67644. Find log cos x.

Solution: The difference between the given logarithm and that

given in the table, 9.67622 — 10 (see p. 73, opposite 25°23"),

is 22. The tabular differences of the two logarithmic functions

at this place are 32 and 6. In the proportional parts table for

6/32, 22 corresponds to 4; this, subtracted from the tabulars

logarithmic cosine 9.95591 — 10, gives the required A
Tog cos x = 9.95587 — 10. A\

£\
~\’

Angles Greater than 30 Degrees. o ‘”'"

In the examples already given, the angles, hﬁve all been less
than 90°, The logerithms of trigonometricNufictions of angles
greater than 90° may be obtained by the {o%oiving theorem.

Any function of an angle @ is numb(u’:ally equal to the same
function of the reference angle for §;/hex;

{any function of 9) = = (sa:ne Tunction of ).
where

o« = 180" —0,if 8is bet::ueen 90° gnd 180°,

a = 0 — 180°, if 8 is between 180° and 270

a = 360 _ 8 afmﬂ\w between 270° and 360°.
The “+* or “— \determmed by the following table:
If ¢ is between 9Q° and 180°, the sine and cosecant are positive and
all others, negative.
If 6 is betwéen 180° and 270°, the tangent and cotangent are positive
and all others, negative,
If 648 Yetween 270° and 3607,
and a!l others, negative.

] [ 0 is greater than 360",

any function of 8 = same function of {(§ — n 360°).
where n is an integer.

the cosire and secant are positive

Mustration.
1. Find log sin 112°15'17”,
Solution:

log sin 112°15°17” = log sin 67°4443” = 996638 — 10.
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2. Find log cos 2027 28734",

Solution:

log cos 202°28’34” = log cos 99°9834” = 9.96563 — 10 (n}.
Smn:e the cosine is negative for any angle between 180° and
270°, (n)} is placed after the logarithm to indicate ihat the
triconometric function is negative. This is the usual way of in-
dicating that the number corresponding to a togarithm is
negatlve.

Natural Trigonometric Functions. - \

Pages 94-116 contain the natural trigonometric funcl_lons for

each minute. The arrangement is the same as that of theslogarlthms
of the trigonometric functions, except that differenc and propor-
tional parts are not given. To interpolate for these) functions, the

method of linear mterpolatwn is nsed. SO

<\

DNlustrations. ’ '\ v
i. Find tan 59°27.3". ¢

Solution: From the table tan 50; "7 = 1.6943 and tan 59°28
= 1.6954. The tabular dlffarence is 0.00i1; muitiplying this
tabular difference by .3 the' result is 0.00033. This amount is
to be added to the v. fue for tan 59°27. Thus tan 59°27.3" =
1.6946. )

The computatwn\an be written as follows:

tan 59727 < 1.6943

tan 59°27 3‘ 1.6946 | (0.0011)(.3) = 0.00033.

tan 593\23’ = 1.6954

\'ﬁ Find cos 76°58°36".

| ’xli

\%EMzon

From table: cos 76°58’ = {12255 36
o eraae” — 02253 | (— 0003) 60) -
cos T6°59 = 0.2252 — 00018,

Thus cos 76°58'36" = 0.2253.

3. Haversines.

Used in navigation and in the solution of ordinary oblique

triangles, these tables give the values and the logarithms of haver-



o

xxvi Explanation of Tables

sines of angles from 0° to 180° at 10" intervals. The characteristic
of the logarithms have been omitted; these are to be determine
from the value of the haversine according to the two rules for th
characteristic of a logarithm. Interpolation to the nearest minut

may be made by linear interpolation as in the case of the natura
trigonometric functions,

Definition. 8§
The definition of the haversine is O\
hav g = L¢80 ' O
2 PNY
The Haversine Law. D
In any spherical triangle O

hav @ = hav(b — ¢} + sin b . side - hav A,
hav b = hav(a — ¢) + sin a/ggin ¢ - hav B,
hav ¢ = hav{a — b) + sip'@. gin b . hav C.

6. The Right Trimgle. o\ bd
In solving problems whjgh}'siiéal with triangles it is convenient
to have the necessary forufulas listed in one place. The formulas
related to the right triapgle are listed in this section; and those for

the oblique triangle will be given in the next section. For the letter
ing see Fig. 1. \'\

O

(1) sina:gzcosﬁ. (2) cos«=%:s&nﬂ
(3) iana=§=cot,8. {4) cota=§=tun,6-
(5) a®+ b = ¢, (6) o+ g = 90°,

For logarithmic computation (5} is written in the forms

(7) @=vle—blc b (3 b= +y/(c—a)(c+ b
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The computation should always be displayed in a systematic
form. The form given in the illustration is recommended and it is
further suggesied that the form be written down before turning to
the tables and finding the logarithms.

Mustration.
Solve the right triangle ABC if g8 = 37°23'43" and ..
=.1.3572. \
o
Solution: )
N\
Data: a = 1.3572; 8 = 37°23'43".
Formulas Computation » ?
A
= — B a = 90° - 37°23'43" —< 52°36'17"
b .. log & == 0132647
= 1an B, g s
e Boor log tan 8 — 9.88334\— 10 5 |
b == a tan B. Jog b = 001598 = 1037
2 — cos 3, or fog a 'lb 13264 — 10
log cos .8""" 990008 — 10
-1 e — 1,7083
—_ } = [(,23256
 cos B 9,3.(;
check: a= Vic— b) (¢ ) lug (¢ —b)} = 9.82659 — IO
c—b=10.6708, x:t:\ Ing (¢ + b) ==0.43867
¢ + b= 27458 heck sum — 0.26526
log 2 0. 1322{ o - 4 sum — 0.13263

7. Obliqug{ri&nglas.
Thesformulas for an oblique triangle are as follows; for the
lettering see Fig. 2.
'e) )
RS

\‘;

(1) Sum of the Angles:
o+ B+ y = 180°
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(2) The Law of Cosines:
o a®* = b* + ¢ — 2be cos a;
b2 = a® + ¢ — 2ac cos 8;
¢? = a? + b*— 2ab cos y.
Solving for the angles, these formulas read

b + ¢t — o
CoOE o — T:
_ o+ ¢ — b \
BB e V)
cony = LBt o
¥ 2ab ’ #™N "“ )y
(3) The Law of Sines: 7\
«a b ¢ '.“\\\'
sine sinf  sin y i
A4) The Law of Tangents: .='ff\\'
a—b _ tanlle — ) \
a+ b tanlile + 8)
a—c _ tanlfple — 71
a+ ¢ tcmlfz(aﬁ- iy
b—e _ tamlp(f— )
b+e tmlbp(p+ )
(5) Haz'f Angle Fo@}as.-
o 5\ . _E_ r .
) s-—a' tan - =%
tm\_z..

o 2 s — c"
whglfe '
s = Yala+ b+ o)
\\n
:\ \ r = q(s ~ a)}(s — b)(s — ¢)
AV "
(6) The Area of the Oblique Triangle :
I K = izbe sin ar K = lhyge gin A: K = Ysab sin y.
Il K = vs(s — a){(s — b) (s — ).
Il K = af gin 8 sin Y. K — bzsinasiny.
. 2 sin o ) 2 sin B ‘
K — ¢? sin ¢ ain B
2 gin 4
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hich may be solved by the above formu]as -according to the fol-

Wing sutmary.

Solution of the Cases.

Problems of oblique triangles are divided into four cases

Cases

Solution

I. Given two angles and
a side,

Solve by the law of sines.
Find the area by HL

I, Given two sides and|Ambiguous case. N
an opposite zngle. | Solve by the law of sines. \
I. Given two sides and|Find the angles by law of tangents; th&lf’i'md-
the included angle.| the third side by the law of sines. /7
If only third side is required, use thé taw of
cosines.
Find the area by 1.
V. Given three sides, Solve by balf angle formula§y™
Law of cosines may be us\d~
Find the area by IL
):’“ -
Rlustrations. N ’f’ 3
Solve the triangle ABC, 1fa = 39 28°147, y = 110°43°1 7",
= 36.483. 7
imt\
Solution: L\
Data: = = 89528°14"; v = 110°43'17"; a = 36.483.
Formulas ’\" Computation
Y
8= 180°’\4§(& + v) | B = 180° — (150°11'31") =
NN, log a == 1.56209
Sl T Gn o Iog sin 8 = 9.69644 — 10
AV AN ) som = 1125853 — 10
h = =— log sin o —= 9.80324 — 10 E:
sin @ log b — 145529 b = 28529
¢ a log a == 1.56209
sin ¥ Sin @ log sin ¥ = 9.97096 — 10
. sum — 1153305 — It
LN Jog sin « = 9.80324 — 10 .
sin « Tog ¢ = 1.72981 ¢ = 53.680

N
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8. Trigonometric Identities.
1. The Fundamental !dentities.

¢sc f — ! —_— sec @ =
smfi

tan ¢ = G. cot # =
cos §

gin?d + cos’d = 1.
tun?f + 1 = sec?s:
cot*d + 1 = cac?h.

I1. Complementary Angles.
sin ¢ = cos (90" — &)
tan ¢ = cot (90° — 9);
sec § = csc (30° — @)

I1I. Negative Angles.

gin (— §) = —s 4;
cos (— §) =  cos 6;
tan (— 8) = — tan 6;

IV. Multiple Angles. ‘».” )
gin {e¢ + B) =

_1_
cos
cos

E.

=1
e

tan § —

e

cos § = sin (@0 6):
cot § = tan/(90° — 6):
csc @ = se}isn" — 8).

cot}(— §) — — cot &

~sec (—§) =  sechi
NYesc (— §) = — esc e

at:osﬁ + cog asin &

uos(a-i-ﬁ)*cos'acosﬁ-i- gin o sin g8;

tem (» + ﬁ)\
sin 2 o \2 Slna CO8 o
cos.Z.a.— cosZa — sinZe;

\ — TN e

\ Sml‘/zah-*'" ,Jl—cos::

:.\‘:".; 1/2“:i1’1+:°sa

i

tan e + tan £
1 —tan o« tan §°

ginx +siny = 2smx;Ycosx;Y:
sinx —giny = ZCMX;Yﬁnx;Y:
cos x+cosy = 2cosxgymgx;1’;
cosx—cosyz_zsinx;'Ysmx';Y
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THE NATURAL LOGARITHMS

OF

Conimon logarithms may be converted into natural
Plying them by 2.3025850930,

Natural logarithma may be converted into comm
multiplying them by 0.4342944819.
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7INLY764 6481 | 3.476 {92 | 8464 | 778688 | 9.592
/1 849 6.557 | 3.503 | 93 | 8649 | 804357 | 9.644
1936 6.633 §3.530 | 94 | 8836 | 830584 | ©.695
2 025 6708 | 3.557 | 95 | 0035 ] 857375 | 9.747
2116 6.782 | 3.583 | 96 | 92161 884736 | 9798
2209 6.856 | 3609 | 97| 9409 | 912673 | 9.849
2304 6928 i 3634 | 98 | 9604 | 941192 | 9.899
2 401 7.000 ) 3659 | 99 | 9801 | 970299 | 9.950
2 500 7.071 ] 3.684 {100 | 10000 [1 GO0 000 | 10.000
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1 degree == 0.01745 32925 19943 radiimé

Degrees

Minutes

Seconds ._:

0.00000 060
0.01745 33
0.03499 66
0.05235 99
0.06981 32

0.08726 65
0.10471 98
0.12217 30
0.13962 63
0.15707 96

0.17453 29
0,19193 62
0.20943 95
0.22689 28
0.24434 81

0.26179 04
0.27925 27
0.20670 60
0.31415 93
0.33161 26

0.34906 59
0.36651 91
0,38397 24
0.40142 57
0.41887 90

0.43633 23
0,45378 56
0.47123 89
0.48869 22
0.50614 55

0.52359 88
0.54105 21
0.55850 54
0,57595 87
0.59341 19

0.61086 52
(0.62831 85
0.64577 18
0.66322 51
0.88067 34

0.69813 17
0.71558 5y
0.73303 &3
0.75049 16
0-76794 49

(0~78539 82
0.80285 15
0.82030 47
0.83775 80
0.85521 13

0.87266 46
0.89011 79
0.90757 12
0.92502 45
0.94247 78

0.95993 11
0.97738 44
0.90483 77
1.01239 1¢
1.02974 43

1.04719 76

1.04710 76
1.06465 08
1.08210 41
1.09955 T4
111701 07

1.13446 40
1.15191 73
1.16937 06
1.18682 39
1.20427 72

1.22173 05
1.23918 38
1.25663 71
1.27409 04
1.29154 36

1.30899 69
1.32645 02
1.34300 35
1.36135 68
1.37881 01

1.39626 34
1.41371 &7
1.43117 00
1.44862 33
1.46607 66

1.48352 99
1.50098 32
1.51843 64
1.53588 97
1.55334 30

1.57079 63
1.58824 06
1.60570 29
1.62315 62
1.640606 95

1.G65806 28
167551 61
Y69296 04
1771042 27
172787 60
1.74532 93

176278 25
1.78023 58

-1 1.79768 81

1.81514 24

1.83259 57
1.85004 90
1.86750 23
1.88495 56
1.90240 89

1.91986 22
1.63731 55
1.95476 88
1.97222 21
1.98967 53

200712 86
2,02458 19
2,04203 52
2.05948 85
2.07694 18

2,0943%9 51

120°
121
122
123
124

125
126
127
128
129

130
131
132
133
134

135
136
137
138
139

140
141
142
143
144

145
146
147
148
149

153
154

2.09430 51
2.11184 B4
2.12930 17
2.14675 50
2.16420 83

2,18166 146
2.19911 49
2.21656 82
2.23402 i4
2.25147 47

2.26892 80
2.28638 13
2.30333 46
2,.32128 79
2.33874 12

2.35619 45
237364 78
2.39110 11
240855 44
24260077

2.44346 10
2.46001 42
2.478316 75
2.49582 08
2.51327 41

2,53072 74
2.54818 07
2.56663*40
2.58808 73
260054 DG

2.61799 39
2.03544 72
2.65200 05
2,67035 38
2.68730 70

2.70526 03
2.72271 36
2.74016 69
2.76762 02
2.77507 35

2.70252 68
2,80595 01
2.82743 34
2.84488 67
2.86234 00

2.87979 33
2.89724 66
2.91469 99
2.93215 31
2.94560 84

2.98705 97
2.98451 30
3.00196 63
3.001941 96
3.03887 29

3.05432 62
3.07177 95
3.08923 28
3.10668 61
3.12413 84

3.14159 27

0.00000 00
9.00029 09
0.00058 18
0.00087 27
0.00116 38

0.00145 44
000174 53
(0.00203 62
00023271
0.00261 80

10| 0.00290 80
11| 0.00319 98
12| 0,00349 Q7
13| 0.00378 15
14} 0.00407 24

15! 0.00436 33
16§ 0.60465 42
171 0.00404 51
181 0.00523 HUX
19| 0.00552\0%

20| 0.0D58T78
21| 000610 87
23 Y0.00639 95
23] 0100669 04
24 [0.00698 13

25| 0.00727 22
26| 000756 31
27| 0.00785 40
28| 0,00814 49
29| 0.00843 58

30| 0.00872 66
31 0.00901 75
321 0.00930 84
33! 0.00959 53
343 000989 02

35} 0.01018 11
0.01047 20
377 0.01076 29
3810.01105 38
39]0.01134 46

401 0.01163 55
41(0.01192 64
42(0.01221 73
431 0.01250 82
44| 0.01279 91

45| 0.01309 00
441 0.01338 09
47| 0.01367 17
43] 0.01396 26
49| 0.01425 35

60| 0.01454 44
51001483 53
52| 0.01512 62
53| 0.01541 71
541 0.04570 80

861 0.01599 89
56| 0.01628 97
571 0.01658 06
581 0.01687 15
59} 0.01716 24

Cw=ICm W=

L]
L=

60! 0.01745 33

[t et
b O DI GO b e D

—
=

14

—
0.00000 00
0.00600) 48 -
000000 07
0.00001 45 °
(.00001 94

0.00002 42

0:Q0008' 7Y

0:00007 27
0.00007 76.
0.00008 24
{.06008 73
0.00009 21

0.00009 70
0.000190 18
0.00010 67
0.00011 16
0.00011 64

0.00012 12
0.00012 81
0.00013 09
0.00013 &7
0.00014 06

0.00014 54
0.00015 03
0.00015 51
0.00016 00
0.00016 48

0.00018 97
0.00017 45
0.00017 ¢4
0.00018 42
0.00018 91

0.00619 39
0.00019 88
0.00020 38
0.00020 85
0.00021 33

0.00021 82
0.00022 30
0.00022 7%
0.00023 27
0.00023 76

0.00024 24
0.00024 73
0.00025 2¢
0.00025 70
0.00026 18

0.00:26 68
0.00027 15
0.00027 63
0.00028 12
0.00028 60

0.00029 02



RADIANS 10 DEGREES

Radians Tenths | Hundredths | Thousandths Ten
_ thousandths
L | sri7dars | soamasvs | oesazere |00 372673 | 0° 02078
2 | 1140352076 | 11°2773370 | 1984573 | 0° 5375 | 0° 04173
3 | 171531474 | 170111974 | 19430770 | 0°1071878 | 0° 10179
L | 220°106972 | 22°55°057.9 | 22173076 | 0°13°461 | 0° 12275
5 | 288284470 | 28°38'527.4 | 2515372 | 0°I7’I1”3 | 0° 143ty
§ | 343°46'287.8 | 34°227387.9 | 3°26°157.9 | 0°20°377.8 | 0° 2/03%8
7 | 401° 411376 | 40° 62574 | 4° 03875 | 0°24'0379 | oo 22474
8 | 458°215874 | 45°50°117.8 | 4°35%017.2 | 0273071 | 0° 245”0
5 | s15°394373 | 51335873 | 5° 92378 | 0°305674 {08 30576
o
7
N\
VALUES ARECIPROCALS
* 3.14150 20505 8079 || (SX | 0.31830 08861 83791
T 1.57070 63267 94897 % 0.63661 07723 67582
o 6.28318 53070 Wose6 || L. | 0.15015 40430 91895
'\\ - 2
at | 0.500600%4010 89359 | —y | 010152 11836 42338
_ P\ 1
—_— "
VT "\1’:"(7245 38500 08516 | rm 0.56418 95835 47756
T 126331 41873 15500 | o 2| 070788 45608 02865
Py T
Sx 1
AYEr | 2.50022 82746 31001 | —~75= | 0.30894 20804 01433
Y £/ 27
8 )
N\
e 271828 18284 59045 ?‘ 0.36787 04411 71442
e? 7.38005 60989 30650 -:T 0.13533 52832 36613
_ 1
Ve | 1.essr2 12707 00128 = | 0.60653 06507 36613
log 10° | 0.43420 44819 03252 || loge10 | 2.30258 50929 94046
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