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PREFACE.

-^HIS
little work needs but a short introduction. It is brevity itself, and whatever of merit it may

possess, is largely due to its brevity and practicability. The methods of treating difficult roots,

herein contained, and especially of cube root, were first suggested to the Author in the winter

of '8i and '82, while teaching the Lincoln School, Plumas County, California. The pupils of

that school, as is usual with most pupils, on first meeting the subject, were having trouble with

cube root. This caused the teacher to put his wits to work in the almost hopeless effort to

devise, if possible, some easier and shorter way of solution than the prolix processes extant in the

arithmetics ; and, after some days of close scrutiny of the meaning and relation of roots and powers,

the Author detected, for the first time, a new method of teaching cube root. The treatment of other

roots, and of surds, naturally followed
;
and the result has been what my fellow-teachers and others

will find in the following pages of this work.

It is believed that the addenda of Interest, with its unique, brief, and simple treatment, will prove

an attractive feature of the book.

This work is distinctly original. It details our own discoveries and is the product of our own

thought respecting the treatment of that difficult subject, cube root. We send it forth on its mission,

conscious that it must stand or fall on its own merits. We are fully persuaded, at the same time, that

it needs only to be seen and understood to be appreciated ; and that, if generally introduced, it must

supplant the perplexing and unsatisfactory rules in the text-books on cube root and the higher roots,

and on surds. We ask an impartial examination by our fellow-teachers everywhere, and believe they

will find the little book helpful, if not indispensable, to them.

Selma, Cal., May 28, 1886.



cube"root
AND OTHER ROOTS UPROOTED.

Def.—A root is one of the equal factors that has been repeated in multiplication a given number
of times, to produce a given pov/er. Ex.—3 is the cube root of 27, having been twice repeated in

multiplication, or thrice used as a factor, to produce the power. 27 is the cube root of 19683, having
been twice repeated in multiplication, or thrice used as a factor, to produce the power. 15 is the fourth

root of 50625, having been three times repeated in multiplication, or four times used as a factor, to

produce the power. And so on for any other roots, integral or fractional, positive or negative. To
find the roots of all powers that legitimately belong to arithmetic, is the chief object of this work.

Obs.—As this treatise deals chiefly with cube root and other higher roots, no extended notice of

square root will be taken. Only an incidental usage will be made of it.

THE BASIS.
It is a well-known fact that the principles underlying Arithmetical evolution are derived from the

mother science of Algebra, and that the arithmetical rules have been formulated out of the algebraic
formulce. No other rules for the extraction of roots have been presented in the arithmetics, and per-

haps, substantially, no others can be framed than those which depend on algebraic principles. But
certain rules can, nevertheless, be formulated, which, while they have reference to algebraic principles,

completely revolutionize the old mammoth rules, and, in brevity, almost annul them.

THE NEW TREATMENT.
The methods about to be illustrated neted have no reference to algebra, nor do they require any

knowledge of that science. They annihilate the "cubic block" system, which clearly presents the

principles of evolution to only the maturer scholars
;
and then only in cube root, and are of no real

advantage in the actual work of even the cube root, in very large numbers, and certainly of no advant-

age in extracting any other than the cube root.

CUBE ROOT.
We will now present our method for the extraction of the cube root. Powers are either perfect or

imperfect. 15625 is a perfect cube, while 18740 is an imperfect cube, or third power, and is called a surd.

We will present a rule for the extraction of the cube root of perfect third powers, and one also for

that of surds.

Obs.—It may be remarked that a surd may be considered an imperfect power of any degree what-
ever. Thus, 18740 may be considered an imjaerfect square, cube, fourth power, or any other power ;

for we may require the approximate square root, cube root, fourth root, or any other root, of 18740.
But it sometimes happens that a perfect power of one degree is a surd of another degree, and vice versa.

Ex.—25 is a perfect square, but an imperfect cube
; while 27 is an imperfect square, but a perfect

cube,

EXACT CUBES OF TWO PERIODS.
Let us extract the cube root of the following numbers, viz.:

-^ 13824
74088

185 193 A little observation and practice enable us to determine by inspection the root

250047 figure of the first period of the pow^r. Thus, the root figure of 13, in the first of

262144 91 125 the preceding numbers, is 2. And by the new method, the root figure of the last

166375 97336 period is 4, when the period ends in 4. Hence, the cube root of 13824 is 24. The
704969 226981 root figure of the first period of 74088 is 4, and the root figure of the last perlod'is 2,

when the period ends in 8, (It is 8 when the periocl ends in 2.) So the cube i-oot, of the last number
is 42. The cube root of 262144 is obtained in the same way. The root figure of 262 is 6, and of 144 it

is 4. So the ^262144 is 64. Again, the root figure of the first period of 166375 is 5; and the root

figure of the last period is 5, when the period ends in 5. So the 1^166375 is 55. 704969 gives, for the

first root figure, 8
;
and the last is 9, when the period ends in 9. So, the ^'704969 is 89. In like man-

ner, 185193 gives, for the first root figure, 5 ;
and last figure is 7, when the period ends in 3. (It is 3,

when the period ends in 7.) Thus, the 1^185193 is 57. The cube root of 250047, for reasons already
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Stated, is 63. The cube root of 9"25, for similar reasons, is 45. The ^97336 is to be written out

impromptu, just as the previous roots have been ; making the last root figure 6, when the final period

ends in ^. Also, the ^226981 is 61, the last root figure being i, when the concluding period ends in

I. Observe that, in all perfect cubes, the final root figure is simply chosen, according to the character

of the terminating figure of the power. This is a great saving of time and work, as will be shown
hereafter.

EXPLANATION.

The reasons for the foregoing selection of the final root figure, depend on a very plain principle. In
all perfect third powers, it is evident that the final figure of the pnver arises from the multiplication
of the final figure of the root tzuice into itself. Now, if we multiply the nine digits, respectively, twice

into themselves, we shall have this result, viz.:

Observing the final figures of these powers, we see that the final root figure i pro-
duces a 1, on being twice multiplied into itself. We see that the final root figure 2

produces an 8, and an 8 a 2 ; that 3 produces a 7, and a 7 a 3 ; that a 4 produces a

4; that a 5 produces a 5 ;
that a 6 produces a 6, and that a 9 produces a 9.

Obs.—The cubes of the several digits, viz.: i, 8, 27, 64, 125, 216, 343, 512, 729,
must be so thoroughly familiar to the student that he can select the root figure of the
first period impromptu.

If the first period is, in magnitude, between i and 8, the root figure is i
;

if the
first period is, in magnitude, between 8 and 27, the root figure is 2

;
if the first period

is embraced between 27 and 64, the root figure is 3 ;
if it is between 64 and 125, the root figure is 4;

and so on.

1. What is the root figure of the first period, if the period is comprised between 512 and 729?
2. What is the root figure of the first period, if the period is larger than 729 ?

EXAMPLES.

iXiX 1= I

2x2x2= 8

3X3X3= 27

4X4X4= 64

5x5x5 = 125
6X6X6 = 216

7 X 7 X 7 = 343
8x8x8=512
9 X 9 X 9 = 729

Let it be required to extract the cube root of the following, by the foregoing principles, viz.:

Thus, we may write out, impromptu, according to the foregoing principles, the'roots

of these, and of all perfect cubes involving only two periods.

Let the student find the roots of the following, writing out the answers, off-hand, with-

out any figuring or formal extraction, and choosing, at sight, the final root figure, ac-

cording to the character of the terminal figure of the power, viz.:

39304

#"091125

f 46656

f 405224

f 389017

f 474582

lA

]^.0000021744

^.000024389

f^ . 000079507

^ .000614125

f 2.197000

f^941. 192000

0l>s.—The last six preceding numbers consist of three periods, but may be solved without premed-
itation by the same rules, respecting the terminal figure, as are given for powers of two periods.

EXACT CUBES OF THREE PERIODS.
Let us extract the cube root of the following numbers:

: .- 7. 153990656

V'^^. I. 44361864 4- 12.812904 8. 387420489
\ Q^^ 2. 134217728 5. 5545233 9- 10077.696

\ , ',f 3. 12812904 6. 2000376 10, 36.926037

^/u
'

•' Taking the first of the preceding numbers, and selecting the first root figure, 3, we take its cube

44361864
I
354.

I

from the period, and to the remainder attach the next period. Find the second

/^ . 27 I
Ans. root figure by dividing the partial dividend, save the two right-hand figures, by

triple the square of the first root figure. Choose the last figure according to the

17.361 I
character of the terminal figure of the power.27

75

In the same manner, the cube root of

134)217728 is
1
512,

125 I
Ans

92,17

So, the. cube root of

For a partial divisor we take three times the square of the first root figure,
and again choose the last figure.

1 28 1 2004 is
I 234, found

thus: Partial divisor 12 48,12 The last figure is simply chosen.

The cube root of 12:812904 is 2,34, the same in form but different in value.
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{ I

3 I 45-45 Dividing and allowing for a completed divisor, we get 7 for the second root figure,

and choose the last, which must be 7. Why?
The ^2000376= 126. Ans. / -^> •- f '

Partial divisor 3 !4-
10.00 Why is the last root figure 6?

No other figuring than the above is necessary.

Divisor 52x3=75

The ^153990656=536.
125

Always triple the square of first root figure for ^pktt&l divisor of all289.90
but the two right-hand figures of the partial dividend.

The ^387420489 = 729.

I 343

Divisor 147 | 444.20 Having obtained the second root figure, we choose the last unerringly.

Why is it 9 ? How is 147 obtained ?

21.6.The ^10077.696:
I

8

Divisor 12
| 20.77 O"^ the same principles the cube root of 36.926037

27

99.26

3-33.

and is found thus : 27

On the law of the terminal figure of the power depends the secret of this new method with cube

root. It is worth much to the student. Let him verify all of the above answers, by going through the

actual work in every case, and thus acquire the needed familiarity.

THIRD POWERS.K̂̂K Involving periods of noughts at the left or right of the significant figures, and extracted by the

^^B. foregoing rule.

i The ^.000520476129
= .0809.

512

Partial divisor 192 174-75 The partial divisor is not contained in the brought-down
dividend shorn of its two right-hand figures, and we place a nought for the third figure of the root, and

arbitrarily choose the last figure which is 9.

The ^.048228544000
= .3640.

27

Divisor 27 212.28 Dividing, we find the partial divisor is contained in 212 only 6

^
times, allowing for the effect of a finished divisor.

' We choose the remainder of the root figures.

.0192.The ^.000,007,077,
I

Divisor 3 60.77 Dividing by the partial divisor, we find it will go into the par-
tial dividend the largest possible number of times. (No divisor can go more than 9 times.) The last

figure of the root is 2. Why ?

The ^.000618470208:
512

Divisor 192

.0852. Ans.

1064.70

I. How is the partial divisor, 192, obtained?

We select, unerringly, the last root figure.
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ADDITIONAL EXAMPLES FOR THE STUDENT.
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1st Divisor 48.81

^122615327232 = 4968.
64

586.15
53649

5961 49663.27
43218

2nd Divisor 49''X 3 = 7203 . , ,. .

6445 It is only necessary to frame a second partial divisor

to obtain the third root figure, and then we arbitrarily choose the last figure of the root. What have

we saved by this abbreviated method ?

We have saved the completion of the second divisor, the formation of the third, the completion of

the third divisor, and all the multiplications and subtractions connected with these last periods, the

prolixity and difficulty of which rapidly increase, under old methods, as we approach the end.

The 1^1544804416 = 1156. Ans.

1st divisor 3 I

Finished divisor 331

2d divisor 363

544
331

2138.04
.1815 There is no necessity for multiplying the second partial divisor, 363,

by the third root figure, 5. We do so here, to show that the remainder of the dividend divided, is less

than the divisor.

The ^12,521,107,822,861 =23221. Ans.
1st divisor 12

Fin. divisor

2nd divisor

1389
45.21
4167

Explanation.—We complete the first partial divisor, and take

its product, with the corresponding root figure, from the l^rought-

I3174

down dividend. The triple of the square of the root now found

is a partial divisor by which all the other root figures may be

367 found, except the last, and that is simply chosen. Having framed

317 the partial divisor, 1587, we ascertain how often it is contained in

the corresponding partial dividend (always excepting the two

50 right-hand figures), and multiply the divisor by the quotient fig-

ire, and subtract the result from the portion of the dividend divided, as in ordinary division. Having
ound the third figure of the root, we use for a dividend the remainder of the last partial dividend, and
lor a divisor we use the previous divisor shorn of its right-hand figure. And, in multiplying this divisor

by the quotient figure, we reckon in the number of units that would be to carry from the figure cut off.

If there were more periods than five, the process might be continued, by dropping figures, successively,
from the right of the divisor. But the last figure of the root is always chosen. And, now, in what is

said above, respecting the finding of some of the root figures by ordinary divison, lies the germ of the

method herein treated, for the approximate extraction of the cube root of surds, to be explained in

due time.

Take one more example involving five periods. Let it be required to extract the cube root of the

number

599)183,710,672,625 1 84305. Ans.

5121st divisor 192.16

20176

Bsor 842x3= 2116.8

I
oot fieure. which, fror

871.83
80704 Elucidation.—E-aixTiCt in the usual way to find the

first two figures of the root. Then, as will be seen by in-

64797.10 specting the work, there is a necessity for finishing only

63504 one partial divisor, and afterward forming another one

from the first two root figures. This second partial divisor

1293 we use to find two more root figures, and then choose the

figure, which, from the character of the terminal figure of the power, must be 5.
Ods.—ln the above solution, there is an immense saving of labor, time, and space. The student

cannot reahze the wide difference, if he has not gone through the labyrinths of the old methods, and
the mazes of the old rule, in solving such problems. The ru?e and the explanation, under the old sys-
tem would cover several pages of this work. By the new method here taught, we save the completion
ot the second partial divisor, and the formation and completion of two other divisors, which it is the
most desirable to obviate, because they become very large toward the end of the extraction, requiring
much time and care in the work. But, for the encouragement of the student, it may be stated that few

^authors
give numbers involving more than four periods; and it is also a rare thing in applied mathe-
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matics to find questions involving the roots beyond the fourth or fifth decimal, which are exceedingly
easy by the method here taught, but long and tedious by the old method.

ADDITIONAL EXAMPLES FOR THE STUDENT.

Find the cube root of these numbers, viz.:

1. 2176782336.
2. 87824421 125.

3. 43132764843.

Solve, also, the following :

7. ^£TO5
8.

9-

132963364864.
225199.600704.

754863.574332608.

f 173274H
f2^%

Note.—All perfect cubes of only two periods are to be solved at sight
reduced to improper fractions, or to mixed decimals.

Find the value of this expression, viz.;

fT6"6 -- f6i- (4 X fTsl^) =
Solution: 162 -f 4— (4 X .8) =

256 -r 4 — ( 3-2 )
=

64 — ( 3.2 )
= 60.8. Atu.

Find the value of these, viz,:

Mixed numbers should be

f54.872

^ 21.952

^2326. 203125

^64.964808

3- f2357947T^ff
Answer to last : J^f . Let the student find it.

Note.—If the terms of a fraction are not perfect powers of the indicated root, let them be reduced

to such powers, where possible, before the extraction begins.
The foregoing examples must suffice for illustration of the best method of extracting the root of

exact cubes. The roots of higher powers will be discussed in connection with logarithms.

CUBIC SURDS.

We will now present a brief, easy, and practical method of treating imperfect powers of the third

degree. In advance, we state that that method is, of course, one of approximation. Here it is impos-
sible to choose the final figure, since there is no definite final root figure in surds.

Let It be required to find the cube root, correct to four decimals, of the fraction

%. = .500000000 I .7937+
ist divisor

Finished divisor

2d divisor

147.81

189

1667 1

1872.3

343

1570.00
150039

69610.00 This answer is true to the fourth place, inclusive,

56169 as verified by logarithms. We extract in the usual

way until we obtain half the number of root figures

13441 desired. We then form the second partial divisor,

13 106 and with it obtain the other two root figures by a
mode of contracted division, thus: Having found

335 the third figure of the root and taken its product with
the divisor from the partial dividend, use, instead of attaching other periods, the same partial dividend,
and drop one figure from the right of the divisor last found, and ascertain how often it will go into the
remainder of dividend accruing from the previous division, reckoning in the number that would be to

carry from the figure dropped.
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1st divisor

Find the ^.27 correct to four places.
108.16

72,

"16
I22&.»

.270000000
I .6463-f-

216

540.00

2d divisor I228t*
'

Observe that 16 is written in the niche of the

other two parts of the divisor, to save space.

Explanation.
—108 is the partial divisor. (How

obtained?) This divisor gives the next root figure.

1 1 536 is the finished divisor. (Hov/ obtained ?) Ob-
serve that the two added parts, 72 and 16, are each

advanced one place to the right. 12288 is the second

partial, or approximate, divisor.

1. How is it obtained ?

2. In the product of the root figure, 3, with the approximate divisor, 1228, account for the figure
6 in the result.

Obs.—Outside of mathematical astronomy, where, in a few instances, great precision is required, it

is scarcely necessary to approximate a root beyond four decimal figures.

The ^.640000000 &c. = .8617+

7^6q.oo
73728

4832
3686

1 146

1st divisor 192.36
144

20676

512

1280.00

124056

2d divisor 2218.8

Observe that 36 is written in the niche of the

other two parts of the divisor, to save space. 20676
is the only finished divisor it is necessary to make.

1720 After finding the third root figure, we add no other

periods to the partial dividend, but use the same dividend, and use, as a divisor, the previous one shorn

of its final figure. If we wish to find other root figures, we drop other figures from the divisor, one by
one, and continiie to divide as in common division. But it is well to bear in mind that if v/e wish to

obtain accurately a definite number of decimals in the root, we must extract in the ordinary way, until

we have obtained one-half of them, and then make a partial divisor from the root thus far found, and
use that as an approximate divisor, to find the other root figures. But this is a very great saving, as it

is the final periods that are to be dreaded in extraction. Do not fail to be familiar with the cubes i, 8,

27, 64, 125, 216, 343 , 512, 729. Otherwise you cannot select at sight the first root figure.

~-
' ~"

-8735+
1st divisor

Thef^/^ =

192.49
168

divisor

20929

2270.7

.666,666,666, &c.

512

1546.66

146503

81636.66
68i2i

135 1 5 See that 49 is written in the niche again, i'nstead

1 1353 of being written thus: 192
168 which would occupy

2162 49. too much space.
Obs.—In completing any divisor, we must advance each part one place to the right.

The f .097672831790877 = .46053+
1st divisor 48.36 I 64

»72 —
I 336.72

5556 33336

2d divisor 63480.0 3368.31 7.90
3174000

I943 I 7

190440

3877

This is accurate as far as extracted ; and, ye ,

there is a necessity to frame only a second approxi-

mate divisor. Referring to the third root figure, we
see that the divisor is not contained in the partial divi-
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dend shorn of the last two figures, and we put a nought in the quotient, and two noughts to the right
of the divisor, because the squaring of the root thus far found, namely 460, would give two noughts in

the resulting partial divisor, 634800. Attaching another period, we use this divisor to find the remain-

ing root figures.

Required the indicated roots of the following surds, accurate to four decimals, viz.;

I.
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Find the 7th root of 308. The log. of 308, page 6 of the logarithmic table, is 2.48855 ; divide by
the index of the root, 2.48855 4- 7 = .35550-]- ;

and the number corresponding to this logarithmic quo-
tient is 2.26729 + , the 7th root of 308. All that is necessary in order to extract, by logarithms, atty

root, is to look in a table of logarithms for the log. of the number to be extracted
;
divide this by the

index of the root, and find, in the same table, the number corresponding to the quotient, and it will l)e

the root sought. This method is vastly shorter, and only requires a little knowledge of logarithms, and
a little facility in their use, to enable one to evolve, with despatch, all roots. But such roots belong
rather to higher mathematics. We would advise that, by all means, all roots above the third be taken

by means of logarithms. It is but an hour's work to teach, to anyone that can multiply and divide, the

use of the table. The after work is simply routine, and much valuable time is saved.

As a matter of curiosity, we give below the 7th root of the same number, as presented by its author

in one of the books of the day. That is, the 7th root of 308.

OPERATION,

f338"= 2.59+
1/308=2.04-1-

2.59-1-2.04 = 4.63

4.63
-=- 2 = 2.31 -|- assumed root.

2.316 = 151.93

308 -M51. 93 = 2-0272 -h

2.31X6-1-2.0272=15.8872

15.8872 -f 7= 2.2696 1st approximation.

2.2696® = 136.6748

308-^136.6748 = 2.253452-}-

2 2606 V 6 -^ 2 2^'i±<2 —It; 87io-;2 ^'^ ^^^'^ reached the second approximation, Con-
2.2090 X -h 2.253452 -15.671052

g^j.^^^ thought ! And these are only indicated results,
15.871052^7 = 2.267293 2d approx. none of the multiplications, divisions, etc., being car-

ried out. Now, if this belongs anywhere, and there is doubt of its having a place in applied mathe-

matics, it belongs to higher mathematics. Such skirmishing in figures is calculated to keep one hum-
ble, by giving him a modest estimate of his attainments in evolution.

EVOLUTION BY LOGARITHMS.
Required the 25th root of 100. The log. of 100 = 2.000000. 2.000000 -f- 25 = .080000, and the

number corresponding is 1.202266 +
, which is the root sought. The solution of the same example, as

given by a standard author, is as follows :

Now, as the The y/ 100 =10

25th root must / 100= y 1 =3.1 622

be less than the y 100 = /3.i622^ 1.7782

24th root, let us |^'ioo= ^1.7782=1.2115
take 1.2 = the assumed root.

1.224 = 79.49684-]-

100 -^ 79,49684= 1.25792 -f

1.2 X 24 -f 1.25792= 30.05792

30.05792 -T- 25 = 1. 2023168 1st approx.

1.2023x682* =83.2677184

100-^83.2677184= 1.2009492-f-

1.2023168 X 24-j- 1,2009492^=30.0565524

30.0565524 -^ 25 =1.202262-]- 2d approx.
We breathe a sigh of relief. Of course, not much space can be devoted, ii^ this small work, to such

solutions. It is only to show the difficulty of the subject under the old methods, in contrast with the

brevity and facility of the new, that we allow a little space for some solutions under existing methods.
Find, by the logarithmic method, the 6th root of 25632972850442049. The log. of this large num-

ber is 16.408800. Dividing by 6, we get 2.734800. The number found in the table, corresponding to

this quotient, is 543, the sixth root of the above number. The foregoing number, treated by the new
method, gives, for the square root, 160103007, and the

^160103007
= 543

125 Explanation.—With the approximate divisor, 75, find the second

figure of the root, 4, and choose the last. Why is it 3 ? Thus, the

75 351-03 work of the heretofore difficult cube root is almost annihilated.
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What is the 20th root of 617 ? The log, of 617 is 2.790285. Dividing by 20, we have .139514,
and the number corresponding is 1,378841, the ans.

Find the 5th root of 5, The log. of 5 is .69897. Divide by 5, and get .13979, and the number cor-

responding is 1.37973, the 5th root of 5.

The 5th root of 120 is: Log. 120 = 2^piS= .41583 -(- ;
and the number corresponding is 2.605174:5

the root wanted. ^ ^
Let the student find, by logarithms (see explanation of use of the table, pp. -62 and^, etc.,) the

roots of the following numbers, viz.:

1. The 8th root of 109951 1627776,
2. The I2th root of 16.3939.

3. The i8th root of 104.9617,

4, The 7th root of 1.95678.

5, The loth root of 743044.
6, The 3rd root of 4330747.

'

Find, also, by logarithms, or by the abbreviated method, at your option, the cube root of the fol-

lowing numbers, viz.:

7. 7023 1089 1 84307 2. I 9. 10964743589696.
8. 744935304423023. I

10, 1881365963625.

Required the solution of these examples :

'^"^'

1. If a ball 10 inches in diameter weighs 125 lbs,, what is the diameter of a ball that weighs
216 lbs.?

Solution.—f \2i^ : ^216 :: 10 : ans= ^f|| X lO == 12,

5:6:: 10: ans, Ans. 12 inches.

2. How many balls % inch in diameter will be required to make a ball i inch in diameter ? Ans.

64 balls.

3. Suppose the diameter of the earth to be 7912 miles, and that it takes 1404928 bodies of the
size of the earth to make one as large as the sun, what is the diameter of the sun ?

^i3o|2lsx 7912= 112 X 7912 = 886144 miles. Ans.

4. A bin is 8 feet long, 4 feet wide, and 2 feet deep ;
what is the linear edge of a cubical box that

will hold the same quantity of grain ?

t^S X 4 X 2 = f8x8 = 2X2 = 4 feet. Ans.

Let the curt processes be used. Extract the factors of products in preference to taking the roots

of the products.

5. If a stack of hay 24 feet high weighs 27 tons, what is the hight of a stack weighing 8 tons?

if Ty X 24 = 2^ X 24= 16 feet. Ans.

6. If a bell 4 inches high, 3 inches in diameter, and "% of an inch thick, weighs i pound, what are

the dimensions of a similar bell weighing 27 pounds ?

Ans. 12 inches high, 9 inches diameter, and ^ of an inch thick.

7. If a loaf of sugar 10 inches high weighs 8 pounds, what is the hight of a similar loaf weighing
I pound ?

fyiY, 10 = j^ X 10= 5 inches. Ans.

8. There is a bin 32 ft. long, 16 ft. wide, and 8 ft. deep; what must the side of a cubic bin be
that shall contain the same quantity ?

^32 X 16X8= 1^64X64 = 4X4= 16 ft. Ans.

9. What must be the side of a cubic bin that shall hold 350 bushels of grain ?

SOLUTION.

2150,4X350 = 752640
I 90.96+ =7 ft. 6,96 in.

Divisor 24300.81 729 Ans.

2430
236,400.00
22089429Fin. div. 245438.

1550571 We use the finished divisor, shorn of the final fig-

, . 1472629 ure, as an approximate divisor to obtain the fourth

figure of the root. For practical purposes, the above

77942 is a close approximation.
10. If a sphere of gold i inch in diameter is worth $100, what is the diameter of a sphere that is

worth $6400 ?

iff^Q
= ^64 X I = 4 inches. Ans.

11. The cubic metre is 61026.048 cubic inches
; what is the linear metre ?

Ans. 39.37 inches. Find it by approximation.
We give one more illustration, each, of the new method of taking the cube root of perfect and im-

perfect third powers :
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1st divisor

2d divisor

The ^146113369163 = 5267. Ans.

75
30-4

7804

125

211.13

15608

55053-69 There is no necessity of the last multiplication, 6 times

48672 the second divisor. Satisfy yourself that the remainder will be
less than the divisor, and then choose the last root figure, thus

6381 saving a vast amount of work. Why is the final root figure 7?
What is the value of 1.05I to 6 decimals?
The log of 1.05 is .021189. Divide this by 3, and multiply the result by 5, and we get .035315 ; the

number corresponding is i.084715 + , the answer. To solve the above example in the old way, will re-

quire about 30 minutes; by the logarithmic method, 2 or 3 minutes.

The ^1.1810108914205625, by the approximate method, accurate to 6 decimals, is 1.0570234;.
Find it. ^ ^^ , p ^ ^ ,-^^ T v^ A i V 5 ;

.:, ; ]. OSI^O ^
:i

,

^> / s^
% - ^

>
^ :"

We have presented an unusually large number of solutions, in order that the cube root method
herein set forth may be clearly apprehended by all. For, knowing its advantage in brevity and sim-

plicity, and, consequently, its economy of time and space, we are thoroughly convinced that, if once

adopted, it will be abandoned for no other. Let it be remembered, that if, in approximating the cube
root of a number, it is desirable to extend the answer to a given number of decimal figures, one-half of
all the root figures must be obtained by extraction in the usual way. The other half may be obtained

by contracted division. For instance, in example 9 of the 12th page, 90.9 is obtained by extraction,
and 625 is obtained by contracted division. If it be asked how we determine when a number is a per-
fect cube, and when it is a cubic surd, we answer that, in actual business, in applied mathematics, this

fact is always known when the problem occurs in the course of our work. Perfect cubes are in the

minority in the course of mathematics. The small number of problems given under the head of evolu-
tion by logarithms, will be sufficient to illustrate the subject. The student may work any, or all, of the
others by logarithms, if he chooses. For this purpose, a table of logarithms is appended, calculated as

accurately as possible to five decimal places. The table is extensive enough to enable us to find the
roots of all numbers correct to five decimals. An explanation of the use of the table is also appended.
Should anyone desire further aid in the matter of a knowledge and ready application of logarithms in

the extraction of roots, the author will take pleasure in rendering all the assistance in his power. In

conclusion, if any have their pet theories, methods, or processes, in cube root, to which they cleave
with such a blind adherence that they cannot, or will not, see merit in anything else, this book is not
made for them. If any are moved by prejudice,or jealousy, or envy at my good fortune, or by a spirit
of criticism, or are unduly inflated with the importance of their own knowledge of the subject, through
the belief that nothing new can be presented in evolution, the book is not written for any of these classes.

All true science consists, not in the discovery of any new truth, but in the right application of ex-

isting truth, so as to render it subservient, in the highest degree, to the interests and to the pleasure of
mankind. If *'

brevity is the soul of wit," it is no less the key to successful business. The large cur-

tailment of the amount of work done in book-keeping in the last few years, is only in harmony with the

spirit of the age, and, reinforces the sentiment of "short profits and quick sales." So must our
methods and processes in education be constantly improved and refined, so as to be the most highly
contributory to the important interests of business and of society.
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Simple Interest.
Owing td the universal application and great practicality of this subject, we have thought proper' to

give it a place in this work, and a treatment that, for brevity, utility, and simplicity, is in keeping with
the constant drafts made upon it by all classes of men—those of inferior, as well as these of superior,
attainments. The subject is what the name signifies, but is made rather complex by some authors and
teachers, owing to the multiplicity of rules and tedious methods of treatment used by them. In simple
interest, there is scarcely a necessity for more than one uniform rule, whatever be the rate or the time.

Let us take some examples, by way of illustration :

What is the interest of $450.87 for i yr. 7 m. and 9 da., at 6 per cent.?

Operation.— 450.87
.0965

.005 225435
450.87 19.3 >&6. 270522

X—X— = 405783
I ^•i, I 9 days is .3 of a month, and the process

Ans. 43.508,955 is simply one of cancellation.

Find the interest of $125.16 for i yr. li m. 25 da., at 6 per cent.?
Process.— 1.4298

10.43
10.43

'^ 23.83+.06 42894
-X— X— == 57192

I -13. I 14298
One year and Ii months are 23 months, and

An%. 14.91 25 d. are .83+ of a mo. So that the time is

23-834- mos., or I2ths of years, at the given rate per year. Let the cancellations, and all the multi-

plications possible, be done mentally.

Find the interest of $1500.60 for 2 yr. 4 mo., at 6^ per cent.?

125.05

1-75

125.05
>5aQ.6o 28 .06 >( 62525

X-X = 87535
I ^ta., I 12505

We take 6 times 28, plus the % of 28,
Ans. $218.8375 mentally, which gives 1.75.

Find the amount of $3050 for 4 yr. 8 m., at 51^ per cent.?

i.245>^

3050
14 .0175

3050 ^ ^e5^ 62250
X-X = 3735

I -« I

-3- Ans. $3797.250 In making multiplications mentally, after
the cancellations have been made, let the smallest numbers be so multiplied. Thus 14 times .0175, ^"^
then add i to the result, to get the amount of $1 for the lime, at the given rate. This result is then
multiplied by the principal.
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Required the interest of $250 for i yr. 10 m. 15 da., 6 per cent.

125 .01 .225

--^^ 22.5 rD6- 125

I "T^ I II25
•'^ 2700
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After first multiplication, add I to the result, before the formal multiplication.
Find the interest of $112.50 for 3 m. I da. <)% per cent.?

.2527+ 2274 112.50

112.50 ^TS954- .09^ 126 .02400

I 1^ I 4500
2250

Ans. $2.70
In multiplying the time and rate together, allow for the number of units that would be carried

from 9 times 7.

What is the interest of $408 for 20 da., 6 per cent.?

.333 .01 408
408 ":64i44- 7o§-. .00333

1224
1224

1224

1.35864=$!. 36, Ans.

Always divide the days by 3, since every three days is tV of a month, thus reducing the days to

decimals of a month. More than 5 mills should be called a cent. Less than 5 mills should be disregarded.

Required the interest of $50 for i yr., 3 m., 27 da., 3 >^ per cent.

25 5-3 .05 1-25

-5€- -f^rf-
.-K-^

5.3

I -t5- -3- 375
-6- 625

^

^
3
16^6^

Ans. $2.2o8>^

Find the interest of $384.50 for 2 yr., 8 m., 4 da., 8 per cent.

10.71 .02 384.50

384.50 -:5^~iad- -"^^ -2142

I -«- I 7690
3- 15380

3845
7690

5$82.35990=$82.36. Ans.

Solve this by other methods and see if you get a different answer.

Required the amount of $275 in 4 m., 25 da., 7 per cent.

.4027+ 1.02818

275 >>S5i+- -07 275—X X— =
I -tt- I 514090

719726
205636

$282.7495o=-$282.75. Ans. ^^ ^ ^ , .v 1 *
After multiplying .4027 by .07, we add i to the result, for the amount of $1, before we make the last

multiplication. Multiply .402 by .07, but carry from 7 times 7.

Interest of $318.29 for 9 m., 10 da., "]}( per cent.?

•777+ 5443 318.29
318.29 -9:395;^ .07X 194 .05637

X X =—
I -in- I 222803

95487
190974
159145

Ans. 17.94.20



MATHEMATICAL ROOTS UPROOTED. 17

Required the interest of $4684.68 for 11 da., 12;^ per cent.

390-39
.04582390.39 .183+

,+§S:;:cS. -rS^-l- .25
—-—

X X = 78078
I -K- -2- 3I23I2

I95I95
I56I56

$17.8876 = $17.89. Arts.

In making the mental multiplication by
25, allow for the number that would be to

carry, had the decimal .183+ been extended
one figure further.

Find the interest of $127.36 for I yr. 6 m. 21 da., 4^ per cent.

5-306+
5.306+ . 1.683^

-is?.^^- 18.7 .09 15918
X X = 42448

I -r^ -2- 31836
5306

Ans. $8.93. $8.929998

Find the amount of $723.60 for 2 yr. 3 m. 18 da., 5^ per cent,

2-3

723.60 ^Jfr^. .23 .529
X—X— =— = .13225

I -f~ 4 4
Add I

1. 13225
723.6

679350
339675
22645b

792575 After cancelling and multiplying the expres-
sions of time and rate, we add i to the product,

$819,296 Ans. to get the amt. of $1. This saves time and one

operation in the work. Now, if the work is short with these peculiar and mixed rates, it is much mo-e
so with all ordinary rates. We will take only two or three illustrations :

Find the interest of $780.26 for 90 da., without grace, at 1%. per cent, per month.

Operation,
— 195.065

195.065 .15

;So.x6—3^ .15—X—X— == 975325
I -rt- I 195065

_4_
Ans. $29.26975

What is the interest of $845 for i yn 10 m. 6 da., at I per cent a month?

845
.01 .222

845 2^.2 7t±-

X X = 1690
I -1-3- I 1690

1690
Multiplying by .01 simply throws the point

Ans. $187,590 two placesfurther to the left on the multiplicand.

Find the interest of 1040 for i yr. 9 m. 9 da. at 8 per cent.

.142

7.1 .02 1040
1040 -2*t5 "naS^

X X- 5680
I nr I 142

-3-
Ans. $147,680 This method is equally expeditious in reck-

oning up notes whereon partial payments have been made. Indeed, there is no department of interest
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where it may not be used with greater facility, and with much less work, than any other process. We
have chosen to call it the Cancellation Method. The advantage lies in its simplicity, brevity, and uni-

formity of treatment, there being but one process for all problems, whatever the rate, time or other

conditions. And surely this, of itself, is a great saving, to both teacher and pupil, of much labor and

taxing of memory, under the numerous methods and rules of interest laid down in the books. The

plan here presented is strictly mathematical, depending on the principle, that the annual rate on a dol-

lar, multiplied by the number of dollars in the principal, is equal to the interest. The time is reduced
to months and decimals of a month; and, then, the expression for months is divided by 12, thus ex-

pressing the time in years. Each example given in the foregoing pages, is simply a grouping of the

sum at interest, the years, and the rate. Cancellation naturally follows. We might have reduced the

time to days, dividing the number ot days by 360, thus making it express years. For instance, 2 yr. 4
m. 20 da. is 720 da. -f- 120 da. -|-20 da. = 860 da., or ||g years. But this is considerably longer, requir-

ing more work every way. The briefer the method of reckoning interest, the less liability to mistakes.

The one herein set forth,' takes the happy mean in all particulars.

EXAMPLES FOR THE STUDENT.

2.

3-

4-

5-

6.

7-

8.

9-

10.

Let it be required to find the interest on the following, viz.:

$300 for 2 yr. 7 m. 24 da., at 6 per cent.

$700 for I yr. 9 m. 12 da., at 6 per cent.

$400 for 2 yr. 6 m. 15 da., at 6 per cent.

$350 for 3 yr. 8 m. 24 da., at 6 per cent.

$450.87 for I yr. 7 m. 9 da., at 7 per cent.

$375.50 for 2 yr. i m. 8 da., at 7 per cent.

$125.16 for I yr. ii m, 25 da., at 7 per cent.

$658.25 for I yr. 2 m. 13 da., at 7 per cent. 1

$187.44 for I yr. 10 m. 24 da., at 7^,7 per cent.
[-Find

the amount.

$444.84 for I yr. i m. 16 da., at 5 per cent. j

Also, reckon up the following promissory notes, on which indorsements have been made, viz.:

$167.42. Selma, Apr. 15, 1882.

1. For value received, I promise to pay Judge Fowler, or order, one hundred sixty-seven and -^
dollars, in 6 months from date with interest.

Tom Scroggins.

Indorsements :

May 21, 1883, $42.18; July 17, 1884, $6.25; Sept. 9, 1884, $48.16; Jan. 27, 1885, $27.47. What
was due Apr. 15, 1886? ^ns. $72,277.

$472.76. Selma, June 4, 1884.

2. For value received of Arrents & Longacre, I promise to pay them, or their order, four hundred

seventy-two and ^^% dollars, in 6 months from date, with interest at 7 per cent, afterward.

Jno. Grubs.
Indorsements :

Apr. 10, 1885, $125,843 ; Nov. 28, 1885, $133,724; Apr. 15, 1886, $223,081. What will due Nov.

13, 1886? ylns. $24.95.

Let these be done strictly by the abbreviated process
—it saves half the usual work. These exam-

ples must suffice for our book. The student will find abundant material for practice from other sources.

We will present the solution of the last promisory note, to show the plan by the cancellation process.
W^e first write the dates in succession, thus ;

1886, II, 13 =6 m. 28 da.

1886, 4, 15
= 4 m. 17 da.

1885, II, 28 = 7 m. 18 da.

4, 10 = 4 m. 6 da. JV. B.—The four cancellations and multiplications" following, present
12, 4= the entire work, and not simply the indicated vioxY'.

1885,

472.76
1.0245

236380
189104
94552

47276

$484,342
Payment—125.843

$358-499

.63+
358.50 .i^ .07

X X

358-50
1.0443

10755
14340

14340
3585

$374,381

Payment—133.724

$240,657
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1.026635
240.657

•3805

240.657 4.566 U

X X—
I -^-^- I

07
7186445
5133175

6159810
4106540
2053270

$247.06689
Payment—^223 .08 1

$23.99

•574-

23-99 -^^^^f -07

I -irt- I

•57 X.07+ I = 1.0399

$24,947 = $24.95.
Ans.

ramt. of $1.

In partial payments, most authors, in illustrating their methods, give simply a brief of results, as if

they would make the work appear short. After cancellation and multiplication of the expressions lor

time and rate, let i be added to the result, for the amt. of $1, before the mechanical multiplication is

made. See above. Observe the manner of writing the dates, all at once, and all in one group, from
the latest to the earliest, and then the consecutive subtraction of them, thus giving the several periods
of time at once, before the cancellation processes are commenced. This is a great saving of time, and

promotes simplicity. And here it may be stated that, with respect to the subject of interest, the author
does not so much claim to have discovered new truth, as he does a new and right application of it.

Much of scientific truth is as good as lost, through the circuitous, obscure processes under which it is

presented.

Required the interest on the following, viz.:

1. $1284.60 for 5 m. 12 da., at ^ per cent, a month.
2. $621.09 for 7 m. 16 da., at ^ per cent, a month.
3. $818.26 for 9 m. 3 da., at \ per cent, a month.

4. $220.38 for 2 m. 21 da., at lOj^ per cent, per annum.
5. $62.96 for I yr. 8 m. 23 da., at 11 per cent per annum.

62.96

1-73, .1903
62.96 —20^76-+-

-X X = 1888

56664
6296

$11.98. Ans. to last.

$614.42.
For value received, I promise to pay D

on demand, with interest at 6^ per cent.

Indorsements :

May 15, 1886, $169.30; June 10, 1886, $88.40; Sept. I

on this note Nov. 20, 1886?

Selma, Cal., May i, 1886.

Wagner, or order, six hundred, fourteen and -^ dollars,

John Davis.

1886, $325.80. How much will be due

Write the dates in a group, as above
; begin with the date of giving the note, and subtract each

from the next succeeding, as 5 m. i da. from 5 m. 15 da., always making the subtractions mentally, and
writing the payments opposite the intervening times. Find the amount of the original principal for the
first term of time, and of each succeeding principal for its term of time, subtracting each payment, in

order, from the corresponding amount, till you come to the maturity of the note. Then find the
amount of the last principal for the corresponding term of time, and it will be the balance.

Solution of the last example : 614.42
1.00262 amt. of $1.

1886,



20 MATHEMATICAL ROOTS UPROOTED,

1.00468 amt. of $1.

44673

20S .02^ 357384
446.73 .-853. -r^T^ 268038

X X 178692
I -«- S^ 44673

$448.82
88.40

$360.42 3d prin.

1.01836 amt. of $1.

360.42

.204 .09 203672
360.42 -

3-^6^ : >^ 407344
X X—= 611016

I -13— _4_ 305508

After multiplying .204

$367,037
325.80

by .09, prefix I to the result. $41.24 4tli prin.

I.01162 amt. of $1.

41.24

404648
202324
101 162

404648

$41,719. Ans. $41.72 Ba/.

The above is the entire work. It is comparatively short, and is quickly done. Let the student use
the stereotyped methods in use, and he will at once see a vast difference in favor of this curt cancella-

tion process, uniform for a/l rates, times, and conditions, and equally easy for all questions in interest.

For these and other reasons, this method, once adopted, will be used in preference to any other.
In reckoning up the balance due on promissory notes whereon partial payments have been made,

let the cancellations be so managed that the uncancelled factors may, as far as possible, be multiplied
iogQihev mentally ; or, at least, maybe reduced to one formal multiplication. The advantage of the
cancellation process may be seen in the following problem :

Find the amount of $235.18 for 2 yr. 8 m. and 12 da., at 5>^ per cent.

$235.18
.9 I. 144

•w>8.

235.18 :yM. -16 94072
X X = 94072

I Hri- -5-. 258698

$269.04592 = $269,046. Ans.

Observe that, after multiplying together the expressions of time and rate, .g and .16, we add I to

the result, which makes the amt. of $1. This multiplied into the principal gives the amt. of the debt.

Hence, in the cancellations, it is not proper to cut down the principal, when the amount is to be found.
If only the interest is required, factors may be stricken from any of the three parts.

Those who have not tried this method cannot realize how easily these factors (principal, time in

years, and rate) can be thrown together, and cut down to the answer, with a very small amount of fig-

uring, whatever be the nature of the parts. The years and months are reduced to months, simply by
inspection, without a mental effort ; the days are reduced to the decimal of a month, by dividing them
by 3 ; and under this mixed expression we place 12, thus expressing the whole time in years.

We have little patience with sticklers for analysis in everything. It is very essential in some depart-
ments of arithmetical science, but is utterly useless in many of its most practical subjects. As an inci-

dental feature, and as conducing to thoroughness in the fundamental principles of a mathematical edu-

cation, analysis, in a few subjects in arithmetic, should be thoroughly taught to the young, but beyond
this it is useless. In interest it is of no value. The banker, the lawyer, the real estete man, and all

other practical people, have no use for analysis in any of the several departments of interest, but must
have the most direct, curt processes for all problems arising under this broad department in the science



MATHEMATICAL ROOTS UPROOTED. 21

of numbers. Teachers should not lose sight of the fact that, in our practical civilization, we are, in

many things, reducing more and more to practicality. Hence, as business increases and ramifies into

various new departments, thus multiplying our cares and duties, we must seek to do our work with the

utmost despatch consistent with accuracy. The cancellation process in interest meets the demands of

business, on the subject to which it belongs. It supersedes the necessity and the utility of any 6 per
cent, method, or 12 per cent, method, or i per cent, method, or 10 percent method, or any other

specific method. It secures uniformity, simplicity, brevity, accuracy,

FINIS.
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Logarithms.
A Logarithm is simply an exponent of a power. The logarithm of a number is the exponent of the

power to which the base of the number must be raised, to produce the number. Thus, in the following

equations :

5" = 1 and lo<* = I

51 = 5 loi = 10

52 = 25 lo* = 100

53 = 125 10* = loog,

O, I, 2, 3 are the logarithms of the respective numbers to which they stand opposite in the several equa-
tions. 5 is the base in the one set, and ten in the other. In any one of the above quotations, the value

of the second member depends on the numerical value of the base and the exponent attached. In a sys-

tem of logarithms, any number above I may be taken as a base, and, by suitably varying the exponent,
the base being unaltered, all possible numbers may be represented. For example, lo^ -82000

represents
the number 6607, and 3.82000 is the log. of this number. io3'7'*225 represents the number 5524, and

3.74225 is the log. of this niimber. It means that 10 must be raised to the power denoted by 3.74225
to produce 5524. In all practical mathematics, 10 is the base. The system is called the Common, or

Brigg's system, and, in it, all numbers, integral orfractional, are regarded as some power of 10. 10° is

no power of 10, and is equal to 10 divided by 10, or to I. That is, the log. of i is o. All numbers be-

tween I and 10 have, for their logarithm, a decimal fraction
;

all numbers between 10 and 100 have, for

their logarithm, i -[-a decimal ;
and all numbers between 100 and 1000 have, for their logarithm, 2

-(-
a

decimal
;
and so on. See, page I of the table of logarithms, in column headed N, that numbers be-

tween I and 10, 10 and loo, and 100 and 1000, respectively, fulfill the above conditions. The log. of 7,

for example, is .84510, and that of 25 is 1-39794, and these logs, are simply exponents. io''-845io __
7^

and ioi-^9794 =25, signifying that 10 must be raised to these powers, respectively, to produce 7 and 25.
To find the logarithms of numbers over 100, and under looo.—Look opposite the number, in column

headed O, and find the logarithm. The log. of 398, page 7 of the table, is 2.59988.
.-To find the logarithms of numbers of four figures.

—Look under caption iV'for the first three 'fig-

ures of the number, and at the top of the page for the fourth figure ;
and opposite the one part of the

number and under the other, find the logarithm. Thus, the log. of 6982 is 3.84398. The decimal part
of any logarithm is called the mantissa, and the integral part, the characteristic. In the log. of 1840,
which is 3.26482, 3 is the characteristic, and .26482 is the mantissa. The characteristic of all numbers
between I and 10 is o.

To find the logarithms of numbers of more than four figures.
—Find, for example, the logarithm of

248963. On page 4 we find, as previously directed, the «/rt«/wa*corresponding to the first four figures,

2489, to be .39602 ; and, to this partial mantissa, there must be an addition for the remaining part of
the number, 63. And since this addition affects only the decimal part, or mantissa, and not the char-

acteristic, 63, the remaining part of the number must be regarded as a decimal. This decimal, .63, we
multiply by the tabular difference, opposite the mantissa, in column D, which is 17+, or 17.5, and get
.63 X 17.5 = 11.025, giving II to be added to the final figures of the partial mantissa, .39602, already
taken out, making .39613 ;

and the characteristic is 5, being always one less than the number of figures
in the integral part of the number whose logarithm is sought. Thus, the log. 248963 = 5.39613.

Required the logarithm of 142967542. The mantissa of the first four figures, 1429, page 2 of the

table, is .15503, and the tabular difference is 30+, or 30.5. This multiplied into .67542, the remainder
of the number treated as a decimal, gives 20.6, or 21, to be added to the terminal figures of the partial
mantissa already taken out, making .15524, and the characteristic is 8. Thus, the log. 142967542 =
8.15524. In making additions to the mantissa, more than 5 decimal units should be reckoned i

,
less

than 5 should be disregarded.
For the same figures, in the same order, the mantissa is the same, whatever the local value or the fig-

ures. Thus, the mantissa of the logs, of these numbers, viz.: 8328, 832.8, 83.28, 8.328, .8328, .08328.
,008328, etc., is .92054, the same for each of the numbers. The characteristic of the first is 3 ; of the

second, 2
;
of the third, i

;
of the fourth, o; of the fifth,

— i
;
of the sixth, —2 ;

of the seventh, —3. The
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characteristic of a decimal is always negative, and numerically one more than the number_of noughts

prefixed to the decimal. The negative sign is usually vsrritten over the characteristic, thus 2, 6 9 8 9 7, in

the log. of .05.

Find the logarithm of .6423. On page 12 we find the mantissa to be .80774, and the characteristic

is T, making T. 8 7 7 4, for the log. of .6423.
To find the number corresponding to a given logarithm.

—What is the number whose log. Is

1.681^4? Looking on page I, we find this log. opposite 48. Hence, 48 is the number whose log. is

I.68 I 24.
Find the number having for its logarithm 2

, 3 6 3 5_. Looking on page 4, we find opposite 230 and
under 7, the number 230.7, the answer required^.

Find the number having for its logarithm 2,64367. Looking for the nearest mantissa to the given

one, we find it, page 8, opposite 440 and under 2, to be .64365. This mantissa we subtract from the

given one, and divide the difference, 2, by the tabular diff^ence, 10, and get .2. Appending this to

the 4402, already taken out, we get 44022. And now, as the characteristic is — 2, we prefix one o to

the last result, and get .044022 for the required number.
What is the number having for its logarithm .29824? The nearest mantissa is .29820, page 3, op-

posite 198 and under 7 ; ,29824— ,29820 = 4; 4-4-22, the tab. difif., gives 1.8, or 2 nearly. Appending
2 to 1987, we have 19872— . And, since there is no characteristic, the integral part is I. Hence, .29824
= log. I. 19872.

;
Find the cube root of .4986. The log. of .4986 (p. 9) is T.6 9 775, This we divide by 3, the in-

dex of the required root. But since the characteristic is negative, while the mantissa is always positive,

we cannot directly divide the logarithm by the index 3. But T,6 9 7 7 S == ^-f
2^.69775,

in which the

characteristic is exactly divisible by the index 3. Dividing, we get T,?99 2 5, We now find the num-
ber corresponding to this logarithm. The nearest mantissa is .89922.' Subtracting it from the given

.89925, we get 3, which, divided by the corresponding tabular
diffe^nce, §-f ' gives 5. The number

corresponding to the mantissa .89925 is 79295. To this prefix^'wic. o, to correspond to the negative

characteristic, and the cube root of .4986 is .-&7929§^ ^^ ,^ y- ^7 <^J^
When the characteristic is negative, and not divisible by me4nclex^of any root, add to it the smallest nega-

tive number that will render it divisible, and then prefix the same number, with a plus sign, to the mantissa.

What is the 5th root of 512.8? The log. of 512.8 = 2.70995 ; 2,70995 -f- 5 "= -54199 ;
the nearest

mantissa, opposite 348 and 3, is. 54195; .54199— .54195=4; and 4 -r 12^-, the tab, diff,, gives 3 to

to be apended to 3.483, making 3.4833, for the 5th root of 512.8.

k5,if2^«02.
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39967
40 140

40312
40483

40654
40 824
40993
41 162

41330

41 497
41 664
41 830
41 996
42 160

42325
42488
42 651

42813
42975

43 136

43 297

43 457
43616
43 775

43 933
44091
44248
44404
44560

44716
44871
45025
45 179
45332

45 484
45 637

45788
45 939
46 090

46 240

46389
46538
46687
46 835

46 982
47 129
47 276
47422
47567

47 712

398II
39985
40157
40329
40 500

40 671
40 841

41 010

41 179

41347

4^ 514
41 681

41 847
42 012

42 177

42341
42504
42 667
42 830
42991

43 152

43313
43 473
43 632
43 791

43949
44 107

44 264
44420
44576

44731
44886
45 040
45 194

45 347

45 500

45652
45803
45 954
46 io5

46255
46 404
46553
46 702
46850

46997
47 144

47 290
47436
47582

47727

39 829 39 846 39 863

40 002 40 019 40 037

40 175 40 192 40 209

40346 40364 40381
40518 40535 40552

40 688 40 705 40 722

40 858 40 875 40 892
41 027 41 044 41 061

41 196 41 212 41 229
41 Z^2, 41 380 41 397

41 531 41 547 41 564
41 697 41 714 41 731

41 863 41 880 41 896
42 029 42 045 42 062

42 193 42 210 42 226

42357 42374 42390
42521 42 537 42 553
42 684 42*700 42 716
42 846 42 862 42 878
43 008 43 024 43 040

43 169 43 185 43 201

43329 43345 43361
43 489 43505 43 521
43 648 43 664 43 680

43 807 43 823 43 838

43 96S 43 981 43 996
44122 44138 44154
44279 44295 44 311
44436 44451 44467
44592 44607 44623

44 747 44762 44778
44902 44917 44932
45 056 45071 45 086

45 209 45 225 45 240

45 362 45 378 45 393

45515 45530 45 545
45 667 45 682 45 697
45 818 45 834 45 849
45 969 45 984 46 000

46 120 46 135 46 i5o

46 270 46 285 46 300
46 419 46 434 46 449
46 568 46 583 46 598
46 716 46 731 46 746
46 864 46 879 46 894

47 012 47 026 47 041

47 159 47 173 47 188

47305 47319 47 334
47451 47465 47480
47596 47 611 47 625

47 741 47 756 47 770

39881 39898 39915
40 054 40 071 40 088

40 226 40 243 40 261

40398 40415 40432
40569 40586 40603

40 739 40 756 40 773
40 909 40 926 40 943
41 078 41 095 41 III

41 246 41 263 41 280

41 414 41 430 41 447

41 581 41 597 41 614
41 747 41 764 41 780
41 913 41 929 41 946
42 078 42 095 42 III

42 243 42 259 42 275

42 406 42 423 42 439
42 570 42 586 42 602

42 732 42 749 42 765

42 894 42 911 42 927

43 056 43 072 43 088

43217 43233 43 249

43 377 43 393 43 409
43 537 43 553 43 569
43696 43 712 43 727

43 854 43 870 43 886

44 012 44 028 44 044
44 170 44 185 44201
44326 44342 44358
44483 44498 44514
44638 44654 44669

44793 44809 44824
44948 44963 44 979
45 102 45 117 45 ^Z?,

45 255 45 271 45 286

45 408 45 423 45 439

45561 45576 45591
45 712 45 728 45 743

45 864 45 879 45 894
46 oi5 46 030 46 045

46 165 46 180 46 195

46315 46330 46345
46 464 46 479 46 494
46 613 46 627 46 642

46 761 46 776 46 790

46 909 46 923 46 938

47 056 47 070 47 085

47 202 47 217 47 232

47 349 47 363 47 378
47 494 47 509 47 524
47 640 47 654 47 669

47 784 47 799 47 813

39 933
40 106

40 278

40449
40 620

40790
40 960
41 128

41 296
41 464

41 631
41 797
41 963
42 127

42 292

42455
42619
42 781

42943
43 104

43 265

43425
43584
43 743

43 902

44059
44217
44 373
44529
44685

44840
44 994
45 148

45301
45 454

45 606

45 758

45 909
46 060

46 210

46359
46509
46657
46 805

46953

47 100

47 246

47392
47538
47683

47828

8

39950
40 123

40 295

40 466

40637

40 807

40976
41 145

41 313
41 481

41 647
41 814
41 979
42 144

42 308

42 472
42 635
42 797

42959
43 120

43 281

43441
43 600

43 759

43917

44075
44232
44389
44545
44700

44855
45 010

45 163

45 317

45469

45 621

45 773

45 924
46 075
46 225

46374
46532
46 672
46 820

46967

47 114

47 261

47 407
47 553
47698

47842
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Answers.
Page 4.
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