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PREFACE

Tae object in preparing this arithmetic has been the same
which th;~ quthors had in view when writing their school
aleebra, viz.: “to show more plainly, if possible, than has
lu::-n done heretofore, the practical or common sense reason
for each step or process.” It is believed that this treatment
is not enly “adapted to the practical American spirit, but
also gives ;lw study of the subject a larger educational value.”
It is/also believed that the scholarly possibilities and value

of the treatment, instead of being diminished, are increased

théreby. For instance, it is hoped that the matter presented

in the chapters on the Applications of Percentage and In-
terest. and on Arithmetical History, will have a new value.
The main. principle swhich has governed the authors in
writine the book has also been the controlling factor in the
treatment of many matfers of detail which are still in debate
among teachers of arithmetic and writers on the subject.
Almost all are agreed that the study of anthmetic should begin
with the study of concrefe objects; and that the use of geomelric dia-
grams is a L:rv‘ut help in presenting certain parts of the subject, as
.fr;u'tinn& But the authors believe that it is a mistake to have the
doncrete objects; or even pietures of ‘them, constantly before the
pupil. Norshould dingrams be printed as part of the text. The
pure arithmetieal processes should be made easy and natural as

| el 3
1 f 2 ity S city. Con-
goon as possible, on account ol their brevity and sitmplh 1:;
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crete objects or diagrams, if kept before the eve congtantly, tend
to clog amper ti 2 " s
» clog and hamper the mind; hence they should be recalled only

s0 often : at suc laces
ften and at such places.as may be necessary in order to make
A 4 C 2 o

the subject vivid and 'reall
n the same way algebraic sumbols and methods have been intre
i ’ - 3s
(l.'._ cwhe GV oy ]
uced only when they give a clear'and pronounced advantage
2 2 $ age

. T~ . : : » and
tis.arouse in the pupil the desire 't

o know more of them.

It is believed that ruls Tor processes are ugeful in many y
$ nany ways

when they are arrived ab alter il
they are arrived af after th proper preliminary work and
when they are used with discretion.
- 3 srylfrere S 4 3 3
Iniorder to cultivate habits of analysis and ex 1wt statement, and
1 xact statement, anc

o Ve Ko 4 4
¥eb to prevent these from becoming mere mechanical rote proc

esses, different forms-of analys§is have been used adapted to dif

ferent kinds of work. These are. indicated by the wuse of different

words as ““Operation,” “Explanation,” “4Solution.” ete

In like m: ) ral exerce: 1
IKe manner, oral erercises are’ sometimes put before written

exercises, sometimes after them
o !

he 8 set-matter 18 :

The subject-matter isnot gpirally arranged, but is adaptea

to spiral s 7. Thersubject is pres
piral study., Thersubject is presented as an organic whole,

yet one which can 'be learned by snecessive steps (see p. 6)

A large number of examples adapted to the theory of the

book has been made and carefully graded. Especial atten-

tion is also called to the chapter on the Metric System ‘
The authors will be glad to receive any corrections or sude

gestions from teachers using this book. ‘ i

FLETCHER DURELL,
CDWAR 2% ROB NS
LAwrRERCEVILLE; N J., : SR
Paruapereaia, Pa.,
May 1, 1901.

TO THE TEACHER.

1. The teacher should make sure at different times that the
pupil carries in mind the conerete obgect for wiich a symbol stands.
Now show the pupil, now have him show the concrete object.
Show him diagrams illustrating the properties of fractions. Have
him make these diagrams. But do this only occasionally, and
always for some good reason.

9. Tu oral work and explanations insist on careful and accurale state-
ments! For instance, in oral work do notallow a pupil to give the
answer merely without a formal statement of the analysis or sfeps
by /which the result was obtaine d.

8. In writlen, problems in which the analysis is difficuli (as in Exer-
gise 23) elicit the analysis from the pupil by oral gquestions, and
afterward haye the pupil write out the analysis-and solution.

4. Insist on the use of eancellation wherever possible. Train
the pupil to combine all the operafions required in the solution
of a problem in.-a comprelensive plan or scheme; then to factor
and/cancel wherever possible ; never to multiply fill it is necessary
to do =o. i

5. TPrain the pupil also o make a rouqgh estimate or forecast of the
answer before besinning the exact numerical work. This not only
tends to eliminate large errors, but is also a valuable habit, since, in
practical life, folly ‘one-hialf‘the applications. of arithmetic are
made in this way.

6, Impress upon the minds of pupils in yarious ways the local
vadue of digits and the limitations in the accuracy of all arithmetical

work based on measurements (see Arts. 19, 77, 73).




70 THE TEACHER.

7. Study to vary methods to suit the needs of ﬁﬂ‘(*rf'nt pupils,
both in presenting topics and in meeting difficulties. It is to be
remembered that pupils as they come from different homes prob-
ably have more varied ‘capacities with respect to the subject of
arithmetic than to any other.

: D DR s 5 SR
8, Do not be satisfied till by long praectice and working innu-

merable examples; if necessary, the pupil has become a rapid and

accurate computér. The power of handling figures with facility

and accuracy is of the first importance both in practical life and
n its infloence on the further educational ‘development of the
pupil.

9. REVIEW CONSTANTLY.

SOCHEDULE RECOMMENDED IN USING DURELI, AND ROBBINS'
ARITHMETIC, ca

EIRST HALF-YEAR. SECOND BALF-YEAR
ND HALF-YEAR.

|| Oraliwork without text-hook. Pr 'rli irit 3
act. 4 th., pp. r

it read to pupil by teacher:
LTINS | supplemented by other oral work).
Elementary. Pract P, it
Review and second course. ("7Ei(";|“ I"

theult

t Elementary Pr .
(leading principle

nd eompletad in details,

u ) erciges)
6 1.141'nnau.] Pract. Arith. to p

‘d
ks | Advanced Pract. Arith D
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thy, pp. 256 toend
easier ex-

rmentary Al
ometrical D

CONTE!

CHAPTER I.
FPAGE
NUMBER. NUMERATION, NOTA-

TION
Number
Numeration
Notation
Roman Notation

CHAPTER IL
ADDITION . . =&
CHAPTER LI

SUBTERACTION . - -

N'T'S.

CHAPTER IX.
PAGE

ComaoN FEAcTIONS . . . - - - 103

Transformations of Fractions . 105
Operations with Fractions . . 114
I. Addition of Fractions . . 114
11. Subtraction of Fractions . 117
IIL. Multiplication of Frac-
tons . =1s STt
IV. Division of Fractions . 124
V. Complex Fraetions . - 126
VI G. C. D.and L. C. M. of

Fractions . . . . . - -129

CHAPTER X.

DEcIMAL FRACTIONS o pol o i3S

CHAPTER 1IV.
MUOLTIPLICATION

GCHAPTER V.
DIVISION & « = soa= =

CHAPTER VL

ABBREVIATED PROCESSES
Abbreviated Multiplication
Abbreviated Division _
Combinations of Operations

CHAPTER VIL

FACTORS AND ANALYEIS
Factors. .
Apalysis . .

CHAPTER VIIIL.

G.C.D.Axp LLOM
(Greatest Common Divisor
ILeast Common Multiple

Operations with Decimals . . 142
Relation of Decimal Fractions
to Common Fractions . . 148
Applications of the Decimal
System. . e s il + 100

CHAPTER XL

| CompouND NUMBERS . . - « 158

1. Measures of Weight . . 160
1I. Measures of Length 165
IIL. Measures of Surface . . 167
IV. Measuresof Volume and
Capacity . - . 169
V. Measures of Value 173
VI Measnres of Time 175
VII. Cirenlar and Angular
Measure — -
VIII. Miscellaneous Units
Operations with Compound
Numbers 181
Application to Longitude and
TIDAG o o 5 iv; ¥ 8w 5 = 188
7




CONTENTS.

Common Fr”3tions and
nominate Numbers
Decimal Fractions and
nominate Numbers
CHAPTER XII.
PRACTICAL MEASUR
Applications to Areas .
Applications to Volumes
CHAPTER XIII.
PERCENTAGE

CHAPTER X1V,

’

Proportion s op's
Compound Proportion .

Proportional Parts.

Partnership

CHAPTER XVIIIL

. 200 | TSVOLUTION AND EvoLuTioN
- 201 | Involution

208 | Evolution .

Square Root
Uube Root -
Other Methods .

CHAPTER XIX.

APPLICATIONS OF PERCENTAGE , 23

Profit and Loss

Trade Discounts » @
Commission and ],.uk. rage
Taxes .
Customs or Duties
Insurance

Stocks and H«)luh .

CHAPTER XV.
INTEREST

1. When Timeis l xact Nu.n-

béxr/of Years or Months
IT. Six Per Cent. Method .
IIT. Exact Interest
IV. Interest Table
Problems in Interest
CHAPTER XVI.
APPLICATIONS OF INTEREST
Promissory Notes .
Partial Payments
Bank Discount
Compound Interest
Annusal Tnterest .
Exchange . 3
Equation of Payments

CHAPTER XVII
RATIO AND PROPORTION
Ratio

MENSURBATION . g
I. Mensuration of Lines
IL. Mensuration of Plane
Areas g “ .«
ITI. Mensuration of Surfacesof
Salid Figures
IV. Meénsuration of So h(i\
V. Eines, Areas and Volumes
of Similar Figures .
CHAPTER XX.
METRIC SYSTEM
Tables o s aie s N0
Notation Numeration. Re-
duction AR
Operations with Metric Num-
bers . =/, 5%
Metric Equivalents
CHAPTER XXI.
ARITEMETICAL HISTORY
History of Numeration and
Notation . By e
History of Arithmetical Opera-
tions
History of Fractions -
History of Compound Quanti-
ties 5 - =
History of Other Topics and

Processes. .

ARITHMETIC.

CHAPTER I.
NUMBER. NUMERATION. NOTATION.

1. Units.—For many purposes the most convenient way
of dealing with quantity (as, for instance, with the 1t‘l-l1_![il
of a given line) is to take a certain definite part of the given
quantity as a unit, and determine the number of times the
anit miust be usedvinvorder to makeup-the given quantity
(or line). ' "

Thus, in determining the length of a given ln.xvur nl»_';t‘(‘l.
as/a rope, we do not depend merely on general impressions
of its m: wmtnnlv (formed by the eye or by moving the hand
évervit)ybut by taking a unit, as one inch or one foot, and
determining tho number of times the unit must be used in
order to make up the line. ‘

A hoy dealing with a.quantity of marbles in his possession
does not do so merely by means of the aggregate impression
which they make in his pocket, but by taking a single marble
o unit. and eounting the number of marbles which he has.
This method oftréFarding qnantity 'as made np of units

as

givea greater esse and precision in all the ordinary uses made
of an aggregate of material. )

A unitis a certain quantity taken as a standard of refer-
ence when dealing with quantity of the same kind.

9 Kinds of Units—Units aré of different kinds.

g o R ot

Natural units are those which oceur in the world about
us, as one apple, one man, one year, one day.

Artificial units do not occur naturally, but are devised
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g o R ot
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by man so as to extend the adyantages arising from the use
of units as widely as possible, as one foot, one-third of an
apple, ete.

A primary unit ds a)single unit of a given kind, as one
dollar,

A derived unit is an aggrepate of single units, as five dol-
lars (@ *“ V- 7y or a part of a-unil, rezarded as a new unit, as
one-third of a dollar.

A unit of one-kind-may become; in certain relations, a unit of another

kind. | Thus, an artificial unit mar become, in Some senses, a natural unit,
a3 one dollar.| Also, a derived unit may come to be resarded as a primary

unit, as one week, one quarter (of a dollar).

EXERCISE 1.

1. What unit'of length is used in measuring the length of a room?  The
length of a pencil? Of a quantity of cloth?

2, What unit of length is used in measuring the distance between two
cities? The. diameter of the earth?

3. With what unit of capacity is milk measnred? Grain? Strawberries?
Potatoes?

4. Which unit of area is used in stating the size of a farm? Of a county ?

5. Which of  the following units are nafural and which are artificial :
year, second, week, foot, quart, wvard, peck, mile, month, degree?

3. Number is.a unit, or collection of like units.

When guantity is regarded as made up of like unifts, it
becomes a number. Thus, when an agcrerate of apples is
regarded as made up of distinet apples, it becomes a number
of apples.

Thus, alse, when 'a line 'is ‘regarded-as made up of ineches,
it becomes a number of inches.

4. Arithmetic is the science which treats of number. Tt
investigates the most advantageous ways of expressing quan-
tities as numbers, and of using numbers when formed.

d. Number Words.—When we have determined a quan-
tity as made up of units, and aseertained the number of
the units in a given quantity, it is often useful to transfer

NUMBERP. 11

the number idea thus formed, to other persons, and ﬂ_»us
sive them a definite conception of the quantity <lc:|l!>w1th,
without labor on their part. Hence, words are useful by
which to designate different aggregates of units, or numh(:x:s.

Number words are useful also to the person using them, in
calling up the precise ideas connected with each aggregate
of units. L

The words used for the different aggregates of units (begin-
ning with a single unit) are—

one, lwo, three, four, five, six, seven, eight, nine, ten.

For larzer aggrecates of units a system of grouping x_pxits
and n:unlin;_f the groups formed is used, which is explained
later. .

6. Counting is the process of affixing to.any group of unAns
the number word belonging to that group, lwginmug with
unity, and affixing its number word to each group, till the
last unit of the entire group dealt with is reached.

7. Number Symbols.—Further economies and :x}lnlitinn.:ul
powerin dealing with numbers are obtained by using a dis-
tinet symbol for each number apart from ifs number word.
Thus, for the number words

one. two. three, four, five, six, seven, eight, nine,
' 7, 8, 9.

we use 1, 2, 3, 4, 5, 6,

These number symbols, or figures, have :111\':11113g05 as
compared with numher, words, in_that they are ‘easier to
write. and tb recognize when ‘written. They have many other
derived adyvantages, when used in combinations, both n de-
noting and in operating with, numbers larger than nine.

The number symbols 1, 2, 3.4, 5,6, 7,8, 9 are called the
nine digits. The absencerof number, is denoted by a sym-
bol, 0, ealled zero, naught, or cipher:

Zero is sometimes regarded as a number.

8. Large Numbers.—In order to denote large numbers
by words and symbols, it is necessary to devize a plan of so
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grouping units that a few words or symbols systematically
used will represent any number, however large. Tt is plainly
impracticable to dénote each different number by an entirely
new and distinct word or symbol.

NUMERATION.

9. Numeration i3/ the \process of grouping an aggregate
of units according to|a convenient, systematic plan, and of
naming the groups so formed ; or briefly; numeration is the
expression of nmumbers in jwords.

10. Decimal System of Numeration—Let us suppose
a heap of like objects; as silver dollars, and let us suppose
that we desire to determine the number of these ol jects, and
to express the number of them in words in a convenient, sys-
tematic way. —We first count fen of the dollars and sef them
aside as a single group (equiyalent to a ten-dollar bill), then
count ten more dollars and set them aside,and continue mak-
ing like groups until the number of dollars left is less than
ten. Suppose eight tens are formed and six dollars are left.
By thus forming groups of ten each; and regarding each such
group as‘a new unit)of a higheér order, we can express the
given group of units-(er number of dollars) in words without
employing any new number word beside those already given
(Art. 5), except a2 word to denote the new unit group of
higher order—viz., ten. For the number of dollars in the
original “heap is ‘expressed in) words as eight tens and six
units ‘of (or eighty-six) dollars:

Similarly, if there are ten or more groups of the new unit
groups of higher order (i. e., of groups of ten dollars each) in

Nore.—The number ten is nsed becanse: most of our savage ancestors
counted by aid of their ten fingers. Hence the number ten became the
primary group in numeration, and has been so used ever since. Any other
number (except unity) might be used as the primary group in numeration.
Two, six, eight, and twelve are among those which have been suggested, of
which, twelve, perhaps, would be the best.

NUMERATION. 13

the original heap, we regard ten ten-units faken together as
a new unit group of still higher order, and call it one hundred.
Similarly ten hundreds are regarded as a new unit group of
higher order and called a thousand.

11. Numbers Larger than One Thousand.—Similarly
we may form other new unit groups, each ten times as great
as lh-?.]:rwwiin:, and called one ten thousand, one /'uuu./_/'ui
thousand, one million, one ten million, etc. But in denoting
these ;_vfnup:‘. (greater than one thousand) entirely new
number words are used only for those groups which are one
thousand times as great as the group denoted by the last pre-
ceding new number word, as million (one thousand times as
sreat as one thousand), billion (one thousand fimes as great
4:1:. one million), trillion, ete. The intermediate unit groups
are denoted by using “ten” and “hundred ™ as modifiers to
other number words.

12. Number Words Actually Used.—Beside the num-
ber words already given, it is found convenient to use a few
others, thongh these are not actually necessary. Thus, some
number words are formed by using two primary numbers
and fusing them into a single word.

Thus, for “ten” and “one”. we have “eleven” (formed by fusing the
Gothic words for one and ten, ain #if); for “ten” and “two” we have
“twelve? ithe Gothic words for two and ten, fia 1sed) ; for “ten™ and
“three” we have “thirtecn” (for “three” and “ten” fused). Similarly we
obtain “fourteen,” “fifteen,” “sixteen,” “seventeen,” “eighteen,”™ “nine-
teerr” Also, for “two tens’ we have “iwenty,” by fusion of’ the words
%two’ and “ten.’ / Similarly are obtained ‘“thirty,” “forty,” etc.

Hence the number words in actual use are one, fwo, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, four-

teen. - fifteen, sizteen, seventeen,. eighleen, nineleen, twenty, thirty,

forti), fiftysixty, seventy, eighty, ninety, hundred, thousand, mallion,

billion, trillion, quadrillion, quintillion, sextillion, etc.
3y the systematic use of these few words any number may
be expressed in words.
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13. Orders of Units.—Thus, in the decimal numeration,
we use a wnit, and a series of derived uniis, each ten times as
great as the preceding—viz., one, ten, hundred, thousand, ten
thousand, ete.

These units are of different orders.

One is called the unit of ‘the first order ;
ten is called the unit of the second order ;
a hundred)is called the unit of the third order, ete.

In naming any number we begin with the highest order,
and 'state the number of units of each order which the given
number contains. We/speak, for example, of the number
“three thousand, six hundred, seventy-two.”

NOTATION.

14. Notation is the process of expressing a number in
symbols according to a _econvenient, systematic plan.

Having gronped anaggregate (ornumber) of units accord-
ing %o a seale (the decimal 'scale, for instance), and given
names to the nombet groups so as' to express the number in
words to/ other persons, we need also to express these groups
in simple symbols so as to facilitate the extended use of the
number.

15. Positional System of Notation.—The first nine
numbers are denoted by the nine digits (Art. 7). A simple
method of expressing larger numbers in symbols is illustrated

“w

if we express the number “three thonsand, six hundred,
seyenty-two ” as follows: 3672.

Here the number of units of each order is denoted by the
appropriate digit, (the thousands hy 3, hundreds by ("),.ctv.),
and the size of the unit for which each digit stands is'indi-
cated by writing in a row the digits employed, the highest
order to the left, each successive lower unit group being one
place to the right. The simplicity and powerx of this system

NOTATION. 15

of fotation should be carefully noted by the pupil and fre-
quently recalled.

The simplicity is due to the fact that in denoting a number by figures,
as 3672 each of the digits 6, 7, 2 has not only its own yalue, but is ulso

employed to determine the order of the unit group denoted by 3—viz,

thousands: similarly, 7 and 2 define the order of the uoit denoted by 6—
<
7

viz.. hundreds, étc. Hence, when for 3 thonsand, 6 hundred tens, and

9 units, we write 3672, the word *“thousand” is replaced by 672,

75 by 2, units by the absence of another digit

“hundred” X
after 2. Hence, for instance, the symbol 2 as here use d has four uses; it

has its own value, and it helps determine the value of 3,6,and 7. Itis
becanse of this manifold of each symbol that we are able to substitute
the four symbols of ) for the thirty-three symbols which compose
the exj -‘r'\\.?un “{hree thousand, six hundred, seventy-two.”

1t is also to be noted that the symbolism 3 is uniform in arrangement
and spacing, while the expression of the number in number words is irregu-
lar in form and spacing.

These great advantages in expressing numbers in symbols
give ease and power in the extended use of numbers and
make a thorough science of numbers possible.

Phe student is aided to a full appreciation of the advantages of the posi-
tional decimal system of motation by comparing it with others that haye
been used to some extent,as the Roman notation (Art 23 ef seq.).

16. Zero- Symbol in. the Posifional Notation—When
units of one or more orders do not occur in a given number,
{he absence is indieated by the use of the zero symbolin each
place where such a unit is missing.

Thus, 5042 represents a number containing 5 thonsands, 4 tens, and 2
units, but no hundreds,

17. Number vs. Number Symbols.—The student should
carefully discriminate between a number and the symbols or
words whichy represent-a, number.

Thus, & number (which is an ageregate or collection of units, asa heap
of apples), may exist long before any words or symbols are used to represent
it. It may also be represented by different sets of symbols, as by “twelve”
or 12, or xii. These are not different numbers, but only different symbols
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for the same number. However, for the sake of brevity, the expression
..n;‘,'_’

“number denoted by the fizures 3276 7 is shortened into “ the number &

but the student is not to be misled into regarding the number and 3276 as i

identical.

18.(The place ofa figure (in a given number) is the posi-
tion’ which the figure occupies with reference to the other
figures in the number. |, Thus,'in the number 8672, the fizure
in, the right-hand  place, 2, is said to occupy the first place;
7, the second place; 6, the third place, ete.

Hence, moving a figure one place to the left increases its
value tenfold; but, moving a figure one place to the right
divides its| value by ten.

19. Absolute and Liocal Value.—The value of each figure
in a number is'determined by two things:

First, the yalue of the ficure without regard toits position,
called-its absolute (or digit) value;

Second, the value given the figure by the place it occupies

|

in the number, called ii8 local value.

Thus, in. 3672, the fizure 6, for instance, has an absolute
value,in that it répresents 6 units, and a local walue, in that
each of the units represented by it is the hundred unit.

The student should not, as
of regarding the digits which form a given number as of equal importance

often happens, unconsciously form. the habit

and significance in a numerical result. This habit often arises perhaps
from' the fact that the digits as written are of equal size, and local value
apparently neglected. He shonld frequently substitute (mentally) for 2, in
3672, a figure only one-tenth as large as 2 leaye 7 unchanged, snbstitute
for/6 a figure ten times as long-as it is, for 3 one a hundred times as long.
Or he may picture, back of 7, seven bundles of ten strokes each, back

of 6, six bundles; each composed of ten ten-bundles; ete.

NUMERATION AND NOTATION.
20. Periods.—In order to write and read large numbers
with facility, it is customary to separate the different orders
of units used into sets of three each, called periods. Periods

NUMERATION AND NOTATION. 17
P

are formed by beginning at the right and marking ofi lh.ruc
ficures in each period by the use of a comma. In reading
numbers it is customary to express the aggregate of each
period in terms of the lowest unit in that period.

NUMBER OF |

PERIOD.

6TH. STH. 4TH. 3p.
&
NAME OF
PERIOD,

Trillions,

(RDER OF
Uxims.

© Hundreds of

& Hundr

NUMBER o 4,
The number expressed in symbols is
54 203.675,400,076,542,
and is read,

Fifty-four quadrillion, two hundred three trillion, six
“dred seventy-five billion, four hundred million, seventy-

hun-

six thousand, five hundred forty-two.
The names of the periods above quadrillions are quintill-
. - ~. . e 1" co 3 - 2 e (, s.
jons, sextillions, septillions, octillions, nonillions, decillions,

undecillions, ete. . T. . g
In aetual practice, however, periods’ of ‘the higher orders

are little used.
9]. I. To express in figures a number given in words.
Write the proper figure for-the number, of un ils .:'51' each rlrt'lfrz
putling & zero vin each vacant place. Mark the figures off into
]n'/'/'nti.; Qf three _ﬁ.(/ur,;‘:; each, ['uff/»'r/u t'lll’/ at the I‘t‘!?/L’. . )
Ex. Express in figures the pumber three billion, five hundred six mill-

y e Tt
jon, seven thousand, twenty-two. We obtain 3,506,007,022

o
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20
22. II. To express in words (i. e., to read) a number

given in figures.

By use of commas and beginning at the right, separate the fig-
ures (}zun into pu/a ds lr three /(’//l/f each. fw/mmuq at the
I( ft, read ecach group, 'I:((/lt/ withe name of the period to which it
bdungs.

Omit the name of the units period in reading.

Ex. Read 5062380749,

We have 5,062,380,749. which is read, five billion, sixty-two million,
three hundred eighty thousand, seven hundred forty-nine

EXERCISE 2.

-

28. 8. 107, 15.

7 5]

4

e N

705.
63. | 20. 450, 1749
77. 910. 1837
N125. 2. 711,

RllleR 13.-818. 20.
H54. 14. 666, 27, ¢

o

OV
e
[

|  27. 60103,
| 28 T0007.

~3

29, 63360 inches.

v’ 336 . 25003 davys.
0. 97056 men. :

2 ' 3. 86400 seconds.
g1, 38020 miles. 54. 10101 tons
D024 | SERA 290 E
-!__J.—,-L'). i /8 -\1)[,»1»".3‘.'. 5“ '_)4')”»";417‘\’2.
704508. 42, 18705028, 48, 402000271
37, 201009. | 43. 37564005, 49, 300070005
58, 300102, 4. 20024106. 50. TT7505003.
39, 295004. 4. 10902070. 51, 909090909
40.-300071. ! 6. 703201001. 52165004030,

. 1305217456. 56. 435710302456081.
3 ]'1'._’11111).‘—)."1“1. 57. 300310070004255.
298012003819. 58. 8000500123005760

NUMERATION AND NOTATION.
/

Write in words:
59. .ou 65. 30201.
. 9003 ft.
9. $40267.
30. $210086.
&1, 4001 days.
82, $250405005.

60. 66. 65311. 703307.

7
7
,,-1‘ 67. 82005. 73. 15756014.
74. 20501310,
75. 42001025.
7

6. 120320020.

68, 90102,
63, . 69. 88217.
b} > 70. 57008. !

62,

7. 214008. ‘ . $5071.
l

83. Write the largest number that can be expressed by
three fizures; by six figures. Read each of them.
Write the smallest number that can be expressed by
five figures; by eight figures. Read each of them.

Express in figures:

&§9. Nine hundred eleven.
86. Eighty-three. 90. One thousand six.

87. One hundred forty. 91. Four hundred seventeen.

85. Thirty-seven. |
\
\
88, Two hundred ten. | 92 8ix hundred ninety-three.

Bight hundred twenty-five.
Two thousand four hundred sixty-one.
Five thousand two hundred eight.

.. Seven thousand three hundred twenty.
Nine thousand five hundred.

8. Twelve thousand two hundred sixty.

)9. Seventeen thousand six hundred one.
Twenty-three thousand ninety-seven.
Forty thousand three hundred nineteen.

2. Seventy-one thousand three.
Eighty thousand eleven.

- One hundred two thousand four hundred twelve.
Three hundred twenty-seven thousand seventeen.
Four hundred thousand two hundred five.

77. Seven hundred seven thousand seventy-seven.

. Seventy-seven thousand seven hundred seven.
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109. Six million one
dred sixty-nine,

110,
one,

77,1 ln:w hundred eleven million seven hundred sixteen
thousand four hundred forty-fonr.

> - 1115 \

712, Six hundred million fwo thousand fifteen.

113, 'Eleven million ‘eleven thousane

114. Seven billion twenty mill

hundred seven thousand four hun-

Pwelve million two hundred nineteen thousand eighty-

1 eleven.
10n-fourteen thousand sixtv.

ROMAN NOTATION.

) T.

23. Number Symbols of Roman Notation.— Beside
system of numeration and notation
Illulli_}‘

the
already explained (com-
: (,tu!luil the Arabic system, owing to the faet that the
peoples of Europe first learned it through the Ar:

i8 another svs i abs), there
sanother system still used to some extent. called the Roman
system, beeause of its origin among the Romans

The Roman system of

notation uses seven capital letters

of the alphabet as’ number symbols—viz

I, vV} X L, C, D, M.

To these, in order. the following values are assigned :

I, 9, 10, 50, 100, 500, 1000.
) : 3
-'4' -Combmatlon of Number Symbols in the Rom
Notation.—When the ahove symbols/are used in conibina-

H-vm. the value of each symbol in a combination is deter-
mined by the following laws:

an

= - -
1. Bachrepetition of aletter repeats its value

Thus, XXX denotes 30, CC denotes 200, etc.

o 4 S ) y
2. When a letter is placed after another letier of greater value. 1tz

value 18 to be added to that of the greater letter

NUMERATION AND NOTATION.

Thus, VI represents 5 + 1, or 6; XVI denotes 16; LXXXI denotes 31;
DCC = 700.

3. When a letter iz placed before another letter of greater value,
itz value s taken from that ‘:/. the greater letter.

Thus, TV denotes 4; XL denotes 40; XC denotes 90.

A letier between two letters, each of which is of greater value than itself,
is regarded as preceding the last letter.

Thas, X1V denotes 14; XIX denotes 19,

5. A bar (or dash) placed over a letter increases ils value one

M £

thousand fold. Hence we have

Thousands. Hundreds. Tens. Unaits.
M C X I (=1
MM ce XX I (=2)
MMM CCC XXX IIT (=3
IV CD XL IV (=4)
\'a D L V (=5)
VI DC LX VI (=6)
VIT DCce IL.XX VII (=T7)
VIII DCCC LXXX VIII (=8)
X CM XC IX (=9)

95. Uses of the Roman System of Notation,—The Ro-
man system of notation is used at times in connection with
other ;_\‘.»u:m,‘: to prevent confusion when several different
groupings’ of an ' aggregate of material are’ made. Thus,
Arabic numerals are used in numbering the articles of this
book, and the Roman numerals in numbering the chapters.

Boman numeralsare also nsedion monuments and formal documents to
give variety- and distinction.

The Roman system of numeration also has an educational value. Ttis
useful during the study of arithmetic to compare processes in the Arabic
notation with what they would be in the clumsy Roman notation, in order
to appreciass the simplicity and power of the former,
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Express in Arabic

. XV 71,
2. XX, [ 12

. XXIV.
4h:8:0.91 5
5. XIX.
(b0 pd
7. XLIV:
. LVI 18,
JEXVEL )\ 75
LXXIX) (") 20.

13,

16.
17,

Express in Roman

31 18. 37. 493.
o

MCCXLIX,

EXERCISE 3.
notation—
XCIL.

. XCLIV:
13,

CXVL
CXLIX,

5., CEXXXIV.

CCXCIX.
CDLVI.
DCIX,
MCXLVII.

notation—
3. 421
’ 4. 490,
H67.
719,
§7. 984,

48. 1302.

Z1. MDXC.
- MDCXLIIL

MDCCCXCVIIL

4. MMDCXLIX.

5. IVGCDXLIV.

26. XDCCXXVIL

?7. XLVCCLXVIL

28. DXCVIIL

29. MCCLCXLV.

30. MMDCCX VDOX X

49. 1492,
0. 1776,
1. 1865.
62. 2674,
55. 200468.
b4 1321894,

CHAPTER IIL
ADDITION.

96. Mustration—If James has 5 apples and John has 4
spples, how many apples have they together?

If we take the 5 apples belonging to James and count on
vo them the 4 apples whnich John has, we get 6, 7, 8, 9
apples; that is, as final result, 9 apples. Or, if we are
familiar with the results of counting together small groups,
we may simply recall the result of a former counting together
and say 5 apples and 4 apples are 9 apples:

In'the latter case we substitute the less labor of recollection for the
greater labor of counting the groups together. By the use of the memory
wetilize the work which we have done at some former time, to obtain the
number of units in two groups when taken together.,

This process is called addition.

97. Definitions.—Addition is the process of obtaining in
the simplest way a single number which shall contain ‘as
many units as there are units in two or more given numbers
taken together.

The sum is the number obtained as the result of an addi-
tion.

The addends are the numbers added.

98. Symbols.—The symbol or sign used to denote addi-
tion is the erect eross, It means that
the numbers between which it is placed are to be added.
and is placed between two
numbers to indicate that they are eqnal., Hence, it may be
employed to denote the equality between a sum and the

which reads “ plus.”
The;symbol; =, reads ¢ equals,”

numbers added.

Thus, 5 + 4 =9, reads “5 plus 4 equals 9.7
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Express in Arabic

. XV 71,
2. XX, [ 12

. XXIV.
4h:8:0.91 5
5. XIX.
(b0 pd
7. XLIV:
. LVI 18,
JEXVEL )\ 75
LXXIX) (") 20.

13,

16.
17,

Express in Roman

31 18. 37. 493.
o

MCCXLIX,

EXERCISE 3.
notation—
XCIL.

. XCLIV:
13,

CXVL
CXLIX,

5., CEXXXIV.

CCXCIX.
CDLVI.
DCIX,
MCXLVII.

notation—
3. 421
’ 4. 490,
H67.
719,
§7. 984,

48. 1302.

Z1. MDXC.
- MDCXLIIL

MDCCCXCVIIL

4. MMDCXLIX.

5. IVGCDXLIV.

26. XDCCXXVIL

?7. XLVCCLXVIL

28. DXCVIIL

29. MCCLCXLV.

30. MMDCCX VDOX X

49. 1492,
0. 1776,
1. 1865.
62. 2674,
55. 200468.
b4 1321894,

CHAPTER IIL
ADDITION.

96. Mustration—If James has 5 apples and John has 4
spples, how many apples have they together?

If we take the 5 apples belonging to James and count on
vo them the 4 apples whnich John has, we get 6, 7, 8, 9
apples; that is, as final result, 9 apples. Or, if we are
familiar with the results of counting together small groups,
we may simply recall the result of a former counting together
and say 5 apples and 4 apples are 9 apples:

In'the latter case we substitute the less labor of recollection for the
greater labor of counting the groups together. By the use of the memory
wetilize the work which we have done at some former time, to obtain the
number of units in two groups when taken together.,

This process is called addition.

97. Definitions.—Addition is the process of obtaining in
the simplest way a single number which shall contain ‘as
many units as there are units in two or more given numbers
taken together.

The sum is the number obtained as the result of an addi-
tion.

The addends are the numbers added.

98. Symbols.—The symbol or sign used to denote addi-
tion is the erect eross, It means that
the numbers between which it is placed are to be added.
and is placed between two
numbers to indicate that they are eqnal., Hence, it may be
employed to denote the equality between a sum and the

which reads “ plus.”
The;symbol; =, reads ¢ equals,”

numbers added.

Thus, 5 + 4 =9, reads “5 plus 4 equals 9.7
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29. Addition Table.,—So convenie
meration and notation used
all numbers, - however large
the sum/of any
pairs of digits.
obtained and

nt is the system of nu-
for representing numbers, that
, may be resolved into |Jl"lt~ and
numbers obtained by taking the sums of
Henee, if the sum of each pair of digits be
committed to memory, the addition of all
larger mnniwrs may be performed by their use. We have
l uni'L 1 like unit= 2 units (of the same kind), or, brie fly,
+1=2+algso 1 2= 3 1143 =4 . ete. Or, putting “l('

pairs of digifs in the position in which the pupil will need
to use them, and leaving the sum in each case to be supplied
by him, we have—

ADDITION TABLE.

1 1 1

6
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/’

p it spendent of Order (Commutative}.—-
I}O'A-ddmfv(lmlf?(\k‘pn a group of 8 boys) be (-onnh‘wl g
icl :\'i:i‘vmi that the same numerical 1@!1 It (or numllu r\‘\l\]: !
llv obtained, in whatever order tl\w units be (n:»‘l‘mtfft. (,;.L;m,;
-;<i-izli«){1 is but a short way ol counting d“.l.(’rt“, ,_“' bL
;l"'HI!)(‘r. it follows that two or more )__"l\'vl—\ \'_1.!(')\1‘1»:11'1.1(\;“!“.
;Lt;llilfll ln.vj:(.t‘lu-r in any n:(liv-‘r... Ht"ll‘icil‘], bi'-] 1\;_;1\"):, ‘r;n\.'v;l o
result as 7 + 8, and the Addition Table 1 f 29 o

- 1 ~. ‘v o ae > its oceur.
8 1 of |"x"f \"‘} (8] !l Z1is Y Dateve O L 1€ E
sun )i eact } a 8 14 ny 2T O { T ]l ( Lieit ‘ur

i {r lv saves labor.
To be able to add in either way frequently saves la P
g - . Tha wwork - sl
31, Abstract and Concrete Number.— I'he work of « .l
. : > 2 the 1dea
with numbers is further facilitated by the use of 4
‘! (' |
f abstract numbers., For if we dealt with conecrete mn1 8
O apsirac 8 . D 5 l” .
nly, ag marbles -.mplcs, men, ete:; as we find them ot
: 5 Yyasee . for i e, e o verify the
rld about us » should. for instance, need to verif}
WO £ Dy
» fe h }x\rlu sl
addition table for eac i 3
bef using the table in adding mn.‘lur« composed of units
weiore 31 g u A
of that sort.

) 7 -+ 5 makes 12
Or, to put it in another way, in order to be sure that7

kind of concrete ll\l‘(nlii\'

PSS ]](i » ap 5" =
under all circumstances, it would ln necessary to take 7 \m\lo ”1] 2
g ; : . s; to take 7 oranges (
o ] obtain 12 apples; to
and count them together anc ; 3 S
K and -um them together :x‘l obtain 12 oranges; and to ;nt 3 mt\
{ xes d o« pes
1’.‘"4 r with marbles, bushels, men, and every kind of concre :
ety o : e 3 them, say, by ¢
Instead of this. we take 7 units of any kind and represent hem, }\. 2 A
PEERS0 = - » s & other strokes. arng
" nd 5 units of the same kind rep wresented by 5 other V(lr( i
A x as the sum—
gunt them together and obtain 12 nnits o f the same kind, a
result true for Jike units of any particular kind. ‘ . ) 1\
' 7 i r units general,
Hence. if we learn the ‘addition table for unit: ml'i :
% : =il : F like units
it 1 1 } bers made up of like u
{ 1se addine numbers n
we may then use it in adding
» = - ]:' ’ .
of any particular kind. o
A concrete number is a number made up of like t
icnlar kind.
of any one particul LT
An abstract number is a number used without refer
to any }!:\I‘hr-!ll;u' thing or unit;
as when we say : . ) ) :
7 v’nih; + 9 like units = 16 units of the same kind.
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Hence, while the addition table is given

only to concrete numbers of the same kind.

Thus, it is not possible to add 5 days and 6 apples

29
32. Arrangement of Numberq t
value of the positional sy

tem of (]vll')tlllx' numbers
bly illustrated in the proc

ess of ‘adding large numbers,

Thus, if a merchant has $623

in one bank, $9024 ;
another,

and it is required to determine
banks together, we can arrange
ting unitsof ‘the

how'many dollars he }
the three numbers one
same-order in the same
by adding each column of units se
Boman notation were uged ; in der

column, and perform the addition
parately. This ecould not be done if the
0ting the aboye numbers.

33. L Addition when the sum o
than 10 may be illustrated }
in the preceding article.

f each column is Jess
oy the use of the example stated

Setting down the numbers with

like units ir 3
mmits 1 the same
column; we have— .

OPERATION.
[ROF < 1 -
623 dollars. Adding the units columy

9024 | |4 ! n first, we have 1 and 4
151 p are o,and 5 and 3 are 8: we

EXPLANATION.

set down the sum 8
—HT'J..\" dollars. Siim: under the units column. Add

we obtain the som 9, which we
tens place. The sams of the
similarly.

the tens eolamn,
set down in the
other columns are obtiined and ‘sef down

Abstract numbers are added in the same manner

e o .
Thus, 2762 units.

2125 like units.
10112 « &«
17999 like units. sum.

The enormons saving of labor obtained by the use of the addition table

is realized if we conceive of trying to obtain this result by o ounting merely

—that is, by taking 5762 units and « ounting

on 2125 units, and theu co!
unt-
ing on 10112 units to the result ob tained.

for abstract numbers, it applics

o be Added.—The great

is forei-

in another, and 1 in
has in all the

over the other, put-
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24. II. Addition when the sum of any one column
is greater than 9 is illustrated by the following:

Ex. A farmer owns three tracts of land, of which the first
contains 598 acres, the second 1236 acres, and the third 8759
acres. How many acres does the farmer own?

OPERATION. EXPLANATION.

H98 acres Arraneing the numbers as before, and adding the
units columm, we obtain ‘the sum 23. The 3 is put
under the colamn of units, and the 2 tens are carried

res, Sum. and added with the other tens. The sum of tens
column (together with the 2 tens that are carried) is then obtained, and
found to be 19. The 9 is set down and 1 (or 10 tens, t.e, 1 hundred)
carried to the hundreds column. Proceeding in like manner with thz other
columns, the entire sum is found to be 10593 acres.

35. Werification.—To prevent error in the work, it is
best 4o perform each process of addition in at least two
wavs., and observe whether the results are identical. The
.\n'(}.n:nl process is called a verification of the first. There are
several different methods of yerifying an addition, but the
Best for ordinary use i8 to add the given number by columns n
an opposite direction from that first used ;

As, first from the bottom upward, and then from the top downward. It
a column be added the second time in an opposite direction from the first,
the compnter is much more likely to discoyer any mistake that may have
been made, than by simply adding a column twice in the same direction,
since in the latter case.a mistake made in the first addition is likely to be
repeated

An addition may also be verified by sej rating into grouaps the numbers
to be added, adding each group separately, and then taking the sum of the
partial i

36. General Rule for Addition.— Write the numbers to be
added so-that figus f the sams order shall .\'tn.."ml in the same
coliin s 1 ; ol e s ight and add each column separately,
placing the sum underneath if it i3 less than ten; if .the swm of
;m_z/ column exceeds nine, set down the right-hand figure only, and
udd the ather figure to the next column to the left.
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Add:
1,
24 men.
52 men.

6.
34659

40140

11.
95 pens.

47 pens.

16.
35914

e
O3 T

@2

71 miles.
26 miles.

7.
281367

707532

ADDITION.
EXERCISE 4.
132 hours.
427 hours.

8.
546923

440013

13,
77 balls,
58 balls,

18,
307697
985457

4. 5.
87356

$1422

aFrE
oio boys,

603 boys.

9, 10.
475013

003876

"o
{3 men.
18 men.

1. 15

o = g &=t
376 books. VO O

309 books. $6189

19.
797512

239589

D)
~iy

30508
39175
42078

66779

41.

38.
95673
80170
19787
95068
49632

47819

42,
328005
2796
30
420
7651
38

2071

ADDITION.
’

o
wd,

459543127
745241436
5383579375
177339901
664543176
836842566

2
13,

35742
35
1276
328
14514

o
o0

1207

40,
45325987654
91357048653
67324537167
45757863448
37666539399

85765684784

5.'), ,'_a/?.
8784

48.
1179

7856

24. 25 -
628 marks. 431 9193
912¢

7163

710 rods.
949 rods.

594 rods.

453 lines.

55,5 6346
Dok i3 39
36 lines. 399 marks.

432 marks.

maoQ

7845 7383

3127 3412 3374 6486

6503 3876 4063 3179
9076 6719 5732 1954

7509 3795 5043 6113

4123 4038 6132 9495

8340 9987 7168 5684

99499

792 1ines:

oR ~ 5
0, 27 . 20

446789 47565

615323 89217
2317

34598
71623

24534

98763
89689
78959
= 7893
1952
3107
1736
8321
9614

(0403

7698 1876

S1.

123 4 9349 £5, BT 9871
597 ~ - 7040
507 86546 :

638 70698 71234 206 1778 9328
OAR N Teded il ( aQrr
5 h 37056 56789 sbb6 Y9317
761 7064

83799 66666 4791

o 207
S0, GoZi

3909

13589
6070
4395

1999
8393
9423
4595
6976

7!““‘“"

55
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37. Addition as a Science and as an Art.—The simphi-
fications which arise from treating quantity as made up of
simple systematic plan; so that they can be denoted by a few
number words and a few number symbols ;
system of positional notation ; from the resulting possibility
of performing the additions of all numbers, however large,

units ; from the grouping aggregates of units according fo a

from the use of the

by the use of the addition table—these simplifications together
result in making addition all that can be desired as a practical
science.

For by it, for instance, the general of an army in his tent can determine
(and have before him in a form €asy to comprehend and use) a representa-
tion of the number of men in each part and the whole of his army. A
government can by it readily determine the number of.its school-children
or population, or state its wealth in numbers, ete.

But to be mastered as| an art; the process of addition
requires long practice:” To add loug columns of figures with
absolute accuracy and great rapidity
obtained

1S & power which is
The, next
exercise gives examples adapted to develop this power.

With practice the student will form habits (often instine-
tive and peculiar tothe individual) of adding the figures'ina
column in certain special ways.

only after long and varied practice.

Thus, he may add them in groups of two, three, or four figures: or he
may pick out in a column each gronp of figures that make 10 or 20, =dd
these by themsalves, 'add the other digits by themselyes, and take their
sumy or he may add two columns at a time.
the main factors which go to form

Practice and attention are
a skillful ecaleulator

EXERCISE 5.

Let the teacher dictate numbers of one fignre to the elass. to be added
mentally during the’ dictation and the sam reported immediately.
1. Ada
2. Add
S. Add

Thus:
sum is 61.
sum is 80,

o3 sum is 90,

¢
!

|
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EXERCISE 6. :
7. In six bins there are 45 bu., 82 bu,, 96 bu., .124‘ Ilwlu), 43
bu.. and 215 bu. How many bushels are there in .1.)‘; .
‘ ,4" A man owns a farm of five fields which «_‘unt;,un‘ 23, ~] »
Hl, .]7, and 30 .acres respectively. How many acres in the
L '
MTJ i)nrin;_’ the six days of one wff:k :L‘I—ngr(:};:n_lt 1:"6::1\'0(1%(;1
gales the Iytﬂn‘llt.'i\\':(n‘l amounts: 765, §350, $917, $479, $307,
5 What was the total for the week?

O
SI81.

- - . N = [ od .)L\ )

7. There are ten schools in a city, and they enroll 171, 230,

10“.’" 187. 301, 287, 517, 176, 215, 351 pupils respectively.
)y S oUl, 20/, ) y

3 3 o . : P
How many school-children in that city? . -
5. In a ‘tl!\\']l\lli‘) there are six farms which contain 175,
j s shi

7 } 3 rInany- acres-in-the town-
400, 236, 355, 278, 196 acres. How-nany acres in-the

ship? : . )

6. Find the total expenses of running a bank, if the items
. Salaries and wages $875, postage
3, printing $40, books $8, and legal

for a week are as
$11; rent $46, stationery $2:
fees 8$127.

7. A man at death left $
of three sons, and $958 to a daunghter.

follows :

4500 to the widow, $1635 to each
What was the valze

=3
of the estate? T
8 From A to B is 812 miles, from B to C is 406 miles, from

C'to Dig 615 miles, and from D to A is 786 miles. Whatis

i ] 0 he whole circuit?
the distance around the wi X : _

9 Let tha teacher give the number/of days in each of the
months, and the class find the number of days in'a year.
N ‘ 1l the number of ]wu[»]c‘ in his f;unll_\'.

10. Let each pupil tel ‘ g
and then the whole class find the number of people in all the

homes.
114 In! the same way
solved, and

let each réport/the number of ex-

e 1e¢ class’ compute the
amples he has then the class I
rregate.

72, Direct each pupil to count the letters in his full. name.
Then by telling the number of them, the class can find the
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ADDITION.
wmber of letters it will take to write the full names of al
the members of the elass S
]A.'. 'y he sOoTative
. 3 [l rom the geographies or elsewhere, find the population
- 7 ; : ) u:atio
o f,a‘ ]l«"’t the New England States. Then find the total
4. 'Find the same for the Mi S the Sa
ame he Middle States : ! soutl
S i e States and for the South
75 P - == L
: frl;ld the population of the ‘capital of your own State
a ) AR s : < " e i
and of the capitals of all the States'which touch it. and then
find the total. 7 - PR
16, Find the n of
; C umber of square ‘miles i i
il I’ square miles in the six S
States, and' then the aggregate. e
1~ By _ fel s L
1% Add seventy-six, three hundred. nine, twelve thousand
six hundred ten, and forty thousand-sixteen -
<o m . s v j y )
f: 8. The English army at Waterloo consisted. of 26661 in
antry, 8735 cavalry, 6877 artillery 5 ) :
Y, cavalry, 6877 artillery, and 33413 allies p
was the total 2 ' o Bk
) 19.°A man owns bonds worth $43765, real estate wortl
, S5 - : y < oA LC O
937050, merchandise valued at-$17980, and other propert
' ‘ 3 . : : J, a4 3 roperiy
worth $50379. What s the total value of his property ? '
D, \ 4 1 : : ; :
20. New York contains 49170 sq. mi.; New Jersey, 7815
» N vlvanin 5915 ] U e Rt
if_hf?»\\l\dnl.x‘ 45215 ; \ Delaware, 2050:; Maryland Jl""lU'
r < . = » y - T+ - 3 ” ; S 2 T '
. 11;1111.1, 42450 ; 'West Virginia, 24780: and Texas conmius’
32090 s : - 11 of o 1 -
62090 sq. mi. more than all of these put together. How
many square miles has Texas ? - . .
5 1. Add 753284 + 95603 + 887653 - 47328 -+ 867547 + 37895
+J0384 + 7056 19948 -1~ 38756 -+ 938765 T
oD el il | el - = .
22 Add 7563+ 987635 4447 + 88956 4 327654 837654
1L QEosEa ~O0E Q- = S
= J005008 +- 79658 + 9976 + 885432 - 796 - 147785 o
| Qe

CHAPTER III.

SUBTRACTION.

28. Tllustration.—John has 7 marbles and gives James

4 of them. How many marbles has John left?

1f we take a group of 7 marbles, and remove 4 marbles one

at a time, counting off 6, 5, 4, 3, we obtain 3 marbles as the
number of marbles left.
we are familiar with results of former countings-off,

But if
we can say thatif 4 marbles be taken

and can recall these,
from 7 marbles, 3 matbles will be left,

This process is called sublraction.
addition table the number which, added to 4,

Or we can reeall from the
3 makes 7, when 4 is taken from 7 the number

makes 7, and say: since 4
a < - 4 ) :
3 mnst be left.  In either of these two latter processes we substitute the less
labor of memcry for the greater labor of counting off one number from

another.

39. Definitions.—Subtraction is the process of finding
with-lesst-Jabor what number is left when a number of units
is taken away from a iarger number of units of the s:

The larger number is called: the minuend.
to be taken from the minuend, is

ume kind.

The smaller number,
called the subtrahend.
The number left is ealled the difference or remainder.
Thus, in the illustrative example of Art. 38, we have
7 marbles, Minuend.
4 marbles, Nuhlnlﬁrvuf.

3 marbles, Difference.

40. The sign of subtraction is the horizontal dash, —,
» Placed between two numbers the

33

which reads “minus.’
2
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we are familiar with results of former countings-off,

But if
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3 SUBTRACTION.

minus sign means that the second nuomber is to be sub-
tracted from the first.

Thus, 9 — 5 reads “nine minus five,” and means that 5 is
to be subtracted from 9.

41. Subtraction Table-—Just as addition is performed to
the best advantage by committing to mwemory certain primary
suns (viz,; the sum of each pair of digits). and performing the
addition of all larger numbers by their use, so subtraction is
performed to the best advantace by committing to memory
certain primary differences, and performing the subtraction
of all larger numbers by their use.

Thus, from 7 units'we count off 4 like units and get 3 as a reraainder,
and, to save the labor of again counting off, commit the result to memory,
7—4 =3

Similarly we obtiin and commit to memory every difference in which
the subtrahend and remainder are both single digits. Arranging these
differences in a table, placing the minuend over the subtrahend ag they
usnally oecur in actual subtraction, and leaying it to the pupil to supply the
remainders, we have the table on the opposite page.

So convenient is the System’ of numeration adopted that
numbers, however large, may readily be resolved into dicits
and. pairs of digits, and all subtractions performed by means
of this table;

42. 1. Subtraciion when each digit of the subtrahend

~e

is less than the corresponding digit of the minuénd.
The process is illustrated by the following example:
Fix. Subtract 345 from 597,

OPERATION, I':XI'L&N:\'”"'N.

597, Minuend.
345, Subtrahend. that units of the same order shall stand in the same
252, Difference, column. Beginning at the right, 5 units from' 7

units leaves 2 units, and we write 2 in the units

We place the subtrahend under the minuend so

place; 4 tens from 9 tens leaves 5 tens, and we write 5 in the tens place;
3 hundreds from 5 hundreds leayes 2 hundreds, and we write 2 in the
bundreds place. Hence, we obtain the remainder 252

SUBTRACTION.

SUBTRACTION TABLE.

6
1

9

[T. Subtraction when any ﬁgmje of the sufbtz‘:;
hend is 'greater than the corresponding figure o

43.

minuend. 1 -
i ereas y» figure B
In this case, before subfracting, increase the hf_'urr 2
| Achio i £ m the
inuend. avhich is too small, by borrowing a unit iro
minuend, § : 1, b; Ergh L1
dizit of next hicher order of the minuend.
Ex. 1. Subtract 129 from 653.
X EXPLANATION. o
'"’PR";T"’"“ Since we cannot subtract 9 units from 3 units,
#15¢ 5
129
524, Remasnder.

aAke or DOrToOw n fro 2 tens A he
take baorr¢ 1 tén ni tens and ¢ dd it to t
thre mnits: then 9 nit nbtract 1 fromo 13 unit
leaves 4 units, W hich we write the units pl 1ce
- T 2 ( - S ¢ 3 » 1 fens ic
€ inder, We now s ubtract the 2 tens from the 4 which
of the rema .
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remain after faking away 1 ten, and obtain 2 tens, which we write in the
tens place; 1 hundred taken from 6 hundreds leayes 5 hundreds. Hence,
the entire remainder is 524.

It may be necessary 1o borrow several times in succession.

Ex. 2. Subtract 2358 from. 5346.

EXPLANATION.
For'8 from 16 leaves 8.
& X 13 = 8.

gLe\12 « 9,
2\ 4. % 2%

Instead of horrowing & higher unit from the next figure of the minuend,
the subtraction' may be performed by adding 1 to the corresponding unit of
the subtrahiend. The result will be the same, since if two numbers be
equally increased (as by the addition of 1 ten to the 4 tens and 2 tens in
Ex. 1 above, making them 5 tens and 3 tens), the difference will remain
unchanged. —The process’ performed in this latter way is slightly easier,
since addition i8 easier than subtraction.

Thus, in Ex. 1 the method of the subtraction would be

9 from 13 leaves 4. I Ex. 2, 8 from 16 leaves 8.

IS NS 2 6 < 149 8.

1| [TITNG “¢ . 4 5 Y £ 9

Difference is 524. 3 ¢ : 2.
Difference is 2938.

44, Veriflcation.—To test the aceuracy of the work, add
the difference and the subtrahend. Their sum should equal
the minuend.

Thos;in Ex: 2 above; add 2358 and 2988 : their gim 185346, Heree, the
difference obtained, 2958, is correct: unless migtakes have been made inthe
two processes, of such a nature that they compensate. This is not likely to

occur, There is another similar method of verification which the student
should discover for himse

45. General Rule for Subtraction.— Write the subirahend
under! the minuend, placing units. of the same order tn the same
column ; begin at the right and subtract each figure of the subtra-
hend, from the corresponding figure of the minuend, and place the
result beneath ;

SUBTRACTION.

If any figure of the subtrahend is less than the corre sponding
/i_-/;u'r of the minuend, increase the latler by 10, and .-:u/vllrru,"( : o
compensate, diminizh by 1 the figure of the next hagher order in
the minuend (or increase by 1 the figure of next higher order n

the subtrahend), and continue the process.

EXERCISE 7.
/4 2. 3 4.

256 mi.

<

From 67 men. 357 boys. 531 balls.

take 25 men. 135 boys. 311 balls. 245 mi.

6. 7. 8 9.
945 l“)\'h.

446-boys.

876 mi
463 mi.

728 balls.
315 balls.

From 265 men.
take 1461 men.

{ 13. . 5. 16,
From 5: ! 63 ) 358 502

take b o) 5}

From 54: 76 ) ,,u,l
take 363 1837

g 2%
- {508 o0, ol O

From 4705 3756 2150« 34576 28765

take 3846 8607 476 16268 9175

29. 3400 31
From 7265432 301705401 2706510547308
take 8514765 170643053 1607432813954

From 71532056176032 take 47( )63127159374.

From 6755307165322 fake 2946834073163

Subtract 17650321470063280 from 29560732165032761.
Subtract 630753241076954724 from 850325076504032080.
36. Take 1234567890987654321 from 5432101234567890123.
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46. Computers’ Method of Subtraction— There is an.
other method of subtraction much used by professional com-
puters, which the pupil should at least understand. Tt is
illustrated by the ordinary process of making change. Thus,

if a'storekeeper receives a dollar bill in pavment of a bill of
78 cents; he makes change by paying out first 2 cents. which.
with the 78 cents, makes 80 cenis; and then paying out 2
dimes, which; wyith the 80 cents; makes $1. By this method
the required subtraction s converted into and performed as
addition.. In like manner any subtraction may be performed
as'an addition.

Thus, to subtract 723 from 968, we haye—

968 Since 3 and 5 are 8.

723 2 ©TEEYG,
245, Rematinder 7 “ ZES 9.

We set down 245 as the remainder. | Similarly
653 9 and 4 are 13.
]ﬁ‘ < “ 9 ‘}.

524, Remainder. 1 “ 5 6.

4%. Value of Subtraction—The student should fre-
quently call to mind the saying of labor effected by sub-
traction as compared with other processes of determining a
remainder.

Thus, if a merchant knows, that his original stock of potatoes was 1000
hushels, and his. records show that he‘has'sold 627 bushels;, by a simple
subtraction, and without the labor of counting off the number of bushels
sold from the original number, or the labor of actual measurement of the
number left, ke can tell the number of bushels remaining, and whether he
cansupply a customer-who wants 400 bushels:

Thus, also, if he has bonght a hogsliead of molasses eontaining. 63 gal:
lons, and bas sold 27 gallons, by subtraction he can determine the number
of gallons left, without the labor of actually meesuring the remainder
in gallons and counting them.

SUBTRACTION. 39

EXERCISE B.
1. The following accounts were each paid with a acllar bill:
: - = : i pana P
how much change was due in each case?
40 cts. 60 cts. 14 cts. 85 cts. 61 cts.
55cts. TOcts. 27 cts. 39cts. T8cts
5 Tf a bicyele cost $87 and sold for $98, how much was
gained ? :
201 £ BOVEE . 8
2. A honse cost $3205 and sold for $3052. Find Ih_( \)l\i
i 2712 yards of cloth s 907. How
4 A merchant having 2712 yards of cloth sold 1907
many vards remained ? ‘ \ "
5. A farmer who raised 1600 bushels of corn retained 205
Tols + & y «ell?
bushels. How many bushels did he sell?
6. I paid $110 for a horse and $78 for a wagon. I sold
both for $169. Did I gain or lose, and how many dollars?
7. An official receives $2315 salary and $1692 in fees. He
epends $2865. How many dollars does he saye?

8. A erain dealer boucht in one week 76321 bushels of

3 AT ] == oy
prain, and in the next 33478 bushels. He then sold 67305
bushels. How many remained ?

9. America was diseovered in 1492, How many years was
that before yon were born? How many years was that before
the year 20007% y

70. A farmer bought a horse for $231, and harness for $87.
He sold the horse for 8256, and the harness for $564. How

: s s
many dollars did he lose altogether?
2. Of 8728 men in- an army, 276 were wounded, 193 were
\ ; 28
killed, and 705 deserted. How many remained at duty?

12. An estate of 823675 was divided among a widow who
received 88525, a son who got 8756 less than the widow, and
a dauchter who received the remainder. What was the
daughter’s part?

g i 25600 § invests 87356 : the

73. Three men invest $25600. The first inyests $7396; v
gecond 81728 more than the first. How much does the third
invest ? : - =

74, Thomas Jefferson was born in 1743 and died in 1826,
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How o'c was he? How old would he have been if he had
lived till 19007 »

From the sum of 6175 and 2857 take their difference.

I receive 827, $42. 869, £121. and pay out $73, $29, $11,
&7, and $130. }Iu\\ much remains?

Th(‘l'v have brcn subscribed toward a million d()“;kl'f-‘
by Mr. A 826310, by Mr. B. $42295, l»'\‘ Mr. (.6 31700, by Mr.
D. $54655, by Mr. E. $112950, and, by Mr. F. $87605, How
much-remains to-be raised ?

Find the number of dollars remaining in the bank in each
of these three cases;
18. 19. | 20.
Deposits. “‘iilnlr:m':xi*é._ Deposits. Withdrawalg. Deposits. Withdrawals
S137 S38 270 $195 89721 846
341 142 32 38 | 398 375
273 67 41 D2 5263 8
564 9 67 ¢ 56 417
156 328
225 576 - 4951

oib
37165
48

4
976

59
e
. —_ -

Compute the values of—
SE A8 +16 — 260417 — 30 £T18.
Hint.—Take the sum of those preceded by 2.+ sign and of those jre-

ceded by a sign ; subtract the latter from the former. Thus, 18 + 15
+ 17 + 16 = 66; 26 + 30 = 56; 66 — 56 = 10, Ans.

b
3

89 -+19'—26. 25. 895 — 397 — 299,
09

75 —23 ¥ 14; 29. 89 —65 142 31 — 928,
96 — 48 —27. 501 —373 — 1924 215,

i

a9
S

O W

67 + 84 —125. S1. 983 1185 — 467 — 394,

128 — 104 4 71.
376 — 291 + 167.

5768 — 4997 -+ 3008.
59— 434 97 —101 + 38.

N O

te

SUBTRACTION.

84 8T—T5—9- 108 —794 _4!’), 5
$5 131 —118 446 — 23+ 37— 95.
;:'i.. 1767 + 487035 397516 4 42765. e
: 895632 — 765107 143200 — 97653 — 8765. :
. From nine hundre .d seven take seven hundred nine.

£ ee from
20 Subtract six thousand five hlmdrul sixty-three i

fourteen llﬂ“l‘l‘ll one hundred sight.

» hundred si \hrn.uhl three hundred ninety
From this sum take three

) ]‘) SOV
2,

and six ﬁmu.»:npi seventy-five. ‘
thousand two hundred ninety-nine.

41. Subtract the sum of five :Lnn:::n}vl. ‘ St
seven hundred twenty, from the sum of four thousand siX

and three thousand one hundred eight.

fortv-seven and

hundred
2. From
435 o WO,

fortv-two.and ninety-three thous: ind four hundred eighty-tw

O - - '

t lw. the difference between. four hundre d six thousand forty

AR e 1 14 | :

and two hundred ninety-six thousand three hundred

the sum of twenty-six thou sand eight hundred
S i

five

nine,
Compute the values of: | : .

I8 To 12+ 37). S. 975 R - 400 — 275).

51) }9. 68 275 (300 — 96).
5} » 7 . -—

96 23

51 50. 2887 — 438 + 156 — 432.
: 432).

W~

(96 I8)

7 (43R4 THG
29 4 (75 19). 77, 1887 — (4558 + 19Y

~

276 — 88).

30K (175 4 9%) 52 976 — (85 +-176)—(2
S 17: 93). o

[ S N T

-2

= T - QO (QO a9
53 RB86H (775 4 896 18 S ) o
: OO gy < P oR :
5. (99765 73376 17956 (88760 — 47955 WB176
&4 (990 o R
N Let the pupils parent for ish/ more examples-like the | fixst
NOTE— L€ 1e Ipirs [ ‘ ; . o
. { this exercise. Comparé altitudes of mountaing; popniatic ";
cen of this exer mpat
f citi f Stat Puapils can oftex form examp les for each other, anc
of cities; oI Otales. 1 ax A tes

then correct the papers or slates of one another,




CHAPTER IV.

MULTIPLICATION.

48. Tlustration.—A Wwoman buys 7 yards of cloth at 84 a
yard, | How many dollars does she pay for the cloth ?

The cost of the eloth may be obtained by addition ;

the sum of
2 column of seven 4's is 98
If, however, the student is familiar with the results
additions of columns composed of the s
ber-that ssven 4’ added
result of the fi

substitute the

of former
ame digit, he INAY remem-

makeé™28. It is easier to recall

4
4
4
4
4
i
4

the
7 mer addition than to add the column again, We
$93 less labor of recollection
addition and ‘for the
different sets of 4 units each.
Similarly the sum of

ing the results of former

for the greater labor of
still greater labor of counting together the
any set of equal \numbers may
additions.

49. Multiplication i3 the I

be found by recall-
This process is ealled J[m'/:’,.';r'l«"reru-'(,
rocess of finding the sum of a
ser of numbers, all ("-llml to each other, ]»_\' the abbreviated
method of reedlline the restults of former addifions.
The multiplicand s one of tl
to be added.
¥4, .Vr/.’/:’/;:'zr/l'/u/.
7, Multiplier,
$98, Product.

1e equal numbers which are

In the example given, $4is the maltiplicand.

The multiplier is the number
equal numberstare to he added.

In the above example,

which indicates how many

7 18 the multiplier.

The product is the result obtained by the multiplication.
In the above example, $28 is the product.

The multiplicand | and multiplier are called \the Jactors of
the product.

Multiplication is usually view
and may then be defined as foll

42

ed in its abbreviated form,
OWS:

e 43
MULTTPLICATION. 3
f findi sr (the
Multiplication is the process ol findinz 2 numlwcrlj e
ultmhcla'? :}].'-lll equal another number (the multip
whichh s .

. IS e ird
product) many times as there are units in a thi
4s mMan)

cand) repealis d =
be he multipher). = ;
number (the . . 2 the 11\('1111(“1 Cross,

N ; of I iplication is the :

50. The sign of multir Sk ihe kel be

means “4 multiplied

> : «4 times 7). When

7> «7 multiplied by 4 (that is, *“4 tames ) o

by 7;" or ¢ M A i | are placed one over the other, the

2 [,‘]a-‘ at Lacel

W i ies it means
Placed between two quantities

. the other. Thus 4 < T
multiplied by the other.

the numbers to be wulti ; lll[ lier
15 regarded as the muliipiier. .
yer one 1s regardel A ‘ F each pair
s lI 1ti li—’('ation Table.—If the product (,1‘._\\(h I
ol. Multiphic: . memory, the
bl i btained and committed to mem 2 bv the
{s be obtaint mayv be obtained by t

Pr(nllh't

F diont

of dig) s
z s e arge,

of all other numbers, however 1

of al = ol o

use of “)l'r\' few l"‘”“”r.‘ I'X'"hl s

. stati ‘hich we
is the svetem of numeration and mnotation wl
15 the syste

For, &0 convenient - i e resolved into digits,
weve arye, v

have adopted, that all numbers,

. . . e 13T \t pairs of . a
ane eLr oducts aine vy taking the ]\rmlll«’l.\ of differen I q ( {igits.

1 0 +ts obtained & g f ) raof ¢ 1t
andth 24r | 1= i

2 Pr s of 'S O bers up to 9,
] jucts of par of numbe
i it 18 5 ficier o know the ProGuets « : 9
While 1t 15 sutiicient t g 8 PR : ]

L] !‘1.“7 ient t xtend the ta ile a little further, an 1to learn the pro ict
it PONY B 0 ext

15 conyenien ) wd

] urs up to 12,
of each pair of numbers up to 1

2 - £ gis owing results are « b
v the addity s olumns Of ke digt § Wi it
By the & idition C 1 1 t fol

e MULTIPLICATION TABLE. 3

V Six times Seven times
513
: Cour times
Twice Three times Four tix
i | ‘
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Sight times L :
Eleven times

en times Twelve times
.kll'c 3 are ! are 10
20
o0
40

ol
60

“

56 e (] | % 70
4 8 2 3| T 80
72 i o 1,90 © a9
30 [ S 90 10 | % | 100 “ 110
88 I« 99 1L | (| [0 11 1

96 12 %€ 108 12« 199 12 @ 139

. Since multiplication vecupies the leading place in almost every pre
in s din Ll shlioats :
n arithmetice, the miultiplication table should be so thoroaghly mastered
that 3 pupil es ive inst: itl M the prodic
: the pupil can give stantly, withont-a moment's reflection. the product
of any pair of digits itti ] . -

AN .p.nr of digits: In eommitting the table to memory he will be aided
by. various simple expedients, thus : -

Inthe tabls Jaor 5, eachproduct ends’in 5 or 0

o RN s € > 'y - "~

In the tadls Jor 9, the sum of the digits of each produet is 9 (exce
99 3 tanc (Bt Iy - - 7 -
99); the tens diwit creasing 1 and the units digit decreasing 1 in eacl

3 s S A1: = L0 |
successive product. ) A

In the lable for 11, 1 izits i I

>dabte Jor- 11, the two di 3 each prodoct are ali
That labor f: covas T e SAts in each product are alike up to 99
tabor of committing the table 10 memosy 0 diminished haldf |

‘ : it ROTY ) dumnshed one-hall by
remembering that, for instance, the product 9 x-7 is thesame as 7% 9

EXERCISE 9,
ORATL..

2. There' are'd quarts in a'gallon: - How many qudrts in

7 gallons?

93 gallons? Tn 12 gallons?

lhere are 7 days in a week. How many davs in 5 weeks? In7
' : : . ) 1 b Ve { n
weeks? In 11 weeks? In 12 weeks?

' How many working ¢ ra therein 8 weeks? In 10 weeks? In /12
weeks? ~

P A I R T g : o
: I study 9 hours each day. how many hours will I study in 4 days?
In 6 s? In 9days? In1l day . -

b f w 1 rorth €5 ;
5. If wood is worth $5 a cord, what must be paid for 3 sords? For

cords? For 9 cords? For

MULTIPLICATION. 45

6. A boy spends a month. How much will he spend in 4 months?
1 ?

In 6 months? In 9 months?

7. If 1 bucket of wuter costs 0 cents,

l.

what will 5 buckets cost?

buckets? 12 buckets?
8 What is the product of 8 2 47 1 < 672

6? 5 x9?

8 x52 12x9? 5x127 4 ?
9. Find the value of 7 + 7 + - 74 + } without the
table. Then by multiplication. Which is easier?

Compute the values of each of the following :

20.

52. Use of Abstract and Concrete Numbers in Multi-
plication.—The use of abstraet numbers is of the first 1m-
portance in multiplication.

made no mse of abstract oumber- and dealt with concrete
feol. etc., it wonld be necessary,
for each particular kind of

Far ift we
nmbers only, as marbles, apples, dollars,
for instance. to verify the multiplication table
conerete number before using the table to multiply that particular kind of
% In each example, the multiplication must be performed :?rf!.
t Thizis 9 — 6 = 3. 1 Thisis 2 + 15 — 7= 10.
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concrete number.

the table to any partieular kind of concrete number.

In the use of abstraet and concrete number, certain limita-

tions, however, are to be observed. Thus. the multiplicand

may be either an abstract or econcrete number, but the nume-
ber of times the multiplicand is\taken (that is, the multiplier) §

must be an abstract number. Thus, 7 apples can be multi-

plied by 8, but not by 8 marbles. . \Hence,

1\ The mulliplicand. may be cithen an abstract or
number.

conorela

2. The multiplier must be an abstract number.

3. The proditet is the same kind of number as the maulliplicand ;
- >

i.'e., if the multiplicand s abstract, the product is abstract : if the

(s ; / : :
maudleplicand s concrete, the product)is concrete and of the same

kand.

From these laws it follows that there are certain limitations
also+in interchanging the multiplicand and multiplier. If
both are.abstract numbers,it is evident that they are inter-
changeable. For if we have a series of 5 rows, each containing
7 ‘dots, and each dot stand for an abstract unit, then the

total number of dofs in thegroup is denoted either by 7< 5
or-& X T ; that is,the factors of an abstract-number are 'rmmn/(-
tative. Hence, we can perform the multiplication of tweo
abstract numbers in either order, as may be most advan-

tageous,

Bat if we form the multiplication table for abstract
number (represented, for instance; by strokes or dots), we may then apply
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But if. of two factors, one is concrefe and the other abstract,
as $4 x 7, they are not commutative, and, taking the second
number as the multiplier, we eannot write $4 X 7 =7 x $4,
since the latter form requires us to use a concrete number as
a multiplier.

In such cases, however, we can obtain the advantage of the
commutative principle in the actual process of the multipli-
cation, by setting aside the concrete unit involved, and mak-
ing the multiplication abstract {11l it is performed, and then
r(*:;il-vrin;z the concrete unit to the product; or we can, for pur-
poses of computation, transfer the concrete unit from one
factor to the other, thus—

84 X 7 =81 { XT=81XT7TX4 7 X 4.

If each dot in the réctangilar array of dots given' on opposite page
represent one dollar, this is the same as say ing that 7 columns, each con-
taining 4 units of 1 dollar each, are the same as 4 rows, each containing
7 unitsof 1 dollar each ; or 7 yds. of eloth, at $4 each, costas many dollars
as 4 yds. at $7 each, and the one comput tion may be exchanged for the
other, if any advantage is gained thereby.

We now proceed to show that by the use of the multipli-
cation table any two numbers, however large, may be multi-
plied together.

53. 1. When the Multiplier is a Single Digit.—The
process.is-illustrated by the following example:

Ex. Multiply $264 by 7.

EXPLANATION.
We write the multiplier, 7, under  the junits

OPERATION.
264, Multiplicand.
7, Mudtsplier

1848, Product.

o

set down the 8 units in the units place, and reserve the 2 tens to be added

ficure, 4, of the multiplicand, and multiply the 4
units 7. obtaining 28 units, or 2 tens and 8 units,
ta the next partiak prodoct. . We then multiply the © tens by 7 and obtain
49 téns. to which we add the 2 tens reserved, and obtain44 tens, or 4 hun-
dreds and 4 tens. Setting down the 4 tens in the tens plac
the 4 hundreds, we next multiply 2 hundreds by 7, and obtam 14 hundreds.

_and reserving

To this we add the 4 hundreds reserved, and obtain 18 hundreds, which we

set down in the proper place. Hence, the product of $264 by 7 is $1848.
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1

The student should observe that the multiplication has been perf()rmcd
by taking the product of single pairs of digits separately and combining the |
partial products obtained. If the student will set down the mm:l.wr. 26448
seven umes! in a4 colomn, ard. obtain the sum by addition, he will realize ‘
the labor sayed by the process of ‘multiplication, even in a simple exampls ‘

like this,

EXERCISE 10. ]

1. There are 24 hours in one day.

. How many are there}
in 3 days? /(In 5 days? I

In 7 days? In 9 days?
2. One bushel of corn weighs 56 pounds.

pounds will'4 bushels weigh ?

How many ‘

6 bushels? 1
|
\

9 bushels?
3. [There are 66 feet in one chain.. How many feet in
chains?-In! 7 chains? In 8 chains? - \
4. A barrel of flour weighs 196 pounds, Howmany pounds
do4 barrels weigh ? .

5 barrels 7/ 9barrels?

5. There are 365 days in one year. How many days in

8 years? In 5 years? Jn 7 years?
6. If 725.men have-éach $4, how many have they all? If

each has $67 $82

Multiply :

7. 256 boys by-7. 2303 by 6,

8. 439 girls by 8. 2. 86753 b 3.

9. 716 feet by 6. 3926 by 9:

10. 1729 men by 5. 2307 yds. by 7

15, 6. X 18,

:MLI]U['l\ 9013 feet 14706 inehes s2is/min, 35544 rods

by ; 3 ‘ 7

21. 22. 23

Multiply : 46789 186 3716
by

Multiply 7791 40461

by P ent/ 0 3
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29. 30. 31, 32.
Multiply 701508 517032 876531 90470680327
by 4 5 6 o)
What must be paid for the following purchases:
23 12 vards silk at $3 a yard, and 17 yards cloth at $2
a yard?
16 spools thread at o cts. a spoc 1, and 7 yards cord at
. a yard?
8 cows at 828 each, and 6 oxen at $46 each?

26. 9 horses at $127 each, and 4 carriages at $108 each?

Find amounts of these two memoranda:

38. 376 hats at $2.
4928 coats at $5.
714 tickets at $0.

125 v-l;:l)]()\ ees at $9.

&7. 3. mo. rent at $.
6 tons coal at $6.
7 loads wood at
12 )_lhl'!‘l'li‘ oil a

Suppose here; too, the pupils make examples for ¢ ach other. Let parents

Teacher can give seyeral examples whose ansywe
What is the difference between 8ixX times 5324, and
r? Multiply 93076 first by 3, and then by 7, and

3 (f be
help at home. rs can be

told at a glance, such as:
7 times the same numbe

add the results, ete, etc.

44. 1I. When the multiplier is & digit with one or more
geroes annexed.

Ex. Multiply 8843 by 40.

EXPLANATION
In this case we multiply by the digit, 4, and annex the
zeroes to the product. For if 40 groups of 843 dollars

each are to be added together, we can, if convenient, sepa-

rate the 40 groups n-,lnirmi into
of ohits in each of the 10

10 groops of 4 each.

4, or $8372; will then give the number ]
groups, and the produet-of $3372 by 10 will.give the enfire number of umits
in the product of $843 x 40.

Similarly, if the multiplier is composed of any two factors, the nm'h.x-
separated into two steps. We fist

plication, if it is desirable, may be 8
multiplier, and then multi-

multiply the multiplicand by one factor of the
4
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iy th a0 chias . = = . - e 3

f\”. e Prtﬂdm t(bn obtained by the other factor. Thus, to multiply 2608 by Ex. Multiply 437 by 26, and test the accuracy of the result.

b3, siee 63 =9 x 7, we may first multi ; RS ) :

; 4 : al . OEOR. b ¢ X 3 e ) e N et

and then_multiply"23472 by e o ‘_“Pl.f :‘ 08 by 9 and obtain 23472, OFERATION. VERIFICATION. As the two products obtained are iden-
= e AT opLam 164304 as the product of the two a7 26 tical. and it is not likely that mistakes

origmal numbers. 'We may proceed similarly if N 437 26 J :

atd thiecn b ay proceed similarly if the multiplier is separable 26 437 have been made in such a way in the

ee Oor more factors 1 ; 5
iy 2622 182 two different processes that they exactly
874 78 : nsate, we 3 hat the result
ITl. When Y . compensate, we assume ths e res
Mg multiplier contains two or more 11362 104 obtained is correct,

1 i Q259
digits. 11362 If the student is familiar with the

Hd.

B = o0 ! srocess of division, it is left as an exercise for him to devise another method
Ex 1. Multiply $384 by 237 process of 0, 11 s

: - 1 of verifying multiplication by its use.

), 2 ’ -~ - - - ~
C PERATION. ABEREVIATED FoRM 57. A general rule for multiplication may now be for-

$384 : R : - =

ou7 $384 mally stated. When the multiplier is a single figure,
P ods D7 2 v = < r's X X ~ . 2T
Ao WA % N B 237 55 the multinlier under the unis fgure the multiplicand ;
2088, First Partial produet. u“hlml ””':‘1’.’“” J“. ',, /[ {,7f'. .'”‘lu ¢:0) ki : lf i
11520, {165 Multiply each figure of tie uu.'rtl]»/u'mu[ by the multiplier ;

76800, Third \ “ < =63 If the gproduct is less than 10, place it under the figure mulli-
$91008, Fntire Product. $91008, Product. plied ; Af greater, set down the right-hand figure, adding the other

2688
Second ‘¢ ““

EXPLARATION —Wé row: N\ caure to the next partial product.
XPLANATION.—We regard the multiplier as composed of three parts Jig / !
= -~

viz,, 7 units, 3 tens or 307 and 2hundreds or 200, multiply by each sepa When the multiplier is greater than 9,
it omary to Write the multiplier wnder the -;n«'//u‘p[/raml‘ with units of the

omit the zeroes which indicate the ; :
= ate the order of the se : T, 5 il v eme colimn s
prodacts. the second, third, ete., partial same order wn the same columin;

rately,;and then add the partial products obtained. I:

/ Begin with the nnils Jigure of the multiplier and multiply the
. It L;‘ %n‘lw Iu"lu] t.h:lt if one-oT more of the fignres of the multiplier is a multiplicand by each fiqure of the mudiplier i succession, placing
zero, the corresponding partial product is a zero and need not be written. the ri.r,/,r haned ﬁf/un; U_]' each /»fl."!:“lll prwlut't under. the terin by
which it was obtained ;
Add the partial products.
OPERATION. EXERCISE 11.
5 s 1. 2 g 5;
Multiply 875 833 96 boys 128 pens 265 days
by 167 9 33 46 58
225626156, Product. 6. i 8. 9. 10.
iply 8387 8476 375 fee 406 days 365 days
56. Verification.—One method. of ‘verifying the work of Ml;]':"}‘l} e ] ];jt fee é]h; deys ‘;f;; da73

Ex. 2. Multiply 56308 by 4007.

4007

5 20

multiplication—that is, of testing it with a view to detecting
any errors that may have been made—is to let the :nultip]i(:f

14. 5. 16.
Multiply 8 $809 ; 828 512 891

and multiplicand change places, and perform the multiplica- 126 o 635
= 426 oh Yo

tion again. We are at liberty to do this by Art. 52
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17. 18 19 o
: e : . 20.
Multiply 32071 76203 93761 56714
- < i
by __.')i) N 420 305 270

27. QD Do

22 23 a7
Multiply 56702 67094 7«‘..';13 (3;("/'2.:.*\‘
b_v = 5l 5 11520 7‘;_’“-}:') ."Z()'.I"J

. 25 206, ,'.’7,. _;"‘(\’
fultiply 67563 76305 80984 (?f.}.\".'-l
by ~1300 7603 3370 "41’1:‘3

B Y 35

29 30, 31, 32
M lI]i]I)l}v 46780 33607 93716 5—'(“.)-‘
~ N/

by 432 507 763
3 \1432 5071 32 3896

aP ;

crer, A ’ 25

s QADER L . 56,
Mu]t)plv o4256 6R]1397 S ol OB
A X D000

L _4009 270K 10708

. , > 2 - 3

37 I!u_\\ ‘F(slllll vou do the first example in this exercise
by addition? How the 24th? How the 35th? Can you
now understand How wuseful multiplication is? :

./ There, are 24 hours in a day, and 365 days in a year.

How many hours in-a year? In 6 years? In 75 vears?

#9. What will 743 horses cost at $130 each ? ‘

40..One mile contains 1760 yards. How many yards in
425 miles? In 720 miles? T

7 TR ST e 3 - 3

41. There are 5280 feey, in'a mile, and 12 inches' in a foof
How many inches in a mile? | In 25 miles?

f L2 ] > cola 1 . N )
A Methuselah lived 969 years. How many days did he
live? T

/2 o ey - oo T

43. A book of 674 pages contains 38 lines'on each page
How many lines in the book ? ;

A f there are X :
44 H there are 14 words in éach line, how many words in
the book of Example 4372 : '

L5

¥/ R

A bieyclist rides 16 miles an hour for 36 days of 7 bours
each. How many miles did he ride altogether?

’

MULTIPLICATION.

46. Which is the greater, and how much,

7567 243+ 965, or 3328 X 79 6930072

47. Muliiply 261 > 325 ) — 307 X 209.

58. Value of Multiplication.- _The value of the process
of multiplication as compared with addition should be fre-
f]l]-.'lltl\' recalled in connection with l_',\;‘.l)i[vl!'.\’ like the follow-
ing:

Ex. If it costs $23562 to build a single mile of railroad,
how much will it cost to build 273 miles?

If this example were solved by addition, it would require the setting
down of 23562 two hundred and seventy-three times, and the addition of five
columns of figures, each containing 273 figures. The process of multipli-
ation (by resolving the numbers into pairs of digits and recalling the
results of a/few simple additions) gives the same resultwith scarcely one
bundredthiof the labor.

I'he saving of labor e .oted by multiplication is still further realized

when some adequate idea of the extent of its application i8 formed. The

largeness of its field of application i3 due to tl
{e uniform in the number of units which each group

ie fact that wherever possible,

groups of units are mac

contains, Thus, each foot in linear measure is' composed of 12 inches, all

themilk in a can is sold for the same number of cénts per quart, each week

Also, where the number of units is not the same in

containg 7 days, ete.
made uniform by taking the

different groups considered, it is frequently
average of all the groups, so that multiplication may be :|;~pli~d Thus,
measarements to determine areag, volumes, etc., are usually =o taken that

the multiplicative principle may be
\
) 4

aren of a floor which is, say, 7

yardd long and 5 yards wide, wa do

applied. Thus, in measuring the [
{
=

not mark off the floor into actual ——
square yards and count or add the |
number of them, but we measure the —
length and breadih of the floor, and |
thus, in effect;, arrange the |square |
yards ¢ontained in the floor inte 5 | 1
rows, each containiog 7 square yards,

and then obtain the number of square yards in the area by the multipli-

cation 7 X 5 = 39,
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EXERCISE 12.
. Multiply 750 by 430 and the product by 48.
2. From 87 %43 <56 subtract 235 X 260.
Take 370 <80 x 420 from 567 % 203 x 50.
What is the value of 46 <70 — 28 < 45 + 160 X 232
What will 763 acres of land eost at 885 an acre?

6. A man 600 miles from New York walked toward that
city 28 days, 17 miles each day. How far away was he then?

7. Arailroad train travels 45 miles an hour for 38 days of
24 hours each:  Heow many miles must it still run to have
gone 45000 miles?

8. Supposing there are 85 apples in a bushel, how many
will there be: in a crop of the same kind, of 560 l»u:-in;-lq‘,r"

9. There are 32 quarts in a bushel. “How would. you-deter-
mine the number of grains in a bushel of wheat without
counting them' all? In 75 bushels?

I0. There are 43 rows of trees in an orchard and 61 trees
in each row.. How many trees inthe whole orchard? How
many in another orchard having twice as many rows and
twice as many trees in eich row?

11. /Thirteen books 'contain” respectively 261, 295, 304, 247,
283, 311,:219, 276; 253,309, 267, 238, 294 pages. If they each
had 293 pages, how many more pages would there be?

12, Mr. Dash sold Mr. Blank 24-rolls of cloth; each con=
taining 45 yards, at $2 a yard. Mr. Blank soléd Mr. Dash 6
lots of land; each/containing 7. acres; at $52 an ldcte. Which
gentleman owes the other and how much 2

73. In a train-load of flour there are 78 cars, each contain-
ing 184 barrels and each barrel weighing 196 pounds. Find
total weight.

14. Two bicyelists are 1800 miles apart and ride toward
each other. “One rides 11 miles an hour for 6 hours of each
day, and the other rides 9 miles an hour for 8 hours every
day. After riding thus for 13 days, how far apart are they ?

25. A speculator bought 585 acres of land at $74 an acre.

-
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He sold at one time 87 acres at $64 an acre; at another time,
137 acres at $93 an acre; and at a third sale, 178 acres at $77
an acre. At what price must he sell all the remainming acres
to cain $4280 on the transaction? -
76. What would he have gained by selling the remaining
acres at 75 an acre?
17. Which is larger, 753 X 427 or 691
s e e o7
78. Find the difference between 97 X 86 — 347 and 97 X

H38?

347 — 80.

19. Bought 370 barrels of apples at $3 a barrel, and sold

them =0 as to gain $2 on each barrel. What was the cost?
What was my profit? What was the selling price?

20. A book-keeper whose salary is $4000 a year spends at
the rate of 87 a day for 365 days every year. How much
can he saye in 28 years?

27. A/ man buys 326 sheep at $4 each and sells them so as
fo zain $125, What was the gelling price?

._',‘. A farm of 3281 acres sold: for $76 an acre, the owner
thereby gaining $486. What was its cost to him?

28 When is there gain? When loss?

2). A capitalist bought 376 acres of land at —882'5“:111 acre.
He sold from it, 96 acres at $92; 139 acres at $85; 63 acres ab
$81; and the temainder at'8107. What was his total profit?

25 There are 2 pints in a quart, 4 quarts in a gallon, and
63 zallons in a hogshead. Without counting them all; how
could one determine the number of drops of water in a hogs-
head? TIn 525 hogsheads?

26. \Which is the greatest-and which the least:

17 % 183+ 15 X 11 — 18 X 19,
17 -+ 13 <15 —11 X 18 X 19, or
(17-—13) X 15 X 11 =15> 1972

27. Explain the several operations and thf‘ order of ép(ar{l—
fions in: 34+ @ +5)X6—(7+8XI+10% 11 And also
in: 3+4+(5X6)—7+(8Xx9+10)x11. Find the value

of each.




CHAPTER V.
DIVISION.

9. Hlustration.—A man having $18 is staying at a hotel

at a cost of $3 a'day, How many days can he stay?

Since he spends $3 a day, the number of days he can stay can be deter-
mined by sabiracting $3 from $18, then $3 from the remainder, and so on
in succession till the $18 are ¢ xhausted, and then counting the number of
times $3 has' beén subiracted. The number of subtractions will be the
niumber of days reguired.

If, however, the student, is familiar with the multiplication table, it is
much easier/to recall that the number which mulfiplies 3 and makes 18 is
6. | We thus-substitute the less labor of memory for the greater labor of
repeated subtraction and the still greater labor'of counting off dollars in
groups of '3 each from 18, and-Counting the.number of groups eounted ofF:

60. Definitions.—The process of determining how many
times onemumber may be subtracted from another—that 18,
is contained inlanother—by a brief method (as by the aid of
the maltiplication table above), is termed division.

The dividend is-thé number from which the successive
subtractions are made.

The divisor is the number successively subtracted.

The guotient is the number of times the divisor is sub-
tracted. Thus, in the exampleiin Art 59, $18 is the dividend,
$3.1s the divisor; and 6 is the quotient.

Since the short way of dividing is to recall thet multiplier
which, applied to a given number, will produce another given
number, we may say that

Division is theprocess by which,.one factor and the prod-
uct being given, the other factor is determined. The given
factor is the divisor, the given product is the dwidend, and the
required factor is the quotierd,

56

DTVISION. a7

61. Exact and Inexact Division.—If we divide $18 h\'
8 we find that, after subtracting six times, no dollars I't'lll.:llvll.
\‘:'lwn there are no units left over from a division, the divis-
- e aal 3 b BX§ Ct
jon is said to be exa - ‘ ) -

If we attempt to divide &18 by 85, we find that, after sub-

fracting $5 three times, 85 are left,

When units are left over from a division, the division 18
1€ | . are : : ‘ :
said to be inexact. The units left over are called the

remainder.

62. Relation of Quantities in Division.—ﬁmvu the ltv."n
factors of a number multiplied together equal the number,
it follows that—

1. In exact division, dividend X

9 Tn inexact divisiomyudividend divisor kol
Or. using symbols, and denoting the dividend by

divisor X quotient.

Xoquotient.+ re-
mainder. ; S o
D, divisor by d, quotient by @, remainder by i,

D=dXQ+R.
Thus 18 =85 X 34 83.
8,

63. Symbols for Division.—The ordinary sign of division
18 4+ oW hich reads “divided by.” Placed between two num-
\‘r re it means that the first number is to be divided by the
L2 P N } R oo
gecond.. Thus, 36 =9 means ! 36 is to be th\uin]' by 9.
Division may also be indicated by a horizontal line, with the
dividend above.and-divisor below,as A% ; or by a ¢ nrnﬁd line,

3 ivide o) P
with thee divisor on the left, and the diyidend on the right, as

9)50.

64. Table for Division.—Just as the mnlti‘p]ivnjirm of :lu
large numbers is performed- by-means “xf a, few simple pr:
mary products, which are learned once: lor all at t_lfo <..u‘1‘l:LA,
g0 the division of all large numbers may be rvsulﬂwd into ';,
few simple primary divisions, to be learned once for all, anc

used repeatedly afterward. These simple primary divisions
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are formed by taking each product in the multiplication table,
and determining one of its factors when the other is given.

Y . . = - 9)b: 3 )H<
Thus, since 9 X< 6=54, we may write “* 'l, o) '(} -
: = 6 5 )

Or, 04 =9 —=06: H4=6=09.

Let the pupil form a division table in this way and thor
oughly masfer it.

EXERCISE 13.
ORAL OR DRILL EXERCISE.
. Tell immediately the quotient 1n each case:
15 = 22 < 11. 36
27 - %4 = 6, 18
24 = 25\+ B 42
35 = 90
21
36 =
28 =

56 =

I

|3

N N

Q0 2D
D O

9136
4)44
8)24
91108

11)99 8135 6172 6)30

¢ If a man earns $6 a day, how many days must he work to earn £367
$487 §72?

$. How many weeks in 56 days? ¥p 40days? In 77 days?

4. How many sponges at 8 cents apiece can be ‘bonght with 64 cents?
With 72 cents? With 96 cents?

5. There are 4 quarts in a gallon; how many gallons in 20 quarts? In
40 quarts? In 48 quarts?

DIVISION.

£. What is the remainder in each case following?
25 + 4. 38 + 8 80 + 9. 63 + 6.
29 + 9. 43 + 5. 90 = 11. 100 = 12,
] 70 = 8. 105 = 1L
7 = T. 115 « 12
7. What is the price of each orange when 9 oranges cost 45 cents?
When they cost 72 cents?
8. If there are 9 square feet in a square yard, how many square yards
in 108 square feet? In 90 square feet?
9. If there are 48 roods in 12 acres, how many roods in 1 acre?
20. When 9 quarts of milk cost 63 eents, what is the price of 1 quart?
12. If I save $132 in 12 months, how much must I average each month?
2. In 8 days a digger opened 72 yards of ditch. How many yards
could he open in 1 day?
18. If a wheelman rides 96 miles in 12 hours, how far does he ride in
1 hour? In/7 hours?

65. Abstract and Concrete Numbers in Division.—Ab-
gtract number is of the first importance in division, since it
enables us to form a division table good for all kinds of par-
tienlar concrete guantity. But, as in multiplication, so in
divigion. certain limitations must be observed in the use of
abstract and conerete numbers. Since we can divide a num-
bér of units by.a number of like units or by.a number of
groups (but not by a number of unlike units), it follows that

1. If the dividend iz -an abstract number the divisor must-be.an
abatract number also, and hence the quotient too will be. abstract.

2} Ij/the dividend “is @ particular kind of concrete number and
the divisor also.is concrete. it must be a concrete number of the same
bind with the dividend. Thus, we can divide $18 }"\' 83, or 18
marbles by 3 marbles, but not $18 by 3 marbles.

In this case the quotient i3 abstract number.

3. If the dividend is concrele navmber, the diviser may be abstract
wumiber.  Thus, $18 may be divided by 6; that is,divided into
6 equal parts.

In this case the quotient is a concrete number of the same kind
with the dividend.
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This kind of division is sometimes called partition, since i
consists essentiaily of dividing a given number into a number
of equal groups e» parts. .

In the preceding oral exercise, let the pupil point out which
€xamples are cases of partition:

We now proceed to show how, by the use of the division
table, any number, however large, may be divided by a
smaller number.

66. I. Short Division.—When the divisor is a single digit,
the process is called short division. The dividend may in this
case be resolved into small partial dividends mentally, the
divisions performed mentally, and the figures of the quotient
set down at once.

Ex.\1. Divide 89452 into 4 equal parts.

OPERATION. EXPLANATION.
4)3945 We set down the divisor at the left of the divi-
$2363, Quotient. _dénd, and divideit into the different orders of unis
of ‘which the dividend is composed., beginning with
the bighest and dividing each separately. 4 is contained in 9 (thousands)
2 (thousands). times; with arémainder of 1 (thousand). Setting down the'%
beneath the thousands and combining the 1 (thousand) with 4 (hundreds),
we have 14 (hundreds) as the next partial dividend. 4/is contained in 13
hundreds) 3 (hundreds) times, with a remainder of 2 (hondreds). Setting
down the 3 (in the hundreds place) and .combinine the. 2 {hundreds) res
mainder with the5 (teps), we have 25 (tens) as thie next partial dividend!
4 15 contained.in 25.(tens) 6 (tens) times, with a remainder of I (ten). Set-
ting down the 6 (tens) in the quotient, the last partial dividend is 12 (units),
Into this, 4 is contained 3 times. Hence, the division is exact, and the

entire quotient is $2363.
Ex. 2. Divide €31559 by 7.
OPERATION.
Drivisor 7 $i‘21-’_-'-;rf'. Dividend,

$4508, Quot h a Remainder of $3.

’

DIVISION, a1

ExPLANATION.—Since 7 is not contained in 3 (ten thousands), we treat
8 as a remainder, and divide 7 into 31 (thousands) as the first partial
dividend, obtaining the quotient 4 (thousands), with 3 (thousands) as a
remainder, and proceed as in Ex. 1. Similarly when 7 is not contained
in 5 tens, we set down 0 in the tens place in the quotient, and take 59 as
the next partial dividend. 7 is contained in 59 (units) 8 times, with a
remainder of 3 (units). Hence the division is inexaet. and the quotient is

$4508, with a remainder of The remainder is sometimes written over

the divisor, with a line between, and set down as a (fractional) part of the

quotient. The entire quotient in this case would then be $45083.

67, Other Cases of Short Division.—The method of short
division can be employed when the divisor is 11 or 12, or a
larger number if the student is familiar with the table of the
products of such numbers by the nine digits.

x, 1, Diyide 42084 by 12:

OPERATION.
12)4204
3807, Quotient.

Again, if the divisor consist of asingle dieit followed by
two or‘more zeroes, the division is best performed as a short
division.

ix. 2. Divide 8897563 by 300.

Since the diyisor is an exact number of hundreds, that part of the divi-
déend which is less than $100 (viz.,
remainder, and the number of hundreds in the dividend divided by the

) may be set aside as a part of the

uumber of hundreds in the divisor; lience, we have

3005897563

2001, Quotient + $263, Remainder.

68. Verification.—To test the accuracy of the work done
in division, we may multiply the divisor and quotient to-
gether, and add ' the remainder, if there be any, to the
product. If the result equals the dividend and there have
Been no compensating errors in the two processes, the work
18 correct (see Art. 62).
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Thus, to test the accuracy of the work in the last example, we have

$2991

This result equals the original dividend ; hence, the work in the division
is lllrnb.'i‘,ll_\'i correct.

EXERCISE 14,
Divide rapidly and orally:

7. 60 by
2. 84 |-)'
.96 by
. 48 1»}'
& 69 lh}'
.. 93 by

. 86 ]“v,-

[~

11. 57 by 3

12, 58 by ¥

. 240 by 4; by 8.
22, 360 b_\ 9: h_\ a3,
13, 64 by . 630 by 7 h\' 10
14. 65 by 5. 74,420 by 12; by &
15. 68 by 4. 25. 560 by 8 ; by 4
26. 840 h_\' ; by 12
17.%5 by 27. 960 by 8; by 6.
15, T8 by 6. . 830 by ; by 4
15. 81 by 3. a. 3; by 3

2. 94 by £ 600 by 5; by 10

-

16,72 by 3:

. Db }»}'
. 42 by

. 54 by ¥

L0 M 1D 00 W

Copy and divide the following:
. 3)426 inches. 5. 7)19999

59, 12)494820
2. 2)590 feet. ;

6. 71456939 60. 12)638608
7. 8)301376 61.-3)1213526
8. 8)123456 2)16181590

4
/
4
55.3)714 days. 4
p/
77 tons. 39. B 33, o) 1524291
)
5
5
e
i)
7]
7]

b 2)592 men.

0, j. 4)3231616
4 ¢ . 4)8352396
59541035
7. 547521015
. 5)3300275
9. 6)3046%94
70. 7)5666612
. 19633328

2. 8)96111264

3)
2)738 men.
. 4)344 days.
. 0825 ].m-k:—', 9745083

3. 9430056

4. U."’n\\.“—l—l

$)628 yards.
. :5)645 feet.
4130248
! '))1.)“"\"' 6. 9559431
2. $)43974 [ 57, 11)345631

. T)66668 | 58 11)499037

5 98035083

’

DIVISTON.

2
e

. Divide 7488, 56703, 1341117, and 627144 by 3.
Divide 5208, 617102, 9031758, and 12345678 by 6.
. Divide 175345, 420275, 753105, and 5123045 by 5.
7. Divide 302208, 4251612, 25801278, and 10002018 by 6.
. Divide 30028, 1756320, 75690376, and 5004108 by 4.
. Divide 66965, 3201305, 3710420, and 9876540 by 5.
. Divide 33334, 7080906, 1230463, and 20230721 by 7.
., Divide 520352, 2705608, 3391576, and 70001208 by 8.
81. Divide 23742, 1012347, 50123458, and 70123456 by 9.
82, 567886 by 11.| &84 764883 by 12. | 86. 930156 by 12.
&3. 587180 by 11. | &5. 65472 by 12. | 87. 5750412 by 12.
88. Divide 35816, 44781, 4075973, and 10170688 by 11.
89, Divide 28284, 609756, 888384, and 46818072 by 12.
90. A man divided §7434 equally among 6 children. How
many dollars did each receive?
91. There are 7 days in a week,
2002 days?
92. At 85 a barrel, how many barrels of flour can be
bought for $3940?2
93. A boy receives $9 a week.

5,-\)_ (S IES B I LS
D':C‘J"‘ls‘il’:\w

How many weeks in

How many weeks must he
work in order that he may receive $70202

9%. There are 12 inches in a foot. How many feet in
63360 inches?

95. If there are 4 pecks in a bushel, how many bushels in
16300 pecks?

96. Change 35091 square feet to-square yards, if there are
9 square feet in one square yard.

97. Multiply 504 by 231, and divide the product by 9.

98. Divide 75320 by 8, and multiply the quotient by 76.

£9. Multiply 204 by 917, and diyide the ;product by 12.
Then divide this quotient by 7.

100. Find the product of 225 X 716 X 135, and divide it
by 5. Divide the quotient by 12. Divide this quotient by 9.

101, If the product is 43744, and the multiplier is 8, find
the multiplicand.




DIVISTON.

Find the divisor if the:

102. Dividend-is 3078 and the quotient iz 9.
203, Dividend is 176072 and the quotient is 8.
104, Dividend is 463815 aid the guotient is 11.

Find the quotient and remainder in each case:
105..8)31415 A M IZ2. 20)98750 | 3001976580
106, 9)21763 " 123, 30)67670 | . 400)95670
107. 7)1416538 714, 40)841370 500)1796300
108. 6)3605 115. 8035670 600192370
700)516784

S00)H66T793
!‘ 718. 200)976350 125, 900)387650

109. 5)3120 | 116.190)123456. | |
110. 10)16758 /| 217. 100)26750

771, 11)176531

Find the dividend if the:

26. Divisor is 7, quotient is 43, and remainder is 5.
" Divisor i3 12, quotient i8'327, and remainder 10.

28. Divisor is 23, quotient is-76, and remainder 13.

29, 'Quotient is 416, divisor 207, and remainder 194.

730, Quotient-i8 356, remainder 401, and divisor 510.

69, /11. Liong Division.—When the divisor is so large
(arger than 12) that the products of it by the nine digis
cannot be retained mentally and subtracted, it is necessary in
the division to set down in succession the partial dividends
and the successive subtrahends and remainders, When divis
jon is performediin this way, it is called long diision.

Ex. Divide 8746 by 37.

OPERATION. VERIFICATION.
Dividend.
Divisor 37)8746(236, Quotient.
74
134
111
=

Zobr
599

Dividend.)

14, Remader.

7

DIVISION. 65

ExrrANATION.—We detarmine the first partial dividéend by beginning at
the left and taking the smallest number of digits that will contain the
divisor ; 37 is not contained in 8, but is contained in 87 (hundreds), 2 (hun-
dreds) times, with a remainder of 13 (hundreds). Setting down the 2 (hun-
dreds) to the right as part of the quotient, and combining the 13 (hundreds)
remainder with the 4 (tens), we have 154 (tens) as the next partial dividend.
27 is contained in 134 (tens), 3 (tens) times, with a remainder of 23 (tens).
Settine down the 3 (tens) as part of the gunotient; and combining the 23
{tens] remainder with the 6 ), we have 236 (units) as the last partial
37 is contained in £ units), 6 {onits) times, with a remainder
of 14 (units). Hence, the enti

dividend.

quotient is 236, with a remainder of 14

It is now left as an exercise for the pupil to write outa

(,ru,"a'ﬂ/ rule _{;1;' {Hu{/ .j,'p[,._i,,;,_
In recard to long division, it is to be remarked that

1. If the svork is properly done, the remainder is in alll cases less than
the divisor.. If in the course of the work a remainder is obtained equal to
or oreater than the divisor, it shows that the last ficure of the nlrlnlii‘nl 18
too small,

2. If at any time the divisor multiplied by the last figure gives a product
greater than the partial dividend under whieh it is placed, it shows that too
larwe/a number has been taken for the last figure of the quotient.

3 If at any time the partial dividend is lessithan the divisor, and hence
will not contain it, 3 zero is to be set down in the quotient, another figure
o the dividend broueht down, and the work continued as before,

Ex. Divide 216912714 by 71873,

718732169127 14(3018, Quotient
215619
120371
TIRTS
574984
H74984

EXERCISE 15.
Divide
7. 322 inches by 14. 4. 728 days by 26.
2. 540 feet by 15. 1457 years by 31
3. 391 men by 23. 1204 feet by 43.

o




DIVISION. I){stf('.\'.
7. 2530 tons by . 9968 5
. : & 9968 bv £ : - : !
. 9968 by 56. Find the quotient and remainder in each case:
‘ 71. 96731 = 309. 74. 188576 + 2761.
L OA10R =1
. 24198 by 74. 72. 59178 + 421. 75. 9980736 < 2047.
3. 96733 = 1209. 76. 18 IRGGTS9 = K308,

{00

55.
&. 2989 min. l_ 61 15. 17152 by 67.
: :

9. 6300 hours by 75.
5312 pages by 83. 7. 29602 by 82.
O ( > ap 5 -
ji ;E(g ::: ::i j‘z _’)'1’-;1:: ::,: :: 77. 'H ﬂlf'l'}l' are 24 hours }1.1 1 day, how many days are
3. 3166 ])'\' 19, f-‘()‘ -l.\(“)N l.\' '"“ th»;rv in 2136 hours? In fi]’b‘\» hours? '
= \ Gttt S 78. How many beeves at $35 each can a dealer buy with
21. 7380 by 36. 2625800 by 25. 31. 1968 by 19 823807 With 866507
. 13815 by 45. 7. 77666 by 38. 92 9450 i»-\' ) 79. There are 144 square inches in 1 square foot. How
. 21268 by 152: 28. 185288 by 46. | 23 6048 Be
. 32448 by 64. ' 29. 302328 by 57. 27 8695 ]'.\, Do
47479 by 79 |30 595765 by 85.) 35. 9222 by 3

many square feet are there in 11952 square inches?
80. How many barrels of flour in a load cont iining 40180
pounds, a barrel of flour weighing 196 pounds?
&1. The distance from the earth to the sun is 93000000
How many daysawould it take.a cyclist to ride that

miles.
traveling 124 miles a day? How many years, if

31832 by 184.
. 400189 by 187.
70305 by 215.
106953 by 231
| 64250 by 125.
120239 by 193.
182688 by 346.
113057 by 207
442458 by H2:
164954 l)_\' 398,
434995 by 719.
719037 -by-891.

e

444024 by 881.
377939 by 927. distance,
there are 365 days in a year?

§2. How many days woule 1it take a locomotive to run that
far. at the rate of 744 miles a day ?

83, How long \\u!:l«i light require, to eome from the sun to
earth. at the rate of 186000 miles' a gecond? What is the

LR S

306327 by 503.
802392 by 998.
155484 by 126.
721644 by 231.
1722855 by 83
'1,,', 198 by 354, ; pame of your quotient?
THEUGE by 423, 84 At $117-a shareyhow many shares can_be purchased
72 by 429.
4125954 by 509.

59. 5488416 by 608,

&
O "

n O
N1 oW v

with 83433367

85 What s the price of 1 acre of land, when 371 acres cost
2371857

86. There are 792 inches
How many chains in a mi ile?
The product is 350102, and the multiplier is 336. Fintd

Wt
N

o

iri a4 chainyand 63360 inches 1o a

60. 5582225 and 7430600 by 1325. mile.

61. 8010555 and 17266376 by 2461.
62. 13841372 and 29745036 by 3812. the multiplicand
635, 21801270 and 25961535 by 4115. § 88. The qnuifrht 1S

10‘;7 3230 «Hl\l o4l '314;_' 'y 6208, ﬂl(\ divisor.
89, How many yards of cloth at

27300 })\ 350, 68. 170100 l'_V 2700. for 7 barrels of flour at 86 a barrel ?
.0@\,(» by, 69. 1663200 by 5400. 90. How many tons of hay worth $18 a ton must be given
800 by 1400. 70. 9010000 by 17000 in exchange for 24 loads of coal at $9 a load?

567. and the dividend is 2442069. Find

t$3a yard must be returned
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91. At 836 an ox, how many oxen will be required, to pay
for a farm of 104 acres, worth 81 an acre ?

92. The 495 families of a village agree to bear equally the
expense: of | paving 612 rods of street, costing $25 a rod.
How many dollars will each family contribute?

Divide:

93. 5168254 by 1893,

99, 37318800 ].y 3405,
9%, 26638950 hy 4314.
3.

100, 17829888 by 3072
69908524 by 7543, 101. 83555703 l».y K]701.
96. 9111878 by 2954. 102. 25360303 by 6329.
97. 32393290 by 4978. 103, 32658915 !f\- 5435.
98. 68115312 by T165. 104, 73728456 by 9208.

105. 280967545 by 6435, '

106.. 422582630 by 5785.

107, 60088326832 by THM4S,

108, :;::MM)“_’{M,’»;NL{ by 67008.

209. 803000835205 by. 200705,

)

Find the value-of each of the following :

110, /73X 6 3565 9 | 112, 80 4 121 11 —90

111, 9/4- 40 X% T2 715, 196 14 4- 324 =18.

174, 8 > 18 S 445 15 105 53
1715, 266 —16—7 X 2 +11. X 14 —90=9;
1716. 1728 =12 169 = 13 2589 17 261 =19,

70. Factorial Division.—If a divisor can be separated into
two or more small factors; the work of division can: often be
diminished by dividing the dividend by the factors of the
divisor in succession, instead of dividing by the entire divisor
at once.

Ex. 1. Divide 11060 by 35.

The factors of 35 are 7 and 5

Hence, to divide 11060 by 3.
quotient obtaimed by 5, thus:

9, we divide first by 7, and then divide the
7111060
511580

316, Quotient.

DIVISION 69

3y dividing by 7 we separate 11060 into 1580 groups of 7 each, and by
dividing by 5 we separate the 1580 groups of 7 each into 316 groups of
d x 7, or 35 each.

The method of determining the remainder in factorial division is best
shown by an example.

Ex. 2. Divide 6083 by 84 by the factorial method.
OPERATION.
3)6083
412027 groups of 3 units, with a remainder of 2 unita.
7)506 groups of 3 > 4 units, with a remainder of 3 groups of 3 units.

72 groupsof 3 « 4 7 units, with 1\!rm:nmlvrnf‘_’grnu;wuff‘. < 4 units.

Hence, the quotient i3 72, and the entire remainder consists of three parts,

viz., 2 units, and

3or 9 units, and 2 x 3 x 4 or 24 units: or 2 + 9 + 24,
35.
Henee, to find the entire remainder in factorial division,

Multiply eath remainder by the dévisor which produced the qiven remarnder and

by all preceding divisors, and add the results.

EXERCISE 16.
“}' the factonal ll!"”llw]. divide :

1. 888 by 24. | 7. 13794 by 66. 73. 38304 by 96.

22 1736 by 28. &. 26632 by 72 14. 41846 by 98.

31350 by 75. 19665 by 105.
1230 hy 45. 10. 41426 by 77 [6. 79596 by 108.
7074 by 54, 17, 91056 by 112

6. 15744 by 64 /8. 124272 by 144.

2. 3570 by 42
’
b

1. 50787 by 81

. BS712 by 84,

IFind the quotient and the remiinder in each, by the factorial method:
: 24, 3416.by 135 (899 by 324.
20. 927 by 48. 25. 4289 by 144. 80. 7163 by 385.
1. 791 by 64. 6. 4873 by 150. $1. 8563 by 420.
22. 999 by 56. 27. 5327 by 216 32, 8873 by 540.

23, 975 by 121. 1582 by 243, 38. 9997 by 756.

71. The Value of Division, even in a single problem, is
realized on comparing the labor employed in division with
what the labor would be if the same problem were solved by re-
peated subtraction. Take, forexample, the following problem :
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A railroad contractor has $400000, and is paying out $3276 a day ; he
desires to know how many days his money will last. To determine the num-
ber of days by suceessive.subtractions of $3276 would require the setting
down and subtracting of this number more than 120 times. To obtain the
required number of days in'this way would require at least 50 times as much
labor.as by the method of long division

The value of division is still further realized when some adequate notion
is formed of the extent of its possible applicstion. Division, like multipli-
cation, has this wide application owing to the extended use of groups uni-
form in the number of units which they contain: | Thus it is an advantage
to have the barrels employed for a given pirpose; 48 to measure oil, contain
the same number of gallons; to sell all the yards in a given piece of cloth
at the same price per yard, éte.

Where uniform groups of units aré not explicitly given, they may often
be formed by ilie proper analysis, and the solution of the given problem
effected hy division.

Ex. 1. In a given election where 10896 votes were east, the
suceessful candidate had a majority of 324. Howmany votes
did each candidate receive?

We may regard the numberof votes received by the defeated eandidate
as the primary.or unit group of the problem. The successful candidate
réceived this unit gronp and 324 votes besides. Hence, the total number
of votes cast, 1P896, equals twice the unit group and 324 votes besidex
Hence, subtracting 324 votes from 10896 votes, we have 10572 votes asequal
to twice the unit group, and the unit group may be obtained by dividing
10572 by 2. Hence, 10572 = 2, or 5286, is the number of votes received by
defeated candidate : and 5286 -+ 324, or 5610, is the number of votes received

by successful candidate.

Ex. 2. A man dying left an estate of $84000, of which his
wile was to receive a certain part, his daughter half as‘inuch
as his wife,and his niece half as much as his daughter. How
many dollars did each inherit ?

If we regard the number of dollars received byhis niece as the unit, then
his daughter received twice this unit, and his wife four times it.” Hence, the
number of dollars bequeathed must equal 7 times the unit taken. I 7
times the unit equals $84000, the unit group itself may be obtained by
dividing $84000 by 7, giving $12000 as a quotient. From this the valne of

each share is readily determined.

]lI'I'I.\'I’l_\'.

EXERCISE 17.

)

7. Tn an election in which 22795 votes were cast for 2 candi-
dates, the successful eandidate received a majority of 461 votes.
How many votes were cast for each ?

2. John hastwice as many marbles as William, and William
has three times as many as George; all have 130 marbles.
How many has each ?

3. A boy has four times as many examples as his sister; and
both together haye 100. How many has each?

4. Divide 90 into two parts so that one is twice as large as
the other. One is 5 times as large as the other.

5. How could the examples of Exercige 15 have been done
other than. by division? How else could you do Example
21 there?

6. How could you do Example 60 but by division? Which
is more simple? Could you do Example 81 the other way?

7. Without multiplication or division, how could the 92d

umple be done?

g /Mhere are 10 times as many boys in a certain school as
there are teachers;and 3 times as many girls as boys; alto-
gether there are 492. How many teachers, boys, and girls
separately ?

9. Separate the number 132 into two parts such that one
is 11 times the other. Into two other parts such that one 18
21 times the other.

10. /A has twice as many acres as B; B has twice as many
as O. C has three times as many as D, and all have 1100
acres. How many has each?

77. Tn a certain election 56329 votes were cast for 2 candi-
dates)the suecessful candidate receiving: a majerity of 1071
votes. How many did each receive?




CHAPTER VI.*
ABBREVIATED PROCESSES.

72 Fundamental Arithmetical Operations and their
Abbreviations.—The four operations, addition, subtraction,
multiplication, division, dre cilled the fundamental operations
of arithmetic, since all subsequent arithmetical work consists
of these in various eombinations.  Hencegit is important that
every possible method of abbreviating these fundamental pro-
cesses be investigated and mastered.  They are themselves, it
is to be remembered, abbreviations of more tedious. work, as
of the counting and grouping of units; yet, in many cases,
the four operations can be still further abbreviated. The
abbreviations used diminish not only. the amount of work,
but also the likelihood of error.

ABBREVIATED MULTIPLICATION.
73. Multiplication by 25.—Since 25 = 100 =4, to multiply

a4 number by-25,

Annex two zeroes to the multiplicand (2. e., multiply by 100) and
divide by 4.

Ex. Multiply $8769 by 25.

48876900
$219225, Product.

The multiplication, when performed in thisway, calls for less mental effort
and the making of fewer figures. It can be readily mastered and made
a purely mental process.

74, Multiplication by an Aliqguot Part of 100.—Of like
nature is the multiplication by any other aliquot or exact

#In teaching young or backward pupils, the teacher should omit all of
Chapter V1, except Arts. 78, 74, 79, 80, 84.

—~
72

ABBREVIATED MULTIPLICATION.
’

part of 100. This calls for a slight knowledge of Iractions,
but. should be mentioned in this connection.
Thus, 12} =% of 100. | 50 of 100.
1} of 100. 62} of 100.
1 of 100. 663 of 100.
4 of 100. 75 of 100.
g of 100.

of 100. 873
| 2

oinl WNCO IO TONN RO

Hence, for example, to multiply a number by 33}, annez
two zeroes Lo the mudtiplicand and divide by 3. Let the student
state and illustrate a rule for multiplying by each of the
other aliquot parts of 100. Examples illustrating this kind
of multiplication will be found in Exercise 18.

75. When the Multiplier is a Series of 9's except tae
last Digit—In this case the multiplication may be abbre-
yviated into the process of first multiplying by 1 followed by as

many zeroes as there are figures in themultiplier i. &., annexing this

many zeroes Lo the iml/lf!:[[/‘llhll y, and then deducting the ]/«'(1!.11/(‘!‘
of the multiplicand by the excess of the multiplier used over the

gi'r»"n 7Ii!l./lf1r11'z'r.
Bx. Multiply 13721685 by 99993.

Rince 909908 100000 — 2, we first multiply 13721685 by 100000; and
then deduct 13721685 » 2 from the product so obtained. Thus we have

1372168500000
27443370
1372141056630, Product:

If the student will now perform the multiplication directly, he can esti-
mate the labor saved by the abbreviated process.

76. Multiplication in which the Partial Products are not
set Down, but are Added Mentally.— When multiplying by
a number of but twe or three digits,; it is often of 'advantage
{o form in immediate succession all the partial ‘products of
the same order and add them mentally, setting down only
the last figure of each result in its proper place in the product,
and carrying the other figure mentally.
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Ex. 1. Multiply 47 by 63.
OPERATION. EXPLANATION
47 We have the following partial products: 7 (units) x
63 3 (units) = 21 (units). Set down 1 (unit) and carry
2961, Product.) 12 (tens) ; '3 (units).x 4 (tens) + 6 (tens) = 7 (umits) ;
2 (tens) carried = 56 (tens). Set down 6 (tens) and carry 5 (hundreds); 6

{tens) > 4 (tens) + 5 (hundreds) carried =29 (hundreds), which we set dowz.
Ex. 2. Multiply 587 by 346.
OPERATION.
587
346
203102, Product.
The partial produets, with figures carried, may be grouped as follows:
(Units) 7 % 6 = 42 units:
(Tens) 4 + 8% 6 +4 x 7 =4 + 48 + 28 = 80'tens.
(Hundreds) 8 + 6 x5 4 < 8 + 3 x 7 = 91 hundreds.
(Thousands) 9 +

53 thousands,

(Tens of thousands) 5 + < 5 == 20 tens of thousands.

Y%7. Abbreviations due to Limitations of Accuracy in
Measuring Quantities” to be Multiplied.—As has been
explained in Art>19, each digit of’a number has a value
depending on the place which it occupies in the number (as
wellras the absolute value of the digit). Thus the figure 6,
when in the thousands place, has a hundred times the value
it has when in the tens place. Itis important that the stu-
dent.use every means to keep in mind this_difference. For
convenience in printing and writing, the digits of a number
in theunits; tens, ete., places are made of uniform size;but it
is useful, in thinking:of them,to regard them as of different
gizes proportional to the positional values. Thus, while look-
ing at the number 586, let the pupil think of the 5 as a digit
ten times as large as the 8, and the 6 as a digit only [~
one-tenth 'as larre as the 8, thus s> i e )85

Similarly ‘in the number 7652138, if 7 be given a gize

]’)I‘(»[‘,nﬂi(ﬂ\ toits }u.\'i[i()“”] value as H)mp:lrml with the number.
it would be a figure 8 feet long, while the 8 in comparison
with the 2 would vanish into invisibility.

ABBREVIATED MULTIPLICATION.
’

If numbers be thought of in this way, we easily realize that
the digits composing a number are of less and less impor-
tance as we go to the right, and in certain cases their value
vanishesinto insignificance, and computations with them may
be limited accordingly

78. Computations Based on Measurements.—No meas-
grement is aceurate beyond the sixth or seventh figure; this
i3 owing to the limitations of our eyesight and sense of touch-
perception, and to the ultimate imperfections in all our instru-
ments of measurement. '

Thus, = mile (63360 inches) can be measured only to within 5 inch of
its true length ; an inch can be measured only to within a millionth part
of itself, ete. So great a degree of accuracy, however, can be obtained only
Ly applying every possible refinement of acenracy. Ordinary measuring,
such, for instanee, as that done by a carpenter, is accurate only to the sec-
oud or third/figure, that is, to within g}y or 147 part. Hence,

Computations based on measurements cannot be accurate beyond
the fifth or sixth place of figures, and in ordinary work mot beyond
the th ird .‘/(‘j/‘%/‘:‘.

Allnumerical work, therefore, which does not affeet the accn-
racy of the resultwithin the required limits, may be omitted.

Ex. Multiply 3274 by 4125 so that the result shall be
accurate to three places.

We carry out the work to five places; so thaton adding the partial prod-
nets the figure in the third place may be accurate, thus,

OPERATION. EXPLANATION.

SLT4 We first multiply by 4, the digit of highest de-
4125 nomination in the multiplier. Since this gives a
13096 partial produet containing five figures, as required,

before multiplying by 1, the next digit in the mul-

327
115

=
)
>

tiplier; we strike. out the units figure 4 in the mul-

15
13502, thousands.

tiplicand and then multiply. / Similarly we strike
out one figire in the multiplicand before multiply
ing by each successive figure in the multiplier The number of figures
struck out fixes the denomination of the product.

13500000 is the product correct to the third place.
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EXERCISE 18.
Perform the following multiplications by the shortest
method :

1.-356 & 2 ! asd o< 125, | (5 2 i
2.\ T 5 33%. 648 X BTH: 20). < 98.
8. 968 S 121 2743 < T7H0. 21. < 96.
¥77 X225 3996 1< 29. 2. T38 X 98.
5. 894 29 36. : 23, 998,
i 586 21 15.-42 X 37. 24 X 997.
7. 420 < B63. . D3 X 61, %5, X999
. 676 STk 1L T8 X 4.

-y ~

g Fob b g o. 9D X 6.
Find approximately the following produets :
463. 524671
H12. 23, 7681
506

4761 X< ¢

ABBREVIATED DIVISION.

79. Division by 25.—The result obtained by dividing a
group of units by 25 is the same as that obtained by dividing
foar times as large a group by 100.  The latter process usu-
ally involves less labor. Hence, to divide a number by 25,

Multiply the qiven namber by 4 jand divide by 100,

Ex. Divide 6257 by 25.

OPERATION.
6237
4
100)24948
24948 or 24013,

Hence, the quotient is 249, with a remainder 12.

S0. Division by an Aliquot Part of 100 may be abbre

ABBREVIATED DIVISION
’

viated in a manner similar to that used in abbreviating the

mulfiplication by such numbers.

Ex. Divide 89676 by 3:
SO676
100 ) 269028 .
a1

or 2690, 3

Dd

D6 2 R
e ».NII

that is, the quotient is 2690, while the remainder is 0I. TLel the studert

formulate rules for dividing a number by aliquot paris of 100.

For examples, see Exercise 19.

S81. When the divisor is a series of 9's except the last
digit,

Ex. Divide 7865923 by 98

I'he abbreyiated process consists essentially in dividing by 100, and then
forming remainders which are divided in succession.

EXPLANATION.

Dividing 7865923 by 100, we oblain

OPERATION.
(J-m[#ul«,l1.';',1:411'mlr.~ 3.
78659 as a quotient and 23 as a remain-
18 der. 98 is contained the same number
31146
[0

149

of times as 100, with a further remainder

of 2 for every time 100 is contained : that

is, a further remainder of 15731%. Di-

m.ﬂ- viding 157318 by 100, and continuing the

process as above, we obtain a series of quo

tients, 78659, 1573; 31 (which are to be added togéther); and a series of

temainders, 23, 18,46, 62 Adding the remainders, we obtain 149; dividing

this by 100, and theén by 98, we obtain a further quotient, 1, and a final

remainder, 51. Adding the quotients, the final quotient for the divisor 98
15 80264, with remainder, 51.

82. Abbreviation by Setfing Down only the Successive
Partial Dividends.—Students with ‘especial aptitude for
sumerical work may learn to abbreviate long division by
performing mentally the subtracttons required, and setting
down only the partial dividends.
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Ex. Divide 460686 by 7
EXPLANATION.
In ordinary long division we would multi

OPERATION.
71)460686( 6438, Quotienl,
346 ply 7L by 6 (the first figure of the quotient),
"I';';'?‘N. and set down the product, 426, under 460, and
06

ak R subtract.. Tn the abbreviated process we
38 Reémuainder. 13 2

multiply each figure of 71 by 6, and subtract
figure by figure, setting down only the remmnder. Thus, 6 x 1 6, and &
from 10 leaves 4 +.set down 4. 6 x 7 is'42, apd 42 from 45 leaves 3, which
we set down. Annexing 6, we haye 346 as the next partial dividend. We

proceed in like manner till the division 1§ completed.

83. Division of Numbers Determined by Measure-
ments.-—If one or both, of the numbers employe d in a
division be ‘determined by measurement, the result of the
division cannot be accurate beyond the-fifth or sixth figure
Hence. all mumerieal work which doesnot affect the accuracy
of the result beyond the fifth or gixth place may be omitted.
This. is done by beginning af a cerfain stage of the work to
strike off the final digit of the divisor; instead of bringing down
a new figure from the dividend and annexing it to the partial
dividend.

FEx “Divide 872372500 by 15273, so that the quotient shall
be accurate to 4 figures.

Fo be.accurate to 4 places, we must also determine the fifth figure. 1fwe
obtain two figures of the guotient in the ordinary way, and then begim
strike off the final digits of the divizor, it will insure that two diritsof the
divisor will remain atithe ¢loge of the process.

OPERATION.
500(57118 Hence, the required quotient is 57120

It is to be observed that striking ouf the
last fisure on the right of the divisor, the last
ficure struck.out is in each case multiplied
and the product carried, if it is'more than 5%
thus, in forming the last subtrahend, 8 = 15
120, but since 2 has just been struck out, and
Sx2 16, the last .snhlrfnlu-nd is 120 + 2 or

1992

COMBINATIONS y OF OPERATIONS.

EXERCISE 19.
Divide most briefly:
76125 by :
2. 89375 by

57650 by 875. | 27. 76327 by 92.
48765 by 125. 56345 by 95.
94670 by 875. 87632 by 132.
1598 by 47. 179630 by 241.
3216 by 67. 31086 l.y".m_
1088 by 42751 by 98.
5747 by 87630 by 98.
3888 by 43 88561 by &
7163 by 59. 92176 by 97

58951 by 61. 93753 by 98

KI900 )).\' :
. 63350 by -
. 64350 1\
17250 by
7. 679500 by
v, 460600 'e-:v :
385500 by -
832300 M bot
. 56780 by 125
Z2. 35716 by 375.
15, 87632 by 625.

38765 by 83. 37. 147632 by 998.
17973 by 85.
%. AT38L by S7.

187632'by 999.

256319 by 998.

Perform the following divisions accurately to 4 figures:
40./1112223334 by 3567. | 42. 5634217689 by 16328.
41, 3216789567 by 7238. J8. 87632765176 by 29045.

{4

COMBINATIONS OF OPERATIONS.

84. Order of Operations.—When several operations are
eombined in a single process, it is often possible to perforin
these operations in different orders; by performing them in
one order rather than another, much labor is often saved.

Ex. 1/ Find the difference betiween the products

3217 x 85 and 3217 x 83
FirstT COMPUTATION, Secoxn COMPUTATION,

3217
83
16085 © 9651
257536

267011 3434, Difference.

267011

" 6434, Difference.
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The pupil will notice that the second computation requires
less than one fourth the labor of the first computation, and that
in the seeond eomputation as.compared with the first the like
lihood of error is diminished even more.

) 1563 892
Ex. 2. Compute ——= ¢
73

Figst COMPUTATION, SEcOND COMPUTATION.
156 78)156(2
R92 156
312
1404 892
1248
78)139152( 1784, Quolient
In general, it is'evident that if a, b, vinbolgidenot-
ing any numbers;,
1.

a b

C C

T|.t' .\_\‘In]m]. \

more numbers are inclosed in a parenthesis, it means that

)y 15 (‘;zllwi the pm‘esmhesis. When two or

they are;to hi~treated asaavhole and ~'il}r_jz-xll'4f to-ithe same
operation

Let the student sfate the above principles in general lan-
guage. For instance, 7 may he expressed thus,

If the divisor and dividend be divided by the same number, the
4'15.'14!4‘-4'113 1310t !‘.’l!l.-)jll""',.

EXERCISE 20.

7. T boucht 460 acres at $26 an acre, and sold them at $37
an acre. Required my fotal gain.
2 Thiring June a butcher took in $37 on each of 25 days.

COMBINATIONS OF OPERATIONS, 81
’,

Puring July he took in $43 on each of 25 days. What were
his tofal receipts ? What was the July excess?

3. Monday, 3126 people attended the theatre ; and Tuesday,
4719 !)vn;r]-' attended. If the tickets were $2 each, what were
the total I'x-«'ri[.-h‘ ? The ‘["\ll'.\"ii(_\' excesse?

4. A train leaves New York for Chicago, 900 miles away, at
the rate of 30 viles an hour, and at the same time
another leaves Chic: it 45 miles an hour How long before
they meet? How far from Chicago do they mieet? How
long between the arrivals of the trains at destinations?

I'he excursion fare Lietween two places is $17. What

does the R. R. Co. receive from the passengers in a train of §

L each carry ine 63 passeneers ?

G.From the sum of 1436, 2785, 436975638, take the prod-
uet of 341 and 75.

7. Divide the difference between 3467519 and 5321963 lr_\
the guotient of 38836 divided by 73.

Y. Multiply the sum of 2076, 35941, 763, 9876, and 21638,
lv._\' the difierence between the ereatest two of them.

9. When the divisor is 409, the quotient 1703, and the
remainder 245, what'is the dividend ?

i@, \When the mmuend is 57632051, and the remainder
14678932, what is the subtrahend ?

7. When the dividend. is 100, the quotient 8§, and. the
remainder 4, what is the divisor?

12./\When the dividend is 2606526, the gquotient 1478, and"
the remainder 812, what is the divisor?

13. An officer in distributing an appropriation of $697000
3190, and

]z:l'l $1” l"‘l:mihlzli;". “..'.\ many H'Iln‘iv~ Were ﬂu-r:'?

among the counties of a State. gave each county

85. Logarithms.—By the use of a series of auxiliary num
bere called logarithmg, numerical work may be further abbre-
viated. By the use of logarithms, multiplication is converted
into addition. division into subtraction, ete. The considera-
tion of these methods, however, comes luter.

6




CHAPTER VII.
FACTORS AND ANALYSIS.

86. The factors of a number (see Art. 49) have already
been defined-as the numbers which, multiplied together, pro-
duce the sivenmiumber.

‘Thus, the factors of 187 are 11 and 17; of 60.are 3, 4, and 5

87. Illustration of the Value of a Knowledge of the
Factors of Numbers,—If it is required to determine the
value of
{)

)
»

54 >33

2 knowledse of the factors of theé 'given numbers enables

v )

us greatly to abbreviate thé work: For, since dividing the
dividend and divisor by the same number leayes the
value of the quotient unchangeds we may divide 252 and 54
by the number (9, which' is .a factor of both, and proceed in
like manner-till all-the factors common to both divisor and
dividend are removed. Thus,

4 g

28 48

292 % 240

-;"‘4 - 35
? i

Similarly, an indicated quotient of two large numbers may

32, Resull.

often bereduced: to a simple form by means of a knowledge
of the factors of the numbers.
Thus, if we have 3§, and know that 235 47 x 5, and 376 = 47 x §
we have
47 x 5
47 x 8
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These illustrations show the importance of as thorough a
knowledge as possible of the factors of numbers and of the

processes of determining them.

88. Prime and Composite Numbers.—A prime number,
or prime, is a number which is not divisible by any number
except itself and unity.

Thus, 2, 3, 17, 47, etc., are prime numbers.

A composite number is a number which can be divided
by one or more numbers besides itself and unity.

Thus, 4. 6, 18, ete., are eomposite numbers.

88. Even and Odd Numbers—As a rule, the most im-
portant possible factor of a number is 2.

An even/number isanumber exactly divisible by 2; as 2,
4, 6, ete.

An odd number is one 1oL « }.'.w'Hj.' divisible ?.-_\' 2: as 1,3,
5. etc.

90. Powers and Exponents.—A power is the product of
two or moreddentical factors. Thus, sinee

125 3 £y N 3 )

125 is said to be the third power of 5

A second power is called a square, thus 25 1s the square
of &+ a third poweris called a cube, thus 125 is the cube of 5.

An exponent is a small figure written above and fo the
richt of a number to indicate how many fimes the number.is
taken s a factor (and to'save the labor of writing out all the
identical factors).

Thus, since 729 SGE3 KA S
729 3% the 6 being the exponent of

may write
Similarly, since 400 = 2 3¢ 2502 % 2100 > 5, we may
write 400 O BAHE

91. Short Methods of Determining Whether 2,3,4,5,8,

O, are Factors of a Given Number.—To determine whether
& given number contains another number as a factor, the
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direct method is to divide the given number by the supposed
factor. This work, however, may be greatly abbreviated in

the case-of-2; 3, 4,5/ 8; 9, and some other numbers. Thus,

3

in order to determine whether2 isa factor of a number, 1t 18
u6t nécessary io divide the entiré nimber by 2, but only the
last orrisht-hand digit. Hence,we substitute the less labor
of dividing the last figure 'of a number for the greater labor

of dividing the entire number.
The following abbreviated methods determining the

factors are of especial imiportance:

A number 1s:divisible;
1. By 2. if s last or right-hand figure i3
i » 8is divisible il_‘-' e

(_]il'('.(\’(-,!/l, il"/ ]

Thus, 742368 is diyisible by

3. By 8, if 1the pmber
divisible’ by 3.

Thas, 850256 is divisihle by 8 sinve 2

» ,/»,} S composing Lhe numoe

}. By 3, if the
I;’"‘ IJ_I/ “;

Thus. 8721561 is divisit 2 cince the sum of the digits of the number

e by 3.

5. By 9. 1 T the ,/"{‘,/f.*; composing the number 18

divisible lf'»‘// 9.

Thus, 87219 iz divi 9 since the sum of the digits is 27 which 152

number divisible by 9.

6. I:ll , when the last r(.».z/," in thenu v';‘lv;;‘;' 25 oither 5 or U

: . s 3 hy 35
By 6, when the nuwmber 13 e by both 2 and 5.

The reasons for the first three of the above tests of divisibility are
gimilar, For, in the first case, any number may be re garded
Since 10 is divisible

S

of a number of tens and an additional group of units. §
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by 2, any number of tens is also divisible by 2; henee, if the last figure
is also divisible by 2. the entire number is divisible by 2.

Similarly, in the second case, any number may be regarded as made op
of a number of hundreds and am additional number composed of two digits.
Since 100 is divisible by 4, any number of hondreds is divisible by 4 ;
hence, if the additional number expressed by the last two digits s divisible
by 4, the entire number is divisible by 4.

Similarly, the test for divisibility by 8 depends on the fact that S'is an
exact divisor of 1000, ILet the stndent make a formal statement of the
reasoning involved

The reason for the test of the divisibility of a number by 3 is as follows
Any number larger the iy | rated 1 ) parts, viz, : a part
which is a multiple of ¢ i sih sy o) ; and a second part
which is sum of the digits of the number. Hence, if the latter
o

Lt 8

part is divisible by 3, U ntire pumber 15, Thus, to test 85

divisibility by 3,

Since 800
and 50
and 2

L\‘".l

Since the multiples of ¢ divisible by 8, the divisibility of the entire

number by 3 depends on ther the sum of the digits 8 # 5 + 2 13
divisible by
et the student state in-like manner the reasan for thie abbrevisted

method of determining whether a number is divisible by 4L

Lot the student alsorstate the reason for the test of the divasibility of 2
number by 5.

The student shosld ohserve that the pesitional system-of notation adopted
in representing numbers-makes possible these abbreviated tests of - divisi-
bility.  Let the pupil detérmine which of thém could-be applied to-ntm-

bers expressed in the Roman notation.

92, Prime Factors of a Number.—To determine the
prime factorsiof, 4 namber, it is sufficient to divide the given
wumber by a [,,-"‘,4“ ‘!.‘;,[«," (4l 12 qens ,',;/'/./ best to divide /[/',-{ ]4;/ the
smallest prime factor), then divide the quotient obtained by another

]
grime factor, and so on il a quolvent s obtained which s Uself

prime.
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Ix. Separate 2040 into its prime factors.

OPERATION.

2040 9 x 3 x 5 x 17, Factlors.

EXERCISE 21.
Find the prime factors of:

7. 15, 18{20,25,.27. 28, 32, 36, 40, 42, 48,
2| 50, 56, 60, 64, 72,80, 84, 88,9

2. 1108, 112, 124, 128, 136, 148, 150, 165.

g8. 105

~)
9924 1 396, 430, 600, 842, 873, 919, 960,

1315, 1599, 3003, 2145, 3696, 4051, 12121.

'
/8
&

Tell :\ ilt.»}"’("m-:. whether or not each of the following

numbers is divisible by , 6,8, 9, 10, or 20.

6120/ 130, 140,156, 171, 217, 240, 498,

~ ' s Mrs A4 TREDL =05 D456
7. 3498.7653, 9345, 7653297605, 123456.

£ 98010, 152460, 216216, 445038, 876543210.

Determine whether the following numbers are prime of
composite:

9. 81./83: 87./93, 111, 201, 271,343,

70. 319, 507, 533, 851, 917, 1189, 1927.

717. Which are the more numerous, odd numbers or even
numbers? Prime numbers or odd numbers? Are all prime
numbers odd?

12, Obfain tests for the divisibility: of a large number by
192. By 15. By 18. By 36. By 40. By 32

13. .-\*“r'l'l:lill. what the sieve of Eratosthenes is, and by
its use form a list of prime numbers from 1 to 500. :

74. By the aid of this table determine whether 839 18 &
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prime number. Is it necessary to divide by all of the prime
numbers less than 1333 to determine whether it is prime?

Which may be omitted?

93. Cancellation.—It has been shown that dividing both
divisor and dividend by the same number does not change
the quotient. So much labor is saved by this means that the
process is frequently used, and it is convenient to give it a
special name.

Cancellation is the operation of striking out a factor com-
mon to both divisor and dividend.

50 18 x84

SRV,
X O X e

Ex. 1. Compute by cancellation.

OPERATION.

2 50 and 75 have the common factor, 25,

2 [
P I8 x B4

EXPLANATION.
which may be canceled, giving 2 in the
place of 50, and 3 in the place of 75. 12

1

1Z 23 x 13 s : 8 ;
will divide 12 and 84, giving 1 and 7.

: 3 will divide 3 and 18, giving 1 and 6.
3 again.will divide & and 6, giving 1 and 2. Hence, the quotient is
o x 2x 7, or 28,

The quotient is not.changed in its denomination by cancellation, but this

15 not the case with the remaind if ¢ be one. To obtain the true

remainder, it is necessary to multiply o after the cancellation,
by zll the factors caneelled out.

4 1

Ex. By cancellation 1 x4

3

4
'.!

with apparent remainder of 3. But the true remainder s obtained by mul-
tiplying 3 by 12 x 9 x 3 (the factors cancelled ont), giving 972, the remain-

der which should have been obtained if the division had been performed
without any cancellation.

It is left as an exercise for the pupil to discover the reason of this
process,
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EXERCISE 22.

Reduce :

H4
) >6 96 93
168 < 630
AMD 666 13
185 < 84 P
105 1
< 504 .

26 Pivide 16 > 24 330 by
21 Divide 60 7 35 96 by
)

228 Thvide 128 > 452 150 hy 2

250 Divide 345 < 396 2

Ascertain the value

15 2 V6

FACTORS AND ANALYSIS,

ANALYSIS.

94, Units Used for Computation Purposes.— Besides
units in general use, such as $1,1 yard, efc., certain special
units are often employed in solving particular examples,

simply as an aid in computation.

95. Analysis is the solution of problems by the aid of
special units devised to aid in the computation.

Ordinarily we have given in the problem the value of the
unit when taken a given number of times. The process of
analysis consists (1) in defermining the value of the unit
taken once, and (2) the value of the unit when taken a

l"'l]llil'l‘tl number of times. These two steps are called reason-

ing 10 the unit and jrom thewnit.
Ex. 1. If 6 horses cost 8420, what will 15 horses cost?

Axavysis,—The onit considered in thisproblem 38 the cost of 1 horse.

Thus,
£420 cost of 6 horses (6 units).
$420

G
$420 x 15

6

cost of 1 horse (1 unit),

cost of 15 horses (15 units).

70
128 « 15 e 6 a2
$ - $1090, cost of 15 horses,
|1
1t should be noticed that- ordinariy.it is of advantage werely to indicate
the division/which gives the valne of the single unit, and not to obtam the
1
$420

quotient itself by actual division (thus we write =" and not $70 as the cost

H
of 1 horse), in order to take advantage of possible cancellations in the final
computation.

Fhough the above statement of thé analysis s all that the student need
write down as the solution of the problem, he should be able to give clearly
and exactly the reasoning used. Thus, in the above example, if $420 is
the cost of 6 horses, 1 horse will cost as many dollars as 6 is contained times
in $420, or fr;i:’“ ‘il"{“ *4.’:}0
6 ]

; and if 1 horse costy , 15 horses will cost 15 times

or $1050,
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Ex. 2. If 9 books cost $20, what will 54 books cost?
The unit is the eost of 1 book.

) ] : cost of 54 books.
s:n cost of 9 books.

cost of 1 book. 6
A 190
- $120, Result.
Two or more stépsare often necessary’in obtaining the value
of the computations unit (z. e, in reasoning to the unit) and

also at times in reasoning from the unit: Thus:

Ex. 3. A workman received $21 for 15 days’ work of 7

Hours each. How many dollars will he receive for 17 days’
work of 10 hours each?
The unit which controlsthe computation is the number of dollars received
for 1 hour's work.
Hence,
No. hours inA"day’s work
No. honrs in 15 days’ work:

7 hours®' work.

r 10 heurs' work

' work of 10 hours each.

After some practi lar examples, the e statement

may be conveniently Hows :
wages for 1 hour’s work

wages for 10 17 hours® work.

The unit of computation in a problem is often given ex-
plicitly, it being required to determine the number of times
the unit is wsed.
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Ex. 4.

be obtained in exchange for 10 dozen eggs at 21 cents a dozen ?

How many poun sugar at 6 cents a pound ean
The ecost of 1 pound of sugar is the unit which controls the

eomputation.

value 1 do

value 10 d

21 cents
21 cents
value 1 pound sugar
?:J:"‘“Xi“ 2 No. pounds sugar at 6 cents a pound which ean be
PICINES obtained for 21 x 10 cents.

',.’:I < 19 ~

= 35, No. of pounds.

13
D

Ex. 5. A milkman has 20 cows, each of
He sells the

How manv npieces of cloth, each containing 40 vards and cost-
Y

14

el .
wihicn gives

gnarts of milk daily. milk for 6 cents a qnart.
1 2 |

ing 15 cents a yard, can he obtain for the milk of 10 days?

6 cents x 8 X 20 x 10 value of milk for 10 days

15 cents 10 = cost of 1 piece of cloth
ficents ¥ 8 x 20 x 10 v . ' : ¢
L ]? 4 No. of pieces of eloth received for
5 cents

©

(4]
I3 x 49

3 {

Bx. 6. 12 men working 8 hours a day do a piece of work
in 15.days. How many days, will it take 8 men working 10
hours a day 7

The computation unit is the work done by one man in 1
hour; then
12 x 8 15 = No. units work done by 12 men in 15 days of 8 hours each.
8 x 10 = No. :

X 15

units work done by 8 men in-1.day of 10 hot
No. days it will take 8 men svorking 10 hours a day to do

work for 1 man

ol days

e ——————

s

o -

=
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EXERCISE 23.
1. If 6 stamps-eost-30.cents, what will 14 stamps cost?
45 stamps?
T 9 pads eost 72 cents, what will 7 pads cost?
4. 1f 12 pounds of candy cost 216 cents, how much will 21
pounds cost?
4 When $415mwill buy 5 acres of land, how many dollars
are 17 acreg worth?
What will 25 cattle cost when 7 cattle are worth $161?
6, 1{la bar of iron 12 féet long weizghs 192 pounds, how
muech will a similar bar 19 feet long weigh 2
If a stoek of 45 chairs is worth 8279, what is another
stock of 55 similar ehairs worth ?
$. If a class of 74 men-weigh together 11766 pounds, about
what will a similar elass of 111 men weigh 2
9. A family of 7 drink 17 quarts of water each day.  How
many quarts will.a town-of 14000 people drink ?
70. T 16 ]\un!v'l«' use 820 worth of meat each week, how
muech will' 50 people use in a year of’52 weeks?
71, A.workman/ receives $6 forworking 5 days of 9 hours
each. How many "lu“::h >hnl1}‘1 in' !'H’l‘i\'l‘ V‘nl‘ llu‘ I:Aln»l'uf
15 days of 10 hours « ach?
12, 1f a laborer receives 5 for the work of lr—?(]il_\':i of 7
lonrs, how many dollars will be paid him after 28 days’
work of 9 hourseach ?
73, 1f $264 are paid 11 men for the laborof 16 days, each
10 hours, how 1 y should be I‘;IEII 40 men for 25 (]:l)'ﬂ‘
‘labor, each day of 6 hours?
74. It cost $290 to [xi'ilai and bind 75 books, of 812 pages
each. Whatavill be the/costof [H‘i]lﬁll‘z and binding 81 books,
of H60 pages each. at the same rate?
75. If a force of 63 men can do a certain task in 7 days, of
8 hours each, how many men, working 6 hours a day, will be
needed to do a similar task in 12 days?
16. For the construction of a certain wall, 8 rods long, 56
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men were required, working 10 hours each, of 24 days. How
many days, of § hours cach, will it take 55 men to construct
a like wall, 22 rods long?

17. On the erection of a wall, 75 feet lone. 6 feet wide, and
S feet high, 30 men worked 17 day " 8 hours each. How
long a wall, 4 feet wide and 7 feet high, can a force of 34 men
build 1 40 days, of 7 hours each ?

8. How many pounds of rice, at 8 cents a pound, can be

bought for 12 pounds of butter, at 20 cents a pound ?

19. A merchant exchanges 45 yvards of cloth, worth 82 a

vard, for silk, worth $5 a _\’:mi. How many _\':xl‘4l> of silk

does he receive?

20. 12 casks of vinegcar, each containing 16 gallons, and
worth 10 cents & gallon, are given in exchange for potatoes,
worth 60 cents a bushel. How many bushels of potatoes are
received ?

21. How many firkins of butter, each containing 50 pounds,
worth 23 cents a pound, will be returned:for 115 bales of hay,

at 90 cents a bale?

15

22. A farmer sells the wool from GO sheep, at 13 eents a
pound, each fleece weighing 4 pounds. How many rells of
mafting, at 52 cents a yard, can he buy with the money, if
each roll contains 15 yards?

23. Bach line of a book, of 150 pages, contains 12 words,
and there are 30 lines on a page. If the printing costs 3 eents
a word, how many bales of paper, each containing 10 bundles,
of 20 quires each, and worth 18 cents a quire, can be bought

with the proceeds of printing the book?




CHAPTER VIII.

GREATEST COMMON DIVISOR AND LEAST
COMMON MULTIPLE.

GREATEST COMMON DIVISOR.

96. Common Factors.—In order to simplify work as
much as pessible (asfor instance in canceliation), we need
{0 kniow not-only @ number that will divide each of two given
numbers, but also the largest number that will divide both of
them. and to have methods of determining this number which

will cover all cases.
28

Thus, in order to simplify the indicated quotient —=- We

105
need to know that the largest number that will divide both
dividend and divisor’is 141, or, if we do not know it, 1o have
some way of determining it.

97. The greatest-common divisor (or G. . D.) of two or

more numbers is the largest number that will divide them all;

It is also sometimes called the hest common factor, or H. C. F.

Thus, 812 s the G. G D..of $24, 836, 360.

The (3. C. D. may also be described as the largest unit group which can
be used to measure .-nH of a set of numbers

When two numbers have no common factor except unity,
the numbers are said to be prime to each other ; thus, 8 and 15
are prime to each other; though meither of them. is itself a
prime number. »

98. Aids in Finding the G. C. D.—It is helpful in finding

the G. C. D. of two orgnore numbers to understand that

First. if a number be a factor of each gf two or more numbers,
it must be a factor of thewr G. C. D,

o4
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Thus, since 5 is a factor of 30, 75, and 90, it must be a factor of their
G. C. D.

This principle enables us to separate the process of finding
the G. C. D. of two or more numbers into several often com-
paratively simple steps of finding the prime factors common
to all of the numbers, and a last step of taking the product

of these common primv factors.

t rs, 1l must be a

Second, i/ a number be a fack of two numbi

S hE m I : - y nlLy
Jactor 0f the sum or « ierence of any ;',.;,,;,/,/,«,\. of these numbers.

T'his principle is illustra if, for instance, we tie toothpicks into bundles,
of 12 each, and have 8 bundles in one | » bundles in another heap.

12 !l‘m!h;li("r&\ will (‘\’;Vix‘ll:‘.". be a divisor i entire he or of the sum
of the two heaps, or of their differences, or of the sum or difference of any
multiples of such heaps (since such asum or difference will he Pt)mpu,\«:l
entirely of bundles containing 12 each).

Thus, again, if 9 is a factor of both 383 and 835, it is a factor of their
sam or difference, or of 855 — 2 3; that is, of the number 189, smaller
than either of the original numbers,

This principle enables us to simplify the work of finding the G. C. D.
of two large numbers, by using smaller and smaller numbers, obtained by
sticcessive subtractions of multiples of a smaller number from « larger. .\'t‘v
Art. 101, :

99. 1. Short Division Method of Finding the G. C. D.
—|f the numbers whose G. C. D, is sought, be small, the most
convenient method of proceeding is to arrange the grven num-
bers tn.a row, and. divide by any number that will divide all the
qiven iumbers ; simalarly divide the quotients obtatned till there i3
no number which will divide all the ,/.,,,,!,',- s ;

tivisors will be the . C. D.

the o oduct 4:_)‘!(./1. the

Ex. Find the G. C. of 84, 126, 210.
OPERATION.
2384, 126, 210
$3)42. 63, 1056

Ty14, 21, 35

Henee, 2 < 8 x 7 42 = G.LC. D,
If the pupil be already thoronghly acquainted with
the prime factors of the numbers whase G. C. D. is

: — sought, it is sometimes confnient to separate each of

] . - - - .
the given numbers into its prime factors, and multiply

fogether the prime foctors that are common to all the numbers.
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Ex. Find the G- C. I. of 24, 72, 120.
OPERATION.

% =23 X

9>

120 = 2%

EXERCISE 24.
Find the G. C. D./of the following groups of numbers :
7. 18, 42 5. 112, 1256. 9. 30, 42. T2
2, 24, 60 3. A68. 12735, 70. 32; 56, 8.
216, ! 11. 36, 84, 180.
12. 180, 144, 198

2060, 105
4. 90, 198 630,
19. 24, 40, 56, 104
4298, 112, 140.
40,70, 90, 150.
72. 120, 144, 264.
108, 162, 198, 270,
288, 480, 720,
100. IT. L.ong Division Method of Finding G. C. D.—
When the numbers whose G. C. D. is soucht are large, it 48
Lest to.proceed by the method indicated in a general way i
Art. 98. For, by the aid of this principle, it can be shown
that the G+ C. D. of any two numbers, taken as divisor .and
dividend./ is the same as the G, C. D. of the divisor and
"(':.’((/(‘l.’iv,l‘f‘
For since, denoting the quotient by m,
Divisor) Dividend(m
m Divisor,

we have,

and hence Remamder,
Rematnder Dividend — m Divisor,

Dividend m < Divizo Remainder.

and also,
Now. every nmmber that will divide both divisor and dividend exactly must

also divide the remainder exactly (by Ark 95, Second Principle, since the
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remainder is 1l
divisor). Hence,
also common factors of the divisor and remaind

Conversely, whatever number will diyids

exactly is also a factor of the dividend (by A

the sum of the remainder and Itiple of

between the divic

the divisor).

fend and a multiple of the

ommon factors of both divisor and dividend are

ler.
the divisor and ‘remainder
rt. 98, since the dividend is

Hence, all the

common factors of the divisor and remainder are also common factors of the

divisor and dividend.

Hence, ey ery common factor o
factor of the other pairalso; hence, two |
Hence, we pair, the

the larger pair, the divisor and dividend, a
principle, finally determine the G. C. D
Ex. Find the
OPERATION,
S41)1740(2
1632

o8 )841(14

c dut by the
R -

. G DL of

G D. of 841, 17400

numbers is a common

airs have the same G. C. D.

divise 1"1(] XII!Xlli)\I{Y‘E f‘nr

d by successive uses of this

EXPLANATION
» 841 into 1740, we obtain 2
and 58 for a remainder.
principle proved above, the
841 and 58 is the same as

Proceeding

like manner, the G. (% D.of 29 and

15 the

ne origmn
1
£0)

Py the nse of symbols, the proof given above that the (3. (

divisor and remainder is the same as the G. (.

dend, may be put in an abbreviated form thus:

Denote the smaller.of two. numbers (the div

dividend) by B, the quotient by m; the remain
A)B{m
B
R
Then every factor of the numbers A and B i
98, gince R m % A) 1 and; hencesis afa
A and K.
Conversely, every factor of the
of B (Art. 98, since B R+ m ;and, her

f numl

numbers A and B
Hence, every factor of the one num
pair ;. the G. C. D, of A and B . C of

same as the G. C. D. of

' pair of numbers, 841 and

. D. of the

D. of the divisor. and disi-

risor) by A, the larger (the
der by B.  We have

m XA
m A
< alsoa factor of by Art.

c¢tor-of the pair of numbers

ers A and R

ce, 15 a factor of the pair of

also a factor

bers is a factor of the other

A and K.
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Hence, to find the G. C. D. of two numbers, divide the less
number into the greaterythe remainder into the divisor, and thus
continwe il there “is mo) remainder ; the last divisor will be the
G. (G Dgf the two original numbers

To find the G: €. D. of three or more large numbers, first
find the G: G Dsof two of thie mumbers by the above method,
then obtain the G D; of this result'and a third number,
and so on till=all the mumbers have been used. The last
(i O D, obtained is the G- C. D, of all the original numbers.

EXERCISE 285,
Find the G. C. D-
1. 55, 75. ;. 189, 261. | 11, 390, 675.
2, 68, 92. 7. 176, 275. 12. 882, 903.
90, 138. 8. 252, 480. 18. 918, 675.
96. 152. 9. 187.510. /(| 44. 1457, 899.
1963153, 0. 583, |/ 15. 2736, 4389.
' 270, 315, 735.
546, 455, T02.
1584, 2772, 3276.
2088. 2349. 3016

3330. 2035, 3663.

16, 182:196, 357.
17/ 209, 198, 473.
18, 272. 400, 816.
19. 732969, -1156.

20. 216, 360, 280.

LEAST COMMON MULTIPLE.

101. A common multiple of two or mare numbersis a
number whieh-is exaetly divisible by all of them.

Thus. $600 is a common multiple of $15, $20), and $30.

The least common multiple (or [.. . M) of two or more
numbers is the least number which is divisible by them all.

Thus. 860 is the T C. M. of 815, $20, 830.

The most useful application of the L. C. M. is in determining the least
common multiple of the denominators of a set of fractions. This enables
larwest Wit which will measure each of a set of frac-
D. enables us to determine the largest

us to determine the
tional quantities, just as the G. (
anit which will measure a set of integral quantities,
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102. T. Short Division Method of Determining the L.,
C. M. of Several Numbers.—If the numbers whose L. C. M.
is desired, are small, the most convenient method of proceeding
in order to determine their L. C. M. is to arrange the given num-
bers in a row ; divide by any prime factor that will divide at least
two of them, bringing down ench undivided number along with the
quotients ; continue the process till the quolients are all prime to each
other ; the L. C. M. will be the product of all the divisors and final

t[lmfl': nis.

If any one of the numbers is contained exactly in (.* i5 a factor of ) any
other of the given numbers, it may be struck out. For, in finding the

L. C. M. of the larger number, we find that of the smaller number also.
Ex. 1. Hind the L. C:M. of 12, 21,30, 36, 63, 70.

OPERATION.
12, 21. 30, 36, 63, 70

!‘.\l.'v.

% x'3

ExprAnATION.—12 i8 contained in 36, and 21 in 63; hence, they are
struck out, and the L. C..M: of the remaining numbersis found! (Sim-
ilarly 5 and 7 are struck out in the course of the process) By dividing by
the prime - faciors 2, 3, 3; and multiplying them and,the final quotients
together, each prime factor will occur in the final product the highest num-
ber of times it occurs in any one number; hence, the product thus obtained
will be the L. €. M.

If the prime factors of the given numbers are well known, it is some-

times more convenient toseparate each of the given numbers into its prime

factors, and take the product of all the different factors, using each factor

the greatest number of times it occurs in any single number,

Ex. 2. Find the L. €. M. of 48,72, 120.
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EXERCISE 26.

13. 105, 168, 120.
1%, 250, 144, 2115
15. 180, 189, 315.
16, 210, 231, 350,
7. 082, 286, 308.

335, 420, 660,

25; 36, 45.
>
>

90 88, 105, 39. 56, 80.

12! 24. 63\ 54 27. 03, 42,66, 70, 34.
L HdR65) 91, 63.
3. 75, 81, 98. 105

3, [ll;" 105, 110, 165.

S5, TS 1260

10] 25. 40. 75,

B T v )
24 7,16, 77, 15

103. 1I. L.ong Division- Method = of Determining the
1. G. M. of two or more Numbers.—When it is required {o
find the L. Q. M. of twe large numbers, which cannot be
readily-factored, it s best fo proceed by first finding their
G. C. D. by-thie long division method.

Ex. Find the L. C. M. of 841 and 1740.

We first find the G. €. D. of the numbers; thus:

S41)1740(2
1682
53)841( 14

53

Dividing eaeh of the given numbers by their G. C. D., we have

201841(29 20Y1740( 60

58 174

261 0
261

*, 841 = 29 % 29
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Hence, to lind the L. (

Hence, in general.
bers. find first the 6.

the queen numbers by the

. M., we may proceed as in Art. 102:
29)29 = 20,29+ 60

20 60

29 = 60

29 1740

50460,

to find the L. C. M. of two laree num-
D of e qven tmbers : divide one of

''D. and 1 Uiply the quotient by the

ollver number ; the P ‘oduct will be the L. C. 3. of the two nuwmbers.

To find the L. (
find the L. C. M. «

L. C. M. of this resul

M. of three or more large numbers. first
f two of the given numbers, then the

It and another of the .:E\!'X' numbers. and

50 on till alllef the given numbers have been used, The last

L. C. M. obtained 1S

Find the 1. €. ]
264. 319.

o20). 40S.

506G, 308

FOr
5 43

Find the G (
Find the L.
Find the G
Find the 1.
Find the G. C.
Find the ¥..C}
find the G. (. D
18, 42, 54, 96.
24 40, 120, 160,

84, 210, 378.

the L. C. ML of all the ¢iven numbers.

EXERCISE 27.

{50, 648 9. 456, 684. 720.
). 65(). 10, 250,448, 640).
S5, 4495, 664,

945, 810, 1260,

EXERCISE 28.

D. of 72965 132

n M.

D.
hY
D. of 782, 867, 969.
M. of 1066 and Y62.
and the I ( of
10. 1008, 1365.
17. 195, 510, 468,

12, 400, Y45, 9810,
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73. What is the greatest width of carpet that will exactly
fit three rooms of widths 15 feet, 24 feet, and 33 feet respec-
tively ?

74~ A.merehant having 54 yards of one kind of cloth, 34
vards \of another, and 132 yards of a third, wishes to cut
fhem into patterns of equal length. What is the greatest
possible length of each pattern?

15. With a4-quart, a 5-quart, and a 6-quart vessel, what is
the size of the smallest can which may be filled exactly by
each ?

16. Find the lenwth of the shortest line that can be meas-
ured vxm'll,\' 1'_‘~' rods-of lengths 6 feet, 8 feet, 10 feet, and 12
feet.

7. What is the length of the longest rod which will exactly

measnure 209 feet, 242 feet, and 341 feeti?
8. A farm produces 442 bushels of oats, 728 bushels of

corn. and 585 ‘hushels of wheat. The grain is removed in

equal cases'and allvare full. What is/the greatest capacity
of ‘each case, pru\'ieiwl there is no mixing of the grains?

19. How can the L. (. M. of twonumbers, which are prime
to each ofher. be found? | Of two prime numbers?

20. How many common multiples may 2 or more numbers
have?

57 Find the difference between the G, C. D, of 480 and

5200 and the: Tn G- M. of 5,6,15, 20.

CHAPTER IX.
COMMON FRACTIONS.

104. Derived Units.—A certain unit, as one pound, having
been chosen for the purpose of weighing objects in general, i
is often convenient to obtain from this primary unit (one
pound) other derived units to be used for weighing special
classes of objects. Thus, one ton (or 2000 pounds) is used in
weighing objects of small value in proportion to their bulk,
such as hay, coal, etc., and one ounce is used in weighing
objects of great value in proportion to their bulk, as spices,
gold, drugs, etc. Similarly, from any primary unif, derived
anits may be obtained adapted to special uses.

When the derived unit is an exact part of the primary
unit, it is termed a fractional unit or fraction.

105. Fractional Units—Thus, for measuring long dis-
tances, the mile i3 the convenient unit; but for many purposes
as, for instance; 1n running races in athletic games, 1048 ¢on-
venient to divide the unit into 4 equal parts; and call one of
“hem one-fourth of amile ; similarly we form other fractional
units from the miles, as one-eighth, one-half, one-sixteenth: of
a mile, ete. These are all fractional units orfractions, and are
expressed by ‘writing the number of paris into avhich the
given unit is divided under the figure 1. Thus, { of a mile
means one-eighth of a mile.

If a given fractional unit be taken any number of times, the
result is still a fraction, and is denoted by writing the number
of fimes the unit is taken above the line instead of 1. Thus,
“2 mile ” is an abbreviation for “5 units ” of the value § mile.

Sometimes a fractional unit receives a special name, as when one-twelfth
of a foot is called an “*inch” ; or it may be made into a physical object, as

103
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objects of great value in proportion to their bulk, as spices,
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a mile, ete. These are all fractional units orfractions, and are
expressed by ‘writing the number of paris into avhich the
given unit is divided under the figure 1. Thus, { of a mile
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If a given fractional unit be taken any number of times, the
result is still a fraction, and is denoted by writing the number
of fimes the unit is taken above the line instead of 1. Thus,
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Sometimes a fractional unit receives a special name, as when one-twelfth
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whien a quarter of a dollar is coined and isknown as a “quarter”” But the
great majority of fractions have no name beyond their numerical one and
many of them are used merely.as aids in computations, or in mental esti

mates and comparisons, and Bave no plivsical existence.

Hence, the advantages in the use of fractional uniis lie in
ihe ease with avhich sueh units can_be devised for any pur-
pose, temporary, or permanent; the unlimited number of
such units that canbe formed ; and the fact that when con-
(‘n'~p!in1'l.~‘ of their value as \'u],;[»;‘r:,u] with the [-X'im:lr_\' unit
have been once formed, these <'n!1-'<'piin!x~' can be used in con-
nection with a set of similar fractions constructed from any
other unit. Thus, having formed ideas of 454, &, % ¥4 ete,
of 1 inch, and ef properties of these fractional units, this
knowledge ean/be used at once in connection with .similac
fractions of any other primary unit, as 1 apple. This could
not be done !‘r'::-ii])‘ if each derived unit were denoted |l'\‘
wspecial name rather than in-the above numerical, fractional
WaY.

106. Fractions as Indicated Divisions. Fractions may

also be revarded agindicated divisions. It was found in Art.

84 that whena process consistsof a number of multiplications
and divisions, it is usually best not to perform any of the
operations till all of them can be considered together and all
possible cancellations made.

When the quotient of one number. divided by another 15
indieated by writing the dividend, aboye a.line, and fthe

divisor below, the indicated ‘{Yll$tit‘ll'\ i1s termed a _l.‘"flv"la:u or

ratio.

Hence. a fraction may be defined as

(1) Oneor moreof the éxact pars of @ unil, or

(2) the indicated quotient of one nimber divided by anobtiier.
These two ways of regarding fractions are aspects of the
same 1dea, the one or the other aspect to be used as advantage

may dictate.
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In investigating the properties of fractions, we will adopt one ‘or the
other point of view, as is most advantageous. hen a property of frac-
fions is obtained from one [ view, it wiil be left as an exer o
the student to show that the roperty is ractions from the
other [’-ni(.( of view,

Let the student draw a line 3 inches lone and divide it into 8 equal

. o 3 inches . ' S -
parts. Eiach part will be long 1.2t him also divide each of the
3
three inches into eighths and take one-eighth from each inch. He will
have 3 times & inch, or § incl h
3 inches
2

107. Denominator and Numerator.—In a fraction, the
denominador 18 the number below the line z the numerator 1s the
number above the line.

The. denominator denotes the number.of equal parts into
which a unit 18 divided ; the numerator denofes the number
of lequal parts which are taken. Thus, § inch denotes that
an inch is divided into 8 equal parts, and that 5 of these parts
are taken.

Hence, the denominator determines the size of the frac-
tional units : the numerator determined the number of them.

The denominator and numerator taken together are ealled
the terms of a fraction.

10S. Proper and Improper Fractions.—A proper frac-
tion is ‘one whoge numerator is less than its denominator

% or {4

An improper fraction is'one whose numerator i1s equal 1o
or areater than its denominator, as'§ or 4%

109, Integers and Mixed Numbers.—An integer is
number of entire units, as 5 dollars, 18.

An illi":(,'l' may be £X PILesss d in the form of a fraction ?'l'\'
writing 1 under the integer as 4 dénominator.

A mixed number is 2 number which 18 partly integral;
partly fractional, as $4%.

Thus, a mixed number consists of two « t kinds of units, one in-

tegral or entire, the other fractional.
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110. Simple, Compound, and Complex Fraections.—A
simple fraction is a fraction, both of whose terms are in-
tegers, as vy

A compound fraction’is a-fraction of a fraction, as § of $§

A complex fraction is one having a fraction in its numer-

91 ~
r— ! s LA
ator'or-in its denominator orin both. HEx. =%

2’ 3

When fractions are classified as proper or improper, they are classified as

to their value (as greater or less than unity). When they are classified a3
gimple, componnd, or complex, they are classified’ as to their jorm (that i)

as to the combination of operations in them).

111. Notation and Numeration of Fractions.—The pre-
ceding stafements explain sufficiently the method of reading
a given fraction expressed in figures, and also the-method: of
expressing in fizures, a-fraction given m w ords. Let the stu-
dent write out a formal rule for each-of these processes.

112. Fundamental Properties of Fractions.—In order to
use fractions with facility for various purposes, it 15 often
desirable fo fransform them in different ways. Thus, for in-
stance, it may be desirable to change the size of the fractional
unit, without changing the value of the fraction.

Hence, we have the following first properties of fractions:

A If the mumerator and denominator of a fraction be both
'Inm"ffphm/. or both divided, by the same number, the value of the
Jraction i8 not changeéd.

Thus, & inch'— %'inch = }3 inch.

This is a mere restatement of the principle used in can=
celing out a factor common to both divisor and dividend.

It will aid the pupil in the present application of this principle to draw
2 line 6 inchesin length; and to mark it off in fonrths, eighths, and sixtecnths
of an inch. and then olbserve-that six’ eighths, three fourths, and twelve

sixteenths are exactly equivalent in length.

B. Multiplying the denominator of a fraction by a given nums

ber divides the value of the fraction by that number,
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Thus, if we have $§ and multiply the denominator by 3,
we have $%, the value of which is one-third the value of the
original fraction.

For, multiplying the denominator of a fraction by a number increases
the number of parts into which the original unit n divided, and hence
diminishes the size of each fractional unit correspondingly.

Let the pupil show by drawing a line and subdividing it, that § inch is
four times as long as § inch.,

C. Dividing the denominator of a fraction by a qiven number
wultiplies the value of the fraction by the same number.

Thaus, if we hdve the fraction $5 and divide the denominator
by 2, the fraction becomes 8%, the value of which is twice
as large as the value of the original fraction.

For, dividing the denominator of a fraetion by a number diminishes the
pumber of partsinto which the unit is divided, and hence increases the size
of each fractional unit correspondingly

Let the pupil show by drawing a line, and subdividing it, that vz of an
inch is one-fourth of 7 of an inch.

The following questions suggest two other first properties of
a fraction which the student may state and prove.

[fithe numerator of a fraction be multiplied by a given
number, what change is made in the value of thefraction?

[f the numerator of a fraction be divided hy a given
number, ‘what change is' made in the value of the frac
fion?

These first properties of a fraction may all be comlbiined a3
a single general principle, thus:

Multiplying or dividing the numerator of a fraction by anum-
her makes the same change wn the value of the fraction that it
makes in the value of the numerator ; hut multiplying or dividing
the denominator (ff' a 'V}‘l![’f‘.u/l makes an opposite f'ilrl/l{[t' in the
vahie of the fraction from  that which @ makes tn the value of the
denominator,
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EXERCISE 29.

Name the kind of-fractionn each case and read the following fractions:

)
i

Th iiths; 510
Nine-seventeenths ;/ eleven-forti
Bight and one-third; six and a half
| Ten and five-sixths seventeen-hundredths.
. One and a fourth over six-sevenths.
\ [ Two-thirds of four and threc-elevenths,
5. Thirty-one and ope-ninth over fourteen fiftieths
What fractions of an.inch are commonly used by a carpenter?

What fractions of & yvard are commonly used by & torekeeper?

What fractions of a pound are used by a groc

EXERCISE 30.
ORAL.

How many thirds in'a yard?, \In 4 yards

5 >

How many fifths in 2 yards? | Jn'10 yards?
How many eighths in 6 miles? In half a mile?
How many twelfths in 7 years? In half a year?

How many sixteenths in 5 inches? Inaquarter nch?
Express § of a dollar as eighths of a d

Express 3 of a yard-as eighteenths of 2

Express 3 ayear as twelfths of & year

Multiply $2 by 375 %% by o3 ¥ vard by %

Divide $13 by 3; $3 by 4; 5 by 3
Multiply %

Divide

Multiply § by 5:

TRANSFORMATIONS OF FRACTIONS.

113. I. To Reduce a Mixed Number to an Improper

Fraction.—A mixed number is o number expreszed by
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means of two units, one integral, the other fractional. Thus,

2

27% expresses 7 units of $1 each, and 3 units of 8} each.
It is often convenient to express such a number in terms

of the fractional unit alone. In the above example, this would
be done by expressing $7 as fourths of a dollar, or $2%, and

3 fourths to the 28 fourths, giving $3% as equiva-

adding t
: g a

IH‘
(3

lent to $

In general. to rednce a mixed number fo an improper frac-

Y aaiTiamlar 1he sohole ? 3 . = = 2
ton, mulaply the whole naumi i the denominator of the fractum,

add the numerator to the vproduct. and place the sum over the

(it minalor.

Ex. Reduce 232

Hproper i

Syt 17T
G LETIO?

EXERCISE 31.

Redues the following mixed nambers to equivale

21014

1087
18

What are the two units of
ple? 'What is the uni

114. 1I. To Reduce an Improper Fraction to a Mixed
Number.—It i3 often desirable to reverse the process of the
preceding article and convert a number expressed in terms of
a fractional unit into a number expressed far as possible
I forms of 29
i terms of the primary 1 s, to express $32

. r
in terms of the unit $1 as far as possible, since in 81 there
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are $%,1n 832 there are as many unit dollars as 4 is contained
times in 39, or-$9-with-$ remaining,
2/ 838 = $9%.

Henee, in general, to reduce an Jmproper fraction to a
fuixed number, divide the numerator by the denomanalor, and to
the quotient annes the remainder plaged over the denom inator.

Ex. Reduce 2%t to a mixed number.

Since 12 is contained in 221, 18 times with a remainder

182, Resull

EXERCISE 32.
Reduce the following improper fractions to equivalent
mixed numbers:
7. ‘: 147
38 mi.
-7":'» .
day.
wk
5 oal.

. . ¥ 1
~ 2 > ) e S 9630
7. 249 ft. 15| 545, 08. 888

115. ITI. To Reduce a Fraction to its Lowest Terms.—

A-fraction is reduced. to.an equivalent fraction in its lowest
terms when its numerator and denominator have no common
factor, that is, are primeto each other.

Jaduetion of afraction to its lowest terms often sayes labor
\in the further use of the fraction.
" When a fraction is in its lowest terms, it is also easier to
form a definite mental picture or conception of its value.
Thus, 411 cannot be réalized definitely j but if the fraction be
reduced to its lowest terms, %, an exact idea of its muguim(le

4

can be formed at once.
A fraction is reduced to its lowest terms }:.\' the use of
l'r'uln-ﬁ\' A (CArt. 112) of fractions.

numerator and denominator of [/1"!,"/[!'{/’,’1& by thex G. & D

[n general, divide the
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Ex. 1. Reduce % to its lowest terms.
Dividing 8 and 12 by their G. C. D., 4, we obtain
£r = §, Resut.

Ex. 2. Reduce 211 to its lowest terms.

In this case the G. C. D. of the numerator and denominator is not evi
dent on inspection, and must be obtained by the long division method (Art.
100}, Thus,

411)548(1
411
137)411(3
411

. 411 _137x3_3
Y 548 137 x 4 4

116. Ratios, or Expressing one Number as a Part or
Fraction of Another.—To express one number as the part
of another number it is necessary to take the number which 15
the part as the numerator and the other mumber as the denomanator
of a fraction (that is, divide the number expressing & part by
{hie number expressing the whole).

Ex. What part of a mile is 440 yards?

Since & mile contains 1760 yards,

440 yards equal $4% of a mile = } of a mile.

EXERCISE 83.
2éduce each fraction to the equivalent fraetion in itslowest
ferms:
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A mian invested $360 and gained $144.  What part of
cost did he gain?

What.partiof 836 isl447 Is 1682

Wliat part of 24515 1962 182102

What part of @« year is 146 days?

What part of @ ton 15 1275 pountls.?

What part of aanile is 1320 _\';m“ 2

$230 is-what part of $3227

8781 is what part of $92

!

Property valued at $187200 was taxed for 87020. TFind
the ratio of the assessment to the valuation.

28 Receiving $8568 annudlly, 1 spent \$1904. W hat part
of my income did I'spend? What part did I save?

What part of:

39,1540 38 3782 41. 177548 44917

40. 864 186307 2. 31Hd g 215872

117. IV. To reduce two or more fractions to equivalent
fractions having a common denominator.

Similar / fractions (are: fractions which have the' same
denominator. Hence, similar fractions express numbers i
torms of the same fractional unit. Thus, $%, $5%, S, M
siumilar fractions. ol

If a series of fractions have different denominators, it 18

ofteny useful to reduce them, to, fractions having the same

denominitor. thab. is, to express-thém in texms of the same

unit. By combining their numerators, they may then, i

many cases, be converted into a single fraction. and much
l‘dn\;‘ gaved by treating them in this form.

Also, In <:;1.~"'n~ it 18 required ta compare the values.of favo or
more diesimilar fractions, a_direct comparison is oftent difhis
cult or impossible. If however, the fractions be reduced toa
common denominator, their values can be compared at once
by comparing the numerators obtained.

In reducing fractions to a comimon denominator, it 18
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important to reduce them to their least common denominator,
m order fo save as much labor as ]m.-‘.\‘ilylr, The least com-
mon denominator of a set of fractions is the L. C. M. of their
denominators.

In general, to reduce fractions to equivalent fractions having
the L. C. D., find the L. C. M. of the denominators of the given
_’-f‘l'lf/o':lu.\ s dividethisI. C. M. by the denominator rl!. each j‘l’dr'l.‘-un b
Hl"""r‘lll/j/ each /zwm‘/'rl."u' //f/ the corre .\'[ur/rr/'fu.l] tl'?'n'f/‘u" = the results
will be the new numerators ; write the L. C. D. under each new
numeraior.

On which of the principles, A, B, C, of Art. 112, is this
process based ?

Ex. 1. Reduce % % 15, to their L. C. D.

The L. C. M. of 4, 8, and 12, js 24.

Dividing 24 by each of the numbers 4, 8, 12, we obtain quotients 6, 3, 2.

Multiply ‘the numerators 3, 8, 7, by the corrésponding guotients and
getting each result over 24, we obtain

Ex. 2.

Since 23 is greater than §1, $}1 is greater than §7.

118. When the denominators of two or more fractions
are prime to' each other, the L. C. D. is the product of all
the denominators, and the shortest way of reducing the frac-
tions to their . C. D. is to :/77;//1',//.,,‘ each numerator /,!, all the
denominators except ils own, and set the result over the common

denominalor.

Ex. Reduce 4, £, $to their L. C. D.
The L. C. D. =¢

9
Hence, we have =

Result.
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o Numbers which refer to the same fractional unit may be

S . added in the same way. Thus. five eighths (of a unit)

L et fractions having 2 common denomi A i - A = - ‘ 4

Reduce to equivalent. fractions havin eighths (of same unit)
nator:

- two
seven eighths (of this unit),

10.

17,
12

o

L
1.
15.
16.
17.
LA A | 18.
Which is the larger,
o8 Blor 12 30. % or 3?7

o 4

99 2 or 292 81. % or 1’35-[.’

- o

or z 3 %

If fractions are dissimilar, in order to add them it is neces-
sary first to make them similar, by reducing them to
mon denominator.

O Do poi0a O3

a com-
Hence, to add fractions, reduce the given
Jfractions to equivalent fructions having the least comy
nator; add the numerators, and write the

? el 2033 4 it

Tl LY. Snin

non 4/:‘/1:%7!11'-

sum over the L. €& D). 3
i all cases simplify the result, and, if i 18 an

reduce 4 to @ mized number.

Ex. Add 3, §, §.

ol i

improper fraction,

oy SO

The L. C. D. is 24.

3% Which is the largest and which is theleast,

¥? Also 3

k 5 3

. 9¢
18 0or ‘l‘-(, d

-3 ¥ 4

Adds

)

35. At a certain convention a measure which I‘l,'lil»lil‘f‘(] a I Yandl
favorable ‘ballot of 5 to 3; to pass, received 96 votes for and énmi .
57 votes against/it. | Did it pass? . { 3

26. A certain bill required two-thirds majority to lu«-.umfx
a law, and received 390 out of a total of 584 votes Did it

pass ?

27. A boy has read 144 pages of a book, contaiming S0
pages. What part of ‘the book remains to he rn-:u‘l 2 1
38. The 1st day of Septemberis the 244th day-of an ordi-
nary year. Is the part gone as much as § of the year? 1s

2 . B s 1
”“, vear as much as & ?l)ll}‘_) Does 3

14 of the yvear remain?

OPERATIONS WITH FRACTIONS.
I. ApprrioN OF FRACTIONS.
119. General Case.—We have found (see Art. 31) that any unity, and whose denominators are prime to each other, may
Imm'l».cr\' v\vhivh refer to the same unit may be added. Thus, be abbreviated.

120, Cases of Abbreviated Addition of Fr
1. The addition of two fractions each of whose

actions.—

numerators is

: Thus. 1 4 1
17 apples + 28 apples — 45 apples. Phus, 3 +3
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Or, in general, the sum of the two denominators qives the nunier-
ator of the sum of -the-fractions; and the product of the two
:Irmm;imr(ur.\‘ geuesithe denominator of -the sum of the fractions.

9 The addition of aseries of small fractions may often be
facilitated by first adding the fractions in groups of two or
three. and then taking the sum of the results.

BEx.Add 2 + § + %+

11.
12
13.
14.
15.

g7
l",

Eafmt ol TP o

UL e

121. Addition of Mixed Numbers.—To add mixed num-
bers; first add the whole numbers, then add the fractions, then taks
the sum ,,f the two resulis obtained.

Bx. Add 11§ and 1045

1115

7 4
107 ]nki

22, Sum.

EXERCISE 37.

4

S M~
W

e N

g < b

Lo ¢
- by B
Sl W o Doy i

Nl
R |

)

o

SUBTRACTION OF FRACTIONS.

ORAL

7
-4~
e

II. SUBTRACTION OF F'RACTIONS.

122. General Case.—As in addition of fractions, if the
fractions are dissimilar, it i8 necessary to make them similar
before subtractine. Hence, in general, to subtract oene frac-
tion from another, reduce the fractions to their L. C. Dizesubs
tract the ull/ilr‘:'tl.'ul‘«.r!' the subtrahend f"um the numerator t{l. the
winuend and place the difference over the L. C. D). ; simplify the
result.

Ex. Subtract § from %.

3 s Difference.
i i

EXERCISE 38.

Subtract

% from §. 5. 2 from

> from
){’
1

I from 11 8. % from

i vy from 4
from %. 2z from

i
1
18
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l“ilul the value of ) EXERCISE 39.
Subtraet:

13, ; 3* j o —1 20. #g— Wk AL 92

2 4 2 § (). - 4 3 : 29 2 ]':' from o%.

r g g« @ 3 e
1537 . : . ) ‘ e _,Jtmm

3
}

9
, - B B0 gt
16 s 5 ; o 4% A e 3. 4% from 5.

Qs <Nt Ty OU

4. 3% from 5%.
5. 6% from 9%.
16. 31

. : I : " .- 17. 61
123. Special Case.—The subfraction of ' cerfain fractions 17. bg

- A P~ > - - ~ 1 i 1
may be simplified in & manner similar to-that given for the 18. 8}
addition of fraetions in Art. 120. 19.
4 [ 1 5 33
|05 of — = :
3 2 15

)

= Difference.

]

Lot the student make a formal statement of this case.

124. Subtraction of Mixed Numbers.—If the fraction in e
the subtraliend is less'than thie fraction in the minuend, sub- 5SS
iract the fractions andwhole numbers separately, and eom-

”2

bine the results,

Ex. 1. Subtract. 831 from $5%.

e e 1l s

17. How much larger is § than §?
18- How. much larger is 1} than 42 2} than 157

> T Toe 10 93 than 37. 24 than 357
Difference. 79. How much less is 2 than 37 23 than

But if the fraction in the subtrahend is larger than the EXERCISE 4i.
fraction of the minuend, it i8 necessary to increase the fraction REVIEW.
in the minuend by borrowing 1 from the integral part of the Find the value of:
minuend.

Ex. 2.

174

12%

. I),_rr. TENCeE.

Similarly, Ex 14, Difference.
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15. 1f from a piece of ¢loth containing o0 yards there have been sold at

one time 17} vards, at another 123, and at another 7%, how many yards
remain ?
19. If during the month | L spend 1, 3.5%, and

1 of my salary for the
3 b 3
2

month previous, what part have I left

20./A carpenter finds some boards of ‘following lengths, 17§, 12}, 153,

163, 11%, and 181 feet respectively. What was thetotal length ?

27. From an account amounting to $175%, I have drawn at different

fimes, $10%, $241, $44 18117, $415, and $85¢5.  How many dollars remain?

III. MuLTPLICATION OF FRACTIONS.

125. Ta Multiply a Fraction by a Whele Number.
Fractional units-are multiplied by a whole number in the
manner that other/ units are; yiz,: by obtaining the
of the number of units and the multiplier. Thus,

7 dollars 35— 2385 dollars.
a5 {yyveliths (of this

same

product

Similarly. 7 twelfths (of any unift) < O

unit). ;
Or, e 59 33 Product.
Hence. to find the produet’of a whole number and a frac-
tion, take the /:rurt’uv'! of the numerator bar the whole nuwmber 5 gl
f}u‘ l‘/‘.>l:// over [,".'r‘ A‘ZV'HUI'IH‘!'M?“" " e‘z‘ullh’l:'.«/ i.‘.'/ cance /’/«l’l‘/!.‘n

3: I"_r'y..f/.r/_

126. To Multiply & Fraction by a Fraction—If it be
required to multiply $% by %, we know that'the produet of
87 by 1 equals $%; hence, since. if we make the multiplicr
1 as large, the product will be 1 as great, $] multiplied by

7 or &7 (see Art. 112, 3).

£ 30

multiplied: by # equals 3

Plllmlr. 1 of

Hence, $
Art. 112, B

- 7 an
times S5 or 35 (8¢€C

e
)
1

)

or -’T‘l.v.‘,‘,

Or, 1N brief, - :: :_ 21 G Product
4 2 2 ED 20 5

Henee, in multiplying one fraction by another, we do two
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things, (1) we diminish the size of the fractional unit (from
one-fourth to one-twentieth of a dollar in the above example),
2) we increase the number of the units. ’

It may help the student to realize the above process to take 7 quarter
dollars, multiply by & by substituting nickels for quarters, then multiply by
3 by increasing the number of nickels threefold.

From the above, we obtain the following convenient
mechanical method for multiplying two fractions:

,‘]:e/!/[nf‘r/ the mumerators loge ther fu/' the nuwmerator of the
/.—,'m{w'!, ruu/ the denomainators -':“V the denominator r{y- the 1'/';1411.‘1'{_

<l(/f)1"i;‘/‘/rllm.',' the work as _,'7/ ras pos: ible by cancellation.

127. Continued Multiplication of Fractions.—To multi-
ply.three oranore fractions together, multiply all the numer-
ators together for a new numerator, and all the denominators
for a new denominator, caneeling when possible.  For the
(indicated) product of two fractions may be multiplied by
another fraction, and so on for any number of fractions. .

Ex.doMultiply & X 31X 33

16
9 232
10 81
2 9

A Compound Fraction is a fraction of a fraction. Hence,
a compound fraction is the produect of two fractions, looked
at from another point of wyiew.

Ex. 2. Find value'of § of %

2 of % 3 X 1 5 Result.
EXERCISE 42.
Multiply:
4.
14.
9.
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Do =~

[, et YO8 M B3

t. of 38.

12S. To multiply a mixed number by another mixed
number, it is best to reduce both mixed numbers to improper
fractions.

Ex. 1. What/will 3§ yards of cloth cost at.$1% a yard?

S4 w 2i — Ry — $41, Cost.

If. however, an integer (espeeially if it be a large one)is o
be multiplied by a mixed number, the labor of multiplication
18 often diminished by proceeding as follpws:

e

Bx. 2. What will 47 yards of cloth cost at $2§ a yard ¥

OPERATION EXPLANATION.
17 We obtain first § of 47, or 17§ ; then
23 multiply 47 by 2, obtain 94, and add the
8)141 results. 'The entire cost is therefors
C $111%.
G4
1113, Product,

EXERCISE 43.
Multiply :
1. 21 X 23
2. 24 > 3%

27

. 30
. 6>

{ X <

OPERATIONS WITH FRACTIONS.

3 of

¢ of :
13 1 of 92
1 g4 OL <y

Find the areas of the following floors (or ceilings) in square
feet :

25. 16 feet long, 12

2 13

53

L feet wide. 28. 19 feet by 15% feet.

i
26. 15 feet long

:': feet wide. | a7. 21 feet }»_\' 51 feet
1

29. 30 feet by '_).“i,‘. feet. l 30. 28 feet 1-‘\ ]\2 feet.
Find the areas of the walls of the following rooms:
$1. Distance around (perimeter) is 80 feet, and height is
104 feet.

< -
32. 36 feet in perimeter, and 7§ feet high.

41 feet in perimeter, and 8% feel high.
34. 46} feet in perimeter; and 7% feet high.

EXERCISE 44.
ORAL.
Find :
{. ¥ of 90 5. 1¢ 11 9.
2 3 54 10.
11: 3 2%.
o

12. What will 7% pounds of sugar cost at 6 cents a pound 7

14 1f 39, vards of cloth are necessary for @ coat, how many vards will
be required for 10 coats?

5. /A man paid toeach, of nine laborers 23 dollars. How:much-did he
pay to all?

16. If tea is worth $3 a pound, what will ¥ of a pound cost?

17. If ribbon is worth $¢ a yard, what will 3§ yards cost? What will
a yard cost?
EXERCISE 45.
Required the cost of:
1. 27 books (@ $1}] apiece.
2. 42 pairs of shoes @ $2% each.

3. 125 dozen pencils @ &l a dozen.
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7% tons of hay @ $11} a ton.

64 lamps (@ 853 each.

27 1bs_sugar (@ 53 cents.per pound.

145 tons of coal @ $5% 4 ton.

5% cords of wood @ $5} a cord:
144 months of board @ $18} a-month,
763 acresof land @ $214% an acre.

11/ 108} acres of land (@ $61} an acre,

72. How many square feet in the ceiling ol & room 19% feet
]')Il;,’ and \.?, feet wide?

13, How many square feet in the jwalls“of a room whose
perimeter is 141 feet and height 17% feet?

74, It T withdraw. from abank £ of my déposit, and then
% of the remainder, what part do I draw the second-time?
What part of the whole deposit is left ?

75. T owned 2 of % of a business andseld } of my share.
What part ot the entire enterprise do I'still own ?

76. 1t a ‘wacon-wheel“16} feet in circumference revolves
431 fimes in going a certain distance, how many feet in that
distanee ?

17, Of a i”']‘"' L s red, 2\ is\ ywhite, and the rest is black.
What part is black?

718. Of another pole 1 is red, g of the remainder is white,
and the rest is Black.  “What part is black?

79. From 2 roll of cloth containing 353 yards, 163 yards

%

were | sold. at one time, and, at) another, # of the remiainder.

How many yards still remain?

IV. DivisioN OoF FRACTIONS.

129. To Divide a Fraction by a Whole Number.—We
may divide a number of fractional units just as we diyvide s
number of any other units. Thus, just as

‘ 12 dollars = 3 { dollars,
so, 12 fifteenths (of any unit) <+ 3 = 4 fifteenths (of this nuit

or, ;".' = O .!7., (J?!l)flrlth

OPERATIONS WITH FRACTIONS. 125
Instead -of dividing the numerator of the fraction by the
divisor, it may be necessary to perform the division by multi-
plying the denominator by the divisor (see B, Art. 112).
Ex. 1f 4 yards of calico cost 7 of a dollar, what will 1 yard
cost ?

1 =-4=9 = $

5 ;
S x4 32

In this division we diminish the size of the fractional units (from eighths

to thirty-seconds), but leave the number of units nnchapeed

130. To Divide Fraction by a Fraction.—If it be
required to determine how many times $7 is contained in
$%, we may proceed as follows:

$/5 is contained in $1 ten times, hence, 3.5 is contained in$1, & of 10

fimes, or A2 times; if $ 15 contained in 1 dollar /@ times, it is eontained

i  of a dollar, § X 2 times, or §} times; or in brief,

83 . @ 3 o 30 1 tntiont
$1 = $7; 3 K 2 t3, Quotient.

Similarly, any number of fractional units may be divided
by anether number of fractional units of the same kind of
quantity, or by an abstract number of fractional units.
Henee, to divide one fractional. number by another, werhave
the following convenient mechanical rule: invert the divisor
and proceed as vnomudtiplication.

Ex. Divide 18 by

3 (Quotient.

131. To Divide one Mixed Number by Another.—First
reduce the mixed numbers to improper fractions.

Ex. 1. If one };Ll'll of cloth costs Q_’_'x hoyw many _\;11'!1\ may
be Boughtifor $404 ?

404 = 2} = 81 = § = &1 x 4 = 18, No. of yards.
However, in dividing a large mixed number by an integer,
labor may often be saved lx}' first dividing the integral part

of the mixed number by the divisor.
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BEx. 2. If one ton of coal costs $6, how many tons may be
bought for $1424 2
No. of tons.
Dividing $6 into $142% we obiain 23 for a qhotient, with a remainder of
4}, 4} divided by 6 gives §. ~ Hence, the entire quotient is 233

/A EXERCISE 46.
Divide :
I. 3 ‘)_\
§ by

3. 2 I;l ‘I.\ 3.
5 | 15, 18] v 44 28, 496% by 12.

35 by

0

(SR

65 l)}' D e

1., 48 by
63 by

. 96 by 143

17 by 2

T, oS };\ )
55 i’.“-‘
264 by 238
134 by

204 Hhv 95
.»‘»li DYy .’5-.

10.
1. 84§ by 420.
12. 158 by 288.
13. 4 by 7.
V. SmueriricaTion orF CompPrEx FRACTIONS.
RECIPROCALS.

132. A complex fraction is a fraction containing a fraction
in'its numerator or infits denominator, or in hoth.

o

5 23 2 1
£3) o3 ;. I
- - o =
w3 B3 3 o

Exs.
Hence, the quotient of one fraction by another may be in-
dicated as a complex fraction.

P p v &

Thus, ¥+ § may be written 5
133. The reciprocal of a number is the quotient obtained

by dividing 1 by that number.
Thus, the reciprocal of 3is ; of 3 is | or3; of 2§ is

1
5T

4
()rli‘

OPERATIONS WITH FRACTIONS. 27

134. Simplification of Complex Fractions—To simplify
.L‘t"()llllll'.‘.\( fraction, simplify the numerator and denominator -
divide the numerator by the denominator. v'

a:
3 OF

x. 1. Simplify =4

Ex. 2. Simplify

1

Ex. 3. Simplify

9

y Result
10

v e EX
Simplify : i ARt 28

1.
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3 of 92
")\1.'._
: 1
by 8
73 and 932 by their difference.

33, 6% byt

8% ~ ‘x:"‘:"
19.-Divide the sum of
20. Divide the sum of 43, 33, by y 1‘_ e
27, Multiply the sum of & &35 571% l».\A the l.‘lb,
divide the product by the greatest of thefive fractions.

ieir produet.

What part of:

o, [14073s 1341 ?

29, 6 is what part of 12%7?

{

35.

OPERATIONS WITIHT FRACTIONS.

VI. G. C. D. anp L. C. M. or FRACTIONS.

135. G. C. D. of Fractions.—In order to find the G. C. D.
of two or more fractions, the simplest method is to reduce the
fractuons to their lowest terms (mized numbersto improper fractions) ;
’/'v”lllllt,‘v" //11'.}}1!/',’(»'.'/(\' thus :,»f-_:hl//,nf to ‘/u‘f." _}r ast common lf’(.‘ll'r.‘lll./lrlllll' -
./in'{ the . (L D. ,:(' the numerators, and szet the result over the
common h"'.‘!','//!/-J'f'/";".

This is equivalent to expressing the fractionaliquantitiesiin terms of the
same fractional unit, and finding their G. . D. in this form,

Ex. Findthe G. C. D. of 1} and 13.

])
nator are $2 and §4.

The G. C. ). of 20 and 24 i 4.

Hence, the G.C. D, of 11 and 12 is v, Result.

and 13 reduce to 4 and %, and when reduced to their common denomi-

136. L. C. M. of Fractions.—To find the L. C. M. of two
oramore fractions, we proceed similarly, thus, reduce theigiven

f‘/'(lv"[‘hu.\' to theiv L. €. D.; find the L. . M. of the numerators

o the: fractions thus oblained, and set the result over the common

denominator
Ex. Find thed., ¢ M, of : and 13

These fractions-reduce’to 42 and §#; the/L. C. Moof 20.and 24-i5 120

hence, the L. C. M. of 1} and 13 is 332, or 8

EXERCISE 48.
Find the G. €. D). of
.$and §.
§ and J. x
fr and . . 4%, 63, 2. . % and %
. 4} and 1%. 9. 2%, 3¢, 45, 4 2} and 33,
5% and 74%5. 0. , 163, 5% 5} and 3.

9
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VII. Ananysis INvOLVING FRACTIONS.

137. 1. Given the value of a number of integral units,
to find the value of another number of units.—We may
proceed. in the same way as in ‘Art. 95, where only integers
are involved. In all cases it is important to save labor by
{he use of cancellation wherever possible.

Ex. 1. If 7 chickens cost $4%, what will 16 chickens cost?

Cost of 7 chickens — 343 or $i¢

3"

Cost of 1 chicken }of $25 /= k-
Hence, cost of 16-c¢hickens— 16 times $§ or $10.
It may be that the value of a number of fractional unitsis
required.
Ex. 2. If 10 acres of land cost $1124, what will 53 acres
COBL T
ost of 10 acres

Cost of 1 dere
Cost of 8% acres = $1}34 23 $646%, Resull

EXERCISE 49.

1. If 3 pounds of candy cost 8% cents, what will § pounds

cost at the same rate? 3% pounds?
2 Tf 7 pairs of hoots cost 8232, what will be the cost of
12 pairs?
How many yards of cloth will be required for 16 coats;
if 11 coats can be cut from 34§ yards?
J. How many tons of hay will a horse require in 565 days,
if hL' eats 1% tons in 133 days?
 When $355 will buy 15 acres of land, whatiare 8} aeres
\\'m'th ?
A barof metal 5 feet long weighs 35§ pounds. What will
a similar bar 3% feet long weigh ?
% If a load of 40 bushels of lime weigh 3210 pounds,
what will be the weight of a like load containing 72§ bushels?

OPERA1TONS WITH FRACTIONS. 131

8. TIf there are 404} cubic inches in 7 quarts of milk, how
many cubie inches in 423 quarts?
9. TIn 15 links there are 118% inches. How many inches in

41% links?

10. If $57 buy 9 rolls of cloth, how many rolls will $5
bay?
11. If 7 loads of lumber cost $95%, how many loads can

e bought with \lh 257

138. II. Given the value of a number of fractional
units, to find the value of a another number of other

units.

In this case the process consists in brief in fi:('lllkfl the value
of a single fractional unily then finding the value of a single in-
teqral unit, then finding the value of any number of other Units.

Ex.A. The value of 2 of a steamboat is $12000. What is
the value of the entire steamboat?

Value of # of the vessel = $12000.
Value of } of the vessel = 86000.
Value of 3. or the whole of the vessel = S30000, Result.
B 2. 1f $of an dere of land is worth $72, what'is'¢the

value of %

Value of § acre
Value of , acre >
Value of $ of ani'acre, or of 1 acre = 206.

Value of & acre = §90 X & £40, Result.

Ex. 3. A farmer sold % of his flock of chickens, then § of
the remainder, and found that he had 20 chickens left. How
many chickens did he haye ongnally Z

§, the part of the flock left after the first sale.
1. the part disposed of in the second sale.

— }, the part of flock left unsold.
f ] of the flock = 20 chickens,
or the whole of the flock = 120 chickens, Resulls
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EXERCISE 50.

1. If % of a book containg 234 pages, how many pages in
the entire book ?

2. 11 4.0f a gentleman’s salary is 83800, what is the whole
salary ? " What is § of it'?2

$. Whena nman owning £ of a vessel sells his portion for
867318, what is the value of the rest?

4. Nine-tenthsof a certain journey is 4770 miles; how leng
15 the entire journey ?

4. If 2% yards of cloth cost $111; what will
same cloth cost?

73 yards of the

6. If 5} boxes/of soap cost-$52, what will be the cost of 4%

5

boxes ?

7. When! % of a mile of fence can be built for $17%, what
will 41 miles cost?

8. If & ofa gallon containg 84 cubie inches, what will'$5
of a gallon contain?

L)
$184} secure?

N = (oLl 1o PO 3 <
70. 1775 hairs of a certain length weigh 31 drams, how

If $25L pul‘('h:l:«'(? 3+ cords of wood, how many-cords will

many hairs of‘the same size-will be required to weigh 21§
drams ?

#1.-When 8573 will buy 5% acres of land; what are 73 acres
worth ?

12.7 A bar; of fron: 4% feet long weighs 26} pounds; r \What
will a similar bar of iron 11} feet long weigh ?

13. If for 7% days of labor a man receive 863, what will be
due him for 4 of 1 day?

14. If 8454 3 will buy 11%# acres of land, how many dollars
will be required to buy 4% acres?

75. A boy-loses } of ‘his marbles and gives % ‘away. He
still has 20. How many had he at first?

16. After selling

2 of my farm and giving §
have 220 acres left. How many acres did I sell ?

to my son, I

17. One day I read % of the pages of a book; the next day

OPERATIONS WITH FRACTIONS.

1 and the next day . There still remained 60 pages. How
many pages in the book?

18. A pole is + white, % red, 1% blue, and the rest, which is
12 feet, is in the ground. How long is the pole and how
many feet are above ground ?

79. A lad loses 2 of his marbles and then gives {1 of the
remainder away. He finds that 12 remain. How many had
he at first? How many did he give away ?

20. After selling % of my farm, I ve 3 of the remainder

>

i
I

to my son and have 142 acres left. How many acres had I

at first? How many did I give to my son?

21. Oneday I read } of a book; the next, 1 of the remainder
and had 155 pages left. How many pages in that book?

22. A gentleman left § of his property to his'wifes § of the
remainder to'his son ; 3 of what still remained to his daughter,
who received $1575. What was the value of the estate?

139. Synopsis of Principles Relating to Fractions—It
will be a useful exercise for the pupil to collect and tabulate
the essential prineiples relating to fractions. Thus, in outline,

FIRST PRINCIPLES OF FRACTIONS.

ALdf the numeralor and denominator of a fraction be both multiplied, or both
divided, by the sam smber, the value of the fraction is not changed.

B. Multiplying the denominator of - fraction by a given number. divides the
value of the fraction by that nwmber.

@, Dividing the denominalor-of a fraction by a_ given number multipliea the

vwalue of the fraction by U

TRANSFORMATIONS OF FRACTIONS.

1. To reduce a mized number to an improper fraction, multiply the whole
number by the denominator of the fraction, add the numeralor to the product,
andplacz the sum over the denominatar:

1. 7% reduceun improper frattion to a mired number, divide the numeralor
by the denominator, and (o the quotient annex the remaimder placed aver the
denominalor. ;

IT1. and IV, Etc., Etc.
PROCESSES WITH FRACTIONS.
Ete., Ete.
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EXERCISE 51.
REVIEW.
Which is the greater and how much?

1. §of 5} or Joldfy?

Find the sum of:

>
5

o

£
4

61— (33—=13) -+ 15

L 11 + (43 + 1% 12

Multiply together:
3274

oo n
9. 5}

Divide:

38. 11{; h_v 42 40.16% by ':z‘:-
$9. 10 by 113%. .f of 191 by 33
What part of :

£
el

198 by (5

3

PROCESSES WITH FRACTIONS.

Simplify:

50, =3
2
&

128
Ny
oty 4 i of Y%

- of 6§ —§ of 9% + s

CTF ane man earn $2}) in one day, what will 7} men earn in 103 days?
If the dividend is 41} and the quotient 21 5. what is the divisor?
. If the;prodnct is 89§ and the multiplicand is 9§, find the multiplier.
If the dividend is 547, the quotient 11%, and the remainder 24, find
the divisor.
74, When the divisor is 8}, the quotient 9%, and the remainder 4}, what
is the dividend?
75. What must ¢ of 63 be multipled by to produce $§ of 8% of 6457
26. Three men, A, B, C, agreeto do a piece of work for $100, sharing
eqnally.” Butupon completion: it is found that A has done % of it, and B
1} of it. What part did C do, and how much money ought he have?
77. If ¢ of a piece of work is done in 22} days, how much of it will be
done in 262 days?
¥8. The sum of # and } of a certain number is 1704. What is the

pumber?
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79. The difierence between 3 and § of a number is 26.%. Find the
number,

80. A school of 150 pupils has only-§ as many boys as girls. How many
boys are therein the school?

87. Therevare 126 green and white halls in_a box, but the nnmber of
green ballsis £ the numberof white ones. How many are there of each?

82, A farmer put his 1000 sheep into two-pastures; and in one pasture he
put-3-as many as in'the other. How many sheep are there in each ?

%3/ After a man has walked 43 hourson a journey of\ 314 miles, he finds
that he has traveled # of the number of miles remainingy. How fast is he
walking ?

&4. How many tons of ore must be taken from the mine, so that after a
loss of 2 in roasting, and {of thex yainder in smelting, there may be 210
tons of pure metal left?

285, A | farmer sowed 3 of o field in oats, § of the remainder in bu
wheat, and planted ¥ of what was left In potatoes; there still remained 8
acres for grass. . How many acres in the whole field ?

86. There are 5 farms marked A, B, C, D, and E, res p('cli\'i}ij'. Farm A
contains 2534 acres; farm B contains half as much.as A'; farm C is halfas
lirge as B, and so on.to E. How many in E, and how many in them
all together?

¥ \Divide 3 of 3 0F-42 of 3.0f 6} by $ of 42

-/ acres I'sell to one man &7 3 at $70% an acre; o

I /afred at 853 an acre; and to a third man the remainder at

i

88. Fram 2
7

another man
$927 an acre. Find I‘rmu-d.\ of entire tract.
89. In exchange for 71 dozen eggs at Zi§ cenls a dozen, and 15} pounds

of butter at 274 centsa pound;a man lakes oals at bz cents a_guart. How
many qoarts will he receive ?

90. A -merchant bought 3 pieces of 8 } $6554. + first contained
3045 yards, the second 421 yards, and the third 175 vards/ " He wishes to seil
the silkeso as to gain § of the cost At what price’ must he'sell'it per
yard? Find selling price of each piece.

97. A man has 1 of his property invested in real estate, # of the remain-
der in stocks, # of what is still remaining in machinery, and the residue,

which is $3500, in the bank.  What is the yalue of his eatire property

92. Simplify 3 of
Divide Il’

. The sum
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95. The product of 3 numbers is 4531 ; two of themare 53 and 111 ; find
the third. .
96. If £ of a ton of coal cost § of $3F, what will v of a toncost? What
will 95 tons cost?
[ If 6 be added to both terms of the fraction %, is the fraction inen
or diminished, and how much ?
98. Same question, if 6 be subtracted from both terms of same fraction.
99. There are 3 numbers, the least of which is 7. The second is 3§
{imes as large as the first, and the third 33 times as large as the second.
Find their sam
700. A man sold 2 of his farm to one neighbor and ; of it to another.
There remained 90 acres. How many acres in the farm at the beginning?
701. If 3} yards of silk cost $10% what will  of 8 yards cost at the
same rate?
02. If a man saw § of 42 cords of wood in a day, how many cords will
aw in 5§ days?
703. 16 a man walk 28% miles in one day, how many days will he require
to walk 177§ miles?
Find the cost of 81 vards of carpet when 3] yards cost $103.
7054 1f % of & ton of coal cost $6, how many tons can be bought for $674 72
706. 1f 4 be subtracted from both terms of the fraction 1§, is its value
increased or diminished, and how much?
707. A horse and cow were bonght for $160, and the cow eost § as much
as th" ]l‘)r.\". ]"]”ll l]“‘ cost Ur (a1 h.
708. The sum of 2 and £ of a certain number is 3883, Find the number.
Find the difference between § and # of it.
109. 1f a man can do a piece of work in 12 days and a boy ean do it in
18 days, what part can the man do in one day? In 5 days? What part
can the boy do iu one day? In 8 days? What part can they both do in
one day? In 4\days? How many days will ihey) require to do ity all,
working together?
710. If & man can mow a field in 15 days and his son can do it in 27
days, answer the same seven questions about them
111. Mr. A. can dig a certain ditch in 6 days, Mr. B. in 10 days, and
Mr, €. in 15 days . Find the number of days required by eacl pair of men
working together. = Also the number required by all three together.
112. One pipe, X, can empty a cistern iti 8 hours; Y, in 9 hours; Z, in
19 hours. The cistern ig full and all pipes are open, how long will be

required for them to empty the cistern ?




CHAPTER/ X.
DECIMAL FRACTIONS.

140. Definitions.—If any-integral unit (as one apple) be
divided into 10 equal parts, each of these parts is called one-
tenth. If one-tenth be divided into 10 equaliparts, each of
these parts is ealled one-hundredth. Similarly; from one-
hundredith we form one-thousandth, efe. A set of fractional
units so obtained is called aset of decimal units.

A decimal fraction, a decimal, is a fraction whose denomi-
riator is 10, or 100, or 1000, or some other power of 10.

A mixed decimal is a number composed partly of integers
and partly of decimals.

111. Advantageinthe Use of Decimal Fractions. Nota-
tion.—Sirnce each decimil unit is one-tenth as great as the
decimal wnit which precedes it, a set of decimal fractions can
be expressed in_a_simplified way similar to that used in

expressing integral numbers in the decimal scale. This is

done by theuse of whatis called the decimal point,and let-
ing the ]H)Si(inn of each figure to the right of the decimal
point détermine /the gize of the decimal unitywhiebh this
figure represents.

Thus, instead of 29 yds. + % yds. + s yds.
Thos yds., we write 29.3745 yds.

‘hus therlabor of writing the denominators of the various, fractions is
saved, since the denominator of each decimal fizure is determined by the
decimal point and the number of figures between the decimal point and the
figure considered.

Thus, in the above illustration, the unit represented by the figure 4, or
thousandths, is determined by the decimal point and the two figures 3 and 7
intervening between the decimal point and the 4.

138

DECIMAL FEACTIONS.

Tt shonld be observed that the source of this advantage lies in the fact
that each figure is put to several uses. Thus, 3 not only expresses the num-
ber of tenths, but it also helps to determine the decimal denomination or
local value of 7, 4, and 5, and hence serves four purposes at once.

This economy in representing fractions leads to other advantages in oper-

ating with the fractions after they are expressed in the decimal notation.

142. Tllustrations of Decimal Fractions.—The most
familiar illustration of decimal fractions is found in the
money used in the United States. The primary unit, one
dollar, is divided into ten equal parts called dimes, each dime
is divided into ten equal parts called cents, and each cent into
ten equal parts called mills. Thus, 12 dollars, 8 dimes,
G cents, and 5 mills can be briefly expressed by the aid of the
decimal notation as $12.865.

The ease and rapidity with which caleulations can be made when money
is expressed on a decimal scale will be appreciated by the student when he
comes to reckon with money expressed in some other way, as, for instance,
by pounds, shillings and pence, as in English money.

So great are the advantages of subdividing a unit by the decimal method
that this method is being applied more and more widely wherever possible.
Thus: engineers divide the unit of length, the foot, not into inches, but into
tenths and hundredths. Astronomers frequently divide the year decimally,
indicating, for instance, April 1, 1879, by 1879.25. They also sometimes
divide a degree of longitude decimally, instead of into degrees and minutes,
usine. for instance, 324.5° for 324° 307, The United States Treasury De-

partment uses tenths of a foot, ‘.unn-i, etc., instead of the ordinary fractions.

143, Metric System.—An cntire system of weights and
measures, based on decimal divisions of the fundamental
units. has been devised and is in use in all civilized countries
except Great Britain and the United States.

A unit of length is taken, called the meter, which is divided into tenths
called decimeters » each decimeter is subdivided into ten equal parts called
contimeters, ote.  Similarly the unit of weight, the gram, is divided by the
decimal svstem, as also are the units of area and volume, the are and the
sferes This gystem of decimal units will doubtless come, in time, to be used

by the entire civilized world. See page 320.
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144. Notation and Numeration of Decimals.—The posi-
tional system of expressing fractions by the aid of the deci-
mal point has beeniexplained in Art. 15. The following table
will enable the pupil to give readily the decimal unit which
each figure in a decimal represents.

3

ORDER OF

UNrT.

Ten-millionths.

& Hundred-thot

NUMBER.

61H,

- PLACE
=

Intégers Decimals

145. Reading  Decimals.—The most convenient way of
reading decimals is te.express each decimal number in terms
of the smallest decimal unit and-read the number of sueh

units.

Thus, to read 0.37; instead of reading three tenths and seven hundredths,
we express the tenths as thirty hundredths, and read the entire decimal
fraction as 37 hundredths. Similarly, the decimal fraction expressed in the
abovetable (Art 144), viz. : 10.465,783,105, is read 465 millions 783 thoit-
sands 105 billionths, Hence, in general, read the dectmal as'sf it were a whole

number, and qgive it the name of the last decimal place.

In reading whole numbers never use “and,” but in reading a
mazed decimal put and ” in place ':’,m( decimal pond.

Thus, 462 reads “ four hundred sixty-two.”
4.062 reads “ four and sixty-two thonsandths.”

146. Writing Decimals—Similarly, to express in figures
a decimal which is given in general language, erpress the
nwmerator in figures, and then fix the decimal point so that the
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name of the lasi figure shall express the denomination of the qiten

4]-'1‘[‘”“//,

Ex. 1. Express in figures “four hundred sixty-two thou-
sandths.”

We write 462 and place the decimal point immediate ly to the left of the
4 since 2 must come in the third or thousandths place, and obtain 462,
Result.

Observe that four hundred and sixty-two thousandths would be written
400.062

EXERCISE 52.
Express correctly as decimal fractions.
1. Forty-six hundredths.
Ten and sixteen hundredths.
. Seven and fifty-one thoosandths.
5. Thirty-six millionths.
. Two hundred twelve handred-thousandths
5. Five and five millionths
7. Seventy-five and forty-two ten-thousandths,
% Seven hundred six thousandths.
Seven hundred and six thousandths.
. One thousand five hundred and one tenth.
. Four hundred and four hundred one thousandths
20 Two hundred forty-one and Tour hundred twelve millionths.
Eighty-nine aod ninety-eight hundred-millionths.
. Ome thousand and one thousandth,
Z5. Three thousand and three millionths.
. Sixteen ten-millionths.
- X455 YO05D; 53 Slroedey 5 2oreiso-
T 45,43

07 . 2
58800 5 9165 Sriw

- Syskyi 1 59> Oradson

Read the following decimal fractions:

19. 0.78; 1.071; 20.05; 275.572: 0.4758.
20.0.705 3 0.0102 ; 100.0301 ; 510007 0.003001.

21, 300.0017; ,301; 6175.0214; 5001.005001.

14%. Primary Processes with Decimals.—The simplicity
of the decimal system of fractions iz such that certain ele-
mentary methods of operating with them arise immediately
from the notation.
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1. Shifting the decimal ;miu/ one place to the right increases the
value of the deeimial tenfold s shifting it two places to the right in-
creases its value ene hundredfold; etc.

Thus, 0.063 = 10 » .0063.

Eor by moving the decimal point one placeto the, right, each fizure in the
decimal is made to express a number fen times as great as it did at first.

2. Shijting the decimal point one place to/ the left decreases the
valwe of the decimal to one-tenth of what ¥ was; two places, to one-
l(?l_llf_/,l'(t'([:f}!, ele.

Thus, 0055 0.055 =+ 10.

3. Any nu mber of zeroes muay be annexed to the right of a deci-
aal without changing 43 value.

Thus, 0.3 0:.30 = 0.300, ete.

OPERATIONS WITH DECIMALS.

%_148. 1. Addition of Decimals—If  the numbers to be
added be'so arranged that their decimal points shall be in
the same column, all the decimal units.of the same order, as
tenths. hundredihs;yete:, will bein the'same column, and may
be added by columns.

Ex. Add $5.69.8100.257, 837.015.
’(”‘l',)l ATION. ]"Yl'l,\\' ATION

$ 560 Arraneing the numbérs so that the decimal points

b
ol

$142062, Sum.

are in the same column, we begin at the right hand, or
thopsandthe, column to add.~ 7 thousandthsy+.& thou
sandths make 12 thousandths, or 1 hundredth and =
thousandths. Setting down the 2 thousandths, we carry I to the hundredths
column. and continue the work, “carrying’ wherever necessary, Jjust as in
the case of the addition of integers in the decimal system.

Hence. in. ¢eneral; to add decimals, write the numbers so that
the decimal points shall be in the same columa ; beqin with the right
hand column and add; place a dectmal poind between the unils
and tenths 411' the resull

Hence, in the addition of decimal fractions we are saved the labor of
reducing fractions to fractions having a common denominator, which is

pecessary in the addition of common fractions,

OPERATIONS WITH DECIMALS.

: EXERCISE 53
Add :

& o

5.671 inches. 1.0071 square yards.
93.428 inches. 0382 square yard.
96 inch. 5.917 square yards.
A407 inch. 41.0328 square yards.

8.14 inches. 17.51  square yards.

87.15 + 80.61 + 8§70.09.
8307.06 + $51.075 + 26.305.

1.001 + 101.0101 + 3040.1304 + 0.1345.
31.0031 + 0.0073 25 + 43.0106 + 4.008.
£.701 mi. + 34375 mi. 480704 mi.
79324 + 079324 -+ 79324 -1 0.79324.

149. T1. The subtraction of decimals is similar in method
to the addition of decimals: that is, writs the subtrahend under
the minuend, 8o that the decimal ]uu'nl.\ shall be in the same coliwmn -
]u'gfu at the "1'51]1( hand to subtract.

Ex. At six o’¢lock the mercury in a cerfain barometer
stood at J.nches:af 10 o'clock the mercury in the sime
barometer stood at #9215 inches. How mzm\'- inches had it
fallen? :

39,300 inches.
9.215 inches

U85 inch Differesies

EXERCISE 54.
: i 4. ~. 3. 5
From $7:5¢ 818.196 7144 inches 65.03
take 32 455 38.67 inches 47.903

8 v o

From 51.7 301.04 19.4003 3.41

take 4.5 79.5281 9876 25807
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. 0.54 — 0.37. 713. 0185 — 0.0917.1 17. 1. —0.1.
1.28 — 1.1. 740,042 — 0.0318.| 18. 0.01 — 0.003.
9.53~—7T.99. 5. 70.07 —6.408. 19. 10 — 001,
9 20— 27141 116: 8015~ 30405.1 20. 2 0.010203.

Find the difference between $75.08 and $87.85.
22 What is the difference between 3141592 and 3.142857 ?
93 From an account.of $175.43, a man drew $46.95. How
much remained ?

o)

Upon  three days a gentleman deposited in a bank

54, 83597, and $71.16, and on the fourth day withdrew
How much remained ?

Find the difference between six hundred twenty-eight

thousandths. and four hundred and sixty-nine thousandths.

150. III. Multiplication of Decimals,—To obtain a
method of multiplying one decimal number by another, ywe
shall take an example and work it first by the method of
common fractions.

Ex. Muliiply 3:372 by 2.28.

Expressing the decimal  fractions‘as common fractions, ye
have,

1000 100 100000 100000
T_(:h\](;, Product.

Hence, the iwmber of decimal places in the produet 3equalto

o9 ¢ Oroy N OF Qe
N 2372 , 298 :lnn.f o .3)~‘ 163516
.

the number of Zeroes in thertwo denonvinators, that 73, to the wuwmnber
of decimal places in the multiplier and multiplicand taken together.
Hence, the above multiplication might haye been per-

formed as follows: ;
5 SYE
%28
26476
6744
6744
7.688165F Foduct.

OPERATIONS WITH DECIMALS. 145

Or, in general, multiply as in whole numbers ; point off as many
decimal places from the right in the product as there are decimal
places in both multiplier and multiplicand taken together, prefizing
zeroes to the prmiwrl if meecessary.

Ex. Multiply 3.0125 by .00104.
3.0125
00104
120500

30125

003133, Product.

Tt is to be observed that as compared with the multiplication of common
fractions, in the multiplication of decimals the multiplication of the tywo
denominators is abbreviatéd into a mere placing of the decimal point in the
pr-xlucl.

EXERCISE 55.
¢ 2. k.
Multiply 8.3 3.5 1.6 10.4
5. 1.2 05 0.15

Multiply each of the following by 4:

15:  24; 12; 635; 23.14; T75.007.
Multiply each of the following by 3.6:
ﬁ_-—); 13; 07; 1.05; 4.005: 1.0003.
Multiply each of the following by 2.05:
032 0036: 1008; 200.04; 35.1; 71.09.
17 {1 B4 0% 73. 100.1 » 1.061
72./100.3< 001 74. 3.003 3 05005,
5 A3 X 18 | 718. 5.3 x 201 X 046.
1.1 > v 5.5 02, 19. 27.5 1.6 > 014,
77, 024 > 25 > (4 10. 90. 5.8 025 < 1.005.
27 Find thevalue of 76235 neres of limd at $51.24 an
acre.
292 PRind the cost of 1284 yards of cloth at 82.125 a }':lr'l
22 TFind the weight of 26735 cubic yards of earth if one
cubic yard weighs 0.76 of a ton.
10




DECIMAL FRACTIONS.

2/ $1.038 tons of hay are worth how much at £20.25 a ton?
o
25.

What is the simplest method of multiplying by 102
By 100?. By 10007
26 What is the simplest way-of multiplying by 0.1 ?
017 By 0012

151, 1V. Division of Decimals may beperformed directly,
but it is of advantage first to multiply the divisor and divi-
dend by such a number (10, 100, 1000, ete)) as will remove
the decimal point from the divisor.)| This will\leave the value
of the quotient unchanged/(See A; Art. 112). | The multipli-
cations required are performed by shifting  decimal points
(See Axt. 147).

Ex. 1. Divide .0221 by .013.

If we multiply both diyisor and dividend by 1000, that is, shift the deci-
mal point three places to the right in each of them, the value of the quotient
will be unchanged and the divisor will be an integer. Hence, we have

OPERATION.
13)22.1(1.7, Quotient.
l',
91
91

Since 22.1 — 221 o reallydivide 221 tenths by 13; hence, the quotient 1597
tenths. or 1.7. Henee, it is necessary in each case to mark off as many decimal
placesin thequotient as there are decimal places in the dividend,or,in general,
move the decimal point in both divisor and dividend azmany places
lothe fl'_:/";,’ as there ared decemal /,-/.urc in—the divisor -rdivide 08
with /'.w[r_'/' s » mark lr“lf. as manyy dectmal /-:/n'l'a' _i.lwlll the /‘if}/l( n

tlie ,,714,//.;:/ as there are decimal /"uﬂf,« an the :Il‘?':"'/r‘!l!],

['E\IXI;" 004551 1»_\,' 1.5:
OPERATION EXPLANATION.
15).045510(. 002034, Quofient. As the divisor, 15, eontains onejdeci=
45 mal place, we move the decimal point
one place to the right in both divisor
and dividend. 'This will leavethe valne
of the quotient unchanged. Hence, the
(!\u\i;.-.‘i of 045510 L_\' 15, or . 003034,

the required quotient.
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152. Abbreviated Cases.—The student may state for him-
gelf the abbreviated ways of dividing a number by 10, 100,
1000, ete. ; also by .1, .01, ete.

1f the divisor be a whole number ending in one or more
zeroes. as. for instance, in dividing 16,45 by 7000, it 1s more
convenient to divide first by 1000 by shifting the decimal
point in the dividend three places to the left, and then dividing
by 7, that being the remaining factor of the divisor. Thus,

7 ).01645
00235, Guoliend.

Divide: EXERCISE 56.

1. 7.5 by 3. 9. 24 by 8. 17. 4 by 4.

2. 075 by 5. 10. .27 by .9. 8. 5 by 5
3.24 by 18. . 8.6 by 1.2. 19. .06 by 6.
25.6 by 32. 12. 42 by .14. 20. 4.5 by 50.
0121 by 11. . 063 by .07. 21 10 by 0O1.
0513 by 27. . 034 by 12 22. 01 by 100.
{.185 by 15. 5. 096 by 008 23. 25 by .05.
2.4 by 3. 16. 007 by .025. 4. .02 by 003,

16.8: by 021. { 35. 1.2915 by..

945 by 1.35. 36. 30.622 l».\ 12.2.

46:5 by 015. 37, 203412 by 2,01,

70.8 \\ 004. 38. 63817.2 by .
10:11 by 01011, 391417 byi325:
298 by 120. , J0. 87.098 by 4.07.

700 by 6.2

(1. 20.202 by 025,
77 by 625. 42. 300303 by .03
1.405 by 2810. $3. 00123 by 075,
1 64 1.}- 145, 4%. /(456 by 0076,
Divide correctly to four decimal places:
45. 7.101 by 19. 47. 1015 by 30.7.
46. 3176 ],_\- 23. 48. 0077 by .058
The pupil should be required to solye an indefinite number of this kind
of examples,
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RELATION OF DECIMAL FRACTIONS TO COMMON
FRACTIONS.

153. 1; To reduce a decimal fraction to an equivalent
conimon fraction, it is evidently suffieient to write the decomal

Jraction as a common fraction and reduce it tous lowest terms.
Ex. 1. Express.75-as.a common fraction.

A 1o F i, Resull,

Ex. Reduce .56} to a eommon fraction.

561 226 295 ) !
it . = = y | Resull,

100 100 100 16

56} —-5625

EXERCISE 57.
Reduce each deeimal to its equivalentcommon fraction in
its lowest terms
5. 66%.
16, .12} A
17. 621, 27 5.08.
11. . 18. 06} . 6.4124.
12, (9. 163 26, 1011375
375 751< 20, 141 . 7.00064.

025. 1}, S5k 21. 08} 28, 1.0875.

154. II. To reduce a common fraction to a decimal we
mav reqgard the numerator of 'the common fraction as an integer,

and divide it by the denominator.

Ex. 1. Reduce % to the form of a decimal fraction.

OPERATION EXPLANATION.
8)7.000 7 units = 7000 thousandths of a unit; hence,
- .875, Result. } of 7000 thousandths is 875 thousandths, or .875

RELATION TO COMMON FRACTIONS.

Ex. 2. Express % as a decimal fraction.
OPERATION. ExXPLANATION.
312.0000 In this case, no matter how far we continue the
6666 . division the quotient will not terminate. As it
or, 6667 —, Result: is convenient to terminate the quotient at some
place, as the fourth, and as the next figure is 6,
v more than half of a unit in the fourth place, we write 7— as the last
figure in the quotient, giving .6667 as the quotient.

In general, a decimal which coptinues to repeat the same figure, or set of
figares, is called an infinite, or repeating, decimal.  1f, after reducing a fraction
to its lowest terms, the denominator contains any factor beside 2 or 5 (which
are the only exact divisors of 10, beside 10 and 1), the division of the num-
erator by the denominator of a common fraction will produce an' infinite

decimal. Since it has been shown, however (Art. 78), that all figures beyond

the sixth and seventh places vanish into insignificance for all practical por-

poses, it 18 sofficient ordinarily to let the division terminate at the sixth or
seventh place. 1f the remainder is less than'a half, we reject it and annex
a plns sign; if equal to or greater than a half, we Increase the last ficure

of the quotient by 1 and agpex & minus sign

155. 1II. Comparative value of decimal and common
fractions.

On comparing decimal and common fractions, it will be observed that it
is sometimes more advantageous to nse one, sometimes the other. dnt
oaneral, decimal fractions have a simpler notation, since their dembiinators
are indicated by a decimal point merely. This leads to special advantages
in adding; subtracting, multiplying; and dividing fractions; which have
already been pointed out. On the other hand, in particular instances a
eommon fraction issimpler than a decimal fraction, thus } issimpler than
0.125, and 4, than 0.142857142

In general, we may say that as‘a system for standard use thedeeimal sys-
tem of fractions is superior, but that it is advantageous to supplement it by
the use of common fractions in 1in special cases. Hence, the tendency in
practical life is to use systems of decimals (as the metric system) wherever

possible, using common fractions in a supplementary way,

EXERCISE 58.
Reduce each common fraction to an equivalent decimal ;
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Find correctly to five decimal places the value of:

" 1
% |
P 4 Yan
- ABy 400 6002 TO00
What decimal fraction is,
5. 200807 502001407
16 of 482 Of 402 Of 20072
24l0fi362 Of 602  Of 192 ?
8 36 of 54?7 Of 962 Of 642

EXERCISE 58.

Perform the operations indicated:

7. 25+ 13 + 407+ 357
2.06 4.001 + — 09 + 3.023 +
0001 + 1o5%5 &+ 103! 07

4. 54+ . 0054 — 5.00% 7.125.
5.

0

From six hundred and seven thousandths take six hundred seven
thonsandths
& Subtractnine hundred forty and-Seventy=si< millionths from ten hun-
dred twenty and eight tenths.
7. Multiply 7.0032 by 57%. 9. Multiply 2:10007 by 1072,
8. Multiply 00075 by 1.03%. 70. Multiply 12.35 by 005%
Divide
11. .7644 by .0052 | 16. 5 by .00025.
12. 00169 by 2.6. 77. .0001 h\' 1000.
15. 2890 by .085. 78. 1000 by .00001.
14 002 by 500. 19, 7.3 by S000.

15.'501 by .0003. 20, 40,1 by 00125
21. Tf the divisor is 4.153, the remainder 02375, and the quotient 4.25,

what is the dividend ?
22 If 3 of a bushel of corn be worth # of a bushel of wheat, and wheat
be worth $1.40:a bushel, how miany bushels of eorn can be bought for $2772

28, 2 of 11 of 56 times what nomber equals 50.47

APPLICATIONS OF THE DECIMAT SYSTEM.

166. Decimal Systems of Money.— Owing to the advan-

tawes which arise from the decimal method of representing
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unifs and parts of a unit, decimal systems of money have
come to be used in all civilized countries except Great Britain,
Thus, in France, the franc is divided into 100 equal parts
ealled centimes; in Germany, the mark is divided into 100
equal parts, called pfennige, ete.

This general adoption of decimal systems of mouney is due to the fact
that money and its units are used more often and reckoned with more ex-
tensively than any other system of units, as, for instance, those of length,
weight, etc. Hence, the aggregate of economies which result from the use
of a decimal scale for units of money is greater than it would be in the case

of any other class of umits as those of length, weight, ete

157. United States Money.
system of money inuse in the United. States is_the dollar.

primary unit in the

The other units used in connection with the dellar, and their
relation to each other, are shown in the following table:

10 mills = 1 cent

10 cents = 1 dime.

10 dimes =1 dollar or $L.
10 dollars 1 eagle

By means of the decimal system, all the other units of
United States money may be expressed as dollars or fractions of
adollar: Thus, 7 eagles, 8 dollars, 4 dimes, & cents, and 3 mills
are most conveniently written as $78.453 Such sums are,
however, most conveniently read in terros of two-units, dellurs
and ecents. . Mills aresused only for purposes of computation ;{
if in any result the number of mills is less than 5,1t is rejected ;
if it is 5 or more than 5, it is reckoned as 1 cent.

Thus. 878453 is read as 78 dollars, 45 cents, 3 mills; or
rejecting the mills, 78 dollars, 45 cents.

158. Aliquot Parts of a Dollar.—Operations with United
States money are often much facilitated by remembering the
number of units which form aliquot parts of a dollar (See

Art. 74).
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Thus, 6% cents of 81.

3

1
i6

cents = 5 of $1.

3
3 cents = of $1.

]«
1¢

cents L of> $1.

The student-may supply the remaining aliguot parts of $L

Ex."What is the costiof 18 pounds of sugar at 63 cents a
pound ?
18 < 6} cents — 18 X 845

EXERCISE 60.
;\(l'l'—"
1. '$27.315 + $15.05 4 870.145 + $48.76
¢ Thirteen dollars and thirty=two cents, seven dollars and
nineteen cents; forty dellars'and ninety-six cents.
3 Twelve dollars and eighty cents, seventy-five cents,
eicht dollars and three cents, fifty dollars and ten cents.
‘ 4. Bleven.dollars and geven cents, six cents, nineteen dol-
lars, sixty dollars and nine.cents.
5. From $100 take $30.25.
6. Take $25.08 from $30.41.
7. A man gave £50 in payment of three items of $10.76,
£16.13 and $21.05. . How'much was due him in return?

8. A farmer bought 65% acres‘of land at $51.50 an acre:
What was the amount paid ?

9. What will 53 yards of carpet cost at 81.75 per yard?
At 82.05 per yard ?

70. At 121 cents aline,-what will it cost to insert in a neyws-
paper an advertisement of 17 lines? Of 45 lines?

77. How many chairs at $2.25 each can be bought with
$29.95? With $83.25?

72. How many acres of land worth $71,30 an acre can be
bought with $2032.057?

APPLICATIONS OF THE DECIMAL SYSTEM, 153

75. With pads worth 12 cents each, a boy gets all he can for
$4.92. How many did he buy?

74 A cerfain kind of stock is worth $27} a share. How
many shares can be bought for $1347.50?

75. A man paid $26.25 for 5 tons of coal. What would
17% tons cost at the same rate ?

16. There are 272} square feet in a square rod. What will
be the cost of 20% square rods of land at 4} cents a square
foot?

17. A dealer bought 3 barrels each containing 31.5 gallons
of oil at the rate of 45} cents a gallon. He sold it at 51}
cents a gallon. How much was his gain? (Solyve this
problem by two methods.)

18. A miller filled 125 barrels of flour at a eost of $7.75
each. He then sold 90 of them for $3.30 each, and the
remainder at $6.35 each. What was his total cain ?

19. (A farmer spent on a crop, of grain $55.40 for seed,
$1.75 each, for 20 days! of labor, and $62.35 for rent. How
mueh would he gain if the crop yielded 625.30 bushels which
sold for 84 cents apiece?

Solve ].\ themethod l'lf:lilnlll:xi parts of 81,

27.1bs, .25, 7980 1bs,

{3 1bs. RBYL S o).
70 oz i) %~
66 < 80.60).
94 ft. >< 80.662.
25. 68 . X $0.871.
28. 95 $0.121,
270 83 < 8055

28, 77 in. 3<'$0.663.

159. Business Forms in the Use of U. S. Money, Ac-
counts, Bills, EtC.-—['».\‘ the aid of certain abbreviations. and
by systematic methods of arranging items, the advantages
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which arise from the use of a decimal system of money are EXERCISE 61.
further increased Find the amount of each of the following bills:
Ex. James Smith beught of Mitchell, Fletcher & Co., 17 7 T T 1
= ~r . 6 1bs. nails
luylll]il;~ of coffee  at 38 cents a |;uulni NTH lu)l\]l\‘li" of sugar at = l‘: ﬂ' i :
. y " £ It 21n¢
41 cents a pound ; 20 pounds of oatmeal at 4 cents a pound; 15 doz. Berews
and 4 pounds of tea at 80 ¢ents a pound. What is the entire
eost of his purchases?
If the purchases be arranged as a bill, itis much easier to
inspect them at aiglance, to verify each item, to make cor- . —
! 1 : ‘ 1 vds. ribbon (¢
rections where necessary, and to determine of ' whom the pur . Aianel G
4 B 194k ¢ — ' " anne (4
chase was made, by whom, whether it is receipted, ete, Thus, : e aalicol (a
n cloth (a ~.‘>l.1|)7

/‘I'/u‘nv.",.v"[,f'nfn_ May 5. 1901,

JAMES SMITH, :
BougHT oF MircHELL, FLETCHER & CoO. y 10 doz. ecos (@
o) Hm._ SUCar

5 » tea (@
N i, » cheege (a

pepper {(a

| 17 1bs. eoffee (@

75 /9 sugar (a
‘ 2) n Joatmeal (a
| 45/ tea (@

2
¥

84

- - : 3 5 2 bushels lun(_‘.!\u(;\' (a
160). Business Terms and Abbreviations. Price 1s the qts. beans (it
: r tomatoes (a
H gal. oil (a
of coffee is 38 cents: the cost of 17 pourids is $6.46. . 1‘ loaves bread (a

value of 1 unit.of guantity; cost, is the valne of the entite

Humber of unité used or bought. / Thus; the/price of 1 ponndd

A bill is a written statement showing the price, quantity,

and cost of each item, and the aggregate cost of all the items.

How is abill receipted ?-What is aidebtor 2 A creditor? A s
87 yds. Brussels carpet(@ 21.65
14 " 4 JAxminster # (@ 2.85
413 » Ingrain filling (a 75

5 Tk

9 small rugs (@ 275

Let the student determine the meaning of the following

abbreviations used in connection with hills and accounts:

(@

Dr Pay't Y
. 2 Sy 45 step pads () o971
a4y Per Rec’d }, }“— - f" e

B, and O, E.
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]'I.u'/:uh'llp}u‘/l, S(’[J[. 18, 1900.
Frercaer EPWARDS;
BoucaT oF-FinLey Acker & Co.
| 26 Jjugs syrup (@' 30¢ 8
7 1bs. cofiee (@ 25¢
9 | rice (@ 95¢
45 »  oatmeal| (@) 43¢
30 bu.-potatoes (@ 45¢

New York Cityy;Dec. 5. 1900.

MarioN RUTLEDGE,
BoucHT OoF JouN 'WANAMAKER.

| 61 yds. muslin (@ 11
55 » table linen (@ $1.2
|23 » “silk (@ 11!
10w Hnin:_i (a 23¢

- $

3
)

9

o 1" «':ll'!n"( (a) ,].5"”

8. Mg. TaHomas 1. KEYSER,
BougHT oF Messes. R. L. Myers & Co
76 algebras (@) 812 $
68 crammars (a
83 readers (
| 95 Bibles (@)
arithmetics (@

161. Articles Bought and Sold by the Hundred or Thou-
sand —Some of the advantages which come from the use of
the decimal ceale are obtained by selling articles by the hun-
dred (or ©). or thousand (orM).

Ex. 1. What will be the csst of 3760 shingles at $7 a trou-
gand (or $7 per M).

A PPLICATIONS OF THE DECIMAL SYSTEM.

The number of thousands is determined by moving
decimal point of 3760 three places to the left, giving 3
thousands in the above example.

the

h
i

If one thousand shingles cost $7, the cost of 3.76 thousands will be 3.76

times $7, or S

Similarly, the number of tons in a given number of pounds

may be obtained |\\\' I:.-r\'ili_‘_! the decimal }n'iHL tnree }'vllltj(r'
to the left and dividing by 2.

Ex; 2. Find the cost of 13567 pounds of coal at 36 a ton.

18567 pounds —= 20"

. ~ 13.567
17 1 ton cost $6, the cost of ——= $40.701, Cost,

&

EXERCISE 62.

1. Find the cost of 55260 cnbie feet of gas at $1.40 per M.
2/ Tind the cost of 75490 bricks at $8.25 a thousand

3. A coal dealer supplies a tinsmith with 7565 pounds of
coal at 85.75 a ton, and the tinsmith roofs the eoal-dealer’s
house with 156 pounds of tin at $14.15a C. Which owes the
other, and how much ?

4. What will it cost to.set the type of.a book Lunmihih_.;
560 pages of 1115 ems each, at 60 cents per thousand ems?

6. Required the cost of 83410 pounds of coaliat 85:38 a-ton.
and 47320 shingles at $5.55 a thousand.

6. T borrowed 87500 for a year, at the rate of $4.50 per
hundred. What must I pay for the loan?

7. T lent 831500 for a year at the rate of 85.25 per hundred
What do I receive for thedoan?

162. Further Use of Base 100 in Percentage, Interest,

BEte—So great are the advantages of the decimal base in

business and other computations and comparisons that the
1se (,f [hi_\ ‘y;i.\." :.- l":'\'('lt.'!n'li ii:’,\,' Spe« ;Lll *l.‘“j(‘t'!: ‘.‘."”!.‘d l't'!‘-
centage, Interest, ete,




CHAPTER XI.
COMPOUND NUMBERS.

163. Use of Different Units for the same kind of Quan-
tity.—In measuring a great variety of distances, it 1s an
advantage to have differenf units of distance, some large,
some small. Thus, we measure the dimensions of a window
pane in inches. the length of a manls jump in feet, the dis-
tance between two cities; as between New York and Philadel-
phia, in miles. Similatly, in weighing objects, it is conyenient
{0 have different units.of weight. | It would be inconvenient,
if not impossible, to weigh gold by the tory and coal by the

ounce.

164. Measuremenbmay bedefined as ihe process of finding
hiow. many fimes a given quantity contains another given
object or/quantity of“the same kind; taken as a unit.

Thus. to-measure a rhass of sugar, is to find how many
times a certain mass of sugar, called a pound, must be repeaté
in order to make up the given mass.

Hence. it is evident that, in m¢ aSUTI larze objects, 7718
convenient;te -haye large units ; in me asuring small objects it
i& eonvenient to have small units

165. Compound Numbers.—In measuring a quanfity 1618
often useful to use two or more units of different sizes, but
of the same general class. Thus, in measuring the distance
which an athlete jumpg, we first aneasure the number of teet
in the jump, then the namber of iinches, if lany,\in il
vemainder of the jump, obtaining 19 feet 7 inches say, as the
entire jump.

Similarly, the length of a man’s life is expressed in terms

158
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of several units of fime, az 59 years 8 months and 12 days,
for instance. -

A compound number is 4 number vxprussul in terms of
several units of the same class. Exs. 19 feet 7 inches; 59
years 8 months 12 days

A simple number is nber expressed in terms of a
single unit, as 138 inches.

166. Relative Value of Compound Numbers and Simple
Numbers. Reductions—When a given magnitude is ex-
pressed as a compound number it is often easier to form a
definite conception of if than when it is expressed as a simple
number. Thus, it is much easier o forma definite concep-
tion of 19 feet 7 inches, than of 235 inches; similarly, of 59
737 days.

On the other hand. if a2 magnitnde be expressed as a simple number, i

years Smonths 12.days, than of 21

is much easier {0 operate with it, that is, to multiply, divide, el Thus, i
it be required to find the area of a room that is 14 feet 8 inches long and 12
feet 8 inches wide, it is best to reduce the length and breadth of the room
either to feet orto inches, before multiplying them.

Reduection descending is the process of reducing a number
expressed in seyeral units to an equivalent number expressed
in a single small unit, as reducing 19 feet 7 inches to 235
inches.

Reduction ascending is the process of reducing a simple
number to an equivalent number expressed in termsof higher
units. as reducing 21787 days to 59 years S months 12 days.

These processes will be illastrated in connection witlt each
tuble of tmits given in this chapter.

167. The different classes of units in common use are
those of:

1. Weight. | 1 4. Volame (and capacity).

2 Length. 5. Value.

3. Area. 6. Time.
7. Angular magnitude (longitude).
8. Miscellaneous units.
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EXERCISE 63.
ORATL.
1. What unit wonldiatiurally be used in weighing hay? Tea? Flourl
A rock? Ginger? Coffee?

W hat unit of length wonld be us=ed inmeasuring the distance between
twadiouses ‘on same street 7 Between the floor.and ceiling of a room? Be-
tween thewalls-of o room?" Distance around your waist? Your height?

2 What unit of, length, is used in measuring the length of a railroad?
OFf w/flag-pole?| O aroll of carpet? Of a man's arm?
What unit of area is employed in measuring land? Plastering?
What unit of capacity is used in the measurement of milk? Molasses?

5
Potatoes? Strawberries? Beans? Apples?

6. What unit in measuring illuminating gas?

| What unit of money is used in paying for a horsa? A newspaper?
A farm? A penail?

& What units/of time are nsed in expressing your age? The age of the
world? || Of ababy? Instating.time of an eclipse?

9. 'What npit isfirst used in measuring the length of a board? In com-
pleting the measurement ?

70. What combination of units'is nsed in expre ing the time raquired
1o rin a mi To run a hondred yarcds? What units, in hiring a laborer?

7Z. In paying & hill of $28.75, what combination of units is used (bills

and coins)?

WEIGHT.

168. 1. Avoirdupois weight is uged in weiching all ordi-
nary objeets, the exceptions being the precious metals, jewels,
and drues when retailed:

Phe primary unit in avoirdupois weight is pound avoir-
duapois, which is détermined by the wetght of acertainpiece
of metal kept-in tlie government archives (gee Art. 171).

AVOIRDUPOIS WEIGH I.
{6 drams (dr.) 1 ounce (0z.).
16 0z 1 |u-*ll~.‘l Hi\,
100 Ibs. 1 ||l1l'l(]l'«'l]*\\'t‘i;’]l! (ot ).
20 ewt. 1 ton (T.).
also recarded as made up of 7000 orains.

The pound avoi 1pois is
The long ton, or 2240 pounds, is used in weighing objects in the United

Sates Custom Houses, and 1 wholesale transactions in coal and iron

SEICOT) .

Ex. 1. How many oz. in 7 'T. 8 ewt. 63 1h. 14 0z.?
SOLUTION.
7 20 ewt. % 7 = 140 ewi.
140 cwt. + 8 cwh. 148 cwt.
148 cwt. 100 1h. > 148 = 14800 Ib.
14800 1h. 4+ 63 1D, 14865 1b.

14863 1b. 16 oz

This is an example of reduction descending, Or ¢ cing a compound
number to an equivalent simple nu ri TInS ¢ owest unit in the

given compound number

In general, to reduce a compound number by reduction
descending, in the given compound wimber take the nywmber of
]n'[l.’lﬂ.\‘[ denomination; /(“l{f‘[»"‘l it by the nwinber of units of the
et lower kind which equal one of the higher units, and add to
the /u‘rullu'[ the given number of units of the secomd Find ; ‘)//'m'rul

Sinil yll all the units have been reduce d to the lowest unit.

2. How many tons, hundred-weight, and pounds in
{1\1'.}!”15 of coal?

SOLUTION.

O .
9980 T, = 293 awt, = 03 cwt 4 82ib;

100
13 ewt)
esult

This is an example of red or of converting a simplé

pomber into a compound number contamme hicher denominations

In eeneral, in reduetion lasecending, divide the given aumber
by the number of units of the same k ind which equals a unit of the
next /u’f(l‘w ot Feind. and set aside the remainder; divide the rll(m'fc nt
in alike manner and so proceed till no Jurther division 13 possible

il
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e EXERCISE &4.
Reduce :
7. 3 t. 13 ewt. 70.1bs. 10 oz. to ounces.
5 1.-80 1bs. to pounds.
G f. 1 ewt. 15 0z to ounces.
15 ewt. 75 1bs. 11 oz to ounces.
454, 17 ewt. 90 Ibs: to pounds.
120650 ‘oz, to higher denominations.
. 236949 0z.-to higher denominations.
13280 1bs. to higher denominations.
032805 oz. to higher denominations.
289135 oz to hicher denominations.
Change :
17 70 1. 48 ewt. 60 Ibs. 6 oz. to ounces,

3

72, 30854 oz. to higher denominations.

g
13. How many firkins of butter each weighing 31 1bs. 4 oz
will be‘required to weigh a ton?
7. If there are 9 oz. of iron in aman’s blood, how many
men would supply iron enongh to make a 27-1b. ball ?
75. A cook uses 7 pounds 8 ounces of flour at every baking.
How many bakings can she get out of 3 ewt. 30 1bs. of flour?
16. The average weight.of each book in a library is 2 1bs
5 oz.  What would be the entire weight of the 8560 volumes?

EXERCISE 665.
ORATL.
. How many ounces in 5 poonds? In 103 pounds?
How many tons in 1000 pounds? © In 60000 1bs.?
8. How many pounds in 6 fons? In 15 tons? In 80 ounces?
4. 1f butter sells for 2 cents an ounce, what will be the price per pound?
5. When flour is worth 2 cents per pound, what will 2 hundred-weight
cost? What will 8 onnees cost ?
6. How many poundsin/dton? In #ton? ' In § hundred-weight? /In
1} hundred-weight? In 40 ounces?

In 100 ounces?

169. 11. Troy weight is used in weighing gold, silver, and
Jt-\\'t‘lS.

WEIGHT .

The primary unit is a pound Troy, or 5760 grains.

TROY WEIGHT,
24 grains (gr.) =1 pennyweight (pwt. or dwt.).
20 pwi. 1 ounce (oz.).
12 oz. 1 lnv‘d!w! (1b.).

Diamonds’and other jewels &re alsd weizhed in terms of another unit,
the caral.. The carat = 3} grains. (The term carat is also used in another
sense, Viz.: to express the parts of gold contained by a given metal alloy.
In this sense one carat means one twenty-fourth part. Gold 18 carals fine

contains 18 parts of pure gold and 6 parts of some other metal.)

EXERCISE 66.
Reduce fo grains:
8 0z. 4 pwt. 20 gr.
7 0z. 15 pwt. 18 gr.

5 1b. 8 oz. 10 pwt. 9 gr. , 12 1b. 6 oz. 18 pwi

uee to higher denominations:
7215136 gr. 9. .954 pwit. . 46474 gr.

S. 5117 gr. 70, 31701 gr. 2. 27009 gr.

13, If a silver medal weigh 6 0z. 18 pwt., what will be
the weight of 5 such ‘medals? How many will it fake to
weigh 6 1bs. 8 0z. 18 pwt. ?

170. 111, Apothecaries’ Weight is used in mixing and
salling drugs and \medicines at retail (these being purchased
by druggists at wholesale by avoirdupois weight):

The primary unit is the same as in Troy weight (5760
grains), but it is divided somewhat differently.

APOTHECARIES WEIGHT.

20 grains (gr.) I seruple (3)-
3 scruples 1 dram (

& drams 1 ounce (

3)
4

12 ounces 1 pound (1b.).
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EXERCISE 67.
Reduce to grains:
L. 533 32 D O
w0 31 3 1o gr.
Change to higher denominations:
7o 5148 or. | 9. 8665 gr. 11. 23897 gr.

& 1691 g 10875 (" 12. 40370 gr

171. Relation of the Different Systems of Units of
Weight-—In the United States the fundamental unit of
weight s the weight of a certain piece of brass in the custody
of the United States Mint.

Thigis the Troy (and apothecaries’) pound, and is recarded
as made up of 5760 grawns.  From this the aveirdupois pound
is derived by faking the weight of 7000 grains. Hence, the
only unitin eommon to avoirdupois weight and Troy weight
is. the grainy. In Troy sveight and apothecaries’ weight the
pound, ounce, and grain are-the same, but’ the other units are
different.

In Great Britain the slandard of weight is the weight of a certain piece
of platinum kept in the Exchequer Office. This weight is called the Inm-

perial Pound. The Troy pound is derived from it.

EXERCISE 68.

7. How' many, graing in an jounce  avoirdupois? 'Ounce

Troy? " Ounce apothecaries’?
2. How many grains in a dram apothecaries’? Dram
avoirdupois ?
2. Which is heavier, and how much, a pound avoirdupois
or a4 l)')l“ll‘l TTI y 2 Aniounce :t‘.uil‘(lHIn »i.\f or an. ounce ']"!'n"\' ?
4. What is the gain in buying drugs by avoirdupois and
selline them at the same rate Il}HDY’lI!“'.H"{l s’ \\'1'3_’,’?11 ? Buying
gold by avoirdupois and selling by Troy weight?

2

5. How many avoirdupois pounds in 175 Troy pounds?

MEASURES OF LENGTIL

MEASURES OF LENGTH.

172. 1. Long Measure.—The primary unit of length in
the United States and Great Britain is the yard. This is the
distance between two marks on a bar of metal kept in the
Exchequer Office of Great Britain.

From the yard are derived the following units of length:

LONG MEASURE.
12 inches (in.) 1 foot (ft.).
o 1t 1 yard (yd.).

o '\.‘l' | 1 rod (rd.).
or 16k ft. )
320 rds.
Rods are also called poles or perches.
A furlong 40 rods; hence, 8 furlongs 1 mile.
Ciyil engineers often divide the foot into tenths instead of inches.

Ex. 1. Reduce 5 mi. 208 xd. 2 yd. 1 fi.

SOLUTION.

320 vd. % 65 = 1600 rd.

1600 rd 208 rd. 1808 wd.

1808 rd, = 51 yd. x 1808 = 0944 yd.

9044 yvd. + 2 yd 0046 yd

6 yil. = 3 ft. x Y040 20898 ft.
20838 ft. + 1 ft. = 20839 {t,, Result

P

RBx. 2. Reduce 29839 feet to higher denominations.
SOLUTION

ol 4
90R30 t 29539 o4 — 0046 yd. + 1 ft.

046 yd. = “““;l) 2 rd. — 1808rd. + 4 half yd. (or2 yd.).
1808 rd. = L mi. 5 mi, + 208 rd.
220

5 mi. 208 rd. 2 yd. 1 it., Result.
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Dividing 9946 yards by 5} is the same as dividing it by 2. This, in
effect, consists'in reducing 9946 yards to 19892 half yards, and dividing by
11. 'This gives 1808 rods with 4 half yards, or 2 yards, as a remainder.

173. 11. Surveyors’ linear measure is used by surveyors
inmeasuring the dimensions of tracts'of land. In it the units
are chosen with a view to determining the area of the tract
measured, in'an advantageous way. | See Art. 177.

SURVEYORS' LINEAR MEASURE.
7.92 inches 1 link (11.):
100 14 = 1 chain (ch:).
80 ¢ch. 1 mile.

Henece, 1 chi { rds. 66 ft. =792 in.

EXERCISE 69.
Reduce to feet:
7. 44 rds. 3 yds: 241 |80 3 ami. 250 rds. 4 yds. 1 ft.

2 mi 125 xds. 5 yds. | 4. 4ani. 3 yds. 2 ft.

Reduce to/inches:
g, 36 rds. 4 yds. 2 ft. 10 in. 7. 2mi. 170 rds. 5 yds, 6in.
6. 3rds. 3yds. 1ft. 7in. | & 3 mi. 240 rds. 1 ft. 8 in.
Reduce to higher denominations:
9214 in: ‘ L1 14198, ft. 13278222 1.
70. 1710 in. 72, 380341 in 14, 504009 in.
Reduce to links:
15. 45 rds. | 16. 3 miles. | 77. 1 yd. 3.6 in.
78, How many, rails 30 feet long will be required to build 7
miles of railroad (single track)?
79. What is the cost of building 30 miles 250 rods of road
at $2.25 a yard ?
20, How many panels of fenece, each 2 yds. 1 ft. 6 in., will be
required along the sides of a lane 1 mi. 202 rds. 4 yds. long?

MEASURES OF SURFACE.

21. ‘Along the side of a room mark off 1 ft.; 3 ft; 8 ft.; 1 yd,,
3 yds,, 1 rd,; 3 yds. 2 ft., 2 yds. 1 ft. 8 in.

EXERCISE 70.
ORAL.,

How many inchesin 6 ft.? In 74 ft? In1lyd?
2. How many feet in 5 yds.? In2rds? Inamile? Tn 60 in?
$. How many feet in 125 in.? In 31 yds.? In1lrd 2 yds.?
. What part of afootis 3in.? 4in.? 6in.? 8in.? 9in.? 10 in.?
What part of & yard is 9 in.? 12in.? 18 in? 24in.? 27 in.?7
. What part of amile is 40 rds,? 80 rds. ? 200 rds. ? 280 rds. ?
. How many chains are there in 400 rds.? In 110rds. ?
. How many inches are there in 50 links? In80L.? In6li?

MEASURES OF SURFACE.

174. A surface bhas two dimensions, length and breadth.
In measuring surfaces, or square measure, the primary unit is
a flat square, each jof whose sidesis 1 yard. It is sometimes
more convenient to use other units of surface, as a square,
each of whose sides is 1 inch, or:1 foot. These units may
be regarded as derived from the primary unit, the square
vard.

A surface is measured by determining the number of times
the unit of surface must be used to make up the given

surface.

175, The area of a surface i3 the number of fimes the unit
of surface is contained in the given surface.
Thus, if a rectangle be 7 inches long and 5 inches wide, it

contains 35 square inches, and its area is said to be 35 square

inches.

It is evident that in a rectangle, whose sides contain an exact number of
linear units, the number of units in the area will equal the number of linear
units in one dimension multiplied by the number of linear units in the
other dimension (see Figure, p. 53). For in such a rectangle the entire
number of small unit squares is equal to the number of them in each row
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multiplied by the number of rows, which equals the number of linear units

i the length multiplied by the number in the breadth,

Henece, to-find the.area of a rectangle, multiply the length by
the breadih.

176. 1. Surface or square measure.
SQUARE MEASURE.

144 square inches'(sq. 1n.)
9 8q. ft. =

square foot (sq. ft.).
square yard (sq. yd.).

160/ 8q. rds, Acre (AL,
640 A. square mile.

7i. I1. In Surveyors’ square measure the primary unit

1
1
f:(b“( (- .\'z!,\‘_ =] square rod (sq. r(,l.).
1
1

of surface is the square chain, that is, a square piece of land,
each side of which is 1 chain, or 66 feet.

SBRVEYORS SQUARE MEASURE.
16, 8(). rds. 1\8q.«h.
10 8q. ah. I-acre.
Henece, 1 acre 10 s8¢ cli. 160 sq. rds

The adyvantage in using surveyor's measure in measuring land lies in the
fact that, after the number of square chains in a piece of land have been

determined, the number of wacres can be determined by .»:vn/fn,f dividing the

wumber | of square chaing by 10 ; that is; by movingithe decimal point one
34 3 : g

M:u'!" to the left.

EXERCISE 71.
Reduce:
1. 6 sq. rds, £ sqayds: 5-sq. 4t to sq. ft.
2. 2A.56 sq. rds) 10 sq. yds. tosq. ft
3. 3A.24 sq. yds. 7 sq. ft. to sq. {t.
8 8q. yds. 3 sq. fi. 100:5q. in. to sq. in.

3 sq. rds. 16 sq. yds. 25 sq. in. to sq. in.

. 4 A.3 sq. yds. 4 sq. ft. to sq. in.

MEASURES OF VOLUME AND CAPACITY, 169

Reduce to higher denominations:

7. 17188 sq. yd. 9. 944720 sq. 1. 77. 117804 sq. ft.
8. 16567 sq. ft. | 10. 39725 sq. in. 12. 3657930 sq.1n
&

73. Howwmany £q. ch. in one sq. mi,? In 800 sq. rds.?

14, ('lmu;«“ﬁ(“i 8q. ch. to higher denominations.

75. Draw upon the blackboard a sq. ft. and subdivide it
into sq. in. How many are there?

16. Draw a 8¢ _“1 and subdivide it into 5q. ft. How

many ?

EXERCISE 72.
ORAL
/ How many square féet in 3 sq. yds.? In 5} =q. yds.? In 2sq. rds. ?
2. How many square inches in 459, .2 In 21 sq. 1.7 In 1sq. yard?
. How many acres in 2 sq.miles? In 800 sq. rd&.?
t. What is the difference between a square foot and a square yard?
?

. What is meant by 6 in. square? 10 ft. square? 3 yards square?

>

;. What is the difference between 3 sq. f& and 3 feet square? Between
8 5q. yds. and 6 yards square?
7. How many square inches in the lid of a box 1 ft. 3 in, square?y In

another, 1 fi, 4 in. square? In another § fi. square?

MEASURES OF VOLUME AND CAPACITY.

]7*. A solid has three dimensions: ]‘h‘.’”l. ]’“'il“”l. 1“1'1
thickness.

A cube is4 solid bounded by six equal squares.

The primary unit of volume is a cube, each of whose
edges is 1 yard, and is called a cubic yard.

It is sometimes more convenient to use other derived units
of volame. as 1 cubic inch, or 1 [eubie fook

A solid is measured by defermining how many fimes the
unit of volume must be taken to make up the given solid.

The cubic contents, or volume, of a solid 15 the number
of times the unit of volume is contained in the given solid.
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It is evident that in a box-shaped, or rectangular, solid, each of whose
edwes contains an exact number of linear units, the number of omits of
volume may be readily obtained from the number of linear units in the

edges. +Thus, if we have such a solid whose
edges are 3, 4, and 5 inches, and the solid be
divided into small umit cobes; each edge of
which i51 inch, each layer will contain 4 x 5
cubie inches; and as'there are 3 layers the
entire solid will contain 3 x 4 x 5 (or 60)
cubic inches.

Hence, in order to determine the volume
of a rectangular solid, instead of cutting the
solid up into little cubes, and counting them,
we substitute the less labor of making linear
measnrements of the three edges, and taking

the product of the length by the breadth by the thickness.

179. I. Cubic Measure in general.

CUBIC MEASURE:
798 eubic inches (&u.in.) 1 cubie foot (cu. ft.).
27 cu. ft. 1 cubic yard (cu. yd.).

180. TI. Wood Measure.—In measuring wood the cord
is the primary unit
used. A cord is a
pile of wood 8 feet
long, 4 feet wide, and
4 feet ||i},"h. A cord
foot is that part of a
cord which is 1 foot

long.

WOOD MEASURE.
16 cubie feet 1 cord foot.
8 cord feet 1 cord.

Or 128 cubic feet 1 cord.

MEASURES OF VOLUME AND CAPACITY.

EXERCISE 73.
Reduce:

1. 2 cu.jyds. 5 cu. ft. 200 cu. in. to cu. in.

2. & cu, yds. 20 cu. ft. to cu. ft.

3. ed. 4 ed. ft. to cu. ft.

4. 3 edl 5 ed. ft. 10 cu. ft. to cu. ft.

Reduce to higher denominations:

4. 166413 cu. in. | 6. 2046 cu, ft. | 7. 3455 en. fi.

§. How many cubic yards in a cord? How many cords
in 432 cu. yds.? :

9. Measure the edges of a crayon box and compute its
volume.

10. How many cords in a_pile of wood ywhose dimensions
are 6, 10 and 32 feet?

EXERCISE 74.
ORATL.
/. How many cu. in. in half a eubic foot? Tn$en.ft.? In 2 cn f1.2
ZoHow many cu. ft. in § cu. yd.? In 3cu. yde? In 2% cu yds?

}
S. How many cu. ft. in 3 cord? In ) cord? In 2 cord?
» < - x

4. What is the volume of a box whose dimensions are 3, 5 and Glinches ?
Or another 4, 6 and 7 feet ?
6. What is the volume of a 3-in. cube? Of a 4-ft. cube?

6, What is the difference between a 5-in. cube and 5 cu. in.? Between
a 2-fi. cube and 2 cu. fi.?

181. Measure of Capacity.—For fluids and loose objects,
as grain, fruif, ete, it is found convenient to use other units
of volume or capacity, as the pint, gallon, bushel, ete., each
of which, however, can be expressed as a certain number of
cubic inches.

In dealing with such materials itis usually not convenient
to make linear measurements, and a given material is meas-
ured direetly by counting the number of times it will fill a
unit vessel. Wherever possible, however, the method of linear
measurements and of computations from these is to be pre-
ferred.
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182. 1. In Dry Measure the fundamental unit is
bushel, which contains 2150.42 cu. in.

DRY MEASURE.
2 pints (pt.) == 1 quart (ql.).
S gts 1 peck (pk.):
4 pks. 1 bushel (bu.):
183. 1I. In Liquid Measure the fundamental unit is the
gadlon, coptaining 251 cu. in.

LIQUID MEASURE.
4 gills (gi.) = 1 pint (pt.).
2 pts. 1 quart (qt.)-
4/qts. 1 gallon (gal.).
31} gals: 1 barrel (bbl)
63 gals. 1 hogshead (hhd.).
Barrels and hogshieads in common aise often vary greatly from thes tandard
8ize.
184. 11I. Apothecaries’ Fluid Measure.
60/ minims, ordrops (1) 1 fluid dram ({3
8 fluid drams Ifluid ounce (1 3
16 fluid ounces 1 pint (O).
8 fAuid Pin!i 1 gallon (Cong.).
A common glass or teacup contains 8 fluid ounces
What is called a tablespoonful contains about 4 a fluid ounce.
What is called @ teaspoonfud contains-about 3 afluid onnee,
EXERCISE 75.
Reduce to pints:
7. 5 bu. 3 pks. 6 gts. | 3. 2bbl 23 gal. 1 pt.
2 32 hbls. 2 gal. 3 gt. 1 pt- | 4. 10 bu. 2 pk. 6 gqt. 1 pt.
Reduce to quarts:
5. 8 bu. 2 pk. 5 qt. be 1. 18 gal. 3 qt.
Reduce to hicher denominations:
7. 894 ai. 9. 712 gqt. L-m. i1, 3291 ¢i.

4

8. 233 pt d.-m. 10, 319 pt. d.-m. | 12, 1629 pt. d.-m.

MEASURES OF VOLUME AND CAPACITY, 173

Z3. How many cu. in. in a standard barrel? In 5 bushels?

4. How many cu. ft. in 12 bushels?

I5. How many cu. in. in a dry qf.? 1In a liquid qt. ?

16. How many gallons have the same capacity as one
bushel ?

77. What will be the cost of 5 gal. 3 qi. 1 pt. of vinegar at
1 cents a pt. ? ‘

18. What will 10 bu. 3 pk. 6 gt. of grain cost at 3 cents a qt.?

19, How much milk at a ecent a gill must be given in ex-

change for 2 bu. 1 pk. 5 qt. of grass seed at 10 cents a pt.?

EXERCISE 76.
ORAL
How many :

1. Pints in a gallon? JIn a peck? . In.a bushel?
2 Quarts in a bushel? Jno al el?  In 4 gal. §
(Gallons in 36 qts.?2 In4d8 qts.? In3 bbl.?

. Bushels in 12 pk.2 Ton 64qt.?7 In 64 pk.?

. What part of a gallon isaqt.? A pt?

. What part of a bushel is a pk.2 A qt.?

.. Which is greater, a dry pint ¢r a liquid pint?
MEASURES OF VALUE.

185. Units of money are unit quantities of the precious
metals, a8 gold and silver, which are used to measure the
values of things.

Coin is the actual metal itself as weighed, shaped, and
stamped by the government to form single units orcombina-
tions of umits of value.

Paper money consists of engraved and-printed promises
to pay a certain number of units of ¢oin to the bearer.

Currency is a general name for both coin amd-paper money.

1S6. 1. In United States money the primary unit is'the
gold dollar.

10 mills 1 cent (ct. or #).
10 cents 1 dime (d.).

10 dimes 1 t]uH.!l“S).

10 dollars 1 eagle.
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The coins in use in the United States are as follows:

Bronze : the cent.

Nickel : the five-cent piece:

Silver : the dime; quarter dollar, half dollar, and doilar.

Gold - }the dollar, quarter eagle, half eagle, eagle, and double eagle-

187. II. In English money the fundamental unit is 1
pound, whose value in United States money is $4.8665.
4 farthings (far.) = 1 penny (d.).
12 pence - 1 shilling (8.)-
20 shillings — 1 pound (£).
21 shillings — 1 guinea (G.).
The coins used in Great Britain are as follows:
Copper = penny, half-penny, farthing.
Silrer - three pence, six pence, shilling, florin (2a.), double florin (4 8.,
half-crown (23 s.), crown (5.

Gold + half-sovereign (10 s.), sovereign (20 8. ).

EXERCISE 77. ™
Reduce to farthings:
1. 68,9.d. 2 far. 15 3. £16.155. 8 d. 3 fan.
£107 /3 d Xfar N\ 4 £73 135 7 d. 3 far
Reduce to higher denominafions :
5. 728 cents. 8. 608 d. | 11. 8493 far.
lr’: 3452 cents. 9. 755 far. 12, 9614 far.

3

7. 605 far. 10. 3573 far. 13. 15987 far.

Find the value in U, S. money of :
74 £13. | 16. £10 6 s. 181 £5.8.
75. 15 8. 17. £65 18 8. 6 d. 19. £345.

Find the value in English money of:
20. $486.:65. || 21, $116.796. | 22 8583.98. | 23. $47.6917.

EXERCISE 78.
ORAL.

T 3 o 0 P
7. How many cents in $3? In $17? In$3?2 In$z? In $:? In$b
‘ Qa1

2. What part of a dollar is 10 cts.? 20 cts.? 33} cta.? 374 cts. ?

cts.? 663 cts.? 60cts. 1 .
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3. How many shillings in 36 .2 In £5? In 8 guineas?
4. How many farthingsin 8 d.? In 1 shilling? In £1? In 3crowns?
5. What part of a pound isa crown? Of $5 i3 50 cents ?

6. How many pence in 38 3d.? Tua pound?

188. I11. In French money the unit is the franc, the vilue
of which in U. S. money is $0.193.
100 centimes (e.) 1 frane (f).
In Belgium and Switzerland the unit of money is also the franc. In

Italy it is the lira, in Spain the peseta, each of which has the same value
as the franc

189. IV. In German money the unit is the mark, the
value of which in U. S. money is $0.238.
100 pfennige (pf.) 1 mark (m.).

In Austria the unit of money is the crown, the value of which is
$0.203.

EXERCISE 79.
Reduce to dollars:
7. 200 francs. 5. 60 francs 45 centimes,
155 marks. | 4. 9265 marks
Change to French money and to German money:
| 6. $125.45. | 7. $976.80.
S. A ]':Lil‘ of eloves cost 12 franes in Paris.  How much was
that in U, S. money?
9. A boek sold for 32 marks in! Berlin.  What ‘was its
equivdalent in American money ?

MEASURES OF TIME,

190. The primary unit of time is the mean solar day.
This is the average or mean interval betsyeen two sucecessive
passages of the sun across the same meridian. It is cus-
tomary to make the day at any place begin at midnight.

Another natural unit of time is the solar year, or the time it takes the
earth to make a single revolution about the sun.
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TABLE OF TIME.

60 seconds (sec.)
60-minuies
24 hours
o665 (l;x‘\'s
A66 days
100 years
7 days make one week;

1 minute (min.).
1 hour (h.).
1/ day (da.).
1 cornmon year (yr.).
I leap year.
L century (een.).
{ weeks make one month for many

purposes. 50 days 1 month for eértain  purposes.

191. The calendar. /The solar year is divided into twelve
months called calendar months. The names of. these months
with the number of \days in each are as follows:

Days

1. January (Jan). 5 7 Jualy . 4| - s Bl v o = SEEEE
2. February (Feb. £t ¢ S Aggust (Ang ). . - - - - 31
8. March (Mar. . - 3 9. September (Sept.) - . . . - 30
4 ;\pril (Apr.). "« - . . 30110. October (Ock) . . « - - . 31
G.May . R “ 3 17 November (Nov.) . . . . « 30

ENJIme 4 [ | H e . . 307 12 December (Dec.). . - - el

A
r
il

The ¢alendar year begins with January 1.~ The calendar year is also
divided into“d .seasons of three months: each
[he following limes, if committed fo memory, will enable the pupil to

recall readily the number of days in each calendar month:

Thirty days hath September,
April, June, and November

Al the rest have thirty-one;
Exespt the second month alone,
To which we twenty-cight

Till leap year gives it twentv-nine.

The explanation of the fact that February sometimes has 28 days and
sometimes 29 days iz as follows : The exact Jeneth of the solar yearis 865
dvs. 5 hrs. 48 min. and48 sec., whieh is a little less than 265} days. IS
convenient to have each caléndar year contain an exact number of days:
Thic end is obtained by having three years in suceession each containing
365 days (called common years), followed by a fourth year containing 366
days (ealled a leap year). Qince. however, the true or solar year is a little

less than 365} days, it is necessary o omit 3 leap years in every 400 years,
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in order to keep an exact correspondence between the average calendar year
and the solar year. This is done by regarding only those century years
hich are divisible by four hundred as leap years

Thus the years 1700, 1800, 1900 are not leap years, but 2000 is a leap
vear,

EXERCISE 80.

Reduce to minutes:
1. 4 da. 17 hr. 50 min. 3. 2 yr. 175 da. 18 hr. 40 min.
2 1 yr. 250 da. 6 hr. 30 min. | 4. 5 yr. 60 da. 9 hr. 51 min,

Reduce to seconds:
220 da. 25 min. 45 sec. 6. 315 da. 21 hr. 35 sec.
sduce to higher denominations:
57330 sec. ‘ 9. 64240 hur. 11, 1052348 min.
93324 min. | 0. 128140 sec. | | 22, 86215 hrs.
73 How many seconds in 4 wk. 5 da. 17 hr. 30 sec.?

)

7. How many hoursin 41 wk. 6 da. 21 hr. ?

How many days from:

15. May 1 to July 1872 19. Aug. 16 to Feb. 202
June 2 to Dec. 157 20. Mar. 7 to Jan. 17 ?
.lul_v 19 to Dee. 257 21, Apr. 14 to. Oet. 157
Nov. 21 to Feb. 14? 22. Apr. 23 to Feb. 2

2% Which has the least number of days, the spring months
tne summer months, or the fall months?

EXERCISE 81,
ORAL.
2 How many days in 6 weeks? In 96 hours? In3 years?
> How many hours in 3 days? In 480 minutes? In 2 weeks?
2. Whiechhas the greater number-of .days, summer or winter of 19047
4. Which of the following yeard are leap years, and why?
1775, 1805, 1826, 1836, 1866, 1884, 1808, 3000,

1690, 2001, 1640, 1920, 1970, 1954, 1900, 3456.

5. What improvements could you suggest in the distribution of days in

the calendar?

10
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6. Why is the extra day in Jeap year added to February and not to some
other month ?

7. How long-is the day when the sun rises at 7 a.m. and sets at 4 p. m. ?
How long; when it rises at 4 a. m. and sets at 7 p. m.?

8. What instant is the exact middle of the week? Of July? Of No-

vember ?

CIRCULAR AND ANGULAR MEASURE. LONGITUDE.

192. A circle 'is'a plane figure bounded by a curved line,

every point of which is equidistant from a-point within called
the center.

The circumference is the line which

bounds the circle. A guadrant is one

of the four equal parts into which a

circumference is divided. Thus;if B¢

is. one-fourth of /the circumference

ACBD, it is called\a quadrant. The

angle-B0OCis then a right angle. 'Each

quadrant is subdiyided into 90 eqgual
parts called degrees.

An angle/ is the amount of opening between two lines
which meet, as COP; or POB.

TABLE OF CIRCULAR MEASURE
60 geconds () =1 minute ().
A0 minutes 1 degree (°).
360 degrees 1 ‘eircamference (c.).

The angle at the center of a circle is regarded as containing
the same number of degrees as the part of the circumference
(are) corresponding to it. Thus, if the arc PB contains 137,
the angle POR is also spoken of as an angle of 137, Hence,
a right angle, which eorresponds fo-a quadrant, contains 90°.

193. L.ongitude.—Each great circle on the surface of the
earth. as, for instance, the equator,,is divided into 360 degrees.
A degree of the earth’s equator is called a degree of longitude.
2 of a degree of longitude is called a geographical unit or knot.
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Longitude is measured east or west from a fixed point or
meridian (usually the meridian of Greenwich).

EXERCISE 82.
Reduce to seconds:
1. 35° 17" 25”. 3. 205° 107 40”.
2. 150° 50". | 4. 330° 3’ 6”.
Reduce to higher denominations:
5. 21026". | 6. 270040”. | 7. 398234".
8. What part of the circumference is 30°? 4572 60°?
90°? 120°%2 150°2 225°? 300°7?  330°7
9. What part of a semi-circumference is 30°2 60°? 45°7
90°2 120°? 13582, 150°?
i0. Between two cities the longitude is 3° 47" 15”. How
many seconds are they apart ?
11, If the earth’s equator contains 24902.302 miles, how
many miles in a degree? In 17?
I2:;How many miles in one geographical mile (1" on
equator) ?
ORAL.
I. How many minutes in 5°7 In 80°7% In 360777
. What is the difference between a quadrant and a right angle? How
manv degreex'in 3 right angles? In § rt. angles? In 4 rtiangle? Tn'd rt,

angle? In i rt. angle? In § rt. angles? S ;)"/‘
\S ~6T
MISOELLANEOUS UNITS. /"
194. I. Longths. .

4 inches = 1 hand. ! 6 feet = 1 fathom.

9 inches = 1 span. 120 fathoms 1 cable length.
3feet. =1 pace

.\

195, JTL. Numbers in General. |  IIl. Sheets of Paper.
12 units 1 dozen (doz.). 24 sheets 1 gquire,
12 dozen = 1 gross, 20 quires ] ream.

12 gross great gross. 2 reams 1 bundle.

20 units = score, 5 bundles = 1 bale.
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196. Capacity determined by Weight.—It is often more con-
venient to determine the number of bushels, or barrels, in a large quantity
of material by weight than by direct measurement.

Some of the'different equivalents yary in different states, but the follow-
iz are’ representative :

I bush. of wheat 60'1bs.~ {1 bush. of barley 48 Ibs,

1 bush: of potatoes 60 1bs! 1 bush.of cats 32 lbs.

1 bush. of beans 60 1bs \ | 1 bush, of coarse salt 856 Ths.

1 bush. of clover-seed 60 Ihs. = 1 bhl. of flour 196 s,

1/ bush. of shelled corn = 56 1bs. 1 bbl. of pork or beef 200 Ihs.

1 bush, of rye 56 Tbs. /| 1 cental of grain 100 1bs.

EXERCISE 83.

2

1. How many fathoms in a mile? How many paces?

)

2, 'How many feet in 16, hands? In'5 spanst
fathoms ?

3. For what, and by whom, are the following units used -
hand, span, fathom, dozen, score, quire, league?

4. How many pounds does a peck of/ wheat weigh? A
peck of oats? Of corn?’ A qguart of  oats? 4 quarils ol
wheat ?

5. How many units’in 1 great gross? How many dozens
in 9 scores?

6. Bought.eggs at 45 cents a score and sold them at 50 cents
a dozen. What is the gain on a great gross?

7.+ A box-of peneils econtains } gross.. How many pencils
in' a'score of hoxes? In 5 dozen boxes?

8. How many sheets of paper in Iream? In one bundle?

9 Reduce 17904 sheets to hicher denominations.

70. A dealer bought a bale of paper @ 30 cents a quire
sold it by the sheet so asto make $52 ) Find theyrate of
per sheet.

77. How many bushels of wheat worth 1% cents per pound

would equal in value 27 bbl: flour @ 2% cents a pound ?
2. What part of the weight of a bushel of corn is the

weight of a bushel of oats?
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73 Which is heaviest, 7 bu. barley, 5} bu. wheat, 10 bu.
oats, or 5% bu. rye? What is the combined value of the lot

at a cent and a half a ]nv'.,llni ?
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197. I. Reduction Ascending and Descending.—These
processes have been considered in connection with the indi-
vidual tables, but they may be conveniently renewed in con-
nection with the following exercise of miscellaneous examples.

EXERCISE 84. /
REVIEW. . pl ¢

Reduce: . p
1.5 ewt. 46 1b. 12 oz to ounces.
3% yr. 261 da. 19hr 51 min. to minutes.
L9 mi. 100 rds. 4 yds. 21t 8 in. to inches
s 8% 447 1977 to seconds.
513 A, 75 sq. rds. 14 sq.yds.7 sq. fi, to square feet.
> 19 ba. 3 bun. 1 r. 17 qu. 15 sh. to sheets.
7.4 19 cwt. 56 1b. to pounds.
43 da. 15 hr. 14 min. 55 sec. to seconds.
9. 25 bu. 3 pk. 6 qt- 1 pt. to pints.
. 7 bbli 14 gal. 3qt. 1 pt. to pints
PI3on. vd. 18 cu. ft. 560 cu. in. to cubic inches,
72 5 A. 104 sq. rd. 26 sq. yd. to square yands.
75 135 rd. 3 yd. 1 ft- 11 in. to-inches
14 71b.9 oz. 15 pwt. 10 gr. to grains.
75,1 mi. 141 rdd ydi 2 fi. 9 in. to inches:
75.91b.7 25329 16 gr- to orains.
Change to higher denominations:
17. 17058 L 1 23. 44456 gr. Ap.
. 165011 8q. yds. 24. 175036 cu. in.
2534020 oz. Av. 28, 23972877,
.. 565 pts. d.-m. 25, 51764 gr. T.
. 1334380 sec. £7. 60855 in.
2. 2441 pt=. L-m. °8. 399971 sq. ft.
29. How many pills of 2 gr. each can be made from 21b. 63332

of guinine
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~ %0. How many times will a wagon-wheel 12 ft. 10 in. in circumference,
revolyve in going 4 mi. 50 rds.?
31. How longy working 8 hrs. a day, will it require to count $1000000 at
the rate of $50 a minute?
- How many half-gill ink wellscan be filled from 7 gallons of ink?

33. If the income from a stord averages 5 cents a minute, what will it
amonunt to during the three summer months ?

%% Sound travels about 1100 feet per gecond,” How far away was a flash
of lightning when the sound of the thunder reached me 63 sec. later than
I saw the flash ?

85. A farm 230 rds. long and 180 rds. wide is worth a cent per. sq. yd.
What is its total value?

36. From 3 T. 18 eéwt. of grain a dealer sells sacks containing 16 Ibs.
4 oz How many suoch sacks will there be?

37, [If the grain in the last example were oats; and the sacks eontained
1 bushel 2 pecks'4 quarts each, how many would there be?

198. II. In the addition of compound numbers it is
necessary to set similar wnits in the same column ; add each
column, beginning. at theright ; simplify-the sum of each ecolwmn
fy reduction ascending.

Ex. 1./Add; hrs. min.

15 22

17 48

17

4] S

1yr. 3 13 1 35

ExPLAXATION.—The sum of the minutes is 95, which redaces to 1 houi
and 35 minutes. - We set down the 35 min. and add 1 hr. with the hrs.
column. The sum of the hours is 49, which reduces to 2 das. and 1 hr,
We set down the 1 hr. and carry the 2 das. to the column of das. Proceed:
ing in like manner, the entire sum is 1 yr. 3 mos. 13 das. 1 hr. 35 min.

Ex. 2. Add: mi. rds; yuds. ft

s - » > A 5 o

This process is the same asin Ex. 1, 1 l-‘l) -
12 18 1

0

0

except that the ¥ yd. obtained as part of
the sum of the yds. column is reduced
to 1 ft. 6 in. and added with the ft. and
in.
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EXERCISE 85.
.‘\ii(]i
5 ewt. 81 1bs. 14 oz | 2. T yr. 123 da. 9 hr. 17 min.
9 cwt. 70 1bs. 8 oz. | 3 yr. 96 da. 13 hr. 44 min.
4 cwt. 97 1bs. 12 oz. | 5 yr. 215 da. 21 hr. 52 min.
S 4.

oz. pwt. g 3
10 18
4 13

{

(G

Sere e far. cue yd. cu. ft

10 6 1 T 20

15 11 3 S 19
10 13

Ay O

o O 0

16
20

mi.
10

90
o0

28 < i 95
1, 239" D - : S2 o 3
22190 - ' 10 150 _ 11 4 17

72, 7 T. 5iewt. 63 1b./4 oz; 10 T. 16 cwt. 90.1b.13 oz ;17 T.
B ewt. 48 1b. 9 oz.; 8 T. 14 cwt. 56 1b. 10 oz.

72. 8 mi. 156 rd. 4 yd. 2 ft. 6 in.; 7 mi. 97 rd. 8 yd. 10.in.;
i, 2yd. 1 ft. 9in.; 296rd. 4 yd. 2 ft.; 3 mi. 4 yd. 2 fi. S in.

78.45 yr. 153 da. 9 min. 59 sec.; 24 yr. 260 da. 8 hr, 45 sec. ;
970 da. 15 hr. 58 min.; 13 yr. 21 hr. 43 min. 28 sec.; 60 da.
55 min.

7). 93° 14’ 157; 68° 23" 44”; 132 46/ 35”; 9° V' 7"

5. 1 A.30sq. yd. 5 sq. ft. 112 sq. in.; 9 A. 80 sq. vd. 7 gq. ft.
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38 sq. in.; 31 A. 136 sq. rd. 8 sq. fi. 100 sq. in.; 79 &q. rd. 47
(. in.
16. 71b. 937329 16 gr.;8lb. 539 ¢gr.; 83533 19; 30

7 :
Ib. 11 349 11 gr.

199. IIl. Subtraction of compound numbers.

05

Hx. From bmi. 32 rds. 4 yds. 24t
Subtract 3mi; 125 rds. 5 yds. 1 ft.
OPERATION. EXPLANATION.

mi. rds. yds. fi We write similar unitsiin the same column,

32 and begin with the right-hand colomn. 1 ft.

-4
125 5
12261 4%

5]
4 . a1 - -
from /2 ft. leaves 1 ft.; 5 yds is more than 4

i
]l 42 vds.; hence, it is necessary to borrow 1 rd. (or
O

- - 5k vds) from 32 rds. Adding 53 yds. to 4 yds,,
Shit 7> S ) g 02 ) 3
1| 226 4 Z ban,

we get 91 yds. 3 b yds. subtracted from 84 yds.
Jeayes 43 yds. Similarly, we borrow 1auile, or 320 rds., from 5 miles, and
add it to 31 rds,, and then subtract 125 rds. from 351 0ds, giving 226 rds.
25/a remainder. “ Hence, we obtain, 1 mi. 226 rds/ 4} yds. 1 ft. as the differ-
ence; it is necessary; however, to-reduce ¥ yd. to 1.{t.6 in. to get the result
in'the most convenient shape, which gives as a final result

bomi. 226.rds. 4 yds. 2 ft. 6 in.

20). Difference between Two Dates. —1In finding the in-
tervil of tinie between two dates; 30 days are usually reckoned
as 1 month, and 12 months as 1 year. If hours are in luded,
the reckoning is made to begin at 12 o’clock midnight.

Ex. How many years, months, and days between Oct. 19,
1895, and-June 6, 1898 ?

YIS, s das.
]'Q{n_\ 5 6
1395

9

EXERCISE
Subtract:

1. >,
bbl. gal. : : T. ewt. 1b.
9 24 2 s 11 47
1 19 3 4 15 50

OPERAFFONS WITH COMPOUND NUMBERS.

4. a.

u. ft. cu. in. gal. qt. pt.

14 328 2 2 0

23 I 18 3 i

A 8q. in.
46
125

mi. rd. yd. fioin.
180 f d ) i 120 251 () 2 0

76° 3t 48" 125° S9 300 4 2 9

$4~From 7 bbl. 9 gal. 1 qt. take < “95 gal1 pt. 2 g
13, From 99 mi. 4 yd. 6 in. take 50 mi. 166 rd. 5 yd. 2 ft. 10in.
o1 From 83 A. 115 sq. xd. take 76 A. 139 gq. rd. 2
118 5q. in.
75. From 17 T. take 3 T. 16 cwt. 49 1b. 15 oz.
F4 From 360° take 315° 467 50”.
# From the sumof 9 mi. 4 yd. 2 ft. 8 inshnd 153ui. 150 rd.
1 {t. 10 in. take 25 mi. 275 rd. 5 vd. 2 it. 11 in.
8. From the difference between 5 “A. and 85 gq. nd. 19

|

) 84 }'l].

gq. yd. 108 sq. in. take the sum of 1 A. 99 sq rd. 130 sq. 1.

=
12 A. 83 sq. rd. 19 sq. vd. 8 5q. ft. 11680 1.

HEE L
Find the difference in years, months, and days between the
f'.\lln\\'j_ihg ]y.i'lrr of dates.
1"'3'.’ Feb. 18—Nov. 30 | 20. Mch. 25—Dee. 5.
27 June 3. 1875—0ct. 15, 1879.
92 TFeb. 22, 1732—Deec. 14, 1799.
©3. Déc. 14 1834-<Jan/13{ 1858.
a7/ Dee.' b, 1870—June 23,1897.
5. Oet. 12, 1887—Aug. 9, 1892.
25, Apr. 30, 1817—Feb. 2, 1903.

7 Add to Aug. 25, 1900, 7 yrs. 4 mo. 15 da.
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2% When was a man born who died Oct. 18, 1875, aged
92 yrs. 11 mo. 26 da.?

29. A man was born’ Jan. 23,1810, and lived 71 yrs. 3 mo.
94 da.~ What was the date of his death ?

0. Mr. Smith was born Nov. 8, 1850, and 'his son, Jan. 17,
1877 On what day is the son half as old as his father?
How old was each Jan. 1, 19017

901. TII. Multiplication of compound numbers.
Ex. If one lotiis 5 rds. 2 yds. 2 {t. wide, how wide are 7
lots?
OPERATION. EXPLANATION.
rds. yds. fr. We write the multiplier under the lowest

5 2 unit. of the multiplicand: ' 7 times 2 {t. are
= 14 fi, or 4 yds. and 2 ft. | We set down the
38 -{" B 92 ft. and reserve the 4/yds. to be added to the

O 10,

s - next product.
38 2 0 6 )

7' times!2 yds. gives 14 yds.; 14 yds. + 4 yds. = 18 yds., or 3 rds. and 1}

yds. We set down.1} yds. and add 3 rds. to the product of 5 rds by 7,
obtaining 33 rds. + 3 rds., or 38 rds. | Hencey,the product in its first form is
38 rds, 1dyds/ 2 ft, Reducing' } yd. to 1ft. 6 in., this result simplifies into
38 rds. 2 yds. 0'4L.6 in.

EXERCISE 87.

Multiply :
7. £815 5.9 d. 3 far. by 6.
2 1 T. 13 ewt.'95 1b. 12 0z. by 5.

.3 qt. 1 pt. 2 gi. by 3.

a. 19 hr. 25 min. 40 see. by 8.

3139 9er. by 13

yd. 2/t. 8'in. by 10.

9 mi. 156 rd. 2 ft. 10 in. by 15.
8 A. 125 sq. rd. 26 sq. yd. 7 sq. ft. 131 sq. in. by 9.
12 A. 130 sq. rd. 18 sq. yd. 5 sq. fi. 85 sq. in, by 7

Ao <o
0D o N

. 7° 17 45" by 15. | 11 82bu.3 pk.7 qt- 1 pt. by 13.
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12. Tf a dealer cart 27 T. 5 ewt. 85 lb. of coal one day, how
much will he cart in 3 weeks?

73. If a farmer plow 3 A. 107 =q. rd. 3 sq. yd. 5 sq. ft. in
one day, how much will he plow in 8 days?

14. A certair® coil of wire contains 280 rds. 4 yd. 11t. 3 in.,
how mnuch will 25 such coils contain ?

902. IV. The division of compound numbers may be of
two kinds:
(1) The division of a compound number by an abstract
number. that is, into a number of equal parts;
(2) The division of one compound number by another
(‘umIm!lu'[. 'I((/H}" A
Ex. 1. Divide 52 gal. 3 qt. 1 pt. by 9,
SOLUTION. EX®LANATION,
We write the divisor to the left and divide the
2L highest denomination first. 9 is contained in 52 gals.
5 times, with n remainder of 7 gal. We set down the
5 and convert the 7 gals. into quarts, giving 28 qts,
28 qis. + 3 gt 31 qts. 9 is contained in 31 gfs. 3 times, with a remain-
derof 4 qts.  We set down the 3 and convert 4 gis into 8 pts. S pis. + 1
pt. 9pls. Ois contained in 9 pts, once Henee, the quotient i8 5 gals.
3 qts. Lpt.
Ex. 2. Divide 56 1bs. 9 0z. 12 pwt. by 9 1bs. 5 oz. 12 pwt
Reducing each compound number (o the same lowest denomination.
56 1b. 9 oz 12 pwt. 13632 pwt.
49 1b. H0z.12 pwt. 2272 pwi
9272)13632(6, Quotient.
13632

EXERCISE 88.
Divide :
! 69 bu. 3 pks5 qt. [1'pt. by 5.
® 14 yr. 128'da. 20 hr."34 min/ 44 sec. by 4.
2 59T 4 cwt. 931b. 100z by6. | 4. 228gal.1qt. 1 gi. by 15.
. 43 mi. 11 rd. 3 yd. 2 fi. 2in. by 8.
;. 90 mi. 186 rd. 4 yd. 1 ft. 9.in. by 1L
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3 sq. rd. 13 5q. yd. 6 sq. ft. 107 sq. in. by 7.
5 8q, rd..8 5q. yd. 8 sq. ft. 108 sq. in. |
36323 dlgr hyd3.
70. From a bin of grain containing 325 bu. 3 pk. 7 qt., how
many sacks may be filled, each holding1 bu. 3 pk. 5 qt.?
11. From-a lot of wine amounting to 16 bbl. 2 gal. 1 qt,,
Fottles 'containing, 3 qt- 1 pt. 2 'gi. are filled.\ How many are
there 2

72 If a lumberman get out 3 ed. 7 cusft. 712 cu. in. of
wood a day, how many days will he require o prepare 55 ed.
5 eu. ft. 720 cu. in.?

12 A farm contdining 92 A50 sq. rd. T4 sq. yd. is divided
inta house lots, each having an arex of 20 sq. rd. 15 sq. yd. 5
sq. ft. How many will there be ?

7% Alad walks 2 mi. 275 rd. 4 yd. an hour; how Jlong willat
take him to walk i yd. 13/f1.%

15. How. many-prescriptions, each weighing 152 9 10 gr.,
cana druggistimake from 7 1b: 51 = 2.93/8 gr. of quinine?

16: If a nuggzet weighs 1 1b. 1 oz 1 pwt. 1

Z47
r., how many

2

o
similar nuggets will be required to weich 522 Ibs. 1 0z.7

APPLICATION TO LONGITUDE AND TIME.

903. Relation of Liongitude and Time.—The earth revolves
on its axis from West to, East once in every 24 hours. As a
result the sun appears.io go round the earth) from East to
West in the same time: Ience, if we take'a station on the
earth at a given place, at all places east of that place any
particular time, as noon, is earlier, since the sun arrives there
earlier; atiall places)to the ywest time.is later, since the sun
arrives there later.

Since the sun passes over S6( 1° of longitude in 24 hours, in

1 hour it passes over of 860°. or 15% of longitude. In 1
minute of time it passes over g5 of 152, or 15" of longitude;

in 1 second of time it passes over 1. of 157 or 15" of longitude.

\PPLICATION TO LONGITUDE AND TIME.,

Stating these relations as a table:
15° of longitude =1 hour of time.
15" of longitude = 1 minute of time.
15" of longitude 1 second of time.

By means of this table, if we know the difference of longi-
tude between two places, we may determine this difference in
time - and. vice versa, if we know their difference in time, we
may determine their difference in longitude.

In an old, well-settled country, of which maps have been made, the
former relation is likely to be of use to the traveler, since he can obtain the
difference in longitude between two places from a map or table, and then
compute the difference in time. On the other hand, in exploring a new
country, the difference in time between places is known by the aid of chro-
nometers, and it is necessary to determine the difference in longitude in
order to make a map of the country, to determine distances in miles between
places, etc.

EXERCISE 89.

ORAL.

7."On what and from what is latitude reckoned ?

On what and from what is longitude re koned?

8. What is the greatest latitude a place may haye? Where is'that
4. What is the greatest longitude a place may have?

5. What is thelJeast latitude a place may have? W here are such places?
6. What is the least longitude a place may have? Where are such
piaces?

7. What point ou'the earth has neither latitude nor fongitude?

$. What elass of men use latitude and lonwitude the most? | Foriwhat
do they use it?

9. What difference in longitude corresponds to a difference in time of
3 hours? Of 5 hours? Of 2 hrs. 3 min.? Of 40 min.? Of 50 min. ?
Of 1 hen10 mim? 1 Of 30 sec.? 1 Of 10 min. 40 gee.?

70, \What difierence in time corresponds toa difference in longitude of
30°? OFf 60°2 Of 4572 Of 1°807? Of 2° 3077 Of4°307? Of 75°7
Of 135°7?

17. Tn which direction is the earth revolving on its axis? Which direc-
tion does the sun appear to be moving?

72. When it is noon at Chicago, is it roorning or afterncon at Boston?
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At Denver? At New York? At Omaha? At San Francisco? At Lon-
don? At Paris? At-Washington, D. C.? At Galveston? At St. Louis?
At Montreal? At Havana? | At your home?

3. Arrange the places of Example 12 in a column, putting the city at
which the sun rises first at the top and the city at which the sun rises Jast
at the bottom, and the rest in order betyeen:

204. I. Given the difference in time of two places to
determine their difference in longitude.

Ex. The differencelof time between Boston and Washington
is 23 min. 47 sec.; What is the difference of' longitude?

SoLuTION.

23 min. difference in time corresponds to 15! x 23,
or 5> 45 difference in longitude,

47 seel difference in time corresponds to 157 x 47,
or- 11! 450 difference in longitude,

Adding, 5% 45!

117 45"
_»'r at/’ »15;’. Difference in 7:./.-{}'(_%"{;‘_

905. 1I. Given the difference in longitude of two
places, to determine the difference of time.

Ex. The/difference in longitude between New York and San
Francisco is 48°23L. 45!~ Find the difference in time.

SOLUTION.
= . - 48
48° difference in longitude corresponds to 15 hr.,
3 ]
or 3 hr. 12 min, difference in time.
- : 5 .
93r difference in longitude corresponds to T min.,
9
or 1 min. 32 sec, difference in time.
45" difference in lon 1e corresponds to :_' 50C.,
1 )
or 3 sec. difference in time.
Adding 3 hr. 12 min., 1 min. 32/sec., and.3 sec.,
we obtain 3 hr. 13 min. 35 seo., Difference i ne.

If two places are both in east longitude, or both in west longitude, sub-
tract in order to get their difference of longitude ; if one is in east, the
other in west longitude, add their longitudesin order to get the difference

in longitude.
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EXERCISE 90.
Determine the difference of longitude, having given the
difference of time, as follows:

1. 1 hr. 25 min. 10 sec. 3. 7 hr. 55 min. 49 sec.

4. 9 hr. 31 min. 59 sec.

2. 5 hr. 0 min. 42 seec.
Find the difference of time between two places when the

difference of longitude is as follows:

3° 10/, ' 7. 12° 7" 45",

-4
5. T7° 40" 15", | g 69° 33730

The difference of time hetween New York and Paris is
5 hr. 5 min. 20 sec. What is the difference of longitude?
At swhich city is it noon first?

70. The difference of time between Canton, China, and
Cincinnati is 10 hr. 49 min. 52 sec. What is the difference
of longitude?

7Z. The difference of longitude between two cities is 42°
89307 what is the difference in time? When it is noon at the
Western city, what is the time at the Eastern? Whenait is
10 A. m. at the Eastern city, what time is it at the Western 2

72. When it is noon at the western of two pointg, whose
difference of longitude is 75° 4’ 45", what is the time at the
other? When it is 6.30 p. ». at the Eastern city, what is the
time at the other?

73 When' it 13 12 olclock ‘ut San Franciseo, it i3 ‘2| hr.
H8 min. 23§ Sec. p. M. at Rochester. "hatis the'difference of
Jo.)ll'gitlltlc‘ 7

1\72, A ship’s chronometer set at Greenwich points to 8 hr.

14 min. 56:8ec. p. M. when,the sun is on the meridian. What
15 the longitude of'the ship?

75. Longitude of Galveston is 94° 46 34”7 W. and of Mobile
388° 1719 W. When it is 10 A. ». at Mobile, what time is
it at Galveston ?

76. When it isnoon at San Francisco (long. 122° 26" 45" W.)
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it is 3 lir. 9 min. 7 sec. p.3. at Philadelphia. What is the
longitude of Philadelphia?
[\'n’rF' —First find difference of longitude. |
_Chicago is in long: 87° 37 30“ W. and Calcntfa is 88°
'\ ‘_’,L’ 1'” [ At7 p.a in Chicago what is the time in Calcutta?
AL () Aar in Caleutta, what is the time in\Chicago ?
/ @ \\ hn it is S hr 12 min. 48 sec. A M. at Jerusalem (long
857 ¢ 32 B.) itis 6 -a. m. at-Paris. . F m«l long: of Paris.
,/' /’ 19. \\lnn it-is/moon at-Rome (long) 122 27157 E.) it 18
77 hr. 20 min. 59 seé. po 3. in/Manila Bay. What is the longi-
tude of Manila Bay?
4 fl;’l The lun_:itmiw af St. .]H:s'ph 15 1097 ¢ 44”7 W. and of
L Canton is 113°/14” 12 B.. What'is| fheir difference of longi-
tll_d(j 2/ Of time ?
) The difference of time Between St Paul (long. 93° 5°W.)
:md H van:a-s 42 min. 45 see.. What is(Hayana’s ]nn-fltmh
22 Thedifference oftime ‘w tween Boston (long. 71°3 “SUEW.
and Stockholm is 5 hr<f6 min:28 see., Find long. of .\l«u‘kln)]m.

9206. Standard Time.—5Since 15

|
|

A
“

MAP BHOWING
STANDARD TIMIT

90° Groonwich

|

nt' longitude correspond

)
to 1 hour 6f/time, it /has been found convenient to divide the

territory of a-eountry into belts 15° wide, the time in each

belt being determined by a meridian approximate 1y central
suthe belt. Time determined in this way is called Standard

or Railway time. The standard meridians in the United
Satesmnd Canadaare the 75th, 90thy 105th, and 120th-(west
from Gireenwich), and the corresponding belts aresaid fo have
Eastern, Central, Mountain, and Pacific fime. Standard ‘\mw
in the eastern part of a belt may thus be as muc hasah

hour ahead of true local time; and in the western part of a
belt may bea half hou - Behind. / Travelers in passing from
one belt to another must change their time by one hour

The boundaries of belts have been made somewhat irre '_:Ul,x!,
owing to the eonficuration of the country, local conveniences,
ete. On the opposite pageis & map showing the standard time
belts in the United States.
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COMMON FRACTIONS AND DENOMINATE NUMBERS.

207. T. To reduce a fraction of a denominate unit to
lower units.

Ex. 1. Reduce % mile to lower units.
SoLUTION.

3 of ‘a mi.— 3 x 320 rods. = 218} rds.
3 1A yds. 12\ wds.

3 of a rd.
Eof ayd. = § x 31t = 2% 1t
k of aft. = 6 in.

Hence, we have 213 rds 1 yd, 2 fi. 6 in., Resull.

Or the work may be expressed as an example in diyision.

OPERATION,
ft. in
0 0
2 6, Hesull.

908, II. To express a denominate number as a fraction
of a Higher unit.
Ex. 1. Express 2/ft. 8 in.as the fraction of a yard.

SOLUTION.
o2ft. S m. 321n 1% vd
Or we may proceed as follows

8.in

909, Tt is sometimes required to express the fraction of
one unit as the fraction of a lower or higher unit.

Ex. 1. Reduce =15 vd. to a fraction of an‘inch

wigof 1 yd iy % 3:%:12; of 1'm L in., Reaull

Ex. 2. Reduce £ of a pint to a fraction of a gallon,

-pt 8 x } x}olagal g
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EXERCISE 91.
Reduce to lower denominations :
9.
10.
11.
12.
13. o day to min. i. vrk3ss mi. toin
L. o5 bu- to pts. 7. =135 yr- to hr.
15. M sq. rd. to'sq. in. 8 s bbl. to pt.
Reduce :
%94 hr. 30 min. to the fraction of a day.
20y 3 pk. 4 gt. 1 pt. to the fraction of a bushel.
2138 0z. 13 pwt. 8. gr. to 1b.
SEN948 rd. 4 yd. 2 .8 in. to mi.
2OV 47 sq. rd. 12 8q. yd: 2 sq. ft. 132 sq. in. to A.

5. ib. Ap.
cu. yd.
bu.

acre,

B Shie SEY s
PSR SR

=L

;
27 2qt. 1 pt. 2 gi. to gallons.
fl';

. 6.da. 17 hr. 16 min. 48 sec. to weeks.
28. 6 ewt. 43 1b. 9% oz. to ton.
Add:
28 ! ‘
Find the difference between:
81. 1% A. and § sq. rd. 823 mi. and §¥ rd

DECIMAIL FRACTIONS AND DENOMINATE NUMBERS.
910. 1. To reduce the decimal of a denominate unit to
lower units.
The method of this reduction is best shown by an example,

Ex. 'Express 0. 25 gal. as quarts ant pints.

SOLUTION.
0.425 pal. = 4 qt. x 0.425 = 1.7 qb
0.7qt. = 2pt. x 0.7 = 1.4 pte
1 qt. 1.4 pt., Resull.
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3 o i .
211. 1I. To express a denominate number as the
decimal of a higher unit.

Ex.Express 5 mo. 12 da..as the decimal of a year.,

SorLprioN.

‘ 12
12 da. = —ano. = 0M4ymo.

oll

R AT 5.4 =
0.4 my, = 5 yr. = 0.45 yr., Result.

EXERCISE 92,

Reduce to-integral values in lower denominations :
1. 875 wk. [ 5. 1842 mi. 9. .375 cu. yd

925/1b. T, 6. 1423 A 10, 046 mi.
83247, 7. 576 1b. Ap. 11. 45 bbl.
D70 bu. 8. L0813 vr. 12. 149 A.
Find.the value of 2.1285 months
What is'the sum of (14 1mi. and 26 td, ?
Whatris the difference botwet n .35 yr. and .48 mo.?
Reduce to the decimal of the next higher unit :
16,750,
17. 204 rd. 4 yd. 2 fi 20. 3 da. 22 h. 4 min. 48 sec.
18. 16 ewt.55 1b. 5 oz 2L 2 pko4qt. 13 pt.

! 19. 3 oz. 8 pwt. 12 or.

EXERCISE 93.

GENERAL.. ORAL.

1. What will a rod of wire cost at
el

a cent an inch ?
Bought a peck of nuts at 10 et. a pt. Find the cost,
3. A grocer paid 18 ct. a doz. for some eggs and sold them at 35 of. a
score. - What was_ his gain on each egz? "What was'his gain on a dozen ?
On a score?  On a handred ?

4. How many pint bottles can be filled
From 20 gallons?

5. I bought calico at half a cent ar
lar. Did I gain or lose?

from 25 half-gal. jars of wine?

1 inch, and sold it at 6 vards for a dol-
How much on a yard?
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6. A grocer buys tomatoes at 25 ct. a bushel and retails them at the rate
of 2 qts. for 5 cents. How mueh does he gain on a bushel ?
7. How many dozen in 7 score and 107

8. How many square inches on a surface 3 inches square? On one 8 in.
square? 2 ft square?

9. How many cubic inchesin a 4:in. cube? Tn a 6-in. cube? In a 1-ft.
cube? In half a cubic foot?

10. A dealer buys a half dozen saws at $30 a score. and sells them so as
to gain 50 cents apiece. What is the selling prie each?

71. How many feet in 17 fathoms? 28 fat

12. How many hands are equal to 6 ft.? To 74 ft.?

13. Which are the next 3 leap years? How do you tell the leap years?
Will 1926 be a leap year?

Z4. What was the first day in the 18th century? The last day? Which
century were you born in In which century is Dec., 1900? How many
leap years in the 20th centary ?

15. What is the greatest difference of longitude two places can have?
What 18 the lor de of your nearest city? Its latitude?

16. Which is heavier, a pound of gold or a pound of meat? An ounce
of 'which of these is the heavier?

How wonld you find the number of eu. in. in @ barrel containing 313
gallons? In 10 bushels?

8. How would you find the number of gallons that'a bin, containing 200
bushels, will hold ? =

9. Which'is the greater.quantity, 6 dozen dozen'or half & dozen dozen ?

EXERCISE 94.
GENERAL REVIE
From § Atake 75 5q. rd. 27 €4 )
Reduce 25 da. 16 hr. 50 min-t6 the deci
Add .07 year, I day, and ¥ hr.
What would 8 gal. 2 qt. 1 pt. of wine cost at $6 a gallon?
If a cubic foot of water weigh 625 Ibs, how many cn. yds. in a ton
of water?, Hoy many ohncesdoes a cu. in. 6f water weigh ?
% How many stéps, of 28 jn. each, must a man take in walking 7 mi
120 rds. ?
70 If a man walk 64 mi. 256 rds in 20 hkr. 15 min., how long will ke
require to walk 31 mi. 64 rds ?
&3 How far will the same gentleman walk in 6 hrs. 45 min, at the same
rate ?
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9. A baker pays $4.90 for a barrel of flonr. He bakes it into 2-1b. loayes

of~bread, which he sells at 7 cents each. What i3 his gain?

20.) When itis-15 min. after 10 A. M. at a certain city, what is the time
at agyestern city if the longitude is 48° 77 3077 greater?

ZF At an observatory thie sun'is seen to have passed through 12° 517 4577
since noon.  What time is it?

72.- A dozen spoons, each weighing'1 0z. 8 pwt. 20 gr., were sold at $1.50
4n oz. | What was the total price?

78. 1f 1 buy a 5-gal.ican of oil for 45 cents and spill 2 pints, what do |

really pay foreach gallonthat I use?

/74 ‘A wholesale grocer-bought 2 T, 12 ¢éwt. 60 1bs. cheese for $313.50,

and” retailed it at § et an pz. Find his gain

From a farm containing 80 A. 60 sq. rd. was sold a portion contain
ing 38 A 156 sq. rd., at $62:80 an acre, and the balance at $74.40, What
was the total selling price?

1) What part of 4 gal. 3 qt. is 2 gf, 1 pt. 2:gi.?

*77) 'What decimal of a rod is 1 ft. 72 in.?7

78, Find Z of b bu. 2 pk. 6 gt. 1 pt.

79; How long is it between half-past nine/r. . of Jan. 17, 1834, and
quarter before four a. ». of the following 4th of March? (Answer iu days,
hours, and minuates.)

20. If an_express train travel 45 mi-an hour, how many feet does it
move over each second ?

27. ¥f the diameter of 'a ecircleis 1 mile, the circumference i8 3.1415
mi. Express this decimal indntegers of lower units.

22, Which is the middle day of the year 190172

23, I a family use 6 gas burners every evening of the winter months for
4 hours of each evening, and each burner consumes 18 ft. an hour, what will
their gas bill be at $1.30 per thousand?

24. How many parcels, each weighing 3.1bs. 7.0z can be made up from
024 7.7

If 6 horses eat 19 bu. 2} pk. of oats in 11 days, how long will 25 bu

2 pk: 3 qt. supply 13 horses?

26. Take from 1830° the sum of 71° 47 467 and 23° 55

65" 3977

27. Find the value of 124 cwt. + 39} 1b. + 7% oz.

22 1f 3 Ibs: of wheat make 21bs. of flour, how many barrels of flopr can
be made from 343 bu. of wh

29, Reduce £1.0735 and 3764 mi. to integral values

30. Change 11 oz. 18 pwt. 15 gr. to the decimal of & pound.

271, How many square feet in the surface of a box u yard long, 8 inches

wide, and 18 inches deep?

GENERAL REVIEW. 199
82, A stream 25 yards wide and 25 feet deep flows 3 miles an hour. Find
the number of cubic feet of water which passes a certain point in 2 minute.
25. How many revolutions will a wheel 9 feet 4 inches in circumference
make in passing a field 54 rods 4 yards 2 feet 4 inches long?

$4. Change 51830.7125 hours to years, days, hours, minutes, and seconds,
reckoning 365 days to a year.

35. If a laborer dig a certain trench in 39 days, 4 hours, 10 minutes,
how long will it require 8 laborers to dig a simi trench thres times as
long ?

56, A box 7 feet long, 4 feet 4 inches wide contains 34 cubic yards. How
deep must it be?

A bin 12 feet 4 inches long and 6 feet 6 inches deep is to coutain 100
bushels of grain. How wide must it be made?
If a mile of a certain wire weigh a ton, what is the weight in ounces

)

of one foot of it?

892 Reduce 75 A. 93.55. rd, 25 sq. yd. to the decimal of a square mile.

j0. Change 2.12345 years to units of lower denominations.

471. From the sum of 172317 2877 and 41° 19/ 22/ take the diflerence
between 81° 187 437/ and 63° 31/ 527/

42, A cellar 20 yards lonz and 30 feet wide is to be dug. What depth
will make 520 cubic yards?

43. When a locomotive is traveling 55 miles an hour, how many feet is
il running each second ¥

44. If a train is running 40 feet 4 inches each second, how long will it
reqquire to run 90 miles?
45. Change 8o rads, Sayaxds, 1 foot, 10 inches to the decimal of a mile.

§6. Some numbers occur several times in the different tables of com
pound numbers.  Collect all the times the number 12 octurs.  Same for 8.
Same for 60. Same for 3. Same for 24. Same for 16.

47. Change 3297147 yds. to mi-rd. yd. ft. and in

48. How many cubig feetin a box 4/ ft. 3 in. wide, 4 L. § in, long, and
8 in. JH‘["'

£9. From 180° take one-half the sum of 46° 18/ 3977 and 57° 127 1774
Also take one-half their difference from 130°.

50. The distance from the earth to the sun is 93,000,000 miles. How
long would it take a boy who can run 11 ft. a second to traverse that dis-
tance ? “How long would it take a locomotive running a mile in 50 seconds ?




CHAPTER\XTI.
PRACTICAL MEASUREMENTS.

912, Tlustrations,—The prur—t'\u:xl application of denomi-
nate numbers to a special kind of work is\facilitated in many
cases by the use of a-special unit which is peculiar to that
particular kind of work: For example;if it be required to
determine how many shingles are necessaty to cover a roof
40 féet Tong and 30 feet wide, the computation is greatly sim-
plified by the knowledee of the fact that, on the average, a
roof space of 100 square’ feet contains 1000 shingles, Thus,
since the above roof contains 12 times 100 square feet, 12(0%)
shingles will be required o coyer ik

Similarly, if it be required to determine how many bricks will be needed
to build-a wall 50 feet long,30 feet high, and 3 bricks thick, the reckoning
ig'greatly facilitated by the knowledge that a piece of wall 1 fool square and
2 bricks thick /contains 21\ hricks,  Hence, to build the above wall will

require 50 =30 921 or 31500 bricks.

913. General Methods.—It will be observe d that computa-
tions of this kind consist in

1st. the determination of the number of units of area or
volume i aeiven ebject, from/linear measurements (see Arts.
175, 179).

'._'*l. Hw 1U5e of a Spe I‘i:ﬂ unit in l'iil"il l(inxi of \‘.'hl‘k :Ll:plit‘:z-
ble to a unit of area or volume of the given material. In
the numerical applications of these methods frequent oppor-
tunities oceur. to diminish the work:\ by cancellation. All the
4'l]~t'l‘;lt-inlh‘ to be ]'u'rfv\l‘n‘wd shounld be grouped together, and
all possible cancellations made, before the final reduction is
made.

It shounld also be remembered that i s based on messure-

200

\PPLICATIONS RELATING T0O AREAS. 201

ments. it is not necessary to carry the work beyond the fourth or fifth figure,
sinee all ordinary measurements are not accurate beyond these figures

APPLICATIONS RELATING TO AREAS.

914. Rectangular Areas of Land.—In computing the area
of a piece of land, the ordinary unit is the acre. In such
computations it is convenient to remember that

43560 sq. ft. 1 acre.
Hence, an acre 1s 4 square, each side of which is 208 4 feet,
or 70 — paces.

Other units of area frequently used :

160 81(]- rds. 1 A.
4840 sq. yds. 1 A.
640 A. | Bt 1hid,

Bx. 1. How many acres 1n a field 320 feet long and 215
feet wide ?

o il
320 » Z2I3
13560

FEx. 2. Howanany acres in a meadow whieh averages panile

in widthand is<¥ mile long?

Area ;x4 sq. mi. 1 sq. mi 1« 640 A S0 agres

915. Townships and Sections.—In the eastern part of the
Wnited Sfates. land, when settled,was divided according to
the convenience or whim of the orizinal settlers, and henes
without any regular order or system. In the Western and
Southern States most of the land was originally owned by the
government, and has been divided according to a systematic
plan, and disposed of in this form to settlers.

It is divided, first, into square townships, each side of each
of which is 6 miles long ; hence, each township contains 36

square miles. The sides of townships run east and west, and

north and south,
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Each township issubdivided into 36 sections, each contain-
ing 1 square mile, or 640 acres. The sections in a township
are numbered according to a regular plan from 1 to 36.

6 S5

NAW. 3/
160 acres

L e —

TOWNSHIP. 1 SECTION = 640 ACRES.
A section is subdivided into’ quarter-seclions, eac h containing 160 acres,
Quarter-sections are subdivided into half-quarter-sections and quarter-
quarter-sections or lots, A lot therefore contains 40 acres.

EXERCISE 95.

How many acres in a field*

1..3600 ft. lonzand 121 ft. wide. | 5. 195 vd. by 220 ft.
2. 1815'yd. long and 256 ft. wide. | 4. 81 ft. X 55y d.*
Find the areas of the following rectangular surfaces:

5. 17 ft. Tone and 12t swide in square yards.

. 8 yd. long and 5% yd. wide in square rods.

140 xd. by 72 xd. in acres.

. 7 yd-2 ft. by 3 yd. 1-ft. in square yards.

9. 45 rd. <
70. 30 xd. 3
71. A road mi. long and 3 xds, wide in acres.
72. A ceiling 4 yd. 2 ft. < 3 yd. 1 fi. in square feef.

73. How many acres in three sections ?

] < » < > —
3 yd. 2 ft. < 30 rd. 3 yd. in square rods.

yd. 2 in. < 8 rd. 4 yd. in integral units.
1

(
>
3

In 5 sections? In
{ section? In §section? In £j section?

14. How many rods of fence are necessary to enclose a
gection? A halfsection? A quarter-section ?

® The statement of the dimensions of an object is often much abbreviated
by the use of ““by " or by the sign X, which is then read * by.""
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15. How many square feet in the floor of a room 16 ft. 8in.
by 12 fi. 6in.? Howmany sq. yds. in ceiling of same room ?
76. How many sq. ft. on side of a barn 60 ft. 6 in. long by

22 ft. 4 in. high?

916. Circular Areas.—It is proved by geometrical methods
ihat the area of a ecircle is determined with sufficient accuracy
for all practical purposes by the formula (see Arts. 323, 325),

Area of a cirele 3.1416 < (3quare of radius of the circle),

Ex. What part of an acre is grazed over by a cow tied by

a tether 100 feet long?

Area — 3.1416 X 100 X 100 sq. ft. = 31416 &q. ft.

33418 A. = 0.721 -+ acre, Area.

EXERCISE 96.

Find the areas of the following circles:
7. Radius = 10 it. 3. Radiug — 8 yd. 2 ft.
Diameter & 30 ft. | 4. Diameter = 78 rd. 3% yd.

How many acres in each of the following circles:

5. Radins — 180 rd. 7. Diameter = 634 vd.
6. Piameter =125 xd. | 8. Radius — 200 rd. 2} yd.
9.-A pond in the shape of a circle has a radiugof 25 rd. &
vd.| How many,acres in its gurface ?

0. How many square inches on’ the face-of a coin whose
radius is 0.5 in.? Another, whose radius is 1.5 in.?

91%. In paving, the unit of computation is the square yard.
Tn roofing, flooring, etc., the unit is the.square, which equals
100 ~\l ﬂ..

Tn roofing with shingles, the average shingle is taken to be 18 in. long,
{ in. wide, with 5 in. -:X}uwmi to the weather.

are ullowed for shingling 1 square.

1000 sliingles, or'a bundle,
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EXERCISE 97.

What will be the eost of':

7. Shingling a roof 48 ft. <23 ft. 8 in. @ $8.45 per square?

27 Paving a walk 640 ft. long and 8 ft. 3 in. wide @ $2.10
per square yard?

S Eining a, surface S0 fto 3 in. > 61 ft. 9 in. @ $1.35 per
8. yd.?

4 Tinning-a roof 23-yd-2 ft. 3 in. <19 yd. 1 ft. 6 in. @
$1.10 a sg. yd.?

5. 'The shingles for a roof on 2 building 80 feet lﬂnf._'. if the
rafters are 36-4t.; and shingles cost $7.25 per M. ?

6. Paving a city street 3 miles long and/40 feet wide, at 8l
cents per sq. yd.?

218. In plastering, painting, etc., the-unit of computation
is the square yard.

Custom varies as to the allowance to'be madefor openings in a wall, made
by doors, windows,etc. Omne rule i§ that no deduction be made for open-
ings in @ roomyageregating less than 7 sq. yds and that for openingsaggre
gating more than Tsq. yds: one-half their sum be deducted

Ex: Wehat will it cost to plaster the walls and ceiling of a room 22 ft
long, 14 ft. wide, and 10/ft. high,at $.33 a square yard, deducting half the
area of 2 doors, each 7 % 3 ft., and 5 windows, each 6 x 3 {t.?

SOLUTION:

The walls and ceiling may be conveniently indicated as follows:

The walls (that is, the ends and sides combined) make a rectangle 2 x
F2< 14 feet

{PPLICATIONS RELATING TO AREAS.

Hence, area of walls 2Ryl . 720 54
area of ceiling = 22 x sq. ft. = 308 5q
Total area = 1028 5q.
Area of doors 2 X X 58q. ft. = 42 s8q. fu
Areaof windows = 5 X 6 X 3sq. ft. = 90 s8q. {t

Area ded

- 1 S0.33
Cost, of plastering —
g

EXERCISE 98,

What will it cost to:

7. Paint the walls and ceiling of a room 30 ft. by 16 ft. by
9 {t. high at 8 ct. a 8q. yd.?

o/ Plaster a room 24 {t. » 20 fi. 3< 16 ft.jat 42 ct. asq, yd.,
allowing half of 3 doors each 7 fk < 3} ft, and & windows
each 5 fi. < 3% ft.?

3. Paint a room 40 ft. %< 31 ft. 6 in. < 9 ft. 6in. at 5 ct a sq.
vd. for the floor and 7 ct. for the rest, allowing a deduction
of 10 sq. yd. for windows and doors?

J. Plaster the five rectangular faces of a ¢hurch, whose in
side dimensions are 60" yds. 2 fi. >3740 yds, T 1.6 . > 30 ft.
at 9 ct. per sq. }'(].) if ll'\'J of the entire wall surface is deducted

for openings ?

919. Carpeting.—To determine the number of yards -of
carpet needed, to carpet a room,/it is necessary to determine

the number of strips which the room will require; and to multiply
the number of strips by the length of each strip.

The number of strips is determined by dividing the width of the room
(if the earpét runs lengthwisa), or the length of the room (if the carpet
runs crosswise); by the width of a single strip/fusnally 1 yd.or § yd.). A
part of a strip is regarded as a whole strip, the part not needed being folded
under. When the carpet is figured, in order to match the figures, strips of
carpet must usoally be taken a little longer than the length of the room

(snd the unused ends folded under).
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Fx. How many yards of carpet, § yd. wide, will be required to cover a
floor 26 feet long and 17 feet wide, if the carpet runs lengthwise and § of a
yard is wasted in matching patterns?

SOLUTION.
No. of strips = A% =§ = 7§, or 8.
Length of astrip = yd.[ 41 'yd. = 533 yd. = 8% yd.
No. yds. = 8 x 8% 703, Result.

EXERCISE 99,

7. A room ’K".‘ 7’ )‘:ll‘tl.\' is to be (';lrlwtml ]\y nnﬁ:nr.-l]
carpet!a yard wide, and strips are to Tun lengthwise. How
many yards will be required ?

2. If carpetiis 3 yd. wide, strips runlengthwise, and there
is 1 yd. wasted in matching patterns, how many yards must
be bought for a room 9 yd. long and 5.yd. wide?

8. How many yards of carpet, 3 yd. wide, will be required
for a room 17 yd. > 17 ft., if strips run/lengthwise? If strips
rin crosswise?

J. Findthe cost of carpeting a room 19 ft. long and 14 ft.
wwide, with carpet'§ yd. wide.and costing $1.50 a yard, when
the strips run crosswise and there is a waste of % yd. in
matching.

5. A toom 13 ft. ¢ 104 ft. is to be carpeted with carpet
2°yd. wide and worth $2:25 a yard. There will be waste of
3. yd.in matching. Will it be cheaper to run the.strips
lenothivise or across the room'? How much cheaper?

99(). Papering.—The unit used for wall paper is the roll, a
roll being 8 yards long, 18 inches, or 1 yard, wide. (The
double roll, 16 yards long and 18 inches wide, is also used at
times.)

To determine thenumber of Tolls' of ‘wall paper needed o
cover the walls of a giyen room,

1st. Find the number of sirips of paper by multiplying the num-

ber of yards in the distance around the room by 2;
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9d. Find the number of volls by dividing the number of strips
required by the number of strips which can be cut from a single
roll.

A part of a strip of wall uv_lw covered counts as a whole strip, and a part
of a roll needed as a whole roll. (But in cutting paper, parts left over are
rrjw‘tml,:l

Owing to waste in matching patterns, turning corners, etc., and gain due
to windows, doors, ete-, the estimate of the number: of rolls required can
only be approximate

Borders used at the top of the wall are sold by the linear yard.

Ex. How many rolls of paper are required to cover the
walls of a room 24 ft. long, 18 ft. 6 in. wide, and 10 ft. high 2
SOLUTION.

The distance around the room may be conveniently represented as follows =

047 18 6" ¢ : 18 6"

u‘n.;:h Wl!‘jl!x
Hence, distance 2 x 24t + 2 x 18] ft.

281 yds. = 56§ half-yds.

. Nao. strips bY7.

24 fu.

10 ft

No. rolls = 52 281, that is 29, Result,

No. strips eut from one roll =

EXERCISE 100.
7. How many rolls of paper are required to paper the walls
of a room 15 ft. long, 11 ft. wide, and 9 ft. high?
2 TWhat will\bé the eost of the paper for the wallsiof a
room 40 1. long, 32 ft. wide, and 11 ft. high, at 45 cents a roll ?
What will it cost for paper in a room 21} ft. long, 161 it
wide, and 15 ft. high, at 60 ecents a roll, if the ceiling paper
Ins erosswise ?
2] Phe walls of a room 28 ft. long, 25 ' ft. wide. and 15 ft.

High are to be papered with paper selling at 75 cents a roll ;
there is a border of 21 ft. width at 4 cents a yd., and a base-
board of 6 in. What is total cost?

[Nore—Strips need be only 12 feet long. |
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APPLICATIONS TO VOLUMES.

221. Board Measure.—In measuring boards and lumber,
the“unit is the board foot; which is a rectangular piece of

waood 1 foot square and 1 ineh thiek.

Large quantities of lumber are sold in terms of the hun-
dred or thousand, by 'which is meant 100 board feet or 1000
hoard feet.

Boards less than 1 inch in thickness-are estimated as if they
were 1 inch thiek.

A cubie \foot of lumber contains 12 board feet. Hence,
the number of boarddeet in a piece of lumber is 12 times the
number of cubic feet; and the number of cubic feet 18 5 the
number of lumber feet.

All square lumber, as planks, joists, Deams, ete., is estimated
in board feet.

Round timber, as masts, ete., is estimated in cubic feet. To
find the number of board feet in agiven board or piece of
lumber, multiply two_of the dimensions in feet by the other dimen-

sion . inches.

Ex. 1.'How many board feet in a plank 16 feet Jong, 10
inches wide, and 3 inches thiek ?

The width 10 inches 19 féet.

4
16

¢, No. board feet s : 40, /Result

Ex. 2. How many feet in a board 14 feet long, 10 inches

wide, and £ inch thiek?

Since 7 inch is.taken as 1 inch,
No. board feet 5 2 Il'(" : 11%, Result.
$3

APPLICATIONS T0O VOLUMES.

EXERCISE 101,

How many board feef in:

1. A plank 12 ft. long, § in. wide, and 2 in. thick? #in.
thick ?

9 5 beams 9 ft. long, 10 in. wide, and 4 in. thick? 4% in.
thick ?

3. 20 rafters 24 ft. long, 6 in. wide, and 4 in. thick?

4. 45 joists 18 ft. S in, 6 in.? If 54 in. thick? If %
in. thick?

What is the cost of :
5. 75 boards 16 ft. < 9 m. 1 in. @ $18 per M.?
6. 12 posts 8 ft. X 5 in. > 6 in. @ $2.20 a hundred?
7. 85 joists 12 ft. 11 in. 4 in. @ 823 per M.?

2 Capacity of Bins.— Inst ad of determiinihg the num-
ber/of bushels which a bin will contain by actually filling the
bin and. counting the number of bushels,; it is much more
convenient to compute the eapacity of the bin'in bushels from
the linear dimensions of the bin.

Sinee a bushel contains 2150.42 cubie inches, to find the
capacity of a bin in bushels. divide the number of cubicinches in
the volume ’if the bin I)_r/ 2150 .42,

Ex. 1. How many bushels will"a bin 20 feet long, 8 feet
wide, and 4 feet deep contain ?

20 x 8 x 4 1728

2150.42

No. bushels 514.28

Since 2150.42 cubic inches 1} cubic feet nearly, in many cases 8 sifli-
ciently sccenrate computation of the number of bushels in-a bin is obtained
by dividing the number of eubic feet in the bin by 1%, that is, by maltiply+
ing it by 1. Hence, the approcimale nuembe ‘_'A buzkels tm a in $ the num
ber of cubie feet in the bin

Ex, 2. Approximately how many bashiels will a bin 15
8 ¢ 6 feet hold ?

_-\pprn(. no. bush. 13

14
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Grain, seeds, and small fruits are sold by stricken meas-
vre. Coarser materials, as potatoes, corn in the ‘ear, ete., are
sold by heaped measure.

The wumber “of bushels dny heaped measure + the number by
dricken measure.

Ex./ 2. How many. bushels of cern in the ear will a bin
15 < 8 ¥ Gifeet hold ?

No. bushels 19

EXERCISE 102.

7. How many cabic inches in a box 16:in. long, 10 in. wide,
and 3 in. deep? | What part of a cu. ft. is that?

2. Required the number of cu. yds. in'a wall 2°yd. 2.8 in.
long, 1 yd: 1 ft. 6in. wide, and 2 yd. 94n. high.

How many bushels of oats can be put in a bin 15
6 ft.? (Accurate.)

4. How many bushels.of wheat can be put info a bin 24
16 10 fti? (Approximate.)

5. /A bin 22920 58S ft. 1s full of })Hf,:l'llrl‘.‘. About how
many- bushels in) it ?

6. A cribvof eorn is 60 >} 15 >< 6 fi. About how many
‘-‘-.l:-‘in"(.\' of corn in the (‘!’nt..'

7. A bin 6327 2 St is 3 full of wheat. 1t i3 bought by
approximate measurement at 70 ct. a bushel, and sold under
accurate measurement at 90'ct. a2 bushel. . What fwas the
eain ?

2'23. Capacity of Cisterns. It i1s eonvenient to be able to
determine the capacity of a cistern or tank, in gallons, from
the linear dimensions of the tank.

Sinee a gallon contains 231 -eu.'in., to-find the capacity of
a l‘i\'l('l‘h in ijn“nug (/,’,'\(./]( number ':7. culvic inches u ’/{"f'l the
cistern contains by 231.

The capacity of a large cistern is also obtained sometimes

APPLICATIONS TO VOILIUMES.

in terms of larger units, az the barrel (314 gals

hogshead (63 gals.)

Ex. How many gallons will a tank 22 > 1036 {t. contain?

No. gals. 10 : f x 17D 98743

EXERCISE 103.

How many gallons in a cistern:

it.? 22

7. Containing

125 en.
132 eu. vds. ? 5. D

2 (Containing <60 :
3. 12311 X8 1t.7 6. 90 14 10 ft.
994 Excavations and Embankments: “Irrmoving earth

the unit is a cubic yard, or 27 cubic feet, ¢ alled a loa

Ex. What is the cost of excavating a cellar 15 24 X 6 fi.,

at 10 cents a load ?

3 I8 .2
No. loads — 5
Cost a6 £.10 $0.60

295 Stone Work and Masonry.— In stone work and ma-
sonry the usual unit is the perch, or 243 cubie leet. ~

A perch of stone is a rectangular pile 16} feet long, 1% feet
wide and 1 foot:deep, and containino, therefore; 243 cubic feet.

As used in a wall, the perch is rezarded as consisting ol 22
cubic feet of stone, with 23 cubic feet allowed for mortar and
filling.

Sometimes, however, masonry is estimated
foot.

by the cubié

EXERCISE 104.
Find the number. of perches of masonry in these walls:
55 vd. > 16 ft.

A l'v“.\’.]_ 15 ft.
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How many cubic yards of earth in the following excava-
tions:

5, (Gellar 302 20/ <7 {t.?

6. Tunnel 90 rd. 4 yd. X 12 yd. > 20 ft.?

7. Find' the cost of opening a railroad cut 90 yards long,
averaging 40 ft. wide 'and 32 ft. deep, at $1.25 a cu. yd.

& A wall 374 ft. long and 6 ft. Square at the end is to be
built: at $5.75 a perch of 22 cu. ft.“Find cost

9. A foundation 70 ft. long, 9 fi. deep, and 8 ft. wide is to
be luid. \ For mecessary excavations the charge is 60 cts. a
lead,| and \for building: the wall $450 a perch (24% cu. ft.).
What is the entire cost?

226. Brickwork.—In brickwork the unit is usually one
thousand bricks, buf sometimes the cubic foot is used.

The average size of bricks is 8 ¢ 4°¢ 2 inches.

The following praetical units are also used

1, A/square foot of ‘wall, 1 brick or 4 inches thick, contains
T eommon bricks.
2. A squarefoot of wall, 2 bricks or 9 inches thick, eon-
tains 14 bricks.

o. A square foot of wall, 5 bricks or 13 inches thick. con-
tains 21 bricks.

Henee, to find \the number of common bricks required for
a wall,

J[H/(//;/// the number: of square feet wn the wall by 7, if the wall
is 1 brick thick ; by 14, if it 4s 2 bricks thick; by 21, if i is 3
bricks thick.

In a building, the corners, doors, and window-spaces are deducted in esti-

mating the number of bricks, but not in estimating labor.

Ex. How many common bricks will be required to build a
house 40 ft. long, 24 fi. wide, 18 ft. high, the walls being 13 in.

thick, allowing 280 sq. ft. for doors and windows ?

APPLICATIONS TO VOLUMES.

SOLUTION,
Entire distance around the buildine 2(40 + 24) ft. = 128 ft.
Entire area of wall 128 x 18 sq. ft. = 2304 sq. ft.
Deduction for 4 corners - < 18 X 48q. ft. = 78 5q. ft.
Deduction for windows, ete. 280 sq. ft

Entire deduction sq. ft.
Net area of walls = 2304 sq. ft. — 358 sq. ft. = 1946 sq. ft,

No. bricks = 1946 % 21 10,866, Result,

Bricks are often of special shapes and sizes. Thus, Philadelphia and
Baltimore bricks are 8} x 41 x 23 in.: Maine bricks are Td x 3§ x 2§ in::
Milwaukee bricksare 84 x 4} » 2% in.: North River bricks are 8 x 31 x 2}

in., ete. To determine the number of bricks of a special kind required to

make a wall, tncrease each of the three dimensions of the brick by } . fo allow
_r'u: marta > and divide the conte nl .:I' the wall by the contents of 1 /r(‘

In computing the number of bricks ina pavement, no change iz made in
the dimensions of a brick, since no allowance is made for mortar,

EXERCISE 105.

Z. How many common bricks are required to build ‘a house
36682 ft., and 26 ft. high, the wall to be 3 bricks thick. if an
allowance of 150 sq. ft. is made for openings?

2. What will they cost at $16 a thousand ?

5. How much will the bricks for a House 40 > 36 fi.. 32 ft.
high, and walls 13 in. thick, cost at $18 per M.? What is the
cost of laying them at $2.25 a sq. yd. ?

(No allowance for corners or openings.)

4. What will be the cost of the bricks and the ];L_\'i)i(.: of
them; for a house 45 ft. sq., 28 ft. high, walls 3 bricks thick.
after a deduction of 425 sq. ft. of surface for openings and
corners, if bricks are worth $14 a thousand and laying them
Gosts $2.75 per M. ?

9. A pavement, 90 ft. long, 10} fi. wide, is laid with Mil-
waukee bricks on the edge, 60 to a square yard. What is the
cost, at the rate of $10 per M. for the bricks and 2 ets. a sq. fi.
for the labor?

227. Other Units of Weight or Volume.—Itis sometimes
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useful to determine the number of tons in a 'lxt-u}n or bin of
coal. from the linear dimensions of the heap or bin.

From 361040 cu. ft.|of ordinary-anthracite eoal make 1 ton.
From 36 to 45 cu. ft. of bituniinous ¢oal make 1 ton.
About 344 cn. ft. of Lehigh white
About 35 cu: ft.of Schuylkill white-ash /coal (eeg size) make 1 ton.

About 36 ¢u, fiiof Schiuylkill gray or red-ash coal make 1 ton.

hoeoal (egg size) make 1 ton.

Similarly, to determine the number of\tons of a quantity

of hay from its linear dimensions :

About 500 cu. ft./of hay loose or in loads 1 ton.
About 400 cn, ft. of hay in 3 mow T ton.
Abont 270 cu. 4t of hay/in a seitled stack 1 ton,
Coal is at times sold in small quantities by the A bushel

weighs 72 lbs. and isabout 5 ton.

EXERCISE 106.

7. A box6 X 52 4 ft. isAfull of ordinary coal. Counting a
ton to 38 cu. fti, how many tons are there in the box? How
many tons if it were full-of Lehich white-ash coal ?

2 A niow of hays 40 % 28 x 20 ft. How many tons of
hay will it'contain®

3. How many tons of bitiminous coal in a train of 42 ears
averaging 36 X 7 X b it.?

(Allow 40 cu. ft. to the ton.)

4 A farmer hauled 60 loads of hay, and they averaged
18 9 X 104t What was its value at 818 a ton ?

5. What advantace is there/n determining  the number of
tons of hay or of coal by measurements of the dimensions of
the mows or bins? In what other ways might these weights
be determined ?

EXERCISE 107.
REVIEW.

1. Find the area of a circle whose radins is 3 inches. Another, whose
radius is 7 inches. Radiusis 8 feet Radiusis 20 rods. Radiusis.15inch
Radius is i vard.

Find in acres the ares of a farm 1 mile 250 rods x 85 rods.
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8. Which is the larger volume, 11135 gallons or 12 bushels?

/ 4 < . 3 3 s £,
4. How many square inches in the entire exterior surface of a box 10

9 » 8 inches? What part of a cubie yard will it contain?
5. About a square lawn 40 rods op a side is Jaid a drive 3 vards wide
How many square rods in the drive? : 5
6. A box is made of 2-inch material, and the outer dimensions are
12 % 10 % 9 inches. How many cubic inches in the material of the box
including the lid? How many cubic inches will box contain ?
7. How many board feet in a load of 40 rafters, ¢ ach 18 feet long and
6 inches at the end?
8. A railroad passes through « farm, taki a strip 1} miles long and 66
feet wide. What is the value of this land at $30 an :;v’r» ?
9. To dig a sewer 3 miles long, 8 feet deep, and 4 feet wide, the contract
called for 80 cents per cubic . What did it cost?
10. How many bushels of ass seed will a bin 14 10 x 9 feet con-
)

tain? How many bushels of potatoes?

11; What will it cost to lay a wall 200 rods long and 5 8 feet on the
end,at $2.60 a perch (22 cuabic feet) ?

12. What will be the cost of carpeting ‘a room 7 % 11 feet with carpet
3 yard wide, worth $1.50 a yard, and put down crosswise?

13. The walls of a room 16 feet x 13 feet, and 9 feet high, are papered
with paper worth 60 cents a roll; and the ceiling is painted at 30 cents a

square yard.  What will it cost?

A large purlor is 50 x 38 feet, and 1 4 feet high
4. What will earpet eost, { yard wide and worth $2.50 o yard, if put
down lengthwise and every strip wastes } yard in mal hing?

15, What will papering its walls cost-at 90 cents a roll, allowing 4 of one
end for windows and doors?

16. ‘What will painting the ceiling cost-at-18 cents a square yvard?

77. What is the area of the largest/ circle that can-be drawn in the
ceiling? ‘

78. What will it cost to roof a barn whose rafters are 18 feet 6 inches

>

long, and the ridge-pole 35 feet, at $8.40 per square
79. What will it cost to floor a 3-story house, 60 x 42 feet, with Z-inch
boards, at $34.60 per M. ? ‘
20. What will it costfo'cement the floor and side walls of & cellar 25
feet, and 8 feet high, at 48 cents a square yard?
27. What is the cost of the carpet, running crosswise, § yard wide, :
worth $1.60 a yard, on a room 23 x 22fe there must be a waste of §

yard for matching?
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A bin occupying § of acellar which is 20 < 18 % 11 feet is § full

of coal (ordinary anthracite). Find its approximate value at $9.25 a ton.

23. How many gallons will a.cistern 7 feet cube contain ?
7 L

24 AV ater weighs 62} pounds to she cubic foot. What will the water in
a tank containing 1000 gallons weigh ?

25. A county in one geason built 17 miiles of macadamized road 12 feet
wide, at the rate of 75 cenls per square yard. What was the totul cost?

25, 1If a roll'of paper a'mile long will just cover 193§ square yards, how
wide is the paper 2. | Its width is what decimal of its length ?

7. What will be the cost of the palings necessary to inclose a lawn

<141 yards, if they are 2 inches wide, placed 2 inches apart, and sell for

a hundred ?
How many bushels-will a bin hold whaose dimensions are 15 x 11}
# feet? \How many gallons?

9. A bin 15 x 8F = 67 feet was full of apples, from which enough
dider was pressed to fill a tank 9} x 4% % 8 feet, 3 full. The apples were
bought at 36 cents a bushel {approximately and the cider was sold at 33
cents a rallon. Required the gain.

30, How-many square yardsin a eircular flower-bed 56 feet across?

87.'A certain tank contains 1000 gallons. How many bushels would it
hold ?

42 There areto be laid two cement walks, one on each side of a certain
street 2 miles longlThe walks are tobe 60 in. wide amd to cost 90 cfs.a
sq. ydo L What'is the total cost?

23 A cirenlar pond 28 yd. across, 1s surrounded by a path £l wide.
What is the area of the path?

84 My farm is 220 rd. long and 144 rd. wide. It is entirely surrounded
with a four-wire fence. The wire cost me hali a cent a foot and the posts,
which are 11 ft. apart, cost U cents each. What did the material cost?

35 W hat will be the cost of plastering the walls and ceiling of a room
16/fi. 6 'in. Jong x 11 f. 4 in..wade x 10.ftc high @ 36 # a sq. yd., allowing
15 sq. yd. for doors, ete.?

36. If a cubic foot of water weighs 62} Ibs., what will = barrel of water
weigh?

37. How many gallons of water required to weiglya ton?

$8. If the diameter of a pail is 6 in., how many square inches in the
bottom and lid together?

29, There is an iron cistern made of 3-in. metal plates, and without any
top. If the inuer dimensions are 8 ft. long, 5 ft. wide, and 10 ft. deep, how
many cubic feet of iron in the material ?

40. Find the weight of that iron if iron 187 times as heavy as water,

CHAPTER XIIT.
PERCENTAGE.

SR . . e
M8, Tllustration.—A man has two investments, one of 8800
in real estate, which brings a return of $48 a year; and an-
other of 8500 in railroad bonds, which brings in $35 a year.
Which is the better investment ? .

The comparison of the two investments is much facilitated
by determining the ’,r«u'rwwl,\ of a single hundred dollars in
each case, and comparing them.

= SN p :

Phus, if $300 in real estate brings in $48 a year.

8100 & “ 86 a year.
If 8500 in bonds brings in 835 a year,
8100 “ BS7 a year:

Since 87 per 3100 invested i8 a betfer veturn than $6 per

100, the investment in bonds i8 relatively more profitable.

o ¥ > 5 :
2, Value of 100 as a Basis of Comparison.—This use

of a standard base, as 100, in making estimates, has tivo ad-
vantages: (1) it facilitates comparisons, as in the above exam-
ple; (2) it leads in time to an instinctive grasp of the various
rates used with reference to one hundred.

m . : .

Thus, 6 per cent. (6 out of every hundred), 7 per cent., etc

: - ELC.,

come to have a sharp and definite meaning in the mind, which
meaning rises instantly when such words are used.

D 343 - = . 1

230. Definitions. and Symbols.—Percentage is the proc-
ess of computing with reference to 100 as a base.

Per cent. (from per, by, and centum, one hundred) means
by or on the hundred. Thus, when a merchant gains 15
per cent., he means that he gains $15 for every $100 invested

217
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A bin occupying § of acellar which is 20 < 18 % 11 feet is § full

of coal (ordinary anthracite). Find its approximate value at $9.25 a ton.

23. How many gallons will a.cistern 7 feet cube contain ?
7 L

24 AV ater weighs 62} pounds to she cubic foot. What will the water in
a tank containing 1000 gallons weigh ?

25. A county in one geason built 17 miiles of macadamized road 12 feet
wide, at the rate of 75 cenls per square yard. What was the totul cost?

25, 1If a roll'of paper a'mile long will just cover 193§ square yards, how
wide is the paper 2. | Its width is what decimal of its length ?

7. What will be the cost of the palings necessary to inclose a lawn

<141 yards, if they are 2 inches wide, placed 2 inches apart, and sell for

a hundred ?
How many bushels-will a bin hold whaose dimensions are 15 x 11}
# feet? \How many gallons?

9. A bin 15 x 8F = 67 feet was full of apples, from which enough
dider was pressed to fill a tank 9} x 4% % 8 feet, 3 full. The apples were
bought at 36 cents a bushel {approximately and the cider was sold at 33
cents a rallon. Required the gain.

30, How-many square yardsin a eircular flower-bed 56 feet across?

87.'A certain tank contains 1000 gallons. How many bushels would it
hold ?

42 There areto be laid two cement walks, one on each side of a certain
street 2 miles longlThe walks are tobe 60 in. wide amd to cost 90 cfs.a
sq. ydo L What'is the total cost?

23 A cirenlar pond 28 yd. across, 1s surrounded by a path £l wide.
What is the area of the path?

84 My farm is 220 rd. long and 144 rd. wide. It is entirely surrounded
with a four-wire fence. The wire cost me hali a cent a foot and the posts,
which are 11 ft. apart, cost U cents each. What did the material cost?

35 W hat will be the cost of plastering the walls and ceiling of a room
16/fi. 6 'in. Jong x 11 f. 4 in..wade x 10.ftc high @ 36 # a sq. yd., allowing
15 sq. yd. for doors, ete.?

36. If a cubic foot of water weighs 62} Ibs., what will = barrel of water
weigh?

37. How many gallons of water required to weiglya ton?

$8. If the diameter of a pail is 6 in., how many square inches in the
bottom and lid together?

29, There is an iron cistern made of 3-in. metal plates, and without any
top. If the inuer dimensions are 8 ft. long, 5 ft. wide, and 10 ft. deep, how
many cubic feet of iron in the material ?

40. Find the weight of that iron if iron 187 times as heavy as water,

CHAPTER XIIT.
PERCENTAGE.

SR . . e
M8, Tllustration.—A man has two investments, one of 8800
in real estate, which brings a return of $48 a year; and an-
other of 8500 in railroad bonds, which brings in $35 a year.
Which is the better investment ? .

The comparison of the two investments is much facilitated
by determining the ’,r«u'rwwl,\ of a single hundred dollars in
each case, and comparing them.

= SN p :

Phus, if $300 in real estate brings in $48 a year.

8100 & “ 86 a year.
If 8500 in bonds brings in 835 a year,
8100 “ BS7 a year:

Since 87 per 3100 invested i8 a betfer veturn than $6 per

100, the investment in bonds i8 relatively more profitable.

o ¥ > 5 :
2, Value of 100 as a Basis of Comparison.—This use

of a standard base, as 100, in making estimates, has tivo ad-
vantages: (1) it facilitates comparisons, as in the above exam-
ple; (2) it leads in time to an instinctive grasp of the various
rates used with reference to one hundred.

m . : .

Thus, 6 per cent. (6 out of every hundred), 7 per cent., etc

: - ELC.,

come to have a sharp and definite meaning in the mind, which
meaning rises instantly when such words are used.

D 343 - = . 1

230. Definitions. and Symbols.—Percentage is the proc-
ess of computing with reference to 100 as a base.

Per cent. (from per, by, and centum, one hundred) means
by or on the hundred. Thus, when a merchant gains 15
per cent., he means that he gains $15 for every $100 invested
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in goods. If a poultry-raiser lose 8 per cent. of his fowls, he
means that he loses 8 fowls out of every hundred that he has.
Hence, 80 many| per cent.means so many hundredths.
The symbol; %, is nged for thewords “ per cent.” Since per
céntmeans | hundredths, per; cent./may also be indicated by a
cominon or decimal fraction, with 100 as a denominator. Thus,

8% = 1hvi==-00; 30% == fap 5 30 = 3.

100

The guantities, considered in computations in percentage
are the base, rale, Peree nlage, and the amount or 11{17"'7';?,4",',

The base is! the number of |which 4 certain number of
hundredths is taken. /It is denoted by the symbol, b.

The rate is the namber of hundredths which is taken (or
the number of nnits taken vith reference to every hundred
units in the base),  When expressed decimally it is dénoted
]l)' T.

The percentage is the number obtained by taking a certain
per cent. of thebase’(or the number of units taken with ref
erence to allthe hundreds in the base). It is denoted by the
‘.-_\'lnl-nl,[l.

For ‘example,[if 2 farmer-has 500 peach-trees and loses
per cent. of them;he loses 5 oul of every hundred, or 824

or 40) out of 8 hundred.

- 800 base.
D% rate.
4() = percentage.

Pupils are likely to confuse the terms rale per cent and percentage, be-
cause of their similarity in sound In order to distinguish them, it may be
helpful to remember that

rafe per cend means the namber by (on, or of ) every single hundred ;

percentage < s - out-of all the hundreds in the base.
The amount is the sum of the base and percentage.

The difference is the difference of the base and percentage.
Proceeds is' a general term for either amount or difference.
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231. 1. Given the base and rate, to find the percentage
{or proceeds).

Ex. 1. A school of 250 pupils is: 60% boys. How many
boys are there in the school? —

SOLUTION.
The number of boys in each 100 pupils = 60.
The number of hundreds of pupils = §3§.
Hence, the entire number of boys in the school
(No. of hundreds of pupils) x (No. boys in every hundred)
g x 60 = 250 5o 250 = .60 150.
Abbrevated form of co wlation,
250, Base.
.60, Rale per cent.
150.00, Percentage.

Henee, in general, to find the pereentage,

Multiply the base by the rale expressed decimally (or in sym-
bols, p = b X 7). *

Also, to obtain the proceeds, multiply the baze by 1 plus the
rale. or- 1 minus the rate, ¢ r'/r,'t',\'.:(‘ll dectmally.

Ex. 2. The population of a tewn, which contained 13000
people, decreased 5% in a year; what was the population‘at
the end of the year?

OUPERATION.

18000, Base. If 2 number be diminmished by

EXPLANATION.

295, Final rate per cent . e R =
? AT e 5% of itzelf, it becomes 45%, or
90000

162000 95 of itself. 95 % of 18000 15 17100
17100.00, Final population

v EXERCISE 108.

Find : ¢

34, of 800 ln'»_\'_:, | 60 129 of.530 tors.

259, of 40 d:\_\\‘, TN6% of 83

)
](l'/; of 70 1bs. 8. 809 of 84500).

18% of $420. 4. 419, of 600 pupils.

5. 50% of 90 bu. 10. 71 % of 80 days.
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771. Thirty per cent of a drove of 240 horses were gold in
one dayv. How many avere sold ?

12, Finvested $675 for alyear at 6%. What amount was
due'me at the end of the year ?

73" Which is the greater, 9% % of 8750, or 2749, of $240?

7% Smith ‘had 9230 lambs and bought'20% more. How

']

many had he then?

1»7., Mr. Gox lost-15% of his 640 tons of hay- How many
tons did he lose? How many remained ?

16. A city of 73000 inhabitants gained 12% in three years.
What was its population after this gain ?

17, A gentleman’s salary of $3500 was increased 16%.
What is his present salary ?

78, A house formerly valued jat $8500 decreases 8%. What
ic the valuation now?

Find the percentage and the ]-rfw‘f'w‘>:

79. 87000 ¢aining 11%. 92 15 ft. gaining 209
20. 950 pnpils losing 169 23. 123 bu. decreasing 5%.

27, 875/ men gaining 247. 24. ;’-1“11'('“5il:t‘[‘t‘:asill;':'}—f,v;.

EXERCISE 108.

: of 200. | 5. 20% « 5 9. 169 of 50.
& T% of 5. i f B. 10. 18% of 30.
S. 8% of 40. 7 A% « , 71. 45% of 40.

. 209 of Go. 5. 25% of N. 12, T3 9% of $800.

18. Of 75 examples, a boy aid 40% How many did he solve?

74 A man 60 vears old has a son 354 of his aze. How old is the son?
H

75. A certainsalary of $2500 is to be increased 12%. What will it then
be?

16. My expenses last year were $1400, and this year will’ be 5% more.
What will they be this year -

77. The length of a field is 30% more than its width, which is 230 rds.
What is its length?

718. The price of a carriage was 57 less than that of a horse which cost

$150, What was the price of the carriage?

PERCENTAGE.

19. Tost 5% of an investment of $8000 and then gained 307 of the
remainder in speculation. What had I then?

20. What is 25% of 10?2 Of 247 Of 54?7 Of 1007

232, Special Cases.— When the rate per cent is an aliquot
part of 100 (see Art. 74), the process of computing the per-
centage ma

Thus, 33 of a
given number, we may substitute the >ilu]rltr Process of taking
1 of the number. Similarly,

1

y often be abbreviated.
/. 1 and if it be required to find 3337

61% = 1% 20% — i 50%
8} %
12} %
163 7

Ex. 1. A man owns 124% of a wessel valued at $24000.
W hat is the value of his share?

124 % of $24000 324000 x 4 23000, Result.
(are should also be exereised in dealing with cases where

',‘( -

the vate-Go 18 very sinall or very large, as 1.7 2

or 2%
Thus, 1% 18 & of 1% 001 00125 ; 2259, = 2.25 when
expressed deeimally.

Ex. 2. A“brokerbought £1200 worth of stoeks and charged
1% commission. What was his commission ?

$1200, Base.
004, Rate.

$1.50, | Percentage or/ commission.

= EXERCISE 110.
Find :
of 44 books. g 1009, of 325 years.

5 of 96 larbs. 9. 1204 of 290 tons.

/

”
7 of 70 bays. 10/915% of 480 cities.

:;T!.'/; u[‘l’ril) l)”‘lll‘l" 1 of &30X).

90% of 36 miles. 12. 39, of $68
). 663% of 450 days 2. 2d, of 8720.

.‘;H"/i of 225 acres. 4. 19 - 83500
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e

75. What is the-commission on a anle of 842000 at 1% ?

16. A~Gity had  a population of 8750 some years ago, but
has now. 240 per cent. of its aumbers at that time. What is
its present population ?

7. A man weighs 270 per cent, of what he did when as a
boy he weighed bU pounds.  What is his weight?

18, A gentleman spent 249, of an‘income of %2300 in
hooks. How many dollars was that ?

19. Mr. Jones owned % of a farm worth $5000, but sold 373 ¢
of his share.-What part does he still own, and what is 1t
value? |

90, Which is greater, 3737, of $250 or 2 of $35000%

EXERCISE 111,

ORAL.,

of 600,

08 | 8. 125% of 60.

923 []. To find what per cent. one number is of another

(given the percentage and the base, to find the rate).

Fx. 1. A house which cost $6000 Tents for 540,  What per
cent. of the cost is the rent ?

SOLUTION
If $6000, or 60 hundre ds of dollars; bring in $240,
1 hundred dollars >

Hence, $540 is 9% of 26000, or the income from the investment is Q%.

The same rate expressed decimally may be obtained by regarding $540 as
a fractional part of $6000 and reducing till the denominator of the fraction
18 100

Thus,

Hence, $540 is 9% of $6000.

7 LY
Z000 X1

Hence. in general, to obtain the rate per cent., divide the per-
P,
b

cenlage .’u/ !!:1" base 11 r_\llllu\l‘.‘». r
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Sometimes the proceeds and base are given instead of the
percentage. In this case the percentage may be obtained by
subtracting the base from the proceeds.

Ex. 2. A dealer bought a horse for $60 and sold it for 875.

What was his gain per cent.?

OPERATION. ., EXPLANATION.
$75, Proceeds.
$60, Base Since the horse cost $60 and was sold for $75, the
$15, Percentage. gain was the difference between 875 and $60, or $15
60Y15.00( .25, Rate. Hence, the problem reduces to finding what per cent.
O i - - -
120 15 is of 60.
oS00
300

EXERCISE 112.
ORAL.

Express in per cent. with decimals:

5 10 > 9 YO
What perv cent. of 8547
What per cent. of 12 s 62
What per eent- of 2435 3
12 is what per cent of 1
15 1s syhat per cent of ¢

18 1s what per cent

EXERCISE 113.
Find the rate per cent. when,

Base is $45 and percentage is $9.
3ase is $240 and percentage is $34.
Iaqp 1x:48 TJral 1 - T8>
Bage is 428 bushels and percéntage is.1603 bushels.
Jase is 150 days and percentagé is 12 davs
Percentage is 231 tons and base 13 520 tons
Percentace is 3250 hoys and base is 1400 boys.
Percentare is 873.50 and base 1s 8§84,

Percentace is $1.40 and base is $50.
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Cost is $236 and gain is §29.50.
Gain is 28098 and cost 18 $1.40.
Gain.and costiare edch 7D.
Gain 18 % cost; § €oSt;
Cost 18 350 and gain 18 $
Cost s 585 and lossi
Cost is 8125 and loss 18 822 50.
Loss-isS2.76 and cost is
Amount is:$800 and base 2 £640.
Amonnt is$4397.61 and hase is $4261.25.
Amountis $4420 and percentage is $420.
Amount is $470.61 and percentage is £209.16.

Selling l,rim» 52120 and gain is $50.
) 1 : £

. Selling price 18 360 and cost is $45.

Selling price is $10.83 and cost 18 $9.50.
Selling price is $1462:50 and loss.is $1037.50.
. 1

5 Selling, price $642:60 and ¢ st 188

ole)
a0,

S1

What per cent. ol

i1,

of the

L2
acres.

e
/2

2 pk.,

cent,

Base is 8900, percentige is $4.50.
Amount is 87114, pereentage s 8
Selling price is 8136, cost is $13

Cost is 830, gain is 25 cts.

Loss is 36 cents, selling price is 862.64.

(lost 18 $130, loss s $1.

1 9 1 i ]’7 iq 1‘.:'%1
103 i 997

214 is 14

i6°
In a sehool of 320 }nl]»il~. 176 are boys. What per cent.

What per,cent. is girls?

gehoal 18 boys ?

From 2 ‘{:\ruil containing 146 a¢res, the owner gold 124.]
What per cent of the farm did he sell? -

For threshing a erop of erain amounting to 872 bu.

the thresher took 209 bu. 12 pk. as his pay. What per

of the crop did he take?

PERCENTAGE. 225

44. Of aregiment numbering 930 men, 147 were sick and the

restable-bodied. What per cent. of the regiment entered battle?

45. If 271 men were killed in battle and all of the sick
recovered, what per cent. of the whole regiment (1000 'men)
wonld be able to enter another fight ?

46. A house which cost $3500 was sold for $4060. What
was the gain per cent

47. A IN"!:"i‘l which cost 5 c¢t. sold for 6 et What was
the gain per cent.?

48. Which investment returns the greater per cent., $40 in

a bicycle which sold for $50,0r 3 ct. in a newspaper which
Suv!l‘] for 4 ¢t.?

49. A man has $4500 with which to speeculat Will he do
better buying cattle at $10 and selling at 818 a head, or buy-

ing railroad stock at $75 and selling it at 81322 "What will

be his gain per cent. in the better investment?

994 [IL To find a number from a given per cent. of it
(given the rate and percentage, to find the base).
Bx.1..830 is 12% of what number of dollars?

SOLUTION.
129, of the required number —
1% of the required mumber —

10

$30.
S
2

$260). )

Ex 2. A hounge is sold{or $4800 af-a‘gain-of 209 YWhat
was the cost of the honse

Making the cost of the house the base,

209 of the ecost of the honse = 24800,
y o ¥ SARN
19, of the cost of the house =< -
120
100 22, or the whole of the cost of the honse =840 x 100 = $4000.
i . S4S00
Ur more brieiy, cost of house = S4000,

1.20

— S40.
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Hence. in generat, to find the base, either pre seeed by analysis,
that s, obtain 1 per cend. :II"/«V base by dividing the percentage by
the per cents and madaplyy the-cesult by 100, i order to obtatn 100
divide the percentage by the rate, r’.rlvrz‘w'xr'!l
Py

7

ner cenl. of the base; or,
decimadly fin symbols b

or. divide the difference by 1 ININUS

The amount or difierence béing given to find the base. divide

the amount /::,’ 1 !u,ll,-: the rate ;
. \ amount (1 + rate).

e (rie; 9604 | difference — (1 — nate).

EXERCISE 114.
Find the base'if it-is given that:
Percentage 18 8120 and rate i3 69%.
Percentage 18 760, bu: and rate is 5%.
Percentage i3 115 gal. and rate is/'2%
Ratenis 4% and percentage 18 H50 da.
Rate is 349 and percentage 18
Rate’is 23% and pereentage is
Proceeds are $1086.40 and gain’is 129%.
Proceeds are 25 tons and loss is 20
. Rate‘of /1oss is 13 % and !'I‘m-m--i: ‘
70. Gain is 189, and proceeds are $372
1414015 8% of what number ?
72. 169 is 31% of what number?
Of what number is
13, /
14, 120, 6% 1 . 486, 3
Find the ¢||l::l|1'll_\' of which:
48 bhu. is 209%,. {
75 da. 18 25%.
145 tons 18 5%.
67 mi. 18 40%,.

a0 18 159

PERCENTAGE.

What quantity increased by :
S1. 9% of itsell is $54.507 15%. of itsell is $11.047
32. 21% of itself is § . 331 of itself is $114.487
33. 609 of itself is 127 3% [ itsell

What quantity diminished by :
37. 259 of itself is 96?2
38. 309 of itself is 175 da.? 1. 199 of itself is 63

281 % of itself is $167.317 12. 887 of itself is 0.32

j0. 163% of itself is 7612

“ind cost if :
Selling price is £50 and gain 18 259%.
Selling price is $308.14 and gain 8} %.
7.14 and loss is:3

Selling priceqs ]
256602 ;lll‘l loss 18 9 /

$
3
>

. Selling price is :
A city whose population is now 74250, has gained 109,
in a year.  What was its population & year ago’

48. If during a year I spend 45% of my earnings, and have
$1100 saved, what was my income ?

49. A boy weighing 90 Ibs. gained 207 during the last
vear. What was hisweight a year ago? What will be his
weight a year henee at the same rate per cent. of growth?

50. A pencil which sold for 8 cents brought 60% gain.
What did it cost?

51. A grocer sold a score of eggs for 55 cents, thereby gain-
ing 10%. "What did a dozen eggs cost him ?

52, Al farmer/lost 12%. of 'his lambs by death; and 23 7% by
theft. and there were 585 lambs remaining. How many had
he at first?

53. A housekes per wishes o 1
knows it will shrink 21%.
buy ?

54. T gold 2 horses for 860 each; on the one I gained 209,
and on the other I lost 209. Did I gain or lose on them
both together? How much?
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55, The distance between two stops was 422 miles, or 747

/C

of the entire journey... What was the length of the journey ?

56, The gain\was ($39.60,0r-20% of the cost. What was
the cost?
o Sy e Sy >
7. The loss was 876.40. or 80 9% of the cost. What was the
2
In a transaetion a man gained 8% but actually gained
How-muech did he invest?

EXERCISE 115.
ORAT.,
1. Ef percentage i3 $75 and rate 18 3%, what is/the baso?
2. 'What is the base swhen rate is 8%, and percentage is 24 bu.?
$24 18 20 % more than what namber of dollars

27 is 10% less than what nr

Gain 13§40, %. What-was the cost?

Loss was $30,.0r 15°¢ What was the cost?

Selling price wa<'$84, and loss was 309 What was cost?
. Gained 20% 'when 1 sold for $60. What was eost

A‘knife selling at 70 eents yielded 40% gain.  Find eost.

If percentage 14 63 bu. and rateis 70 %, find base,

If proceedsare 525 tons and rate 15 5% gain, find base

12. What was the base if rate was 16% and percentage $16?

235. Algebraic Treatment of Percentage.—If the student
is familiar wwith the first prineiples of algebra, the treatment
of ‘percentage may he simplified by their use. | All three of
its cases may be reduced to a single formula

Thus, since p b r, if any two of the three quantities, p, b, r, ar
known, the third may be found by substituting for the two known guantities
and solving the resulting equation

Ex. 1. What per cent. is 16 of 647?

16. 5 — 64,
Substituting for p and & in p= b
we obtain 16 04
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The sbove formula may also be made to cover cases where the proceeds
occur instead of the percentage.
In such cases let p proceeds,
7 final rate, 1. e, i rate, or 1

b base
IEx. 2. A property issold for $3360 at a gain of 124, What was it cost?
Here, proceeds (or ;

final rate

Substitnting forpand rinp = br, $3

Base.

EXERCISE 116.
GENERAIL REVIEW.
1.Find 7% of 1456 feet. Of $351.70. Of 91,
. 24 is what per cent. of 36?7 Of 642 Of 4802 Of 187
30 18 what per cent. of 507 1202 Of 242 Of 18?2
423s 6% of what number? 8% of what? 21% of what?
48138 18% of what? 331% of what? 120% of what?
Find 1013 % of 64 acres. OFf 77 miles.
Lo the following gronp of examples, two of these three quantities are
given, and the problemiin each case eonsists in ascertaining the missing one.

Base,

3 ]»..r:ntL 2
bushels 8.76 bushel

S

FOOD

105
‘Anl‘

What per cent. of an honr is a minute? Of a peck-is a quart? Of
a-week isa day 7. Of a gallon isaqoart 2 Of an inch is a foot? Of a yard
1sa foor?, Of a'yard is an inch? Of 2 day isan hour? ’

77. Out of an amination of 9 problems, a boy solved 71 correctly.
What should be his per cent. grade? -
78. A man owning 7 of « 331 of his share for $9200. What

was the whole vessel worth ?
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79. A field was 48 ~ 35 rods, and the owner increased each dimension
409 of itself. By how many acres and what per cent. did he increase the
field ?

20. A carpenter, built \a _house at ‘an expense of $5200, and sold it for
$7008. “What was the gain % 2

o1, Arwholesale grocer buys coffee at” 30 cents and sells it at 36 cents a
pound.The local grocer buys at 36 and sells at 45 cents. What per cent.
does each make? What per cent. would be the wholesale grocer’s gain if
he'sold directly to the consnmer for 45 cents?

Ownine 30% of an office building, a man sold, 25% of his share and
tllen valued the balanee ot $9000. What was the entire bnilding worth at
thig valuation ?

What percent—of 3 bushels, 3 pecks, 4 quarts i 4 bushels, 6.9
quarts?

2 | Find the yalueof 804 of 60 acres, 125 square rods, 20 square yvards
at $60 an acre.

Find 1 of 90, Of 200, Of 8756. Of 2.

26 Find 2 % of 900.° Of4980. Of 4. OfL1.6.

o Write decimally, and @ a’common fraction ; ten per cent.; four-
fifths percent. ; one-hall of onfie per_eent. ; one hundred twelve per cent.;
eight per cente; threetenths per cent ind eleyen hundredths per cent.

o X ( » ' ) « B 3eng. 29

28, Write as pex.cent.; %5 15 435 5543 06 53 1w TET 1D 35

29, (On an examination i boy got 450 credits out of a possible 500. What
shonld His grade be, expressed in pereent.?

0. A watch-was sold for $190'at a loss of 24%. What should 1t have
been sold for to obtain a gain of ¢

81, A speculator bought 500 st ¢ railroad stock at $68 a share and
sold it at $85 a share What was
82, 1f a teacher's salary is 00 and he pays in a year, 15 % of it for
hoard, 4% for-rodom, 3% '1‘-nr dothes, / 8% for incidentals, and gives his
mother a quarter/'of. his salary, how mue h ia left for saving? »
22 A man owned £ of a hotel and sold 124% of his share for $7540.
At the same rate, what is the value of the ] | 7

707.84 is 12% more than what number?

¥4
V.

35. If i{lie cost was § of the selling pr what is the gain % ? Prove

vour answer in the case where the costiis $420.
' =1 . ’ . B o9
36, What per cent, of the year 1904 are the Sundays? OF the year 19037

CHAPTER XIV.

APPLICATIONS OF PERCENTAGE.

236. Applications of Percentage.—The method of reckon-
ing with reference to 100 as a standard or base has so many
advantages that it is widely used in many different depart-
ments of practical life.

The computations in these different applications are alike,
in that, _/i.'" - t]xv-_\' all use 100 as a base, and, seconds Iln'_\' are
all concerned with the three quantities, base, zate, and per-
centage.

The various applications of percentage, however, differ from
the general subject and from each other in that (1) different
special names are asgigned fo.one or more of the quantities
used (thus the percentage is sometimes called commission, or
tax, or profityete.) ; or(2), the base may be determined in some
peculiar way ; or (3) eertain special standard rates are used.

In all cases, however, it will be found that the threequan-
tities, base, rate, and percentage, appear in some form, and
that two of them are given to find the remaining one.

PROFIT AND LOSS

237. The subject of Profit and Lioss differs very slightly
from the general subject of percentage.

Profit or loss is the name given the percentage, profit being
the excess of money received over that expended, and loss
being the excess of money expended over that received.

The student should (‘urrt‘U“_\/ note that'the base is the money
]mfrl out or mmvested (not the mone Yy received ).

Ex. A man sold his horse for 860, which was a loss of 209,.
What did the horse cost him?

91
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79. A field was 48 ~ 35 rods, and the owner increased each dimension
409 of itself. By how many acres and what per cent. did he increase the
field ?

20. A carpenter, built \a _house at ‘an expense of $5200, and sold it for
$7008. “What was the gain % 2

o1, Arwholesale grocer buys coffee at” 30 cents and sells it at 36 cents a
pound.The local grocer buys at 36 and sells at 45 cents. What per cent.
does each make? What per cent. would be the wholesale grocer’s gain if
he'sold directly to the consnmer for 45 cents?

Ownine 30% of an office building, a man sold, 25% of his share and
tllen valued the balanee ot $9000. What was the entire bnilding worth at
thig valuation ?

What percent—of 3 bushels, 3 pecks, 4 quarts i 4 bushels, 6.9
quarts?

2 | Find the yalueof 804 of 60 acres, 125 square rods, 20 square yvards
at $60 an acre.

Find 1 of 90, Of 200, Of 8756. Of 2.

26 Find 2 % of 900.° Of4980. Of 4. OfL1.6.

o Write decimally, and @ a’common fraction ; ten per cent.; four-
fifths percent. ; one-hall of onfie per_eent. ; one hundred twelve per cent.;
eight per cente; threetenths per cent ind eleyen hundredths per cent.

o X ( » ' ) « B 3eng. 29

28, Write as pex.cent.; %5 15 435 5543 06 53 1w TET 1D 35

29, (On an examination i boy got 450 credits out of a possible 500. What
shonld His grade be, expressed in pereent.?

0. A watch-was sold for $190'at a loss of 24%. What should 1t have
been sold for to obtain a gain of ¢

81, A speculator bought 500 st ¢ railroad stock at $68 a share and
sold it at $85 a share What was
82, 1f a teacher's salary is 00 and he pays in a year, 15 % of it for
hoard, 4% for-rodom, 3% '1‘-nr dothes, / 8% for incidentals, and gives his
mother a quarter/'of. his salary, how mue h ia left for saving? »
22 A man owned £ of a hotel and sold 124% of his share for $7540.
At the same rate, what is the value of the ] | 7

707.84 is 12% more than what number?

¥4
V.

35. If i{lie cost was § of the selling pr what is the gain % ? Prove

vour answer in the case where the costiis $420.
' =1 . ’ . B o9
36, What per cent, of the year 1904 are the Sundays? OF the year 19037

CHAPTER XIV.

APPLICATIONS OF PERCENTAGE.

236. Applications of Percentage.—The method of reckon-
ing with reference to 100 as a standard or base has so many
advantages that it is widely used in many different depart-
ments of practical life.

The computations in these different applications are alike,
in that, _/i.'" - t]xv-_\' all use 100 as a base, and, seconds Iln'_\' are
all concerned with the three quantities, base, zate, and per-
centage.

The various applications of percentage, however, differ from
the general subject and from each other in that (1) different
special names are asgigned fo.one or more of the quantities
used (thus the percentage is sometimes called commission, or
tax, or profityete.) ; or(2), the base may be determined in some
peculiar way ; or (3) eertain special standard rates are used.

In all cases, however, it will be found that the threequan-
tities, base, rate, and percentage, appear in some form, and
that two of them are given to find the remaining one.

PROFIT AND LOSS

237. The subject of Profit and Lioss differs very slightly
from the general subject of percentage.

Profit or loss is the name given the percentage, profit being
the excess of money received over that expended, and loss
being the excess of money expended over that received.

The student should (‘urrt‘U“_\/ note that'the base is the money
]mfrl out or mmvested (not the mone Yy received ).

Ex. A man sold his horse for 860, which was a loss of 209,.
What did the horse cost him?

91
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SOLUTION.
Making tlie.cost of the horse the base
B0 9 of the cost of the horse the selling price.
SO0

cost of horse = -
R

EXERCISE 17.

7. Bought for$580and sold for $100) Find the gain %.

2. Sold for $40 and 165€:20%. Find cost.

Gained 863 or 79, Find cost/and selling price.

4 Lost 323 % on an investment of $6200. Find the actual
1088,

4. Did-I gain or'lose by buying eggs”at 18 ct. a doz and
selling at 32 ct. a score?. What per cent=?

6. Who gained more money and who gained a greater per
cent—John, who bought for 860 and seld for 865, or James,
whosold for 8240 at a gain' of 20% ?

7. L _sold a_horse-for $404.40.and/ cained 1219. W hat
would have been my per cent. of loss if 1 had sold him for
$25272

& Bought twofarms for $4500 each, and sold the one for
86300 and-the other at aloss of 37%. Did 1 gain or lose on
the transaction and how much?

9. Bought two books for $4 each, and sold one at areainvof
20% and the other at a loss of 90 cents. Did I gain orlose
on the transaction 7 How much ? What pericent. ?

0. By sellingcloth for 8120 per yd., a salesman lost 20%.
How should he have sold it to gain 209, ?

17. I sold two watches for $84 each. On one I gained 40%
and on the other T lost 40 9., Did 1 gain or lose on the
whole? How much? What G ?

12, Carpet is'beught at-75ct.-a’ yd.' Expenses amount to
20 cents additional on each yard. What must be the selling
price-that the dealer may realize an advance of 20% ? How
must he mark the carpet so that he can allow a 59 reduction

and still gain. 20

TRADE DISCOUNTS.

farmer charges 109, profit on his wheat; the miller,

7% profit on his flour; the grocer, 209 gain. The consumer

pays $5.28 per bbl. What is the first cost to the farmer of the
wheat in a barrel of fHour?

Z4. The actual cost of a certain piano is $200; the maker

charges an advance of 609 ; the agent realizes a profit of

25%, and the deliverer gains 5% for hauling. What is the

cost to final owner ?

EXERCISE 118.
ORAL.

1. Can 2 man gain 125
How many per cent. is it jx o gain? To lose?
3. What is always the divisor in determining the gain or loss per cent, ?

4o If I gain 200% on a purchase of §, what is the selling price?
.

What is the gain per céntum ift I buy at 40 et and sell at 60 ot.?
6. What is the loss per centum if I buy at 60 ot and sell at 40 ct
7. If 1 lose a new &-ct. pencil, what was my loss % ?
8. If I'find a dime, can you tell the gain peéreent.?” (We cannot, be-
catise to have gain % there must be cost, and here there was no cost
9, If the gain is 1 the cost, what 15 the gain 4 2
70. 1f the selling price is § the cost, what is the loss %
71, If*thecost is § the selling price, what is tHe'gain % 2
72. 1f the selling price is tw he gain, what is the gain per cent.?
75. '1F the selline price is three times the cost. what is the oain ner cent. ?
14 1f the cost is double the selling price, what is the loss
15. Sold for'§ what cost .. Whatiwag the gain % ?
716.  Does a merchant gain or Iose by buying coal by the Tongz tan and sell-

ing it by the short ton, at the same price per ton? How would vou find the

per cent. ?

A farmer planted a peck of corn and raised 250 bushels. How would

vou find the gain % ?
TRADE DISCOUNTS.
238. The snbject of trade discounts has the peculiarities
that the percentage is termed discount, and that frequently
several discounts are applied in suecession.

239, Commercial Digcounts,—It is the custom of manu-
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facturers and various dealers in merchandise to have a fixed
or catalogue price for goods, and to make deductions from
this, called-discounts. | Thus, a manufacturer may allow a
discount(of 259, . ‘owing to the fact that soods are produced
moretcheaply than when the catalogne was issued, and a fur-
ther discount of 5% for payment of tlie bill within a certain
time.

The eatalogues of goods-and prices issued by business houses, are fre-
guentlylexpensive, and when the prices of goods change, owing to cheap-
enttiipecesses of production; it is more economical o print off’ a brief list
of distatons Thas to issue a new catalogue

The catalogue price is called the list price; the price after
the discount has been deducted is called the net price.

240. Successive Discounts.—In making several suceessive
discounts deduct the .ff/'.\f /:'[,-.,'w/“_/‘]',v'.' viv the list ]r/‘/-m’_ then compuls
the next discount on the remainder and deduct it ‘[‘V/'l'nt the remain-
f/('l" r‘lul.’ S0 ['r"”"“/"/ Ll all the 4/[.\‘4,‘1:!/.!!!-'? have been 7/6"4711

Ex. A bill'of $250 for steam heatingapparatus was subject
to adiscount of 60% and 209 ; with-29% off for cash. What

sum is needed to pay the bill ?

SOLUTION.
Since after 60% 15 deducted 40% s lefl,
and 20 « S0% of the remainder is left,
and ¢ 2% . 98% of the second remainder is left,

the sum required = $250 % 40.x 80 x .98 = $78.40.

EXERCISE 119.

7, A librarian purchases a list of books amounting to
$123.80, but is allowed 30% deduction and a 4% discount
for cash. Find actual amount due:

2. From an assessment upon $8500 of value the owner
obtained three sueccessive reductions of 8¢, ]';‘,, and H_')//I;,_
How large was the final valuation?

3, For damages on a large purchase of dry goods, amount-
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ing to $1800, a merchant discounted 5%, then on special sale
7%, and on cash payment 27%,. What was final bill ?

4. Which is the greater discount on a bill of $15600, and
how much—a discount of 409 and then 8%, or one of 48% ?

5. What single discount on a bill of $5000 is equivalent to
the two discounts of 159 and 209, ?

6. Find net cash amount of a bill of 8675, subject fo the
three I]i,\’w()'.lllt\ 209, 16%, and v—»’/,'A Change the order of
discounts in this example and ascertain whether or not thére
is change in the final amount of the same bill.

7. Prove that it is immaterial in what order several succes-

sive discounts on the same bill are made.

COMMISSION AND BROKERAGE.

241, Agents and Commissions.—Goods are frequently
bought or sold through an agent, the advantages being that
an agent may be ina more favorable place in which to buy
or sell goods, and also that an agent by making a specialty of
a cerfain line of goods may be able to buy or sell to greater
advantage.

Thus, a farmer may receive a higher price for potatoes by sélling them
through an agent in acity, than by selling them himself in hisown neighbor-

]I()()d.

An agent who buys or sells general merchandise iscalled a
commission merchant. Goods gent to him to be sold.are
called 2 consignment, the person sending them being ealled
a consignor, and the person receiving them being called a
consignee.

An agent at a distance is sometimes called a correspondent ;

the person emplaoying a correspondent is called a principal

249. Commission is the percentage paid a person who buys
or sells goods or collects money for another person.
The base of a commission is the amount of money paid

out or received for goods by the agent.
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An agent sold $3500 worth of goods for 2 eommission
What was his commission ?

$3000 %05 $175

Ex. 2. A gentleman sent @an H7.50 to expend in

buying hay at $20a ton.  The agent charged 3% commission.

How many tons of hay did he buy ?
OPERATION, EXPLANATION.
Since  $257.50 qncludes both the cost of the hay

1.03)$257.50( 8250, - . ~r o
and 3% commission, $ olF 15 103 % of the cost of

200
- the hay, Hence, the cost of the h:
1.03 $250.

If/1 ton of bay

21\ No. of tens. Which cin be bought for
tons

243. Brokerage.—A broker js

stocks, bonds, billg'of exchange, real

A commission merchant receives and sell
the net proceeds o the consignor. ~ A | br iandle the goods,
and they are sent direetly from the owner to'the buyer. Since he is thus

saved the labor of handling the goods, he is paid a less percentage for his
work.

Brokerage is the commission charge v & broker. Inthe

sale of stocks and bonds, brokerage is reckoned not on the

selling price, but on the face or par va the stocks. It is
usually 29, or 121 cents on a share of $100
Ex. A broker sold 36:shares of N: Y. Central stock. " AV
was his brokerage ?
SOLUTION.
Since the par value of 1 share $100,
$3600
__ij‘,u;l.n < 001
EXERCISE 120.
I. A commission merchant sold a car of lime for $80 and
received 3% commission. What was his commission? How

much did he remit to his employer?

\'.
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I sold a lot of real estate for Mr Jones for $12500 on
commission. What amount should be sent him ?

3. An agent sold 560 baskets of peaches at 90 cents a
basket ;n.)«iit‘-ls:n;_'e-nl $25.20 for doing it. What was his rate
of commission ?

a property worth $85

What rate

28, the agent sent to
the former owner 8822 of commission did he

A merchant charged 49, for selline a consignment of
beef and received 893.40 commuission. What \s';i.\.ﬂn' sellinge
price of the beef?

6. After selling a load of grain. for doing which the acent
retained 2%%, he xemitted $2691-to his employer. '1&‘(]!1?!‘«‘«1
the selling price of the

7% A xeal estate avent sold a I Se on 8% commission
and sent the owner commission did he

8. _If $2388.33 includes commission at 29 and the amount
invested in wool, how much was invested ?

2. T sent'my agent £216.84 to invest in peaches, after de-
ducting 4%. commission.. How many baskets at 75 ots. each
will he purchase for me?

10.+Whatis the brokerage on a sale of 75 shares of railroad
stock (par value $100) at 14, 2 At La, ?

I Par valtie' of v R.stock is $500 What will Be the
totalicost of 48 sharesa 872, includine 497 2

12, Suppose
would be the total cost ?

15. What is the total cost of 28 shares of D. I.. & W stock
at $124, counting brokerage at 19/ 2

44 A'speculatorsold through his broker 90 shares of (0. R. R.
of N. J. at $§1121 ;

75. 1 sent draft on Drexel & Co. for 84631.95 to pay for

stock at 92} (par $100) and their commission at 1%. How

11, shares were selling at $63. what

What were the proceeds, brokerage Y% ¢

many shares could they buy ?
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TAXES.

244. Revenue—Various governments, as the federal, state,
county; city goyernments, need-noney in order to pay their
genéral expenses, and |also_do the special work delegated to
them, snch as maintaining schools, building roads, caring for
the msane; etc. -

The different governments collect their revenues in different
ways., State and local governments, generally collect their

Tevenue as faxes.

245, Taxes,—A tax ismoney assessed on property or per-
sons by the government for public purposes.

A 1)1.'(.\}‘”1.\‘ faxis a tax assessed on property.

I’rnl\wrt'v is of two kinds, real estate and ‘,-v"‘,;vnw[ property. Beal esiaie
is property not easily moved, as lands, buildings, et .

Personal \property is movable property, 4s money, stocks, bonds, house-
hold goods, cattle, ete.

A poll tax is-a fixed sum, as &1, or $2, assessed on t':u“.l
voter in. al community. without regard to the amount of

property he owns.

9246. The method of assessing taxes in a state, for in-
stance, is usually as follows: A representative body, the state
legislature; determines by means of appropriation bills, the
amount of money to be expended. The amount of taxable
property in the state is determined by local officers: called

assessors,/elected hy the peoplein a townshipior borough or

city, the reports of the assessors being summed up by a state
nﬂiciu] l‘:l”:_‘ll the Auditor of Public Accounts. The auditor
divides the total amount of money to be collected by the
number of dollars of faxable property, and thus delermines
he amount of tax on one dollar. Hence, a faz 13 a certain per
cend. ‘ff‘ the pre «.(ve_';“':/ assessed.
Thus, if a state desires to expend $1,200,000, and the amount of "“'P“,",r
in the state is $800,000,000, the tax rate will be $1,200,000 = $800,000,000,

or 0015,
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The same general method is followed in assessing city, borough, and
county taxes.

The different rates of taxes of each government are sent to an official,
who calculates the amount of each kind of tax to be paid by each person,
corporation, or piece of property, and tabulates the results in a book. The
book is given to a collector, who collects each tax and returns it to the
proper (county, city, or state) treasurer.

It ia the custom in many localities to assess property for not more than
4 or % of its real value. Afier property has been assessed, the owner may
appear before the proper official and make claim for such reductions or cor-
rections as he thinks he is entitled to

If taxes are not paid when due, a certain per cent. is usually added to
them as a fine.

Taxes are often stated as so many mills on a dollar.

Ex/ What will'be the county tax of Samuel Smith. the rate
being 2} mills on a dellar, and his property being valued at
$3500.

The tax on $1 0025,
Hence, tax on $3500 = $3500 x .0025 = $8.75, Taxr.

247. Computation of Taxes by Use of a Table— The
computation of the taxes of a community is greatly facilitated
by the preparation and use of a table like the followingywhich
gives the tax on various sums at the rate of 3 mills on a

dollar,
Tax.{| Prop.| Tax. i Prop: | Tax: Prop Tax Prop

10 3 100 " $3.00 1000 $30 10,000 | $300
20 ) 200 6.00 2N o0 20,000 600
541 ¢ S0 S9.00 >O00 o) S0.000 900
40 - 4040 12.00 4000 120 40,000 1200
50 . 500 | 15.00 S000 150 H50.000 | 1500
60 8 500 18.00 G000 180 60,000 | 1800
70 )2 700 | 21.00 70007} 1210 70,000 | 2100
80 | & 800 | 24.00 E000 240 80,000 | 2400
90 | 2. 900 | 27.00 9000 270 90,000 | 2700

In this table, the columns headed “ Prop.”” give the number of tens of
dollars, not number of dollars of property tax
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Ex ('u::x]'ll‘u' by use of the table the tax on a property
assessed at $H5680.
SOLUTION.
Tax on $5000 $15.00
6" 455 600 1.80
80 24

$17.04, Tax.

EXERCISE 121.
7., What-will-be R'stax on a farm valued at $4500 if the
rate 1s .007 2 If it1s .01027 @ If itis .0127?
2. Mr. Smith‘pwns a house assessed at'$12000 and the tax
rate iz 021, ~What will his total tax be including a poll at
$1.507

.. By the table find tax on the following amounis : 84175

93925 : $10328 827030 $50409 at rate .003.

I my tax 18 $132.30 and my property i1s assessed at

'
4
451

$7300, what is the rate ?

4. Ispay a pell tax of $1.25and a total tax of $395.2565 my
;rru!n'r[_\: z~ assessed” at 315760, "'Whats the rate?

6. One year a gentleman paid $372.60 when the rate of
taxation \\‘:-:; 129, What \was thé value of his property ?

7. A taxlof 83050015 tobe assessed on a town; the real

te is valued at $3500000, and there are 500 polls taxed st
$1.50 each. . What will be the raie?

8. The real estate in a certain town is valued at $857400
and o taxyof $1371840 is to-be assessed. What will-A have
tovpay, his property being worth-$147007? 4

Do vou et any si rity between the subject of
1l of percentage?
Find by use of the table the tax i of Ex. 3

: rateyvere 2 mills on

CUSTOMS OR DUTIES.

248. Revenues of the General Government.—The general

government of the United States obtains its revenue from two
g 1e1d the
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principal sources: (1) Duties (sometimes called tariff. or
customs) which are a tax 1mposed on goods imported into
the country from foreign countries ;

(2) Internal revenue, that is, taxes charged on certain
:1r:n.:1-'.~'m;m!.:,":w:nrml\\ilininHu-runmr)',;wspirituul_ﬁEiqtmra
articles made from tobacco, etc. Of all these, certain duties

only are collected by the use of percentage.

249. Duties are of two kinds, ad valorem and specific.

An ad valorem duty is a certain percentage assessed on the
value which imported goods have in the counfry from which
they come. Thus, imported silk ribbons pay a duty of 407 ;
brushes, 40% ; manufactured glass, 459

A specific duty is duty assessed. on.goods-accordine to
their weight or bulk without r spect to their value. Thus,
imported pig iron pavs aduty of $4 a ton ; iron ore 40 cents
a on.

Somefimes goods are subject to both an ad valorem and a
specific duty. For example, preserved fruits, when imported,
piay a duty of 1 cent a pound, and also 35% ad valorem.

Goods are said to be on the free list when no duty is charg=d
on them.

Ad valovem duties are more just if honestly paid, but they present
greater chance' for fraud by undervaluation.

Hence, at present, most U. S. duties are specific

Diatiesrare collected at certain cities, called  Ports of Entry, which are
détérmined by law Each' port of entry has a building called a Custom
Hoose, where duties ‘are collécted finder the oversicht of ' a government

official called the Collector of the Port.

A 'iHI_'.‘ 15 \'Hlli!'vlll"'=l on the cost ‘of the goods at the port
from which lllt")’ are Siii[l['ﬂt‘ti This! cost dincludes both the
cost price and all charges up to the final shipment. An in-
voice specifying the goods purchased, their ¢ i
to the person or firm importing the goods, and
genfed i:j.' them at the custom house where the 2o0ds are
received.

16
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Merchandise of certain kinds, imported but not intended for immediate
consumption, may be placed in bonded warehouses provided by the United
States, and remain there not. longer than three years, the owner beiug at
liberty to withdray it at any time tpon payment of the duties and charges.

Ex. What is/the duty on375 yaxrds of cloth at $2.75 a yard,

the duty being 20% ad valorem?

The duty

EXERCISE 122.
7. What is the duty on 40 pairs lace curtains bought for
$6.50 4 pair; duty being 28% 7
2. A jeweler receives from Switzerlanda quantity of watch
suppliv;. costing $2450, and charges amounting to $35.. What

;

will be the duty at 8% ad valorem ?

S, Find the duty at 159 on 80 boxes of candles, each
weiching 100 1bs. and costing 8% cts. per pound.

4. A hiquor dealer imports 150 dozen bottles of wine at $2.50
a dozen, duty.at 22%. MWhat do the bottles cost him; pro-
vided ‘charges before landing are $16 and those afler landing
are $9:507

5. The duty.on an invoice of lace goods at 249, was $211.50.
What was Iiu.~ cost of the woods? What was the total cost?
What must be the selling price to gain 209 ?
6. A merchant imported dry goods valued at

whieh there was a duty of $1296., What was the custornrate ?

87200, on

In the above example, provided the goodscost 35 a yard,

what must hie ask per yard for them, to cain 109, above all
given costs?
8. Compare and contrast this subject with the subject of
percentage.
INSURANCE.
95(). Tnsurance is a system of business whereby a certain
gum i8 payable in case of loss of property in a specified way,

or in case of mjury or death of a person.

INSURANCE.

There are three [»rin(‘i;-ﬂl kinds of 1NSUranceg
(1) Fire Insurance.

(2) Life Insurance.

(3) Accident Insurance.

Beside these. there are 1V 8De ne r £ marine,
ES10€ ese, there arc man pecial k 1s 1 Ance inarin r
y )

{ > 3 1
nado, plate glass, employment insurance, ete.

a7 2
=ol. The insurer or underwrite
taking a risk

: ris the person or company
I'he insured or assured is the
The policy is the

the insured.

person protected.

writlten contract between the insurer and

he S e oy
1 1‘_ pre.mmm IS the amount paid for the insurance for a
certain, period of time. as e, three, or fi ‘ i

Sl I : €548 one, thregyorfive years,
I'he rate of the insurance

is either a certain per ce
: I6F a cert: ent. 1o be
charged on the ; ’

a0e f <13

d f,L-(- ofithe policy, or, what amounts to the
same thing, a certain charge on every $100 or S1000 of the
of the policy. Thus, the rate of insurance on

a building may
be stated either as 1197 81.5 el
tated either as 119, or as 1.50 on every $100 insured.

face

Business bitildings are usuallv insured fi

OF & single year, the policy being
year, i ng
renewed annually ; dwellings and . i

: personal property for three years,

‘n \'.lj«" of lu:s‘? lh(j l;ndt:‘rwntr-r has the cheice of replacing the insured
property, or paying its value, Only the actual amount of the loss can be
recovered. ‘ :
‘.};x. A house is insured against fire for 84500 for 3-vears.
Find the premium,the rate of insurance being 31 %

5 92 /0~

OPERATION.
$4500 ExXPLANATION
035
29500
13500

F157.500, Premiym

Since the rate of insurance js 3
mium will be $4500 x

EXERCISE 123.
I, What must be paid for insurance
87530, at 139 2 At 139, ?

o]

~. On a vessel worth £12000 the

on a property worth

owner had paid insurance
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3 years; at the rate of 13% annually; then the vessel was
wrecked. What was the total loss? How much of it was not
recovered by, the insuratnee?

. A merchant whose stock of goods is worth $26000 gets
them ‘insured for 2 of their value, at 39,. What premium
does he pay ?

a, A housecost e $6000. | I 'wisliio insure it, so that in

= : 3 :
er——cne of firc I lose nothing. | For what must i msured at

D09

2% ¢
o 1 pay $11.90 preminm on insurinege of

the rate?

®6. If it cost $82.05 10 jins:

the whole value of the store?

1

¢
7, AT
70, AL

72 1 insure my house in one company for $3500, at 9
my bam in another, for $2500, at 3%. 7 What rate do 1 pay
on my entire insurance

& A bank building inisured for 875000, at 1$9%, was de-

stroyed by fire.afier the/payment 6f 4 annual premiums.
What was the loss to the company? To the bankers?

STOCKS AND BONDS.

252. Stock Companies and Stocks.—When a business
enterprise; as: the building and management of a railroad:is
too large for the capital of a single person, it is customary for
gevera. /persons)te combine their resonrees! and oraanizeha
stock eompany,for the purpose of carrying on the enferprise.
The money thus invested is called the stock.

The stock is divided into a number of equal shares, each

share 1»!,%!1'_" usnally $100, bt sometimes $50 or $

The stock COMpPany, or corpors
a slate Tegislature, orissued by a stawe officer in actordance wilh a general
law. The charter specifies the pame and purpose of the company, the
amonnt of _stock, the method in which the business iz to be conducted, etc
A company is usually organized by electing a board of directors, each share

of stock being allowed one vote. The bouard of divectors elect officers; as
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presidlent, secretary, treasurer, efc. Somelimes, however, the officers are
elected directly by the stockholders.
Stock certificates are documents issued by a company, stating the num-

ber of shares of stock owned by each stockholder respectively.

253. Dividends, Assessments.—When the receipts of a
company exceed its expenditures, it usnally pays part or all
of the net gains to the stockholders as a dividend. A divi-
dend is paid out as a certain per cent. of the face or par vialue
of the stock.

When a company is losing money, it often makes an asseas-

ment on its stockholders to cover a deficit or extraordinary
Ly

expense. An assessment is also made as a certain per cent.
of the par value.of stock.

204, Par, Premium, and Discount.— Accordi 1T 4s a com-
pany 1S paying large or small dividends, and the public has
or has not confidence in it; the stock of the company may
sell for more or less than its face value.

The market value of stock is that for which it will gell.
When stoek sells for more than its face or par value, it is said
to be above par, or at a preminm ; when for less, it _is eaid
to be below par, or at a discount.

255. Stocks, Bonds, etc.—Some companies isste stock of
two kinds: (1) ]n'f_'fr»rr,;-v)‘ (2) common stock. In dividing the
gains of a eompany, the preferred stock receives @ dividend
first, upfo'a eertain amount; as' 5%, after whiech‘the’ remain-
der of the net income of the company, if there be any, ig
::_ppurtinn«wl to the common stock. About. one-fifth of the
railroad stock of the United States is preferred stock.

A bend is<a note issued by a company to the person from
whom the company or corporafion borrows money, and spe-
cifying the amount, time to run, and rate of interest.

Bonds issued by a company are secured by a mortgage on the property
of the company ; those issned by a city, county, state, or national govern:
ment are simply promises to pay, without any such security,
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Bonds are either coupon or regislered bonds.

Coupon bonds have small certificates of interest attached, which are
cut off; as interesi becomes due, ‘and cashed at the proper place, as at a bank.

Registered bonds have the name and address of the owner; and in-
terest, when due, is'sent to the owner. Registered bonds must be indorsed
in order to be sold.

Bonds receive special names indicating the year when they are due, or
nimber of years which they have to run, the rate of interest, etc. Thus,

4’s of 1907 are bondd which- maturé in the year 1907 and pay 4% interest.

Ex. 1. ' If T buy 12 shares of New York Central R. R. stock
at 120 and receive a semi-annual dividend of 3% %, what is
my annual income from the investment and what per cent

does the investment Py ?

OFPERATION EXPLANATION.
SI2 The par value of 12 (shaves at $100 a share is
100 $1200. Sipee the dividend is paid on the par value,
200 the semiannuyl dividend on 12 shares will be 3
» I.‘
GO0
3600

of $1200 or $42. "Hence, the annual ineome is

42 2, or P84 The cost of 12 shares at $120
4% 000 per share is $1440.
I In order to determine the per cent. paid by the

5:14,10._&\;!.(» 05§ imvestment, it is necessary to determine what per
7200 cent $84 is of $1440. This is 5§ %.
1200
1440
EXERCISE 124.

7. I bought 25 shares of P./R. R. at 860 (par is £50) and
received semi-annual dividends of 2} 9. Whatismy annual
income? What per cent. do T receive on the investment ?

2. Whieh is the better investment, 9 shares of stock selling
at 120 and, yielding 7% on par yalue of 100;or 10.shares in
stock selling at 108 and yielding 69,2 (Find the ‘rate per

cent. of each investment.)
2. Which brings the greater income, $6438 invested in 6
bonds selling at $111 (par $100), or in 79, bonds selling at $58

(par $50;7 What is the per cent. in each?
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4. What sum must be invested in 5% bondsat 105 to yield
an annual income of $12007?

5. What sum must be invested in 7% bonds at 121} to
yield an annual income of $3500?

EXERCISE 125.
GENERAL REVIEW.

7. A merchant sells an overcoat for $50 and gains 25% aver total cost
If he had previously paid $9 duty on' the goods, what was their first cost ?

2. If a single fare to the ¢ ity is 60 cents, what per cent. do I save by
buying 100 tickets for $

3. What amount must be invested in Illinois 6's at 112 to realize an
annual income of $2100?

4. At 13% Iinsured my house by payment of $94.32 premium. W hat
18 the yalue of the house?

7% A school-house is to be built at a cost of $17 184.25. Collector's com-
mission 1§ 3 % ; assessable property is valged at $721000. Find the rate
of taxation.

6. A jockey sold two horses for $75 each. On one he cained 20% wd
on the other he lost 20%. Did he gain or lose on the shole transaction ?
Howmuch? What per cent. ?

7. On one occasion the price of kerosene fell from 12 cents per gallon
to 8 eents. What per cent. is the decline? Acain it ros from 8 cenls to
12 cents. What per cent. was the advance ?

5. An ilnlmrlr-r sold a line of goods for 215048, therehy gaining 20% 3
Previous to. this, he had paid a duty of 10% on their cost. ~ What was the
cost?

9. A _man buys a house for $12000;; pays$230 tax and 1 & insurance
each of 5 years. He then soid it at a gain of 10% above all cost and ex-
pénse.  What wasthe selling price?

10, Mr. B. bought stock at $12 premium ($50 par) and sold it :
of 20% At what rate was it sold ?

11. The Brst cost of an importer's stock of goods was S13200 - duly was
leyied at 124 ; insurdnce was computed upon thistotal value at 2} 7 What
would the ghads have to sell for, to return'the éwner 15 per cent, above all
cost?

1%, By selling 3% bonds at 102} and investing in stock at 137 a man
doubles his income. What is the annual dividend ( %) of the stock ?

8. If $7384.80 includes the price paid for a farm and the agent's com=
mission at 2%, find his commission,
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4. A coal dealer ordered through his agent 6000 tons coal at $3.30 a
ton, paid 5% 7% commission, 6.25 cartage, and $210.75 freight. He sells 1t
44'$3.98 a ton: Whatis his gan % 7

151 bonght 60 shares Lehigh Valley at 52 sold it at 60. My gain 1
investedan N, Y. Central at 120. What. was the income from this, under
their 5l % dividends?

16: Bought s lot of goods at 20.% below market price and sold them at
20% above marketpriee. ' Find my gain per cenl

7. A stationersold paper at 16 cents a quoire, having paid $2.50 & ream
forits Find his gain f-

78, T sold(twol houses for $5400 each, having guined 20% on one and
lost 20% 'on the other: | Did 1 gain or lese in the double transaction, and
what % 7

19. A drover bought 75 cows at $30 a head. Ten of them were killed by
accident. | He sells the rest so as to gain 10/% on the transaction. At what
|~l’iA e did he sell each cow?

o0, A teachér spends 25 % of her salary for board, 105 for clothes
for books. 121 % for traveling expenses, and saves the balance, which is $4
What is hersalary ?

21 Tlost 18 %, or $600,7n the sale o yperty, For what did 1 sell
the property 7
I sold a watch for $90, Josing & What is my per cent. gain on a
recond wateh which Fsell for $f“'. S0 a8 o ]IX'-:M as much on the oneas I lose
on the other?

What number increased by 331 % of 1ts is 9062
Mr. X. raised 496 bushels of wheat, which is 33} % more than { ot
Mr. Yulsicrop:  How many bushels did Mr. Y. raise?

25. A clerk spent 65% of his salary and saved $385. How much did
he spend ? -

26. 1fa man spends $45.75, which is 60 % of his money,how much remains?

27. Which mres the larger percentage return,a £2400 investment yield-
ing $112, or an 5400 investment vielding 3787

28 Who makes the greater per cent., the lad who buys chestnuts at $1 et
a bushel and sells them at 5 cents a quart, or the broker who buys bonds at
$144 and =ells them at $1658?

29, What per cent. is gained by buying coal by the long ton* 10 Ths. )

- H 3 3 . - "D
and selling it at the ordinary ton, $5 a ton in each case?

$0. What is the difference between the single discount of
of $640 and three snccessive discounts of 204, 1057, and 59

81. If I pay $37.50 for inzurance on my house at 1} per cent., what is the
amount of insurance?
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2. A grocer mixes two kinds of tea which cost him 36 cents and 60 cents
per pound. He sells the mixture at 56 centsa pound. What is his per
cent. profit?

38. Bought §128 worth of apples at 80 cents a bushel. Part were dam-
aged, and I sold the rest at an advance of 30%, receiving $137.28. How
many bushels were worthless? What was my per cent. profit withal?
34. I sold a horse for $150 and with the money bought another. On the
first of these horses I gained 20%, and when the second was sold I lost 20%
On the whole transaction, did I gain orlose? How much? What per cent. ';;
cubie footof water there are 889 ouncesof oxygen and 111 ounces
|\f]o_\‘ir"‘_'-. 1 What per ce

35, Ina

. of water i3 oxygen (by weight) 2 What per
What per cent. of the oxygen is the hydrogen?
36. A merchant by

cent. 18 hydrogen?

7 selling a pound of butter gains the cost of an ounce.
Find his gain
37, The volume of a gallon is what % of a cubic foot?
38.. The population of a certain city 18 84000, and that of the state in
wiieh the city is, 189000. What per cent. of the entire population of the
state 18 that of the “i(}'f’

9. A merchant bought goods for $1200 and then sold } of them at a Joss
of 25%. For what must he sell the remainder to gain 20

40. An agent received $40.625 for selling a house worth $1 What
can you find? Do so.

7 on the whole?

£1. An agent sold 1470 bushels of oats at 60 cents a bushel and charged
$26.46 for doiog it. What may be found? Find it.
2. Forwhat sum 18 a house insured if the preminm ¥ $17.50 and the

9

43 Out'of a possible 72 points in an examination, A got 27 points and
Find their percentages of grade
¢4y A-merchant wishes toymark some goods which eost: $1:20 myand, so
that he may rednce them 20% from marked price, and still gain 10%. At
rked ?
#5. What unt is equivalent to the successive discounts of
20% and 10% 7
58. What 13 163 % of 11627
§7 '_'125 is what per cent..of 916

$8. A desk was sold for $60, at a zain of 20% What wonld have been

the loss % had it been sold for $407?
$9.

My house, worth $6400, was insured for  of its value at $%. It w:
destroyed after the second premium had been paid. What was my actu:
loes? The company’s?

50. Write as a rate per cent. 3; v%5; ve: v5; ¥56;

13 -
¥007 355
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s a common fraction and as a decimal

51, Write a
340%; 40%; 4%; 143 %;

62, A horseworth $150 was bopght for $25 less and sold for $25 more

than his'real value. What % was

58. At $5 a ton, how many tonsof coal can be bought with $8526, after
paying commission of 13 %7

54%. Which iz a preater per. cent. change, when sugar drops from 6 to 5
cents a pound, or when it advances from 5 to Gicentz? Why?

&5, If the cost 142 of the selling price, find the gain %.

56, If the selling pric¢e is £ of the cost, find/theloss 7.

57, Bought 320 shares of & certain stock (par $10) when 31 % below par,
and sold them when 13% above par. Find my gain in dollars and in per
cent.

58, Bought 500 sharesof railroad gtock at 284 and sold it at 45, Allow-
ing % commission on both purchase and sale, what was my gain?

59, Bold 400/shares of United States Steel preferred, at 981,  With the

[»(‘(N'M'tL I bought 1000 shares of Southern Railway.at 315.  Allowing

commission in each transaction, how much monev. remained unemploy

60. Mr. A sold S00 Reading bo %) at96% and bought Erie at 51.
How many shares'did he buy; allowing commission on bonds at § % and on
stock at {4 7

61. 1 sent my broker $10000, asking him 16 buy some Sonthern Pacific
B. Rustock under 45 and sell it over 60, He bought all he could with

ay remittance at 427 and) sold it at 601. Compute the number of shares
purchased ; his“total coramission at §% ; and my profit
62, In a certain school there are 288 boys and 162 girla. What per
cent. of the school is boys? Girls?
Into 80 gallons of alcohol are mixed 40 gallons of water. What per

cent. of the mixture is water?
64. To bake a‘certain kind of bread O measures of ryemeal are mixed
with 13 measures of eorn meal. What per-cent. of the bread is rye?
65. After a reduction of 8% a man's wages were $22.64. What were

¢ before the reduction ?

66. What amonnt of insurance may I procure on my house by paying
$35 if the rale 158 £%7
67. Twenty per cent. of the selling price of my horse was $36. What
was my profit if I gained 20% ?
68. In a ce 1 city there are 73000 white, and 25000 black citizens,
What per cent. of the entire population is colored ?

69. Sold two horses for $210 each. Omn one [ gained 20% and on the

other I gained $20. Find my total gain. Also gain per centum,

CHAPTER XV.
INTEREST.

e xy -k i
=06. Interest—If a business man does not have monev
enough of his own to carry on a certain enterprise, he may

be enabled to proceed, by borrowing money from another

person. In such cases it is customary to pay a certain sum
(per annum) in return for the use of the lmi'ln\\r'll money,

As money paid for the use of a house is called :‘m/_-;unl
lnvr!n"\ ll:ci«i ’bnl' the use of a horse is -xt“(--l /1::4. S0 money
paid for the use of mon« y i3 called interest. .

Interest is usu uly veckoned as a certain annual per cent.
of the money }lwl‘l‘w\\"ll. -

~57. Interest and Time.—The lensth of time for which
horrowed money is used varies gre atly according to the needs
of the borrower. The time may be only a few davs, orsit

may be a namber of vears., or of years, months, and days.

Henece, interest differs from percentagein seneral. in that

the element of time is to be care fully considered in connection
with every problem.

208. The quantities considered in interest are the praneipal

- - )

raté, mlerest, tome, amount.

Phie principal is the sum of money on- which interest is
I!.tit}.

I'he rate i3 the per cent. of the prinecipal paid for the use
of the prineipal for one vear:

T'he interest is the sum of money paud - for the use of the
principal for the entire time.

I'he amount is the sum obtained by addine the interest to
the principal

03 I < - Y ~ 3 3

2569. Legal interest is interest determined aceordinge to a

251
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INTEREST.

rate fixed by law. In business transactions, when no rate is
specified, the legal rate is understood.

Usury is interest at airate-higher than that fixed by law.
The exaction of usury is punishable by law.

Different states ‘and nations have different legal rates of
interest; according to their financial needs.

In 1900 the legal r‘u(u was 6% in all the states)with the following excep-
tions: 5% in. La. and T3 7% in Ariz., ., ldaho, Minn., Neb,
Nev., N. Dak.,, Okla,, S. C, S. Dak.,, and Wash«"8 i Ala, Colo., Fla
Ore., Utah, Wyo.; 10% in Mount

In many of the states the law allows a higher rate than the le
he used 1-_\" mutual acreement

260). Methods of Computing Interest:—Persons who have
many problems in interest to computes (as, foruinstanee,
bankers) do.so by the use of tables. ‘Other methods; how-
ever, are needed for persons to whom-fables are not aegcessi-
}))lg, and to :i\'t: masts ry of other ]'l'nhll-nn related to interest.
Of the many niethods by which interest can be computed, three
principal ones (beside the use of tables) will be considered
here, anothér being presented latér in connection with the

subject of discount.

I. WaEN THE TmME 1S AN Exact NUMBER OF YEARS
or MONTHS.

261. Method.—When the period of time for which in-
terestvis jto ber computed is an exact number of jyears; or
vears and months, find the interest for one year and multiply
this /I.ll the number r{l. YEATS.

Ex. What is the interest on 8350 for 2 years 3 months, at 597

OPERATION
EXPLANATION

2yr. 3 mp. =2k ye

Since 3.mo i vry, the entire
time is 2} yr. Singe !
is $17.50, the interest for 1 yr. is
2500 Hence, the interest for
4373 23 yr. is 2] times $17.50, or$39.38,

$39.38, Interest for s

METHODS OF COMPUTING INTEREST.

EXERCISE 128.

Find the interest of
$340 for 4 yr. 6 mo. at 5.
8275 for 3 yr. 8 mo. at 6.
$515 for 5 yr. 4 mo. at 41.%.
8108.50 for 6 yr. at 3%.
8214.61 for 8 VI. 6 mo. at 5%.
$2075 for 10 yr. 2 mo. at 6.

S489.30 ?.-',' 2 yr. 5 mo. af T"g .

RO ,
230715 for 9 mo. at 24%,.
O¢ -
3

»60.60 for 7 yr. 11 mo. at 34 %.

’.
1971.40 for 10 mo. at 539,
S i

27327.50 for 3 yr. 8 mo. at 6%.

8956.70 for 5yr, 6 mo. at 4% %.

EXERCISE 127.
ORAL.

What is the interest of
.83 fordyr.at 6%2
$8 for 1 yr. 6 mo. at 5¢
$ofor2yr. 4 mo. at 3% ? Atd4%?
$10for 3 vr 3mo. at 4% ? At 6% 7
. $lofor 5 yr. 8 mo, at 2% ? At5H%?

$100 for 6:vr. 9 moat 5% ? 1 At 642

II. Six Per Cent. METHOD.

262. The six per cent. method of finding interest consists
essentially in finding

(1) the interest on $1 for the given time at 67,

(2) the interest on the entire principal for the given time at
6%,

(3) the interest on the entire principal at any other desired

rate.




INTEREST.

The interest on 81 for the required time at 69 is readily

obtained by the use of the following:

Interest on 81 for 1 year
1<% IT'mo. 005,

& L1 b da 001.

T ST8I-% dag = 000}

£0.06.

Hence, 1n \computing interest according to thiz method,
each mon{h is considered as containing 30 days, and 1 year

as containing 360 days:

Ex. 1. Find the interest on $812 for 2 yr. 7 mo. 15 da. at
6%.

SOLUTION.

Interest on §1 for 2 yr.

> “ 91 “ ) 7 mo. S0.005

$0.06

$81 ¢ 15da. S0.0001
51 “2yr. 7T mo. 15 da.

Interest on $312

$49.1400, Iterest.

Ex: 2. Find interest on $312 for 2 yr. 7 mo. 15 da. at:5.%-

SOLUTION.

By Ex! 1, the interest.on $312 for the given time at 6% = $49.14.
. ' “" (24 " “ ] (.; pu QIQ.

& €« i@ 5% A s“;“-f"—'

“ &

Hence,
“ “ ‘

Ex. 3. Find the interest on $317.25 from Apr. 1, 1892 to
Nov. 19, 1896, at 4} .
SOLUTION.
is 4 yr. 7 mo, 18 da.
80.278

From Apr. 1, 02, to N
Jmterest on §1 for4 yr. 7 m
ford yr. 7 mo. 153 da. at

. 18 da.

METHODS OF COMPUTING INTEREST, 255
6 Hence, in general, obtain the interest on 81 for the given time
7 Y ¢ J 2o ~ -~ = - y . ™ - :
,:'/ mulliplying the numbe; of years by 06, the number of months
005 I the number of G : ' o
Oy 00O, and the numbe of 1_/‘:],,; by LDOOL, and taking the sum of
the resulis: multiply the number of dollars i the principal /;‘/
’I‘tf l’l!f"."(al on 81 this /) .‘: E . =, ! .\'
: v 915 this will gwe the milerest al 69 5 to obtain the
wnierest ol any other rate, add or s btract such a fractional part f
f/.wl.ﬁ I‘I{ftl'(‘:" as the ra veeeeds or falle 7 or . ‘ -
i 5 ,K & rake exceeds m Jalls below 6%, {.,.-.'/,,,,] the tnterest
al 1 % and ‘/uifl.'//;,’{/ W by the re quired rats
The first part of this methor t 1 ;

- l‘ % ’( 1-:.1»//“‘ thod, s ’l:wznm_?: stated in other ways, as reduce

L 3, take the number of months as ce ntg, one-third the number of

nd multioly their <. 3 my N R TS P

v IRuaply thewr sum by half the prineipal ; or multinty doll

. : : Yy hat TNy or multi ollar;
7y days and divide by 6000, ! g

EXERCISE 128.

Find the interest, by the 67 method. of:
1. $260 for 2 yr. 8 mo. 24 da. at 67,.
v. $490 for 4 yr. 6 mo. 15 da. at 49
846 for 7 yr. 10 mo. 12 da. af DG,
$2350 for 5 yr. 9 mo. 6 da. at 37,.
$246.70 for 6 yr. 1 mo. 20 da. at 41.9.
93.45 for 3 yr. 11 mo. 3 da. at ‘."';.'
92350 for 8 yr. 3 mo. 25 da 3
£1250.40 for 10 yr. 10 da. :
S760 from July 4, 1875, to Feh. 22 1890, at 49
$45.50 fram Oct 19, 1890, o Mar-11. 1

o
Lo

> O &R

7.

SPN at 59

$325.60 from Nov. 8, 1888, o/ June 23 1897, at 3%
e, el & .y [

SOt 60 h-.-ln )¢ c. 95, 1‘,‘\‘,l. {0 \];,'\- 1. !\"“l‘ at 6

(o

82500 from Aue. 17. 1903, to Nov. & 1930, at 59,

”w

3280 from July 4, 1776, to Jan. 8, 1850. af 41 %%«
650 from Sept. 10, 18887 tH Oct. 1, 1900, at T’;‘:.
872 from) Qct. 12, 1492, to to-day' at 5.

S9800 for 8 yr.omo. 26 da. at 319,

384 .80 for 9 yr. 2 mo. 10 da. .'li %% .

275 for 7 yr. 18 da. at 617

> yr. 8 mo. 20 da. at 3

o
=1

n N
o

w0 W Wt




INTEREST.

III. Exact INTEREST.

263. Exact interest is interest obtained by taking one
year as ‘equal to 365 days.

The U S. Government computfes interest by the exact
method; as do also an increasing number of business men.

Ex. Find the exact interest on $652 from Apr. 1, 1895, to
Sept. 13,1897, at 77,

SOLUTION,
From Apr. 1, 795, to Apr. 1, 97, i3 2 years.
From Apr. 1,97, to SQ‘TL 13, 97, is 165 days.
165 days &% yr- 2

Taterest on $652 at 7% for 1 year $15.64.

Interest on/ $652 at 7% for 23% ye: $45.64 % 223 = $11L9); Iuterest

EXERCISE 129,

Find the.exact interest of

5325 for 3 vr. 219 da. at 4%.
. /875.50 for 27yr. 100 da. at.5%-
f. $136.40 for 4)yr. 150 da. at 43 %.

50 from Jan: 10, 1890, to Dec. 1, 1894, at 5%.
5 from May 16, 1887, to Jan. 4, 1895, at 67,.
0 from Feb. 20, 1900, to Oect. 16, 1906, at 67,.

o e o

9
7
& 290.50 from .lnl‘v 1, 1891, to Mar. 3, 1899, at 49,

Find the difference between the exact interest and the

interest detéermined by the 6%, method, on $7000 from Mar.

11 to .\'1-]11 10, at 6%.
10. Find the difference between the exact interest and the
method. on $4500 from Nov-16,

1889, to June 23, 1897, at 5%.
71. Find the difference between the twe interesis of

{
interest found hy the 6%
o
>

a/

5678000 from Jan. 10 to July 10 of same yr., at 79
12. When the time is less than a year and in days, what

will always be the ratio between these two interests?

METHODS OF COMPUTING INTEREST.

IV. INTEREST TABLES,

‘Jl'rl.‘ll' interest tables are available, the most convenient
way of computing interest is by their use. In some (‘:L;'f'“
the tables are formed regarding a year as 360 days: uth:-.r
tables give exact interest. In either case the cx;u?l: ll’UIl;])L'r
of days is reckoned between two dates in computing any
problem in interest. i

.\. part of a page from an interest table is inserted below
It gives the exact interest on various sums from $10 to 8150
at 1, 5, 6, 79, for 60 and 61 days.

} 60 days 61 days

Dolls. 6

| - i1
10 | 1151 0936 0164 || 1170 | 003 | 0836 | .0167
:“ 4. .li’,_.{ g 0329 2340 | 2005 1671 | .0334
f{.‘: 34 | 29 A_» : 04 X 3510 | S008 | 2507 | .0501
£ 460; »w‘«"l : : 3 ,_;4:.71' A011 | 3342 | 0668
578 4931 | . . 5849 | 5014:( 4178 ( 0836
(-_'” Ji=D i v:‘«’]'s‘ a3 0986 J019 | 8016 ‘ 0014 1 J003
70 805 5904 | . 1151 SISO 7019 5849 | 1170
.]1::1.‘. 9359 | 8022 | .6685 |.1337

6 | 377 L3977 | 1479 L0529 190251, 7520415
‘ Aslrw_.x. 8219 | 1644 1699 | 1.0027.| 8356 .i(‘y.}l;
7 1.0849 9041 | .IR0R L2868 | 1.1030 9192 | 1838
1.1836 | 9863 | .1973 4038 | 1.2033 | 1.0027 ! 2005
: 1.2822 | 1.0685 | 213 5208 5 | 1.0863 | 2173
6109 S808 | 1.1507 | & 1.6378 | 1.4038 | 1.1699 | 2340
7260 | 14794 1123291 2466 I} 1.7548 | 1.2 2534 | 2507

Ex. Find exact interest on $146.50 at 5% for 60 days by
the use of tables,
7
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SOLUTION.
Interest on $140 for 60 days at 5% $1.1507
C: £ 6 (= g5 of $60) for 60 daysat 5% = L0493
p’ 50 (= iy of $50) for 60 daysat 5% =  .0041
$1.2041,
or $1.20, Interest.

PROBLEMS IN INTEREST.

Any three of the five quantities considered in interest, the
principal, rate, inderest, time, amound, being given, the other two
may be found., The case when the principal, rate, and time
are given, to find the interest (and amount) has already been
considered.

9%65. 1. Given the principal, interest (or amount), and time,
to find the rate per cent. The method is best shown by an
example.

Ex. 1. At what rate per eent. will $360 produce $66 interest
in 3 yr.8 mo? -

1 SOLUTION.
Tnterest on'$360 for 1 yr. at 1%
" “ $360 ¢ 3 yr. S mo.at 1}

If the given principal produces $13.20 interest in the given time at 1%,
it will take as many per cent to produce $66 as $13.20 is contained times
in $66.
$66
$13.20

Ex: 2 At what rate per cent. will $120 amount-to$144 in
5 years?

The interest = amount — principal = $144 — $120 = $24. Proceeding

as in Ex. 1.

Rate required = o, Late.

$120
01
$1.20
5
$6.00)$24.00(4, Rate.
24 .00

Hence, in general, divide the given inlerest by the inierest on

the prirutipc.lljlzr the given time al one per cend.

PROBLEMS IN INTEREST.

It is useful also to state this rule briefly, thus:
rate inferest < (principal x .01 x time),
t

or using symbols, r = »
pox ¢

where r denotes the rate per cent. expressed decimally.

EXERCISE 130.

Find the rate if:

1. Interest on $420 for 3 yr. 6 mo. is 87

2. Interest on $56 for 4 yr. 3 mo. is 2.
Interest on 8760 for 2 yr. 8 mo. is $121.60.
Interest on 8840 for 5 vr. 3 mo. 15 da. is $311.15.
Interest on £900 for 2 yr. 4 mo. 20 da. is 896.75.
345

45 for 3 yr. 9 mo. 24 da. is $10.305.

@

).
v

Interest on
Interest on $370 for 6 yr. 6 mo. 6 da. is $72.335.
Interest on $49.50 for 1 yr. 4 mo. 10 da. is $2.695.
Interest on $1780 for 6 mo. 25 da. is $55.743.
Interest on $100 for 16 yr: 8 mo. is $100.

77. Amount of $360 in 8 yr. 10 mo. is $415.20.

72 Amount of $3700 in 2 yr. 7 mo. is $4225.71.

Y

73. Amount of $75 in 6 yr. 11 mo. 10 da. is $93.23.

9266. I1. Given the principal, interest (or amount), and rate,
to find the time.
Ex. In what time will the interest on $424 be $37.10 at
vl; (',; ?
249 1
SoLuTIoN,
Interest on $424 at 21 & for 1 year = $10.60.
Hence, it will take as many years to produce $37.10 interest as $10.60 is
gontained times in $37.10.
v $37.10 , o 3
Number of years = 3= = 3}. .. Time = 3 yr. 6 mo.
. $10.60 )
Hence, in general, divide the given interest by the tnterest of the
principal at the given rate for one year,;
or time = inlerest + (principal x rate expressed decimally),
3

er using symbols, £ = ——
= pxr
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» ) EXERCISE 131.
Find the time if:

1. Interest on $75 at 6% is $15.75.
Iriterest on $240 at 59, 1s 86+

3.
Interest on $475 at 47 is $33.25

So Y

3
o

Interest on $76.80 ai 417 18 $9.792.
Interest'on $570 at 79, is $332.50.
Interest on 865 at 6% is $12.51%
Interest on $820 at 39 is $140.77.
Interest on $980at 81 % is $259.54.

Y

o

o~

2

S

Amount of '$420.75 at 49 is $475.915.
10. Amount of $31250 at 59, is $35625.
11; Amount-of $8.25 1t 6% is $13.134.

12. Amount of

-

26%. 1II. Given the interest (or amount), time, and rate,
o find the principal.
75

Ex. 1. Whiit principal will produce $33.75 interest in

2 yr. 3 mo:at 69,7

SOLUTION.

Interest on §1 for 2} yr. at 6% = $0.135.

If one dollar produces $0.135 interest in the given time, it will take as
many dollars to prodace $33.75 interest as $0.135 is contained times in
$33.75, or
51

— = 250. .*. Principal = $250.
0.135

yq
S5 N

Hence, in general, divide the given interest (or amount) by the
wnterest on (or amount of ) 81 for the given time and rate,

or prineipal = interest = (Hime x rate expressed decimally), or p !
rx{

It is to be nated that if the amount be given instead of the inferest. it is
necessary to divide the given amount by the amount of $1 for the qiven time and
rate.

Ex. 2. What prinecipal will amount to £263.50 in 4 years
at 6%7?

PROBLEMS IN INTEREST.

SOLUTION.
Amount of $1 at 6% in 4 years = $1.24.
It will take as many dollars to umount to $263.50 as $1.24 is contained
times in $263.50, or
$263.50

3121 212.50. .-. Principal

EXERCISE 132.
What principal will:

7. Produce $156.40 interest in 5 yr. 8 mo. at 6% ?
Produce $30.38 interest in 7 yr. 9 mo. at 5% ?
Produce $7.15 interestin 3 yr. 3 mo. at 4%, ?
Produce $36.72 interest in 2 yr. 10 mo. at 439, ?
Produce $83.72 interest in 6 yr. 8 mo. 15 da. at 39, ?
Produce $5.491 interest in 4 yr. 4 mo. 10 da. at 5% ?
Amount t0 $99.22 in 3 yr. 6 mo. at 6% ?

)

Amount to $195.09 in 5 yr. 9 mo. 20 da. at 59 ?
Amount to $121.98.in 4 yr. 8 mo. 24 da. at 6% ?
Amount to $327.384in 7 yr. 4 mo. 12 da. at 7% ?

268. The present worth of a sum payable at a future time
(without interest) is such a sum, as being put at interest, will
amount to the given sum in the given time.

The true discount is the difference between the sum pay-
able at a future time and its present worth.

Hence, in determining the present worth of a sum due ata
certain future date; we have given the amount; time, and rate, to
find the principal (see Arf. 267).

EXERCISE 133.
Find the present value and true discount upon:
7. A debt of 18378.75 due in 3 mo. without interest, but
money being worth 49,
2. A debt of $4377.80 due in 6 mo. 15 da. without interest,
but the usual rate being 67%.
3. A debt of $8255 due in 1 yr. 8 mo. without interest, when

the regular interest is at 33 %.
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4. T owe you $1492 payable in 8 mo. 20 da., not bearing
interest. What_sum . ought you accept mow if interest is
reckoned at 59, ?

269. General Algebraic Method.—For students who are
familiar with the eclements of algebra, all the problems in
mterest may be combined as the treatment of a single simple
equation.

Thus, let p = principal,r = rate per cent, expressed decimally.
i intérest, + —) time expressed in yeurs.
Then by the definition of interest, Art. 256 and by Art. 261,

t DAl - 8 <l
Any three of the four quantities, 1, p, r, , being given, the remaining
quantity is found by solving equation I.

Thus, divide L byp % 6, r = .\, .. IL

- TEE

Also letting a = amount,
a = }i

EXERCISE 134.
GENERAIL, REVIEW.

. At what rate will $705.60 yield $170.52 interest in 4 yr. 10 mo.?
. What principal will produce $14.30 interest in 3 yr. 8 mo, at 4% 2
. In what time will $72.50 amount to $113.643

|

at 6% 7

4. If the rate is 44 %, the time 4 yr. 3 mo.,and the amount $123.89, find
the principal.

5. If the principal is $318; the rate 5%; and the amount $422.675, find
the time.

6. If the interest of $441 is $95.674 in 5 yr. 11 mo., find the rate.

7. What is the present worth of $300, payable in 9 mo., money being
worth 6%? 7%?7 5%?

S. In 4 yr. 8 mo. a note I hold will be worth $385.60. What ought 1
accept now, if money is worth 5% ?

GENERAL REVIEW. 263

9. In what time will a sum of money double itself at simple interest,the
rate being 4% ? 5%? 6%? T%? 8%7?

70, In what time will $126.50 yield $6.66 interest at 4% ?

71. At what rate will $562 yield $160.86 in 3 yr. 6 mo. 28 da.?

12, What principal will give $207.71 interestin 1 yr. 6mo. 17 da. at 5% ?

13. What is the interest on $
at 219 ?

14. At what rate will $250 gain $35 in 2 yr. 9 mo. 18 da.?

>

3.45 from April 10, 1883, to July 4, 1895,

75. Find the amount of $392.10 for 6 yr. 9 mo. 15 da. at 3} %.

16. On an investment of $5620 I receive $1803 in 2 yr. 3 mo. 15 da
What is the rate?

17. In what time will $2275 amount to $2673.12% at 5% ?

18. What principal will'in 5 yr. 8 mo. 15 da., at5%, give $287.702

18. At 6%, what sum of money will amount to $666 in 6 yr. 6 mo. 6 da.?

20. In what time will $500 produce $50 interest at 3% % ?

-/




CHAPTER XVI.
APPLICATIONS OF INTEREST.
PROMISSORY NOTES.

270. Promissory Notes.—If a person’ borrows money of
another person, or buys goods on credit (that is, without pay-
ing for them immediately), he usually gives a note, or written
promise to pay the given sum of money at a given date in the
future (or on demand), with or without interest, as the case
may be.

This written promise is called a promissory note. A
promissory note given by one person to another is usually
of the following form :

8350, PritApELPHIA, PA., Oct. 12, 1900.
Thirty days after date, I promisedo pay James Scudder, or
order, three hundred and fifty dollars, value received, with interest
at six per cent.
Wirtran HeEvwoob.

From the general form as here given, notes may vary by the omission
of the words-““or order,” or by the omission of the time clause (“thirty days
after date "), or by the substifution of a definite date, as “on Nov.12,"” forthe
Jtime elause ; or by the omission of the'interest ¢lause (** with interest at gix
per cent.”); or by the insertion of clauses not given in the above form, as
“without defalcation,”” orof a clause specifying the bank where the note is

payable; or by being signed by several persons.

The essential parts of the note are the date, the promise o
pay, person to whom, amount, the words “ value received,”
and signature.

If the words “* value received” are omitted, the holder of the note may
be required to prove that the value of the note had been received by him.

264
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27l. Definitions.—The maker of a note is the person who
signs the note, as William Heywood in the note of Art. 270.
The payee is the person to whom the note is made pay-

able, as James Scudder in the above note.
The face (or principal) is the sum promised to be paid.
The face of the note is written in the body of the note in words, not fig-
ures, to avoid fraud or error. The number of cents, however, is usaally

expressed in figures, as the hundredths of 4 dollar.

272. Maturity of Notes.—In some states, as New York,
New Jersey, Pennsylvania, and Illinois, a note matures, that
18, is legally due, at the end of the time specified in the note.
Thus, the above note (Art. 270) is due 30 A]:l'\'r‘ after Oct. 12,
1900, that is, on Nov. 11, 1900.

In other states, as California, Tennessee, ete., a note is due
three days after the time specified in the note. These three
days are called days of grace. Thus, if the above note had
been given in Knoxville instead of Philadelphia, it would
have been due Noy. 14, instead of Nov. 11.

Days of grace were formerly allowed in all states, but their use is gradu-
ally being abolished by law.

When the time of a note is specified in months, ealendar
months are used. Thus, if a three-months note 1s given on
June 5, it falls due on Sept. 5 (or Sept. 8, if days of grace are
allowed). If however, a note for 90 days is given on June 5,
1t falls due on .\'4'!-1. 3 (or S¢ ]lf, 6).

If a note falls doe ona Sanday or a legal holiday, it
matures on the nearest business day preceding, except in Penn-
sylvania, where it falls due on the first business day following.

It is becoming customary to specify in the note the day on which the note
becomes dne; instead of stating the number of days or months which the
note i3 (0 mn.

If no time for which the note is to run is specified in the
note, the note is payable at any time on which the holder of
the note may choose to call for its payment, that is, it is due
on demand.
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273. Interest on Notes.—If a note contain the words
“ with interest,” interest is computed on the note from the
date at whieh the note is piven. Thus, interest on the above
note (Art: 270) is computed beginning with Oct. 12,

If, however, the words *f with interest ” are omitted, interest
is-computed from the day on which the note becomes due;
thus, if, in the above note, the words * with interest at 69, ?
were omitted, interest svould be computed beginning with
Nl_)\i 11,

Interest on notes iz usually computed for the exact number
of days (even when the mote runs fora eertain number of
months), allowing either 360 or 365 (lu.{'s to the year.

Since notes are usually given for 30, 60, or 90 days, it is
generally convenient to find the inter at 6% for 60 days
(which interest equals 19 of the prinéipal), and for such
parts of 60 days as are needed, to take {heir sum and then
obtain \the interest at any other rate if such rate is used.
This, in effect, constitutes still another method of computing
imterest than those given in Chapter’XV.,, and is called the
Two Months Method.

Ex. Find the amount due on the following note at maturity.

$860.42. TreENTON, N. J., May 12, 1898.
Three months after date, T promise to pay Stephen Blake, Eight
Hundred A\'[.l'/\{/ I‘U"";, Dollars, value recetved, with interest al 5 .4
JAMES EVANS.
SOLUTION.
The note is due 3 mo. after May 12, that is, on Aug. 12
From May 12 to Aug. 12, the number of days is as follows:
May, 19 day= Int. on $860.42 for 60 da. at 6% $3.604
June, 30 ¢ 30 & = 4,302
July, 31 : 2N 2868
Auog., 12 ¢ EX AV . 13.193
Total, 92 <« ‘ “« 4o« ‘ 2.199
10.99
860.42

Amount due Aug. 12 = $871.41, Reswlt,

PROMISSORY NOTES.

EXERCISE 135.
Find the date of maturity and the amount due then, on
each of the following notes:
1. $360. Arpany, N. Y., April 7, 1901.
Four months after date, I promise lo pay Bradley Goold, T hree
Hundred Sizty Dollars, with interest, at 5%, for value received.
JONATHAN SCUDDER.

- $935. PrixceTon, N. J., Dec..5, 1892.

On demomd, we, or either of us, promize to pay, with interest at
H/“ to Charles R. Watson, Nine Hundred T}H‘I‘[‘U.’I‘I‘I' 1)(.!11417‘.\.‘,
without defalcation. Horace Day,

(Paid, 8 mo. frouw date.) Earnest F. Keicwin.

$700. PHILADELPHIA, Oct. 8, 1897,

Ninety days after date, T promise to pay William Black, Seven
Hundred Dollars, with interest at 3% %, Jor value recetved.

ErLEry FRANKLIN.

4. £520.60. CHicaco, InL., Dec. 1, 1839.

Siz months after date, I promase to pay Sherman Thatcher,
Five Hundred Twendy Dollars and &%, with interest, at 6%, for
value received. BenjaMiN CARROLL.

5 81400. TrexTON, N. J., March &, 1873.

On July 1, 1893, I promise o, pay Robert Dolliver, or order.
Fourteen Hundred Dollars, with interest al six per centum, for
value recetved. RoGER SOMERVILLE.

6. $250. ALBaNny, N.. Y., Feb. 1, 1875.
On the 2181 of January, 1899, 1 promise to pay Dwight Ogden,
Tiwo Hundred Fifty Dollars, with interest at five per centum.
B F. 1. SHELL.

7. A 90-day note for $2800, with interest at 53 %, was paid

at maturity. What amount was due?
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8. A 3-month note for $6750 at 439, was paid when due
What amount-was-due?

9. Write a 60-day note with your teacher as payee and
yourself ‘as maker, for $100, interest at 5%. Then compute
its value when due.

0. Write a G-month | promissory note for $1670, bearing
interest at 437, with. Horace Mansfield as maker and John
Dounglass payee: Thencompute its value at maturity.

77, Write-a/demand note for §3250, at 3%, with yourself
as payee and ‘Richard Smith as maker. Compute its value
6 yr. 7 mo. 8 da. fromdate. :

2. What is:due on a promissory note for $6840.90 at 4%,
28 yr. 11 mo. 25 da. after date? Write such a note, giving its
date and its date when due.

Some ‘other facts relating to the nse of promissory notes are of value,
though they.do not directly aflect arithmetical computations. Among them
are the following.:

274. Transfer of Notes.—If a note be written in a certain form, it
may be'sold or transferred by the payeeor holder to another person. Such
a note is said to be negotiable.

In orderito be negotiable; a note must be made payable to the “order
of ” the payee, or to the ““bearer.” (Details in the form of notes, and in

methods of computing interest on notes, vs y in different states and

localities. The pupil should guestion a local banker and discover the

forms and methods nécessary in his state, or customary in his locality.)

In order to transfer.a note, the payee or holder must write hLis name
across the back of the note. If only the signature be written; the indorse-
ment 1s said to be “ general indorsement” or “indorsement in blank ”?; if
the wonds “ please pay to the order of ” a specified person, are written with
the signature underneath, the indorsement is said to be “special.”

If a note is made payablé to ¥ bearer’ merely, it may be transferred
without indorsement.

275. Failure to Pay a Note.—If thée maker of a note fails to pay
the note when it becomes due (or, if the note be payable on demand, when
it is presented for payvment), every indorser of the note becomes liable for

the payment of the entire note. (If an indorser has written the words “ with-

PARTIAL PAYMENTS. 69

out recourse” above his name, he is not liable. Several indorsers may have
an apreement to share the amount of the note between them.)

1n case of the failure of the maker of a note to pay the note, the usual
method of the holder is to collect the amount ¢f thé note from the last in-
dorser, who collects it in like manner from the preceding indorser, etc., up
to the first lisble indorser. The holder, however, may, if he chooses, collect
the amount of the note from any liable indorser, such collection, however,
releasing all indorsers subsequent to the one from whom collection is made,
though prior indorsers are still liable,

A protest is a written notice sent by a notary public at the request of
the holder of a note to the indorsers of the note, that the note has not been
paid when doe,

If a protest is not sent to an indorser on the day on which the note
matures, the indorser is released by law, unless the words “ waiving demand
and notice’ have been written above the indorser's signature. If the
notice has been properly made out and mailed by the notary, the law
assumes that a protest has been made.

276. Kinds of Notes.—In what has been said, reference has been
made to different kinds of notes, which may be termed time note,
demand note, negotiable note, and non-negotiable note. The
pupil may give formal definitions of these. Bexide these are other kinds
of notes, as follows:

A joint note is a note signed by two or more persons, each of \whom
is liable for his share of the amount of the note.

A joint and several note is a note signed by several persons, each
of whom is liable, not only for his share of the note, but also for the entire
note if the other signers fail to pay. Instead of “I promise™ the note
reads “we, or either of us, promise ” to pay, ete.

Bank bills ornotes are promissory notes issued by banks and pay-
able on demand

PARTIAL: PAYMENTS.

277. Partial Payments.—It is frequently convenient for
the maker of a note, instead of paying the note all at one
time, to make partial payments on it, 43 money comes into
his possession, till the entire note is paid.

278. Indorsements.—The partial payments made are
written on the back of the note and called indorsements. Each
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indorsement specifies the amount paid and the date of pay-
ment, with the signature of the holder of the note, and is thus,
in effect; a receipt for each amount paid on the note.

Several kinds of indorsements occar in business, but all have reference
to a writing of some sort on the back of a business paper, the word indorse-
ment being obtained from the Latin word “ dorsum,” meaning * back.”

2¢9. United States Rule for the settlement of a note on which
partial payments have beenwmade.. The Supreme Court of the
United States, reasoning that interest shall not be reckoned
on interest nor on any payment, has fixed the following rule
for allowing for partial payments which-have been made in
the settlement of @ note.. The same rule has been adopted
by most of the State Governments, the ehief exceptions being
New Hampshire, Vermont, and Connecticut.

Find the amount of the priwcipal until the time of the first pay-
ment ; If the payment excee ds the tnlerest due, subtract the payment
from the amownt and wse theremoinder /as a new pringipal ; if,
however, the payment s less than the acerued interest, find the
amound :{f the ])‘r:'m'l'/»/l[ to the date ::l. that payment al which the
suUm qf the ]”’,‘/”“"”"‘ exceeds the interest to date ; subtract the sum
of the ]nl_u"»m‘,((c_I'.-n/n the amount and use the remainder a3 @ new
principal 5 proceed in like manner Gl the amount due on the day
of -settlement s determined.

It is seldom that a payment less than the accrued interest is made ; when
such'a payment oceuTs, it is nsually easy to determine that it is-fess than the
acerued interest by a simple mental trial.

The time lu-h\"u‘n 41:.«&\ in partial payments iz usually found by sub-
tracting months and days, and not by determining the exact number of
days between dates

Ex. Find the amount due on the following note onJan. 1,
1898.

$800. NeEw YORK, Jan. 1, '96.

Two years from date;, I promise to pay James White, or order,
Fight Hundred Dollars, for value recetved, with interest.

SAMUEL HiInramas.

PARTIAL PAYMENTS.

Indorsed with the following payments, Apr. 1, 96, $10;
Jan. 1, 97, $100; Apr. 10, 97, §200.

SOLUTION.
As the interest on $300 for 3 months is $12, the first payment is less than

the interest to date. Hence, we have

Interest on $800 from Jan. 1, *96, to Jan. 1,797, = $48

Principal, 800

A mount, 848
Sum of payments to Jan. 1,97, 110
Remainder for new principal, = 738
Interest on'$ rom Jan. 1,797, to Apr. 10,797, - 12.17
Amount, 75017
Payment Apr. 10,797, 200
New principal, 500.17
Interest from Aprili10, '97, to Janu 15798, 2 23.93
Amounnt due on Jam. 1, "98, = $574.10, Result.

EXERCISE 136.
1. 2600. Hagrissure. Pa., November 1, 1588.
Three years after: date, I promise to pay George Morris, Six

Hundred Dollars, with interest ab 5%. :
THEODORE JOHNSON.

The following endorsements were made: Jan. 1, 1889, $60;
July 1, 1890, $100; Dee. 10, 1890, $220.

What remained due at maturity ?

2. What ig due July 1, 1899, on a note for $2100, dated
Jan. 1.1897, with interest at 495, onwhich are the folloywing
payments endorsed : 7

Sept. 1, 1897, 8450 ; Aug. 1, 1898, 8620 ; Feb. 1, 1899, 85002

v $2400 dated July 15, 1880, drawing interest at

3. A note fi
llowing endorsements:
Dee. 20, 1880, $740; Mar: 30, 1881, $250; June 18, 1332,
€600. What is due Dec. 1, 18827

59 bears fol

4. How much is due Jan. 1, 1900, on a 6% note for $1500,
dated Oct. 20, 1897, and endorsed as follows:
Dec. 30, 1897, $450; July 9, 1898, $25; Nov. 7, 1899, 26007
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How much remains due Oct. 15, 1888, on a 5% note for
33600, dated June-23, 1885, and endorsed as follows:
Oct: 9;1885, $100; Jan: 7,7 1886, $200; Aug. 20, 1887, $300;
Jan. 31, 1888, $15007?

280. Merchants® Rule—When 2 note is settled within a
year of the date at which it is given, merchants frequently
use! the following rule to determine the amount due when
partial payments have been made.

Find the ‘amount of the principal to the dale of settlement ; Jfind
the amount of -each payment from the time it was made to the date

of settlement; take the sum of the amounts.of the payments, aid

subtract it from the amount of the principal ; the remainder will
be the balance due.

Since the periods of time are shortin these notes, interest is usaally cal-
culated for the exact number of days.. The method of exact interest is nsed
in the following problems:

Ex. Find.the amount due on Dege. 31, 1897, on a nate for
8300, interest at 745, dated Feh.15, 1897. on which the fol-
lowing/ payments have been-made: Mar. 25, $75; June 1,
$37.50; Oct.-10, 850.

SOLUTION.
Amount of $300 ‘from Feb. 15 to Dee. 31 (319 da.)
* 75 % Mar. 25 - (281 da.)
o 3760 “ Junel “ (213:da.)
% 50 % Oct. 10 § (82da.) -
168.86
Balance due Dec, 31, 797, $149.49

EXERCISE 137.

1. A note for 8790 at 6%, dated Jan. (15, 1891, bears two
indorsements: July 1; $400; Noy. 19, $60. What is due Dec.
31,1891 ?

2. Find the amount due Dec. 15, 1898, on a 5% note for
$2500, dated Mar. 12, 1898, and indorsed as follows: May 17,
$800; Aug. 10, $350; Nov. 1, $90.

BANK DISCOUNT.

3. Find the amount due Nov. 30, 1894, on a 49, note of
$1500, dated Feb. 6, 1894, and indorsed as follows: Apr. 25,
$350; June 6, $240; Aug. 7, $120; and Nov. 1, $400.

BANK DISCOUNT.

281. Bank Discount.—The holder of a promissory note
may need money il}lllll“hiit"]_‘-. If either the maker of the
note or an indorser of it be of good financial standing, he can
usually obtain money on the note by taking it to a bank and
gelling it (* putting it in bank ™). He indorses the note by
writing his name on the back, deposits the note in the bank,
and in return the bank pays him the sum due at the maturity
of the note, less the interest on this smm from the date at
which the note is \lt-pu.\ih:tl at the bank to the date of
maturity.

The sum paid out by the bank is ealled the proceeds or
avas.

The sum deducted from the amount due at maturity is
called the bank discount. Ilence, the bank discount on a
note is the simple interest fromtle date at which the note is dis-
counted to the date of maturity computed on the amountof the note

al the date of maturity.

282. Kinds of Notes Discounted.—(1) A merchant who
gells goods on time frequently receives a note promising to
pay for the goods at the ¢énd offone, two, or three months, or
of a certain numberof days. Sueh 4 note may or may not bear
inferest. He obtains money }»_\' indorsing it and dt‘[n’»ilin:{
it in 2 bank. In this case the money is paid to the indorser.

Such notes are frequently discounted on a date later than
the 'date on which the note was given, called the date of
discount.

(2) A person desiring money may make out a note payable
to a friend, sign it himself, and get his friend to indorse. He
takes it to the bank himself and secures the money on it. In
this case the money is paid to the maker of the note; the note

18
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does not bear interest, and the note is discounted on the date
on which it.is-made:

(3)~A person desiring money may make outa note payable
to'a bank, sign it himself, take 1t to the bank, and obtain the
motiey, depositing property of value, as stocks, bonds, efe.,
called “collateral,”’ to secure the payment of the note. Such
a note needs no indorsement.

Banks reckon time by months or days, according as one or the other is
specified in the note, and compute discoumt by the use of tables, which
usually count 360 daysin a year, 30 days in a montl.

In Pennsylvania, Delaware, Maryland, Mississippi, and the District of
Columbia, discount isreckoned on the day of discound, as well as the day of
payment. Thus, a 60 days note in Pennsylvania is discountud for 61 days;
in Mississippi (where days of grace are allowed) for 64 days.

Ex. 1. What are the proceeds on a note for $500 for 60 days
(with grace) discounied at a bank at 6% ?

SOLUTION.
The note has 63 daysto run,
i 63
6 x 1000
Interest on. $500 for 63 da $500 x 0105 $5.25
$500 — §5 $494.7

Interest on $1 for 63 da. $ .0105

5, Proceeds,
Ex. 2. Find the proceeds of the following note :
$650. PainApELPHIA, PAL, Jan. 6, °98.

Ninety days after date, I promise to pay to the order of Anthony
Fisher, Six Hundred and Fifty Dollars, value receiped, with interest.

Discounted at 5%, Jan. 26, '98. ROBERT ALLEN.

SOLUTION.

The note is an interest-hearing note, hence it is necessary first to find its
amount at maturity. 3 to be observed that the noteisgiven in Pennsylva-
nia, and that therefore there are nd days of grace, and, that discount i«
computed on the day of discount as well as'the day.of maturity

Interest on $650 for 90 da. at 5%, $8.13

Amount of note when due (Apr. 6), 653.13

From Jan. 26 to Apr. 6 (inclusive), = 71 da

Discoun. on $658.13 at 5% for 71 da., 6.49

$658.13 $6.49 $651.64, Proceeds.

BANK DISCOUNT.

In the following examples it is important that the pupil, before working
an example. observe carefully :
1. Whether the time to run 18 days or months ;
. Whether the note bears ferest or not ;
. The date when the note is discounted ;
The State in which the note is given, and therefore whether days of

» are allowed, and whether the date of diseonnt is included in the time.

EXERCISE 138.

1. Find the ]‘:!‘vr('c*k;lis of a note for $1200 on 90 days, dis-
counted at 7%. At 89%.

2. Find the bank discount on a note for $870, due in 90
days, at 6%. Find same with 3 days of grace.

3. A note for $800, due in 60 days, was discounted at the
bank at 7%. Find proceeds.

4. A 6-mo. note for $650, dated June 1, was discounted
July 15, at 67.  Find discount and proceeds.

5. A 3-mo. note for $1400, dated .ill[y 15, was disconnted
Aug. 10, at 519;. Find the proceeds.

6. A 90-day mote for $5000, with interest at 6%, dated May
4, was discounted June 8 at 8%. Find the proceeds.

In _each of the following, determine the day. of maturity,
time to run, discount, and proceeds:

7: $1600. TwreNTON, NoJo, June 1;1895.

Three months after date, I prom ise to pay George Williams, Siz-
teen Hundred Dollars, for value reeeived.

Discownted at 69, July 15, WasHinGToN NORRIS.

b 82000, BarriMore, Mp., Feb. 20, 1897;

Nonety days after dale, I /q‘um_f,—.,' lo pay Jucob Warren, Two

Thousand - Dellars, with -interest at 69,.
Discounted at, 7%, April 1. AnxprREW FrLEMING.
9; $870. PHILADELPHIA, July 10, 1896.
On the 10th of January next, I promise to pay John Wana~
maker, Eight Hundred Seventy Dollars, with interest al 5%.

Discounded Oct. 1, at 63%. Freperic ToOWNSEND.
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10. A note for $1200, bearing interest at 419, dated Oct.
25, 1896, due Feb. 28, 1897, and discounted Deec. 1, at 7.

11, A" 90-day note  given  Dec. 16, 1895, for $1800, bearing
interest at 3%, was discounted Dec. 30 at 6% (with 3 days
of grace).

12:-What is the difference between. the true discount and

the bank discount on $500 for 8 yr. 6 mo. at 59 ?
13. Find the proceeds-of a mote dated Oct. 15, 1896, for

$460.30, payable in 9 months, bearing interest at 6%, and dis-

counted February 25, 1897, at 7.

2. A notedor $2300, dated July 30,1899, and payable in
90 days, with interest at-59%, was discounted September 23,
at|7%. Find proceeds.

283. Proceeds to be a Certain Sum.—If a person wishes
to obtain a certain sum, as $200 on a3 mos. note at 6%, from
a bauk, itwill be necessary to determine the face of the note
that will yieldthat sam.

Thus, ona note for $1 the bank‘would pay in the above
case 81 —.015, or. $0.985. Hence, to obtain $200, the face of
the note must be as many dollars as $0.985 is contained times
in $200, or $203.05.

The student may verify this result by obtaining the pro-
ceeds of $203.05 for 3 mo. at 69.

Hence, in general,

Divide the ::lf‘l‘f’lz ]:x‘t’.u‘:‘('.';x by the 1,/'(;"/‘;141_\' ,:y' 1 fw‘ the {/fl‘/'u time
and rate.

EXERCISE 139.

Find the face of the nofe which,

7. Ts to run 60 days, and when discounted at 6% to realize
$391.

2. Ts to run 6 months, and when discounted at 79, realizes
$3493.30.

3. When discounted at the bank for 4 mo. 9 da. at 8% will

give $72850.
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4. I owe a man $800 and wish to pay him by a 6-mo. note.
What sum must the note demand so that when discounted at
the bank at 89, the debt is exaetly paid?

4. Let the student verify all of these results by employing
the principles of the few preceding exercises.

COMPOUND INTEREST.

284. Compound Interest.—If interest is not paid when
it becomes due, under some circumstances interest on the
unpaid interest, as well as on the principal, is computed for
the next In"ri\ul of time, and so on. Such interest ig called
compound interest.

Ex. Compute the compound interest on $400 for 3 years at
5%.

SOLUTION.
Principal, $400, (st principal)
Interest for the first yeay, = 20
Awount atend of first year, = 420, (2l principal)
05
Interest for second year, 21.00
420
Amount at end of 2d year, 141.00, {3d principal)
05
Interest for 8d year, 22.05
441
Amount at end of 3d year, 463.05
100
$63.05, (:)},‘l’)"‘l'xll Interest,

If the above example had called for the compound interest on $400 for
3 yr. 2 mo. 15 da., instead of 3 years merely, we would find the compound
amount for 3 years as above, or $463.05, then find the simple interest-on
this sum for 2 mo, and 15 da, or $482 and add this to the compound

interest, giving $67.87 as the componnd interest for 3 yr. 2 mo. 15 da.

Savings banks usually compute interest on deposits in this
way, adding the interest to the prineipal at the end of a stated
period, as six months. Compound interest is not, however,
allowed by law on ordinary debts,
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When the annual rate of interest is 5%, for instance, and the interest is
compounded semi-annually, the compounnd interest is obtained by computing
the interest for twice as many periods of time as there are years, at half the
annual Tate, 2} %.

Thus, to find the compound interest on $500 for 4 years at 7%, find the
compound interest on $500 at 31 % for'8 periods of time.

[n-computing eompound interesty iLis often useful to use tables giving the

amount of $1 for various rates'for different periods of time.

EXERCISE 140.

Find the compound interest of :

1. 8250 for4 yr-at 59%.

2. $1800 for 6 yr. at 4%. Also find amount.

. $900 for 3 yr. at 6% compounded semi-annually.

£680 for4 yr. at 5% compounded semi-annually.

5. $1600 for 5 yr. at 417%.

., 8600 for 3 yr. 4 mo. at
. 23000 for 4 yr. 65mo. :

v
L 82500 for 5 YT.

)
it

% .  Also find amount.
49.

5 mo. at 6%. Pind amount too.
./ What isthe difference between simple and compound
interest on $1500 for 6 yr, at 5% ?
10. What ' sum at 4% compound interest will amount to
$1000in4 yr.? Ind yr.? In3 yr.9 mo.?

ANNUAL INTEREST.

285. Annnal interest is simple interest on the principal,
together with simple inferest on each unpaid. installment of
inferest.

In some States, if a note or bond contains the words * with
interest payable annually,” simple interest can be collected
on each unpaid year’s interest from the date at, which'it
becomes due to the date of settlement, . ., annual interest
can be collected.

Ex. Find the annual interest on a note for $500 for 4 years
at 6%.

EXCHANGE.

SOLUTION.
Interest on $500 for 1 year at 6% - $30
- $H00 “ 4 « 6% $120
“ $30 % 3+ 2+ 1 (or 6) years= $10.80

$120 + $10.80 = $130.80, Annual Interest.

EXERCISE 141.

Find the annual interest and amount of:
. 8700 at 5% for 3 yr.
2. 81200 at 49, for 5 yr.
3. 890 at 319 for 4 yr.
$125 at 6% for 3 yr. 6 mo.
$750 at 49 for 4 yr. 4 mo.
Find the difference between annual imterest and com-
pounnd interest of $360 at 57 for 5 yr.
7. Find the simple, the exact; the componnd, and the
annual interest on $4800 at 57 for 6 yr. 6 mo.

EXCHANGE.

286. Bxchange is a system of business whereby payments
are made at a distance by means of drafts or bills of ex-
change, which largely cancel each other, and hence call for
little aetual transmission of money.

Iustration.—James Smith, of Chattanooga, owes Daniel
Compton, of New York City, $250. To send/the money in
the mail would involve risk of loss; to send it by expréss
would be expensive. A direct check on a Chattanooga bank
might be expensive for Compton to collect. Hence, Smith
goes ta a bank in Chattanooga (the Karmers’), which has
money on deposit in a New York bank (the Chemical) and
buys a draft, or order, in which the Farmers’ Bank directs the
Chemical Bank to pay the required sum to Daniel Compton,
thus:
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FarMmers' Baxk,
$250. CrarranocoGa, TENN., Jan. 25, 1900,
At sight, pay-to-the.order of Daniel Complon, two hundred and
ffﬂ:/ (/u[[ill‘v\', value received.
P TroMAs ForsyrH,
To the CHEMICAT, NATIONAL' BANK, Cashaer.
NeEw Yorxk, N. Y.

287, A draft is 4 written order in which one party directs
another to pay a specified sum to a third party.

The maker or drawer i3 the person who signs the draft.

The drawee is the person directed fo pay the sum.

The payee is the person to whom the money is to be paid.

In the above draft; the maker is Thomas Forayth; the
drawee is/the Chemical National Bank; and ‘the payee is
Daniel Compton.

288. Par, Premium, Discount.—If,/in buying a drafi, a
person hasto pay the‘exact face of the draft, exchange is said
to be at par; i1f more than the face,/exchange is said to be at
a premium ; if less than the face;'exchange is said te be at a
discount.

Premium and discount of exchange (apart from paying for the
labor involved in the exchange) arise from the fact that the banks of
one large money-center, as San Francisco, may owe the banks of another
large center, as Chicago, a considerable sum, as $1,000,000. Hence, the
San Frapcisco banks must either derable expense in sending
this money to Chieage, or mnst pay interest on it.. In this pase, a person
in San Francisco, buyvine a draft on Chicago! would have to pay a eonsider-
able premium, since hi ift would increase the balance at Chicago against
San Francisco. On the other hand, a person at Chicago, buying a draft on
San Francisco for a large amount, might get the draft at a discount, since
it would diminish the balante against San Francisco’ and the cost of trans-

mitting the same.
289. Sight and Time Drafts—A sicht draft is one which
is to be paid immediately on presentation.

A time draft is one payable after a specified time.
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A time draft is to be presented immediately to the drawee, and, if he
agrees to pay it, he writes the word “accepted” across the face, with the
date and his sigmature. This is called an acceptance, is equivalent to a
promise to pay, and, in effect, makes the draft a promissory note.

It is evident that, since a time draft is not payable until
its maturity, its value, apart from the cost of exchange, is the
face value, less the bank discount on it up to the time of
maturity.

Ex. 1. Find the cost of a draft on New York for $500 at 39
premium.

SOLUTION.
Premium 1 % of $500 = $500 x 005 $2.50
Face of draft $500
Cost of draft = $502.50, Result.

Ex. 2. What must be paid in Boston for a draft on Sk

Louis, at 30 days, for $1200, exchange being at 19 premium?
SOLUTION.

Discount on $1200 for 33 days ;

Proceeds of $1200 = $1200 — $6.60 = 1193.40

Premium on $1200 at 1% 3.00

Cost of draft = $1193.40 + 3.00 = $1196.40, Resully

EXERCISE 142.

Find the cost of a draft for:

1. 8900 at 19 preminm. | 3. 87600 at

’

of

preminm.
(.

70
4% discount.

= 1
i i
$2500at % discount. ‘ . $100000 at

g - 1¢

57518570, payable in 30 'days, exchange being at 1% pre-
minm, and interest at 6%.

6. 3000, ]'Il.\'.'l}']" in 60 d . exchange being at l', dis-
count, and interest at -

7. 82400, given by a Beston merchant to a Chicago manu-
facturer, payable in 60rdays, exchange at $% premium.

8. What is the difference befween a check and a draft?
Between a negotiable note and a draft?

* Allow no days of grace in solution of these examples
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9. How large a sight draft can be bought for $2500,
exchange being at $% premium?

70. What will be the cost of a draft for $1680, payable in
60 days after gight, exchange being 19, premium,and interest
being-at 6, ?

71, Find face of ‘a draft on New York, at 90 days’ sight,
bought for $450, exchange being 119 premium, and interest
at 5%.

290. Foreign exchange is| exchange between different
countries.

Exchange between two places in the same country is called domestic
exchange.

In foreign exehange; a draft is usunally called a bill of ex-
change. Usually three bills, forming a set of exchange, are
drawn.  To preventloss or delay, each is sent by a different
route. Fach speecifies that'when it is paid the other two of
the set become void.

Foreign exchange is based on thepar of exchange, or the
legal value of the currency of one/country in terms of that
of another. ' For instance, the par value of a pound sterling
is $4.8665.

Ex. What is the cost in Philadelphia of a bill of exchange
on lLondon for £250, when exchange is at $4.875 for the
pound sterling?

OPERATION,

$1218.75, Cost.

EXERCISE 143.
7. What is the cost of a bill of exchange on London for
£2250 at $4.87 a pound sterling ?
2. What is the cost in New York of a bill of exchange on
London for £6300 at $4.865 to a pound sterling?

EQUATION OF PAYMENTS. 283

3. What is the face of a bill of exchange on London that
was purchased for $13406.25, exchange being quoted at $4.875
to a pound sterling ?

4. When exchange is quoted at 5.18% franes to $1, what
will be the face of a bill of exchange on Paris that is bought
for $23007 e

5. When exchange on London is quoted at 4.85, what will
be the face of a draft that ean be bought for $§7779.40?

6. What will a bill of exchange on Liverpool for £135
15s. 6d. cost, exchange being at 4.86 2

7. Find the cost of a bill of exchange on Antwerp for
14176.75 franes, exchange at 5.17}.

8. Find cost of bill of exchange on Berlin for 7648 marks,
exchange at 23¢.

9. How much must be paid in Boeston for a bill of
exchange on Hamburg for 1330 marks, exchange at 23§¢?

710. How large a bill of exchange can be bought on Paris
for $8000, exchange being at 5.21 7

Z1. Hoyw large a bill of exchange can be bought on Berlin
for $8000, exchange at 241 ¢%

EQUATION OF PAYMENTS.

291, Example.—William Smith owes Stephen Day the

following sams:
$500 payable in 4 mo.
300 k. “ '8 mo.
400 3 £79 mo.

It will be a useful exercise for the pupil to determine the
date when in equity the entire debt of $1200 can be paid as-a
single payment.

EXERCISE 144.
1. 2 man owes three accounts to the same person, $750

due in 8 mos., 8560 due in 5 mos., and $600 due in 6 mos.
When can the entire amount be paid in one sum?
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Z. On Jan. ist, X. gives V. four notes as follows - 1st for
$700 due in 9 mos,, 2d for $850 due in 6 mos., 3d for £400
due in 4 mos; and 4thfor $600 due in 7 mos. On what date
will a single payment equitably cancel all notes ?

3. What is the average' date for paying three notes. due,
Isty Mareh 20; $500; 24, A pril 25, $600 ; 3d, June 3. $400 2

/- Four notes/ for 8750 each ‘are due respectively Aug. 1,
Oct. 8, Novi 20, land) Dec.'5. | What is the averace date of
maturity ? »

5. Find the equated time of paying $430 due in § mosg. -

$350 due in 9 mos.; $1000 due in 6 mos;

6. Find ‘the equated, time of paying following bills: $60
due in 30 days; $100  duelin 60 days ; $360 due in 90 days;
and $250 due in 30 days. They all bear date Ot 17,

7. Of a-debt, % is due in 7 mos., /i1 6 mos., and the rest
in a year. Find the equated time that one payment ought to
pay it all.

8. Three bills are due’as follows: Aue. 5. $365; Oct. 10,
$470; Dec. 14, $930. _Find the averace time of payment.

9./ Three notes are due as follows - 1st for $320, June 1st:
2d for $480, Aug. 20);\3d for'$520, Oct. 30. T wish to substi-
tute one note-for$13820. What should be its day of maturity?

10. A man bought a house for 86400 on 8 months’ credit.
He pard $2000 at time of purchase; when should the balance
be due?

77, A man owes $500 dug in 8 mos.; $900 due iri 6 mos,,
and $1200-due“in - ‘a year. ‘ After 5 mionthshe pays-$1600.
When in equity should the remainder be due?

72. A man owes $12000 duein9 months. If he pays $6300
in 5 months and $2700 in 2 months more, when ought the
balange be paid ?

73, A certain debt is to be paid 1 down, £ in 8 months, and
4 1n 9 months, and the balance in a year. If the payments
are all made in one, when is it equitably due?

CHAPTER XVII.

RATIO AND PROPORTION. PARTNERSHIP.

RATIO.
292. Ratio.—If the quotient of one number divided by

another occurs in a problem, it is often of advantage not to
perform the division immediately, but to indicate the division
for the time being. Thus, in Ex. 2 of Art. 95, the quotient
of 200 divided by 9 being indicatéd for the time being, it
was not found necessary to perform the division at all, since
9ultimately was canceled by a factor of the multiplier, 54.

A ratio is the indicated 1111\4]('1;E of one number divided }r}'
another number of the same kind.

293. The terms of a ratio are the quantities whose quotient
is indicated. The first of these (the indicated dividend) is
called the antecedent; the second (the indicated divisor) is
called the consequent,

Thus;in the ratio 12 to 8,12 is the antecedent; 8 the con-
sequent.

294. Symbols.—A ratio i§ nsually indicated by the sign, :,
between -the numbers eompared. This- gign‘is- probably an
abbreviation of <, the sign of division.

Thus; the ratio of 12 to 8 is denoted by 12:8; it may also

be indicated in the fractional form, 12
295. A compound ratio is the produet of two simple ratios.
2.9 2 X5 . -
Thus, = X -, or———, is a compound ratio.

» o X |

It may also be expressed thus {
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996. Properties of Ratios,—From the nature of quotients
and fractions it is evident that—

(1) f both antecedent and consequent of a ratio be multiplied or
divided by the same number, the ratio iz not changed in value;

(2) the antecedent equals the product of the ratio by the conse-
quent ;

(3) the consequent équals the antecedent divided by the ratio.

EXERCISE 145.

What is the ratio of:
I, 12to 427 . 23 . D210 '7.287
2, 81 71352 5. 34 : 81317 . 12975 : 16157
8 9%to 1482 5. af 1 63572 9. 3.422: 3.767
Find the value of the parenthesis in each:
10. 12 - 30 = (2).
71. 18.:(?) B
12, (7):18 - 1542 : (' ¥. | 78. 445:(?)

73 :(2)

1
3
G-

19. If theconsequent is 45 and the angecedent is 35, find the ratio.
20, Tt the antecedent is 142 and the tatio is 1§, find the consequent.

5

PROPORTION.

997. A proportion is an equality between ratios.

By the use of proportion a problem is often solved more readily than by
analysis (see Arts. 94, 95), but sometimes the reason for the steps used is naol
s0 evident.

A proportion is indicated by placing the symbol, =, or, : 3,
between the two equal ratios.

Thus, 2:3 = 8: 12, is a proportion.

Tt may be read in several ways,as “2is to 3as 3 is to 12"
or, “20ver 3'equals 8 over12,”or, “the ratio.of 2 te 3 equals
the ratio of 8 to 12,7 ete.

998, Terms.—Hence, a proportion contains four terms.
The first and last terms are called the extremes; the second
and third terms are called the means,
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If the two means are alike, each is called a mean proportional, and
the last term is called a third proportional.

Thus, in 2:4 = 4:8, 4is a mean proportional, and 8 is a third propor-
tional.

9( s : -

299. Properties of a Proportion.—The fundamental prop-
erty of a proportion is that “the product of the means i3 equal
o the [u‘m[»l/‘[ of the extremes.”

Thus, in the proportion in Art. 207, 3 x 8 = 2 % 12,

This property is seen to be true for any proporiion, since,
ol c 1 . . .
if — and . are two equal ratios, and each be multiplied by & d,

) { o
we have a dand b X ¢ «--I'I:xl.

It follows at ance from the above property that either extreme
equals the product of the means divided by the other extreme.

What does either mean equal ?

. . :

T'o obtain a method for solving problems by proportion, let
us consider the following problem.

Ex. 1. If 12 books cost $20, what will 15 books cost?

Solving by analysis, we have

Cost of 1 book = $3§.
Cost of 15 books :“ X 12,
To show how this relation may be converted into a proportion we divide
each of these equals by $20, and obtain
cost of 15 books ’
:jZBU {or cost of 12 box k:; R
Taking the last ratio first, and writing the denominator first
12 books : 15 books $20 (cost of 12 books) : cost of 15 books

or, 12: 15 $20 : (

Iy

Henece, in general, write the required quantity as the last term
of the proportion; aise the  quantity with (which it i3 compared as
the third' term ; write’ the ratio which 43 equal to the ratio of the
Sd and Jth terms as the first two terms ; solve by using the proper-
ties of a proportion.

Ex. 2. If 20 acres of land produce 320 bushels of wheat,
how many acres are needed to produce 400 bushels ?
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SOoLUTION.
20 acres is compared with the unknown nuamber of acres. Hence, we have
3207400 = 20:( ).

2 No. acred required

EXERCISE 146,
Supply the missing térm in each proportion :
1. 3 :8:6: () i G. 2
2. 12 5/3¢(2) : 40.
8=(7) :r o 30 l
16. £ 24 =102) s 35, \ !
y 10296 : 3
st 2509040, wh

: TH=E 14 33
f 75 acres of land cos
411 acres?

. 85890.50 buys &5 agres, how many acres will $34650
.)

buy?. $25410?
13. If'7 horses require a pasture of 18 acres, how large a

pasture will 300 horses require 2

74/ 1f o pole 12 feet high-casts a shadow 55 feet'long, how
long will-be theshadow from a steeple 144 feet high at.the
same time?

15 If the shadow from a chimney 464 feet high is 381t.9
in., what is the height of the tree whose shadow is 111 fi.
Sin?

762 1 3% bue of grain are used to sow 13§ acres, how many
bushels will be required to sow 100 acres ?

17. If 875 yields 835 interest, how much must be invested
fo }‘ii‘]tl 863 interest?

18, T 1 pay 87565 for thefuse of $425, what should be paid
for the use of $£545 for same time?

79. If 12 men accomplish a certain task in 30 days, how
many days will 45 men require ?

Nore.—The pupil should observe that 45 men will not require as long as
12 men do. Hence, we invert the unknown ratio in the proportion. For
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this reason such proportions are called inverse proportions. The solution is
arranged thus: 12 men : 45 men : : (? days) : 30 days.

20. If 18 men dig a ditch in 35 days, how long would it
take 21 men to do the same? 14 men ?

21 If 10 men lay a wall in 48 days, how many men will
be needed to lay a similar wall in 30 days?

22. A man borrows $72 for 5 years, and lends $240 in return.
How long ought he lend the latter sum to pay for the former
loan?

23. If $4500is borrowed for a certain time at 5%, what sum
must be loaned at 419, the same time, to compensate ?

24 If a mancan do in 8 days as much work as his son
does in 15 days, and the son’s wages are $1.60 a day, what
pay should the father receive per day ?

Z5. Find a fourth proportional to 7, 17, and 21.

26. Find the number which has to 6§ the same ratio which
11% has to 3%.

27. Find a third propertional to 3} and 43.

28. Find the fourth proportional to 3.81, .056, and 1.67.

29. By a certain pipe a certain cistern ean be emptied in 53
hours. 'In what time can another cistern 3} times asdarge be
emptied by a pipe carrying only § as'much water ?

COMPOUND PROPORTION.

300. A compound proportion is an equality. between a
simple ratio and & compound ratio, or between two compound
ratios.

{ 3:6 )
{ 10 : 30 j

S, 1.z 23}

Exs. 2:12, or4 .~ =3 -
12, ¢ 14 : 25 | (2:6]

]
L
Ex. 1. If 12 men can earn $180 in 5 days, how much can

16 men earn in 9 days?

SOLUTION.
$180 is compared with the required number of dollars. The ratio which
iz equal to the ratio, $180 : required No. $, is 12 x 5 days’ work : 16 x 9
davs’ work. Hence,
19
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= $432, Result.

Sometimes the terms of ratio vary inversely, and must be
used accordingly (for imstance, the number of days required
to do a/given piece of work varies myersely as the number of
workmen, that/is; the greater the number of workmen the Jewer
the days).

Ex:2.'If 15 men can dig a ditch 180 rods long in 8 days,
how many days will it take 20 men to dig a diteh 300 rods
long?

SOLUTION.

The final ratio is, 8 days: required No. days.

The longer the ditch, the greater the number of days reqaired, hence,
180 : 300 is a part of the first ratio equal to the above ratio : but the greater
the ‘number.of men the fewer the number of days, .~ 20 : 158 the other

part of the first ratio. Hence,

11120215 ) 4
1 180: 800 | {
S x 15 = 300 4 - A
Hente, (| )\ 15.% 3 10, No. of days.
20 x 180 x 3

If the first set of men had worked 8 hours a day, and the second set 12
hours a day, how would this have affected the solution ?

EXERCISE 147.

7. If 15 men can earn $360 in 8 days, how much ecan 7
men earn in 40 days?

2. Five clerks use 50 quires of paper in 16 days. At the
same rate, how much paper will 9 clerks use inj15 days?

S. If 8 persons spend $470 in 5 days, how much will 15
persons spend in 16 days at same rate ?

4. If a block of stone 2 ft. < 3 ft. t. weigh 1740 Ibs.,
what will a block of like stone 3 5 ft. weigh ?

5. If 7 men working 8 hours a day can accomplish a task

4{
P
{
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in 15 days, how many days of 6 hours will 10 men require
for the same task ?

6. If a cistern 17} ft. long, 10} ft. wide, and 13 ft. deep,
hold 546 bbl., how many barrels will a cistern hold that is 16 ft.
long, 7 ft. wide, and 15 ft. deep?

7. If 22 men can cut 294 cords of wood in 7 days when
they work 14 hours a day, how many days will it take 5 men
to cut 375 cords, working 10 hours a day ?

8. If 25 men dig a ditch 396 feet long in 36 days of T
hours each, in how many days will 30 men dig a similar ditch
990 feet long, if they work 9 hours a day ?

9. If 90 men build a wall 2304 ft. long, 8 fi. wide, and 2}
ft. high in 45 days of 74 hrs. each, how long a wall 7 ft. wide
and 4 ft. high can 125 men build in 35 days of 9 hrs. each ?

20. If a slab of ‘marble 9 fi. long, 3 fi. wide, and 4 in. thick
weighs 1200 1bs., how much will another similar slab weigh
whieh is 6 ft. long, 2 ft. wide, and 3 in. thick ?

717, A certain bin 7 ft. X 2} ft. and 2 ft. deep contains 28
bushels of grain; what is the depth of a second bin 18 ft. X
1 ft. 104 in. which contains 120 bu.?

72. 1f 496 men, in 5 da. of 12 hr. 6 min. each, dig a trench
of 5 degrees of hardness, 465 ft. long, 3 ft. 8 in. wide, and 4 ft
8 in. deep; how many men will be required to dig a trench of
8 degrees of hardness, 168% ft. long, 7 ft. 6 in, wide, and 2% ft.
deep;in 22 da, of 9 hr.each?

PROPORTIONAIL PARTS.

301. Proportional Parts.—It may be required fo divide
a given mumber inte parts which ghall (be proportional to a
geries of given numbers. We may do this either by the-use of
proportion, or by the use of fractions and fractional units.

Ex. Three men working a mine agree to divide the profits
in the proportion of 2, 3, and 4, They make $2700, What
is the share of each?
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SOLUTION.

Sinee 2 + 3 +4 = 9, we may regard the profits as forming 9 shares; of

which-tlie miners get)2, 3, and 4 shares respectively.

2 = $2700 ghare of 1st, $600.
= $2700 z 24, $900.
= $2700 : % 3d, $1200.

Or, since $2700 is to be'divided into 9 shaves,
1 share = 4 of $2700 == $300.
2 shares . -qﬁ',.l‘)“).
Ete.

EXERCISE 148,
1. Divide 20000 into four parts proportional to 5, 7, 8, 12.
2. Divide 6300 into four parts proportional te 3,5, 115 17.
3. Divide 31800 into partsiin the relation of 1:2: 3.

4. Divide 3864 into parts in the relation of 2:3:4 : 5.

5. The weights of three casks ‘aggregate a ton, but their
individual ‘weights are as 11 : 13+ 16. Find the weight of
each.

6./ A father divided his property of $46500 among three
sons; in parts proportional to their ages, 17 yr., 20 yr., and 23
yr. How much did each receive?

7. Divide 210 into three parts, which shall be propertional
to 4, %, and %

PARTNERSHIP.

302. Partnership.—When two or more persons ean carry
on a business to better advantage together than singly, they
often unite and form a partnership.

Partnership is the combination of two or more persons as
a single firm to carry on business.

The capital 18 the money invested by the different partners
in the business.

303. In simple partnership all the partners invest their
capital for the same length of time,

PARTNERSHIP. 293

In compound partnership the partners invest their.capital
for different lengths of time.

Ex. 1. Three men, A, B, and €, are in business together,
and gain $3600. A’s capital is $2000; B’s is $4000; and C’s

is $6000. What is each one’s share of the profits?

SOLUTION.
Entire capital $2000 + $4000 + $6000 $12000.
A’s share of the capital P s i
Bs « ¢ « 898 = 1.
Cs “ 2 u“ i
ITence, A's share of the gain 1 of $3600 = $600.
Bs ¢ 3 5 L of $3600 = $1200.
Cs " “ = 1of ' $3600 = $1800.
Ex. 2. A, B, and € form a partnership. A puts in $500 for
8 months. B 8600 for 9 months, and € $300 for 12 months.
They gain $3040. Whatshare of this belongs to each partner?
SOLUTION,
$500 invested for 8 mo. is the same a8 $4000 for 1 mo.
$‘;‘K' “ « |A) o i ol “ o $.", “N) (4 I
$SO‘.) “« O D URETR [ a4 jf;"lr';”,”ﬁ“A 1 .
Entire capital F19000 & 1 =
Hence, A’s share of the gain %% or
Bs e (. 400 or Iz © i«

(g 1 ‘e . ‘._.VVJQT:‘;

22 of $3040 $640.

EXERCISE 149.

7. Three men contract for a pasture, into which A puls 7
Of the rent, which was $17.40,

9
.

horses, B puts 9, and C 1
how much ought each pay?

9, Into a partnership A places $3200, B $4100, and C $1700.
How should a gain of 84500 be divided ?

3. Three men gain 8500 after investing $560, $640, and $300
respectively. How do they share the profit?

4. By a will a man leaves to his widow $12000, to a son
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&9 . A & A0 - -

$9000, and to a daughter $4000. But upon investigation the
estate produced only $20000. How should it be divided
equitably?

5. A firm lost in a year $3300. A’s stock was $3200. B’s
g $7100, and C’s was $6200. How is the loss to be dis-
tributed ?

6. A, B, and C gointo husiness with a capital of $12000.
From the gain of'one year A’s share‘is $1250, B’s is $1000, and
C’s is $750. What was each man’s capital ? v

7. Phree persons enter partnership. «+ A puts into it $1600
for 3 months; B $800 for 5 months ; and C 8900 for 3 months.
How should they justly share the profitsof $575? The losses
of 81035 ?

8. A pasture is rented by 3! persons for $760. A puts in 7
cows for 5 mos.; B 8 cows for 3 mos.; and C 9 eows for 4
mos. ‘What rent shounld each pay ?

9. Threelaborers contracted to digatrench for 849.50. The
first worked 8“days'of 7 hours each ; the second 10 days of 8
hours eachy; and the third 14 days of 6 hours each. What
should each receive ?

10./A entered business with $5000, and in 3 mos. took in B
with $4000: - After-2 mos. more C entered the firm with
$12000. At the end of the year Hl("}' had ;!:lill('l! 33100, How
should it be divided equitably ?

CHAPTER XVIII.
INVOLUTION AND EVOLUTION.

INVOLUTION.

304. Definitions—The second power, or square, of a
number is the number obtained by multiplying a given
number by itself.

Thus, 23* = 23 X 23 = 529.

The third power, or cube, of a number is the number ob-

tained by using the given number as a factor three times.

Thus)8® = 8 X8 X 8§ =812,

Let the pupil define fourth power, fifth power, efc., of a

number and give examples.

Involution is the process of computing any required power
of a given number.

305. Memorizing. Powers of Small Numbers.—It is im-
portant that the pupil caleulate and commit to memory the
following powers:

Squaresof 1,2, 3, 4 . ... to 25.
Cubesof 1,2, 3,4 . .0 .

Fourth powers.of 1, ¢

Fifth powers of 1, 2, 3,

Sixth powers of 1, 2, 3, 4,

Seventh powers of 1, 2, 3.

Bighth, ninth, and tenth powers of 1, 2.

306. Methods of Involution.—The powers of numbers
may be obtained either by (1) actual multiplication, or (2)
by the use of tables, or (8) by use of logarithms (see Art. 86).

295
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$9000, and to a daughter $4000. But upon investigation the
estate produced only $20000. How should it be divided
equitably?

5. A firm lost in a year $3300. A’s stock was $3200. B’s
g $7100, and C’s was $6200. How is the loss to be dis-
tributed ?

6. A, B, and C gointo husiness with a capital of $12000.
From the gain of'one year A’s share‘is $1250, B’s is $1000, and
C’s is $750. What was each man’s capital ? v

7. Phree persons enter partnership. «+ A puts into it $1600
for 3 months; B $800 for 5 months ; and C 8900 for 3 months.
How should they justly share the profitsof $575? The losses
of 81035 ?

8. A pasture is rented by 3! persons for $760. A puts in 7
cows for 5 mos.; B 8 cows for 3 mos.; and C 9 eows for 4
mos. ‘What rent shounld each pay ?

9. Threelaborers contracted to digatrench for 849.50. The
first worked 8“days'of 7 hours each ; the second 10 days of 8
hours eachy; and the third 14 days of 6 hours each. What
should each receive ?

10./A entered business with $5000, and in 3 mos. took in B
with $4000: - After-2 mos. more C entered the firm with
$12000. At the end of the year Hl("}' had ;!:lill('l! 33100, How
should it be divided equitably ?

CHAPTER XVIII.
INVOLUTION AND EVOLUTION.

INVOLUTION.

304. Definitions—The second power, or square, of a
number is the number obtained by multiplying a given
number by itself.

Thus, 23* = 23 X 23 = 529.

The third power, or cube, of a number is the number ob-

tained by using the given number as a factor three times.

Thus)8® = 8 X8 X 8§ =812,

Let the pupil define fourth power, fifth power, efc., of a

number and give examples.

Involution is the process of computing any required power
of a given number.

305. Memorizing. Powers of Small Numbers.—It is im-
portant that the pupil caleulate and commit to memory the
following powers:

Squaresof 1,2, 3, 4 . ... to 25.
Cubesof 1,2, 3,4 . .0 .

Fourth powers.of 1, ¢

Fifth powers of 1, 2, 3,

Sixth powers of 1, 2, 3, 4,

Seventh powers of 1, 2, 3.

Bighth, ninth, and tenth powers of 1, 2.

306. Methods of Involution.—The powers of numbers
may be obtained either by (1) actual multiplication, or (2)
by the use of tables, or (8) by use of logarithms (see Art. 86).
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It is also wseful to be able to separate a number into parts
(as tens + units), and form the product by multiplication of
these parts. . By tliis'means properties of a power are discov-
ered; which ‘can be /uged inithe inverse process of finding the
root of a number. See Arts:309 and 314.

EXERCISE 150.
ORAL.

State rapidly the squares of all the numbers up to 20,
What is the square of 187 147 172 217 19?2 157 ete

7,

5. What is the'square of 1?2 27 3?2 22 32 142 'S
; 3 ; &3

4,

b.

Whatis the square of || D2 t
What is theé square of 1.87 217 5%, 507 707 600?
6. What is the enbe of 92
7. \What is the enbe of 27
8. What is the enbe of .27
9. Tell the value of 8%, 12

(12)% (53)% (22)% (.07)%4 012)%,

EXERCISE 151.
Find the wvalne-of:
1/ 261 G\ 1.5
225987, L2313
3. 115%
4125,

5. 205

(2.5)*

EVOLUTION.

307. Definitions—The square voot of a number iz that
number which, multiplied by itself, will produce the given
number. Thus, 13 is the square root of 169, since 13 X 13
= 169Y.

The cube root of a number is that number which, used as
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a factor three times, will produce the given number. Thus, 8
is the cube root of 512, since 8 X 8 X 8 = 512.

Let the pupil define fourth root, cube root, ete.

The student should commit to memory the roots correspond-
ing to the powers mentioned in Art. 305.

Evolution is the process of determining any required root
of a given number.

308. The methods of determining the roots of numbers
are (1) the use of tables, when a number has an exact root,
or (2) the use of logarithms, or (3) the direct methods given
in the remairder of this chapter, which are independent of
tables and logarithms.

As stated in Art. 306, these methods are based on observing
how the power of a number is formed when the number is
dissected into parts (units and tens) and the produet formed
by the use of these parts.

SQUARE ROOT.

309. Squaring a Number by Parts.—Since, for example,
47 — 40 + 7, the square of 47 may be formed thus,

40 3
40 +
40 + 40 x T
+ 40 x 7
407 & 22 40 < 7+ 7 = 1600 +:560 + 49 = 2209.

Hence, if any number be separated into anumber of tens + amnumber of
units; its square will equal (the square of the tens) + (twice the tens-x the
units) + (square of the ), or, denoting the tens by ¢, and the units by u,
(t + u)? a

NorE—This method of 'squaring' may also be applied to numbers con-
taining thiree or more figures, and the ohserved properties employed in
sxtracting the roots of correspondingly large powers.

Thus, 346 200 -+ 46,

34062 300° + 2 x 300 x 46 4+ 4867,

Having found the first and second figures (3 and 4) of a square root by
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the use of the square in this form, we may then proceed to find the third
fizure of the root by the use of the square, as if it were in the form,
346* = (340 + 6)?
=1 3407 +.2 x 340 x 6 + 6%
310. Periods.—Since in any giyen number, as 2209, whose
square root is to be extracted, the square of the tens (1600) 18
not given explicitly; it must be defermined indirectly, and its

root then extracted. | (This is done by marking off the figures

of the number whose root is to be extracted, into periods of
two figures each, beginning at the decimal point, and then
determining the largest square numberTepresented in the first
periud of figures to the left.

For the square of a npumber conlains fwice as many figures as the number
wzelf, or bimce as many less one,

Kor since 13 =1

107 100
1002 10600
1000* 1000000
eic,

it follows that if a number contains one figure, its square is either 1, or Ties
between T and 100, and hence contains one or two figures; if a namber con-
tains two digits, its square is either 100, or lies between 100 and 10000, and
hence contains three or four digits; similarly, if a number contains three
digits, its square contains five or six digits, ete.

Hence, if any number be separated into periods of two
figures each, beginning at the decimal point, the number of
periods thus formed will be the same as the number of figures in the
square 7oot, and: the.sqnare root of the largest square number
represented in the left-hand period gives the first figure of the
root.

311. Extraction of Square Root.—Ex. 1. Extract the
square root of :2209.

OPERATION. ABBREVIATED FoRrM.

2209.140 + 7 9909147
Tens squared (£) = 40° = 1600 16
2% tens = 2 x 40 = 80 ‘ 609 87| 609

(2 x fens + units) x units = 87 x 7 | 609 609
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EXPLANATION.

Since 2209 contains two periods of two figures each, the root must con-
tain two figures, a tens figere and a units figure. Since the largest square
in 2200 is 1600, and the square root of 1600 is 40, the number of tens is 4.
Subtracting the square of the tens, 1600, from 2209, the remainder, 609,
must be 2 x lens X unis + (units)®. Since (units)® ismuch less than 2 x tens
w units, much the largest part of 609 must be 2 % fens % wunils, and if 609 be
divided by 2 x tens, or B0, it will give the units figure or a slightly larger
nomber. i We obtain 7 as the approzimate quotient, and, by trial, deter-

mine that it is the exact number of units, since 87 x 7 = 609,
Ex. 2. Extract the square root of 119716.

We have 119716.| 346, Root.
9 -
64| 297
| 256
63614116
14116
By use of the Note to Art: 309, we determine that 3 is the number of
hmnir\‘ds in the root. and that the number of nmits is 40 +.  Having found
the first and second figures by this means, we may then find the third figure
by separating the given number, as in the latter part of the note, into tens
plus units, thus 340 + units. : ) : »
Let the student write out a detailed explanation o the entire process of

extracting the square root of 119716.

312. Square Root of Decimal Numbers.—If it be required
to extract the square root of a decimal number, we may pro-
ceed thus, for examples:

120225 =3 v;:‘::“,]‘:,v, '.‘“-;",-f 15, Root.

It is better, however, to put the work in a different form, by
marking off the given number into periods of two figures each,
beginning at the decimal point. Thus, we have,

0225115, Root.
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If necessary, annex a zero to complete the last period of
figures to the right. In such cases, howeyer, the root cannot
be extracted exactly:

Ex.' Extract the square root of 0.369 to 4 decimal places.
-569000001.6074 +, Root.
of
1'.’077-&!”1)“
18449
121-1”:,.311;.

48576

313. Square Root of Common Fractions.—If the denomi-
nator of the fraction, whese square root is to be extracted. is
a perfect square, extract the root of the numeratorand of the
denominator separately, and divide-the one result by the
other. :

i V289

AN, > AFY|
F .\:‘,2{ /394 13

If’ the denominator is not a perfect square, reduce the frac-
tion to a'decimal and extraet the root of the decimal.

Ex. 1 3

0.66666666 + 10.8164 +, Root,
64
161 258
161
1626] 10566
163241 R1066
| 55206
Hence, inigeneral, to extract the'square root of .a number:
‘\.{‘!Nl/'l)_!'l‘ the number into periods of two Jfigures each, beginning
at the decimal pownt ;
Find the greatest square in the left-hand period, and set down its
root as the first figure of the required root;
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Square this figure, subtract the result from the left-hand period,
and to the remainder /;;‘.‘/:1] down the next [ll'/']’lll[ .

Double the root already found for a trial divisor, divide i inio
the remainder (omitting last figure of the remainder), and annex
the quotient obtained, to the root and to the trial divisor.

Multiply the complete divisor by the figure of the root [:ulfmlml,
and subtract the resull from the remainder ;

Proceed in like manner tidl all the periods of figures have been
used.

EXERCISE 152.

Find the square root of
. B76. b 1764, 7. 6I89. 10, 710649,
. 841, ! 4. 3364. ’ 8. 15496. 171. 879544.

$. 961. | @ 6.4489. | @ 9. 173389 2. 54804409.

73. 64272289, | 15. 96177249. 7. 2181637264
1. 82646281, \ 16. 1228292209, 8. 5416076836.
19. 61.7796. | 22.1.752976. 25. 11.67657241.
20. 6955.56. 23. 1419.7824. 26. 175351.5625.
21. 0.822649. 24. 0.50665924. 27. 2581554481,
Find the square root of each of the following fo three
aecimal places :
28 40). 32 3% .r)'{,
2d. 8. o
S0, 31. 3% 3. 38. 246.01,

J1.

EXERCISE 153.
ORAL.

thia square root of each of ithe following :
. 256. 6. 121 | 11. S%.
2, 361. 7. 324. 12. A%
. 400. ‘ 8. 169. .
. 144, 9, 529. SBE% . 2500.
. 289, 10. 196. . 6} . 0621,
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CUBE ROOT.

314, Cubing a Number by Parts.—In order to discover a
method of extracting the  cube root of a number, we separate
amumber, as 54, into its tens and units, 50 + 4, and form its
cube as follows :

50 + 4
5 + 4
oF + 50 x 4

o0 x 4
507 4+ 2 & 50 x 4
50 + 4
50° 12 x 50 :

o0 x 4+ 2 %'p . 2443
50+ 2 X 50° x 4 +|3 X150 % 47 + 4
25000 + 30000 + 2400 + 157464,

cube will be w!n:xl to

Henrce, if any number be separated into tens -+ units, its

(cube'of the tens) (three times the square u{.' the tens times the wunits) + (three

times | the tens times the square of the units) F -(,-,,/,,- of the units), or in symbols
(1 + upP B\ 30+ 3tud +

Nore—This/method, may alse be applied in cubing a number which
contains ‘three or more-fizures, and the observed properties employed in
extraeting the cube root of a corre spondingly large number. See Art. 309,
Note.

315. Periods.—Since in any given number, as 157464, whose
cube root is sought, the cube of thetensiis not given explieitly,
it mnst be determined indireetly, and /its root then ‘extracted.
It is determined by marking off the figures of the number
whose root is sought into periods of three figures each, begin-
ning at the decimal point, and then determining the largest
cube number represented in the first period of figuresto the left.

For the cube of a number containz three times a3 many digits (less one or two)
as the number itself.

For since, 12 =}

10° 1000
100° 1000000
1000° = 1000000000
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it follows that if a2 number contains one figure, its cube is either 1, or lies
between 1 and 1000, and hence coutains one, two, or three digits; if a
number contains two digits its cube is either 1000, or lies between 1000
and 1000000, and hence contains four, five, or six digits; similarly, if a
number contains three digits, its cube contains seven, eight, or nine digits, ete.

Hence, if we begin at the decimal point and mark off' the
digits of any number in periods of 3 figures each, the number
of periods thus formed will be the same as the number of figures in
the root.

316. Extraction of cube root.
Ex. 1. Extract the cube root of 157464.
OPERATION.

1574641 50

e 5O°
3P =3 : 7500

Stu =3 x 50 » 4 = 600

w = 42

ux (3 + 3tu + uw)
ABBREVIATED FOorRM oF OPERATION.

34| 54, Root.

7500 |
600
16
8116 | 32464
EXPLANATION.

Since 157464 contains two periods of three figures each, the enbe root
must contain two figures, a tens figure and aunits figure. Since the largest
cube in 157.000 is 125,000, and the cube root of 125,000 is 50, the number
of tens is b.

Subtracting the cube of the tens 125,000 from 157464, the remainder,
32464 must be 3 x tens® % wnifs + 8§ x flens x wnits® + units®, and since $ X
tens® % wunits is much the largest part of the remainder, if the remainder be
divided by 8 % tens?, or 7500, it will give the units figure or a slightly larger
number as the quotient. Dividing we obtain 4 as the approximate quotient,
and on trial find that it is the exact number of units, since,

(8 x50 +3 x 50 x 4 + 4*) x 4 = 32464
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By use of the Note of Art. 314, the same method may be used in extract-
ing the cube root of a number of more than two periods.

Ex. 2. Extract the cuberoot of 8,627,738.651.

UPERATION.
8627 738.6511 205.1, Root.
8
3 . (200)F = 120000 627 738
3% 1(2000 % 5 8000/ |
A 25 l
123025 | 615125
3 [2050)° 12607500 | 12613651
¢ (2050 = 1) 6150/ | |
1* = 1
12613651 | 12618651

Hence/ in general, to extract the cube root of .anumber,

Separate the number-inio ]n;/'[u:.",q of three figures each, beginning

at the decimal Iiw'u"' 2

Pind the grealest cube in the left-hand period, and st down s
cube oot as the firstfigure of the requiyed root ;

Cube this figure, and subtract the result from the left-hamd period,
and annex the next [w'r'/u-‘l of figures to the remainder ;

Take three times the square of the oot already foundas a trial
divisor : divide the-remainder by it, and set down the quotient as
the l{('.l'/_('l‘:[ﬁll‘l’ tll- the root ;

('(Im[;b‘hj the trial divisor /:'1/ :‘H}t/iu]} to it three times the pI'U(ilu_’l
1:’/. the _/il'-\i’ ‘/I"-I”I‘t’ Hf the root with zero annexed, 'H('/{.’!'//[IAW'.[ 1}3/ the
last, figure, and the square ‘of the last figure ;

.1[?"!"'1.11/_11 this n'l.ul]:t':'!vj divisor i/_f/ the ‘f)'fi""" 'ff the root last _!;)N'IHI‘
and subtract the result from the rema der ;

Proceed in like manner till all the pe riods have been used.

EXERCISE 154.
Find the enbe root of :
1. 19683. 5. 592704.
2, 97336. 6. 1906624. . 317214568.
8. 195112. 7. 31855013. . 371694959.
4. 250047. 8. 1565720872. 12, 794022776.

OTHER METHODS.

73. 114.084125. 18. 5900304.943.

1% 270840023. 19, 14.154926059.

15. 487443.403. 20. 28877.930432.

16. 529475129, 21. 185.485563927.

17. 773620632, 29. 494538357312.
Find the cube root to three decimal places:

23. 6. 27. 100, 21, 643

24 12. 28. 191 32. 5129.
25. 29. 29. 80%. 33. 51.29.

26. 4.5. 30. 28. 384 104

EXERCISE 155.
ORAL.
State the cube root of :
125: 64:.216; 729; 1000 ; 511
343+ 27 13305 3% &% 3% iy -008.

5 001: .064; .001728; 1.728; 8000; 27000.

Perhaps no single mental aid to further mathematical study—excepting
only the multiplication table—is of more constant benefit than a thorough
familiarity with the perfect squares, eubes, and fourth powers of small num-
bers-and the corresponding roots of these powers. Therefore the pupil
should pause here until they are most carefully fastened in memory.

OTHER METHODS.
31%. Geometrical illustration of square root.

By Art. 309, 47* 40+ 72 =400+ 2 x (40 x 7) + 7T* = 2209

Expresing this geometrically, we have

Square Unita.
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or 40 is represented by a square 40 units of length on a side;
2 x (40 x 7) by two rectangular strips, each 40 units long and 7 wide;
7% by asmall square 7 units on a side

In extracting the square oot of 2209, the square of the tens, 1600 square
units, is first removed, leaving a surface of 609 square units.

Much the largest part of this remaining surface is the two equal rect-
angles,  Henee, dividing the area 609 by the combined length of these rect-
angles, 2’ x 40 or 80, gives the width approximately, or 7.

If this width'is correct, the entire length of the three figures remaining
after the large square (1600) is remoyed is 40+ 40 + 7, or 87.

87 x 7 = 609, the remaining area, hence, 7 18 the correct width, or the
second figure of the root.

318. Geometrical illustration of cube root.
543 (50 + 4) 60° + 3 ¥ (50 x'4) + 3 x (50

Expresing this geometrically, we have,

or, 50 is represented by a cube, each edge of which contains 50 linear units ;
(50* x 4) is represented by three rectangular solids, each 50 units

long, 50 units wide, and 4 units thick;
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8 x (50 x 4%) by 3 other solids; each 50 units long, 4 units wide, and 4
onits thick;

3* by a small cube, each edge of which is 3 unifs.

Hence, in extracting the cube root of 157,464, the cube of the tens,
125.000 is first removed, leaving a volume of 32464 cubic units. Much the
largest part of this is the 3 solids whase bases may be taken as 50 x 50 each,
or 3 x 50 x 50, or 7500 in all.

Hence, dividing the remaining volume, 32464, by 7500, gives the thick-
ness of them approximately as 4.

If this thickness is correct, the sum of the bases of all the remainmg
solids (after the large cube, 125000, is removed) is

F + 3 50 x 4 + 4% or 8116.
Jut 8116 x < 3877, the remaining volume.

Hence, 4 is the correct thickness; or the second figure of the root.

319. Factorial Method of Extracting Roots.—If a num-
ber be separated into its prime factors, and each of these factors
occnrs an even number of times, the square root of the number
may be obtained by multiplying togetherall the factors halfthe
number of times they eaeh occur; if each factor occurs three
or a multiple of three times, the cube oot may be obtained by
multiplying together all the factors one-third of the number

of times which each occurs, ete.

Ex. Extract the square root of 324.

Since 324 2 2% D

18, Root.

EXERCISE 156.
Find the cube root of the following:
1. 13824. 4. 110592. ‘ . 884736.

2. 46656. 5. 250047. . 2460375,
31 74088. | 6.-421875. 9. 4251528,
29(). Higher Roots Obtained by Successive Extractions,
— From the meaning of an exponent it follows that the square
of the square of a number gives the fourth power of the
number. Hence, reversing the process, the fourth root of a




308 INVOLUTION AND EVOLUTION.

number is the square root of the square root of the number.
Similarly, the sizth root of a number is the squareroot of the
cube root-of the number. The eighth, ninth, tenth
of a4 namber may be found by similar methods.

BEx. Obtain sixth root of 7,529,536.

Extracting the cube root, we obtain 196.

Extracting the square root of 196, we obtain 14 as the sixth root of the
original number.

EXERCISE 157,

Find the fourth root of 'the following :

1. 331776. 3. 47458321. . 1196883216.

2. 4879681. 4. 81450625, 7. 11574317056.

f
}
|
|

Find the sixth root of :

7. 143035889. | 8. 2176782336.

Find the sixth root of the following to 2 places of decimals:
9. 300~ | 0,55/ | .78, | |28 101

Compute to 2 decimals the values of:

1 \yal< vit. |
o — o\ 287 E)
V10 VT LA 40 + vV/40.

V19— v21.| 18. V 50— VIT.

Extract to three decimal places:

22 The square root of 7.0763 ; of ;70763 ; and of 4.0763.
23. The square root of 387 : of 0387 ; and of .00765.

4

%

24

4. The square root of .938; of .0938 ; and of .000765.
Extract to two decimal places:
25. The cube root of . of .6318 ; of .075.
26, The cube root of 07165 ; of .007165; of 19:0019.
27. The sixth root of 2.175; of .2175; of .025.

CHAPTER XIX.
MENSURATION.

99]1. Mensuration is that branch of mathematies which
treats of the measurement of lines, surfaces, and volumes.

Since lines are measured more readily than any other kind
of geometrical magnitude, it will be found that, in problems of
mensuration, certain lines are usually measured first, and, from
the results obtained, the lengths of other lines, or required areas,
or volumes,are computed by principles determined by geometry.

It will not be possible to demonstrate fully these principles in the pres-
ent brief treatment of the subject; but, wherever possible, they will be =o
presented and illustrated, as to make their truth clear to the pupil and
enable him to recall them readily. He should constantly remember, how-
ever, that the complete demonstration of the rules and formulas used in this
chapter belongs to another branch of mathematies, the subject of Geometry

The limitations in the degree of accuraey with which a line
e be measured are discussed in Arf. 78, which should be
reviewed.

I. MENSURATION OF LINES.

399 Definitions.—A plane surface is a gurface such that
if any two points in it be taken and joined by a straight Iine.
the line will be wholly in the surface.

c

A

TRIANGLE. RIGHT TRIANGLE,
A triangle is a portion of a plane surface bounded by three
straight lines, as the figure 4 B C.
oy
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%
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26, The cube root of 07165 ; of .007165; of 19:0019.
27. The sixth root of 2.175; of .2175; of .025.
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Since lines are measured more readily than any other kind
of geometrical magnitude, it will be found that, in problems of
mensuration, certain lines are usually measured first, and, from
the results obtained, the lengths of other lines, or required areas,
or volumes,are computed by principles determined by geometry.

It will not be possible to demonstrate fully these principles in the pres-
ent brief treatment of the subject; but, wherever possible, they will be =o
presented and illustrated, as to make their truth clear to the pupil and
enable him to recall them readily. He should constantly remember, how-
ever, that the complete demonstration of the rules and formulas used in this
chapter belongs to another branch of mathematies, the subject of Geometry

The limitations in the degree of accuraey with which a line
e be measured are discussed in Arf. 78, which should be
reviewed.

I. MENSURATION OF LINES.

399 Definitions.—A plane surface is a gurface such that
if any two points in it be taken and joined by a straight Iine.
the line will be wholly in the surface.

c

A

TRIANGLE. RIGHT TRIANGLE,
A triangle is a portion of a plane surface bounded by three
straight lines, as the figure 4 B C.
oy
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The base of a triangle is the side upon which it is regarded
as standing.

The altitude of a friangle is the perpendicular distance to
the base from the vertex, or.point where the other two sides
meet.

A right triangle isa friangle, one of whose angles is a right
angle.

The hypotenuse of a right triangle'is the side opposite the
right angle.

Circle and circumference are defined
in Art. 192.

A radius is a line drawn from the center
of a circle to any peint of the circumfer-
ence.

Parallel lines are lines in a plane sur-
face which do not meet, howeyer far they

be produced. CIRCLE.

323. Formulas for mensurafion of lines.
1. The square on the hypotenuse
of a right triangle equals the sum
of the squares onthe other two sides,
or, denoting the hypotenuse by £, and

the other two sides by @ and b
i at + b
and a® = 1* -1
whence ;= Va® + b°

)

a'="VRUVP,

Hence, given any two sides of a
right triangle, the third side may be
computed without the labor of meas-
uring it. Ty N

Ex. Find ‘the hypotenuse of a right triangle’ of whieh' the
two other sides are 50 ft. and 60 ft.
VHE + tlF 78.102 ¢

Hypotenuse = 78.102 * fi,

MENSURATION. 311

9. Circumference of a circle diameter X 3.1416 (approz.).

(37 is sometimes used instead of 3.1416, thongh it is not quite so accurate).

eiref,

3.1416

IlL-llH', also, diomeler 2183 lu]-‘m':u_l.

Let the pupil measure the diameter and circumference of a silyer dollar,
and show that the ciref. = diam. x 3.1416 (approz.). Lethimmeasure other

circles, as a dinner plate, wagon-wheel, ete., similarly.

EXERCISE 158.
In the following examples a and b represent the legs of a
right triangle, and ¢, the hypotenuse.
1. Given a 8, b 5, find e
2. Given b 39, B d find a.
3. Given ¢ = 2t . find b.
4. Given b = 28, 45, find e
5. Given a = 2 C 13, find b.
6. Given ¢ 5H, find a.
Given a — 24, ) 43. find e
8. Given b = T80, 901, find a.
9. Given ¢ 1105, @ 561, find b.
Find correctly to 3 decimal places, the remaining side,
when :
10. a = 5,b = 8. \ 12. ¢ = 43, a = 4.
11mb—=2zc=xlilx 1 13..a—92,0.—= 65.
Find the circumference of each circle, when:
14. Radius = 7. | 26. Radius = &3 8. R;ulins
75 Diameter — 46.177. Diameter— 133179 Diam.
Find the diameter of the circle, when:
Circumference — 40. | 22, Circum. 57.3.
23.(Circum. 103.8.

Circumference = 879.

A ladder 25 ft. long stands against the side of a house,
and with its foot 7 fi. from the wall. How high is the top of
the ladder?
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25. Af

eld 156 rds. long and 133 rds. wide is cut by a path
running di

iagonally across it. Find the length of the path.

26. A flag pole was broken 16 ft. from the ground, and the
top struck 63'ft, from'the foot of the pole. How long was the
]‘m](ﬁ‘?

27. Two rafters 20.5 ft. long meet at the ridge of a roof 4.5
ft.aboye the leyel of thewalls. How wide is the house?

28, A ladder 65 ft. long stands in the street; if it fall on
one side;it-fouches-a-point on that house 16 ft. above the
pavement; but on the other side the point it touches is 56 ft.

i
:
i

ahove the pavement. How wide is the'street?
29. If the-diameter/of a pipe is 81 in., what is its circumfer-

ence?

What is the diameter of another pipe, whose circum-
ference is 8} in. ?

30. The diameter of the earth is about 7920 miles. How
many miles is it'around the earth ?

21. A _rope is wound spirally around a cylindrical mast 2
ft. . diameter and. 60 ft. high, the gpires being 1 ff. apart,
How long is the rope?

II., MENSURATION OF PLANE AREAS.

324. Definitions.—Triangle and circle have already been
defined.

An eguilateral triangle is one ywhich has all its sides
l'(]ll;l].

A quadrilateral is a portionof a plane bounded by four
straight Iines.

A parallelogram is a quadrilateral whose opposite sides are
parallel.

A trapezoid is a quadrilateral which has two and only two
of its sides parallel.

The altitude of a parallelogram or trapezoid is the perpen-
dicular distance between parallel sides.

A rectangle is a parallelogram whose angles are right
angles.

MENSURATION.

A square is a rectangle whose sides are equal.

ALYITUDR

PARALLELOGRAM. TRAPEZOID

A polygon is a portion of a plane surface bounded by
straight lines. A polygon of three gides is called a triangle;
of four sides, a quadrilateral ; of five sides, a pentagon; of
sixr sides. a hexagon, efc.

A regular polygon is one in which the sides are all equal,
and the angles are all equal.

The perimeter of a polygon:is the sum-of the lengths of
its sides.

A unit of area isa square, each side of which is a linear
unif, as a square inch, or a square yard.

The area of a plane figure is the number of square units
swhich it contains (see also Art. 175).

295 Formulas for areas of plane figures.

1. Area of a triangle 1 base altitude.

2. - * parallelogram base > altitude.

trapezoid.— & sum of parallel sides X altitude.

circle — radius squared X 3.1416.

s cireular ring — (R — ) % 3.1416, where R
and.r are the radii of the two eircles.

When the three sides of a triangle are given instead of the base and-alti-
tude,

6. Area of a triangle = Vs (8 —a) (s—b) (s ¢), where a,
b-e denote the three sides, and s = 1 (a 4+ b+ ¢).

o

|
= . Vo
7. Area of equilateral triangle —- A , where a denotes

one of the sides.
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It shonld be clearly understood that when we speak of multiplying one
line by another (as the base hy the altitude), we mean that the number of
linear units in one line is to be multiplied by the number of linear units in
the other line.

It Ias ‘been shown (Art. 175) that the product of the number of linear
units in the base of a réctinglé by the mumber of linear units in the alti-
tude equals the number of units of |area in the rectangle. Thus,

71, Deine= 35 8q.\in.

El -~ 'B

To obtain the area of a parallelo-

gram, it 18, shown in. geometry that the
triangle ¥ CD = triangle EA B,

- area A B CD = area of rectangle
A EFD = A Dx D F-=base x altitude.

To obtain the area of a triangle, it i3
shown that triangle 4 B C' = triangle

ADC.

.*.area triangle’ 4 BC = } A BCD.
AF.
altitnde.
To obtain area.of a trapezoid, 4 B.D C, . P

we-fake F, the middle point of ¢ D, and

draw .G parallel (fo A B, and produce

A C to meet it-at ¥ -and prove triar

ECF triangle FG D (hence, CE

G D).

Q

. area A BCD = area A B G E (a parallelogram).
BG x PQ
} (ACY BD) x\PQ

In order to understand the formula for
obtaining the area of a circle, it will be use-
ful to regard the circle as split np-into ps
as in the figure opposite ; and then conceive
the parts oa b, ob ¢, ocd, ete,, as arranged in
the figure on the next page.

MENSURATION.

The smaller the parts into which the circle is divided, the more nearly
will their bases, when taken thus, approximate to a straight line, and their
areas taken together % rectangle RS T U/, whose base is the circumference
¢i the circle and altitude its radius.

-, area of circle = } circumference x R
I x 2R x 31416 x R R? x 3.1416.

Nore—The student should carefully observe that the determination of
21l the above areas is made by first measuring certain straight lines, and
computing the areafrom the lengths obtained. This ismuch more expedi-
tious than any direct counting of the units of area, which is indeed often
impossible,

Ex. Find area of a triangle whose sides are 13, 14, 15.

SOLUTION.

Herea = 13, b = 14, e =15, Hence, s — 21

V21

EXERCISE 159.
find the:area of':
7. A rectangle 8 yards long and 11 ft 8 in. ywide.
9. The walls and ceiling of a room 17} X 163
A parallelogram whose base is 30 yd. and alt. 20 ft.
A straight rectangular street 7 mi. long and 2} rd. wide.
A page 8% inl long and 44 in. wide.
A trianele on base of 18 in: and alt. 15 in.
A triangular field whose alt. is 40 yd. and base 45 rd.
A trapezoid whose bases are 6U and 75 feet and alt. i8
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4. A trapezoid whose bases are 3 mi. and 400 rd. respec-
tively, and altitude is 80 rd.
10. A eircle whosesadius is 6 in.
27.-A cirele whose diam.is 10 rds.
12. A circle whose circumference is 30 ft.
13 A trangle whose sides are 9,10, 17 in.
L 17, 25 ft.

30, 37 vyds.

2. 1A triangle whose sides are

5
o
£

15. A triangle whose sides are 13,

76. A triangle whose sides are 20, 37, 51 rds.

17. A triangle whose sides ‘are 25,63, 74 mi.

18. An\equilateral triangle whose sides are each 5 in.

19, An equilateral triangle whose sides are each 80 rds.

20, A circular ringwhoge two diamefers are 28 and 16 fi.

21,1 A circular race-track is 3 rds. wide and placed around
and just inside a ficld whose radius'is 63 rds. Find area of
the frack in acres.

22 What is' the land in a river-bed worth at $60 an aecre,
if the. river inereases from 6 to 60/ rds. in width and is 20
miles long? (Trapezoid.)

23, A farmiinshape of atriangle whose sides are 140, 143,
157 rods was sold at $85 an-acre. Find the value of the farm.

24. A bam.is 48 feet wide and 90 feet long. At the corner
its height is 20 ft., but at the middle the height to the peak is
38 ft. Find (a) the area of the end; (&) the lencth of the
rafters: and (¢) the entire exterior surfice of the barn.

TITI. MENSURATION OF THE SURFACES OF SoLiD FIGURES.

326. Definitions.—A solid is that which has length, breadth,
and thickness.

A prism is a solid bounded by two equal and parallel
polygons called bases, and by parallelograms (which together
form the lateral surface).

The altitude of a prism is the perpendicular distance
between the bases.
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according as their bases are triangies, quadrilaterals, penta-
gons, ete.

A regular prism is one which has regular polygons for its
bases.

TRIANGULAR
PRISM

A right prism is one in which- the other faces are perpen-
dicular to the bases.

An ordinary box is a right reetangular prism.

A eube is a prism bounded by squares.

A pyramid is a =olid bounded by a polygon called the
base; and by triangles meeting at a point called the vertex.

The triangles which mectatthe vertex taken together form
the lateral surface.

The altitude of a pyramid is the perpendicular distance
from the vertex to the base.

A pyramid is triangular, guadrangular, pentagonal, etc.,
according as the base is a friangle, quadri-
lateral, pentagon, etc.

A regular pyramid has a regular polygon
for its base, and the triangles bounding the
pyramid all equal.

The slant height of a recular pyramid 1s
the perpendicular distance from the vertex
to one side of the base.

A cylinder is a solid formed by the revolution of a rectangle
about one of its sides as an axis. Hence, a cylinder has two

PYRAMID.

circles for bases,
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A cone is a solid formed by the revotution of a right tri-
angle about one of its sides as an
axis. Hence,a coné has a circle
forits base.

The altitude of a cone is the pex-
pendiculardistance from the vertex
to the base. The slant height is
the distance from the vertex to any P
point in the circumference of the °=
hade: CYLINDER. CONE.

The frustum of a pyramid is the portion of the pyramid
intercepted hetween the base and a plane parallel to the base.

The frustum of a cone is the portion of a cone intercepted
between the base and a plane parallel o the base:

ERUSTUM OF PYRAMID. FRUSTUM OF CONE.

A sphere i3 a solid bounded by a curved surface, every
point of which 1s
equally distant from a
point within called the
centier.
The radius of a
sphere is a line drawn
from the center to any
point of the surfice.
The diameteris a line
passing through the center and terminated by thesurface,

397. Formulas for areas of surfaces of solids.

1. Lateral surface of a right prism — permeter of base X
altitude,
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9. Conver surface of a cylinder = circf.of base X alt. =2= R H
(where = = 3.1416, R — radius of base, H altitude).

3. Lateral surface of a regular pyramid = } perimeter of base
X slant height.

4. Conver surface of a cone i circf. of base > slant height —
x R L (where L slant height).

5. Lateral surface of frustum of regular pyramid — } sum
of perimeters of bases > slant height.

6. Conves surface of frustum of cone — % sum of circwmferences
of bases X slant height — = (R + 1) L.

7. Surface of a sphere — 3.1416 < diameter square d.

= D°, or4 = R

These formulas (except T) are derived from those given in Art. 325.
Thus the lateral surface of a right prism is composed of rectangles, all
having the same altitude; that of a regular py ramid is

composed of equal triangles; that of a frustum of a reg- 4

A
ular pyramid of equal trapezoids. Alsothe convexsur- \
P i I ,

face of a cylinder unrolled forms a rectangle; of acone
forms a portion of a eircle, called a sector, as in the Fig.
A B C, itsarea heing } B € x A € which is determined
in the same way that the area of acircle is obtained; B
the convex surface of a frustum of & eone equals the
difference between two sectors.

The student should read at this point the note to Art. 325.

EXERCISE 160.
Find the area of the lateral surface of:
1. A right prism 10 in. high on square base, 3 in. on a side.
2. A right prism 3 ft. high, and on an octagonal base 9lin.
on each side.
3) A regular pyraniid on aMhexagonal base 5 in. on a side,
and of slant height-of 10 in.
4. A regular pyramid on pentagonal base, 7 ft. on a side,
and slant height 19 yds.
5. A frustum of a triangular pyramid, each side of the




320 MENSURATION.

lower base being 6 fi., and of the upper base being 5 ft., and
with slant height of 8 ft.

6. A-eylinder of revolution 7 ft. long, the radius of whose
base is 3 fi.

7. A cone of revolution on base of radius 8 ft., and whose
slant height is: 40 it

&. A pipe 18 in. through and a mile long.

9. A cone whose radius is 6 1n. and slant height is a yard.

70. The frustum of a cone of revolution, if the radii of the
bases are 7 and 17 in. respectively, and the slant height is
20 in.

71. Eind area of surface of a sphere whose radius is 3 ft.

12. Find-area of surface of a sphere whose diameter is 19 in.

13 At/12¢ a gq. ft., what is the cost'of paintinga pyrami-
dal spire; whose base is a hexagon ofy9 ft. on a side and slant
height is 90 ft. ?

;. What will it cost to paint a eylindricat watertower at
20¢ a.sq. yd:,.if the diameter of the tower is 10 fi. and ifs
height is /80 ft. ?

15, Compute.the ¢ost of gilding a dome in the shape of a

hemisphere, whose radiusis 18 ft., at $1.75 a sq. yd.

6. A post40-ft.-long, in the shape of the frustum of a cone;
is 10 in. thick at one end and 18 in. at the other. Find its
entire superficial area,

IV. MENSURATION OF SOLIDS.

328. Definitions.—Beside the definifions given in Art. 32€
it should be recalled (see Arts. 178, 179) that a unit of volume is
a cube, each edge of which is a linear unit, as a cubic ingh,
or a cubie yard; and'that the volume of a ‘solid’is the number
of cabic units 'which the solid contains.. Thus the volume
of a room is the number of cubic feet which it contains.

329. Formulas for volumes of solids.

1. Volume of a prism — area of base X altutnde.
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Volume of a rectangular prism = length X bread‘h X thick-

Volume of a cube = cube of its edge.
Volume of a cylinder — area of base > altitude =RH.
Volume of a pyramid — § area of base > allitude.
Volume of a cone — % area of base X altitude = ¥ =R°H.
Volume of a frustum of pyramid
} altitude < (sum of areas of bases + square root of their product)
} H(B + b+ V'Bb) (when H = alt., B, b = areas of bases).
Volume of a frustam of cone = same as in 7.
} H= (K +r°+ Er) where R and r are radil of bases.

Volume of a sphere — § surface X radius,
& <1

It should be remarked again that the student needs to study golid geom-
etry, in order to understand fully the reasons for these formulas,

It will be of service, however, to recall (see Art. 179) that in & rectangular
prism the volume, or number of cubic units,
iseqnal to the number of linear units in the
three edges multiplied together.

It is also to be observed that a rectangular
prism may bé coneeived as divided into two
equal triangular prisms with equal bases and
the same. altitude. Hence, the yolume of
each will equal half the volume of the
rectangular prism, or the volume of & tri-
angular prism = base X all.

Any other prism may be split’ up. into
triangular prisms and its yolume obtained by the same rule.

A cylinder may be conceived as determined by a4
prism with an infinite number of sides

Any triangular prism, a8 4 B €D EF, may be
separated into three equivalent pyramids,
for B— DEF=F — ABC(or B— ACF B

A DF.

. Volume of pyramid B — D EF = { prism 4 B
CDEF

21
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The sphere may be regarded as an aggregate of very small pyramids
with their common vertex at the center of the sphere, and the sum of their
bases approximating: to the surface of the sphere. Hence, the volume of
the sum.of the wolumes of the pyramids will be determined by } the product
of the surface of the sphere x its radius.

The student should again read the note to Art, 325, and state how it
applies to the mensuration of volumes.

EXERCISE 161.
Find the volume of :

. A prism on base of 10 sq. ft. and whose height is 12 ft.
2. A rectangular prism whose dimensions are 8 <X 9 < 10 fi.
S. A room whose dimensions are 15 ft: 3 in. X 13 ft. 4 in.
X 11 ft. 6 'in.
A 12-in. cube. A 13- cube.
A pyramid 9 ft. high whose base is 100 sq. ft.
A pyramid syhose alt: is 28 ft. and base is 60 sq. yds.
A cylinder whose radius is 94n. and alt. is 10 ft.
A piece of wire # in.-thick and 75 yds. long.
A sphere of radius 5 in. One of radius 7 ft.
A’ sphere whose diameter is'11 in.
11: The frustum of a pyramid whose bases are 32 and 50
gq. ft. and alt.is 91t
72. The frustum of a cone 6 ft. high, the radii of whose
bases are 6 ft. and 8 ft.
13. How many cubic feet of water in a cylindrical water-
tank 10 ft. in diameter and 80 ft. high? /How many gallons?
2. How many 'cu. in. in' a/glass shaped in the frustum of a

cone 3% in. high, if the diameters of the base and top are 2

and 3 in. respectively ?

15. How much larger is a 4-inch cube than a 4-in. sphere ?

16. From a7-ft: cube of granite the greatest possible sphere
was cuf out. How many cu. ft. of stone were removed? What
was the area of the surface of the sphere ?

17. Supposing a drop of water to be a sphere having } in.
diameter, How many drops of rain in a ecyiindrical pail 20
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in. deep and 8 in. in diameter? How many such dropsin a
gallon ?

18, If a bushel-measure in form of a cylinder is 18 inches
in diameter, how deéep is it? If it is 18 inches deep, what
is its diameter ?

19. Into a cylindrical water-tank 13 ft. in diameter and
standing on end, an iron globe 10 ft. in diameter is sunk.
How far will the surface of the water rise?

20. A heap of wheat in shape of a cone is 8 fi. deep and
the diameter of the base is 15 feet. How many bushels in
the heap ?

21. A regular pyramid is 40 ft. high and stands on an equi-
Jateral triangle for base whose sides are each 6 ft. Find its
volume. Find. its slant height and lateral area.

V. Lines, AREAS, AND VOLUMES OF SIMILAR FIGURES.

330. Definitions.—Similar sarfaces are those which have
the same shape. Thus, any two squares are similar plane
figures.

Similar solids are solids which have thesame shape. Thus,
any two cubes, or two spheres, are similar,

331. Properties of Similar Figures.—In any two similar
fisures

I. Any two corresponding lines have the same ratio.as any
other two corresponding lines ;

I1. The areas of any two shpilay figures are o each otherias the
squares of .any two'correspanding lings;

III. The volumes of any two similar solids are to each otler
as the cubes of any two corresponding lines.

Let the pupil illustrate these principles by drawing two squares with
edges 2 in. and b in. respectively, and comparing their areas and by draw-
ing,- or forming, two cubes with edges 2 in. jand 5 in. respectively, and
determining the number of cubic inches in each figure.

It is to be observed that the comparison of surfaces and solids of the
game shape is made to depend again on the measurement of straight lines

and computations from them (see Art. 325, note).
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.L_\.v If a pipe 1 in. in diameter discharges 50 gal. in a
minufe, how much will a pipe 2 in. in diameter discharge?
charge ?
The quantity discharged by a pipe is in proportion to the area of the
section of the pipe; and hence, in proportion to the square of its diameter.
Henee,
12: 28— 50 (
or No. gals. required = Ll

1
EXERCISE 162.

1. One of two similar triangles contains 135 sq. in. If its
base is 15 in.; what is‘the area of the other whose base is 18
in.?

2. Two/sides of a polygon are 27.and 32 inches.. In a
similar polygon the less of the two corresponding sides is 18
in.. What is the length of the other ?

3. A'polygon whose base is 12 fi. contains 62 sq. fi. What
is the area of. a similar polygon whose'base is 42 ft. 2

4. If the area‘of a circle, whose radius is 5 in., is 78.54 &q

in., find the area of a circle whose' radius is 7 in. Prove vour
answer correct.

5. Tf'a.cylinder whose alt. is 8 ft. has a convex surface of
44 gq. ft., what is the convex surface of a similar eylinder
whose alt. is 20 ft. 2 A

6. The volume of a solid is 52 cu. in. and one side is 4 in.
Find the volume of a similar solid if a corresponding side.is
6 in.

7. The volume of a solid is 400 cu. ft. and one side is 12
ft. Find the volume of a similar solid if the corresponding
side is 21 ft. :

8. If the sides of two squaresare as 2: 3, what is the ratio
of their areas? If the edges of two cubes are as 3:5, what
is the ratio of their volumes?

9. Two spheres have radii equal to 7 and 9 inches respec-
tively. What is the ratio of their ecircumferences? Of the

9

areas of their surfaces? Of their volumes?
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70. A man whose coal-bin is of a certain size, builds another
having each dimension twice as great. How much lumber
would he require compared with the first bin? How many
times as much coal will it hold ?

11. The volumes of two similar solids are 297 cu. in. and
704 cu. in. If the shortest side of the less is 3 in., whatis the
shortest side of the other?

72. The areas of two similar triangles are 324 and 1444 sq.
ft. respectively. If the base of the greateris 14 fi, what is
the base of the less?

13. 1f there are 300 yards in a 4-in. ball of yarn, how many
yards will there be in a 6-in. ball? In a 2-in. ball?

4. If it costs §250 to paint a certain house, how much will
it eost to paintanother, all of syliose dimensions are double
those of the first?

5. If the planet Jupiter hag 11 times the diameter of the
agrth, how do their surfaces compare ? How do their volumes
compare ?

76. How many rods in the radius of a eircle twice as large
as another which contains 160 sq. rds.?

77. What is the ratio of the depths of similar quart and
peck measures? A peck and bushel measure?

78. If a grindstone 18 in. in diamefer costs £4 what ought
another cost having the same thickness but 24 in. in diameter?

19. Tf-a 3-in.xoll of butter is worth 60 cents;what is a 5-
in. roll worth ?

20. If a person b ft. 6 in. tall ought to weigh 150 1bs., what
ghould a person 6 fi. tall weigh?




CHAPTER XX.

METRIC SYSTEM.

332. The metric system of weights \and measures is a
system based on\a certain unit of length ‘called the meter, all
other units of the system being derived from the meter by
use of the deecimal scale.

The meter is the length of a certain platinum bar kept in
the archives of ‘the International Burean of Weights and
Measures at Lévres (approximately 39.37 inches).

It svas intended to make the meter equal yaaslsnos part of the distance
from ‘earth’s equator to its pole;but the relation is not exact, owing to a
slight ‘error in“the original ‘computation.

333. Derived Units:—Other units are derived from the
meter taken as the fundamentalunit, in two different ways:

(1) By use of 10 as a multiplier or divisor.

The size of the units derived thus is indicated by the prefixes, deka-,
hekto-, kilo-, myria-, meaning 10, 100,
and by deci-, centi-, milli-, meaning Yo T35 Tows, respectively.

It is to be observed that the decimal divisions
by Latm prefixes; the decimal mulliples by G

1000, 10000, respectively;

of the unit are expressed
refixes.

(2) By taking a certain poriion of space or mafter, deter-
mined by the metric unit of lenzth, and making a new unit
of this portion of space or matter.

Thus the volame of 1 e¢ubic decimeter = the lifer;

the volume of 1 cubic mefer — the stere;
the weight of 1 cubie centimeter of water — the gram.

These new units, faken as primary units, may in turn be

multiplied or divided in the decimal scale; hence, we have

326
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the varions tables for metric weights and measures which are
about fo be given.
In these tables, only those units printed in black letters are much used

in practice (just as in U. 8. money only the dollar and cent are much used),
the other units serving for computation, or other theoretic purposes merely.

334. 1. Measures of Length.—The primary unit of length,
as has been said, is the meter.

TABLE OF LENGTH.

10 millimeters (mm.) 1 centimeter (cm.).
10 centimeters decimeter (dm.).
10 decimeters meter (m.).

|
1
10 meters = 1 dekameter (Dm.).
1
1
1

10 dekameters hektometer (Hm.).
10 hektometers kilometer (Km
10 kilometers

myriameter (Mm.)

EXERCISE 163.
ORAL.

LT

How many : -
1. Meterg in a kilometer? InaDm.? In 5 Hm.?

TITITTIT

Centimeters.in a meter? Ina Hm.? In8dm.?

. mm.inacm? In3m? Inddm?

TIITIT

Cem.in 800 mm.? Ind4m.? Indm?
5. dm.in 25 m.? Ina00 cm.? In 12 Dm.?

m. in 300 em.? In 8000 dm.? In 15 Hm.?

T

m in 3.5 Dm.?2 In35dm3 Ju7 em.?

. emoind2dm? In/l2 mm.? Inllm.?
Hm. in7Tm.? In70 Km.? In 77 em.?
Km. in 300 Hm.? In 56 Dm.? In8 m.?

71. The pupil may now state his own rule for changing

metric. quantities from one denomination to a higher, and his

QUNARNENRIRARRUGRIRERRONENERG

other rule for changing to a lower unit. A/thorough mastery

of this process by sufficient drill rénders all the rest of metric | om0 Col
! :

system questions comparatively easy.

335. II. Measures of Area.—The unit of area is the
square meter.
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TABLE OF SQUARE MEASURE.
100 sq. millimeters (sq. mm.) =
100 sq: ¢m. .
100 8q. dm. =

8q. centimeter (sq. cm.).
sq. decimeter (sq. dm.).
sq. meter (sq. m.).

100 sq. Dm. '
100 sq. Hm, =
100 sq. Km. :

sq. hektometer (sq. Hm.).
sq. kilometer (sq. Km.).
sq.myriameter (sq. Mm.).

1

1

A 1
100 sq. m. =1 sq. dekameter (sq. Dm.).

1

1

1

a0p
336. III. Measures of Land Surface.—The ratio, 100,
befween fwo successive units of square measure is

too great ior many }W;l(t(it':tl purposes;-as in meas-
uring land. / Heénce; a new unit, the are; is selected

which s increased or decreased with 10.as a scale.

\ F T ¥ T
The unit of land measure is the are (pronounced . >%*®
(ARG Y 1.x ~ Centimetar

air ”), which equals 100 square meters,

TABEE OF LAND MEASURE.

10 centares (ca.)
10 deciares

10 ares

10 dekares

1 deciare (da.).
1 are (a.).

I dekare (Da.).

1 hektare (Ha.).

EXERCISE 164.
ORAL.

How many :

1.'85q. m. in a'sq., Hm.? Inasgqg Km.? Inanare?
Z.5q.cm.mnasq. m.? Inasqdm? In7sqm.?

. Centares in an are? Ina Da.?
. Aresin 25 Ha.? 1In 500 ca.?

Inl15a.?

In7eca?

5. Aresin 3 Ha,? In63 Da.? In 63

5. Hain 3a? Tn303a? InS36ca?

7. 8q'dm. in16sq. m:? Tn 16sq cm:? In106sq. cm.?
. Sq.m.in 28q. Dm.? In 22sq. dm.? In 22sq. cm.?
. 8qg.m.inda.? InT7a? In83 Ha?

. 8. in 15 Ha? In35ca.? In35Da?

(To be continued by the teacher.)
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337. 1V. Measures of Volume.—The cubic meter is the
unit of volume.

TABLE OF CUBIC MEASURE.
1000 cubic millimeters = 1 cubic centimeter (cu. em.).
1000 cu. em. 1 cubic decimeter (cu. dm.).
1000 cu. dm. 1 cubic meter (cu. m.).

Tet the student form a cubic centimeter by

cutting out a piece of pasteboard of the shape

indicated in the figure, catting it half through
at the dotted lines, then folding together in the
shape of a cube and pasting with mucilage
338. V. Measures of Wood, etc.
—The ratio, 1000, between two suc-
¢essive units in the above table 18 too
great for mnany practical purposes, as
in measurine wood. Henee, a new
unit, the stere, is taken, whichiis mul-

tiplied and divided according to the
scale of 10.
The unit of wood measure is the stere (pronounced “ stair ”),

which U.lll;lls one cubic meter.

TABLE OF WOOD MEASURE.
10 millisteres (ms.) = 1 centistere (cs.).
1 decistere (ds.).
- 1 stere (s8.)

10 centisteres
10 decisteres

EXERCISE 165.

ORAL.
How many:
7. Co.em. inaco. m.? Inlen dm.? In 38 cu. mm. ?
2 (Co.cm. inGen.mm? In3cu m? In 75 cu. dm.?
8 Cu.m.in76cn. dm.? In 768 co. cm.? In 500 cu. mm.?
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. cs.in 1stere? In3ds.? In35ds?

. Stin3ds.? In75es.? In8cx? In800ds.?

« Co.mein 53 st.7 Tn25ds.? In6es.?

~Stinl4 cu. dm.?  In 240 en.em.? In 240 es.?
8

Let the pupil construct a ¢u. dm:and a cu. em. from pasteboard. Let

him ‘clearly see how the lengths of their edzes compare ; how the areas of
their faces compare; and how their volumes compare.

339, VI. Measures of Capacity.—The liter (pronouncetl
“leeter””)-is the unit of “capacity. It equals a cubic deci-
meter; that is, the volume of a cube whose edge is {5 of a
meter.

TABLE OF CAPACITY.
10 milliliters (ml.) = 1 centiliter (cl.).
10 centiliters = 1 deciliter (dl.).
10 deeiliters = 1 Liter (1.).
10 liters 1 dekaliter (DL).
10 dekaliters I.hektoliter ( HL.).
10 hektoliters I Kiloliter (K1.).
10 kiloliters I myrialiter (ML.).

EXERCISE 166.

ORAL.
How many :
7. Litersina KL? Tna HL? Inb5DL? In75dL?
2. DLin7KL? In40HL? In71? In58dL?
S. Liters ina cubic meter? In 206 cu. cm.?
4. cl.in31? Inl1HL? In55ml?
. H'in25Kl.? In61? In44 DL? In325¢cl?
5. dLin3DL? Tnl151L?2 In77¢l.? In 156 ml ?
. Lin 30 en.dm.? In 6 cin.em.? In 45 cu. m?

. Let the papil construct a liter out of pasteboard.

340. VII. Measures of Weight.—The gram is the unit
of weight. It is the weight of a cubic centimeter of distilled
water at its greatest density ; that is, when at a temperature
of 39.2° Fahrenheit.

METRIC SYSTEM.

TABLE OF WEIGHT.
10 milligrams (mg.) 1 centigram (cg.).
10 centigrams 1 decigram (dg.).
10 decigrams gram (g.).
10 grams = 1 dekagram (Dg.).
10 dekagrams hektogram (Hg.).
10 hektograms kilogram (Kg.).
10 kilograms myriagram (Mg.).
10 myriagrams quintal.
10 guintals metric ton.

EXERCISE 167.

ORAL.,

How many :

. Gramsina Kg.? Inb Hg.? InS87dg?

Legeind4g? Tn3l Dg.2 In7mg? In 70 g.?

3. dz.in 15 2.7 In17 Hg.? In 36 mg.? In360g.7

. Kg.in 50 g.? Inig? In7Dg? In4dg?

. Grams in weight of 1 cu. m. of water? In 7 cu. dm. water?
" Kg. in 30 cu. m, water?. In 16 cu. Km. of water?

. cg: in 1 cu. em. of water? In'l3 cu. dm. of water?

NOTATION, NUMERATION, REDUCTION:

341. The methods of notation and numeration nsed in
the metric system have been indicated in general already.
With n'spu‘t.tu notation it should be further remarked that

(1) Of the abbreviations, used, thoge for units larger than
the primary-units begin with capitalletters;; the others with
small letters.

(2) The M:u'(' m'vu;»im] 1')' each nnit with reference to the
decimal point (when the scale is 10) should be fixed in mind.
Thus, for the meter,

Mm Km. Hm. Dm. m. dm. cm. mm
5 S 7 2 S 4 5 6

(3) In writing a metric number for which the sealeis 100,

the number of units of each denomination must occupy two




332 METRIC SYSTEM.

places (by the aid of zeroes if necessary); when the scale is
1000, three places. Thus, 35 8q. Km. 8 sq. Hm. 17 sq. m. is
writtenn. 55030017 sq. m.

With respect to numeration or reading metric numbers, it
should be remarked that a ‘metric number may be read in
either of two ways:

(1) By specifying each unit.

Thus, 37.56' m. may be read as “3 dekameters 7 meters
5 decimeters 6 centimeters,” or

(2) By reading the entire nwmber as.an abstract number, and
then affiving-the name of the primary un#. According to this
nmethod the'aboye number would read * thirty-seven and fifty-
six hundredths meters.”

342. Reduction.—A metric number i3 reduced to a lower
denomination by moving the decemal poind to the right, one place for
each reduction of the unit when the scale 18 10 ; two places when
the scale is 100.; three places when the scale is 1000.

Thus, 6.728 m. = 672.8 em.

A metric mumber i3 reduced to a higher denomination by moving
the decimal point to the left; correspondingly to the above rule.

Thus, 8596.2 mm. = 8.5962 m.

It is often an advantage, instead of making a single direct reduction, to
make two steps of the reduction, by

(1) Comverting the number of given units into primary units, and

(2) Converting thenumber of ‘primary units into required units.

Ex. Convert 938765.23 dm. into kilometers.

‘e first change decimeters into meters, and then convert meters into
We first cl i { t ters, ] t} t L t
kilometers.

Hence, 938765.23 dm. — 93876.523 m. = 93.876523 Km.

EXERCISE 168.
Reduce

1 7324 Km. to dm. To Dm. Toem.
2. 36.08 Dg. to Kg. To eg.. To de.

3. 71245 sq. m. tosg. em. Tosq. Hm. To Ha.

OPERATIONS WITH METRIC NUMBERS.

. 503.217 dl. toml. To DI. To KI.

. 55171 ca. to Ha. To a. Togq. Dm.
025 cu. m. to cu. em. Tol. To dst.

7. 5.3 st. to dst. To cu. dm. To st.
12.345 Km. to Dm. To dm. To mm.

. 3267.1 cg. to Dg. To Kg, To mg.
106.73 dl. to ml. To DI. To KL
83cu.cm. foeu.m. Tol Toco. mm.

2. 4671 DI to cu. m. Tocu. em. To dlL

. 5007 He. to me. To dg. To Kg.

. 3755 a. to Ha. To ca. Tosq. Dm.

. 40 Ha, toa. Tosq. m. Toca. Tosgq. Dm.

76. 34575 m. toecm. To Hm. To Km. To mm.
7. 863200 sq. em. to sq. m. To Ha. To sq. Dm.

78. 385 L to cl. Poen. m. Tocu. Km.

19, How many Kgs, in the weight of 751 of water? Of 1
cu. m. of water? Of 170 eu. mm. of water? Of 35 cu. cm.
of water? Of 11 Kl. of water?

20. How many L. of water are needed to weigh
To weigh 5000 .K;_r,'? To weigh 30 g.? To weigh
To weigh 138.75 Dg. ?

27. Chance 42.3 Hl. to dl. To cu. em. To cu, m, Find
its weight (if water) in g. In Kg.

OPERATIONS WITH METRIC NUMBERS.

243. Addition.—Metric numbers may be added i the
same way as any other decimal numbers. Tt 1S necessary
in all cases to reduce to the same denomination the metrie

numbers which are to be added.
Ex: Add-37 em., 26.26489 Hm., 3 Km.
We reduce to meters all thé numbers to be added.
37 em. 0.37 m.
36.26439 Hm. 3626.489 m.
3 Km. = 3000. m.
6626,859 m., Sum,
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344. Subtraction.
Ex. Subtract 387.92 cg. from 5.827 Dg.
Reducing both numbers to grams and subtracting.
5.827 Dg. — 58.27 g.
387.92cg. = 38792 g.
54.3908 g., Difference.
345. Multiplication.
Ex. Find the area of a rectangular field which is 0.5 Km.
long and 27.8 m. wide.
0.6 Km. = 500m.
Area — 27.8 x 500 sq. m. = 13900.0 sq. m.
— 1.39 Ha., Area.
346. Division.
Ex. 1. Divide 21.856 Dm. by 3.2 cm.
21.856 Dm. = 218:56 m.
3.2 cm. = 032 m.
218.56 + 1082 — 6830, Quotient.

Ex. 2. How high must a box be in order that it may hold
30 liters, if it 1850 ¢m. long and 2 dm. wide?

Sinee 1 1.\ = 1 cu. dm.,
301, = 30 cu. dm. = volume of the box.
Since 50 cm. = 5 dm.,,
the area of base of the box = 5 % 2'sq. dm. = 10'sq. dm:
Heiglit of the box volume area of base
0= 10 = 3.
Height = 3 dn1,
EXERCISE 169.
Add:
. 3.6 m. +45 cm. + .06 Km, + 3.2 Dm.
2 7a +120.ca. +.08 Ha.
-9 cu. - dm. -+ 300 eu. mm. + 50.6 cu. m.
. 481 dg. +325.1 mg. + 14.78 Dg. +1.31 [
5. 43 cl. + 7.1 HI1. + 305 ml. + 25 K1 + 27
. 75.38 Ha. + 438.1 a. + 9587 ca.
9,03 m. + 903 mm. + 9030 cm. + 90.3 Dm. 4 0.903 Km.

(g
SL
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. 17 cu. dm. + 385 cu. em. + 4128 cu. mm. -+ 30.9 cu. m.
. 14 1. 4+ 1403 K1 + 378.12 ¢l. + 99 HI1. + 14 dL

11, 77 cu. em. + 323 L. + 9.5 dl. + 307.5 cu. dm. + 4 DL
12. 38 sq. Dm. + 19.3 Ha. + 1435 sq. m. + 281.5 a.

. 307.5 dg. + 48.091 ¢. + 385.61 mg. + 7 Kg. + 9.9 De.

Subtract :

13. 7.3 cm. from .08 Km.

7} 46 HL from 8769.1 cl. |

17. What is the difference between 7 Hm. 5 Dm. 3 m. 4 em,
and 8 Km. 3 Hm. 4 dm. 2 mm.?

18. What is the difference between 8 KL 5 L. 7 dl. 4 ml
and 7 HL. 2 DL. 1 L 5 ¢l.?

19; From 57.3128 K. take 4875.625 cu..cin.

Multiply :

20. 3 Dm. 5 m. 4 cm. by 5.

21. 7T Kg. 3 Hg. 2 Dg. 7 dg. 8 cg. by 35.

22 Find the total length of 19 poles, each 7 m. 4 em. 3 mm.
long.

22. Find the entire weight of 40 easks, each weighing 4 Kg.

7 De. 5 g.

5q. dm. from .09 Ha.
2.57 g. from 2.558 Kg.

2. Find the fotal area of 32 fields, each containing 36 Ha.
S a.
25. Find the entire capacity of 16 cans, each containing
4.037 HI. _Change result to cu. meters.
Find the area of a surface:
26. 3.02 m. X 25 em. 28. 3.6 mm. X 7.5 Hm.
27. 945 Km, X 6.3 m. 29. 8.8 dm. X 24 Dm.
Divide:
$0. 1300 dl. by 90 DL
31. 540 Ha. by 6 a.

32. 3.8 caxm. by 1.9 cu. mm.
33. 77 sq. mm. by 5 sq. Dm.
. 17 Km. 4 Dm. 5 m. 6 cm. 5 mm. by 5.

. 130 Ha. 9 a. 4 ca. by 8.

. 28 Kg. 9 Hg. 4 dg. 3 mg. by 25.
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37. A field containing 56 Ha. is 35 Dm. long. Find its
width. Tf it had been 26 Dm. 5 cm. long, find its width.

8. How manyicu. m.in a box 30.6 dm. % 204 cm. X 0.5
Dm.?

39. How many liters in a box 3 m. X 8 dm. X 5 cm. ?

40 A tank 12 m. <758 dm..>¢ 1.05 Dm. is full of water.
Find its ‘weight in Kg.

41 Avat is 4 m. X 36 dm. X250 cm. Find its eapacity
in Kl. Find.in Kg. the weight of ‘water it will contain.

42. A box 15/dm. long and 80 cm.wide contains a cu. m.
How deep isit?

43. A room is 5.2 m. long, 4.5 m. wide, 3.2 m. high. Find
cost of plastering it at 42 cents per sq.m. Find No. of KL of
air in the room.

44 A bin 7.4 m. < 3.6 m. X 2,5m. will contain how many
HI. of grain? How many steres of) wood ?

45. What cost a pile of wood 12,3 m. long, 5.2 m. wide, and
a Dm. high, at 8350 astere?

46. A cellar i3 124 m. > 96m. X 85 m. How many cu.
m. of earth were removed in digging it? How many steres
of wood might 'be piled in it? How many liters of water
would it confain? What does this volume of water weigh in
kilograms ? How many HL. of corn would the cellar hold?

47. How many liters in a cube whose edges are all 20 e¢m. 2

48., A-tank contains 9600 Kg.of water; It-is: 32 mslong
and 1.2 m. deep. . How wide is it ? »

49. A bar of metal is 3 m. X 2.8 m. X 1.5 m. and weighs
4.5 times as muen as an equal volume of water, Find the
weight of this bar (Kg.).

A certainivat is 14 m. ©¢ 10.8 m. < 9.5 m.

50. Find ifs capacity in steres. In liters. ~In TIL

51. Find the weight of water it will contain.

52. Find the weight of tar it will contain, if tar is 1.8 as
heavy as water.

53. Find the value of wheat it will hold at $2.40 a HL

METRIC EQUIVALENTS.
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£

4. Pind the total area of its 6 faces in ares.
556. Find the edge of a cubical cistern of same contents.

56. 1f a piece of ore weighs 45 Kg., and of this 675 g. are
silver, what per cent. of the ore is silver?

57. If a certain wine contains 12.8% alcohol, and 2.1%
extract, the rest being water, what ¢, is there of water? How
many Kg. of water are there in 50 1. of the wine? How many
cu. em. of extract?

58. Divide 0.005 cu. dm. by 0.02, and express the quotient
as a decimal of a cu. m,

59. A bin which holds 70 HI. stands on a base 26 dm.

m. How high is it?

METRIC EQUIVALENTS.

347. Direct Eguivalents.—The following table shows the
relation between different important metric units and the
units of weight and measure in common use in the United
States and Great Britain. The table should be committed to
memory, the equivalents printed in black letters being of
especial importance.

1 meter 3937 in. — 1.1 yd. (39% in. approx.).
1 kilometer 8214 mile (3 mi. approx.).

1 sq. meter 1.196 sq. yd (14 8q. yd. approx.).
1 hektare - 2.471 acres (24-A. approx.).

1 cu. meter = 1.308 eu. yd; (13 cu. yd.approx.).

2

1 stere = 2759 cord (& cd. approx.).

1 liter 1.057 liguid quart
1 liter = 9081 dry quart

1 hiter —= (1.022 e ins

1 hektoliter = 2.8376 bushels

1 hektoliter = 26.417 gallons

1 gram 15.432 grains

1 kilogram 2.2046 pounds av.

1 metric ton = 1.1023 ton
2

(14 1. qt. approx.).
(+% d. gt. approx.).
(61 cu. in. approx.).
(2% bush. approx.).
(26% gal. approx.).
(15% gr. approx.).
(2%1b.av.approx.).
(145 T. approx.).
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348. The inverse equivalents, showing the value of units
in use in the United States and Great Britain in terms of
the metric units, are also eften useful.

1 yd: = .9144.m. (¥ m.).

1 mi. = 1600 Km. (12 Km.).

1 sq. yd. 8361 sq.m. (% sq. m.).

1 acre = 4047 Ha.~ (2 Ha.).

1 cu. yd. = 7645 cu.m. (% cu. m.).

1 cord = 3.624 st. (3% st.).

1 liquid qt. 0463 L (¥501).

1 dry qt. = 1.101 L IiL).

1 bush.

1 grain : o,

1 1b: av. Kg.

F ton = 9072 T.
Ex. 1. Reduce 30 m. to feet.

30 m. = 39.37.in. x 30
= "l;)"‘""“ ft. =220 g — 98,425 ft.
ix, 2. Find thearea in hektares and also in acres of a field
50" Dm./long and 175 m. wide:

50 D= 5600 m.
Area = 1756 x 600 sq. m. = 87500 sq. m.
= 8.75 Ha. (since 10000'sq. m. =1 Ha.)
2471 A. X B.7H

21.62126-A., Resull.

EXERCISE 170.
Change:
1. 5 mi. to Km. I &. 50 HI. to bu.
13 bu. to HIL. 9. 25 Hm to rds.

56 A. to Ha. 70. 30 m. to fi.

45 gal. to L 17. 32 st. to ed.
20 ed. to st. 12. 425 a. to A.

. 13 en. yd. to cu. m. 713. 126 1. to gal.
60 1b. to Kg. 1. 325 L. to pk

L8]

~
C

s~

"

=

= o
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. 100 Kg. to ewt. 25. 7 1. to pk.

. 40 cu. m. to bu. 24. 109 cu. em. to cu. in.
7. 9 KL to bu. 25. 40 sq. m. to gq. ft.

. 72 rd. to Hm. 26. 30 gal. to dL.

. 25 1b. to g. 27. 4 a. to sq. yd.
16 mm. to in.
21. 95 a. to sq. rd. ‘ 29. 85 ml. to pts. (oats).

3 t. to Kg. 1 30, 43 pt. to cl. (milk).

. 5 cu. m. to cu. fi.

31, 2 mi. 45 rd. to Km.
S2. 4 bu. 3 [rk. 4 qt. to HI1.
3. 3 gal. 2 qt. 1 pt. to L.

; 10 A. 100 8q. rd. 6 gq. yd. to Ha.

86..3F. 15 cwt. 40 1b.to Ke.
26. 7.53 Ha. to acres and lower denominations.
$7. 18.32 HL to bushels and lower denominations.
8. 7528 Ke. to tons and lower denominations.

»
o

©
o
-5y

39. 87.538 1. to gal. and lower denominations.
40. 24.25 Km. to miles and lower denominations.

Find the weight of :

41. 17 1. of water in pounds.
2 28 Kl of water in tons.
2. 6 cu. m. of water in tons.
4. 1000 gal. of water in Kg.

25 cu..vd. of water in He.

| 4
42,
43,
1/
G
45.
16.

1 cu. in. of syater in g.

47. How many cu. yds. ina room 3 Dm. X 25m. X 120 dm.

48. How many tons of water will a cistern 26 m. X 20 m.
% 155 dm. contain ?

49.)A! hox contains) 35.2 1., and! its lid is 0.44 m. X 25 cm.
What is its height in inches?

50. A vat is 45 m.long and 18 cm. deep. It will hold
605.88 1bs. of water. What is its width in decimetlers?

51. Tf T buy 360 bu. of wheat at $.95 a bughel, and sell i§
at $2.95 a hek.tolittr, how much do I gain?
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52. A bin is 19 ft. X 124t X 5 ftt. How many HI. will it
contain ?

53. - How many acres in-a field 75 m. long and 64 m. wide ?

6. Atmospheric pressure is'abouf 1 Kg. per sq. cm. How
many pounds is that to the square foot ?

b0 From the datum that a liter of water weighs a Kg,
compute the weight of a cubic foot of water in pounds.

66, If a train travels 50 miles an hour, how many meters
18 1t moving each second ?

67. Change your height and weight to equivalent metric
units.

58. How many Kg. will a standard bbl. of water weigh ?

59. A cubic inch of a certain material weighs 21 oz. How
many Kg! in the weight of a block of it 11 yds. X 25 ft. XX 16 .2

60. The circumference of a wheel (18 4 m. 5 mm. How
many reyolutions will it make in 20 miles ?

61. Explain how te construct the table of inverse equiva-
lents (§848) from the table of direct/equivalents (§ 347). By
the use of only one-table, what two rules will enable one to
make any changes whatever from either system to the other?

62.-The inside measurements of a cubical vessel are each 23
inches. How many liters of water will it contain? What
will this water weigh in pounds ?

63. How many quarts of milk will a box 8 dm. < 24 ecm.
»15 em. contain ?« How-many quarts of corn?

64. Bought a farm! of 220 acres at $60 an acre.. For syhat
must I sell it per Ha. to gain 209, ?

G5. Bought 560 bushels of grain at $1.70 per HI. and sold
it at 90 cents per bushel. What was my total gain and my
gain % ?

66. How many gallons in a tank 4.6 m. > 3.m. X 25 dm.?

67. A road 84 Km. long is 12 m. wide. What is the land

worth at $15 an acre ?
68. Bought wood at $4.40 a cord and sold it at $1.50 a stere.
Did I gain or lose? What 9, ?
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69. The scale of amapis 1 to 80000. The distance between
two cities on the map is 15 em. How many miles between
the cities ?

70, On a map which is drawn on the scale of half an inch
fo the mile, 2 cities are 30 c¢m. apart. How many Km. are
they really apart? How many miles ?

77. When milk sells for 8 cents a quart, what is a Kl. of it
worth ?

72. 1f a pound of butter is worth 5 qis. of milk, how many
liters of milk should a Kg. of butter be worth ?
73. If a sq. rod of land is worth a stere of wood, how many
Ha. of the same land are worth 500 cords of the same wood ?
74. A cisternis6m. X 54 dm. X 4.5 m. Determine

(@) how many liters of water it will contain.

(b) what they will weigh in tons.

(¢) how many gallons it will confain.

(d) how many bushels itywill contain.

(¢) how many steres.of wood can be piled into it.

(f) how many aresin the sum of all its faces.

(g) how many rods in the sum of all its edges.

349. The specific gravity of a body is the ratio between
the weicht of the body and the weight of an equal bulk of
water.

Since a kilooram is the weight of a liter, or cubic decimeter, of water,
the metric system affords peculiar advantages in dealing” with problems
relating, to specific grayity.

Ex. A bar of iron 5 dm. long, 4 em. wide, and 10 mm:
thick, has a specific gravity of 7.8. Find its weight in kilo-
grams and pounds.

4 cm. = 0.4 dm,, 10 mm, = 0.1 dm,
Volame of bar =5 % 0.4 x 0.1'cu. dm.
0.2 cu. dm.
Weight of an equal volume of water = 0.2 Kg.

¢ & the bar of iron = ("‘.—3 Kg . = lv'l‘:- Kg. 1 Result.
— 1.56 1b, x 2.2046 = 3.4391b. )
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EXERCISE 171.

I. A block of stone contains 50 cu. dm. What is its
weight (spr gr. 6.6) 2 Answer in Kg. and in 1bs.

2. An irregular stone, (sp. gr. 6.5) weighs 11.7 Kg. How
many cu. m. in ifs volume? \ How.many cu. ft. ?

8. (The sp. gr. of lead is 11.3; how many tons of lead in a
bar 4 m. X 8 m. X/2m.?

. How many cu. fi. in the wood of a brush-heap (sp. gr.

0.7), which weighs 27.3 Kg. ?
5. What is/the weight of a granite shaft (sp.
X 75 dm. X 620'cm.? (Answer in metric fons.)
6. A bar of iron (sp. gr. 7.8) is 12 ft. X 8 ft. > 2 ft. Find
its weight 1nKg.

or. 5.2) 8 m.

5

7. A coil of gold wire (sp. gr. 19.3) weighs a ton. How
many cu. dm. in the coil? How many cu. in. ?

8. A'sheet of zine weighs 300 Kg, (sp: gr. 7). How many
cu. dm. in the zinc ?

9. A bar of steel 35 m: long and /2.6 sq. dm. on the end,
weighs how many pounds? - (Sp. gri 7.8.)

10, I’ a bar of metal containing 86 cu. dm. weighs 1267.64
1bs., what is its sp. gr. ?

71. If a cubic meter of copper weighs 19580 lbs., find its
8p. gr.
12. 1f a cubic meter of cork weighs 660 1bs., find ifs sp. gr.

73. A tank 8 m. X 6. m. X 45 dm. contains 178.2 tons of
oil. Whatis the sp.gr. of theoil?

7%. A cubic yard of a certain substance weighs as much as
a cubic meter of water. What is ifs sp. gr.?

75. A liter of a certain liquid weighs as much as a gallon
of water.. Find its-sp: gr.

16. A cubic foot of ice weighs 27.84 Kg. Find its sp. gr.

17. What is the sp. gr. of silver, when 12 cu. dm. of silver
weigh 277.2 1bs. ?

18. What is the sp. gr. of air when the air in a room 7.2 m.
X 6.5 m. X 35 dm. weighs 212.94 Kg.?
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19. State carefully and correctly a rule for each case:
(a) given volume and sp. gr., to find weight.
(b) given volume and weight, to find sp. gr.
(¢) given weightand sp. gr., to find volume.

20. A vessel when empty weighs 2.5 Kg., and when full of
mercury (sp. gr. 13.5) it weighs 1215025 Kg. Find the
capacity of the vessel.

21. An empty vessel weighs 3.3 Ibs., and when full of milk

How many liters will the vessel contain?
(Sp. gr. milk 1.03.)

)

22. A vessel holding a D1. weighs when empty 24 Kg., and

when full of oil 22 Ibs. Find sp. gr. of the oil.

Find the weight in grams of a pint of sulphuric acid

(sp4gr. 1.8.)

24, If a bar of copper (sp. gr. 89) is 1.2 m. < 04 cm. < 0.6
mam., find its weight in ounces. In grams.

25. If a baris 3 dm. X 6.4 cm. X 55 mm., how many coins,
each weighing 4.5 grams, can be made from it (sp. gr. = 12.3) ?

26, If sulphuric acid has a sp. gr. of 1.84, how many liters
are there in 14 Ko of the acid?

27. A tank 2.5 m. > 12,6 dm X 75 emii8 § full of tar (sp.
gr. 2.5).Finduin pounds the weight of-the tar

28. A glass inkstand, in the form of a cube, 8 em. on each
edge, contains a dl. of ink. If glass is 3 times as heavy as
water, what ought the empty inkstand weigh? (Ans, in Kg.)

29. Avbox 38! ¥ 3.5 m. X 50 cm. contamns 4 liquid 0.92
times as heavy as water. ' Find theweight of the liquid when'
the box is § full. Find the total weight if the other part be
filled with water.

30. If 100 cu. in. of air weigh 31 g find the sp. gr. of air.
Kind also the weight in Kg. of a cubic meter of air.

31 A Kg. of gold (sp. gr. 19:36) is beaten into sheets 0.01
mm. thick. How many ares will it cover?

32. If sea-water is 2.89% salt, and has a sp. gr. of 1.025, how
many Kg. of salt can be obtained from 1000 cu. m. of sea-water ?
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33. A rectangular block of an alloy is 34 m. X 16 dm. X
95 cm. If the sp. gr. of the alloy is 15, and the block con=
tains 6.12 Kg of brass;-what per cent. of it is brass

34 A reetancular-vessel, 10.cm. wide and 3 cm. deep, con-
{ains '3 K. of sea-water (gp. zr. 1.025). How long is the
vessel ?

35. A mixture is formed by dilating 1 L of nitric acid with
91, of water.  If the sp. gr. of the acid is 1.5, what is the
weight of the mixture? What % of this weight is pitric acid ?

86. Tt being given that a cu. in: equals 16.39 cu. em., how

many cu. in. of gold (sp. gr. 19.3) weigh 100 Kg.?

37. A fank containing a certain volume of liquid, which
weighs 962 as much as an equal volume of water, is emptied
at/the rate of 25 L. per hour. At the end of 3 hours the tank
contains 163.2 Ke. of the liquid. What-was the weight in Kg.
of the liquid in the fank at first? ~What was its volume in
gallons?

22 'What nrust-be theheight of a tank whose bottom is 1
m. 2 dm. %7 dm., and which holds 41454 Kg. of oil (sp. gr.
1.05)7

89.°If/20 eu. em. of iron weigh as much as 144 cu.em. of
water, what will be-the weight in Ke. of an iron cube 21 em.
on each edee? Of a cubic meter of iron?

0. A block of wood is 0.1 m. X 0.15 m. and weichs 3'Kg.
Find its 3d dimension (sp. gr. U.5).

CHAPTER XXI,

ARITHMETICAL HISTORY.

HISTORY OF NUMERATION AND NOTATION.

35(0. Number Groups.—Arithmetic begins with the mak-
ing of units into groups, and the dealing with number by
some group method. The first :l‘ull!»in;’ of units in almost
all savage tribes is done by aid of the fingers, « ither of one
hand or of both bands, or by use of all the fingers and the
toes. Hence the first number groups were fives, tens, or
twenties.

For instance, one South African tribe use three persons for numeration
PUrposes, the first to, count units on his fingers, the second to count tens,
and the third hundreds.

Five is the primary number group among tribes who do not connt much
bevond twenty, as those in North Siberia, in New Hebrides, and the Es-
qn.:.m:\ux: tw;m.\‘ was the primary group among the Pheenicians, Basques,
Aztecs, and 18 so-among'most of the tribes of Sonth America; and some of
those of North America. Ten is the usnal base among primitive peoples in
the rest of the world. However, the Maories of New Zealand nse eleven as
a base (thus, for them, the symbols 13 would mean cne 11 and 3 units, or 14).
The-Indo- European races seem (0 have. used twelve as abase to a great
extent, owing probably to the-fact tHat twoy three, four, fand)six will all
divide it exactly. Twelve isin'fact the best practicil base, bt ten is now
too well established to make possible a getierdl change to twelve.
The ancient Babylonians used sixty as a base, for a reason which will be

given later.

85]1. Number Words.—Owing ‘o the difficulty which
gavage peoples have in forming and using abstract language,
the number words used by them do not always correspond to

the groups formed by them by the aid of their fingers and

345
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33. A rectangular block of an alloy is 34 m. X 16 dm. X
95 cm. If the sp. gr. of the alloy is 15, and the block con=
tains 6.12 Kg of brass;-what per cent. of it is brass

34 A reetancular-vessel, 10.cm. wide and 3 cm. deep, con-
{ains '3 K. of sea-water (gp. zr. 1.025). How long is the
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35. A mixture is formed by dilating 1 L of nitric acid with
91, of water.  If the sp. gr. of the acid is 1.5, what is the
weight of the mixture? What % of this weight is pitric acid ?

86. Tt being given that a cu. in: equals 16.39 cu. em., how

many cu. in. of gold (sp. gr. 19.3) weigh 100 Kg.?

37. A fank containing a certain volume of liquid, which
weighs 962 as much as an equal volume of water, is emptied
at/the rate of 25 L. per hour. At the end of 3 hours the tank
contains 163.2 Ke. of the liquid. What-was the weight in Kg.
of the liquid in the fank at first? ~What was its volume in
gallons?

22 'What nrust-be theheight of a tank whose bottom is 1
m. 2 dm. %7 dm., and which holds 41454 Kg. of oil (sp. gr.
1.05)7

89.°If/20 eu. em. of iron weigh as much as 144 cu.em. of
water, what will be-the weight in Ke. of an iron cube 21 em.
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Find its 3d dimension (sp. gr. U.5).
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ing of units into groups, and the dealing with number by
some group method. The first :l‘ull!»in;’ of units in almost
all savage tribes is done by aid of the fingers, « ither of one
hand or of both bands, or by use of all the fingers and the
toes. Hence the first number groups were fives, tens, or
twenties.

For instance, one South African tribe use three persons for numeration
PUrposes, the first to, count units on his fingers, the second to count tens,
and the third hundreds.

Five is the primary number group among tribes who do not connt much
bevond twenty, as those in North Siberia, in New Hebrides, and the Es-
qn.:.m:\ux: tw;m.\‘ was the primary group among the Pheenicians, Basques,
Aztecs, and 18 so-among'most of the tribes of Sonth America; and some of
those of North America. Ten is the usnal base among primitive peoples in
the rest of the world. However, the Maories of New Zealand nse eleven as
a base (thus, for them, the symbols 13 would mean cne 11 and 3 units, or 14).
The-Indo- European races seem (0 have. used twelve as abase to a great
extent, owing probably to the-fact tHat twoy three, four, fand)six will all
divide it exactly. Twelve isin'fact the best practicil base, bt ten is now
too well established to make possible a getierdl change to twelve.
The ancient Babylonians used sixty as a base, for a reason which will be

given later.

85]1. Number Words.—Owing ‘o the difficulty which
gavage peoples have in forming and using abstract language,
the number words used by them do not always correspond to

the groups formed by them by the aid of their fingers and
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toes. For language purposes they seem at first to use smaller
groups of units.

Not a few tribes-haye no number words beyond two; they
count-““one, 'two, (many,” ~Others have a binary system, in
that -for four they use © two-fwo ?; forsix, “ two-two-two,” ete.

The Campos of Peru count to three ; for four, they say “ one
and three P ; for five, < two and three.”

If a tribe has a number word for four, it is almost sure to
go one stepfurther and-have a word for five, and thus reach
a quinary system. Five is often expressed by the word for
hand : six'as “hand one ”;: seven as ' hand two.” ete. ; ten as
¢ hoth hands?: twelve as ¢ two on the foot”; twenty as® the

whole man 7; sixty as “ three men,’ ete,

The nuomber words “ one, two, three,’ etc., no doubt originally” had
similar concrete meanings, but these were early lost it was an advantage,
when number words were much used, to haye’ purely abstragt terms for
them,

As civilization developed, primitive systems of numeration survived
along witlilater systems, and mixed systems resulted. Thus in our use of
“ pair, brace, couple,” the binary system sirvives along with our decimal
system! / In'our use'of score{asin * three score and ten,” see alsothe French

“ quatre yingt” for eighty), the vigesimal system appears.

352. Number Symbols.—The first number symbols were
fingers held up, or pebbles laid aside, or scratches made on
some object, as wood or stone.

The Greeks, by using the separate joints of ‘the fingers, could indicate
numbers up to 10,000 on the hands. Proceeding from the liitle finger of
the left hand throogh to the little finger of the right hand, the joints of the
first three fingers denoted units; those of the next two fingers denoted tens;
of the next two, hundreds; and of the last three, thousands. The Chinese
to-day, by using the two sides and the front of each finger-joint as syibols;
expréss 100,000 on the lefi hand alone.

The following are illustrations of early written symbols used
for numbers:

HISTORY OF NUMERATION AND NOTATION.
1 2 4 5 10 100
Adeyyizn Y YY ¥ < Y>»
Early Bgyptian | Il N @
Hieratic Egyptian | L] e | A )
Early Greek I 1 n A H
€

Late Greek 0 4 43 !S

I L P

Number symbols are combined in these early systems in additive or
multiplicative ways (thus, YY for “two™ is an example of the additive
use of the symbol for one ; Y > of the multiplicative use of symbols).

The Romans also use a subtractive principle in combining symbeols, as in
IV., IX,, etc.

The ]msi!inrml (or vxp«:nu-nti;:i) system of written symbols
was used to some extent by the Babylonians, but was redis-
covered by the Hindoos; and the zero symbol invented, about
400 A. ». The figures 1,2, 3, 4, ete., were originally the initial
Jetters of the Hindoo words for the corresponding numeral
adjectives, but the form of some of them has been much
changed. Thus the symbol for7 has had the following forms:

N A 2 V6NN T

The Semitic peoples write from right to left, the Chinese from top to bot
tom, the Aryaun peoples from left to right. Similarly, in writing numbers,
each of these peoplesas a rule follows its own order, putting the gymbols for
the largest groups first.

353. Higher Number Words.—The Hindoos used a sepa-
fate name for each order of units ; thus, they read 52965378196
as “5 kharva, 2 padwa, 9 yyarbada,” ete. This system re-

guired the use of an unnecessarily large set of number words.
In mmodern; times, ihe Italians grouped the digits into
periods, sometimes' of 'six, sontetimes of-three figures. The

number siven above would at one time have been read by
them thus, “52 thousand thousand thousand, 965 thousand
thousand, 378 thousand, 196.”
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The word million was invented by the Ttalians in the four-
teenth century, and words billion, trillion, etc., by the French
about the year 1500,

At that time figures were generally separated into periods of six figures
each, hence, billion meant one million million, trillion meant one million
Billion, ete. - These words continue to have these values in England, Ger-
many, and the north of Barope generaily, About the year 1750 it became
the custom in France to diyide figures into periods of three figures each ;
hence billion came'to mean one thousand million, trillion one thousand
billion, etc., whi¢h is the meaning now assigned to these words in the United
States, Franee, and the south of Europe

generally.

HISTORY OF ARITHMETICAL: OPERATIONS.

S04, Fmger Reckoning.—The aneient Greeks, for example.
: - x

had methods of performing addition, subtragtion, eic., by a

finger (symbolism. The precise methods employed are not
now understood. but there is a possibility that they may yet
be worked out by a study of Greek monuments and literature.
Finger reekoning-was alfo mueh used in the Middle Ages in
the monastic work of calculating the date of Easter, ete.

309, Abacus.—The method of counting by fens early led
fo'the invention of the abacus.

This instrument had many different forms among different peoples, as
the Egyptians, Chinese, Greeks, and Romans. The typical form is a ree-
tangular frame containing parallel wires, on each of which are 9 buttons or
counters, The counters on the wire to the extreme right (or left) represent
units ; those on the next wire represent tens, éte.

Let the teacher show the ela 1 abgcus, and how addition and subtrac
tion are performed on 1t. Multiplication is performed by successive addi-
tions, and division by successive subtractions. Thus, to multiply 37 by 64,

37 x 64 (30 + 7) (60 + 4) 30 x60 +30x4+7x60+7 x4
1800 + 120 4420+ 28.

Frequently a flat board covered with dust wasiused as an abacos. Lanes

or columns were marked out in the dust, and in these pebbles were nsed as

counters, Sometimes grooves were cut in a metallic plate, and movable

buttons used in the grooyes. Abacus reckoning was modified into reckon-

ing with marks on horizontal lines, called counters, This was used In
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cngland as late as the seventeenth century, and Shakespeare makes allusions
to it.*

Addition and subtraction, and even multiplication can be
performed rapidly with the abacus, but ifs use has the serious
disadvantage that no record is kept of the steps of the work.

356. Addition and Subtraction.—The Hindoos performed
their arithmetical work upon a small board, on which they
made large marks by a cane or brush. To save space, they
erased a figure as soon as it had done its service. Hence,
their methods of operation differed in some respects from
those employed at present. The Hindoos usually performed
addition and subtraction from left to right, and set the result
above the numbers added or subtracted instead 634, Sum.
of below. Thus,toadd 376 and 258, they would 376
arrange the work as at the right; and say * 3 and 258
2 — b, set down & above 3; 7 and 5 =12, erase 5 and put
6 in its place, set down 2; 8 and 6 — 14, erase 2 and put 3 in
its place, and set down 4 above 6.

The Arabs followed the same methods, 37
except that they crossed out figures and 488, Difference.
wrote others above them, instead of eras-
ing them. Thus, to subtract 275 from
653, they proceeded in the manner indicated at the right.

The present.method of subtracting from. right - to left and
setting results below came into use in Europe after the year
12004 0.

357, Multiplication was performed by the Hindoos in
several different ways, of which the following two 7
are the most representative. Ex. Maultiply 157 by 62. 5
The multiplier is written below and the product 943
aboyve the multiplicand. Thus, 6 % 1'= 6, set down 6024
6 abovel; 6 < 5 —30,eraset and put 9 in its place; 157

get down O above 5; 6 f 42 ete. 62

* Othello, act I.; scene 1, line 31, “ counter-caster.” Cymb,, V., 4, 167,
As You Like It, 11, 7, 63,
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The Hindoos erased figures so that the result of their work
would appear thus:

The Arabs erossed out figures, leaving the work as given above

The Hindoos also used
a-diagonal method of
multiplication. Themul-
tiplication  of 157 by 62 [~

by this method is here /
e ¢ 1

given: 2 >
The method of multi- /

plication commonly used’ 2 ( = -
at present s found in Pacioli (1494 A.Dp.), but it had been

occasionally used long before.

A kind of multiplication called complementary multiplication, or slug-
gard's rule, was much used in the Middle Ages. In working with it the
multiplication table was notneeded beyond 5 ¢ 5, but the method was tedious

in operation. Theprinciple on which it wasbased is asfollows: Ifa and b

represent digits, then,
axb (10— a) (10 — &) + 10 (a + 5 — 10).
For example; 7 % 6 = 3 x 4 +10 (13 10} 12 + 30 = 42.

35S. Division.—In all ancient mathematics we find no idea
of a quotient. Division is performed by successive subfrac-
tions. After the Hindoos devised our present system of nota-
tion, they performed division by writing the divisor below the
dividend, and setting down and erasing remainders above.
Ex. Divide 8479 by 36. 11
: e z e T S : 134
36 is contained in 84 twice; 2 % 3 = 6, 6 from 8 leayes 2, 2299
which set down above 8; 2 x 6 = 12, erase 2 and set down 1 84791235

above it, 2 from 4 leaves 2, which set down above 4, ete. 36 |

The quotient is 235, 101
As the Hindoos erased figures instead of scratching them, “.‘."‘ 935

the result of their work would appear as follows: 5

with remainder 19.

This “scratch” or “galley” method continued to be the
favorite method of division in Europe till about the year

1700.

HISTORY OF FRACTIONS.

Ou'r present method is given by Pacioli (1494), and is called
by him the method * giving ” (7. e.. bringing down one more
figure after each subtraction)y, but.he prefers the other method.

359. Factors. Primes.—The Greeks classified numbers in
a great variety of ways; for example, as triangular, perfect,
1{1']‘!:(‘”\'1', excessive, elc.

I'he distinction of odd and even iz due to Pythogoras (550
B.C.). Euclid discusses the properties of prime numbers (300
B. .r‘.‘). I',rf:(usih‘,-xn-.~ (200 8. ¢.) invented the method of deter-
mining primes, called the “ sieve.”

I'he Hindoos discovered the short way of determining
whether a number is divisible by 3 or 9. Thev used this
property of numbers in a method of verifyine operations,
called “ casting out the nines,” which is still used to some
extent.

HISTORY OF FRACTIONS.

an - ) n :

360, Fractions presented great difficulties to early peoples.
An early Egyptian MS. (dating 1500 B.¢) shows that the
Egyptians used only those fractions which have uhity for a
numerator.

This MS. gives fables by which other fractions can be rediiced to these
uanit fractions. Thus, & Js + 7% Fractions were written by writing
only the denominator with a dot or special mark over it. By this method,
even the addition of fractions was extremely complex.

The Babylonians used only those fractions which. have 60
for a denominator'(called sexagesimal fractions).

These fractions were expressed by writing the numerator a little to the
right of its ordinary position, and omitting the denominator. The use of
sexagesimal fractions survives in our present system of dividing a degree
into 60 minutes, ete.

The Greeks used both the unit fractions of the Egyptians,
and fractions of any numerator or denominator.

They indicated unit fractions by writing only the denominator with an
accent, thus, pd’ means {;. If the numerator was not unity, they wrote
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it with an accent, and the denominator twice, with a double accent. Thus,
B ky"/ xy’” means .

The Romans ‘used only those fractions which have 12 for a
denominator (called ’duodecimal fractions), and a few others
derived from them; as=5Y, derals, T3 =85

The addition-and subtraction of such fractions present no difficulty, but

mulltiplication and division ure extremelycomplex.

The Hindoos used fractions in general, writing the numer-
ator above the denominator, with' no line between. Thus, 3

;: means: 5%.
Methods of obfaining the L. €. D-of fractions are given by
Tartaglia (1556 A.D.).
The /method of \dividing by a“fraction by inyerting the

divisor and ‘multiplying, is given by Stifel (1544).

means £, and

361. Decimal Fractions.—Séveral close approaches were
made to.decimal fractions before they were finally invented.
Thus, in the Middle Ages, the squaare root of 3 was extracted
by annefing six zeroes to the 3, extracting the square root of
3000000, and “writing the last three figures of the root over
1000, thus 177%%; \but-the part of the root %%% was at once
converted into sexagesimal fractions.

Rudolff' (1525) divided a number by 1000 by marking off
the last three figures with a comma.

Steyinus (Belgium, 1548-1620) was, the inventor of decimal
fractions. As he had no decimal point, however, his notation

011213
was clumsy. Thus he expressed 3.912 either as 3912, or
3o dln2es, and read it “3 and 9 primes 1 sekonde 2 terzes.”
ete.

Later 3.912 was written/3] 912,

The decimalpoint was first used by Pitisens (Germany, 1612).

Decimal fractions at first were used in a very limited way,
as in the calculation of interest. They did not come into

general use till after the adoption of the metric system (1799).

HISTORY OF COMPOUND QUANTITIES.

HISTORY OF COMPOUND QUANTITIES.

2. The earliest units of length were taken from con-
venient parts of the human body, as the digit (a finger breadth),
palm, span, joot, cubit, ell, the fathom (the extended arms).
These units were convenient, being always at hand, but were
not uniform enough when transactions were required to be
exact. Later, the length of some natural object, as a grain of
barley, became the unit of length. Finally, the length of
some piece of metal, kept in the government archives, was used
as a standard.

In very early times (in Egypt, Assyria, Canaan) two principal units of
length, the digit and the cubif, were used.

The foot first came into general use in Greece and Rome, and from Rome
it spread all over Burope. The Romans divided the foot into 12 “uncias”
or inches.

In the year 1324, English law first defined the length of 3 barley-corns
as equal to 1 inch, 12 inches = 1 foot, ete.

363. Of units of weight, the pound or libra originated in
Rome, and from Rome was handed down to the various
European peoples.

The Romans divided the libra into 12 unciae or ounces {thus the words
ounce and inch each mean one-twelfth). The Greeks at times also divided
the pound into 16 parts.

In the Middle Ages it became customary for merchants fo make their
profits in many cases, not merely by buying goods at one price and selling
them at another, but by buying goods according to one kind of a'pound (or
other measure) and selling them by another, justas coal is now often bought
by the long ton and sold by the short ton. In this way many different kinds
of pound (and of other measnres) arose, each trade or guild often having its
own. Thus, the Troy pound was one used at a famous fair at the city of
Troyes in France. Many changes and customs also arose which are now
diffienlt to trace.

In‘the year 1266 English law fixed the weightof 32 barley-corns as equal
to 1 pennyweight, 20 pennyweights = 1 oz, 12 oz 1 Ib.

364. Of units of capacity a bushel (diminutive of box)

measure y7as kept in the town hall at Winchester, the ancient
23
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Saxon capital of England. This was the standard bushel in
England till the year 1826, when the Imperial bushel of
2218.192 cu-in:was-adopted by law. The Winchester bushel,
however, continues to be standard in the United States.

369, Of units of value' the lbra, or pound of silyer, was
used -in the Roman émpire. From it are derived the pound
of Great Britain, the'livre of France; the lira of Italy, ete.

These were a1l originally of the same value, ;|lmut.81:';, but the currency
of each country was debased by the government at different times, till in
England the unit now has but 1 its original iwalue, in France, -, etc.
Sterling meiws easterling, referring to the coinage of the Hanseatic Lé:lgue,
to the east of Great Britain.

366. Tn units of time, the Babylonians divided the day
into 24 hours, the hour into 60 minntes, and the minute into

60 seconds.” The month is determinéd approximately by the

time it takes the moon to go round the earth, 294 days.

The Babylonians divided the circle into 360 degrees for convenience in
astronomical work, since 360 ina close approximation to the number of days
in the year;and then divided the eircumference into 6 cqual parts of 60
degrees  each, becanse  they kuoew that/a radios applied as a chord 6 times
exactly completes a circumference. - Hence, probably arose the whele system
of sexagesimal notation.

367. The metric system was adopted in France in 1799.
Phe theory of the system is that the meter is yidvsos
of a quadrant of the earth’s circumference through. Paris,
though owing to an error in the calculation il'is actually a
very small fraetion less. - Hence, the meter as used must be
taken as the distance between two marks on a bar of platinum
kept in Paris.

The liter, gram, and other units are derived from the meter
in the manner deseribeéd in Chapter XX,

The metric system has been adopted in all éountries of the
civilized world except Great Britain and the United Siates.
It is used in such countries as Mexico, Hayti, Congo Free
State, ete.

HISTORY OF OTHER TOPICS AND PROCESSES. 3b5

HISTORY OF OTHER TOPICS AND PROCESSES.

368. Percentage and Interest were used among the
Romans, but these took their modern form among the Ttalians
(especially at Florence, where bookkeeping by double entry
was also invented).

Many mistakes in computing discount were made, and the
method of true discount was not established till about the
year 1700.

Equation or Payments is treated by Tartaglia (1556).

Exchange was developed to its present form among the
Dutch.

369. Proportion, or the Rule of Three, till early in the
nineteenth century, was used to include almost all the opera-
tions of arithmetic except the fundamental ones, and that in
a very mechanical and superfieial way, At one time eleven
different kinds of proportion were used. During the nine-
teenth century an intelligent method of analysis has gradually
taken the place of the mechanieal “ Rule of Three.”

Partnership problems oeceur in Ahmes’ treatise (Egypt,
1500 B. ¢.).

370. Involution and BEvolution were performed by the
Hindoos much as at present.

For other details of the history of arithmetic, the student is referred to

Cajori’s. History of Elementary Mathematics, and to Fink’s Brief History
of Mathematics (translated by Beman ‘nd Smith)
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A MISCELLANEOUS EXERCISE.

5. Find. to 3 decimal places; thenumber of gallons in a bushel.
>

Divide twelve per cent. of four hundred sixty by two-thirds of seven
:nd two-fenths:
5. Reduce 2.4637 [years to lower denominations.
4. What is the value of :
2742 7 86 =(738— 528 + 4) + 19 x 17 —1300.
5. Change §acre to lower denominations,
6./ Compute: .OFof §x200x 08§+ 035,
7. Subtract the sum of 92, 81, 4/ from the sum of 75’
& Reduce 75 rd. 8 yd. Toft. 5 in. to inches.
9. Find 239 of $295.
70. Compute the interest of $270 at 4 % (for-3 yr. 15 days.
71, What will 31 acres of land cost, if 7§ acres cost®
72. Find the loss per cent. when a horse which sold for $225 cost $325.
78, TWind the H. C. F. and /L. C. M. of 478,516, 559.
15 At F-dollar each, how mauy books can'be purchased with $17%?
751 a man-can.mow a lawn in 6 days and his boy can do'it in 9 days,
hows many days will they/both require to‘do it, working together?
16. ('1;:1115_';: the fallowing fractions to other equivalent fractions haying
79 {or their denpminator :
1, b 18 1 Yo, and £
77. If 9 be added to both terms of the fraction {3, will the value of the
fraction be increased or diminished ?
78. It the divisor i8 §, the quotient %, and the remainner I, what was the
dividend ?
19. How, many bushels of eorn‘at $3 a bushel will pay for 4 barrel of
flour at $6 a barrel 7
20. A carpenter worked 23% days and paid § of his earnings for board
and othér expenses. If he saved $531 m this time, what was his daily
wage?
"1 A and B can spade a garden in 5 days, but B alone could do it in
7 days. How long/would A require?
?. Reduce 5 wk. 3 da. 11 Iir. 16 min. to minutes.

iy

‘e

Find the actual g

Add 8}, 108, 123, 5 9,178,

. Simplify (2§x113) = (3 of 183 x 1%).

Find the least whole number that is exaetly divisible by 43, 3%, 43.

selling price of $1320 wasa gain of 10%.

ty 18

Y

oy by
[~
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27. A certain ore contains 83 % of metal. How much metal will be
obtained from 75 tons of ore?

28, A man lost 10% in selling a carriage for $234. What should he
haye sold it for to gain 10% ?

5. What is the difference between the 110,01 and the 1710.01 expressed
in 3 decimal places?

30. Reduce 5.1735 mi. to lower denominations.

3i. If }} of one line is {# of another, which line is the greater?

32. After 1 sold § of my apple crop to one man and § of the remainder
to another there were 186 barrels left. How many barrels were there in
the crop?

33. If a man can repair § of a bridge in 10 days and his brother can
repair § of it in 6 days, how long would it require them both to repair the
entire bridge, working together?

4. If the circumference of a wheel is 3 yd. 11 in., how many revolutions
will it make in going a mile?

55. A man speat 3, }, % of his money and had $2613 left. How many
dollars did he spend altogether?

86. Of the carth’s surface 39.874 % lies in the Torrid Zone, and 25.913 %
lies in the Temperate Zones, . What part lies in each Frigid Zone?

37. A tank’s inside dimensions are 3 ft. 4 in. by 2 ft. 6 in, by 1 ft. 10 in.
How many gallons of water will it contain ?

38. How many bushels of grain will it hold?

39. Reduce 8 mi. 5 yd. 4 in. to inches.

40. Find the interest of $916.50 for 4 yr. 6 mo. 24 da. at 4%

41. Write a list of the prime numbers between 200 and 300.

42. A merchant marks goods 20% nbove cost and sells them 123 % below
marking price. Wwhat is his per cent. of gain?

43. Two cities have longitude 90° 15”7 16/ W. and 30 207 14”7 E.
respeetively. W hatis théir difference in time?

44 If a man buys stock at 40% discount and eyery three months
receives a dividend of 2% on the par value of the stock, what annual rate
of interest does he receive on his investment ?

45. What sum of money put at interest for 7 yr. 6 mo. 12 da. at 3%%
will gain $1392.16 interest?

46. The expenses of a town-for a year are $7324 and the balance in
treasury is $096.  There are 6862 polls to be’ assessed at $0.25 each, and
taxable property amounting to £1965000. Besides the town tax there is a
county tax of 1} mills and a state tax of § mill on every dollar of taxable
prn(w'n_\x Mr. A. pays for 2 polls and has property worth $28970. Find
his total tax,
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ny - - :

47. How many rails will be required to fence a field 5456 yd. long and

13 o L o) » . 2 - =
40513 yd. wide, provided the fences are all straight, all 6 rails high, and
the rails of equal length, and the longest that can be used without cutting
any ?

iR That 3o 3 - ~

#8. What is the smallest sum of money with which I can purchase either
chafrs at $8 each, or desks at $24, or tables at 392, or couches at $7272

29. Al farme . 3l ¢ : m

49. A farmer’ planted # acre on Mondiy, # acre on Tuesday, 3 acre on
Wednesday, 1 acre on Thursday, % acre on Friday, and the rest of his
AR SSS Q g -
Z-acre lot on Saturday.  Find on which day he planted the most ground
and on which day the least. :

50. A owned % of! a store and. sold 3| of hi¥ share to B, who sold % of
s . N\ O3 - fhis r d
w.h.u he ln.)u',_,m to C. ) Gin furn, sold § of his purchase to .  What part
of the entire store did each then own?

1 r &A1 >

82, If 1 paid $40 an acre for some land, how much must T ask for it

- - . - =z 3

that I may abate 25% from my asking price and-still gain 30 % on the cost?

| o T w (42 6 4l $)25- Q3 i

52. Divide 1 <Az)" of 4} by %)

2 of OIS (5 Y 10 Fii12 3
§ of (2h X (23 it of (12)"x (34

). P . - E A%

43. The front wheel of a wagon was 11 ft /in circumference and the rear
wheel was 13 fi. A screw in the tire of each was uppermost when the
wagon started, and when it stopped the same screws were uppermost again

O

for the 632d time. How many miles had«the vehicle traveled ?

4. A real estate agent sold 58 acres at $138% each; 12§ acres at $1 18%
each ; and 20{}-acres at $123.60 each. Find the number of acres sold, the
aggregate price; and'the average price.per acre. '

55.If T/ buy a lot and. it increases in value each vear at the rate of 50%

~ - ¢ 4
over the valueof the previous year for 5 years and then is worth $9000,
. - = L4 ’ 3
how much did it cost?
66, What is the value of
§6 (8 + 3 of §1 = J181— 143 + 2 = (5 x $1 2

47. A farmer haying a triangular piece of land, the sides of which are
481 ft., 1144 ft., and 1469 ft., wishes to enclose it with a fence having panels
of the greatest possible uniform length. What will be the length of each
panel ? ‘

58. What number is that from which if 113 be subtracted, £ of the

- - " T P
remainder is 1104 ?

59. A woman st her death left her son $11840, which was % of of her
wealth. " He at his death left 5 of hic portion to his danghiter. “What part
of her grandmother’s estate did the daughter receive ? (Compute this frac-
tional part two distinct ways.)

60. An agent wishing to sell a house and 1ot asked 40% more than it
cost. But he finally sold it for 20% less than his asking price, thereby
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gaining $4896. How much did the house and lot cost? What was his
asking price? What was the selling price?,

61. Reduce 3 1b. 8 oz 19 pwt. 6 gr. to grains.

62. Which is the greater, 1750 or V3672

65. Divide 38 mi. 100 rd. 5 yd. 2 fi. by 6.

64 A man bonght wood for $287% and coal for $384§ and oil for
He sold the wood for $3272 and the coal for $375} and the oil for §

How much did he gaio on all ?

65. A merchant bought 3 hhd. of molasses; each containing 63 gal., at
40 ¢ a gal. and paid $6.75 for freight and cartage. Allowing 4% for waste
and 5% of sales for bad debts and 2% of the remainder for collecting,
what must he charge per gallon in order to make 27 % on the entire cost?

66. Find the G. C. D. of 2538, 4089, 4324.

67. If cloth 1% yd. wide require 8% yd. in length for a suit of clgthes,
how many yd. in length will cloth % yd. wide require for same suit?

68. Reduce 207958 in. to higher denominations.

0700 4.5 % 68, 89 » 5.1.% 116
017 of 42 x9  0.640f 1.9 %13

20. Of a certain ore 6% is iron and 45% 1is rock, the rest beinz con-

glomerate. In a car of ore weighing 20 tons, how much i3 iron and how

69. Collect:

much rock ?
71. Compute the compound interest on $2560 for 8yr. 5 mo. 10 da. at 3%.
72. Find the G. C. D. of 2680, 1541, 2211.
78. A man owning 80% of a store sold § of his share for $6781§; what
was the value of the entire store at same rate ?
Change 16 wk. 5da. 9 hr. 40 min. 20 see. to seconds.
A square field contains 3 acres. Find the length of each side in

P
74
75.

rods.

76. What is the edge of a cubical box that will just contain a bushel?
Of another that will exactly eontain ngallon ?

77. If ¥ 1b. of sugar be worth } 1b. of butter, and butter be worth $i
per pound, how many pounds of sugar will $75 buy ?

78. I gained 333 % in selling a gray horse, and with the money bought
a black horse which T sold for $120, losing 20%. On the two horses did 1
gain or lose? What per cent.?

79.) A can do a piece of work in 15 days; A and B together can do it
in 10 days; A and O can do it in 6 days. ' How many days will B and C
require, working together?




ANSWERS.

Exercise 4. ;

., 76 men. 18. 1293154 5. 288231,

2. 97 mi, 8. 920001 5. 359012,

. 559 hr. 20. 155664, 87. 278054,

. 978 boys. 271. 952 ft. 38. 388149.

. S877S. 2. 1781 lines. 39. 3722639581,

. 14799, 3. 1653 xd. 40, 373197601104
983809, 4. 1460 mk, 41. 40814,

L ORGH36, $ 146001, 2, 34101L.

. O788RO. 0755, 48. 53140,

2. 91 men. 27, 1620; 44. 1352375.

7. 142 pens. . 1657686, 45. 985H3.
123 pages. £9. 199379. 7. 80459,
135 balls. S0. 265411, 7. 96604,
1185 books. 31. 48. 88500,

. S11923, - 7. 92338,
121291, 5. 201820 £ 01606,
1041400, 3.

Exercise 6.

. 605 bu. 5. $1130. 5.-8149174.
167A. . 310363, 20. 2065780 sq.
$4305. &., 2619 mi. ST84219.
2600. . BS011. 22. 4457114,
1640 A. . TH680.

b SR

Exercise 7.

42 mei. . (104 men. J1. 34.

222 boys. r. 502 boys. 12.16.

. 220 balls. 8. 413 balls. 78. 18.

11 mi. 413 mi. 14. 69,

504. 203, 15. 182,
i

SR T




n

26. 13028.
27, 18308,
28. 19590.
29. 37H06617.

30, 1310023485,

S1. 1099077733354,

L)

E B S

3. $9160.
14 B3 yri;
167 yr.

30. 25.

Z. 72 hr.
120 hr.
168 hr,
216 hr.

2 20 39

g S Co S
o S SO o

s %o

ANSWERS.

. 24468929016658.
3808473092159,
11910410694960481,

427077356.

3580235802,

Exercise 8.

5. H714. L 2. 10588
w080 5. 26

- 19 . . §J. 20,

. S614555, S1. ST 44. 17.

. $614,

. $548.

. $50568.
72, 10

3. 66.

g 212 38.

4. 8883 58. 7191.

41, 1941, 54. 46704

Exercise 9.

S

S8

Srusa B R By S
QL WD,

2

> Ay
B N

=
e

Exercise

2. 224 1b,
504 Ib.
336 1b.

I R T

T
S

. 784 1b.

980 1b,
1764 Ib.

5. 1085 da.

. 4206 ft.
. 5645 men.
. $16818,

. $1200.
2. $2075.
. 8168 boys.

. G888 pens.

21170 da.
8 25020.

£42564.

. 46125 ft.

127484 da.

. 56140 da.

71. $247000.
2, §344634.
. 238150,

15480000;
148396,
6676950,
5640,

£ 64855,

5. 124 mi
. 3960 mi.

47600 ap’s.

. 2823 -

-y

10492 trees.

ANSWERS

12. $54024.
18. $35334.
14. 296149 yd.
5. b4078 ft.
7. 117648 in.
. 13112 min.
7. 248808 rd.

. 8274,

15036.

21, 233945,

472182,
5. 376012,
24. 54637
5. 36530,

Exercise 11,

. 460476,
. 241152,
5. HBSTRH.

1603550.

32006260,
7105,

15312780,

. 28804616.

88564080.
156530435,

203058102,

. 87831000,
L DI6267915:

27, 272916080,
28. 234202788,
L, B6988960.

170421097,
181000512.

2. 214307272,

137606352,

. 2739220435,
. 416312000,

58, 8760 hr.,

525660 hr.,
657000 hr.

Hxercise 12

. 262 pages.

Mr. Dash
owes Mr.
Blank §24,

3. 2812992 1b.
. 6 mi.

82

. The latter.
. 26678,

9.- 81110, 8740,

£ 1850.

). 8 40460.
21. §1429.

$ 28470,

5. If selling
price  ex-
ceeds cost.

=N

o W <N &

b

B S
O 8

%

R o~
ey

. 8 96950,
. 748000 yd.,

1267200 yd.

. 63360 in.,

15684000 in.

. 353685 da.

. 256612 lines,
. 3585608 wds.
. 4032 mi.

. The latter ;

8939.

. 3480863.

If cost ex-
ceeds sell-
ing price.

4. S 2888,
’6. Last is great-

est; second
is least,
88 ; 932,




ANSWERS. ANSWERS.

Exercise 15.
.28, S. & 65. 5208. 6309,
142 in: $~3357. 58. 47784, 508097. 2. 88. i
12 205 3t f). 54. 43219. L4 BOTO04, 2, 17, 35. 29,
238 da. F4. & ’ 55, BU2T8T. 5. 20838099 . 28, S 73. : $
. 296 men. 45. 2857, 56. 62159, 66. 1908207, 5. 47. 37. Q. =2140, 7. 27, 93. 2723,
153-°T. 46 57, 31421. 7. 9504203 6. 28 ft. . =9, 3. 63, 94. 6175.
S04 men, A 7 58. 45367. 38, T00055. 7. 46 T. 35. 321. 308. 5. 9268,
86 da. A& 15432, s 9. 507804. . 49 min, 59. 3. 0. 530, 96, Q. = 2304,
. 205, pk. #2. 72469, 57384 70. 8095186. 9. 84 hr. 514. 71, Q.= 31: R. = 1862,
157 yd. A, 8T893; Q= 404508, 71. Q.=28014701 . 64 pages. 1. 693, —14. 97. Q. = 6507,

Exercise 14.

1291t. a1, 61731, R. =2, R.=1. 71. B5, (2. 528, 72, Q. =140, R. = 1444,
. 1562, 9.2, 82787, 2. 8090795, 2. 12013908, 2. 116. 43. Q. =546, . =238. 98, Q. = 95006,
. 2490, 18901, 79. 4762, 1011558 ; 85. H450. 3. Q. =175, 2. = 35. 2. Q.= 80, R. =4822,
447039, 209048, . = 176780, 06, TTH18. R.=16. 44 3 .=13. 99. 10960.
. 868 R. =3 S7. 201. 5. 503, 74 Q.—G68. 5804.
Q. ='102850, 2890103, &8. 370543, 55 250. 3o 505- . =898, 1, 9603,
80. 65044, 338201, : A7 A ¥5. 0. — 4875, 102, 4007.
123947, B750151. &9. 2357 74032, . 361, 48. 504, . = 1611 2. G009,
. 35069, 84057 §1. 12 . 301500, S 4 9. 407. 76. Q.= 1672,
150621, 1024609, Q. = 5569213, 90. 81239, 9. b5 50. 609, R. = 5813.
76. 50368, 708602, R.=1; 91. 2806 w 20, &1. 804, . 893 132da.
4300213, 1667003, Q.= 92. 788 2L 2 1234, . 68 190 bu.
- 7507, 430080, =38 [ 80 wk. 228 53. 3124, ) 79. 83 sq. in. , Q.=T790136,
, R251027. . Bl10G26, 94. £ o4 H205. ). 205 bbl . =04304.
3, 640261, g3, 0. 5. 4075 bu. ¥ §7. 2054 yr. 200 50441783.
742084, 1975308. : 96. 3899 sq. yd. 56, ’ da. . 4000001.
108. Q. = 600886, 122 Q.= 26, . b7 Qo= v2. 125000 da. 10. 49.
=1, R. = 27 =4 83. 500 sec, . 65,
9952227, 109, Q. =62411, 23. Q.= 82: v5. 7208 sh. a T.
100. 4 . = b 32
101, HA68, 110, Q.= 1675,
et
L11Q =A6048,

B3

o~ A A

R, = 28, 59. : 5. 8235,
B-< 29. 0. 4 BBO8. 8680 cha 32,
R.= . 30. 7016, 87. 907,
5. Q. 31. 31, T80S. 'S-4307.
R g
::“'"" Exercise 16.
. 3934.

1786, ’ y ; 13, 399.

172 =4937,

N d N Yo N fd

A XA TN

9. 86306, 2. 62, A 14. 427,
181961, 3..85, [ 3 15./4

t 6. 3

17. 813.

18. 863,

_
ol o)

=21034,
i

bl o~
O
or

ot
-
:




5. 858

. 11167, 11628 votes.
John, 78;
William, 39
George, 13.
80, 20.

ANSWERS.

28.

143.

Exercise 17,

. 30 and 60;

15 and ¥5.

. o600 girls ;

120 be S,
12 teachers.

Exercise 138.

. 8900. 10.-73000. 19. T469.

15900. Z1. 2430(
< 12100. 2. :
10425,
12150,

7. 20625,

. 28000.
. 59150,
. 66200,

0. 20. 29008:

50. 21, 42012,

2. 72324,
. 814370.

< T13852.

1761237,
J. 23756460,

27 3474545,

Exercise 19.

. 3045. 12..95:81.

2. 8575. 13. 140132

. 2667,
19154.
. 1260,
. 10872.

. D204,

10280,
. 9512,

4545

. $5060,
. $2000 ; $150. 4

3. $15600;

Exercise 20.

$3186.

12 hr.; 540 mi. ;
10 br,

9. 11 and 121 ;
6 and 126.
10. A, 600; B, 300 ;
C, 150 ; D, 50,
11. 27629 and 28700
votes.

28. 106900.
29. 193500,
30. 698000,
11, 13740000,
14400000.
33. 33180000,
54. 64070000,
5. 16660000,

22. 345000,
3. 3017000.

. T0¢;

3485,
— 424

2. Db,

3. $3.T8.
P 1411,
. $58756.

LER SO

304 1b,

6.

. 12,

$2.25.

ANSWERS.
1005415082, 10. 42053119.
, 696772, 11. 12.
Exercise 22.
19. 4

e

13

2
2. = 280.
)
<
3.

ol R ¢

-] s ¢

25, Q. =1,

= 12600,

t

Exercise 23.

. S 13. S900.

L 17649 1b, 14§ 216,

L. 34000 qt. 75, 49 men,
. 83250, 16, 54 da.

. 8520, 17, 300 ft.
. 860, 18. 30 1b.

Exercise 24.
1752
2. 18,
. 24,
27.

5. 30,

7. 30,

8. 144,

9. 630.

10. 360. . 2310, 2. ¢
11. 2592, . 4004, 23. 600,

18. 1680, . 4620, 4. 3696.

3y
= 24480.
=4,
9744,
2y
= 190584,
=1
. = 4245306,

18 yd.
32 bu.

7. 9 firkins,
. 4 rolls.
. 45 bales,

27. 4620,

25. 24570.
29. 198450.
30. 39270,




ANSWERS. ANSWERS.

Exercise 27. Exercise 34.

. 76586, 13650, 7. 201348. 7. 4480.
16320, 5. 16200, &, 686880, . 1980,
7084, . 20800, 9. 13680. 2. 11340,

Exercise 28.

3 12, 7. 6 and 6048, 13. 3 it. 9 L. C. M.=
900. T 8 and 450. 4.6 yd. the product
15,

i and 13} ; 13 and §$§.
2 2-and 80 qt. of the two 1}; 1% it

. 2100, 21 and 65520, 16. 120 ft, numbers. 7 %6. Yes
& 17, 3 and 17, 11ft. 70. Anindefinite : = FhiE ) oy
30442, 7 and 767340, 18.°13 bu. number, s s 2 - : . 768 = NO.= yes.
21, 20. - - 2 =

Exercise 31.

=

-t
of* o 140

Gt e R

o O e ~a
1)

184,

1435 23 36%). Exercise 37.
<2134, 2 §

N RO

& 123,
9. 16%.

Exercise 38.

2
)

13. 4.

OV 3N \Ch ey ~B
st

et 1S A
O A i
B

s ol
.
N

;,1 ton.
. §mi

Sy

ot




ANSWERS. ANSWERS.

Exercise 39. Exercise 46.
14

W,
)

17. 13
18. 1}
19. 13.
20. 1%
21. §.

20

Ly b0
e
o o40

s ™

()
R &
e

16.

7. 3}
18. 25
£8.

Ly %

¢ty
"

-
o

TS

Pk Q0 e e
o G

S N
s Db

NS

Exercise 41.
10. T§.

11. 6§}

12.

718. 8¢

Cc

354%.

Exercise 47.

19.
20. Y
21. 3§

P 1

S R
T
Com oS o1 O P

&
o

1o

17.
18.
18.

20.

-1 0 0
e

., s

b e

ST KA BD 1O whe “4h b e
e AN e

£o: SESHID

O e
L.

—_
W
Caiv =i

1.
;3
3.
4
4-
3.
6.
g
i

N b0
et G0 WA ST il *

S0
o

Exercise 43.
. 9444, 719. 81, 7. 175 sq. ft.

. 6724 20. 18%. -.;u‘.'i sq. ;’t. .
2. 11, 21,762, 9. 6271 sq. Tt
3. 63 29. 144. 30. 5271 8q. ft. =
49, 23.-132, 31, 820 °sq, ft, 9 BE - 58314/1b,
518, 24 4. 32, 276 sq. ft. 5. $2013. % 2438} cu. I
- 302 2572023 sq. 1t 33. 345¢y'sq. Tt 3. 6. 243 Ib. 98
. 469} 26. 202} sq. ft. 84 860§ sq. ft.
- 949, Exercise

Exercise 45. 2 .

ol 7.-§ 954 13.

11. §63303%. 3. | 702 ! &. 2141 cuin.| 14
12: 164} sq. ft. B8 2 O 3 g 9.-23% c. 15. £
13. 2508% sq. fL 3 2 s 4664, h. 6. 80.
4 %, 3 . 4Ly 5. 11. $837;. 7. 36
15. 3. ;. 2. 623 1o, 18.

71 e

M olen O
TN




. Latter; {.
Latter ; ;.
143,

. 381,

Q10
2345

5051 sq. yd.

. 8414

2, $13.446.
3. 32.97 in.

17.127.
47.18.

ANSWERS.

Exercise 51.

58.
59.
60.
6.
62.
635.
64.
65, <
Gh.
67. 3
65,
9.

~3

~

ER LS BN BN W

<
N0

78..%

79,

S0. 680 ]w.\'ﬁ.

£7. 90 w. balls.
82, 625 sheep,
£3. 81 mi. an hr,
8£4. 650 T.

85, 00 A,

Exercise 53.

4./ 813498,
5. 8490.1%.

6. 3150.356,

Exercise 54.

271,395,

! 9.
18. 0933 . D07,

14 0102, . 9.999,
. 1.989797.

15. 63.862.

7. 890 ;

L1265 ; 3¢

8. $240154.

1003 qt-
871 per yd.
845937%.

7
1
1

oy

I

3

Y5
Dim’d ; g},

agio
13845,

. Last, 7_{”-1&
. Oy das
. Last, 3 da.

34% hr,

373.039.

’. 74.4964 mi.
9. B020.528064,

o1 81277.
28 - 001205,
23, 812848,
24 884,904, AT
25, 309.441. oL

ANSWERS.

Exercise 55.

18. 1002001, 17. 24.

2. 09018009, 18. 4.90038. 2
15. 108, 19. 616, 23. 20.3186.
16. 484, 20. 145435,

. $1236.02.

Exercise 56.

1000. 3 112, 40. 214.

0001, S2. 00112, 41. BUB.08.
. oo, 0005, 42. SN0B08.
. 4, - 43. 0164,
. 800, 5.

s 36. 2,61,

3100. 57, 1012,

17700. 205200.
L 1000. 39, 43.0.

D019,

Exercise

004114,
1.98684 4.

02736 A

3.260663.

5.47619;.

Exercise 59.

7.56013.
590.4,

. 80.7000924, . 225127004,

35627862, 10. 085861,
00077811, 11. 147.
12. 00065,




Xiv

13. 84000, 6. 20000,
. 0000001,
. 100000000,

14. 000004,
1670000.

2. 861.47, 7 286 Al

. §71.68,

L $90.22.

. $69.75.

. $5.33.

. $2.06.

. $3386.124.
. $9.91%.

. Dealér owes
2, §622.79, 321 7.

117930 oz.
10080 1b.
8. 193615 oz,
. 25211 oz,
91790 1b.
. 3 T. 156 ewt. 40 Ib, 10 oz.
. 7T. 8 cwt, 91b, 50z
6 T, 12 cwt, 80 1b,

1556 gr.

3738 gr.

32889 gr,

50,412 gr.

46,222 gr.

3018 pwt.

2 1b. 7 oz. 10 pwt. 16 gr.

B 1

(O SEES

ANSWERS.

19. 0009125,
20. 32080.
21. 17.674.

Exercise 60.
1..8161.27. .. 13/ch.

9. $563.33.
0. $9.
r1. $28.88,

$62.25.
% $51.33.

Exercise 61.

. $10.435.
$9.03.

5. £169.20.
6. $27.04.

Exercise 62.

4 $374.64.

5. $487.33.

Exercise 64.

9. 10T, 8 cwt, 5 oz.
10. 9 'T. 70 1b. 15 oz,
11. 2317766 oz,

72. 19 ewt. 28 1b. 6 oz.
13. 64 £,

74 48 men.

15. 44.b.

8. 9 T. 17 cwt. 95 1b.

Exercise 66.

8. 10 oz, 13 pwt. 5 gr.
9. 31b, 11 oz. 14 pwt.
70: 5J1b. 6 oz. 21 gr.
17. 8 Ih. 16 pwt. 10 gr.
2. 41b. 8 0z.5 pwt. 9

. 2 1b. 10 oz. 10 pwt.; 11 medals.

O R
. 1

@

gr.

. 2628 gr.
2. 21490 gr.
. 118556 gr.

2016 gr.

37 ft.
206371 ft.

. 19978 ft.
4 21131 ft.

7306 in.

. 721 in.
. 160566 in.

237620 in.

. 16741 sq. ft
L 102456 sq. ft.
L 130003 sq. ft.
. 10900 sq. in.

138373 sq. in.

6. 25095024 sq. in.

SA.8835q. rd. 6sq.yd.

102152 en. i

2. 155 cu. ft.
3. 960 cu. ft.
. 474 cu. ft.

380 pt.,

2. 799 pt.

5. 689.pt.

. 685 pt.
5. 277 qt.

5. 831 qt.

. 27 gal. 8 qt. 1 pt. 2 gi.

g3

. 326 far.
2. 9049 far,

ANSWERS.

Exercise 67.

. 33040 gr.
6. BIT92 gr.

v. 105 83239 8B gr.

. 3% 43 11 gr,

Exercise 69.

. 6 yd. 2 ft. 10 in.

. 8rd.3 yd, 1.6 in.

. 2-mi. 220 rd. 2 yd.
2 1t

. 6 mi. 5 yd. 1 in.

. 4 mi. 125 rd. 2 f&
8in.

Exercise 71.

. 60 sq. rd. 26 sq. yd.
7 sq. ft

0 24 sq: rd. 2 s8q. yd.
8 sq. ft. 80 sq. in.

7. 80 8q. yd. 6 s8q. fu.
125 sq. in.

Exercise 73.

3 cu. yd. 15 cu. ft
525 cu. in.
7« 70 cu. yd. 21 cu. ft.

Exercise 75.

S. 3bu. 2pk.4qt. 1 pt,
5. 5.bbl, 20 gal. 2 qt.
10. 4 bu. 3 pk. 7 gqt. 1 pt.
77. 3 bbl. 8 gal. 1 qt.
12. 26 ’)l\l. I pk.Gqt.1 pt.

3. 72761 cu. in.

Exercise 77.

3.
10.
11.
12.

11b. 6
31b.:
4 1b.

7 1b. ¢

. 7 mi. 305 rd., 2 yd.
2 ft. 3 in.
. 1126 L

5. 24000 1.
7. 5L

. 2464 rails,
. $121893.75.

. 2300 panels.

.2 A. 112 sq. rd. 21

sq. yd. 3 sq ft,

2. 93 sq. rd. 9 sq. yd.

2 8q. ft. 6 8q. in.

. 6400 8q. ch.; 50 sq.

ch.

. 2 8q. mi. 220 A.

127 cu. ydo 26 cu.
ft.
cu. yd. 20 cun. ft. ;
914 cords.

. 14.93 cu. ft.

4. 672 o in, ; 57§ c.

in.

. 9.31 nearly.

. S1.88.
. §10.50.
., 48 gal. 1 pt.




5. A0S0/, 5.
. 7386400, 6.5

12s. 7d. 1 far.
. £2 10s. 8d.
. 158, 8d. 3 far.
). £3 14s. 5d. 1 far.
. £8 183, 11d. 1 far,
210 3d. 2 far,

. $38.60.
. $36.89.
$11.67.
. $22.05.

. 6830 min.

2, 88599 min.

.| 1304320 min,
. 2714901 min.
19009545 sec,
27201638 sec.
+ | 16 hr. 55 min. 30 sec.
. 64 da. 19 hr, 24 min,

ANSWERS.

Exercise 79.

. 888,86 fr., or 315,13

mk.
639.63 fr.; or 618.7
mk,

Exercise 80.

.T.yr. 121 da. 16 hr.

1I'da. 11 br. 35 min.
40 seq.

.2 yr. 19 hr. 8 min.
729 yr. 307 da. (T hr,

3.
14
15:

2012430 sec.
70563 hr,
18 day

Exercise 82.

. 6061.14 fr., or 41042

mk.

S

196 da.
159 da,

8. 85 da.

185 da.

0. 316 da.

187 da.

~ . 308 da.
23. Fall

= 12704577 4.~ 1188186, 7. 110° 377 14", 11, 69.173 mi.

. 880 fathoms.
2. b} it.; 3§ it.

1728 u.; 15 doz.
. $4.32.

K748 oz.

2. 4056231 min.

. 14680 in.

. 314597,
151231% sq. ft.
13383 sh.

iU

40

2001, 10. 13635,

"

Exercise 83.

. 1440 p. ; 4320 p.

. 480 1. ;

060 s,

. 8 ba, 3 bun. 1 1i6 q.
21¢
L 214

Exercise 84.

15956 1b,
770095 sec,

9. 1661 pt.
. 1883 pt.

171632 cu. in,

. 27372 sq. yd.

72, 1.163 mi.

. 147 bun.
2. %
3. Barley; $10.71.

26861 in.

45010 gr.

91491 in.

H5558 or.

S mi. 73 rd. 4 yd.
11t 6 in.

3 A.658q.rd, 16 sq.
yd.

7 T. 18 cwt. 76 1b.
4 oz

. 8bu.3pk. 2 qt. 1 pt.
. 16da. 10 hr, 39 min, 2

40 sec,

Z22. 9 bbl, 21 gal, 2 qt. 28.

1 pt.

ANSWERS.

. 3 cu. yd. 20 cu. {t

508 cu. in.

25. G6° 35! 28/,

oo’ Z

. 8 1b. 11 oz 16 pwi.

20 gr.

. 307 rd. 1 yd. 2 . 9

in.
146 sq. rd. 27 sq. yd.
0 sq. ft.

. $12523%.
36. 480 sacks.

9. 7310 p.

. 1710 times.
57. 41 da. 6} hr.
2. 448,

15. 86624,

. 1 mi. 130 rd.

>
3

150 sacks.

23. T1b.8% 432D 16

gr.

Exercise 85.

. 20 ewt. 50 1b. 2 oz

16 yr. 70 da, 20 hr. 55 min. 1 sec.

3.7 61 Tb. 15 pwi. 15 gr.
. 271b.45431 D19 gr.
. 38 bu. 2 pk. 7 qt.

)
47 bbl. 11 gal. 3 gi.
£26 6s. 11d. 2 far.

% 39 cu. yvd. 25 co. ft. 1435 cu. in.
L, 112 mi. 285 rd.2 yd. 1 ft. 7 in.

10. 32 A. 103 sq. rd. 18 sq, yd. 1 sq.
ft, 15 sq. in.
44 T.b ewt. 59 1b. 4 oz,

. 24 mi. 232 rd. 3 yd. 2 ft, 3 in,
44 yr. 14 da, 22 hr. 47 mhin. 12 sec,
114°25r N 1,

42 A 132 8q. rd. 2 8q. yd. 1 sq.
ft. 147 sq. in.
16. 421b.6% 2 D16 gr.

Exercise 86,

. 8bhl 4 gal. 3 qt. 1 pt.
2. 3T 16 cwt, 87 1b. 2 oz
3. 21b.9% 7.3 1.9 12 gr.

13 cu. yd. 17 cu. ft. 538 cfl. in.

. Sgal.2 qt. 1 pt. 1 gi.

88T 85I
11 mi. 186 rd. 4 yd. 1 ft. 3 in.

2 86:A. 118, 8q.rd: 14 8q. yda 0 sq.

ft. 65 sq. in.

-103%25 19/,

. 54° 207 147,

. 30-mi. 270 rd. 1 yd. 9 in.

. 3bbl. 15 gal. 2 qt. 2 zi.

2. 08ini. 153 rd. S yd. 2 ft. 2-in.

$. B-A. 135 sq. rd. 5 3q. yd. 1 sq. ft.

62:5q.in2
13 T. 3 ewt. 50 1b. 1 oz

440 ]3! 10".

17./1 mi. 174 rd. 5 yd. 1 in.
Y 51 8q. rd. 21 sq. yd. 3 sq. ft.6
8q. in,
{5. 9 mo. 12 da.
?ﬂ.;mm 10 da.
. Ayr. 4 mo. T da.
2. 67 yr. O mo. 22 da.
25, 23 yr. 29-da,
24, 20 yr. Gimo, 18 da,
5. 4 yr-9 mo. 27 da.
26. 85 yr. 9 mo, 2 da.
o7. Jan, 10, 108,
28. Oct. 22, 1782,
May 17, 188
. Marx. 26, 1903 ;
50 yr. 1 mo. 23 da. ;
23 yr. 11 mo. 14 da,




ANSWERS.

Exercise 87.

1. £52 14z, 104. 2 far,
2. b8 T, 9 cwt. 78 1b.- 12 0z,

Q "~
g i
4 5
& 1z

bbl. 14 gal 3.qk. 2 gi.

yT. 157 da. 11 'hr. 25 min. 20
BEC.

&, 3601b. 4% 7 3 17 gr.

6. 121 mi:-136 vd. H yd. 2 ft. 8 in,
7. 142 mi, 102 rd. 3 yd. 6 1m.

=
)
8

8. 79 A. 128q, rd. 30 sq, yd. 1 sq,
ft. 63 sq. in.
7. 89 A. 1M sq. 1d. 9 s5q. yd. 3 sq.
ft. 40 sq. in.
1097 267 151,
7Z. 1078 bu. 3 pk. 1 qt. 1 pt.
72, 491 'T. 5 cwt. 30 1b.
73. 29 AT 565q. rd. 28 sq. yd. 4 s5q. ft.
Z4. 21 1oi. 300 rd. 1 ft, 3 in.

Ezercise 88.

|
13 bu. 3 pk. T.gt. 1 pt.
2.3 yr. 214 da. 17 hr. 8 min.
41 sec.
. 9T, A7 ewt. 45 1b. 15 oz
. 1156 gal. 1 pt. 3/gi.
. Smis 121 rd. 2 vd. 1.f6 7 in.
L 8mi. 75 vd. 2 ft. 9in.
.4 A, 130 3q. rd. 27 sq:. yd. 8 sq.
ft. b sq. 1

& 5 A.155sq.rd. 83q, ft. 140 8q. in,
L 61b,5 %63 1D 7 gr.
171.
1. 540,
18,
720.
. S hr,
15. 384 nearly.
16, 480,

Exercise 90.

L 21° 170307,
76° 107 3077,

. 118° 5715,

. 142° 914517,

5. 2 hr, 52 min. 40 sec,

.6 hr. 10 min. 41 sec,

. 48 min> 31 sec.

. 4 hr. 38 min. 14 see,

L T6T 200

. 162°-28¢,

. 2 hr. 48 min. 34 sec, ;48 min.
34 sec. past 2 p.m.; 11 min,
26 sec. past 7 a.u.

2, A9 sec, past b . 20 min. 41
sec. past 1 p.M.

15. 32 min. 59 sec. past 9 A.x,
. T I00 W
7. 44 min. 3 sec. past 6 Ao ; 15
min, 57 sec. past-6 p.» of
day preyious.
DT D0
1920 -i"_” E.
4715 ; 9 hr. 8 min. 17 see,

18° 3 30" E.

Exercise 91.

4. 280 rd.
& 18 cwt. 33 1b. 5} oz

8. 10 oz. 13 pwt. 8 gr,
4 bs, 11d. 1 far,

ANSWERS.

108 da. 3 hr, 33 min, 20 sec.
7. 20! 5011,
. b 8q.yd. 7 sq.

t. 135 sq. In,
. 2 gal. 1 qt. 1} gi

f
1 gi.
9.8%5631D4gr
0. 26 cu. ft. 1080 cu. in.
. 3 pk. 1 pt.
137 sq. rd. 28 sq. yd. 1 sq. ft.
68 sq. in.
9. 3% min,
5 Pt
. 28§ sq. in.
. 7§ in.
. 254 hr,
. 63 pt.

1333 T.
107 rd. 1 yd. 6 in.

28, 203 da. 9 hr, 56 min, 30 sec.

5 0z. 2 pwt. 22 gr,
0. 106 &q. rd. 28 sq. yd. 6 sq. ft.
. 58 8q. rd. 11 sq. yd. 5 sq. ft. 88}
8q. in.
2. 34 vd. 8 yd. 1 ft. 8 in,

Exercise 92.

6 da. 3 hr.

. 11 oz, 2 pwt.

. 16 cwt. 64 1b. 12.8 oz.

. 2 pk. 2qu. .B ph

5. 200 rd. 2 yd. 1 1. 3.12 in.

. 67 8q. rd. 20 8q. yd. 5 sq. ft.

18.72 sq. in.

s 6% 73 17.76 gr.

g. 29 da. 16 hr. 11 min. 16,8 see.
10 cu. ft. 216 cu. in.

14 rd. 3 yd. 2 1t. 10.56 in.

i
7

17. 14 gal. 1 pt. 1.6 gi.
12, 28 sq. vd.
78. 2 mo. 4 da. 2 hr. 16 min. 48 sec,
14. 45 rd, 11,88 in.
15. 3 mo. 21 da. 14 hr, 24 min,
7. 13059,
. 5401+ mi.
L 8276 T.
9. 2854 1b.
L 0107 + yr.
. 5. bu.

Exercisc 94.

. 66 sq. rd. 9 sq. yd. 3 sq. ft.

33 s8q. in.
. 2.6718 w.
26 da, 6 hr. 23 min. 42 sec.

. yd. 5 ew. ft. 5 1§E oz
6. 16688% steps.
7. 9 hr. 45 min.
8. 21 mi, 192 rd.
9. $1.96,
~70. 2 min, 30 sec. past 7 A.m.
FZ1. 51 min, 27 sec. past noon.
12, §25.95.

. 4 bu, 3 pk. 7 qt. 1§ pt
45 da. 6 hr. 15 min.
20. 66 ft.
Suil, 45 rd. 1 yd. 2 ft. 1.2 4 in.
July 2.
7. S50.64+.
5373,

6§11 da.




849 50 851,
. 12 cwt. 84 1b. 131 oz
’¥. 70 bbl.

2. 1Ist, £1 ls-5d. 2.50 far.

2d, 120 rd. 2 yd. 1 . 4.

0.994 -+ 1b.
. 15:8q. ft.
2. 495000 cu, ft,

33, 97.

-'l‘:"y se0.
5. 14 da. 16 hr. 33% min.

. 314.16 sq. ft.
. 706.86 8q. ft.

ANSWERS.

. 0.118-+ sq. mi.
. 2 yr. 45 da. 1 hr. 25 min, 192
Sec.
41. 41° 3' 59T,
704 in, 42. T4 1t
f. 80% ft.
8 hr.
5. 0,68+ mi
1 mi. 279 rd. 2 yd. 1 ft, 11.292

5 yr. 334 da, 14 br. 42 min. in.

12§
[ 1282 14! 327,

“i 1745837 1111

141554 yr.; 1474 yr.

Exercise 95,
10. 1 A, 106 sq. rd. 20'8q. yd. 1 sq.
ft. 52 8q. in.
L T8 AL
140 sq./ft.
2. 1920°A. : 3200 A.: 320 A.; 240
Al 336 AL
. 1280 rd. ; 960 rd. ; 640 nd.
15. 23 sq. yd.

5, 1351} sq. ft.

Exercise 96.

. 636174 A. 8. 13.18+A.
. 16.7 Az (about).

10. [i864:'8q. in.; 70686
19.7933 A. 8q. in.

. T88.544 4 A,

$743.32. 4. $500.44,

. $11.622.

2
w

. 64} yd.

2. $81:35

Exercise 97.

5. 8417.60. 6. $H632,

Exercise 98.

3. $28.67. 4. $385.02.

Exercise 99.

3. 119 yd.; 113} yd. 4. $66.38.

&. Crosswise ; $1.08,

. 18 rolls, &.

ANSWERS,

Exercise 100.

$21.60. 3. $30.60.

Exercise 101.

. 16 8. 3. 960,

160 ; 1683 4 3240; 3240; 540.

. 480 cu. in. ; /% cu. ft.
2. 93 cu, yd,

-

. 93¢7 gal.
2. 20660% gal.

- 184 p.
2. 24 p.
5. 426§ p.

. 68740 br.

$1009.84.

32 T.; SI§ T

28.2744 sq. in.,
153.9384 =q. in.,
201.0624 sq. ft.,

1256.64 sq. rd.,
070686 s8q. in.,
1.76715 8q. yd.

2. 3028125 A,
8. Former,
4 484 8q. in. ; 5§z cu.

yd.

Exercise 102.

3. H06.24 bu. 5. 22

4. $28.44.

7. $86.02,

52.8 bu. 7. $36.566.

4. 3072 bu. 6. 3456 bu.

Exercise 103.

. T8993 gal.
. 69120 gal,

Exercise 104.

. BA5E .
5. 155% cu. yd.
5. 39920 cu. yd.

Exercise 105.

59 3

Laying,

Exercise 106.

Exercise 107.

. 88 sq. rdi, 14 sq.
yd.

. 840 cu. in. ; 240 cu
in.

7. 2880 bd. ft.

. $960.

18 ]f)l)lﬁtf.

10124 bu. seed;

806.4 bu. po-
tatoes.

: 4. Cost, $1

. 678638, gal.
5. 94254 % gal.

356.
S 26¢

. 06 T. 3. 1823 T,

11. . $15600.

12. $17.50,

5. $18.93.

1. $6343.

5. $98.10,

16. 838

7. 1134.12's8q. ft,
18. $108.78.

19. $523.16.

20. $7381,




]
b
o

10 days.
7 1b.
$75.60.

5. 45 bu.

. 63.6 tons,

11 books.

16 lambs.

250 hnyh‘.
240 lbs.
73 mi.

. 209,
2. 359,

) 9 gain.

/u

Iu) ‘]I(H 62 %An'

0,53 days, (i A

ANSWERS.

1175.21 + bu. 3 34 $338.6%.
10040.26 gal. 35. % %
263.18 Ib.
273.67.8q. yd. 387. 239.37 gal.
56.55 cu. in.
798 cu.
40. 346441] Ib.

Exercise 108.

18. Former, 9. £ .70,
14 276 lambs. 20. 162 p.
5. 96 tons. 21. 210 m,
5, 87860 inh. 2. 3 ft.
72 horses. 17, §4060. 23. § bw.
$715.50. 18. $7820. 24. 18 tr.

27 pupils,

Exercise 110.

5. 300 da. 17. 34.00. 5. 21000.

H_’!, A, 7. 80.51, 7. 162 1b.

$ 59.560.
y 3 5, ; worth $3333}
1032 citiess 75, ' 52.50., 20. X qual.

Exercise 113.
S300 gain.

103 T Zain.
809, gain.

Oy
16 0/ gain
. 209, gain.
609, S. Newsp., 333 %
. Cattle ; 80%.

R N

e

1. 82000, R |
15200 bu. 7. 17

ANSWERS. Xxiii

Exercise 114.
620.

{0,

4600 gal, 15. 340.
13760 da. . 240 bu.
300 da.
2000 T.
1674 mi. L
S 489, 38. & a. 900 lambs.

7
184},

101.92 ft.; $24619;

o« BW .
foy 203
DR/ -
!_:l‘l'.,

266%; 144 ; 40.

17.171 Ib.
159,
STI000;
85.75.
1259,
711.40.

5. S866.88;
. 14 1249%; 143%;

’%my -‘i/nv ]8/’0-

&3 n/

25%,
$50.

$. $900 cost.

3 3075. 35. $234. y 128 yd.
- Lost 8 5.00.
568 mi.
X (\] 18,

76.

3 O

th &y ™

=

.

Exercise 116.
0.65]. 18. 836200,
19349 75. Increased 10.08 A. or 969,
1665 %- 0. 365 % L’dllx,

o

5. 6496 A.; 7.511 ml.

34378 o1

l“éU
$ 75400,
832,
25%; 84%;: 34, 163% gain,

14.2089; 14.2479,

Exercise 117.

5. Gained 639,
James; §40; 209,

30V lass
309, loss.

3. 66§ %
259, gain.

“
)

$2015.

Gained §135.




XXV

9. Gained $.30; 31%.
10, $1.80.

71. Lost §32;107%.

7. $83.19.
2. $5982.380.

1. §2.40; $77.60.
| §12062,50.

. 845.00; 854

1. $112.95; $1256.50.
2, 312540 ; $540.
3. $156.

ANSWERS.
72. $1.14; $1.20.
13. {

14 3

Exercise 119.

3. $1658.49.
— Latter; $499.20.

Exercise 120.

$30.98;
3

$10102.50.

. 50 sh.

200,

ample 3.

Exercise 122.
$881.25;
$1002.75
81511.50.

Exercise 123.

S6122.45.

D176,

6. $9846.

Exercise 124.

T T
First, 5% 4+ %;

Second, 6+ %

Exercise 125.

~
/

5. Lost; $6.26; 4% 9.

. 003}
;860600 ;

€ 5400,

. 331%; 60%-

$11400.
$16345.

. §49.60,
. 817384.14.

. B75.

558 b,

$T7156.

£ 30.50.
First ;
Lad ;
129,

Qs o . s {
389 or $21.76.

. 3000,

1639

28 ba.; 7Y

. 8408.55.
5. $68.15.

$11.20
$46.80.
$8.58.

ANSWERS.

409,
1680 T
The advance ; 209,

6639

1504 shares and $8
over.

233 sh.: 81
S4077.60

7, boys,
1041 %-
324 50,

S HO00.

D08 s

Do
33 =34, ele

Exercise 126

. $19.53. S 82.77.

. 0121, 8. $6.50.

9. ST708.50.

5 10848, 19,

5. S6457.24,

Exercise 129

S67.85.




yr. §-mo.
b yr. 3 mo.
1 yr. 9 mo.
. 2 yr. 10 mo.

ANSWERS.

Exercise 130.

Exercise

-

yr. 4 mo;

yr. 2 mo. 15 da.
) yr. 8 mo. 20 dal
vr

6 mo. 24 da.

Exercise

. $460. S RO8%
. $7840. 5. 5416,

$065. o 8 2020,

Exercigse 133.

2. 94240 ; $137.80.

2. $97.50.
%. 9yr.H mo. 15 da.
. $104,

5, 8 yr. T mio

76000 4.
71.08.

. Aug. 7, 1901 ; $366.
2, Aug. 8, 18

$ 963.05.
. Jan. 6. 1898;
$ 706.13.

. §288.04,
2. §682.71.

Exercise 134.

. S2684.92,

Exercise 135.

. June 14, 1900 ;

Exercise 136.

907.80.

2. &
$

560,22,

9. 3 yr. 3 mo. 10 da.
0. 2 yr. 9 mo. 18 da.

11, 9 yr. 10 mo. 12 da

12. 5 yr, 7 mo, 25 da.

4. $1440,

. $491.96.
14 9%.

. 3 yr. 6 mo,

. $1008
$478.79.

2yr, 10 mo. 9 da,

Y. 3683016,

. 8100.83.

. $1707.58.
1430.74.

7o 813402.84,

5. $2016.62,

. $363.

. $1179; 81176.
2, $15.05; $13.49.

$ 1687.20,

L 8000,

. §11025 ; 8810.2
. $250.20 ; $14

13.26; $10326,

<2700,
11922.63 fr.

ANSWERS.

Exercise 137,

45

Exercise 138.

25, 1897

8 2009.08.

Jmo, 9da.;

: 4 da.; 82132 ;

$15.94; $875.81

- 32061 ; S1197.84.

7. Mar. 18, 1896 ; 79 da.; $23.85;

S 1790.07.

T.D. =874

. SAGT. 92,

2, 83620,

47 ; B. D. = $87.50.

$821.90 ;

$ 863,

1st =2d = 815660;
$ 27 81776

L 2249006,
. 81671.60,

. $2394.

Exercise 143.

L1004,

S6560.87.

. $448.87 4.

. 81759.04.

. S315.88,

. 41680 fr,
. 3310062 mk.




1.

ANSWERS.

Exercise 144.

6 mo, 15 da. (about). .. 62 da.; Dee. 18, 70. 11 mo. 20 da.
Z. 6 mo. 23 da: .. S'mo, 25 da 77. 11 mo. da.

April-24, &/ 'Nov. 1. 12. 22 mo. 2 da.
Qet. 17, 9. -Aug:29. 73. T mo. 16 da.

7 mo, 3 da.
Exercise 145.

BExercise 146.

263 b,
S 1535,

. S97.01.

9 B da,

L0 da
L6 ten:
1% yr

Exercise 147.

7612110 . bb de 70. 400 b,
1¥+da. a. 7. 4% ft.
384 bbl. Ryt » 108 men.

Exercise 148.

5y 0000, 7500, G 5ol 650, 800,
5, 875, 1925, 2075, $12760, 315000, $18750.
5300, 10600, 15900, 7. 541%,
562, 828, 1104, 1380,

Exercise 149.

$4.20, £5.40, $7.80. L $ 5000, $4000, $3000.
S 1600, 82050, 8850. $240, $200, 8135,
S280, 8192, $288

. S160, 8200. 9
, 7200, §3200. 2.60, $18, $13.90.
, 81420, $1240. g. $2700, $1620,

Exercise 151.
12769.

21952. 4. 262144,

00054872,

287496,

ANSWERS.

148

§13-

20,
279841
24414.0625.

31343

. 843,

P38,
74005,
8017.
00901, -
i 5.1079,
35047. 25, 3AITIL. §2. 6.013,

16708, 10.005,

73504, 5.0800,

cise 154.

Exercise 156

5. B3
6. 7D,

Exercise

6.96.
2660,
841




. (280 sq. Tt

2. 1802 sq. 1t

120 sq. in.
15 8. ft.

160 8q. in.
. O9Th sq. it

186% cu. yd.

17.6715 cu. ft.

ANSWERS.

Exercise 158.

§1.888,

168.7

). 24881 mi.

11, 381.72 ft.

26. 7026 in,
43.0824,
144151506,

6. 534072,

Exercise 159.

113.0976 sq ’
78.54 sq. rd. 20, 414.691 sq.
i 1. T.245 A.
S TO200.

756 s4q. mi. (c) 11784 sq. ft.

10,32 s5q,4n,

Exercise 160.
100531 s 1t 1134.1176 sq. im

$201.60.

163405 en. ft.;
153.938 sq. ft
240000 dn
. 845 an. 312,52 1n
n. 1t
?, 920.014 cu. ftu
_ 47001.6 gal.
17,4097 en. in.

5. 304896 cu. in.

750.5 8q. it.

.4 sq. in.
5q. ft.
) cuL. in.

e ft.

ANSWERS.

Exercise 162.

49 - 81 ;
3 2 729.
Four timesasmuch;
eight times as
much.
{ in.
. 614 1t
1012.5y4d. ; ¢

Exercise 168.

— 732400 cr

o, — 36080 eg. = 3608 dg.

- 7124500 sq. em. = 071245 sq. Hm.
50321.7 ml = 5.03217 D1 = .05 217 Kl

— 0055171 Ha. = .55171 a. =

35000 cu. cm. = 25 L = .25 dst.
53 dst. = 5300 cu. dm. = 5.3 st

8 1000
1:121; 1:133L
10.09 rd.

- 1: V%

£

Jo W 5
, 194.74 1b.

0

— 071245 ¥ia.

171 sq. Do

_ 1234.5 Dm. = 123450 dm. 12345000 mm.
3.2671 Dg. = .032671 Ke. = 32671 mg.
10673 ml. = 1,0673 DL = 010673 KL

— 0000083 o ms = 0083 L. 8300 cu. mm.

— 4671 cu. m. = 467100 cu. cm. = 4671 dl.

— HOD70000 mg 500700 dg. = 50.07

3755 Ha. = 37550 ca. = 375.5/8q. Dm.

— 4000 a. = 400000 8q. m, = 400000 ca. = 4000 sg. Dm.
. — 3.4575 Hm. =.34575 Km: = 345750 mm.

— 0086832 Ha 86452 sq. Dm.
. — 385 cw. m. = .000000000385 cu. Km.

1000 Kg. ; 1.7 Kg. ;
- 5000 ) ; .03 1. ; 587

30 dl. = 423000 eny cnn — 423 ci.

423000 g. = 423 Kg.

. 96.056 m.,

162 a.

1458.6061 g.

. 85242.405 1.
. B0T1.97 a.

Exercise 169.

1906, 235

7178

. 380.

Kg.

.

. 506000003 cu. m. 9./ 30.917389128 cu.
11356212 1.

226385 sq. m.




Xxxii "ERS. ANSWERS. XX X111

70.927 m. 28. 31.212 cu. m. 45. 191125 Hg. 58. 119.234 Kg.
19.927 o .
59. 1616628 Kg.

41.601 1. 359. 120 L j6. 5 :
£99.943 sq. m. 055080 Kg - : 60. 8040.2 Tev.
§42 . 41. 36 Kl. ; 36000 Kg. 62 100.51

7547362 amn. $2. 3 m.
74.88 KL

. 666 Hl. = 66.6 st.

63. 11416 qt. (milk) ;

0.81 qt. (eorn).

S1
S 168 5+ %.

163000 g.

1154.56 Ha.

64.502 HI. = 6.4592 cu.
755 8q. m.

64260059, .

2.7 sq.m,

21.12 sq/m.

9000.

2000000000
000000154,

3409.013 m.

1626:15 a.

1158.01812 .

1600 m, ; 2163.454 m,

8 223R8.60.

1011.84 cu. m. = 1011.84 st. =
1011840 1. ; 1011840 Kg. ;

101184 HL
81
4 mn

700 Ko,

14369 st. 1436400

Kl
1436400 Kg.

200 Kg,

8571 9 ; 42.56 Kg. ;5
L0025 cu. m.

1.346 m.

1050 cu. cn.

01166

& amY

2048.07 1b. 7. Sa0

55. 6246 Tb. 8. Gained ; nearly 249,

56. 22.35 m.

330 kg. = T27.62 1b
018 cu. m.

20894 T,

1.38 o ft.

1190.4 m. tons.
16901.86 Kg.

47 cu. dm. = 2868.034 cu. in.

42 86 cu. dm.
16648.25 1b.
8.7 (nearly).

(g) 12.68 rd.

A8,

1048,

0013,

(@) W't = sp. gr. X W't same
volume water.

(b) Sp. gr.=wl w'l same
volume water.

(¢) W't same volume water

8.88. wt g
.3 (nearly). Volume watér can be found
5. if itsweight is known.

0 « m. o7, RERO.G 1b S5, 9.756 dm.

8.283 L 3. 1.236 Kg. !

8.045 Km. 9. 49712 rd. : .38 bu. 58, 29 458% 5 Kz, ¥ in

4.68 Hi. . ft. 7 5621 Hm. 26. 1135.56 dl. 851.7 & 0019: 1.9 K. 7. & 35 Ko,

22.66 Ha. . 8.83 ed. g:-11340 2. 7 4784'5qyd 125.632 4. 7. D516 a. P A

19033 1. 12,105 A. 20. 176.58 cu. ft. 25. .63 in, :

Exercise 170.
[Th reductions can be only approximate,

130.56 aq. ft.

te

&

5. 28864 eoins. 32, 28700 Kgz. 66.670 Kg.; 7200 Kg.
7248 st. 15733206 gal. 21 9 5q. rd.— 29, 15644-pt. N & i 33 3 oL 0/5)5 din.
938 cu. m. ;. 36.89 pk 22. 7257.0 Kg. 20. 2034.54 cL.

o Mieks

~

27.22 Kg. 5. 5 cwi. 23. 79486 pk. 7. 344 Km.,

Exercise 172,

S0

141.88 bu. 16. 36.04 b 2% 6.653 cu
e 1975 - A |
835137214 . CVOR 9.309 gal. 5. 88 8q. rd. 26 8q. yd.

16.44"Ha. 40. 15mi. rd. 1, - ! =0
342014 Kg. / ! . 1136, ] \ ;\ s, £t
l‘i—\v 97 Tl 9 yr. 169 da, 5. 3.6

18 A. 97 Sq. Id. o 43} sec. L 2
S 44 37862 1 4 b7, 14076,

88. 8 T, 5 cwt. 96 1b. 3.7 oz.
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20 books. 35. 12276 bu. . 21582 gr. SCHOOL. ALGEBRAS
53 ‘Lt'. ' 39. 507064 in. 52. The former,
3 '3 3 8 1"~7.~11. 33. 6 mi. 123 rd, 2 yd By FLETCHER DURELL, Ph. D.,
5% 2 ft. 4 in. MATHEMATICAL MASTER IS THE LAWRESCEVILLE SCHOOL,
$ 43755
62 cents (nearly). EDWARD R. ROEBINS, A.B.,
47. MATHEMATICAL MASTER IN THE WILLIAN PENN CHARTER SCHOOL.
}L;U.gl. 7. 191 yd.
x )t' 81116, rails. 8. 3 mi. 90 rd. 1 yd
’) min, S 936, 1 ft. 10 in. Tuese books are remarkable, both for the originality in the develop-
120. Most, Saturday ; 0O & ment of the sabject and for wonderful skill in preparing, adapting,
grading a large number of examples and rev exercises. While
seeking to develop the the of the subject in a manner entirely new in
school algebras of to-day, the aathors keep in close touch with the best
current practices of teachers in other respects.

lcw\ lhummv 70. 11 s 9T, and
A.;I,B-,,( p :

HaTn

N N

6T, 7.5 cwt. 3 l;i”,.
$286. 52 l?.
1.008, . 17ani. 616 ft,
5 mi. 55 rd. 2 ¥y 4. 893} acres 204 i . .
331 R ‘tis‘vi" . yd. > \}41‘“ ]...' + in. i This volume closes with t subject of Radicals, It is intended to
'n-, f'--' -.”~- 41.5. 14 arly). contain only so much of the subjec of Algebra as pupils in grammar
i Ormer., 3 : . 866§ 1b, schools are likely to study
E!?‘*»% bu., . 3] 7. Gained ; $7.50 ;
53 da. 57. 13 feets 63% A SCHOOL ALGEBRA. 372 pages: Half leather. $1.00.
5323 times. 8. 1961, 3 - C 3 g . - :
Ql-‘-}-;'ll" 5 1‘6* B, 30da.; C, 10da.; Ihis volume covers the requirements of udmission to the classical
l-_ ]-”t-"’,- "w 16: 71| | 1. together, ‘§ da. conrse of colleges, as agreed upon at the conference between the repre-
e ¥ $40800 ; $571Z sentatives of leading colleges and paratory schools.
1143 gal. $45696

5.50,
10143620 sec. A GRAMMAR SCHOOL ALGEBRA. 287 pages. Half leather.

21.90¢ - 80 cents.
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A SCHOOL ALGEBRA COMPLETE. 450 pages. Half leather.
\‘. ‘))

This-book contains, in addition fo the subjects usually treated in =
school Algebra, the more ad e 1 g required for admission to
universities and scient schools, to wit: Permmtations and Combina-
fions, Undetermined Coefficients, the Binominal Theoreny Continued
Fractions, and Logarithms. This i\'\hr; also contains a chapter on the
“ History_of Elementary \lm.nr‘l the first of its kind® published in
America.

Points of Superiority Peculiar to the Durell and Robbins
School Algebras.

1. The general theery, which makes evident to the pupil that ‘new
gymbols and processes are introduced, not arbitrarily but for the sakeof
the economy or new power which is gained by their use. This treatment
of Algebra 6 better adapted to thé praefical American spirit, and gives
the stady of the subject a'lasgen edueational valie

2. Clear and simple presentation of first principles Bright girls of ten
years read the first chapter; and with very little explanation on a few
points of secondary importance, they understand the chapter clearly on
first reading.
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3. Abundance of practice: (1) About 4000 problems and examples in
the w)mp!eu book—nearly 1000 more than in any other book of similar
grade. Compare any chapter with corre sponding chapter in other leading
books. (2) Eyery-exercise well L‘:l(iLLl. easy examples first; hardest
examples last; work may be limited with any problem. (3) The prob-
lems are all sensible ;' no *‘catch,” tmusual, or bizarre examples, which
have rio place in a text-book.

The Durell and Robbins School Algebras are superior not only in the
development of the theory and in the pumber and character of the exer-
ecises—the main) points to) be considered in determining the strength of a
text-book on Algebra—but also in modern methods, new® treatment of
sabjects, systemati¢ grouping of kindred processes, early introduction of
substitution, ¢ lnl hasis placed upon ve rification of e ations, concise defini-
tions, clear and specific explanations, ffact ful .omissions of & number of
Answers, rnqunnl Teviews, superior l\}rm'ri[lr\

The success of these books 15 likely unpreceédented, They have already
secured for themselves, without any agency work exeept in Pennsylvania,
adoption in the foremost schools in Pennsylvania, New Jerse ew York,
Massachusetts. Maine, Ohio, Indiana, Illineis, Michigan, South lmkum,
California, Texas, Oklahoma, Georgia, lcnma.xc. West Virginia, and
Maryland.

Extracts from Letters by Superintendents, Principals, and Teachers
of Schools in which the Books are Used,

W. F. SLATON, ity Superiniend THE NEW ENGLAND JOURNAL OF
Atlanta; Ga.~The s and R EDUCATION, 1. E Winship, Editor,
Girammar, School, ra i§ & ! d £ ameaville Sehool, Law-
suited to th ivanced gre T & X o, . y of the foremost
mar._schools‘and to the 6F g1 f S i i Y the country,
high schot In my Judgment, factor 2 Y , ave made " a
ing cannot be better taught than it is reat hi } ’ f thé hour,
dons in this book. [ unm' € 5 ¥ 1 specialists

THOMAS A. BLACKFORD; (om- | °f that institution for the preparstion
mandant of Cadets, Cheltenham Military - )r;’u i Sl these prove
Aoademy, Ogontz, Pa—The authorsof (],. 3 )ooks are attracting much

i .ﬂl'l m)l-h;m, School Algebra havs
niy accomplished thesir pur;

implify principles and to mak J
atfractive. 1 Xkng r > I $ 6 the 1001 has
would stropger re nmend  f ad vily “upon Ahe Nt works
tion. abra by Hall and Knight; the book is

GEORGE GILBERT, Principal the mvf:-;‘ ul‘. xl) to be mnnnwi:v!w‘.
ter Academy, Okester, Pa.—I am p i 1 .
with the Dbook un« the t
chool-room. It is certainly gotten
Crthesieht planFett mustbala fayor Dopartment in the N

1 1 - of Education. |
,,§'5T€F M. FLARIR, Directres L. W. HOFFMAN, PrincipaliWariic}
ster’'s Academy Columbia. Pa.—Itis Tnstitute, Watwick, ¥- ¥.—....Tts
most complete work in Algebra 1 have
yel seen. ariety of !I.n proble

DR. M. R. ALEXANDER, Principal e he by an especially pieasing
Ohambersburg ;wzun,, Ohambersburg L do mueh to ke and
Pa—The Durell and Robbins Schook y arast in a elass of « The
Algebra is a most excellent work, both in which the authors have
design and exe n. 1 am sure it will t before themselves has been that
attain great s

boan ed h.r of

tions, nutaa

ROBOOGL AIGEBRAS XXXvil

CHARLES F. HARPER, Principa’
Public ngh Rehool, New l,rnlau, Conn
5t class binding

lnuvl for daily stod
and reviews.

PROF. JOHN T. DUFFIELD Prinee
ton Univerzify.—I have 1 some ocea-
to examins the work, as it has been
used by 1 grandson 8 5 1
Lawrencevill 1t gives me
my highest appreciation
Its eoncise i accurate
tions, 1 actinl pre
es, its judicious
ment of examp
supertiuous ex
bhe the work ¢
of scholarship, an f OmImMOon
SEnse I congratulate ) “hr)'v]’\ on
having
1emat
honor on
their alma mater

PROF. IRA B. PEAVY, Department
of Mathematice, State Normal School
Edinboro, Pa.—After having t

Dure!ll and Robbing Complete
Algsbra in all of our clasges forono 5

gives me pleasdre (o testify to
merits, The authors have done what so
few are able to do—writtan a book that
is amina practical, scientifie, atirac-
tive, and jetly up to date

PROF. MARTIN BAHLER, Principal
Orange Sehools, Orange, N.J — am using
the Duorell Algebra in my classes, and do
not expeet to use any other for a long
time 1o come. . It is superior to any
other book of the kind that has com
Lo my notic

SWIINGEL. Ph D., 1 rinapai,
N.J. 1

¢ manner, and
applic A\LHY! is made in a way 1ot
understood by the beginner.
of tha best'of elementary

D. G. ESHBACH, B. S.,
High School Vi 7
commend the
ments in introducing
the progres
rangement 168 r.y-nh ems Ave
nsed i factoring with oue
eclass and in radieals with another,
have secured excellant resul Et

0 have mades a hit. and predict

for the book.

W. W. RUPERT, Uity Superintendent
FPottstown, Pa—This book is, indeed, sn
axcellant one; w n, jently, by
men who are be nathe ticlans and
first-class teache

DR. ROBERT] ALEY, Professor of
Mathemalsc diana University. Bloowi-
tngtom, Ind. he Durell and Robbins
Sehool Algebra is remarkable for its
cloarnsss, and for the attractive form in

the various subjecis are pre-

For the student it is certsinly

esting book, and for the tascher

n suggestive Dr. Durell is also
: L (i< in Education,’

{In (hr Inland Edw

PROF. MARK MOFFETT, Superin
tendent o I Public Waveland, Ind—We
are Durell and Rol

2 n the nnn year of our

murm i suceess. It

i seleetion of prob-

apil (r‘ that grade best

th in variety

principles

on discussed

understood withont

X, ! nuthors

had tha p 1 of stop

wn.{ when encugh diseussion has been

1 No unreasonabls aborations

to be found, which in some books
ishoarten the pupil

PROF. H. R. HIGLEY, A.M., De
partment of Mathematics, State Noermal
School, BEast Stroudsburg, Po—We have
used the Durell and Robbir chool Al

\bra Complets in our elussos during the

3 it for years

1o come. . what the
ctical pache A hiave Our

4 were 5 repared s
they have been since we ussthis book.

THE EDUCATIONAL FORUM, 7%r

J . Ohkieago, IMlineis.—The sub
gebra hasin this book (Durell
Grammar School Algebrs)

ln-rm smwmei and the practi TEason
given in wh a plain

common ray that anigebra is made
far more at ~tive than by any previons
toxt-bool "his ;method I8 extremsly
) S 3 ‘ii materially to the in-
tare st of the pupil.

WILLIAM J. BOONE, President of the
Oollege of I("Iu. l'ubh ell, Tdaho=—The
Darell and R 100l Algebra pre

the subj in livoliest, elear
sand most forceful manner. I am
weiquainted with wout two dozen texts
bra; but I consider

best.

PROF. G. H. DOSCH, Dq’arrmru{n/
!I whematics, Central Pennsyloania Col
c —\‘. s are nsing the Durell and Rob

School Algebra Complete. We are

g;l,‘-“( wi restlts It is an ox

nt work, clesr, thorough, aud up to










