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PREFACE.

The Franklin Written Arithmetic contains a full course of arithmetical
instruction and drill for pupils in the common schools. The definitions
and principles are thoroughly illustrated and explained, so that the learner
may work intelligently; while the range of applications is broad and varied
enough to afford him good preparation for ordinary business affairs.

Topics of a merely theoretical interest, antiquated or curious matter, and
puzzling problems, are omitted altogether; while parts of the subject not
very necessary to the greater number of pupils are given in the Appendix.

To avoid a multiplicity of rules, decimals and integers have been treated
together whenever that could easily be done. For the same purpose, the
various problems in Percentage have all been referred to a few fundamental
principles, stated and illustrated at the outset.

The Metric System has been treated in a way to indicate the most prac-
tical course to pursue in teaching it.

The topics that follow Simple Interest in this book, as in most arith-
metics, can wisely be deferred till the last years of the common-school
course.

In the arrangement of work it will be noticed that Oral Exercises precede
Examples for the Slate. For convenience in the class-room, the latter are
numbered consecutively through the whole section, with the exception of
four pages of typical examples (pages 17, 25, 35, and 48), which are let-
tered. The Oral Examples are designated by letters. All answers to
Examples for the Slate, except those to lllustrative and Typical Examples,
are omitted from the body of the book. Miscellaneous Examples are given
in great number and variety, and each section is supplemented by a set of
questions for review.

A special feature of the book is the Drill Exercises. In general character
these are like those previously published by Walton and Cogswell in their
Book of Problems; and they have been introduced in this book by consent
of Mr. Cogswell. They give a large number of miscellaneous examples,
with answers, on all the topics treated in the Arithmetic ; and the teacher
will be spared the trouble of selecting from other books examples for
class drill. The fact that these exercises have been extensively imitated
in books published of late shows the high estimation in which they are
held by teachers and authors.
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AEITHMETIC

SECTION 1.

READING AND WRITING NUMBERS.

Article 1. A collection of single things or ones is a
number. By common usage one is also called a number.

2. A knowledgg of numbers is Arithmetic.

3. Some numbers have simple names. These are one,
two, three, four, five, six, seven, eight, nine, ten; also a hun-
dred, a thousand, a million, etc. All other numbers have
compound names. (See Appendix, p. 299.)

Exercises.

1. Name the numbers in regular order, or count, from one
to fifty; from fifty to one.

2. Count to a hundred by twos ; by fives; by tens. Count
from a hundred downward by twos; by fives; by tens.

3. Name the number that is made up of two tens and five
ones; of one ten and seven ones; of one ten and a one; of
one ten and two ones; of six tens and six; of eight tens and
five; of nine tens; of nine tens and nine; of ten tens.

4. Name the number that is made up of one hundred, one
ten, and a one; of two hundreds, seven tens, and three ones;
of six hundreds and three tens; of five hundreds and four*
ones; of four hundreds, three tens, and three ones; of nine
hundreds, nine tens, and nine ones.
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4. From their names we see that small numbers are
reckoned by ones, larger numbers by tens, and still larger
numbers by hundreds, as far as ten hundred. To ten hun-
dred we give the simple name thousand.

Above a thousand numbers are reckoned by thousands,
by tens of thousands, and by hundreds of thousands, up to
ten hundred thousands, or a thousand thousands, which we
call a million.

Above a million numbers are reckoned by millions, by
tens of millions, and by hundreds of millions, up to a
thousand millions, which we call a billion.

Above a billion numbers are reckoned by billions, by tens
of billions, and by hundreds of billions, up to a thousand
billions, which we call a trillion. And so we go on with
higher numbers as far as we choose.

5. One, Ten, a Hundred, a Thousand, Ten-thousand, a
Huudred-thousand, a Million, etc., are called units, because
they are used in reckoning or measuring other numbers.*

6. To distinguish these units, we call one a unit of the
first order, ten a unit of the second order, a hundred a
unit of the third order, a thousand a unit of the fourth
order, ten thousand a unit of the fifth order, and so on.
When we.speak of a unit without mentioning the order,
we usually mean a unit of the first order, or one.

7. These units form a scale; and because ten units of
any order make a unit of the next higher order, the scale
is called a scale of tens, or a decimal scale.

* A unit is a fixed quantity of any kind used to measure other quan-
tities of the same kind. Thus, a foot, a yard, a meter, are units, being
fixed lengths used to measure other lengths; a pound, an ounce, a dollar,
a cent, an hour, a second, are units, used to reckon or measure weight,
value, or time. The word unit is also much used as a name for one, and
units for ones.
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8. A system of numbers whose successive units form a
scale of tens is a decimal system of numbers. The sys-
tem of numbers in common use is a decimal system.

9. Table of Units of the Different Orders.

Ten ones (or units) . make a Ten,
Ten tens . . . . make a Hundred,
Ten hundreds. . . . . make a Thousand,
Ten thousands . make a Ten-thousand,
Ten ten-thousands . . make a Hundred-thousand,
Ten hundred-thousands . make a Million,
and so on.

10. It will be convenient to remember that

A thousand ones (or units) . . are a Thousand,

A thousand thousands . are a Million,

A thousand millions . are a Billion,

A thousand billions . . are a Trillion,
and so on.

11. Exercises.

5. Count by hundreds to a thousand; to two thousand; to
two thousand five hundred.

6. Count hy thousands to ten thousand ; by tens of thou-
sands to a hundred thousand; hy hundreds of thousands to a
million.

7. Count by millions to ten million; hy tens of millions to
a hundred million; by hundreds of millions to a billion.

8. How many units of each order are there in twenty-five ?
seventeen? eleven? ninety? ninety-nine? four hundred? five
hundred forty-four ? one thousand eight hundred ?

Note. This kind of exercise may be extended at the discretion of
the teacher.
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Writing Numbers.

12. Besides being expressed in words, numbers are ex-
pressed by writing the signs 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
which are called figures. These signs are also called
Arabic numerals, because they were first made known to
Europeans by the Arabs.*

13. The first of these signs, 0, is called zero, or cipher,
and is used to stand for no number; the others are used to
stand for the first nine numbers, and take their names, thus :

1, 2, 3, 4, 5, 6, 7, 8, 9.

one, two, three, four, five, six, seven, eight, nine.

14. Numbers higher than nine have no single signs for
themselves, but are expressed by writing side by side two
or more of the figures above.

15. Tens are expressed by writing a figure to tell how
many tens, and then writing a zero at the right of it. The
tens’ figure is then said to stand in the second place, the
first or units’ place being filled by a zero. Thus, we write

Ten (one ten), 10. Forty {fourtens),40. Seventy (sewn tens), 70.
Twenty (two tens), 20. Fifty (five tens), 50. Eighty (eight tens), 80.
Thirty (threetens), 30. Sixty (six tens), 60. Ninety (nine tens), 90.

16. Numbers that are made up of tens and ones are
expressed by writing a figure in the second place for the
tens, and a figure in the first place for the ones. Thus,

Eleven (ten and one), 11. Twenty-one (two tens and one), 21.

Twelve (ten and two), 12. Twenty-two (two tens and two), 22.

Let the teacher dictate numbers between ten and a hundred for the
pupil to write.

* For an account of the Koman numerals, which were displaced by the

Arabic, see Appendix, p. 299,
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17. Hundreds are expressed by writing a figure in the
third place, the second and first places being filled by
zeros. Thus,

One hundred, 100. Four hundred, 400. Seven hundred, 700.
Two hundred, 200. Five hundred, 500. Eight hundred, 800.
Three hundred, 300. Six hundred, 600. Nine hundred, 900.

18. Numbers made up of hundreds, tens, and ones are
expressed by writing a figure in the third place for the
hundreds, a figure in the second place for the tens, and a
figure in the first place for the ones. Thus,

Four hundred eighty-three (4 hundreds, 8 tens, 3 ones), 483.

Nine hundred sixty (9 hundreds, 6 tens, no ones), 960.
Nine hundred six (9 hundreds, no tens, 6 ones), 906.

Let the teacher dictate numbers between a hundred and a thousand for
the pupil to write.

19. Thousands, tens of thousands, and hundreds of
thousands are expressed by writing figures in the fourth,
fifth, and sixth places respectively. The figures in these
three places taken together form the Thousands' group;
while the figures in the hundreds’, tens’, and units’ places
taken together form the Units’ group. These groups are
usually separated by a comma. Thus,

One thousand, . . . 1,000. Three thousand, . . 3,000.
Ten thousand, . . . 10,000. Twenty thousand,. . 20,000.
A hundred thousand, 100,000. Five hundred thousand, 500,000.
Five hundred twenty-three thousand, ... 523,000.
Six hundred eight thousand, seven hundred twenty-eight, . 608,728.

20. Exercises.
Write in figures:
9. Four thousand.
10. Four thousand four hundred.
11. Four thousand forty.
12. Four thousand four.
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13. Eight thousand, four hundred twenty-two.
14. Three hundred fifty-six thousand, eight hundred ninety.

15. Sixty thousand, sixty-five.

16. Eighteen hundred seventy-eight.

Let the teacher dictate other numbers, to a million, for the pupil to
write.

21. The examples above given illustrate the principle
on which all numbers are written, and which is this:
Units of any order are expressed by writing a figure in

the place corresponding to that order.
If the units of any orders are wanting in the number,

the corresponding places are filled by zeros.
22. The general method of writing numbers on the
principle above stated is shown by the following

TABLE.
. 1@1? £3 a 14
?S § h "2 Names of the Units.
xSS XH WH SHX

N D
ﬁ 8 és$ é%% © ini nali « Places.
480,297,034,508, 672 Figures.

£ 5Sthgroup, 4thgroup, 3dgroup, 2dgroup, Ist group, ) QroUps
® Trillions. Billions. Millions. Thousands . Units. >

Note. For the names of higher numbers, see Appendix, page 300.

23. This table shows that the figures used to express a
number fall into groups of three figures each. The first
group expresses simple units, tens, and hundreds; the sec-
ond, units, tens, and hundreds of thousands; the third,
units, tens, and hundreds of millions ; and so on.
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These groups are called the units' group, the thousands'
group, the millions' group, etc.,, from the lowest order of
units which they express.

Note. The units themselves are grouped as the figures are. (Arts. 4
and 10.)

24. In writing large numbers it will be found con-
venient to think chiefly of the groups as above described.
Thus, let it be required to write the number Forty-nine
billion, three hundred seven million, seventy thousand, six
hundred forty-three. The groups are

49 billion, 307 million, 70 thousand, 643.
and the number itself is written

49,307,070,643.

25. Exercises.

I. Beginning with the units’ group, repeat the names of the
groups to trillions; repeat the names from trillions to units.

1. Write the groups of figures required to express the fol-
lowing numbers, with the names of the groups:

17. Forty-six thousand, five hundred twenty.
18. Four hundred six thousand, five hundred two.
19. One million, one thousand, one hundred ten.

26. Exercises.
I. Write in figures the following numbers:

20. Eighty-five million, five hundred three thousand, seven.

21. Nine hundred six million, two hundred eighteen thou-
sand, twenty-eight.

22. Three billion, thirty-seven million, nine hundred thou-
sand, two hundred.

23. Eighteen billion, four.

24. Forty million, seven hundred thousand.

25. Thirty-seven ftrillion, ninety-nine billion, nine million.
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Il. Write in figures as many of the numbers named on
page 62 as the teacher may indicate.

Reading Numbers.

27. Let it be required to read the number 53869214.
To prepare this expression for reading, we begin at the
right, and point off three figures for the units’ group, three
more for the thousands’ group, leaving two for the millions’

group, thus :
° 53,869,214.

Now beginning at the left, we name the number ex-
pressed by each group, adding the name of the group, thus:
Fifty-three million, eight hundred sixty-nine thousand, two hundred

fourteen [units]. s-

Note. The name of the units’ group is usually omitted in reading.

28. Exercises.

I. Read the following:

(26.)  361. (30.)  9000200. (34.) 3670980347.
(27) 3261 (31.) 86320029. (35.) 9008007006.
(28.) 9301 (32.) 81402020. (36.) 7676767676.
(29.) 654327. (33) 89743208.  (37.)  90002000.

Il. Read across the page as many of the numbers expressed
on page 60 as the teacher may indicate.

29. It is frequently convenient to separate a number
into parts, each part containing only the units of a single
order. Thus, the number 734 may be separated into 7 hun-
dreds, 3 tens, and 4 units. Such parts are called the terms
of a number.

Decimal Fractions.

30. As a hundred is made up of ten equal parts, each
of which is a ten, and as a ten is made up of ten equal
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parts, each of which is one, so we may consider one to be
made up of ten equal parts, each of which is a tenth; a
tenth to be made up of ten equal parts, each of which is
a hundredth; a hundredth to be made up of ten equal
parts, each of which is a thousandth; and so on.

Now a hundred is written 100; the tenth part of a hun-
dred (ten) is written 10, the figure 1 being moved one place to
the right; and the tenth part of ten (one) is written 1, the
figure 1 being moved one place further to the right; so, fol-
lowing the same plan, the tenth part of one (one tenth) is
written 0.1; the tenth part of a tenth (one hundredth) is
written 0.01; the tenth part of a hundredth (one thousandth)
is written 0.001; and so on.

Tenths, hundredths, thousandths, etc., are fractional units,
or fractions; and, as they form a decimal scale (Art. 7),
collections of such units are called decimal fractions.

31. The dot put at the right of the units’ place is called
the decimal point.

32. The relations of these fractional units to the higher
units are shown by the following table, which may be ex-
tended both ways as far as we please:

A thousand. ... 1000.
A hundred

A tenth

A hundredth
A thousandth.......... 0.001

33. We see then that decimal fractions may be written
on the principle stated in Art. 21. Thus, we write
Two tenths.......ccccce 0.2 Three thousandths........ 0.003

Five hundredths. . . 0.05 Thirty-two thousandths. . . . 0.032
Twenty-five hundredths 0.25 Three hundred sixteen thousandths 0.31(5
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34. The method of writing decimal fractions is shown
by the following table, which is merely an extension of the
table given in Art. 22.

TABLE.

054 &

Names of the Units. W®
P« En
Haces.
Figures. 0 0896 3432
Note. In writing decimal fractions it is well to fill the units’ place with

a zero when there is no other figure to be written there.

35. To read a decimal fraction, name the number ex-
pressed by the figures, and then add the name of the units
expressed by the right-hand figure.

Thus, 0.0739 is read “ seven hundred thirty-nine ten-

thousandths.r  See Appendix, p. 300.
When a whole number and a decimal fraction are
written together, read first the whole number and then the

fraction.
Thus, 56076.028 is read “ fifty-six thousand seventy-six,

and twenty-eight thousandths.”

36. Exercises.
I. Read the following:

(38) 0.7 (43) 0.072 (48.) 2548.
(39.) 0.03 . (44) 0.0806 (49.) 254.8

(40.) 0.25 (45) 5.05 (50.) 25.48
(41) 0.83 (46.) 4.056 (51)  2.548

(42.) 0.005 (47) 7.0056 (52)  0.02548
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Il. Write in figures the following numbers:

(53.) Seven tenths. (58.) 7 units and 5 thousandths.
(54.) Seven hundredths. (59.) 25 units and 49 ten-thou-
(55.) Seven thousandths. sandths.

(56.) Twenty-five hundredths. (60.) 306 hundred-thousandths.
(57.) Thirty-nine thousandths. (61.) 5047 hundred-thousandths.

Let the teacher dictate other numbers between units and millionths for

the pupil to write.

37. Questions for Review.

What is anumber? How are numbers reckoned? (Art. 4.) What
general name do you give to one, a ten, a hundred, a thousand, etc. ?
How do you distinguish the different units? What kind of a scale
do they form ? What system of numbers is in common use? Why
is it so called ?

What is the meaning of the word thirteen? eleven? twelve ? twenty ?
thirty-seven ? (Appendix, page 299.)

How many units make a thousand ? How many thousands make
a million ? How many millions make a billion ?

What is the use of figures? How are numbers higher than nine
written 2 On what principle are all numbers written ? (Art. 21.)
What is the use of zeros ?

How are the figures used to express a number grouped ? Name
the first five groups. How do you write large numbers? (Art. 24.)
Illustrate. How do you read a number ? (Art. 27.) Illustrate.
What are the terms of a number ? Name the terms of the number
6725.

What is the largest number that can be expressed by one figure? by
two figures ? by three figures ?

What is the least number of figures that will express units? thou-
sands? millions?

In 100, how many tens? how many units? In 15000, how many
hundreds? units? tens? In 18462, how many tens, and how many
units remain ? how many hundreds, and how many units remain ?

What is the effect of placing zeros at the right of an expression for
whole numbers? at the left ?
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SECTION 1.
ADDITION.

38. If you have 5 cents and 3 cents and 2 cents, and
count them together, how many cents do you find there are ?

Counting them together, you find there are 10 cents.

39. The process of counting numbers together is ad-
dition.

40. The result found by addition is the sum or amount
of the numbers added. Thus, the sum of 5and 3 and 2 is 10.

41. The addition of numbers is indicated by the sign +,
which is read plus.

The sign = indicates equality, and is read equals, or
is equal to. Thus, the expression 5+ 3 + 2 = 10 means
that the sum of 5 and 3 and 2 is 10, and is read “ live plus
three plus two equals ten.”

42. Oral Exercises.

I. Name the sums of the pairs of numbers expressed below
till you can give them rapidly at sight:

a b. C. d. e f. S h. i. j- k. 1.
4 4 6 4 5 3 2 3 4 7
2 3 3 4 2 6 3 4 6 2 3 2

w
»



a b.
2 9
8 7
7 8
7 2
3 2
2 6

ORAL EXERCISES.

8

1. Count to a hundred,

m. By twos, beginning with 2; with 1.
22. By threes, beginning with 2.

0. By fours, beginning with 3; with 2.

13

Pe By fives, beginning with 4; with 3; with 2; with 1.

By sixes, beginning with 5; with 4.

r. By sevens, beginning with 6.

s. By eights, beginning with 7 ; with 6.

t. By nines, beginning with 8.

I11. Add the numbers expressed in the following columns:

00 (2)
2 9
3 6
5 3
7 2
6 5
3 8
9 4
1 7

{3)
4

N HS»OOOOOMOODN

=)  ©Y
6 60
3 30
8 80
8 80
3 30
5 50
3 30
9 90

—~
N © 0 0o~ NW S
~

(7-)
600
300
600
800
400
500
300
700

<9
6000
3000
9000
8000
6000
5000
3000
9000

Begin at the bottom and add upward,/ naming only the
results. Thus, in the first column, say 1, 10, 13, 19, 26, 31,

34, 36; sum, 36.

Now, to see if you are right, begin at the



14 ADDITION.

top and add downward. Thus, 2, 5, 10, 17, 23, 26, 35, 36;
sum again, 36. Practise exercises of this kind till you can
add with great rapidity.
For further drill of this sort the teacher is referred to exercises on pages
59 and 61.
Examples for the Slate.

43. ll1lustrative Example |I. What is the sum of
413, 102, and 134?

WRITTEN WORK. Explanation. — To find the sum of large numbers
413 like these, we add the units, the tens, and the hun-
102 dreds separately ; hence, for convenience, we write
the numbers so that units of the same order may

134 be expressed in the same column. (Art. 6.)
sum, 649 Drawing a line beneath, and adding the units

(thus, 4, 6, 9), we find there are 9 units, which we
write under the line in the units’ place. Adding the tens (thus, 3, 4),
we find there are 4 tens, which we write under the line in the tens’
place. Adding the hundreds (thus, 1, 2, 6), we find there are 6
hundreds, which we write under the line in the hundreds’ place. The

sum is, then, 6 hundreds 4 tens and 9 units, or 649.

44. l1lustrative Example Il. What is the sum of
960, 748, 932, and 867 ?

written work. Explanation. — Writing the numbers as before,
960 and adding the units (thus, 7, 9, 17), we find there

748 are 17 units, which are equal to 1 ten and 7 units.

932 We write the 7 units in the units’ place, but keep

867 the 1 ten to add with the tens expressed in the next
column. Adding the tens (thus, 1, 7, 10, 14, 20),

sum, 3507 we find there are 20 tens, which are equal to 2

hundreds and no tens. We write 0 in the tens’
place, to show there are no tens in the sum, but keep the 2 hundreds
to add with the hundreds expressed in the next column. Adding the
hundreds (thus, 2, 10, 19, 26, 35), we find there are 35 hundreds,
which are equal to 3 thousands and 5 hundreds. We write 5 in the
hundreds’ and 3 in the thousands’ place. The sum is, then, 3 thou-

sands 5 hundreds 0 tens 7 units, or 3507.
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Keeping a number and adding it with the numbers
expressed in the next column is called carrying.

In working examples, use as few words as possible. Thus,
in the above example, say merely, “7, 9, 17;* 1, 7, 10, 14,
20; 2, 10, 19, 26, 35; sum, 3507.”

1. Add together 6234, 785, and 5861.
Add together 582, 2, 49, and 124.
How many are 2356, 8004, and 987 ?
Find the sum of 70639, 600, and 7000.
Add 76, 33, 92, 53, 305, 78, 8, and 19.
What is 213 +819 + 37 + 66 ?

o g WD

Addition of Decimals.

45. l1lustrative Example IlIl. What is the sum of
425.37, 433.126, 0.076, 442.09, 0.6, and 0.319 ?

WRITTEN WORK. Explanation. — Writing the numbers so that

units of the same order may be expressed in the

425.37 same column, we begin with the units of the low-

433.126 est order (in this case thousandths) to add, and

0.076  proceed in the manner already explained, briefly

442 .09 thus : thousandths, 9, 15, 21 ; write 1, carry 2 ;

0.6 hundredths, 2, 3, 12, 19, 21, 28; write 8, carry 2;

0.319 tenths, 2, 5, 11, 12, 15; write 5, carry 1; units,

1, 3, 6, 11; write 1, carry 1; tens, 1, 5, 8, 10 ;

Sum, 1301.581 write 0, carry 1; hundreds, 1, 5, 9, 13; write 13;
sum, 1301.581.

7. Add together 90.7, 43.68, 0.045, and 0.812.

8. Add together 0.005, 2.864, 0.9, and 0.25.

9. Add together forty-two thousandths, one hundred seven-
teen thousandths, thirteen and twenty-two hundredths, seven
and five hundredths.

* Do not stop to say “ write 7 and carry 1,” but do it.
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46. From the preceding examples \we may derive the

following
Rule for Addition.

1 Write, the numbers to be added so that units of the same
order may be expressed in the same column. Draw a line
beneath.

'2 Add the units of each order separately, beginning with
those of the lowest order.

0. Il hen the sum of the units of any order is less than
ten, write it under the line in its proper placey when ten or
more, write only the units of the sum, and carry the tens to
the numbers expressed in the next column.

4. Write the whole sum of the last addition.

Proof.

Repeat the work, adding downward instead of upward.

Adding two or more columns at once.

47. Accountants often add at once the numbers ex-
pressed in two, three, or more columns. The following-

example will illustrate the method:

WRITTEN WORK. Explanation. — Beginning with 29, add to it first
35 the 4 tens and then the 2 units of 42 ; then to the
72 sum the 8 tens and the 7 units of 87 ; and so on.
53 Naming the results merely, say 29, 69, 71; 151,
34 158; 188, 192; 242, 245; 315,317; 347, 352. Add-

ing downwards, say 35, 105, 107; 157, 160; 190,
87 194; 274, 281; 321, 323; 343, 352.

42 After practice it will be found unnecessary
29 to name all the results; and it is by omitting
sum, 352 to name them that great rapidity is acquired.

N ote. The examples on the opposite page embrace the chief varieties
in form of examples in Addition. After performing these, and before taking
the Applications on page 18, pupils will usually need additional practice in
similar work. Examples for such practice will be found on pages 59-63.
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48. Examples in Addition.

Add 5274, 206, 87, and 428. Ans. 5995.
Add 132, 3618, 7, and 53. Ans. 3810.
Find the sum of 8972, 980, 5607, and 89. Ans. 15648.
What is the sum of 34, 480(1,147, and 675 ? Ans. 5656.
How many are 346, 4682, 64, and 798 ? Ans. 5890.
/. What is the amount of 6079, 416, 346, and five thou-
sand one hundred sixty-four ? Ans. 12005.
g. Two thousand eight hundred twenty-one + nine hun-
dred nine + 376 + 43 equals what number? Ans. 4149.
h. Six thousand two hundred ten + eight thousand eight
+ 4743 + 259 = what number ? Ans. 19220.
i. Five thousand fifty plus 9782 plus seven thousand seven
hundred seventy plus 842 are how many ? Ans. 23444,
j. Six hundred two plus 7524 plus six thousand twenty
plus 78 plus 4 are how many ? Ans. 14228.
k. How many miles are 467 miles, 1349 miles, nine hun-
dred seven miles, and sixty-four miles ? Ans. 2787 miles.
I. How many dollars are 7419 dollars, 864 dollars, four
thousand twenty-five dollars, and ninety dollars ?
Ans. 12398 dollars.
m. Add the numbers expressed by figures in the ex-

a0 o

amples f, g, and h. Ans. 12262.
n. Add the numbers expressed by words in examples
/, g, and h. Ans. 23112.

Examples with Decimals.

0. What is the sum of 7.62, 14.2, 120.5, 9.08, 0.875, and
21257 Ans. 154.4.
p. Find the sum of twenty-three thousandths, five hun-
dredths, ninety-seven hundredths, seven and eight tenths,
fifteen and forty-one hundredth”, Ans. 24.253.

For drill exercises, see pages 59-"3,
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49. Applications.

10. A farmer raised 169 bushels of potatoes in one field,
262 bushels in another, 58 bushels in another, and 1827 in
another. How many bushels of potatoes did he raise in all ?

11. My cow Mabel gave 1388 pounds of milk in April,
1456 pounds in May, 1440 in June, 1317 in July, and 1175
in August. How many pounds did she give in all ?

12. 1 paid $2400 * for my farm, &155 for a horse, $26 for
a cart, $86 for a mowing-machine, $ 10 for a horse-rake, and
$ 108 for a yoke of oxen. What did | pay for all ?

13. A merchant buys 5 bales of cloth, the first containing
768 yards; the second, 754 yards; the third, 698 yards; the
foui'th, 702 yards; and the fifth, 1003 yards. How many
yards are there in all ?

14. A planter sold 6 bales of cotton, weighing as follows:
the first, 495 pounds; the second, 509 pounds; the third, 508
pounds; the fourth, 498 pounds; the fifth, 526 pounds; and
the sixth, 487 pounds. What was the whole weight ?

15. A merchant bought at one time 324 barrels of flour for
$2430; at another, 260 barrels for $2080; at another, 500
barrels for $3000; and at another, 107 barrels for $749.
How many barrels did he buy ? How much did he pay in all ?

16. A steamship sailed 203 miles on Monday, 243 miles on
Tuesday, 214 «miles on Wednesday, 226 miles on Thursday,
239 miles on Friday, 241 miles on Saturday, and 238 miles on
Sunday. How many miles did she sail in the week ?

17. In St. Joseph’s District, Michigan, there were at one
time 335530 peach-trees on 2953 acres of land, 57519 pear-
trees on 758 acres, 9786 plum-trees on 502 acres, 17654 cher-
ry-trees on 125 acres, 195995 apple-trees on 2958 acres, and
4988 quince-trees on 33 acres. How many acres of land were
occupied by these fruit-trees? How many fruit-trees were
there in all?

* $ is the sign for dollars.
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18. The distance from Boston to Albany is 202 miles;
from Albany to Buffalo, 297 miles; from Buffalo to Toledo,
296 miles; and from Toledo to Chicago, 243 miles. What is
the distance from Boston to Chicago ?

19. A man dying left by his will $42000 to his wife;
$14000 to his daughter; $3500 in cash, and other property
worth $13650, to his son; $750 to each of his two nieces;
and the remainder of his property, worth $2627, to his
brother. What was the value of the whole property ?

50. Examples with Decimals.

20. Add together 3.07, 0.096, 8.431, and 0.7.

21. What is the sum of $875.16, $538.12, and $400,875?

22. What is the sum of 0.08 of a mile, 0.39 of a mile, and
4.7 miles ?

23. A man paid $15 for a coat, $8.50 for a hat, $6.75
for a pair of hoots, and $3.45 for other articles. How much
did he pay in all ?

24. A surveyor measures four fields, and finds in the first
1.625 acres; in the second, 7.316 acres; in the third, 12.776
acres; and in the fourth, 17.306 acres. How many acres in
all?

25. How far does a man travel who walks 5.5 miles before
breakfast, 17.25 miles between breakfast and dinner, 12 miles
between dinner and supper, and 0.875 of a mile after supper ?

(26.) (27.) (28.) (29.) (30.) (31)
$75.46  $754.60 $2.40 $476.48 $47.84 $780.00
18.72 42.87 74.09 207.42 98.76 15.85
9.47 5.30 53.67 77.99 3.69 119.68
15.08 106.84 184.76 4.44 0.49 45.45
11.80 70.00 66.67 0.85 9.84 99.99
4.55 14.76 407.99 109.98 55.00 710.00
7.67 107.34 31.08 3.17 46.50 84.37

17.38 21.95 213.67 6.51 27.75 76.85
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SECTION 111.

SUBTRACTION.

51. If Charles has 9 apples and should give 4 of them
away, how many apples would he have left ?

To find how many he would have left, we take 4, a part
of 9, away, and, by counting or otherwise, find there are 5
left; thus we know that he would have 5 apples left.

52. The process of taking part of a number away to find
how many are left is subtraction.

53. The number, part of which is to be taken away, is
the minuend. n

54. The part of the minuend to be taken away is the
subtrahend.

55. The part of the minuend left after a part has been
taken away is the remainder.

Name the minuend in the example above : the subtrahend ; the
remainder.

56. The subtraction of numbers is indicated by the
sign -, which is read minus, or less.

Thus the expression 9 -4 =5 means 9 diminished by
4 equals 5, and is read “ nine minus four equals five,” or
“ nine less four equals five.”

57. Oral Exercises.

I. Give rapidly the remainders in the following examples:

a b. C. d. e f. s h. i.
3 3 5 7 6 13 11 12 14
1 2 3 4 2 4 7 6 5



a b. c
5 4 7
4 3 2
4 5 7
2 2 6
9 7 9
7 5 4
8 9 8
5 8 2
9 6 9
3 5 6
9 8 8
2 3 4

I1. Subtract (that is, count downward)

ORAL EXERCISES.

[«2)

e.

13
8

12
9

15
6

11
8

13
6

11
-5

By 2’s from 50,; from 49.

. By 3's from 50.

By 4’s from 50; from 49.

By 6's from 100 ; from 99.

f.
12
5

17
9

14
7

11
4

16
8

11
2

11

14

15

14

J
k
1
m. By 5’'s from 50; from 49; 48; 47 ; 46.
n
0

By 7's from 100.

pm By 8's from 100:; from 99.

g By 9's from 100.

I11. What is 80 - 30? 50 - 20?
700- 400? 1200- 300? 1600- 900? 1500 -,800?

90 - 507

21

h. i.
15 13
8 7
14 16
9 7
12 16
8 9
11 12
9 4
12 11
3 3
17 15
8 9
150 - 70

IV. From 100 subtract 25, 35, 85, 67, 39, 48, 73, 44, «

60, 51, 72, 13, 64, 57, 36, 53, 62, 46, 17,77, 24, 87, 75.
For additional oral drill, see pages 59-63,
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Examples for the Slate.

58. Illlustrative Example |. [If 147 trees are taken
from a nursery of 489 trees, how many trees will be left ?

Written work. Explanation. — To find how many will be left,
Minuend 489 we ta™e number 489 away. In subtract-
subtrahena, 147 |n; a !arge number like this we take’away the
____units, the tens, and the hundreds separately; hence,

Remainder, 342 for convenience, we write the minuend and the sub-

trahend as in the margin, so that units of the same
order shall be expressed in the same column. Drawing a line beneath,
and beginning with the units, we subtract thus : 7 units taken from 9
units leave 2 units, which we write under the line in the units’ place;
4 tens taken from s tens leave 4 tens, which we write under the line
in the tens place ; 1 hundred taken from 4 hundreds leaves 3 hun-
dreds, which we write under the line in the hundreds’ place ; and we
have for the whole remainder 3 hundreds 4 tens and 2 units, or 342.
Answer, 342 trees.

1. If a man having 375 oranges in a box should sell 234
of them, how many would be left ?

2. | had a farm of 493 acres, and sold a part containing
172 acres. How many acres had | left?

59. Illlustrative Example Il. If a minuend is 7592
and the subtrahend 3674, what is the remainder ?

WRITTEN WORK. Explanation. — We write these numbers and
(6) (15 (8)(12)  subtract as before. As we have but 2 units in the

min. 7 59 2 minuend, we cannot now take the 4 units away,
sun. 367 4 so we change one of the 9 tens (leaving 8 tens) to
Remi. 3918 units. This 1 ten equals 10 units. We add the
10 units to the 2 units, making 12 units. Sub-

tracting 4 units from the 12 units, we find 8 units left, which we
write as part of the remainder. Subtracting 7 tens from the 8 tens
we now have, we find 1 ten left, which we write. As we have but 5
hundreds in the minuend, we cannot now take 6 hundreds away, so
we change one of the 7 thousands (leaving 6 thousands) to hundreds,
and add the 10 hundreds thus obtained to the 5 hundreds, making 15



EXAMPLES. 23

hundreds. Subtracting 6 hundreds from 15 hundreds, we find 9
hundreds left, which we write. Subtracting 3 thousands from the 6
thousands we now have, we find 3 thousands left, which we write;
and we have for the whole remainder, 3 thousands 9 hundreds 1 ten
and 8 units, or 3918.

This explanation maybe given briefly thus: 4 from 12 leaves 8,
7 from 8 leaves 1, 6 from 15 leaves 9, 3 from 6 leaves 3 ; remainder,
3918. In actual work, however, all explanation should be omitted.
Do not stop to say “ 4 from 12 leaves 8,” etc., but do the work, naming
only results as you write them, thus : “ 8, 1, 9, 3; remainder, 3918.”

In this way you will learn to work rapidly.

What are the remainders in the following examples ?

(3) 4) (5) (6.)
849 321 8642 3089
278 219 370 2435

7. If 1 had $685 in a bank and withdrew $328, how
many dollars remained ?
8. How old was a person in 1876 who was born in 1798 ?

60. Il1lustrative Example Ill. If a farm is bought for
$ 965 and sold for $ 2000, liow much is gained ?

WRITTEN WORK. Explanation. — To find how much is gained,
@ © (9)(10) we take away a part of $ 2000 equal to $ 965.
$2 000 As we have no units, no tens, and no hun-

965 dreds in the minuend, we change one of the

ans. $1 0 3 5 thousands (leaving 1 thousand) to 10 hundreds ;
then change one of the 10 hundreds (leaving 9

hundreds) to 10 tens ; and one of the 10 tens (leaving 9 tens) to 10
units. 2000 is thus changed to 1 thousand 9 hundreds 9 tens and 10
units, from which taking 9 hundreds 6 tens and 5 units, we have for

the remainder 1035. Ans. $ 1035.

9. From 2000 years take 1028 years.
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10. From «3000 oxen take 229 oxen.
11. How many more birds are there in a flock of 960 birds
than in one of 487 birds ?

Subtraction of Decimals.

61. lnlustrative Example Y. What is the difference
between 20.69 and 8.745 ?

WRITTEN WORK. Explanation. — Writing these numbers so that
20.69 units of the same order shall be expressed in the
8.745 same column, and beginning with the units of the

lowest order (in this case thousandths) to subtract,

11.945

we have for the remainder 11.945.

12. Take 20.5 from 199.

13. From 127.68 take $15.96.

14. Find the difference between one thousand and one
thousandth.

62. From the examples above explained we may derive
the following

Rule for Subtraction.

1. Write the minuend and underneath write the subtra-
hend, so that units of the same order may he expressed in the
same column. Draw a line beneath.

2. Begin with the units of the lowest order to subtract, and
proceed to the highest, writing each remainder under the line
in its proper place.

3. If any term of the minuend is less than the correspond-
ing term of the subtrahend, add ten to it and then subtract;
but consider that the next term of the minuend has been
diminished by one.

Proof.

Add the remainder to the subtrahend,: the sum ought to

equal the minuend,,
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63. Examples in Subtraction.

a. From 7282 subtract 4815. Am. 2467.
b. Take 3084 from 6231. Am. 3147.
¢. How many are 64037 less 5908 ? Ans. 58129.
d. Subtract 807605 from 1740932. Ans. 933327.
e. What number taken from 71287 will leave 40089 ?

Am. 31198.
/. How many more than 94736 is 104083 ? Am. 9347.
g. Find the difference between 86045 and 708406.

Am. 622361.
h. 2684753 - 764287= how many ? Am. 1920466.

i. From four hundred twenty thousand six hundred
eighty-three, take two hundred fifty-nine thousand seventy-

five. Ans. 161608.
j. Take eight hundred ten thousand twenty-three from
one million sixty thousand forty-one. Ans. 250018.

k. 1001001 minus 909199 equals what ? Ans. 91802.
. Subtract the sum of the numbers in example ¢ from
the sum of the numbers in example d. Am. 2478592.
m. Find the difference between the amount of the num-
bers in example a and the amount of the numbers in

example b. Ans. 2782.
Examples with Decimals.

n. From $17.60 take $5.25. Am. $12.35.

From 426.17 take 11.723. Ans. 414.447.

p. Subtract three hundred sixty-four thousandths from

one. Ans. 0.636.
g. What must be added to 0.0476 to make 1?

Am. 0.9524.

Note. The examples on this page embrace the chief varieties in form of
examples in Subtraction. After performing these, and before taking the
Applications on page 26, pupils will usually need additional practice in
similar work. Examples for such practice will be found on pages 59 - 63.
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64. Applications.

15. A farmer who raised 948 bushels of corn sold all but 198
bushels. How much did he sell ?

16. The year's earnings of a family were $1172. If their
expenses were $875, what was saved?

17. A and B together own 5740 acres of land. If B owns
2964 acres, how much does A own ?

18. Mount Washington is 6234 feet high, which is 2286 feet
higher than Vesuvius. How high is Vesuvius?

19. The several items of an account amount to $9867.62;
of this amount $ 7985.75 has been paid. Find the balance.

20. Franklin was born in 1706, and died in 1790. What
was his age at the time of his death ?

21. The difference between A’'s and B’s estates is $1463;
B’s, which is the greater, is worth $7638. What is A’sworth ?

22. In one week a grain elevator received 984560 bushels
of grain; of this 769386 bushels were delivered. How much
remained in the elevator ?

23. The sailing distance from New York to Queenstown is
2890 miles. If a Cunard steamer has run 1368 miles on her
course from New York, how far has she still to run?

The population of the city of New York was 60489 in
the year 1800; 96373 in 1810; 123706 in 1820; 202589 in
1830 ; 312710 in 1840; 515547 in 1850; 813669 in 1860;
and 942292 in 1870. What was the increase in population

24. From 1800 to 18107 28. From 1840 to 1850 ?
25. From 1810 to 1820 ? 29. From 1850 to 1860 ?
26. From 1820 to 1830 °? 30. From 1860 to 1870 ?
27. From 1830 to 1840 ? 31. From 1800 to 1870 ?

32. The population of London in 1871 was 3266987. How
many times may you subtract from this a population equal
to that of New York in 1870?

33. The equatorial diameter of the earth is 41847194 feet,
and the polar diameter 41707308 feet. What is the difference ?
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65. Examples with Decimals.

34. A person having 205.6 acres of land, sold 10.75 acres.
How many acres had he left ?

35. What is the difference between 0.7 and 0.385 ?

36. How many thousandths must you add to 0.485 to make
1.2

(37.) 86.67-9.8 =2 (40.) 641.34-56.345 = ?
(38.) 7561.2-9.6456 = ? (41) 101.1-90.014 =?
(39.) 961.62-54.645 =? (42)) 970.2-86.37 =7

66. Miscellaneous Examples.

43. James Fry has in his possession $172; he owes $28
to A $36 to B, and $19 to C. After paying his debts, what
will remain ?

44. In a certain mill 2415 persons were employed, of whom
581 were natives, 1119 were foreigners, and the rest unknown.
How many were unknown ?

45. 1 have $462 in the savings-bank, and $2180 in gov-
ernment bonds. How much more must | have that I may
purchase a house worth $47007?

46. A man gave to his son $3575, to his daughter $4680,
and to his nephew $ 2495 less than to his daughter. His
whole property was worth $30500 ; what sum remained ?

47. Two persons who are 250 miles apart, travel towards
each other, one 36 miles, the other 52 miles a day. How far
apart will they be at the end of one day ?

48. If the same persons travel away from each other, how
far apart will they be at the end of one day ?

49. From 9460 subtract 5466; from the result subtract
1284; to this add 3989, and from this subtract 5987.

50. A man bought a lot of land for $ 1296, and built upon
it a house costing $7364. If he sold the property for $10000,
how much did he make ?
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SECTION 1Y.

MULTIPLICATION.

67. Unite three 7's into one number.

7 This may be done by adding them together thus : 7, 14, 21.
7 By this process we find that three 7's are 21. In the same way
j we can find that seven 6's are 42, eight 9's are 72, eight 7's
— are 56, and in fact all the results which we commit to memory
21 when we learn the Multiplication Table.
68. The process of uniting two or more equal numbers
into one number is multiplication.

69. One of the equal numbers to be united is the
multiplicand.

70. The number that tells how many equal numbers are
to be united is the multiplier.

71. The result obtained by multiplication is the product.

72. The multiplicand and multiplier are called factors
{makers) of the product.

In the example “ three 7's are 21,” which is the multiplicand ? the
multiplier? the product? Name two factors of 21.

73. The multiplication of numbers is indicated by the
sign x. Thus, the expression 50 x 4 = 200 means that,
four 50’s are 200 ; and is read “ 50 multiplied by 4 equals
200.~

74. Oral Exercises.

Turn to page 58, and multiply the numbers expressed

a. In column h by 3. e. In column q by 7.
b. In column j by 4. /. In column r by 8.
c. In column k by 5. g. In column v by 9.
d. In column o by 6. h. In column v by 12.
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75. Compare the product of five 4’s with that of four
5's: are they equal or unequal ? Compare the products
3x4x6, 4x3x6, and 6x4x3; are they equal or un-
equal ? From examples like these we learn this general
principle :

The product of two or more factors is the same, whatever
the order in which the factors are taken.

To multiply mentally Numbers greater than 10.

[At the option of the Teacher.]

76. lllustrative Example. At $34 each, what will
4 cows cost ?

Solution. — At $34 each, 4 cows will cost 4 times $34. Four 30’s
are 120, and four 4’s are 16, which, added to 120, make 136. Ans. $ 136.

1 If 9 men can build a wall in 25 days, how long would it
take 1 man to do it ?

j- How many gallons of water in 5 hogsheads of 67 gallons
each ?

k. At $8 a month, what is the amount of a soldier's pen-
sion for 1 year ? for 9 years ?

2 How many are three 27's? four 16's? eight times 84 ?

For additional practice, multiply each number expressed in A, page 58,
by such numbers from 1 to 12 as the teacher may select.
See also oral exercises in multiplication, pages 59 and 63.

Examples for the Slate.

77. l1lustrative Example |I. If a steamship goes 258
miles each day, how far does she go in 6 days ?

Explanation. — If the steamship goes 258 miles
WRITTEN WORK.

each day, in 6 days she will go 6 times 258 miles.

multipticand, 258 ¢ pave then to multiply 258 by 6. Writing the

Multiplier, 6 multiplicand and the multiplier as in the margin,
Product 1548 we multiply the units, tens, and hundreds sepa-
' rately, beginning with the units.
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Six 8's are 48. The 48 units are equal to 4 tens and 8 units. We
write 8 under the line in the units’ place, and carry 4 tens to the
product of tens.

Six 5's are 30. The 30 tens with the 4 tens carried are 34 tens, or
3 hundreds and 4 tens. We write 4 under the line in the tens’ place,
and carry 3 hundreds to the product of hundreds.

Six 2's are 12. The 12 hundreds with the 3 hundreds carried are
15 hundreds, or 1 thousand and 5 hundreds. We write, under the
line, 5 in the hundreds’ place and 1 in the thousands’ place. The
entire product is 1548. Ans. 1548 miles.

For the sake of rapid working, use as few words as possible.
Thus, in the example above say “ forty-eight; thirty, thirty-
four; twelve, fifteen” : while saying “ forty-eight,” write 8;
while saying “ thirty-four,” write 4; and while saying “ fifteen,”
write 5 and 1.

1. How many pounds of flour are there in 5 barrels, each
containing 196 pounds ?

2. How many pounds of cheese are there in 6 cheeses of 172
pounds each ?

3. If aperson earns $313 every year for 7 years, how many
dollars does he earn ?

4. What will 9 pianos cost at $475 each ?

5. From Chicago to Peoria is 160 miles; how far does a
man travel who goes from Chicago to Peoria and back 8 times ?

6. If a person by working 11 hours a day can do a piece of
work in 37 days, how many days will it take him if he works
1 hour a day ?

7. There are 5280 feet in a mile. How many feet long is a
telegraph-wire that connects Boston with Reading, 12 miles
distant ?

78. Ill1lustrative Example Il. If 1 barrel of flour costs
$ 8, what will 427 barrels cost ?
Solution. — 1f 1 barrel of flour costs $ 8, 427 barrels will cost 427

times $8. But 427 times $8 is the same as 8 times $427 (Art. 75),
which is $3416. Anc. 8 3416.
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8. What will 732 quarts of milk cost at 7 cents a quart ?

9. What must | pay for 324 sheep at $9 apiece ?

10. When coal is $6 a ton, what must | pay for 476 tons?

11. At 4 cents a mile, what must | pay for riding 1289
miles ?

12. If 294 persons gave $8 apiece for a charitable object,
how much did all give ?

13. What must | pay for 626 car-fares at 5 cents apiece,
and for 87 car-fares at 9 cents apiece ?

14. Multiply 267 by 2; by 3; by 4; and add the products.

15. Multiply 628 by 5; by 6; by 7; and add the products.

16. Multiply 3401 by 8; by 9; and add the products.

17. Multiply 90021 by 10; by 11; and add the products.

18. Multiply 66285 by 12 ; by 8; and add the products.

19. Multiply 89079 by 7; by 12 ; and add the products.

For additional examples in multiplication by one term only, see pages 59
and 63.

79. lillustrative E xample In1. Multlply 12 by 10,
12 by 100 ; 12 by 1000.

WRITTEN WORK. Explanation.— 10 twelves equal 12
12 12 12 tens (Art. 75), or 120 ; 100 twelves
10 100 1000 equal 12 hundreds, or 1200 ; and 1000

twelves equal 12 thousands, or 12000.
120 1200 12000

In multiplying by 10, 100,
1000, etc., the written work may be omitted, and the
product immediately found by annexing to the multiplicand
as many zeros as there are in the multiplier.

20. What will 10 bushels of potatoes cost at 65 cents a
bushel ?

21. At $100 a share, what will 100 shares in a whip com-
pany cost ?

22. Multiply $75 by 10; by 100 ; and add the products.
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23. Multiply 5872 by 10 ; by 1000; and add the products.

24. Multiply 684 by 10; by 100; by 10000; by 1000; and
add the products.

25. Multiply 3682 by 10000; by 10; by 1000 ; by 100;
and add the products.

80. lilustrative Exampte IV. Multiply 4520 by 300.
written work. Explanation. — Here 4520 equals 452 x 10, and
4590 300 equals 3 x 100 ; hence 4520 x 300 is the same

as 452 x 10 x 3 x 100, or, since the order of the fac-

tors may be changed (Art. 75), the same as 452 x 3
1356000 x1Ox 100. W e shall, therefore, find the product if
we multiply 452 by 3 and annex three zeros (Art. 79).

When the multiplicand and multiplier, or either of
them, have zeros at the right hand, the zeros may be dis-
regarded in multiplying, but there must be annexed to the
product as many zeros as were disregarded.

26. | have 600 acres in my farm. What is it worth at
$250 an acre ?

27. How many strawberry plants are there in 400 rows, if
there are 280 plants in each row ?

28. What is the product of 1870 x 90? Of 1870 by 900 ?
Of 1870 by 9000 ?

29. If 268000 is the multiplicand and 80 the multiplier,
what is the product ?

30. Multiply 596 by 3 and by 40,and add the products.

31. Multiply 984 by 8 and by 60,and add the products.

32. Multiply 647 by 9 and by 20,and add the products.

33. Multiply 379 by 5 and by 80,and add the products.

34. Multiply 4837 by 2, by 30, and by 500, and add the
products.

35. Multiply 2802 by 8, by 70, and by 900, and add the
products.
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81. Illlustrative Example V. Multiply 625 by 39.

written work. Explanation.— We shall find the
625 product of 625 x 39 if we multiply 625
39 by 9 and then by 30, and add the re-
sults. We first find the product by 9,

5625 = product by 9. P 4

which is 5625, and write it under the
line. The product of 625 x 30 is the
product by 30. same as 625 x3 x 10. To find this we

multiply 625 by 3, obtaining 1875, but

1875

product by 30.
24375

instead of annexing a zero (Art. 79), we write the result as 1875 tens.
We then add the partial products.

iioTE. Compare this process with that of Examples 30 to 33, in the
last Article.

36. How many are 34 x 25 ?

37. Multiply 49 by 98 ; then multiply 98 by 49. Are these
products equal ? Why ?

38. What is the product of 2842 multiplied by 28 ?

39. Multiply 3684 by 36 and by 64, and add the products.

40. Multiply 625 by 339; by 705; by 7005.

WRITTEN WORK. WRITTEN WDORK.
625 625
339 705
5625 = product by 9. 3125 —product by 5.
1875 = product by 30. 4375 = product by 700.
1875 = product by 300. 440625 = product by 705.
211875 = product by 339.
The explanation of this work is left for the pupil. (See Art. 81.)

41. How many are 743 x 657 ?

42. Multiply 237 by 195; 195 by 237.
43. Multiply 4387 by 235; 235 by 4387.
44. Multiply 7608 by 504; 504 by 7608.
45. Multiply 760500 by 307000.

46. Multiply 907200 by 420900.
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Multiplication of Decimals.

82. lllustrative Exampte YI. MUltlply 108.67 by48

Explanation. — 10867 hundredths mul-
tiplied by 8 is 86936 hundredths. 10867
hundredths x 40 is the same as 10867
48 hundredths x 4 x 10. Now 10867 hun-
dredths x 4 is 43468 hundredths; to ex-

WRITTEN WORK.

108.67

86936
43468

prod, by 8.
prod, by 40.

press this product multiplied by 10 we

write the figures one place to the left.

5216.16 = prod, by 48. Adding the partial products we have

521616 hundredths (5216.16) for the en-
tire product. Here, as in the preceding examples, we see that the
product is of the same order of units as the multiplicand.

47. Multiply 8.648 by 5; 432.5 by 21.
48. Multiply 7.0909 by 6; 0.0005 by 18.
49. Multiply 0.625 and 0.375 each by 24, and add the results,

83. From the preceding examples may be derived the

following
Rule for Multiplication.

1. Write the multiplicand and underneath write the mul-
tiplier. Draw a line beneath.

2. I f the multiplier consists of one term only, multiply
each term of the multiplicand by the multiplier, beginning
with the term of the lowest order, and carrying as in addition.

3. | f the multiplier consists of more than one term, multi-
ply by each term of the multiplier separately, writing the
partial products so that units of the same order shall be
expressed in the same column.

4. Add the partial products thus obtained, and the result
will be the entire product.

Proof.

Multiply the multiplier by the multiplicand : the two prod-

ucts ought to be equal.

For contractions in multiplication, see Appendix, page 300.
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84. Examples in Multiplication.

a. Multiply 4687 by 8. Ans. 37496.
b. Find the product of 50875 by 7. Ans. 356125.
¢c. Multiply 5872 by 10, also by 1000, and add the
products. Ans. 5930720.
d. Multiply 8756 by 300; by 500; by 7000; and add
the results. Ans. 68296800.

e. What is the product of 39700 by 9000 ?
Ans. 357300000.

/. 37406 x 43 = what number? Ans. 1608458.
g. For multiplicand take 46059, for multiplier 76, and
find the product. Ans. 3500484.

h. How many are 309 times 46057 ? Ans. 14231613.

i. Multiply thirty-seven thousand twenty-eight by 508.

Ans. 18810224.

j. The multiplier being 987, the multiplicand six thou-
sand four hundred sixteen, required the product.

Ans. 6332592.

k. What is the product of 908060 by five thousand four

hundred ? Ans. 4903524000.
I. One factor being 718151, the other seven hundred,
what is the product ? Ans. 502705700.
m. At 147 dollars per acre, how much will 385 acres of
land cost ? Ans. $ 56595.
n. There are 24 hours in a day. How many hours in
476 days? Ans. 11424,

Examples with Decimals.

0. Multiply 40.27 by 87. Ans. 3503.49.
p. Multiply thirty-one thousandths by 25. Ans. 0.775.
Note. The examples on this page embrace the chief varieties in form

of examples in Multiplication. Examples for additional practice will be

found on pages 59-63.
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85. Applications.

50. At $45 a month for labor, what will a man earn in a
year? In 5 years?

51. If aman saves $17 a month, what will he save in 25
years ?

52. If a sewing-machine can set 690 stitches in a minute,
how many stitches can it set in 60 minutes or an hour? In a
day of 12 hours? In 6 working days or a week? In 52
weeks or a year ?

53. The first House of Representatives of the United States
consisted of 65 members; if each member represented 30000
inhabitants, how many inhabitants were represented ?

54. In a certain mill, material for 65000 dresses is made in
a week. Allowing 18 yards for a dress, how many yards are
made in aweek? In ayear?

55. The cotton crop in Texas in one year was 450000 bales.
Allowing 400 pounds to a bale, how many pounds were raised ?

56. In a day there are 24 hours, in an hour 60 minutes, in
a minute 60 seconds. How many seconds in a day ? *

57. Light, according to Foucault, travels at the rate of
185172 miles in a second. If it passes from the sun to the
earth in 8 minutes 13 seconds (or 493 seconds), what is the
distance from the sun to the earth?

86. Examples with Decimals.

58. It took Mary 3.25 hours to learn a piece of music, and
Olive 5 times as long. How many hours was Olive in learn-
ing it?

59. Mr. Green has 5.175 acres of land and buys 7 times as
much of his neighbor. How many acres does he buy of his
neighbor ?

60. What will 38 barrels of flour cost at $11.75 a barrel ?

61. Mr. Gage sold 175 tons of refined bar-iron at $45.50
a ton. What did he receive for it ?

62. Multiply 5.4328 by 62.
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87. Miscellaneous Examples.

63. | have four bins, containing severally 63 bushels, 54
bushels, 37 bushels, and 29 bushels. If there are 60 pounds of
corn in a bushel, how many pounds of corn will they all hold ?

64. What is the height of an iceberg which is 375 feet above
the surface of the water and 7 times as many feet below ?

65. Myron walks 847 steps of 2 feet each in going to school.
How many more steps must he take to walk a mile, or 5280 feet ?

66. What do | save a year, my income being $ 1600 a year,
and my expenses $ 24 a week, 52 weeks making the year ?

67. Mr. Fiske receives a salary of $1500 a }rear, pays $130
for clothing, $275 for other expenses, also $6 a week for his
board. How much money has he left at the end of the year ?

68. If 768 be one factor, and 861 - 237 the other factor, what
is the product ?

69. Smith & Co. consume 74 tons of coal in'a year. How
much more did they pay for their coal iii 1864, when coal was
$ 14 a ton, than in 1877, when it was $7 a ton ?

70. If in one yard of cloth there are 580 fibres of warp and
432 of filling, and each fibre of warp contains 32 strands, and
each of filling 48, how many strands are there in the yard ?

71. One house is valued at $6750, and another at three
times as much. How much will pay for both houses?

72. Mr. Gould had $ 2500 with which he bought 17 acres of
land at $42 an acre, a house for $1500, 2 cows at $45 apiece,
and a horse for $75. How much mon”y had he left ?

73. Mr. Bodwell paid for labor and use of oxen on his land,
the following sums: $135, $128, and $90; he also paid $ 64
for fertilizers and $ 10 for seed, and raised on the land 23 tons
of hay which he sold at $25 a ton. What was his gain above
his expenses ?

74. Add 284, 1752, 45, and 846; subtract 2731 from the
sum; multiply the remainder by 208; and find the difference
between the product and 40801.
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SECTION Y.

DIVISION.

88. Mr. Eice has 24 bushels of sand to bring from the
beach. If he brings 8 bushels at each load, how many
loads must he bring ?

He must bring as many loads as there are 8's in 24. We have
already seen by multiplication that three 8's are 24, so we know that

he must bring 3 loads.

If a cheese weighing 54 pounds be divided equall)7among
6 persons, how many pounds will each receive ?

Each person will receive one of the 6 equal parts into which the 54
pounds is to be divided. We have seen by multiplication that 6 nines
are 54 ; hence one of the 6 equal parts of 54 is 9, and each person
will receive 9 pounds.

It will be noticed in the first example that we find how many equal
numbers, one of which is given, there are in another number (that is,
how many times one number is contained in another); and in the

second that we find one of the equal parts of a number.

89. The process of finding how many times one number
is contained in another or of finding one of the equal parts
of a number is division.

90. The number to be divided is the dividend.
91. The number by which we divide is the divisor.
92. The result obtained by division is the quotient.

Note |I. When the divisor is one of the given equal numbers, the quo-
tient will tell how many such numbers there are in the dividend.
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Note Il. When the divisor tells how many equal parts the dividend is
to be separated into, the quotient will tell how great one of those equal
parts is.

Note Ill. By comparing the first process with multiplication (Arts.
69 - 72), we see that the product and multiplicand are given, and the mul-
tiplier is to he found. By comparing the second process with multiplica-
tion, we see that the product and multiplier are given, and the multipli-

cand is to be found.
In either case the product and one of the factors are given, and the other

factor is required.

93. If Mr. Rice has 31 bushels of sand to bring from
the beach, and can bring but 8 bushels at a load, bow
many full loads can be bring and bow many bushels will
then remain ?

The part of the dividend left after the equal numbers
have been taken away is the remainder.

In the example above, which is the dividend ? the divisor ? What is the
remainder ?

94. The division of numbers is indicated by the sign hr.
Thus, the expression 24 8 = 3 means that the quotient
obtained by dividing 24 by 8 is 3, and is read “ 24 divided
by 8 equals 3.” The sign :is also used for division. Thus,
24 :8 = 3.

Sometimes the dividend is expressed above a line and
the divisor below, in place of the dots. Thus, ¢ = 3. This
expression is called the fractional form, of indicating divis-
ion, and is read “ 24 divided by 8 equals 3,” or “1 eighth
of 24 equals 3.”

95. When a thing or a number is divided into 2 equal
parts, the parts are called halves; when divided into 3 equal
parts, the parts are called thirds; when into 4 equal parts,
the parts are called fourths; and so on.

What is one of the parts called when a number is divided
into 5 equal parts? 6? 7? 8?7 10? 20? 100? 1000 ?
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1«.

11.

16
25
39
58
62
76
90
99
110
124
134

96.

;
15
29
46
49
71
79
88

104

118

130

142

97.

Table for Oral Practice in Division.

2
21
35
38
55
70
7
91

100

6
14
33
42
51
66
81
87
98

DIVISION.

3
20
28
37
54
61
78
89
97

111 109 117
123 125 129
135 140 133

8
13
31
43
59
64
80
94

102
112
121
139

5
22
26
47
52
69
75
85

106
115
128
136

7
17
34
40
57
63
73
93

101

114

122

143

11
23
27
45
50
68
82
86

107

119

131

137

9
18
30
41
53
65
74
95

103
113
126
141

Oral Exercises upon the Table.

10
19
32
44
56
67
83
92

105

116

127

138

12
24
36
48
60
72
84
9%

108

120

132

144

Beginning at the left of the table above, divide by 2 each
number expressed in the first two lines, naming quotients
and remainders at sight.
be divided are 4, 7, 2, 6, 3, 8, 5, etc.
given as follows: “2; 3 and 1 over; 1; 3; 1 and 1 over;
4,” etc.

Divide in the same manner the numbers expressed in either*

Of the first 3 lines by 3.
Of the first 4 lines by 4.
Of the first 5 lines by 5.
Of the first 6 lines by 6.
Of the first 7 lines by 7.

a.

b
c.
d.
e

/.

g
h.
i

j-

In the first line the numbers to

The results will be

Of lines 2 to 8 by 8.

. Of lines 2 to 9 by 9.

Of lines 2 to 10 by 10.
Of lines 2 to 11 by 11.
Of lines 2 to 12 by 12.

For other oral exercises in division, see pages 61 and 63.

* As the teacher may indicate.
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SHORT DIVISION.
Examples for the Slate.

98. Illustrative Example |I. At $5 a day for work,
how many days’ work can be had for $4730 ?

WRITTEN WORK. Explanation. — As many days’ work can
@ be had for $ 4730 as there are 5's in 4730.
pivisor, 5) 4 7 3 0 pividend. For convenience, we write the dividend

and divisor as in thé margin, and divide
9 46 Quotient. L.
the terms of the dividend separately, as
Ans. 946 days’ work. far as possible, beginning with the highest.
If we divide the four thousands by 5,
we shall have no thousands in the quotient, so we first divide 47
hundreds by 5.

5's in 47 (hundreds), 9 (hundred), and 2 hundreds remain. We
write the 9 hundred under the line in the hundreds’ place, and
change the 2 hundreds remaining to 20 tens, which, with the other
3 tens of the dividend, make 23 tens.

5's in 23 (tens), 4 (tens), and 3 tens remain. We write the 4 tens
under the line in the tens’ place, and change the 3 tens remaining to
30 units.

5's in 30 (units), 6 (units), which we write under the line in the
units’ place, and have 946 for the entire quotient. Ans. 946 days’

work.

In dividing, the pupil may simply say, “ 5’'s in 47, 9 and
2 over; in 23, 4 and 3 over; in 30, 6.” Or, abbreviating
still more, “5'sin 47, 9; in 23, 4; in 30, 6.”

1. How many cords of wood at $6 a cord can be bought for

$522 ? for $3804 ? 1st Ans. 87 cords.
2. How many hours will it take to ride 3216 miles at 8
miles an hour ? at 12 miles ? 1st Ans. 402 hours.

3. At 7 cents an hour for work, how many hours must |
work to earn 2835 cents ?

4. How many packages of tea, 9 pounds in a package, can
be made from 8847 pounds ?
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99. 1i1rustrative Exampie |II. How many barrels of

flour at $ 8 a barrel can | buy for $ 2597 ?
WRITTEN WORK. Explanation. — Here, after dividing, we have
a remainder of 8 5: hence, 324 barrels can be
8) 2597- 5 Rem. i )
bought and $5 remain unexpended, which
324 may be expressed as in the margin.

A ns. 324 barrels; $5 remain.
The work may be proved by finding the product of the quo-

tient and divisor (Art. 92, Note I11.) and adding the remain-
der. Thus, 324 x 8 + 5=2597.

5. How many weeks are there in 585 days? in 730 days ?
1st Ans. 83 weeks; 4 days remain.

6. How many 8 quart cans can be filled with 1865 quarts of
milk ? with 2587 quarts ? 1st Ans. 233 cans; 1 quart remains.

7. How many years of 12 months each are there in 200
months ?

8. There are in an orchard 1608 trees, 12 in a row. How
many rows of trees are there ?

9. At 11 cents a yard, how many yards of cloth can | buy
for 5972 cents ?

10. At 9 cents apiece, how many oranges can be bought for
29415 cents ?

100. 111ustrative Exampite III. If 8 men buy 9675
acres of land which they are to divide equally among them-
selves, what is each man’s share ?

WRITTEN WORK. Explanation.— Each one will have 1 eighth of
8) 9675 acres. 9675 acrt?s. We divide, brlefly-, thus :
One eighth of 9 thousand is 1 thousand, and
ans. 12091 acres. 1 thousand (equal to 10 hundreds) remains. One
eighth of 16 hundreds is 2 hundreds ; of 7 tens,
0 tens and 7 tens (equal to 70 units) remain. One eighth of 75 units
is 9 units, with a remainder of 3 units yet to be divided.
If 1 eighth of each of the 3 acres is taken, we shall have 3 eighths of
an acre. This we express as in the margin, and have 1209% acres for
the entire quotient.
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11. What is the price of 1 hat if 6 hats cost 375 cents ? if

12 cost 2700 cents ? 1st Ans. 628 cents.
12. How far must a man travel each day to go 1761 miles
in 4 days ? in 9 days ? 1st Ans. 440£ miles.

13. Mr. Stewart promises to sell me 5 rods of land for
$1578. What is his price per rod ?

14. At $8 a thousand, how many thousands of bricks can
be bought-for $ 3287 ?

15. A man left by his will $45267 to be divided equally
among his 6 children. What should each child receive ?

16. Eight times a certain number equals 324787. What is
that number ?

17. How many 9's are there in 10000 ?

18. To what number is 36 7 equal ?

19. To what number is 1403 equal ?

20. How many are 10101019 —7 ?

21. How many are 98306572 - 5?

22. Divide 864024 by 7. 24. Divide 369801 by 9.

23. Divide 164408 by 8. 25. Divide 120087 by 11.

101. Division of Decimals.

I1lustrative -Example IV. What is 1 twelfth of
109.92?

Explanation. — Briefly thus : 1 twelfth of 109 is

written work, anci j remains; of 19 tenths is 1 tenth, and 7 tenths
12) 109.92 remain; of 72 hundredths is 6 hundredths. Ans. 9.16.
g In the example above it will be seen that we have

hundredths in the quotient as there are hundredths
in the dividend. In dividing a decimal by a whole number, the quotient
is of the same denomination as the dividend.
In dividing a decimal by a whole number, fix the decimal point in
the quotient as soon as you reach the decimal point in the dividend.

26. What is 1 fifth of 86.4055? (28.) $234.54-9 =2
27. What is 1 eighth of 94076.82  (29.) $907.34- 7="2
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102. To Divide, carrying the Division to Decimals.

I 1lustrative Example Y. Find 1 eighth of 9675 acres.

WRITTEN WORK. Explanation. — We divide as in Illustrative Ex-

ample Ill., until we come to tlie remainder, 3 acres.

8) 9675.000 ) -

This we change to 30 tenths. One eighth of 30

1209.375 tenths is 3 tenths, and 6 tenths remain, which are

equal to 60 hundredths. One eighth of 60 hun-

dredths is 7 hundredths, and 4 hundredths remain, which are equal to

40 thousandths. One eighth of 40 thousandths is 5 thousandths. The
entire quotient is 1209.375 acres.

Perform Examples 11 to 16 in Article 100, carrying the division to

decimals.

103. Where the divisor is not greater than 12, it
customary to divide as shown above without expressing
all the operations. Such a process is short division.

For other examples in short division, see pages 61 and 63.

LONG DIVISION.

104. Illustrative Example VI. Divide 33075 by 82.

WRITTEN WORK. Explanation. — We write the dividend and

divisor as in the margin, and draw a curved

82) 33075 (403§| line at the right of the expression for the divi-
328 dend.

275 Since the divisor 82 is a larger number than

3 or than 33, we first divide 330 hundreds by 82.

246 Now 330 divided by 82 will give about the

29 same quotient as 33 divided by 8,* which is 4.

The first term of the quotient is then 4 hun-
dreds, which we express by writing a figure 4 at the right of the curved
line. Multiplying 82 by 4 hundreds, and subtracting the product,
we find 2 hundreds remain; uniting with these 2 hundreds the 7 tens
of the dividend, we have 27 tens.

Dividing the 27 tens by 82, we have no tens in the quotient; so
we write a zero to show that there are no tens in the quotient, and
unite with the 27 tens the 5 units of the dividend, making 275 units.

* So we make 8 our trial divisor.
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Dividing the 275 units by 82, using 8 for a trial divisor, we have 3
units in the quotient, which we write. Multiplying and subtracting
as before, 29 units remain.

Dividing each of the 29 units by 82, we have which we write
with the units, and have for the entire quotient 403ff.

105. When the divisor is larger than 12, it is usually
convenient to express in full, as above, the work of dividing.
The process is then called long division.

To Divide, carrying the Division to Decimals.

106. I1lustrative Example YII. Divide 33075 by 82.

WRITTEN WORK. Explanation. — We divide as in the last

82) 33075 (403_35_, illustrative example until we reach the re-
328 mainder, 29 units. We now put a decimal
point in the expression for the quotient,

275 and, changing the remainder to 290 tenths,

246 divide as before; and so we keep on dividing

290 Tenths. as far as desirable, or until there is no re-

246 mainder. In this example we stop dividing

at hundredths, and indicate that the divis-
440 Hundredths.

410
"30

ion is incomplete by writing a few dots.
107. Give answers to the following

examples as in Art. 104, or with the

quotient carried to thousandths, as the teacher may direct:*

30. Divide 4684 by31. 34. Divide 12157 by23.
31. Divide 9632 by43. 35. Divide 24898 by 72.
32. Divide 5872 by 54. 36. Divide 36872 by84.
33. Divide 6748 by 62. 37. Divide 36072 by 91.

108. 111ustrative Exampie VIII. Divide 1849 by 192.

WRITTEN WORK. Explanation. — As 192 is nearly 200, 1849

192) 1849 (9*H divided by 192 will give about the same quo-
1728 tient as 1800 divided by 200, or as 18 divided

by 2. We then make 2 our trial divisor.

* The answers in the Key are given in both forms.
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38. Divide 26832 by 96. 40. Divide 232848 by 56.
39. Divide 97684 by 79. 41. Divide 682345 by 88.

109. From the preceding examples we derive the fol-

lowing
Rule for Division.

1. Write the dividend; at the left draw a curved line:
and at the left of this line write the divisor.

2. Divide the highest term or terms of the dividend by the
divisor.

3. Express the result for the first term of the quotient at
the right in long division, beneath in short division.

4. Multiply the divisor by this term.

5. Take the product thus obtained from the ‘part of the
dividend used.

6. Unite the next term of the dividend with the remainder
for a new partial dividend ; divide, multiply, and subtract
as before; and so continue till all the terms of the dividend
are used*

7. Express the division of the final remainder, should
there be any, in the fractioncd form. (Or

Change the remainder to tenths, hundredths, thousandths,
etc., and continue the division as far as desirable.)

Proof.
Find the product of the quotient and divisor, and add to it
the remainder, if there is one. The result ought to equal the
dividend.

42. How many are 36247 4-189 ?

43. How many are 53004 4-398 ?

44. How many are 932480 4287 ?

45. How many are 750010 4-677 ?

* If at any time the divisor is not contained in a partial dividend,

write a zero for the next figure of the quotient, and unite with the partial
dividend the next term of the given dividend.
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Contractions in Division.

110. 111ustrative Exampie IX. Divide 12367 by 10;

by 100 ; by 1000. . .
If the decimal point be moved one place

12367 -f-10 = 1236.7 to the left, each figure will express a num-
12367 -r 100 = 123.67  her 1 tenth as great as before (Art. 30) ;

12367 —1000 = 12.367 therefore, 1 tenth of 12367 is 1236.7.
For a similar reason, 1 hundredth of

12367 is 123.67, and 1 thousandth of 12367 is 12.367. Hence, when
the divisor is 10, 100, 1000, etc., we may find the quotient by moving
the decimal point of the dividend asmany places to the left as there
are zeros in the divisor.

46. There are 100 cents in a dollar; how many dollars are
there in 2742 cents ? in 12367 cents ? 1st Ans. $27.42.

47. How many dollars are there in 14863 cents ?

48. There are 1000 mills in a dollar; how many dollars are
there in 56849 mills ?

49. Divide 25000 by 10, by 100, by 1000, and add the
quotients.

50. Divide 380768 by 100, by 1000, by 10, by 10000, and
add the quotients.

111. 1rrustrative Example X. Divide 20864 by 6300.

WRITTEN WORK. Explanation. — since 6300 = 63 x 100, we

63) 208.64 (3.31. may first divide by 100, obtaining 208.64

189 (Art. 110), and then divide this quotient by
196 63, as shown in the margin (Art. 106).

189 Note. In cases where the exact remainder is wanted,

74 the common form of written work is better. It may

be abbreviated, as in the writ-

63 63100) 222|64 (SHft ten work of this notei

1

| | Explanation.— Indicate first,
1964 by a vertical line, the division

by 100 ; this gives 208 for a quotient, and 64 remaim

Dividing now 208 by 63, we have for a quotient 3, and 19 hundreds re-
main. Uniting the first remainder 64 with the last remainder 19 hundreds,
we have for the entire remainder 1964.

For other contractions of division, see Appendix, page 302.
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112. Examples in Division.

a. Divide 5864 by 9. Ans. 6515].

b. At $8 apiece, how many sheep can be bought for
$ 2595 ? Ans. 324 sheep; $ 3 remain.

c. If the dividend is 86445 and the divisor 51, what is
the quotient? Ans. 1695.

d. What is the quotient of 40076-798 ? Ans. 408]8.
e. 48 times a certain number equals 38256. What is

that number ? Ans. 797.
/. What numbermultiplied by 87 gives aproduct of
$ 22446 ? Ans. $ 258.
g. Divide 759000 by 10, by 1000, by 100, and add the
guotients. Ans. 84249.
h. What is the sum of 93600divided by 20, and 93600
divided by 7200 ? Ans. 4693.
i. How many are 49368947000 ? Ans. 10fMj-j}$.
J. 37884 is 42 times what number? Ans. 902.

k. What is 1 thirty-eighth of 856406 ? Ans. 22537.
I. The product of two factors is 5063; one of them is

83. What is the other? Ans. 61.
m. The product of three factors is 28350; two of them
are 42 and 75. What is the third ? Ans. 9.

2. 2-L3J)3AA- + one fourth of 2700 = what number?
Ans. 261554,

Examples with Decimals.

o. Divide 42.8116 by 13. Ans. 3.2932.
p. What is 1 ninth of $ 76.842 ? Ans. $ 8.538.
g. What is the cost of each chair if 25 chairs can be
bought for $ 247 ? Ans. $ 9.88.

Note. The examples on this page embrace the principal varieties in
form of examples in division. Examples for additional practice will he
found on pages 61 and 63.
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113. Applications.

51. If | travel 42 miles a day, in how many days can |
travel 273 miles ?

52. How many barrels are required to hold 5488 pounds of
flour, if one flour-barrel holds 196 pounds ?

53. How many days are there in 9684 hours ?

54. How many days will it take a ship to sail 13724 miles,
at the rate of 133 miles a day ?

55. There are 5280 feet in a mile. How many miles high
is Mount Everest, which is 29002 feet high ?

56. A. B. bought a farm for $ 18785 at $95 an acre. How
many acres were there in the farm ?

57. A produce dealer packed 19152 eggs in boxes containing
144 eggs each. How many boxes did he fill ?

58. If the dealer would put 19152 eggs into 84 equal-sized
boxes, how many eggs should he put in a hox ?

59. In one year, Missouri produced 4164 tons of lead, worth
$353940. What was the value of a ton ?

60. There was sent to the U. S. Mint in 13 years $ 4377984
worth of gold. What was the average value sent a year ? If
gold was worth 16 dollars an ounce, and 12 ounces make a
pound, how many pounds were sent ?

114. Examples with Decimals.

61. A man divided among his three sons 887.625 acres of
land. What was each son’s share ?

62. What is the price of 1 comb, when 48 combs can be
bought for $53.76 ?

63. When 234 oranges are bought for $7.02, what is paid
for 1 orange ?

In the following examples continue dividing to the third order of

decimals :
64. Find 1 ninth of 1.28 acres. (67.) 8.14-21="?
65. Find 1 twelfth of 3.75 tons. (68.) 0.54-33="?

66. Find 1 fifteenth of 128.5 miles. (69.) 1.868 4-215 ="
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SECTION YI.

MISCELLANEOUS EXERCISES.

115. General Review, No. 1.

1. 287 + 5 million + 36 thousand + 59481 = ?

2. Add 567 to the sum of the following numbers: 121,
232, 343, 454, 565, 676, 787, and 898.

3. The difference between two numbers is 95478. The
larger number is 148769; what is the smaller?

4, Which of the two numbers 15672 or 10560 is nearer to
13465, and how much ?

5. Take 987 from each of the following numbers, and add
the remainders: 3644; 7573; 2432; 4001.

6. What number must be added to the difference between
58 and 7003 to equal 938000 ?

7. What number taken from the quotient of 1833000 24
leaves 25 ?

8. What number equals the product of the three factors
1785, 394, and 624-48?

9. If 5872 be the multiplicand, and half that number the
multiplier, what is the product ?

10. If 4832796 is the product, and 1208199 the multiplicand,
what is the multiplier ?

11. 1f 894869 is the minuend, and the sum of the numbers
in the fifth example is the subtrahend, what is the remainder ?

12. If 700150 is a dividend, and 3685 the quotient, what is
the divisor ?

13. If 28936 is the divisor, and 86 is the quotient, what is
the dividend ?

14. Divide 87 million by 15 thousand.

For other questions in review, see pages 59 - 63.
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116. Oral Examples for Analysis.

(See Appendix, page 302.)

a. If a car runs 69 miles in 3 hours, how far can it run
in 5 hours ?

b. If 18 rows of potatoes yield 36 bushels, how many bush-
els will 20 similar rows yield ?

c. If $5 pay for 35 quarts of berries, how many quarts will
$12 buy ?

d. If, when flour is $8 a barrel, a ten-cent loaf weighs 25
ounces, what should it weigh when flour is $10 a barrel ?

e. If 5 oxen consume 185 pounds of hay in 2 days, how
much will be required for 1 yoke of oxen for the same time ?

/. If 6 cows were bought for $224 and sold for $ 260, what
was the gain on each cow ?

g. If 150 barrels of apples were bought for $200 and sold
for $350, what would be gained by selling 45 barrels at the
same rate ?

h. 1 bought a lot of paint for $3.90 and sold it for $5.10,
gaining 12 cents on a pound. How many pounds did |
buy?

i. If a quantity of hay lasts 22 oxen 10 days, how many
days will it last 5 yoke ?

j. A field of wheat was reaped by 10 men in 6 days; what
length of time would be required for 15 men to reap the same
amount ?

k. A cistern can be emptied in 15 minutes by 7 pipes; in
what time can it be emptied, if only 5 of the pipes are open ?

I. If 8 operatives can do a piece of work in 12 days, in
what time will 24 operatives perform the same work ?

m. If a certain piece of work can be performed by 50 men
in 4 weeks, how many more must be employed to perform it
in a week ?

n. Ten hunters have provisions to last them 6 weeks; if 2
men be Killed, how long will the previsions last the remainder ?
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117. Miscellaneous Examples.

15. A merchant bought goods for $1084, and sold them for
$594 more than he gave. How much did he receive for them ?

16. From a farm containing 984 acres there were sold at one
time 347 acres, at another time 157 acres. Flow many acres
remained ?

17. A merchant bought goods for $ 2467, and sold them for
$ 875 less than he gave. How much did he receive for them ?

18. If | take 7642 gallons from 21002 gallons twice, what
will remain ?

19. Of 30070 men who went into battle, 4564 were slain and
1675 were taken prisoners. How many were left ?

20. Bought two horses; the first cost $215, the second $40
less than the first. How much did the two horses cost ?

21. If $19.74 were paid for 14 bushels of wheat, what must
be paid for 25 bushels ?

22. If 19 tons of coal run an engine 798 miles, how far will
14 tons run it?

23. The area of the Hew England States is as follows:
Maine, 31766 square miles; New Hampshire, 9280; Ver-
mont, 10212 ; Massachusetts, 7800; Connecticut, 4674 ; Rhode
Island, 1306. How many more square miles are there in
Maine than in the three States of Vermont, New Hampshire,
and Massachusetts ?

24. How many States of the size of Rhode Island might be
made out of Massachusetts, and how many square miles would
remain ?

25. How much smaller is Connecticut than Vermont?

26. Texas contains 237504 square miles. How many States
of the size of New England might be made out of it, and how
many States of the size of New Hampshire out of the remainder ?

27. If 5 bushels of wheat of 60 pounds each are required to
make 1 barrel of flour, how many pounds of wheat are re-
quired to make 100 barrels of flour ?
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28. In a certain schoolhouse 9 of the rooms will seat 52
pupils each, and 4 will seat 48 pupils each. How many pupils
can be seated in all ?

29. How many feet of fencing will he required to enclose a
lot of land measuring on each of two sides 489 feet, on the
third 548 feet, and on the fourth 596 feet ?

30. In a school there are 7 classes of 54 pupils each; 196 of
these are hoys. How many are girls ?

31. A horse cost $262, a chaise $228, and a hack 3 times
as much as both. What did all cost ?

32. A farmer exchanged 4 cows, worth $ 68 each, for a span
of horses. What were the horses worth apiece ?

33. A merchant bought 45 hales of cotton, each bale con-
taining 42 pieces, and each piece 38 yards, at 9 cents a yard, and
sold the whole at 11 cents a yard. How much did he gain ?

34. A man raised in one year 364 bushels of corn, the next
year twice as much as he did the first year, and the third year
three times as much as the second year. How many bushels
did he raise in all ?

35. A grocer bought 8 chests of tea, each chest containing
48 pounds, at 50 cents a pound. He sold one half of the tea at
65 cents a pound and the other half at 72 cents a pound. How
much did he gain ?

36. After $158 were taken from a box there remained $ 15
more than twice that sum. How many dollars remained ?

37. Mrs. Keyes, having $2000 to invest, bought 10 United
States bonds at $ 112 each, and then as many railroad shares
at $92 each as she could pay for. How much money was left ?

38. Mr. Oaks bought a piano for $ 375, paid $ 14 for freight
and cartage, and $2 for tuning, then let it 7 quarters at $15
a quarter, and afterwards sold it for $325. Did he gain or
lose, and how much ?

39. A man paid $270 for a threshing-machine, and hired
help to run it at $5 a day. He then let the machine at $8 a
day, including the help he hired. How many days must he let
the machine to pay its first cost ?
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40. How many posts and how many rails will he required
for a fence 156 feet long if the posts are set 12 feet apart
and the fence is 5 rails high ?

41. A man sold three houses; for the first he received
$ 3525, for the second $ 950 less than he received for the first,
and for the third as much as for the other two. How much
did he receive for the three ?

42. A jeweller sold 15 clocks and 22 watches; for the clocks
he received $ 12 apiece, and for each watch 7 times as much as
for aclock. What did he receive for all ?

43. 1If 28 men can grade a road in 72 days, how long will it
take 36 men to do half the work ?

44, 1If a man earns $180 a month and spends $ 36 for board
and $ 50 for clothes and other expenses, in how many months
can he save $1410?

45. Mr. Brown bought 18 cords of wood for $110. For how
much must he sell it a cord to gain $34 on the whole ?

46. Mr. Snow bought some land for $13825. He sold 100
acres at $55 an acre, and then found, in order not to lose on
his bargain, that he must sell the remainder for $62 an acre.
How many acres were there in the remainder ?

47. A had $45; B twice as much less $17; and C as much
as A and B together. How much money had C ?

48. One half of one number is 1764, and four times another
number is 5876. What is their sum ?

49. A and B, 450 miles apart, travel towards each other.
A travels at the rate of 30 miles a day and B of 35 miles a
day. If B rests the second day, how far apart are they at the
end of the fourth day ?

50. A man bought 163 barrels of flour at $9 a barrel; 15
barrels were spoiled, and the remainder he sold at $11 a bar-
rel. Did he gain or lose, and how much ?

51. At an election the sum of the votes received by two
opposing candidates was 4324; the successful candidate re-
ceived 218 more votes than his opponent. How many votes
did each receive ?
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52. On commencing business a merchant had $ 7852 in cash,
$7919 in real estate, goods valued at $9728, a lot of lumber
valued at $6930, a ship valued at $16834; during the first
year he was in trade he gained above all his expenses $ 3195.
What was he worth at the end of the year ?

53. The Gulf Stream carries 2787840000000 cubic feet of
water past a given point every hour, which is 1200 times as
much as the hourly discharge of the Mississippi. What is the
hourly discharge of the Mississippi ?

54. There were 1032467 cigars made in Westfield in 1 month.
If these were bought for 5 cents apiece, how many families
would the money thus spent supply with bread for a year (365
days) if each family should consume two 8-cent loaves a day ?

55. The distance from Boston to Albany is 202 miles, from
Albany to Buffalo, 298 miles. How long will it take a train
to pass over the road at the rate of 28 miles an hour, allowing 2
hours for detentions between Boston and Albany, 1 hour at
Albany, and 3 between Albany and Buffalo ?

56. If it takes 5 yards of cloth to make a pair of shirts, what

v will 24 pairs cost at 15 cents per yard for the cloth, 45 cents
apiece for bosoms, wristbands, and buttons, and 95 cents apiece
for making ?

57. In how many days, of 6 hours each, can the president
of a bank sign 90000 bank-notes, if he signs 5 in a minute ?

58. If 8 presses can coin 19200 pieces of money in an hour,
how many pieces can one press coin in a minute, 60 minutes
making an hour ?

Papyrus is said to have been used to write upon 2000 years before
Christ, and parchment to have been invented 1810 years later; from
the invention of parchment to that of paper in China was 20 years ;
to printing by movable types was 1608 years more; stereotyping was
invented 273 years still later.

59. How many years from the first use of papyrus, as given
above, to stereotyping ?

60. In what year before Christ was paper invented in China ?

61. In what year after Christ was printing invented ?
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62. There are in a certain school 47 pupils 14 years old; 96
pupils 12 years old; 114, 11 years; 149, 10 years; and 168,
9 years old. What is their average age ?

63. If the earth is 92000000 of miles from the sun, and the
moon at its full is 224000 miles farther on, and light travels
at the rate of 185172 miles a second, how many seconds is it
in passing from the sun to the moon and back to the earth ?

118. Questions for Review.

What is Addition? What is the amount? Add orally 64 and
87. How do you write numbers to be added? Is this absolutely
necessary ? Add live numbers expressed by four figures each, and ex-
plain. Give the rule ; the proof. Illustrate adding at once numbers
expressed in two or more columns.

What is Subtraction ? What is the minuend ? the subtrahend ?
the remainder? Take orally 28 from 91. Find the difference be-
tween 368 and 7006, and explain. Give the rule; the proof. When
the minuend and difference are given, how can you find the sub-
trahend? When the subtrahend and difference'are given, how can
you find the minuend ?

What is Multiplication? What is the multiplicand ? the mul-
tiplier ? the product? What are factors? Multiply orally 45 by 6.
Perform and explain an example in which the multiplier has at least
two terms. Give the rule; the proof. How do you multiply by
10, 100, 1000, etc.? How do you proceed if there are zeros at the
right of the expression of the multiplicand or the multiplier, or both?

Tens x units = what? Units x tens? Thousands x tens? Tens X
hundreds? Ten-thousands x hundreds?

Whatis Division? Whatisthe dividend? the divisor? the quotient?
the remainder ? Perform and explain an example in short division ;
prove the work. Perform and explain an example in long division.
Give the rule ; the proof. How do you divide bv 10, 100, 1000, etc. ?
How do you divide when the expression of the divisor contains zeros
at the right? When the dividend and quotient are given, how can
you find the divisor ? When the divisor and quotient are given, how
can you find the dividend ? When the multiplier and product are
given, how can you find the multiplicand ? When the multiplicand

and product are given, how can you find the multiplier ?
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DRILL EXERCISES.

119. Explanation op the Use of the Drill Tables.

The object of the Drill Tables and Exercises which are
found on the six following pages is to extend indefinitely
practice in arithmetical operations without additional labor
on the part of the teacher.

The exercises are not to be assigned in order, nor is any
one pupil expected to perform them all; they may be used,
however, like other examples. (See Notes on pages 16, 25,
35, and 48.)

The following illustration shows how they may be used
for class drill, and each pupil have a different example.

Addition.

1. Let the members of the class number themselves 1, 2,
3, etc., to any given number up to 25; and let each member
find his number in the left-hand margin of the table.

2. The teacher then gives a direction in this form : “Add
A, B, and C.” (See Exercise 1, page 59.)

3. In obedience to this direction, each pupil will add the
numbers that he finds expressed under the letters A, B, and
C, and in the line of his own number. Thus, pupil No. 1
will add 65, 512, and 7901; No. 2 will add 34, 724, and
3053 ; and so on.

Thus a series of examples is given out at a single dicta’
tion, and the pupils are taught to work independently.

4. The key contains answers to all these examples.

Subtraction, Multiplication, and Division.
By changing slightly the form of direction described
above, the same table will afford abundant practice in the
other fundamental operations. (See pages 59, 61, and 63.)
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Examples.
1.

N oo opoeN

o)

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

fe

65
34
79
46
98
56
32
48
87
76
54
95
82
71
23
37
93
28
62
57
89
45
92
64
25

MISCELLANEOUS EXERCISES.

120. DRILL TABLE No. 1

hi j
512
724
235
941
858
467
673
388
747
599
252
381
817
426
794
261
638
372
919
485
591
183
868
655
942

Simple Numbers.
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121. Exercises upon the Table.

Addition.

1. Add A,* B, and C.

2. Add B, C, and D.

3. C plus D plus E plus F
equals what number ?

4. A+ B+ C+ D+ 16042 = ?

5. What is the sum of B, C,
D, E, F, and 613757

6. Find the amount of A, B,
C, D, E, F, and 23456.

In each column indicated by figures at

the bottom of pages 58, 60, and 63,

7. Add the upper six numbers.

8. Add the upper ten numbers.

9. Add the upper fifteen num-
bers.

10. Add all the numbers.

Subtraction.

11. From C take B.

12. Subtract D from E.

13. Take E from F.

14- Find the difference between
C and E.

15. F minus C equals what
number ?

Multiplication.

16. Multiply B by 6.
17. Multiply C by 7.
18. Multiply D by 8.
19. Multiply E by 9.
20. Multiply B by A.
21. Multiply C by B.
22. Multiply C by D.
23. Multiply E by D.
24- Find the product of F by D.
25. Find the product of F by C.

* See the explanation, page 57.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.
37.
38.
39.

40.

41.
42.

Review.

What number added to the amount
of A and B will equal C?

Add together C, E, and the difference
between B and D.

Subtract C from 12304, and from the
remainder take B.

Multiply D by 1002, and from the
product take F.

Multiply Cby 6; D by 7; E by 8;
and find the sum of the products.

Multiply B by 10; Dbyll; and add
the products with C plus E.

A man having F dollars paid E dol-
lars to one man and D dollars to
another. How much did he have
left?

Bought a house for C dollars ; paid
B dollars for repairs; then sold
it at a loss of D dollars. How
much did | receive for the house ?

A merchant had B barrels of flour.
He sold A barrels at $12 a barrel,
and the remainder at $ 9 a barrel.
How much did he receive for the

flour?

Oral Practice.

How many are 8 + f+g + h, etc. to z?

How many are 27 +h + i, etc. to z ?

How many are 55—f—g —h—i—j- ?

How many are 100 - 0- p, etc. to z?

How many are 7+ f to n less O less
p less q ?

How many are h times i less j plus
k to z?

How many are 100 less A ?

Find the difference between 43 and A.
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122. DRILL TABLE No. 2.

Simple Numbers.

A B c 3 E
Examples. ef gh i j kim nop qfs t uvw xyz
1. 45 648 6 068 469 007 8 046 352
2. 68 473 5 406 743 500 6 530 781
3. 74 835 8 049 620 085 4 654 380
4. 56 592 7 250 800 659 7 820 463
5, 48 726 3 087 389 700 9 068 318
6. 64 954 4 503 956 800 5 782 630
7. 78 367 2 790 285 004 3 905 746
8. 83 289 5 608 500 376 2 849 370
9. 54 635 9 160 675 400 6 470 856
10. 76 489 6 085 732 900 5 783 062
11. 58 375 8 507 486 300 7 560 849
12. 47 689 - 4 130 840 015 3 672 083
13. 65 764 7 082 570 068 4 921 608
14. 53 865 3 706 962 400 9 430 572
15. 49 796 8 154 435 600 4 187 063
16. 84 347 4 370 700 843 6 410 342
17. 79 586 5 480 659 700 1 598 706
18. 63 627 1 094 800 875 7 421 089
19. 57 395 8 406 643 007 6 450 713
20. 69 738 6 530 350 092 2 835 068
21. 75 579 7 209 800 765 5 306 739
22. 67 486 8 560 469 007 3 540 687
23. 59 942 4 308 782 500 7 390 468
24. 46 278 3 960 946 007 6 083 745
25. 73 587 6 805 465 300 7 408 653

8 9 10 n 2~ 13 14



43.

45,
46.
41.
4s.
49.
50.
51.
52.
53.

55.
56.
57.
58.
59.
60.

61.

62.

63.
64.

65.
66.

123.

Division.

Divide D by 4.

Divide D by 5.

Divide E by 6.
Divide E by 7.
Divide D by 8.
Divide D by 9.
Divide C by 12.
Divide C by 15.
Divide D by 16.
Divide D by 18.
Divide E by 27.
Divide C by A.
Divide D by A.
Divide E by B.
Divide D by C.
Divide E by C.
Divide D by 800.
Divide E by 4200.
Addition.

How many are

46872+ A to D?

How many are

65478 + A to E?

Subtraction.

From E take D.
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Exercises upon the Table.

67.
68.

69.

70.

71.

72.

73.

74m
75.
76.
77.
78.
79.

Find the difference be- 80.
tween E and D x 10.

Multiplication.
Multiply D by C.
Multiply E by D.

81.

Review.

How many more than C are B times B ?

What number added to ten times the
amount of B and C will equal D ?

A man owns three tracts of land ; the
first is valued at C dollars, the second
at B dollars, and the third is worth
twice as much as the second. How
much is the land worth ?

By selling a house at C dollars I gained
12 times A dollars. What was the
cost ?

If a farmer should purchase B acres of
land at A dollars per acre, and pay
down C dollars, how much would he
then owe for the land ?

A man having C dollars spent B dollars
and lost A dollars. How much would
one third of the remainder be ?

How many cows, at A dollars apiece, can
be bought for one fifth of ten times B
dollars, and how many dollars will
remain ?

Oral Practice.

How many are 6+ e+ f+g, etc. to z?

How many are 15 + g + li, etc. to z ?

How many are 29+j+k, etc. to z?

How many are e xf-g-h?

How many are g x h +- i ?

How many are h x i +-J ?

Divide A by 2; by 3; by 4;5; 6; 7;
8; 9.

Divide gh (64, 47, 83, etc.) by 3; by
4 ; etc.

Other dividends and divisors can be indicated, as
jkby7;no by8; tuby9; etc.
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124. DRILL TABLE No. 3.

Simple Numbers.

Examples A
1. Nine hundred fourteen thousand, forty-one.
2. One million, forty thousand, fourteen.
3. Nine hundred seventy-six thousand, sixty-seven.
4. Sixteen hundred seventy-eight.
5. Sixty-three million, three hundred six thousand.
6. Nineteen million, nine hundred thousand, 19.
7. One hundred seventy million, seven.
8. Ten million, one thousand, one hundred one.
9. Three hundred five million, fifty thousand.
10. Twelve million, two hundred thousand, two.
11. One million, eighteen thousand, eight.
12. One billion, six hundred thousand, six.
13. Nine hundred four million, ninety-four.
14. Three billion, thirty million, three hundred three.
15. Two billion, four hundred twelve thousand, 14.
16. One hundred one million, one thousand, one.
17. Six billion, sixty thousand, six hundred.
18. Four hundred three billion, thirty.
19. One trillion, seventeen million.
20. 506 billion, sixty-five thousand, five.
21. Four trillion, four billion, four thousand.
22. Six hundred eighty-nine billion, six thousand, 89.
23. Forty-two trillion, forty thousand, two hundred.
24. Eighteen trillion, 108 million, eighteen.
25. Four trillion, forty-seven billion, 4700.
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Ex-
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13.
14.
15.
16.
17.
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19.
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819
364
486
324
576
505
728
952
612
648
352
392
912
585
864
594
627
588
715
768
884
672
495
273
624

16
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No. 3

W Xyz

3276
4 368
9234
2 592
7 488
6 545
4 368
7 616
4 896
7 128
8 448
8 232
2 736
2 925
6 912
4 158
8 778
9 996
6 435
5 376
6 188
8 736
7 425
9 282
3 744

rT

125. Exercises upon the Table.

82.

83.

84.

85.

86.

87.
88.
89.

90.
91.
92.
93.
94-

95.

96.

97.

98.

99.

100.
101.

102.

Express A by figures.

Add, in A, the 1st and 2d; 2d and 3d;
etc.

Add, in A, from 1to 6; 2to 7; etc.

Find, in A, the difference between the
1st and 2d; the 2d and 3d; etc.

Multiply A by 6.

Multiply A by 7.

Multiply A by 8.

Multiply A by 9.

Divide A by 6.

Divide A by 7.

Divide A by 8.

Divide A by 9.

Multiply C by B ; add D to the product;
and find the difference between the
amount and E.

Divide D by B; also divide E by B;
and find the difference between the
sum of the quotients and D.

Divide E by D; subtract the quotient
from C; and multiply the remainder
by B.

Subtract C fronrg D; divide the remain-
der by B; and with the quotient
divide E

Oral Practice.

How many are 9+ g to x less y less z ?

How many are 34 + r to v, divided by g?

How many are 45 + 1 to Z,divided by g?

How many are r times s+t toz, divided
by g?

How many are t times u-!-v to z, di-

vided by q?
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SECTION VII.

UNITED STATES MONEY.

126. The picture above represents pieces of metal
weighed and stamped by authority of government, and
used in buying and selling. Such pieces of metal are coins.
Each coin represents a unit of value.

127. Dollars and cents are the units of value chiefly

used in business. Eagles, dimes, and mills are also used,
but there is no coin to represent a mill.

TABLE.
10 mills = 1 cent, marked ct. or f.
10 cents = 1 dime.
10 dimes or) n

= 1 doflar, marked f.
100 cents )

10 dollars = 1 eagle.

To read and write numbers in United States Money.

128. The dollar, being the principal unit of United States
money, is expressed at the left of the decimal point; dimes,
cents, and mills, being tenths, hundredths, and thousandths
of a dollar, are expressed at the right of the decimal point.
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Thus, 11 dollars, 2 dimes, 3 cents, and 4 mills are written
$ 11.234 ;

and the expression is read, “ Eleven dollars twenty-three
cents four mills.”

For exercises in reading and writing, turn to page 73.

129. Oral Exercises in Reduction.
a. How many mills in 1 cent? in 18 cents 5 mills ?
By what do you multiply to change cents to mills ? dollars to cents ?

dollars to mills ?

b. Change $14.08 to cents. e. Change $2.625 to mills.
c. Change $1.62 to cents. f. Change $5.02 to mills.
d. Change $0.48 to cents. g. Change $4 to mills.
h. How many dollars are there in 500 cents ?

By what dO you divide to change cents to dollars ? mills to dollars ?

i. How many dollars are there in 170 cents ? in 3689 cents ?
j. How many dollars are there in 1875 mills ? in 4728 mills ?

130. In performing the examples above, you have
changed numbers expressing a certain amount of money
to numbers whose units are larger or smaller, but without
changing the amount itself. Such a process is called
reduction.

For other examples in reduction of United States money, see page 73.

131. Examples for the Slate.
ADDITION, SUBTRACTION, MULTIPLICATION, AND DIVISION.

How do you write dollars, cents, and mills, when you are to add or
subtract them? (Art. 46.)

1. My deposits in a bank were $192.92 and $155.37; of
this 1 have withdrawn $79.48, $71.62, and $78.21. What
is the balance in the bank ?

2. What must | pay for 23 yards of silk at $2.37 a yard,
and 5 yards of lace at $1.68 a yard ?
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3. What is 1 fifteenth of $287.40? 1 seventeenth of
$722.50?

In the following examples continue the division to cents and mills.
(Art. 102.) In the answers, reject mills when less than 5, and call 5
mills or more 1 cent.

4. What is 1 fifth of $17 ? of $83? 1st Ans. $ 3.40.

5. What is 1 sixteenth of $981 ?

6. Eight men chartered a schooner for $295. What was.
each man’s share of the cost ?

7. When 32 lawn-mowers were bought for $696, what was
the price of each ?

8. Mr. Rice paid $198.45 for 35 school desks. What would
168 desks cost at the same price ?

To divide one sum of money by another.

132. 1i1rustrative E xample. At $ 2.12 per pair, how
many pairs of slippers can be bought for $ 100 ?

WRITTEN WORK.

Explanation. — To divide one sum of money by
212) 10000 (47 another, both dividend and divisor must be expressed
848 in the same denomination. Here the divisor being
cents, the dividend must be changed to cents.
~1520 (Art. 129.) Dividing 10000 cents by 212 cents,
1484 we have 47 for a quotient, with a remainder of

~~36 36 cents. Ans. 47 pairs; 36 cents remain.

9. | paid $80 for turkeys at $2.50 apiece. How'many
turkeys did I buy ? Divide $42 by $1.75. 1st Ans. 32.

10. A conductor took up $ 1224 worth of railroad tickets
from Springfield to Hew York at $4.25 apiece. How many
tickets did he take ?

11. How many boxes at 33 cents a box can be bought for
$20, and how many cents will be left ?

12. How many veils at 92~ each can be bought for $30?

13. How many dinners at $0.625 each will $22 pay for ?

For additional examples, see page 73.
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Coins and Paper Currency.

133. The legal coins of the United States are :

Gold. Silver.
Double-Eagle — $20.00 Dollar — $1.00
Eagle = 10.00 Half-dollar =  0.50
Half-Eagle = 5.00 Quarter-dollar = 0.25
Quarter-Eagle = 2.50 Twenty-cent piece = 0.20
Three-dollar piece = 3.00 Dime = 0.10
One-dollar piece = 1.00

Copper and nickel 3-cent and 5-cent pieces and bronze 1l-cent piece.

Note. The gold coin is hardened by an alloy of 1 tenth copper and silver
(the silver not to exceed 1 tenth of the whole alloy). The silver coin is
hardened by 1 tenth copper. The bronze cent has 95 parts of copper to 5
parts of tin and zinc. The 3-cent and 5-cent pieces have 75 parts of copper
to 25 parts of nickel.

The silver 5-cent and 3-cent pieces, the bronze 2-cent piece, and the old
copper coins, are no longer issued.

Bank bills and United States Treasury notes (greenbacks) are largely
used in place of coins. These represent the values of $1, $2, $5, $10,
$20, $50, $100, $500, and $1000.

134. Exercises in reckoning Money.

Perform as many as possible of the following examples without

written work :

How much money in

a. Two 20-dollar bills, three 10’s, four 5's, and seven |'s?

b. Eight 5-dollar bills, seven 2's, five 10’s, and three |'s?

c. One 50-dollar bill, six 5's, two I's, with 3 half-dollars,
5 quarters and 4 dimes ?

How much more money must you receive to have $50 if
you now have

d. Three 5-dollar bills, seven 2's, four |'s, with 2 half-dol-

lars, 3 quarters, and four 5-cent pieces ?
e. Two 5-dollar bills, three 2's, and one 10, with 5 quar-
ters, 4 dimes, two 3-cent, and three 5-cent pieces ?
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f. How much money shall |1 have left of six 5-dollar hills,
and 2 quarters, after paying for 6 yards of brilliant at 65/
a yard, for Silesia, 28/, and for buttons $1.15?

g. What must you pay for 2 dozen eggs, 5 pounds of sugar,
2 gallons of vinegar, and 2 bushels of apples at the present
prices where you live ?

135. Accounts and Bills.

[Extract from the Account-book of T. Smith & Co.]

EDWAKD WILLIAMS, Dr.
1870. ,f
G fyu/ 7 qlo3 ica. ‘flieAteln, (E7/oul, @ $ § 00
ay " 33 &A (dd/alciya 7/5lat4tnA, ' 73 3 74
~Mettle /" 7;7 lja Miava "30% 4 80
n " 7 daya wold oj? Titled man......... 7 74

136. Above is a record kept by T. Smith & Co. of ar-
ticles sold and services rendered by them to Mr. Williams.

137. It is customary for persons who buy or sell goods
or services to keep a record of the articles bought or sold,
the kind and amount of services rendered, their value, etc.,
as above. Such a record is an account.

138. The person to whom a debt is owed is a creditor.

139. The person who owes a debt is a debtor.

Who is debtor in the account stated above? Who is creditor?

140. A written statement of an account prepared for the
debtor by the creditor is a bill.

141. When the’bill is paid, the creditor, or some one
authorized by him, signs his name to the bill, with the
words “ Keceived payment.” The hill is thus receipted.
(See hills Nos. 2 and 3.)
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Examples for the Slate.

142. Find the cost of each article in the following hills,
and their several amounts:
14. @ New York, Nov. 12, 1877.
J 5 ~AOUQIt Of FOWLE, PRATT, & QO
100 /lpa. (2% cZouia cT/Zoub, exlici, 50
12 " (~fTlcrznedota cP*Yowl, " 10.25
14 u. 7/oln, " 8§72
Received payment, /
15¢ ) Cincinnati, Dec. 18, 1876.
vjBlhh. £Pcalfei>-
28ougl]t of J. SMITH.
1876.
(Tyfov. / ¢fo lfa. ZZZZAd Rriieen, 35 %
I3 300 "  ZPAitiJirf, if
Mec. 7 430 " 7PZc0 J2>xair, I 11%
U U 35 » Zlplue, - so¢
Received ,
eceived payment, 3. SMITH.
16. 3) Worcester, Oct. 9, 1877.

j6At S. OB ido

c3a

5To OTIS LERNED, Dr.t

2 /lga. ZZIbtl jlbtine. @ /115.50

250 /la. o0ZTZznia, " Rf

475 - 38al0i., . 24f
Received payment, OTIS LERNED.

By John Waite.

* This sign means “ at,” and is commonly used in stating prices,
t This means that Mr. Drew is debtor to Mr. Lerned. Dr. is read “ debtor."
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17. (@ New York, Mar. 7, 1877.

vDIfct. ok. ullld OBtGGa
5To CHARLES DAY, Dr.

1877.
~$an. 8 (do YE do. (dai-laitc Odcid, @ 83V

w5 » Mde diduo/, "  Y3f

it n " 3 or. QdeS$iYitne, "$ J.OO

i3 jiyutrune, " 4-00
Snel. £ " £ /lo. d/aidamoind, " £.30

g dlam~eboi, " 43f

it dyal/. ~dod-J2eocl (d¢/, " Y.y3

Received payment,
CHARLES DAY.

18. (5) Bristol, Jan. 1, 1877.

Q&itfit. 0Tioma>
5To A. R PEASE, Dr.
18 70*
3 udo /40. dduce, e yf

n . 3 v (Mlaria yua df

n -« £0 » (dduic/, » Bf
&dfay ¢ " £YO ylirro/edd/tyai." Y3f
$fune 3 " 4d * [/lJdlea/$ao/ (dea,” 60f
fuly YO " 3y » $6iNian Sea, YNt

Cr.*

Od/ay YO ddy Yddayon__ $£3.00

" y¢ £ ylotoo, @ $34

" L A Y0.00

$

Ydalance due od. Ydd YdeaOe..................

Received payment,

* This means that Mr. Butler is credited for goods or cash delivered. cr. is read
creditor.”
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Examples for Bills.

143. Find the amounts due in the following examples,
and make out the bills, supplying dates, etc., when wanting.

19. Charles Miller bought of James Gibbs, Jan. 4, 1877,
1 horse for $95.00, 2 cows at $50 apiece, 1 wagon for $62.00,
2 shovels at $1.12 apiece, 30 bushels of corn at 65/ per bushel,
and 17 bushels of wheat at $ 1.62 per bushel.

20. Samuel Briggs sold to Alfred Loomis 2 pieces flannel, of
62 yards each, at 49/ peryard; 38 yards ticking, at 29f ; 86 yards
brown sheeting, at 27/; and 42 yards broadcloth at $3.65.

21. Dr. Holland bought of John Avery 9 pounds oil of pep-
permint at $2.50; 4 pounds oil of cassia at $1.62; 4 pounds
oil of orange at $3; 6 pounds oil of lemon at $3.25; 5 pounds
oxalic acid at 13/ ; and 5 pounds Seneca root at 95/.

22. Banks & Searles, of Cleveland, bought of Snow & Rising,
Albany, 24 sack coats at $ 15.75; 36 vests at $3.50; 9 dozen
felt hats at $36 per dozen; 4 dozen pairs suspenders at 42 0
per pair; and 23 dozen pairs gloves at 68/ per pair.

23. J. D. Furber bought of C. O. Clement, Nov. 8, 1876,
2 Dictionaries, at 87/ apiece; 9 Vocal Cultures, at 90/, and
24 Spellers, at 20/. Dec. 2, he bought 2 reams of paper at
$2.12, 3 dozen pencils at 50/, and 12 slates at 17/. Dec. 10,
he paid Mr. Clement $20.00, and Jan. 1, 1877, Mr. Clement
made out his bill. Required the balance due.

24. Sell to your neighbor 4 pear-trees at $1.75 each, 9 to-
mato-plants at 7/ each, 5 geraniums at 30/ each, and make
out the bill.

25. Sell three different articles from a dry-goods store, and
make out the bill.

26. Make out a bill for 3 days’ work at 75/ a day, 4 days’
work at $1.50 a day, and 2 bushels of cranberries at $4 a
bushel, crediting the person against whom you make the bill
with 5 hours’ work at 35/ an hour.
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144. DRILL TABLE No. 4.

United States Money.

Bxanples. A B
1. 118.40 Twelve dollars, twenty-five cents.
2 183.22 Seventy-one dollars, ninety cents.
3 $36.41 Twenty-five dollars, sixty-two cents.
4. $30.05 Eighteen dollars, nine cents.
5. $204.75 One hundred thirty dollars, six cents.
6 $9,208 Five dollars, seven cents, five mills.
7 $5,632 One dollar, ninety cents, eight mills.
8 $876. One hundred dollars, twenty cents.
9 $100.35 Forty-nine dollars, seventy-two cents.
10. $15.207 Six dollars, seven cents, three mills.
ii. $1.36 Twenty-seven cents, five mills.
12. $20.95 Twelve dollars, nineteen cents.
13. $0,402 Twenty-five cents, five mills.
14. $19.005 Sixteen dollars, six mills.
15. $63,072 Forty-nine dollars, twenty-four cents.
16. $7,645 Five dollars, sixty-seven cents, five mills.
17. $419.28 Ninety-nine dollars, fifty-six cents.
18. $0,625 Seventeen cents, eight mills.

19. $500.57 Thirty-eight dollars, five mills.
20. $268.06 89 dollars, fifty cents, three mills.

21. $29.70 Ninetjr-two cents, five mills.
22. $11,005 Seventy-five cents, five mills.
23. $100.02 Fifty-four dollars, nine cents.
24. $444.44 Four dollars, forty-four cents, four mills.

25. $100.10 Nine dollars, nine cents, nine mills.
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145. Exercises on Table No. 4.

103. Read as dollars, cents, and mills, the numbers expressed in A.

104. Read decimally the numbers expressed in A.

105. Write in figures the numbers expressed in B.

106. Disregarding the mills, change the numbers expressed in A to
cents.

107. Change the numbers expressed in B to mills.

108. Add the numbers from 1 to 8 * in A to each number expressed in B.

109. Add the numbers expressed in A and B, (1st) from 1 to 4 *;
(2d) from 2 to 5; (3d) from 3 to 6, etc.

110, $900- A= ? 114- Ax9=72? 118 XA 47 = ?
111 A-B=2? 115\ A -r-10 = ? 119.XA 4-$0.25 =2
112. Ax6= 72 1163 B 4-11 = ? 120XA 4$0.16 = ?
113. Bx7=7° 117.\B 4- 12 =7 121. B 4-$0.000 = ?

122. If a person saves a sum equal to A in one month, how much will
he save in 13 months?
123. How many pounds of sugar, at 8 cents a pound, can be bought for

each sum of money expressed in A 7t

146. Questions for Review.

What are the units of United States money? Give the table.
How are dollars, cents, and mills expressed by figures ? What is con-
sidered the principal unit? Give the sign for dollars. How do you
change dollars to cents ? dollars to mills ? cents to mills ? mills to dol-
lars? cents to dollars?

How do you add numbers in United States money? How do
you subtract? When you multiply, where do you put the decimal
point in the product? Divide $185 by 7, continue the division to
mills, and explain. What is necessary in order to divide one sum of
money by another? Divide $900 by 36 cents.

What are coins? Why is paper money sometimes used in place of
coins? Name the gold coins ; the silver coins.

What is a creditor ? a debtor? an account? a bill? How is a

bill receipted?

* Inclusive. t See page 66, note. ¢ Reject mills.
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147. Miscellaneous Examples.

27. A girl bought a pair of boots for $2.37, another pair for
$1.65, slippers for $1.25, and shoes for 82/. What was the
whole cost ?

28. |1 bought a horse for $95.00, a wagon for $63.00, and
a harness for $15.00; kept them a week, paying $2.50 for
board of the horse, then sold them for $175.00. Did | gain
or lose, and how much ?

29. What should | pay for 2 dozen pigeons at 85/ per
dozen, 2 dozen at $ 1.10 per dozen, and 1 dozen for 90/.

30. There were sold in one week 8874 sheep at $4.13 per
head. What did they bring ?

31. There were sold 4778 beeves, averaging 874 pounds
apiece, at 7/ per pound. What was received for them ?

32. What did | gain by buying 2 pieces of cambric, each
containing 62 yards, for $39.68, and selling them for 40 cents
per yard ?

33. A man paid $16.25 for 13 days’ work. Wdiat was that
aday?

34. Among how many boys must $ 12 be distributed, that
each may receive 75 cents ?

35. | sold 35 barrels Pippins at $1.75 per barrel, 17 barrels
Pome Royals at $1.80 per barrel, 13 barrels Golden Sweets at
$ 1.25 per barrel, and 25 of Russets at $2.25 per barrel. Paid
17 cents a barrel for picking, and $12.00 for freight. What
remained after my expenses were paid ?

36. 'Paid $3.00 for 1 dozen apple-trees, $3.36 for 1 dozen
peach-trees, $3.30 for half a dozen pear-trees. W hat did |
pay for the whole, and how much apiece for each kind ?

37. A carpenter paid for stock and work for a barn, $450.75;
for mason’'s work, $38.25; for digging and stoning cellar,
$47.18; for painting, $40.00; to the plumber, $8.12. He
then sold the barn, and lost, in so doing, $ 14.30 ; how much
did he sell it for ?
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SECTION Till.

FACTORS.

148. What numbers multiplied together will produce
10? Answer, 2 and 5; also 1 and 10; thus, 2 x5= 10 and
1x10=10.

A number that may be used as multiplicand or as multi-
plier to make another number is a factor of that number.

Name two factors of 15; of 16; of 18; of 24; of 36; of 45.

Note I. The word factor will be used in this Arithmetic to denote only
such factors as are not fractional.

Note Il. If a number be divided by any of its factors there will be no
remainder. Hence a factor of a number is also called a divisor or a measure
of that number.

149. Name some factors of 12 besides the number itself
and 1. Has the number 13 factors besides itself and 17?
Has the number 14 ? 15? 17? 18? 19?

A number that has other factors besides itself and one is
a composite number.

Which of the numbers 12, 13, 14, 15, 17, 18, 19 are com-
posite numbers ?

150. A number that has no other factors besides itself
and one is a prime number.

Which of the numbers 12, 13, 14, 15, 17, 18, 19 are prime
numbers ?

Name the composite numbers from 1 to 40.

Name the prime numbers from 1 to 40.

Note, In speaking of the factors of a numl)er, we do not usually include
the number itself and one.- Thus, we frequently say that a prime number
has no factors.



76 FACTORS.

151. Name the factors of 12 that are prime numbers.
Name those that are not prime numbers.
A factor that is a prime number is a prime factor.

152. Oral Exercises.

a. What arethe prime factors of6 78 ? 14? 24? 277?
b. What are theprimefactors of 227 367 28?7 2
c. What arethe prime factors of 16 721 ? 15? 33? 26°?

153. In seeking for the factors ofanumber we may use
certain tests, the more convenient of which are the follow-
ing:

1. A number whose units’ figure is 0, 2, 4, 6, or 8, is divisible by 2.

Note. A number that is divisible by 2 is an even number; a number that
is not divisible by 2 is an odd number.

2. A number is divisible by 3 if the sum of its digits* is divisible
by 3. Thus, 285 is divisible by 3, for 2+ 8+ 5 = 15 is divisible by 3.

3. A number is divisible by 4 if its tens and units together are
divisible by 4. Thus, 6724 is divisible by 4, while 6731 is not.

4. A number is divisible by 5 if the units’ figure is either 0 or 5.

5. A number is divisible by 6 if it is an even number and divisible
by 3.

6. A number is divisible by 8 if its hundreds, tens, and units are
divisible by 8. Thus, 6728 is divisible by 8, while 6724 is not.

7. A number is divisible by 9 if the sum of its digits is divisible
by 9.

8. A number is divisible by 11 if the sums of its alternate digits
are equal, or if their difference is divisible by 11. Thus, 1782 and
1859 are divisible by 11, while 4987 is not.

9. A number is divisible by a composite number, if it is divisible by
all the factors of the composite number. Thus 3555 is divisible by 15,
for it is divisible by 3 and by 5.

N ote. For the reasons of these tests, see Appendix, page 303.

* A digit here means the number denoted by.a figure without regard to
its place.
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154. Oral Exercises.

Using the tests described above,

a. Name the numbers expressed in B, page 58, that contain
the factor 2; 4; 5.

b. Name the numbers in C, page 58, that contain the factor
3;6;09.

c. Name the numbers in D, page 58, that contain the factor
8;9; 10; 100.

To find the Prime Factors of a Number.

155. li1lustrative Example I. What are the prime
factors of 2205 ?

Explanation. — Applyi the tests (Art. 153) t
WRITTEN WORK. P pplying the tests (Ar ) to

the given number, we find that 2 is not, but that

3 2205 3 is, a factor of 2205 ; and, by dividing, see that
3 735 2205 = 3 x 735.
5 245 Seeking, in the same way, a prime factor of
7 49 735, we find that 735 = 3 x 245. Continuing
7 this process, we find that 245 = 5 x 49, and that
49 = 7x 7. Therefore, 2205 = 3x3x5x7x7, and
ans. 3,3,5,7, 7.

the prime factors are 3, 3, 5, 7, and 7.
156. l1lustrative Example Il. What are the prime
factors of 409 ?
WRITTEN WORK.
19) 409 (21 23) 409 (17

Explanation. — Applying the
tests (Art. 153), we find that 409
is not divisible by 2, 3, or 5. We

38 23 then try to divide by the other
29 179 prime numbers in order until we
19 161 reach 23, when we see that the

quotient is less than the divisor.
10 18

There can then be no prime factor
in 409 greater than 23, for if there were, there would be another factor
(the quotient) less than 23, which we should have found before reach-
ing 23. The number 409 is therefore prime.

157. As we have found in Art. 155 that 2205 equals the
product of all its prime factors, so we shall always find that

A composite number equals the product of all itsprime factors.
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158. When a composite number is expressed as a prod-
uct of prime factors, it is said to be separated into its prime
factors.

159. From the above examples may be derived the fol-

lowing
Rule.

To separate a number into its prime factors :

1. Divide the given number by one of its prime factors.

2. Divide the quotient thus obtained by one of its prime
factors; and so continue dividing until a quotient is ob-
tained that is a prime number.

3. This quotient and the several divisors are the prime

factors sought.
Proof.

Multiply together the prime factors thus found. The
product ought to equal the given number.

Note. If no prime factor is readily found by which to divide, we try to
divide by the several prime numbers in order. If no prime factor is found
before the quotient becomes less than the trial divisor, the given number is

prime. See lllustrative Example II.

160. Examples for the Slate.

Separate into prime factors the following numbers:

(1) 180 (4.) 208. (7.) 329. (10.) 644.
(2) 192 (5.) 260. (8.) 338. (11) 684.
(3) 176. (6.) 169. (9.) 357. (12.) 2500.

Select the prime numbers and find the prime factors of the
composite numbers among the following:

(13.) 341. (18) 450.  (23.) 704. (28.)  945.
(14.) 344. (19) 590.  (24) 711  (29.) 972.
(15) 362.  (20.) 560. (25.) 762. (30.) 2688.
(16) 367.  (21.) 596. (26.) 808. (31.) 1164.
(17.) 408.  (22) 689.  (27.) 836.  (32) 3248.
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SYMBOLS OF OPERATION.

161. The signs +, X, and +, since they indicate
that certain operations (adding, subtracting, multiplying,
and dividing) are to he performed, are called symbols of
operation.

162. In expressing a series of operations by aid of these
signs, it is often necessary to indicate that an operation is
to be performed on two or more numbers combined. This
is done by writing the numbers to be operated upon, with
the proper signs, and enclosing the whole expression in
marks of parenthesis or brackets. The expression so en-
closed is then treated as if it denoted a single number.

Thus,
(7 + 2) x5 means that the sum of 7 and 2 is to be multiplied
by 5; but 7+ 2x5 means that 7 is to be increased by 5 times 2.

(7-2) x 3 means that the difference between 7 and 2 is to be
multiplied by 3; but 7 -2 x 3 means 7 diminished by 3 times 2.

(7 +2) H5, or 7*2 means that the sum of 7 and 2 is to be
divided by 5.

[(2 +3) x5- 11] x 2 means that the sum of 2 and 3 is to be
multiplied by 5, the product diminished by 11, and the re-
mainder multiplied by 2.

163. In performing a series of operations indicated by
signs,

First, operate on the numbers that are written within
parentheses as indicated by the signs. Next, multiply and
divide as indicated by the signs x and +. Finally, add
and subtract as indicated by the signs + a/nd -.*

* The horizontal line here drawn between 7 + 2 and 5 is equivalent to

marks of parenthesis.
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164. Oral Exercises.

[The Key contains answers to the following examples.]

a. (6 +8) x5=7? h. 3x8 —4x3 =7?

b. 6+8x5- ? i. 3x8-(4x3)=7?

c. 8-3)x2=7 j i4_3x-2x3=?

d 8-3x2=2? 2

e. 8+12-4= 7 K §i_§_+_§__-__3::

/. (8+12)-4=72 -2 2

g (2+1)x(7-2)= 7 i. [(4+6)x4-5x3] x3="7
CANCELLATION.

165. Il1lustrative Example |. If 4 be multiplied by

3 and the product divided by 3, what is the result ?

WRITTEN WORK. From this example we see that
. If a given number be multiplied by a
! !ctl =4 number, and the product be divided by the
ane. 4. same number, the result will be the given
number.

In such cases, both the multiplication and the division
may be omitted.

N ote. This omission is indicated in the written work above by draw-
ing a mark through the 3 thus, 3-

166. 111ustrative Exampte Il.  What is the result of
dividing the product of 4 and 6 by 3?

Explanation. — As 6 = 2 x 3, the dividend in this

WRITTEN WORK. 1. . : \ — B s
A exampie is 4 x 2 x 3, and the divisor is 3, so'that we
4%0 may strike out the factor 3 in both dividend and

=8 divisor, and multiply by 2 only, thus shortening the
0 work.

The process of shortening work by striking out equal
factors in dividend and divisor is cancellation.
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167. Examples for the Slate.

All operations upon numbers should first be indicated, as
far as possible, by signs, that the work to be done may be
shortened, if possible, by cancellation.

33. Divide 81 x42 by 99 x 7.

34. Multiply 75 x 10 by 3 x6, and divide that product by
15 x 25 x 12.

35. Divide 7x8 x48 by 63 x4 x5 x 17, and multiply the
quotient by 51.

36. If 5 sets of chairs, 6 in a set, cost $75, what did 1 chair
cost ?

37. If it requires 13 bushels of wheat to make 3 barrels of
flour, how many bushels will be required to make 78 barrels
of flour ?

38. If a tree 54 feet high casts a shadow of 90 feet, what
length of shadow will be cast by a flag-staff 105 feet high ?

39. A grocer exchanged 561 pounds of sugar, at 12 cents
per pound, for eggs at 22 cents per dozen. How many dozen
were received ?

40. If 12 pieces of cloth, each piece containing 62 yards,
cost $372, what do 24 yards cost ?

41. If the work of 7 men is equal to the work of 9 boys,
how many men’s work will equal the work of 90 boys ?

42. If 15 men consume a barrel of flour in 6 weeks, how long
would it last 9 men ?

43. If 12 men can build a wall in 42 days, how many days
will be required for 21 men to build it?

44. 1f $15 purchase 12 yards of cloth, how many yards
will $48 purchase ?

45. A ship has provision for 15 men 12 months. How long
will it last 45 men?

46. How many overcoats, each containing 4 yards, can be
made from 10 bales of cloth, 12 pieces each, 42 yards in each
piece ?
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COMMON FACTORS.

168. Il1lustrative Example I. What numbers are fac-
tors of both 18 and 24 ?
Explanation. — Separating 18 and 24 into

WRITTEN WORK.

18=2x3x3
24=2x2%x2x3

their prime factors, we find 2 and 3, and conse-
quently 6 (which is the product of 2 and 3), to
be factors of both 18 and 24.

ans. 2, 3, and 6. Name any common factor of 12 and 15;
of 12 and 18; of 30 and 40.

169. Numbers that have no common factors are said to
be prime to each other.

Thus, 14 and 15 are prime to each other, though they are
not prime numbers.

170. The greatest factor which is common to two or
more numbers is their greatest common factor.

What is the greatest factor which is common to 18 and 24 ?
to 40 and 50 ? to 45 and 54 ?

171. We have seen that 6, the greatest common factor of
18 and 24, is the product of 2 and 3, the only prime factors
common to 18 and 24. The greatest common factor of any
two or more numbers is the product of all the prime fac-
tors ichich are common to those numbers.

Note. The letters g. c. f. are used for greatest common factor.

To find the Greatest Common Factor.

172. l1tustrative Example Il. Find the greatest com-
mon factor of 12, 30, and 48.
written work. Explanation. — The prime factors of 12 are 2,
12-2x2x3 2, and 3. The product of such of these as are
gc f=2x3=6 common to 30 and 48 must be the g. c. f. re-
quired.

We find that 2 is a factor of both 30 and 48 ; therefore 2 is a factor
of the g. c. f. We find that but one 2 is a factor of 30; therefore only
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one 2 is used as a factor of the g. c. f. We find that 3 is a factor of
both 30 and 48 ; therefore 3 is a factor of the g. c. f. Thus the g. c. f.
sought is 2 x 3, equal to 6. Hence the following

Rule.
173. To find, the greatest common factor of two or more
numbers : Separate one of the numbers into its prime factors,
and find the product of such of them as are common to the

other numbers.
174. Examples for the Slate.

Find the greatest common factor

47. Of 48, 56, and 60.

48. Of 24, 42, and 54.

49. Of 108, 45, 18, and 63.
50. Of 18, 36, 12, 48, and 42.

Note. In Example 50, 18 is afactor of36, and 12 of 48. Theg. c. f.
of 18 and 12 must be the g. C. f. of18, 12, and their Multiples3e and 48 ;
hence we need only find the g. c. f. of 18, 12, and 42.

Find the greatest common factor

51. Of 42, 28, and 84. 53.Of 32, 18, 108, and 25.

52. Of 26, 52, and 65. 54. Of 114, 102, 78, and 66.

55. What is the width of the widest carpeting that will ex-
actly fit either of two halls, 45 feet and 33 feet wide, respec-
tively ?

56. A has a piece of ground 90 feet long and 42 feet wide.
What is the length of the longest rails that will exactly suit
both its length and its width ?

57. What is the length of the longest stepping-stones that
will exactly fit across each of three streets, 72, 51, and 87 feet
wide, respectively ?

58. What is the length of the longest curb-stones that will
exactly fit each of four strips of sidewalk, the first being 273
feet long, the second 294, the third 567, the fourth 651 ?
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175. When numbers cannot readily be separated into
their factors, the following method for finding the greatest
common factor may be adopted.

I 11ustrative Example. Find the greatest common fac-

tor of 52 and 91.
WRITTEN WORK. Divide the greater number by the less,
52) 91 (1 and _then dIYIde the less number by_ the
52 remainder, if there be any. Continue
dividing the last divisor by the last re-

39) 52 (1 mainder until nothing remains. The last
39 divisor will be the g. c. f. sought.

13) 39 (3 N ote. Astlie explanation of this method is some-

39 what difficult for younger pupils, it is not given

here, but will be found in the Appendix, page 804.
To find the g. c. f. of more than two numbers, find the
g. c¢f. of any two of them and then of that common factor and
a third number, and so on till all the numbers are taken.

176. Find the greatest common factor
59. Of 323 and 663. 61. Of 6581 and 1127.
60. Of 147 and 966. 62. Of 187, 442, and 969.

For'other examples in factoring, see page 123.

MULTIPLES.
r-

ill. Name some numbers which are made by using 3 as
a factor. Ans. 3, 6,9, 12, etc.
Any number made by using another number as a factor
is a multiple of the number thus used.
178. Name the multiples of 4 and of 6 to 36.
~ns ( Multiples of 4 are 4, 8, 12, 16, 20, 24, 28, 32, 36.
( Multiples of 6 are 6, 12, 18, 24, 30, 36.
Which of these numbers are multiples of both 4 and 6 ?
Numbers which are multiples of two or more numbers
are common multiples of these numbers.
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Thus 12, 24, and 36 are common multiples of 4 and 6.
Name a common multiple of 3 and 5; name two more.

179. Oral Exercises.

Name any six multiples of 5. Name three multiples of 12.
Name all the multiples of 11 up to 140. Name any common
multiple of 10 and 6. Of 3, 6, and 5.

Least Common Multiple.

180. Name the least number which is a multiple of both
4 and 6. Ans. 12.

The least number which is a multiple of two or more
numbers, is the least common multiple of those numbers.

Name the least common multiple of 2 and 5; of 6 and 9.

Note. The letters 1 c. m. are used for least common multiple.

181. As any number contains all its prime factors, a
multiple of any number must contain all the prime factors
of that number.

A common multiple of two or more number's must con-
tain all the prime factors of those numbers, and

The least common multiple of two or more numbers is
the least number which contains all the prime factors of
those numbers.

182. 1i1rustrative E xample |. What is the least com-
mon multiple of 6, 9, and 15 ?

written work. Explanation. — The least multiple of
6 =2x3 6 is 6, which may he expressed in the
9=3x3 form 2x3.
The least multiple of 9 is 9, which ma
15=3x5 P Y

be expressed in the form 3x3. But in
lcm =2X3%xXx3%x5 =90 0 we have already one of the factors (3)
of 9; lienee if we put with the prime
factors of 6 the remaining factor (3) of 9, we shall have 2x3x3, which

are all the factors necessary to produce the 1. c. m. of 6 and 9.
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The least multiple of 15 is 15, which may be expressed in the form
3x5. In the 1. c. m. of 6 and 9 we have one of the prime factors (3)
of 15; hence if we put with the prime factors of 6 and 9 the remain-
ing factor (5) of 15, we shall have 2 x3 x 3 x 5, which are all the prime
factors necessary to produce the 1L c. m. of 6, 9, and 15.

The product of these factors is 90, which is the 1. c. m. sought.

Note. In finding the least common multiple, the factors of the given
numbers seldom need to be expressed, and the written work may be
greatly reduced. Thus, in this example the written work may be simply
l.c. m.=2x3x3x5= 90.

183. From the explanation above may be derived

Rule 1.

To find the least common multiple of two or more num-
bers : Take the prime factors of one of the numbers; with
these take such prime factors of each of the other numbers
in succession as are not contained in any preceding num-
ber, and find the product of all these prime factors.

184. Oral Exercises.

What is the least common multiple
a. Of4,5 and 8 ? c. Of6, 14, and 21 ?
b. Of6,8,and 12? d Of3 4,and 5?

When several numbers are prime to each other, what must
their least common multiple equal ?

185. Examples for the Slate.

Find the least common multiple

63. Of 8, 18, 20, and 21. 64. Of 3, 5, 12, 36, and 45.

Note. When one of the given numbers is contained in another, the
smaller may be disregarded in the operation; thus, in the preceding ex-
ample, 3, 5, and 12 may be rejected. Why?

Find the least common multiple

65. Of 18, 36, 60 and 72. 68.0f 18, 32, 48, and 52.

66. Of 12, 42, 56, and 70. 69. Of 16, 28, 35, and 63.

67. Of 13, 28, 39, and 49. 70. Of the nine digits.
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186. The above is a good method for finding the least
common multiple when the numbers are easily separated
into their prime factors. For larger numbers observe the
following method:

ItTtustrative Example Il. Find the 1 c. m. of 18, 56, 38,
and 30.

WRITTEN WORK. Explanation. — Here,

2) 18, 56, 38, 30 by repeated divisions, we

take out all the factors

3) 9, 28, 19, 15

that are common to two
3, 28, 19, 5 or more of the given num-

lcm =2x3x3x28x19x5=47880 JfIS T7e I)roduct Of

these factors (2 and
and those that are not common must be the 1. c. m. sought.

Rule II.
187. To find the least common multiple of two or more
numbers:

1. Write the given numbers in a line as dividends.
Make any prime number which is a factor of two or more
of the given numbers a divisor of those numbers.

2. Write the quotients and undivided numbers beneath
as new dividends, and so continue dividing till the last quo-
tients and undivided numbers are prime to each other.

3. The product of all the divisors, last quotients, and
undivided numbers is the least common multiple required.

188. Examples for the Slate.

Find the least common multiple

71. Of 338, 364, and 448. 75. Of 165, 9500, and 855.
72. Of 184, 390, and 552. 76. Of 1146, 484, and 24.

73. Of 308, 616, and 77. 77. Of 880, 9680, and 176.
74. Of 84, 336, and 472. 78. Of 187, 539, and 8470.

For other examples in multiples, see page 123.



88 COMMON FRACTIONS.

SECTION 1IX.

COMMON FRACTIONS.

189. If aunit, as 1 inch, is divided into two equal parts,
R I 1 one of the parts is called one half.

If the unit is divided into three equal parts, one of the
e o Fmmeee 1 parts is called one third; two of the
parts are called two thirds.

One of the equal parts of a unit is a fraction, or
fractional unit. A collection of fractional units is a
fractional number.

Note I. For the sake of brevity, fractional units and fractional numbers

are both called fractions.

Note Il. A number whose units are entire things is an integral num-
ber, or an integer.

Name a fractional unit; a fractional number ; an integer.

190. The unit of which the fraction is a part is the
unit of the fraction.

191. The number of equal parts into which the unit
of the fraction is divided is the denominator of the
fraction.

Thus, in the fraction two thirds the denominator is three.

192. The number of equal parts taken is the numera-
tor of the fraction.

Thus, in the fraction two thirds the numerator is two.

193. The numerator and denominator are called the
terms of the fraction.

Note. Decimal fractions have been treated of in previous articles. Ail

fractions except decimal fractions are called common fractions.
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Writing Common Fractions.

194. The terms of a fraction are written, the numera-

Nneraor, a . tor above and the denominator below a
Deomiretor, 3 mc «  line>  Thus, two thirds of an inch is

written as in the margin.

195. Exercises.

Write in figures the following :

a. One half of a mile. d. Twenty twenty-fifths.
b. One third of a day. e. Twelve thirds.
c. Seven tenths of a dollar. /. Seven sevenths.

g. Write any fraction you please, having for a denominator
five; seven; ten; seventeen; one hundred.

h. Write any fraction you please, having for a numerator
six; eight; sixty; one hundred.

i. Where is the denominator of a fraction written ? Where
is the numerator written ?

j. Which is the greater part of a thing, £or £? £or N ?

196. The form of writing fractions as shown above is
the same as the fractional form used to indicate division.
(Art. 94.) Thus the expression § may mean two thirds of
one or one third of two. ILLUSTRATION.

The fact that § of 1

equals J of 2 may be illus-
trated as in the margin. § of 1 equals J of 2.

197. Exercises.

a. What is meant by the expression $ ?

Ans. It means 5 of the 9 equal parts into which a unit is
divided, or it means 1 ninth of 5 units.

b. What is meant by the expression £? ? 7 8?2 W?

c. lHlustrate the fact that f of 1 equals ~ of 3; that § of 1
equals \ of 2.
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REDUCTION.
To change a Fraction to smaller or larger terms.

198. Illlustrative Example |. Change to equiva-
lent fractions of smaller terms.

written work. Explanation. — By dividing both terms of by
NN 2, we make the terms half as large, and have the
fraction Now dividing both terms of the frac-
tion &by 3, we make its terms one third as large, and have the fraction
f. If we had divided both terms of | by 6, we should have made
the terms one sixth as large, and obtained at once the fraction

,  The illustration shows that
illustration. the same part of the unit is
expressed by If, f, and f. In
n obtaining f and f from ff, the
number of parts taken has
been diminished as the size of

the parts has been increased.

| f both terms of a fraction are divided by the same num-
ber, the value of the fraction will not be changed.

199. IlI1lustrative Example Il. Change § to equivalent
fractions of larger terms.

WRITTEN WORK. BExplanation. — By multiply-

$=t> *=« ing both terms of f by 2, we

make the terms twice as large,
ILLUSTRATION. and have the fraction m By
multiplying both terms of f

§ H by 6, we make the terms six
times as large, and have the
A fraction ff. Here the num-

« *1i'1

ber of parts in each case is
increased as the size of the parts is diminished.

If both terms of a fraction are multiplied by the same
number, the value of the fraction will not be changed.

200. When the terms of a fraction have no common fac-
tor, the fraction is said to be expressed in its smallest terms.
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201. Oral Exercises.

Perform mentally the examples given below, naming results
merely; thus, “£; ~ \ ,” and so on.

a. Change to their smallest terms: f ; #; §; $; $; »
$;t; A>AjA; &8, A A ;A A ;A

b. Change to their smallest terms: Thi A 5Aj I?j A 5
4; A;A5A; irs) A; A, A; A; A, A; A A
A ; A*

¢. Change to their smallest terms: 48: M : el ellf e
it» it; H; it» it; it; it; it; AV; it; it; A°A

& Change £ to equivalent fractions, having 12, 16, 28, 44,
100, and 120 for denominators.

e. Change £ to equivalent fractions, having 27, 54, 99, and
900 for denominators.

/. Change §, £, £, ii> i0> ea’h to an equivalent fraction
having 120 for a denominator.

g. How many thirtieths in |? in ~? in 8?2 in$? in£?
int? ini?

h. How many 24thsing? in\? in £?2 in$? in$? inf?

To change a Fraction to its smallest terms.

202. From previous illustrations we may derive the fol-

lowin
8 Rule.

To change a fraction to an equivalent fraction of the
smallest terms : Strike out all the factors which are common
to the numerator and denominator; or divide both terms by
their greatest common factor.

203. Examples for the Slate.
Change to equivalent fractions of smallest terms:
(i-) *v @) m- a-) («e (io.)
2.) H). (D) Hi-(8.) (Y'A-
(3.) 4%. 6.) ,V%. 9.) (12.) J8ss

For otlier examples, see page 123.

(
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To change Improper Fractions to Integers or to Mixed
Numbers.

204. A fractional number, the numerator of which equals
or exceeds the denominator, is called an improper fraction.

205. li1tustrative Example I11. Changeff and 11 as
far as possible to integers.

WRITTEN WORK. Explanation. — (1.) Since 12 twelfths make a
(|.) 12) 60 unit, in 60 twelfths there are as many units as
there are 12’s in 60, which is 5. Ans. 5.
Ans. 5 (2) In there are as many units as there are
@) 12) 47 12s in 47, which is 3 and Ans. 31F
206. The number 3 consists of an
Ans. 3f~

integer and a fraction. A number con-
sisting of an integer and a fraction is a mixed number.

207. Oral Exercises.

a. Change to integral numbers: f ; 0 §;
V; V; ViV, Vi Vi Hi V; Hi Vi H

b. Change to mixed numbers: qi; f; W ;
Vi Vi Vi Vi Vi Vi ffi Hi V; V; V-

c. Change to integers or to mixed numbers: f; ¥ j 11
Vi ¥; Vi Vi Hi W-; H*I Vi ¥a

208. From previous illustrations we may derive the fol-

lowing
Rule.

To change an improper fraction to an integer or a mixed
number: Divide the numerator by the denominator.

209. Examples for the Slate.
Change to integers or to mixed numbers:
(23.) f]. (15.) ifjt- (17.) iy*. (19.) w - days.
(14) -w-. (16.) W - (18-) W i- (20.) W years.
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To change an Integer or a Mixed Number to an Improper
Fraction.

210. lrtustrative Example IV. Change 23£ to fourths.
WRITTEN WORK.

Explanation. — Since in 1 there are 4 fourths, in
231 = A 23 there are 23 times 4 fourths, or 92 fourths,
4 which, with 1 fourth added, are 93 fourths.
Ans. ®s.
93

211. Oral Exercises.
a. Change to improper fractions: 2]; 3g; 2j; 5J3; 2];
35; 61; 5f; 5J; 7j; 7]; 8f; 8#; 9J3; 9J; 105.
h. Change to improper fractions: 2]-; 2f; 3y\; 3; 4J;
57, 98; 6]; 75; 8f; 97?; 4?2; 4}; 8J; 7*.
c. Change 5 to ninths; 11 to fifths; 14 to thirds; 8 to
twelfths; 15 to fourths; 1 to sevenths.

d. Among how many persons must 7 melons be divided that
each may receive £ of a melon? J ?

e. How many persons will 54 cords of wood supply if each
person receives \ of acord? £ of acord? £ of acord?
212. From previous illustrations may be derived the

following
Rule.

To change an integer or a mixed number to an improper
fraction: Multiply the integer by the denominator of the
fraction, and to the product add the numerator; the residt
will be the numerator of the required fraction.

213. Examples for the Slate.
Change the following to improper fractions :
(21.) 698. (24.) 76~C (27.) Change 48 to ninths.
(22.) 272f. (25)HV~. (28.) Change 567 to tenths.
(23.) 109~. (26.)66f. (29.) Change 93 to forty-thirds.

For other examples in reduction of fractions, see page 123.
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ADDITION OF FRACTIONS.

To add Fractions having a Common Denominator.

214. Illustrative Example |I. Add § of an apple,
£ of an apple, and | of an apple. Ans. § of an apple.

These fractions are like parts (eighths) of the same or
similar units (apples). Such fractions are like fractions.

215.

because it belongs to several fractions, is called a common
denominator.

Like fractions have the same denominator, which,

216. Oral Exercises.

a. Add Tow At and tV
b. Add Ann t&z and
c. Addf, f, andf.
d. Add A, A?

and A*

e* Add An Ad ad lo-

£ AddIf, ff, and A>

g. Add 2Armand AW
h. Add AW 4vd and sis-

How do you add fractions which have a common denominator?

To add Fractions not having a Common Denominator.

217.

WRITTEN WORK.

2x3x3x5=90 1 c denom.
= i$U =M
Xl o
X110
iV- Ax e ~
Ans. -W = | ff=

I 1lustrative Example.

Add f, and

Explanation. — To be added, these
fractions must he changed to like frac-
tions, or to fractions having a common
(Art. 215))

denominator must be some multiple of

denominator. The new

the given denominators. A convenient
multiple is their least common multiple,
which is 90. (Art, 182.)

To change f to 90ths, the denominator 6 must be multiplied by

3 x5, or 15; hence the numerator 5 must be multiplied by 15.

(Art.

199.) Thus, £ is found to equal If.

In a similar way f will be found to equal ff, and A to equal ff.

Adding these fractions, we have hff, or Iff, for the sum.
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218. Oral Exercises.

a. Add  4>and j- c. Add £, f, and §&.
Ans. N =|. d Add I, £ and /5.

b. Add £, I, and * e. Add f, and f.
Ans. 27, /. Add Til, and

Note. When the denominators are prime to each other, the new denomi-
nator will be the product of all the denominators, and the new numerators
will be found by multiplying each numerator by the product of all the de-

nominators except its own.

g. Add hand £; £ and £, \and £; £and J; Frand \;
iand}; ~and ™ ; £ and

h. Add Jand f; £and g; §and §; £ and £; ~ and

i. AddIl, and€£; § £ and§; £ f, and J £, and

If you should spend £ of your time in school, ~ in

practising music, and £ in sewing and studying, what time
would you spend in all ?

k. Owning £ of a paper-mill, I bought the shares of two
other persons who owned ~ and 8 respectively. What part
of the mill did I then own ?

219. From the above examples may be derived the fol-

lowing
Rule.

To change fractions to equivalent fractions having the
least common denominator:

1. For the common denominator, find the least common
multiple of the given denominator's.

2. For the new numerators, multiply the numerator of
each fraction by the number by which you multiply its de-
nominator to produce the common denominator.

Note. |If the number to multiply the numerator by is not readily seen,

it may be found by dividing the common denominator by the denominator
of the given fraction.
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220. From what we have now learned of the addition
of fractions, we may derive the following

Rule.
To add fractions :

1. If they have a common denominator, add their
numerators.

2. If they have not a common denominator, change them
to equivalent fractions that have a common denominator,
and then add their numerators.

221. Examples for the Slate.

(30.) (35.) +hi-?
Bl) 1 scv sntaco (36)  +fg+fV- 2
(B2) v T+ a+s=2 (87) f+$+M=2?

(33) & +f+f=2? (38) t8 + +fa=?
B4) 11 iy s1m. 2 (39)  H-ir+tVli- 7

Add the integers and fractions of the following, and similar ex-
amples, separately :

40. In my furnace there were burned 2$ tons of coal in
December, 2§ tons in January, and 3] in February. How
many tons were burned in all ?

(41.) 72£+16] +188+23f+37/* =7

42. A horse travelled 43-~ miles in one day, 52] the next,
36”7 the third, and 40 the fourth. How far did he travel
in all ?

43. A merchant had three barrels of sugar, the first contain-
ing 247~ pounds; the second, 229j]r pounds; and the third,
2601 pounds. What was the weight of the whole ?

For other examples in addition of fractions, see page 123.

* What operation should first be performed on this fraction ?
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SUBTRACTION.

222. Oral Exercises.

a. $less § are how many ninths ? Ans. $.

b- £1 —ifr~what! d. 88— -what?

c- 8o - k>—what? e. 17 —Tr ~ xh ~ what ?

/. Find the difference between of a day and of a day.
g. What must he added to to make ?

When the minuend and subtrahend are like fractions, how do you
subtract ?

223. litusteative Exampie. |If 8§ of ayard of velvet
is cut from a piece containing | of a yard, what part of a
yard will be left ?

WRITTEN WORK. Explanation. — That the subtraction may be

performed, these fractions must be changed to
4" 8- 9%B=rb As

equivalent fractions having acommon denomi-

nator. The least common denominator is 12. =" and 1= iV
i% r2=T2 Ans-

h- [-*2 i-i? i-*?

i- i-v *??2 f-f? t-*?

y. 2-£? 8-£?2 11-$? 9-33? 7-2%? 8-33?

J. How many yards will be left if from a piece containing

yards there be taken Il yards ?

I. What is the difference in the height of two boys, one
being 3% feet, the other 2 f feet high ?

m. A pole is standing so that f of it is in the water, 1 in
the mud, and the rest in the air. What part is in the air ?

n. How much will be left of a piece of cloth containing 7
yards, after cutting from it 2 vests and a coat, allowing f of a
yard for a vest and 4£ yards for a coat ?

0. From abin containing 23£ bushels of wheat there were
taken out 3J bushels at one time and 4~ bushels at another.
How much remained ?



98 COMMON FRACTIONS.

224. From the previous illustrations we may derive the

following
Rule.

To subtract one fraction from another :

1. If they have a common denominator, find the differ-
ence of their numerators.

2. If they have not a common denominator, change them
to equivalent fractions which have a common denominator,
and then find the difference of their numerators.

225. Examples for the Slate.

(@4) * -* =2 (50.) 12*-* =9
(45) * “* =9 (51.) 17*-12* =2
(46.) «*— (52.) 261-1# =2
(47) 36-f="2 (53.) 10f-5*] =2
(48) 19-2* =2 (54) 17*-2f=2?
(49.) 75-15%=2 (55) 18%-15%=2

For other examples in subtraction of fractions, see page 123.

226. Examples in Addition and Subtraction.

(56.) *-*+*=19 (60.) 20-5* +* =2
(57) #+* -* =2 (61) 8*-2| +7f=2
(58) |- *+* - T#g=? 62) 7-(*-*) =2
(59) f-*-* _tli=? (63) 5-(] +*) =2

64. Two men start at the same place and travel in opposite
directions, one at the rate of 3 * miles per hour, the other at
the rate of 4** miles per hour. How far apart were they at
the end of an hour ?

65. Two boats are 5280 feet apart and rowing towards each
other, one at the rate of 320* feet per minute, the other at
the rate 309** feet per minute. How far apart are they at
the end of one minute ?
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66. From 8 trees | gathered apples as follows: 2\ barrels,
3f barrels, 5£ barrels, 4f barrels, 3f barrels, I f barrels, 3f bar-
rels, and 2\ barrels. If | sold 15f barrels of the apples to one
man and 2\ to another, bow many bad I left ?

67. A lady who bad $50 received $ 8f more, spent $17f,
lost $ 4pff, and collected $ 15£ of a debt. How much money in
dollars and cents bad she ?

68. A man having a sum of money spent ft of it for a bouse,
~ of it for furniture, of it for horses and carriages, and f
of it to build a church. W hat part of bis money had be left ?

69. How much more is the sum of 12~- and 6ft than their

difference ?

For other examples in addition and subtraction of fractions, see page 123.

MULTIPLICATION.

To multiply a Fraction by an Integer.

227. l1ltustrative Example |I. If it takes f of a yard
of cloth to make 1 apron, how much will it take to make 2
aprons ?

Solution. — If it takes f of a yard to make 1 apron, to make 2 aprons

it will take 2 times f, or f of a yard, equal to |If yards.

In multiplying the fraction -§ by 2, which term of the fraction was
multiplied ? How will you multiply any fraction by an integer ?

228. Oral Exercises.

aMuItipIy §by2; fby3;fby7; ft by 4;£by 5;
f by 8; f by 6.

b. How many are 3 times £? 4 times f

8 times ft 2 9 times ft ?

;5 times ft ?

c. How many are ft x3? ft x2? $x4°? f§ x2? ft x62
*x 5?2 *x9? muftx20?
d. If 2f pounds of cane are required to seat 1 chair, bow

many pounds will be required to seat 12 chairs ?

Note. Multiply the integer and the fraction separately.
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e. At $18] adozen, what is the cost of 5 dozen lamps ?

/. If 7 men can build a dam in 4] days, in what time can 1
man build it ?

g. At $10f each in currency, what is the value of 5 gold
eagles ?

h. In a piece of land 1 foot long and 1 foot wide there is 1
square foot. How many square feet are there in a piece &-
feet long and 1 foot wide ? in a piece 18J feet long and 5 feet
wide ?

i. If a man receives $f for shoeing a horse and $ \ for shoe-
ing an ox, how much will he receive for shoeing 4 horses and a
yoke of oxen ?

229. Examples for the Slate.

Ittustrative Example Il. MultlplyT@j by 56.

WRITTEN WORK.

70. If a man can mow of an acre of meadow in 1 hour,
now much can he mow in 38 hours ?

71. How many yards of cloth are required for 6 suits, each
suit requiring 7”\ yards ?

72. What is the width of 18 house lots, each 5] rods wide ?

73. What distance can a vessel sail in 33 hours, going at
the rate of of miles an hour ?

74. There are 16J feet in arod. How many feet are there
in 40 rods ? in 320 rods, or 1 mile ?

75. How much ivory worth $ 1 a pound can be bought for the
same sum that will pay for 158 pounds worth $12 a pound ?

76. One quart dry measure contains 67/ cubic inches. How
many cubic inches are there in a bushel, or 32 quarts ?

77. If by working 11 hours a day a piece of work can be
done in 45§ days, in what time can it be done by working 1
hour a day ?
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78. If 17 men can shear a lot of sheep in 9~ days, in what
time can 1 man shear the lot ?

79. Multiply 14% by 9. 82.  Multiply 3651 by 39.
80. Multiply 16fV by 7. 83. Multiply 256J by 18.
81. Multiply 23" by 11. 84. Multiply 37688 by 21.

To multiply an Integer by a Fraction.

230. Ir1tustrative Example IIl. What isi of 2 inches ?

* ILLUSTRATION.
If 1 of each of the 2 inches is taken,

we shall have § of an inch. Ans. § of an

inch. (See illustration; also Art. 196.)
lof2 =i
231. Oral Exercises.
a. What isl of 2?7 $of8? £0of4? ~ of 7?270of6?
b. What iswW of 3? £o0of2? * of9 ? 1 of 5?2* of5?

232. l1tustrative Example IV. What isf of 2 inches ?

Solution. — 1 of 2 inches is f of an inch, and < 0of 2 inches must be

3 times -f, or f of an inch, equal to I-£ inches.Ans. |£ inches.

c. Whatisf of 7? 8§of6? 80f4? $ of 5?280f9?

In finding the fractional part of a number, as in the example above,
what was the first operation? Ans. Dividing the number by the de-
nominator of the fraction. By what was the result multiplied ? How
then will you find the fractional part of a number ?

233. The process by which the fractional part of a num-
ber is found is called multiplying by a fraction.

I 1lustrative Example V. Multiply 11 by

Solution. — To multiply 11 by f is to take $ of 11. 1 of 11 is Ig~,
and ~ of 11 must be 4 times or = 8]~ Ans. 8%.

d. Multiply 8 by /. Multiply 10 by $.
e. Multiply 6 by f. g. Multiply 12 by f.
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h. In 1 yard there are 3 feet. How many feet are there in
§ of ayard ?

Solution. — If in 1 yard there are 3 feet, in f of a yard there are |
of 3 feet; etc.

i. What is the cost of fa of a ream of paper at $6 a ream ?
j. What is the cost of $ of an acre of land at $ 100 an acre ?

Examples for the Slate.

234. l1tustrative Example VI. What must | pay for
2 of an acre of land at $ 165 an acre ?

WRITTEN WORK.
55

=" =568]. $68f, or $68.75.
\% 4
4

85. A man bought a carriage for $ 645, and sold it for § of
what it cost him. How much did he receive for it ?

86. If it requires 9 bushels of apples to make a barrel of
cider, how many bushels will he required to make 13f bar-
rels of cider ?

Note. Multiply by the integral and the fractional number, separately;
then add the results.

87. In 1 pound there are 16 ounces. How many ounces in
13/~ pounds ?

88. 4 quarts equal 1 gallon. How many quarts are there in
65f gallons ?

89. At $3 a bundle, what will 26J bundles of shingles cost ?

90. If $1 will buy 9 pounds of sugar, how much will $19]

buy?

91. What must | pay for 63~ yards of flannel at $0.54 a
yard?

(92.) 36 x5§8 —? (95.) 3681 x4/v=2?

(93.) 568 x$= 2 (96.) 5432 x3H = ?

I
-~

(94.) 385 xfa = ? (97.) 87036 x &
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To multiply a Fraction by a Fraction.

235. li1tustiiative Example VII. Multlply I by J.

ILLUSTRATION. Explanation. — To multiply
1 by £ is to take 1 third of £.
i .\ | | To find 1 third of £, the 1 must

be divided into 3 equal parts.

i * Since the entire unit will con-
tain 5 times 3 or 15 such parts,
one of the parts will be A the unit; hence £ of £ is A- (See

illustration.) Ans. TE-

In multiplying £ by £, how was the new denominator obtained ?

236. Oral Exercises

a. Multiply 1 by I; £Eby £; £by A ; £Eby £; £by £
b. Multiply £by £; £Eby £; A by £; £by £; A by £

237. lillustrative E xample VIII. Multlply “Eby $

Explanation.— To multiply £ by is to take £
WRITTEN WORK. O0f a £ of £ is A (-~3); then £ of £ must be A

surf = A - (s£g), and £ of £ must be 2 times as much (££]),
or ®. Ans. TV

In multiplying £ by f, how was the new numerator obtained ? the
new denominator ? Then how do you multiply one fraction by another ?

c. Whatis£of £? £of£? £off? f of f? foff?

d. Multiply §by £;, £byt\; A by £; A v 1; fhyl

238. From the previous illustrations may be derived

the following
Rules.

1. To multiply an integer by a fraction, or a fraction by
an integer: Find the product of the integer and the numera-
tor of the fraction for the mumerator’ of the answer, and
take the denominator of the fraction for the denominator
of the answer.
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2. To multiply a fraction by a fraction: Find the prod-
uct of the numerators for the numerator of the answer, and
the product of the denominators for the denominator of the
answer.

239. Examples for the Slate.

98. Whatis ft of ft ? (101) ft x#=2?
99. Whatis ft of ft ? (102)) xff=72°
100. What is ft of§ ? (103.) A4tft x$= ?

Note. Change mixed numbers to fractional numbers before multiplying.

104. Multiply 8~ by 24}. 105. Multiply 4f hy loff.

106. If a man can walk 4$ miles in an hour, how far can he
walk in ft of an hour ?

107. AVhat is the cost of 22f thousand bricks at $11f a
thousand ?

108. AVhat is the cost of 37f pounds of lead at $12} per
pound ?

109. A woman who inherited f of a ship divided f of her
part equally between her two daughters. AVhat part of the
ship did each daughter receive ?

Note. Each daughter received } of £ of § of the ship. The operation
may be expressed thus : a-

3

110. If adress-pattern cost $11f, the trimmings f} as much,
and the making } as much as the trimmings, what was the
cost of making ?

111. In a school of 840 pupils, f cipher, f as many write as
cipher, } as many study grammar as write, $ as many study
geography as study grammar. How many study geography ?

240. The following, which are usually called “ com-
pound fractions,” are simply expressions for multiplication
of fractions, the finding of a part of a part:

112. What is § of ft of §?
113. What is} of ft of }f ?
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114. What is N of of f?

115. What is 12 of | of f? of 5f?

116. What is | of 74 of of 61?

117. What is of ftof§ of 3*?

118. Whatis~ x ftofH x6]?

119. What is ft of x f of x8f x157?

For other examples in multiplication of fractions, see page 123.

DIVISION.

To divide a Fraction by an Integral Number.

241. I1tustrative Example | I f of a melon be
divided equally between 2 boys, how many fifths of a melon

will each boy have ?
ILLUSTRATION.

jL X X X Explanation. — If 1 of a melon be
ii— — = = i equally divided between two boys,
each boy will have 1 half of |, or |
of a melon. (See illustration.)

1 halfofl= £ Ans. | melon.

In dividing the fraction | by 2, what was done to the numerator ?

242. li1tustrative E xample Il. If § of a melon be
divided equally between 2 boys, what part of a melon will

each boy have ?
ILLUSTRATION.

\ \ \ Explanation. — As the number of
parts 3 cannot be divided by 2 with-

I hrl out a remainder, each one of the parts,
To v fifths, may be divided into two equal
1 half of _ parts; these parts will be tenths of the

whole melon. We shall then have 6

tenths, of which each boy’s share is 3 tenths. (See illustration.)

In dividing f by 2, what was done to the denominator ?
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243. From the preceding illustrations we learn that to
divide a fraction by an integer, we may divide the numera-
tor or multiply the denominator by the integer.

Note. In dividing by 2, as above, we find one half of a number; this
is equivalent to multiplying by \.

Dividing by 3 is equivalent to multiplying by what? Dividing by
6 is equivalent to multiplying by what ?

244. Oral Exercises.

a. Divide ff by 5; by 11; 88 by 7; by 13; by 25.
. Divide | by 5; \by 3; Feby 95 H by 751 by 8-
c. Divide Jby 3; § by 4; yaby 7; ¥r by 3; f by 2

d. If $3 will buy & of a yard of broadcloth, what part of a
yard will $1 buy ?

e. If 1 man can do a piece of work in of a month, in
what time can 12 men do it ?

f. If $2£ be paid for 7 pounds of butter, what is the price
of 1 pound ?

Note. Change $ 2% to fifths before dividing.
g. At $2\ per day, what are the wages of a man for 1 third
of a day ?

h. If by 1 pipe a cistern can be emptied in IfE£ hours, in
what time can the cistern be emptied by 4 like pipes ?

Examples for the Slate.

245. 1i1tustrative E xample 11, If 5¢ yards of rib-
bon are required for 18 knots of trimming, how much is
required for 1 knot ?

WRITTEN WORK.
5
=V , = v AsA yd-

120. If 39I£ inches of rain fell in a year, what was the

average fall per week ?
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121. If a steamer goes 77J miles in 5 hours, what is her

rate per hour ?

Note. First divide 77 by 5, then change the remainder to thirds, and
divide.

122. If 44f yards of cloth be required to make 8 suits, how
many yards are required for 1 suit ?

123. If land that extends along the street 103£ rods is made
into 18 house-lots of equal width, what is the width of each lot ?

124. What is the length of one side of a square that can be
enclosed by a string 89$ feet long ?

125. Divide f by 32 (130.) 47%$+10= 2
126. Divide ff by 16. (131.) 1211 +16= ?
127. Divide by 72. (132) 272i+20= 7
128. Divide by 65. (133) 5~ +11= 72
129. Divide 93/j by 9. (134.) 12404 +90= ?

246. To divide an Integer or a Fraction by a Fraction.

In 1 there are how many fourths ? sixths ? eighths ? ninths ?
In 2 there are how many times $? $? -fo?  ?

lttustrative Example |IV. How many baskets of
peaches at ~ of a dollar a basket can be bought for $57?

written work. Explanation. — As many baskets can be
5= If- bought as there are times § in 5.
- § =15=2="7Ir We first change 5 to thirds, making
There are as many times J in 4% as there are
2’sin 15, or Ans. 7% baskets.

Note. For different analysis of this example, see Appendix, page 304.

247. Oral Exercises.
a. Eight are how many times§? §8? flI? §? f? 14 or §?
b. Twenty are how many times 1$? lif ? 2\ ? 24? 1J? 1] ?
c. Divide 4by $; 7by §; 9by \; 6 by % 8 by I f
How do you change an integer to divide it by a fraction ? How do
you then divide? How do you divide by a mixed number ?



108 COMMON FRACTIONS.

d. If a person walks a mile in f of an hour, how many
miles can he walk in 8 hours ?

e. At $| a pound for coffee, how many pounds can be
bought for $47?

/. How many chairs at $ If each can be bought for $10?

Note. Change 1J to fourths.

g. How many tons of coal at $6§ can be bought for $25 ?

h. The old shilling of New England was worth 16f cents.
How many shillings made a dollar ?

i. If a boy can write a page in ~ of an hour, how many
pages can he write in If of an hour ? in 1 hour?

j. If a hat can be made from f of a yard of velvet, how
many hats can be made from 3f yards ?

k. Divide fa by fa ; if by fa; ff by ; if by fa.

When fractions have a common denominator, how do you divide ?

248. li1tustrative Example V. Divide I by §.*

written work. Explanation.— f and f changed to frac-

f=fFff; f=1F tions having a common denominator are ff
12 10-197210-11 andH- |If divided by if equals 12 divided
n - n —** e by 10, or If. Ans. If.

I. Divide f by f ; f by £; f by £; § by f; fa by f.

When fractions have different denominators, how do you prepare
them to divide ?

In the written work of Illustrative Example V., after obtaining a
common denominator we have 12 -f-10, or the new numerator of the
dividend divided by the new numerator of the divisor. If, in the place
of these numbers, we put the factors which formed them, we shall
have (4 x3) — (5 x2) or i-f? or f xf, in which the expression for the
divisor, §, is inverted, becoming -§ and the answer, found by multi-
plying f by s is f or If, as before.

249. To divide one fraction by another, we may then
invert the divisor and proceed as in the multiplication of

* For other explanations of division of fractions, see Appendix, page 304.
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fractions.  The written work of Illustrative Example V.

2
will then be merely =f =IE.

Perform the following examples by either of the methods
illustrated above:

m. How many are f ?f 2?2 ££FT? £4+£?

2. How many are f - §? §-~£? Fr-t?

250. From the previous illustrations may be derived

the following
Rules.

1. To divide a fraction by an integer, Divide the numera-
tor or multiply the denominator by the integer.

2. To divide an integer or a fraction by a'fraction,
Change the dividend and divisor to fractions having a com-
mon denominator, and then divide the numerator of the
dividend by the numerator of the divisor. Or,

2. Invert the divisor, and proceed as in the multiplica-

tion of f ractions.

251. Examples for the Slate.

135. Dividel ff by 6. 138. Divide 181 bydr-
136. Divide FAr by 7. 139. Divide9G by F*
137. Divide I f by 18. 140. Divide 108 by Fs¢

141. At $F? Per pound, how many poundsof rice can be
bought for $11 ?

142. At $ £ per foot for rubber hose, how many feet can be
bought for $41 ?

(143) 184 | = 2 (147) =7
(144) 21 & = ? (148) H -H =2
(145) 98-*=2 (149.)

(146.) 54n¥L=29 (150.) « +« =7?

151. How many bushels of peas at If a bushel can be
bought for $18 ? for $12£7?

152. At $ R per thousand ems for setting type, how many
thousand ems can be set for $75 ?
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153. If 1 yard of cloth can he made from 1$ of a pound of
wool, how many yards can be made from 5 tons of 2000 pounds
each ?

154. One rod equals 161 feet. How many rods in 100
feet ?

155. How many breadths of paper, each of a yard wide,
will reach around a room, the distance being 27f yards ?

156. At $2£ per yard, how many yards of cloth can be
bought for $4517?

157. How many lengths of 7 * feet are there in a fence
17061 feet I°ng ?

158. How many square rods, each containing 301 square
yards, are there in 75ft square yards ?

159. A man had $1.50, which he exchanged for francs at
18f cents each. How many francs did he receive ?

(160.) 3f=4* =7 (162) 261-3*-7
(161) 5* =6f=2 (163) 1-541f =7
252. 11tustrative E xample VI. Change the expres-

sion to its simplest form.
WRITTEN WORK.
91-21=V-H-¥ =4~ =¥ =3f An, 3"
Expressions like that above are sometimes called com-
plex fractions. But they merely indicate division.

Change the form of the following expressions, and perform
the division indicated:

164. ) A ) 2”

( )1 per.) (170.) (173)) a1
) 19*
(165.) i- (168.) A (\1/71.) T (174.) 30ft
(166.) & (169.) M (172)) ¢7 (175.) 1062
Tor 47*

For other examples in division of fractions, see page 123.
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TO FIND THE WHOLE WHEN A PART IS GIVEN.

Oral Exercises.

253. li1tustrative Example l. I f I of a ton of hay
costs $16, what will £ of a ton cost ? what will 1 ton cost ?

a. If £of acertain number is 28, what is the entire number ?

b. 81is of what number ?

c. A man bought a harness for 175, which was %of what
he paid for his carriage. What did he pay for his carriage ?

d. I paid $6 aweek for board in Albany, which was f of
what | paid in Buffalo; this was f of what | paid in Chicago;
and this was ~ of what | paid in San Francisco. What did |
pay in San Francisco ?

e. An exploring party having lost | of their bread, are
obliged to subsist on 14 ounces aday. What were they allowed
at first ?

Note. If § is lost, £ remain.

/1. If | of a piece of work be performed in 24 days, how
many days will it take to do the remainder ?

g. A vessel, having lost £ of her cable, has 200 feet remain-
ing. How many feet had she at first ?

h. Mary is 24 years old, and her age is equal to once and \
the age of her brother. How old is her brother ?

Note. Mary's age is * of that of her brother.

i. A mother and her son have $45 in a purse; the son's
part is § as great as the mother's. What is each one’s part ?
Solution. — The mother’s part must be f of itself, and her son’s part

added to her part must be f of her part. But the two together have
$ 45 ; then $ 45 is £ of the mother’s part.

j. If 1 sell an article for $80, and thereby gain a sum equal
to £ of the cost, what is the cost ?

k. If I sell an article for 180, and thereby lose a sum equal
to J of the cost, what is the cost ?
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254. Examples for the Slate.

(176.) 16£ is fa of what number ?

(177.) 25f is § of what number ?

(178.) § of is f of what number?

(279.) f of 61 is ~ of what number ?

(180.) fa of is § of what number ?

(181.) 2 | x7Eis times what number (or £ of what num-
ber) ?

(182.) 182 4-(12 x2]) is 31 times what number ?

183. An author’s copyright on a book was $54.57. If this
was fa of the whole profit, what was the whole profit ?

184. Mr. Smith owns f~ of an acre of land; his neighbor
Mr. French owns § as much, which is f of what Mr. Brown
owns. What does Mr. Brown own ?

185. If £ of my property is in real estate, f in trade, and
the balance, which is $33000, is in stocks: what is the value
of my property ?

186. A man sold alot of land for $ 1440, which was 2£ times
what it cost him. What did it cost him ?

187. Having lost ~ of my money in trade, | now have
$2476.50. What had | at first?

188. A person against whom | had an account has failed,
and | have lost £ of what he owed me. If I receive $1584.72,
how much did he owe me ?

189. A body of 4800 troops had 1 as many cavalry as
infantry. What was the number of each ?

190. A lot of land yielded 4140 bushels of grain, in two
years, yielding f as much the second year as the first. What
was the yield each year ?

191. What number is that to which if § of itself be added
the sum will equal 275 ?

192. In counting his fowls, a farmer finds that he has 396
in all, which is £ more than he had the previous year. How
many had he then ?
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TO FIND WHAT FRACTION ONE NUMBER IS OF
ANOTHER.

Oral Exercises.

255. Ill1lustrative Example |I. 1 is what part of 57?
Answer. 1 is | of 5 because it is one of the five equal parts
into which 5 may be divided.

a. liswhat partof 7? of 9? of 10?7 Why?

In comparing 1 with any number to see what fraction it is of that
number, what do you take as the numerator ? as the denominator ?

b. 1is what part of 7? 2 is what part of 7? Why ?
What part of 9 is 2? What part of 10 is 7 ?

What part of 200 is 20? 50?7 25? 40?

1 peach is what part of 7 peaches ? 3 pears of 13 pears?
£ is what part of £? ~ is what part of ?

£ is what part of Note. Change £and £ to sixths.

What part of 10 is 3~ ? is 2\ ?

TQ@ ™+ e oo

256. From the foregoing illustrations we may derive the

following
Rule.

To find what fraction one number is of another, Make
the number which is the part the numerator of a fraction,
and the number with which it is compared the denominator.

i. If a piece of work can be performed in 9 days, what part
of the wmrk can be performed in 7 days ?

j. 1f Mr. Chase has $54 and spends $ 18 for a coat, what
part of his money does he spend ?

k. Stock originally worth $50 a share now sells for $40.
What part of the original value does it bring ?

I. When goods which cost 75 cents sell for $1, what is the
gain ?  What part of the cost is the gain?

in. A and B hired a pasture together; A pastured 12 cows
in it and B 13 cows. What part of the price should each pay ?
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257. Examples for the Slate.

193. A man owing $316, paid $84 of the debt. What part
of the debt did he pay ?

194. What part of 2721 square feet is 9 square feet ?

195. | bought a house for $3000 and sold it for $4500.
What part of the original cost was the gain ?

196. Four men were hired to work on a farm. A worked 7
days, B worked 5 days, C 8 days, and D 4 days. They received
$72. What was each man'’s share ?

What part (201.) 12f is what part of 19 ?
(197.) oOf 75 is 30 ?(202.) 1 is what part of 2£?

(198.) Of 267 is 89?(203.) | is what part of 1~ ?
(199.) oOf 8 is1? (204.) 1l is what part of ?
(200.) oOf 11 is §f ?(205.) 2f is what part of 3§ ?

206. What part of 100 is 331? 668? 871? 371?
621? 61? 5617?
To solve Examples by using Aliquot Parts of Numbers.
258. What is one of the three equal parts of 9? of 10 ?
One of the equal parts of a number is an aliquot part
of the number. Thus, 37 is an aliquot part of 10.

259. Oral Exercises.

Find such aliquot parts of the following numbers as are
indicated below:

a. Of the number 30 find \; 1;1;J;1; "~ ; §; &

b. Of the number 60 find £; 1;1; fc T45A ;-*» sV
c. Of the number 100 find |; 1; \;1;1;1;* 5iV

d. Of the number 100 find § ; J; §; 8,8, §;

e. Of the number 144 find

/. Of the number 200 find 4; % *-11

Of the number 1000 find \; J; \; 1;1; |; * ; §;

@
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260. By using the aliquot parts of numbers, the work
of multiplying and dividing may often be shortened, thus:

lttustrative Exampte. What is the cost of 25350 ft.
of gas at 34 mills per foot ?

Q:Jeration.— m. = 4 of 10 mills, or 4 ofa cent. 25350 ft. at 1 cent
afoot costs $253.50, and at4 of a cent a foot it must cost 4 of $253.50,
orssa.50. Am. $84.50.

Oral Exercises.

Find the cost

Of 1872 Ibs. of butter 'at $0.334 per Ib. ?

Of 64 bu. potatoes at $0.874 per bu. ?

Of 44 yds. of silk at $1.124 per yd. ?

Of fencing 50 rods of road, both sides, at $3.75 per rod ?
Of insuring a house 5 years at $6.665 per year ?

Of 750 feet of boards at $12 per thousand ?

Of 80 pounds of butter at 374/ per pound?

h. How many pounds of cheese at 168/ a pound can be
bought for $10 ?

i. For $20 how many yards of cloth can be bought at $1
ayard? at124/? at 168/ ? at25/? at50/? at374/7?

@ "o oo o

261. Examples for the Slate.

(207.) 987 - 16§= ? (210.) 496-124= ?
(208.) 864-334= ? (211.) 684 x 66§ = ?
(209.) 572x624=2 (212)) 487x374= ?

262. Questions for Review.

What is a factor 0f @ number? What is a composite number ? a
prime number ? a prime factor ?

What is an even number? an odd number? What numbers are
divisible by 2? 3? 4? 5? 6? 8? 9? 117

How can you find the prime factors of a number? A composite
number equals what product? Find the prime factors of 180 and
explain the process. How can you make sure that a number is prime?

What is cancetrtation ? Why should arithmetical processes first
be indicated by signs? Explain the use of the parenthesis.
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When are numbers prime to each other? What is a common fac-
tor of two or more numbers ? the greatest common factor ? Find
the g. c. f. of three numbers by the first method given ; explain and
give the rule. Find the g. c. f. of two numbers by the second method
given ; give the rule. In what cases would you find the g. c. f. by the
second method ? When do we make use of the g. c. f. of numbers ?

What is a multiple ? a common multiple of two or more numbers ?
the 1east common multiple ? When do we make use of the L. ¢c. m.?
Explain the first method of finding it; the second. What does the
1. c. m. of numbers prime to each other equal ?

What is a fractional unit? a fractional number? What name
is applied to both? Name and define the terms of a fraction. Ex-
plain the expression 8 How do you change fractions to smaller
terms ? to larger terms? When is a fraction expressed in its smallest
terms ? How do you change improper fractions to integers or mixed
numbers ? Htnv do you change integers or mixed numbers to fractions ?

When are fractions said to have a common denominator? For
what operations upon fractions do we first change them to others
having a common denominator? Change and & to fractions
having a common denominator, and explain.

How do you add fractions ? Take three fractions of different
denominators, add and explain. How do you add mixed numbers?
How do you subtract fractions ? Give a general rule for the addi-
tion of fractions. Give a general rule for the subtraction of fractions.
Let 4™ be the minuend and 1T the subtrahend ; subtract and explain.

How do you multiply a fraction by an integer? a mixed num-
ber by an integer? Explain, by an example, the method of multi-
plying an integer by a fraction. Multiply a fraction by a fraction ;
explain and give the rule. How do you multiply a mixed number by
a mixed number or a fraction? How can you simplify the expres-
sions called compound fractions?

How do you divide a fraction by an integer ? a mixed number
by an integer ? an integer by a fraction ? Explain, by an example, the
method of dividing a-fraction by a fraction, and give the rule. How
can you simplify the expressions called complex fractions? How do
you find what fraction one number is of another? What is an aliquot
part of a number ?

What effect does multiplying both terms of a fraction by the same

number have upon it? Why ? What effect does dividing both terms



GENERAL REVIEW. 117

of a fraction have upon it? Why ? What effect floes multiplying
the numerator of a fraction have upon the fraction? Why? In
what other way could you produce the same effect, and why ? What
effect does dividing the numerator have upon a fraction? Why ?
In what other way could you produce the same effect, and why ?

263. General Review, No. 2

213. What are the prime factors of 420 ?

214. DiVide18x7x15x6by28x10x3x4.

215. Find the greatest common factor of 35, 84, and 56.

216. Find the least common multiple of 63, 18, 14, and 28.

217. Change and to their smallest terms.

218. Change 465" and 84 to improper fractions, having 8 for
their denominator ?

219. Change £8&and ™ 5- to mixed or integral numbers.

220. Change f, T, and § to fractions having a common de-
nominator.

221. Change ™, y\, and 9J to fractions having the least
common denominator.

222. Add £ of § $, and 8%. Add 25f, 6f, and 46J.

223. From 24 take 12f. Subtract N\ from y\ of

224. Multiply 7f by 4; 7f by 5; ~ by 8$.

225. Simplify the expression of ®¢ of \i of 2f.

226. Divide ™ by f; £ of. by 1.

3 4 4
227. Simplify the expressions A-, Ait, and —.

228. What part of 48 is 3£?

229. Two trains which are 75 miles apart are running
towards each other, one 30f miles an hour, the other 40f
miles an hour. How far apart will they be in half an hour ?

230. A man paid $ 18] for a load of hay -weighing 1~ tons.
At the same rate what should he pay for § of a ton ?

231. Having spent f of his money, Fred has $ 13~. How
much had he at first?

232. Make out a bill of sale for three barrels of sugar,
weighing respectively 235 pounds, 241 pounds, and 254
pounds, at I1f/ a pound.
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264. Miscellaneous Oral Examples.

a. If | of a pound of candles cost 35 cents, what is the price
of 1 pound ? of If of a pound ?

b. In I of an acre of land there are 120 square rods. How
many square rods are there in f- of an acre ?

c. When If bushels of oats will feed 10 horses for a cer-
tain time, how many horses will bushels feed for the same
time ?

d. At $8 each, how many cedar posts can be bought for
$12? for $7£?

e. At $21 per day, how many days’ work can be paid for
with $20? with $371?

f. At $2 per day, how many days work can be paid for
with $71? with $917?

g. If it requires 12 yards of carpeting f of a yard wide to
carpet a hall, how much will be required of that which is 1\
yards wide ?

h. What number is that, 1 of which exceeds £ of it by 2?

i. If f of the distance from Springfield to Albany is 80
miles, what is § of the distance ?

j. If $51 pays for the lodging and breakfast of 7 persons,
for how many persons will $111 Pay ?

k. What is that number to which if $ of itself be added the
sum will equal 64 ?

I. 1 sold my watch for $72, which was 1 more than | gave
for it. What did it cost me ?

m. Bought a horse and saddle for $ 75, giving %as much for
the saddle as for the horse. What was the cost of each ?

n. A can build awall in 3 days, and B can do the same
work in 4 days. What part of the work can each do in one
day ? What part can both do in one day? In how many
days can both do it working together ?

0. C can do a piece of work in 5 days, and D in 8 days.
What time will be required for both to do it ?
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265. Miscellaneous Examples for the Slate.

233. What will 16" yards of cloth cost at 53/ ayard ?

234. What will 9" bushels of corn cost at 87/ a bushel ?

235. What will 2718 acres of land cost at $ 31§ per acre ?

236. | paid 65/ for 2 boxes of strawberries. What will be
the cost of 45 boxes at the same rate ?

237. What is my bill for 7 pear-trees at 87\ cents apiece for
the trees, and $2 a dozen for setting ?

238. What do | receive per pound by selling 15 pounds of
coffee for $3.75 ?

239. If £ of a man’s property is in land, valued at $2324f,
what is the value of his whole property ?

240. Bought f of a ship for $4075. What would the whole
ship cost at the same rate ?

241. What is the cost of 3 pieces of calico, 37~ yards in a
piece, at 19| cents per yard ?

242. Sold my house and farm of 47-f acres for $6150. Allow-
ing $3500 for the house, what did | receive per acre for the
land ?

243. How long will a quantity of flour last a family of 8
persons if it lasts 3 persons 14~ months ?

244. If in 327 years a man saved $1694, what was his
average saving per year ?

245. What number is that which diminished by 1 will
leave a remainder of 1 ?

246. WThat number is that to which if you add 9] the sum
will be 124f ?

247. What is that number to which if you add f of 26" the
sum will be 147\ ?

248. |If you buy yards of silk at $5 a yard, 14| yards of
cashmere at $1.25 per yard, 4] yards of silk at 75 cents per
yard, and § of a yard of velvet at $4.50 per yard, giving in
payment a $100 bill, what balance will be your due ?

249. What will 50 oranges cost at 621 a dozen ?



120 COMMON FRACTIONS.

250. How long will 200 pounds of meat last 9 persons at
the rate of f of a pound a day for each person ?

251. A farmer has sold his eggs at an average of 23} cents
per dozen, which is } higher than they averaged the previous
year. What did they average then ?

252. He is paid for grain $1.80 per bag, which is } less
than he was paid last year. What was he paid last year ?

253. Mr. Stevens, dying, left $75000 to his wife and two
sons. To his wife he left $30000; to his oldest son just as
large a part of the remainder as his wife’s portion was of the
entire property; and to his youngest son the rest. What was
each son’s share ?

254. A man sold 548 yards of cloth at the rate of 3 yards
for 2 dollars. What did he receive for it ?

255. Mr. Day bought a house and barn for $4050, giving } as
much for the barn as for the house. What did he pay for each ?

256. If abody falls 16~ feet in the first second of time, 3
times 16~ feet in the next second, and 5 times 16~ feet in the
third second, how far will it fall in the three seconds ?

257. What length of time would a man require to travel
around the earth if the distance is 25000 miles and he travels
at the rate of 31" miles per day ?

258. If a man can build 28 rods of wall in a day, how much
can he build in 6~ days ?

259. What number is that § of which exceeds £ of it by 1If ?

260. If | buy 1250 bushels of corn at 41 cents per bushel,
and sell it at 52} cents per bushel, how much do I gain ?

261. What number divided by f equals 125f ?

262. What are the contents of 3 floors measuring as follows:
13£ square yards, 32" square yards, and 49$f square yards ?

263. The product of three numbers is 63i; two of them are
8£ and 6. What is the third ?

264. 1 exchanged 42 tubs of butter, averaging 48f pounds, at
21} cents per pound, for 42 barrels of flour, at $98 per barrel,
and received the balance in cash. What was the balance ?
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265. Owing a man in Paris 1325 francs, | have shipped to
him $375 worth of rice. If the franc is worth 19" cents, how
much have | overpaid him in United States money ? in francs ?

266. | have three boxes, each containing 12 pieces of cloth,
each piece 4f yards in length, and weighing 3f pounds to the
yard. What is the weight of the whole ?

267. What will 42£ quires of paper weigh at § pound per
quire ?

268. Owning § of a flour-mill, 1 sold f of my share for
$1750. What is the value of the whole mill at the same rate ?

269. When hay was $15 per ton, | gave § of a ton for If
tons of coal. What was the coal worth per ton ?

270. If aman walks 9£ miles in 2" hours, how far will he
walk in 4] hours ?

271. At the rate of 4£ miles an hour, what time will be
required to walk 122 miles ?

272. In 1860 | purchased cotton at 8J cents a pound, which
| sold in 1862 at 90f cents. What did | gain on 1000 Ibs. ?

273. If a man can earn $2.30 per day, how many days’
work will he have to give for a suit of clothes, of which the
coat costs $25£, the trousers $8, and the vest $5"?

274. 1f | of | of a ship cost $42000, what is § of it worth ?

275. In a certain manufactory £ of the operatives are Ger-
mans, £ French, Scotch, | English, ™~ Swedes, and the
remainder, 140, native Americans. What is the whole num-
ber, and the number of each nationality ?

276. If 1 of my money is in gold, £ of the remainder in
silver, and the balance, $360, in bank-notes, how much money
have I in all ?

277. A certain piece of work can be performed by A

ing

days, by B in 10 days, and by C in 16 days. In what time

can all do it working together ?
278. In what time can A and B do it together ?
279. In what time can A and C do it together ?
280. In what time can B and C do it together ?
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126.

127.

128.
129.

130.
131.

132_

133.
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136.
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138.
139.

140.
4

142

143.
144.
145.
161.

162.
163.

DRILL EXERCISES.

267. Exercises

. Find the prime factors of each

numerator in D.

Find the prime factors of each
denominator in D.

Find the g. c. f. of the terms
of each fraction in D.

Find the 1. c. m. of F, G,* and
H.

Change D to lowest terms.

Change the mixed numbers in
G to improper fractions.

Find the sum of A and C.

A+ B+C. GxF.
C+D+ E. 47. GXE.
E+F+G * M A-f-B.

+ H. 149. C-hE.
A-B. 150. C-=F.
H-G. 151. H-f-A.
G-E. 152. E~-F.
H+A-G. 153. G4-E.

A - BofC. 154. A of F--E.
Difference 155. A of C
of C and D. B of E.
C of E 156. (A + B)

- A of B. -r-(B X C).
Simplify 157. (A-B)

A of Bof C. -K B --C).
Simplify 158. A+ C - B.

A of B of 159. ExF + G.

Cof E. 160.

AXB. A of EVA-B.
CxF. B+ C G--F.
CxE.

Tf G is B of some number, what
is C of the same number ?

H is C of how many times E? 1

C of E is B of how many timesA? =

123

upon the Table.

164« What number is that fromwhich

166.

167.

168.

170.

171.

172.

173.

174

175.

176.

if you take A the remainder
will be B ?

. What number is that to which

if you add C of F the sum will
be G?
What number multiplied by F
will give G for a product ?
What number divided by E will
give D for a quotient?
What divisor will give E for a
quotient, H being the divi-
dend ?

. What number is that to which

if A of itself be added the sum
will equal H ?

What number is that from which
if B of itself be subtracted, the
remainder will be F ?

Divide H into three such parts
that the 2d shall be twice the
1st, and the 3d F more than
the 2d. What is the 3d part?

At E dollars a yard, what will
F yards of cloth cost?

At E dollars a yard, how many
yards of cloth can be bought
for F dollars?

If B pounds of tea cost H cents,
what will E pounds cost ?

John can do a piece of work in
E days, and James can do the
same work in F days. In what

time can both together do it?

If George and Albert can do a
piece of work in E days, and
Albert can do
days, in what time can George

it alone in F

do it alone ?
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SECTION X.

DECIMAL FRACTIONS.

268. Articles 30 to 36 treat of a series of fractions, —
tenths, hundredths, thousandths, etc., — each of which has
for a denominator 10, or a number made by using 10's
only as factors. Such fractions are decimal fractions.

N ote. Decimal fractions are usually called decimals.

To read and write Decimals.

269. The method of reading and of writing decimals
has been explained in Articles 34 to 36. These the pupil
may review.

270. Exercises.

a. Read 5.368; 0.406; 2.007; 0.039; 105.105.
b. Read 0.4721; 7.0497; 10.010; 15.0015.

Read the following:

c. 30.0094 e. 120.250049 g. 200.005
d. 17.01845 /. 1.001025 h. 0.205

Note. Todistinguish 200.005 (Example g) from 0.205 (Example h), use
the word decimal before reading the decimal part. Thus, 200.005 may he
read “ two hundred and the decimal five thousandths”; while 0.205 may
be read “ decimal two hundred five thousandths.”

Read the following:

i. 0.315 m. 500.0074 g. 1000.00001
j. 300.015 n. 4700.0065 r. 14.00375

k. 36000.00018 0. 430.06 s. 0.0000027
I. 0.36018 p. 43000.06 t. 0.1000012
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271. To write a decimal: Write the number as an
integer, and place the decimal point so that the right-hand
figure shall stand in the place required by the denomina-
tion of the decimal.

Note. When the given number does not fill all the decimal places, sup-

ply the deficiency with zeros.

For other exercises in reading and for exercises in writing decimals, see
page 135.

The pupil may now review addition and subtraction of deci-
mals (Articles 45, 50, 61, and 65).

REDUCTION OF DECIMALS.
To change the Denomination of a Decimal Fraction.

272. Exercises.

a. What is the denominator of the fraction 0.5? 0.25?
0.075? 7.3? 4.86?

b. What is the numerator of the fraction 0.4 ? 0.04? 0.075?
0.0101? 0.000007? 0.25? 0.1125?

c. Write as a common fraction 0.3; 0.08; 0.375; 0.0204.

273. li1lustrative Example. Change 0.5 to thousandths.

written work. Explanation.— Multiplying both numerator and

05= 0500 denominator of ~ by 100, we have which is
expressed decimally by writing 0.500.

274. From the written work above we derive the fol-
lowing
Rule.
To express a decimal fraction in any lower denomina-
tion : Annex zeros to the given expression until the place
of the required denomination is filled.
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275. Examples for the Slate.

Change 0.07 to thousandths.
Change 0.4, 0.75, 2.5, and 1.06 to thousandths.
Express 0.003, 1.75, and 0.006 as ten-thousandths.
4. Express 3 as tenths; as hundredths ; as thousandths; as
ten-thousandths; etc. Answers. 3.0; 3.00; etc.

w N

Note. Read the above answers: “ Thirty tenths; three hundred hun-
dredths”; etc.

5. Express 7, 40, and 37 as tenths ; as hundredths ; as ten-
thousandths.
To change a Decimal Fraction to a Common Fraction.

276. li1lustrative Examples. Change 0.25 and 0.33]
to common fractions in their simplest forms.

written work. Explanation.f After writing these frac-
025 —y?5 =p tions with their denominators, we find that
033V— s3«_ioo_j the first can be changed to smaller terms
1<)0 ! 3 (Art. 198), and that the second may be

changed to a simple fraction (Art. 252) and then to its smallest terms.
277. From the examples above we derive the following

Rule.
To change a decimal fraction to a common fraction:
Write the decimal in the form of a common fraction, and
then change the result, if necessary, to its simplest form.

278. Examples for the Slate.

Change the following to common fractions in their simplest
forms :

(6.) 04 (11.) 0.3* (16.) 0.750 (21.) 0.0625
(7.) 0.80 (12.) 0.37* (17.) 0.368 (22.) 0.0333
(8) 035 ;(13.) 0.62* (18.) 0.665 (23.) 0.145
(9.) 0.75 (14.) 0.87* (19.) 0.666* (24.) 7.5
(10.) 0.7* (15.) 0.875 (20.) 0.072 (25.) 1.165
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To change Common Fractions to Decimal Fractions.

279. Illlustrative Example. Change f to a decimal

fraction.
written work. Explanation. — The fraction f is the same as of
8) 3.000 3,0r1l 3.000 (3000 thousandths), which is found by
—— dividing 3.000 by 8 in the usual way (Art. 102).
U.o(o

280. From the example above we derive the following

Rule.

To change a common fraction to a decimal fraction :
Express the numerator as tenths, hundredths, thousandths,
etc., by annexing as many zeros as may be required, and
then divide it by the denominator.

281. Examples for the Slate.

Change to decimals:

(26.) f (29.) «. (32)1~*. (35.) 1.06ft.
(27) ft. (30.) 51 (33.) 8J. (36.) 0.04J.
(28.) Tft. (31.) W - (34.) 17,1ft. (37.) 0.031-
Change to decimals and add (Art. 45) the following:

(38.) f, J 8, and fa. (40.) £ At and fa.

39, £ i, I, and fa. (41) fa, 152, and 1*.

42. A carpenter paid for a mantel-piece $27-], for a grate

$22%, and for a hearth $4Ar- How much did he pay in all ?

(43.) 2\ +31+871 +18i = what?

44. A drover bought a cow and a calf for $38.85, and sold
the cow for $ 327, and the calf for $10f. How much did he
gain?

45. A man owning 17.635 acres of land, sold I£ acres to
one person, and fa of an acre to another. How much had he
left?

46. Change to seven decimal places, and add 1.82~7,
0.0097, and O.10™,
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282. Illlustrative Example. What is the sum of 5]
yards, 2f yards, and yards ?
WRITTEN WORK. Explanation. — In. this example there are

5£ =5.125 fractions Whic_h cannot be completely ex-
25 =2.666f p_re§s_ed as deC|m_aIs; for, hov\_/ever _far the
division be carried, there will still be a
remainder.
Exact sum, 15.2101" If we choose to stop dividing at thou-
sandths, the quotients are expressed accu-
5* =5.125  rately by writing %of a thousandth and ~
2§ =2.667 of a thousandth, as in the margin. But
T~ =7.424 these results are no more convenient to add
Approximate sum, 15.216 than the original numbers; hence nothing
has been gained by changing the latter to
the decimal form if our object was to find the exact sum.

There are, however, many cases in which the error arising from
the neglect of such small fractions as parts of a thousandth is of no
importance. For such cases the second form of written work given in
the margin is to be adopted. Here the decimal values are expressed
to the nearest thousandth. This is done by increasing the last term of
the decimal by 1 whenever the neglected fraction is \ or nmore.

Greater accuracy would be attained by carrying out the decimal to
the nearest ten-thousandth, or to a still lower denomination.

71f=7.424&

283. Examples for the Slate.

Note. Unless some other direction is given, the pupil will hereafter
understand that decimal values are to be expressed to the nearest ten-
thousandth.

47. Find the decimal values of §, fa, f>and add the results.

48. Change to thousandths, and add 9§, 168, and 33”.

49. Change and 0.68 to ten thousandths, and find their
difference.

50. Mr. Carpenter has worked for Mr. Bates 28 hours, 3™ hours,
and 5.5 hours. How many hours has he worked for him in all ?

51. How many rods are there in 25f rods, 0.48” rods,
105] rods, and 8.62” rods ?

Other examples in addition and subtraction may be found on page 135.
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Circulating Decimals.

284. We have seen (Art. 282) that in expressing deci-
mally (0.666...) the figure 6 is repeated again and again.
So in expressing || decimally (0.4242 ...) the figures 4 and
2 are repeated again and again.

Decimal fractions that are expressed by the same figures
repeated again and again are called repeating or circulat-
ing decimals.

Note. Circulating decimals arise from tlie reduction of common frac-
tions whose denominators contain prime factors other than 2 and 5.

285. The repeating figures of a circulating decimal are
called a repetend.

A repetend is marked by placing dots over the first and
last of the figures that repeat.

Thus, $ 0.297297... = 0.297;

if =0.4242... = 0.42; 33 = 3.166... = 3.16.

286. Change the following fractions to decimals till the
figures repeat, and mark the repetends:

(52) J. (55.) f (58.) ft. (61) ft.
(53) | (56.) |i. (59.) ft. (62.) 1ft.
(54) 2. (57.) f (60.) ft. (63.) 3ft.

To change a Circulating Decimal to a Common Fraction.

287. li1lustrative Example |. Change 0.63 to a com-

mon fraction.
To change a circulating decimal to a
WRITTEN WORK.

q 3 common fraction: Take the repetend for’

-i? - - jigUres the numerator, and for the
figures of the denominator’ as many 9’s as there are figures
in the repetend. Change the fraction thus expressed to its
smallest terms.

For an explanation of this rule, see Appendix, page 305.
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Change to common fractions in their smallest terms :

(64.) 0.3 (67.) 0.39 (70.) 0.016 (73.) 0.i88i
(65.) 0.6 (68.) 0.27 (71.) 0.62i (74.) 0.428571
(66.) 0.42 (69.) 0.648 (72.) 0.108 (75.) 0.571428

To change a Mixed Circulate to a Common Fraction.

288. li1ilustrative E xample 1. Change 0.263 to a

common fraction.
To change a mixed circulate to a com-
WRITTEN WORK.

mon fraction : Take for the numerator the
262 = difference between the mixed circulate and
the part which does not repeat, both regarded
as integers, and take for the figures of the
denominator as many 9’s as there arc figures in the repetend,
with as many zeros annexed as there are figures in that part
of the circulate which does not repeat. (See Appendix, p. 305.)

261

Change to common fractions in their smallest terms:
(76.) 1.86 (78.) 0.033 (80.) 0.016 (82.) 2.07671
(77.) 2.73 (79.) 0.027 (81.) 0.042 (83.) 7.16i88i

MULTIPLICATION.

In Articles 82 and 86 the multiplication of decimals by
integers has been taught. These the pupil may now review.

289. Illlustrative Example I. Multiply 175 by 0.01.
Multiply 175 by 0.5.
Explanation. — (1.) To multiply 175 by
WRITTEN WORK. 0.01 is to take 1 hundredth of it, which we
express b lacing the decimal point so that
(1) 175x0.01=175 °*° v pracing imat pot
the figures 175 may express hundredths ;
(2) 175 thus, 1.75.
0.05 (2.) To multiply 175 by 0.05 is to take 5
! hundredths of it. One hundredth of 175 is
8.75 1.75, and 5 hundredths is 5 times 1.75, which
equals 8.75. Ans. 8.75.
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290. Ir1lustrative Example Il. Multiply 0.4 by 0.9.

WRITTEN WORK. :
q” Explanation. — To multiply 0.4 by 0.9 is to take 9

tenths of 4 tenths. One tenth of 0.4 is 4 hundredthsg
A ft #

and 9 tenths of 4 tenths is 9 times 0.04, which equals
0.36 0.36. Ans. 0.36.

291. From the written work above may be derived the

following
Rule.

To multiply by decimals: Multiply as in integers, and
point off as many places for decimals in the product as
there are decimal places in the multiplicand and the mul-
tiplier counted together.

Note. If there are not figures enough in the product, prefix zeros.

292. Examples for the Slate.

Multiply

(84.) 0.048 by 9. (93.) 40.5 by 0.016
(85.) 0.027 by 34. (94.) 1842 by 0.07
(86.) 0.075 by 20. (95.) 0.0758 by 20.
(87.) 84 by 0.056 (96.) 6.6 by 331,
(88.) 600 by 0.07 (97.) 10.75 by 8]
(89.) 8.4 by 0.56 (98.) 18f by 0.054
(90.) 4.65 by 2.2 (99.) 56i by 2.73
(91.) 0.8 by 0.0206 (100.) 1.7 by 2721
(92.) 7.06 by 0.053 (101.) 66.68 by 5.7

102. What is the sum of 75 x 100 and 0.001 x 1000 ?

103. What is the sum of 7.5 x 1000 and 0.0001 x 0.001 ?

104. How many are 56.8 x 0.01 + 5.29 x 1000 + 0.7 x 0.001 ?

105. How many are 48.125 x 8.33J + 8169.5 x 0.09 ?

106. What is the cost of paving 146.74 squares at $ 16.84
per square ?

For other examples in multiplication of decimals, see page 135.
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DIVISION.

In Articles 101, 102, and 114 the division of decimals by
integers lias been taught. These the pupil may review.

To divide an Integer or a Decimal by a Decimal.

293. lllustrative Example I. Divide 72 by 1.2

Explanation. — Before dividing bv a fraction, the
WRITTEN  WORK- iiiden'd must' be expressed M the same denomma-
1.2) 72.0 tion as tlie divisor. The divisor is @ number Of
60 tenths ; the dividend expressed in tenths is 72.0
(720 tenths).
720 tenths divided by 12 tenths gives the same quotient as 720
divided by 12, which is 60. Ans. 60.

294. Illustrative Example Il. Divide 1.935 by 0.45

Explanation. — Here the divisor is a num-
WRITTEN WORK.

0.45) 1.9325 (4.3

ber of hundredths ; the dividend expressed as
hundredths is 193.5 hundredths (the denomi-

180 nation may be indicated in the written work

~135 by a caret).
135 193.5 hundredths divided by 45 hundredths
0 gives the same quotient as 193.5 divided by 45,

- which is 4.3. Am. 4.3.

295. From the preceding examples may be derived the

following
Rule.

1. To divide by decimals: Express the dividend in the
same denomination as the divisor by putting a mark as
many places to the right of the decimal point as there are
decimal places in the divisor.

2. Divide as if the divisor were an integer, making a
decimal point in the quotient, when the terms of the divi-
dend have been used as far as the mark.

Note. When there is a remainder after all the terms of the dividend

have been used, the division may be continued, as in Articles 102 and 106.
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296. Examples for the Slate.

107. How many books at $0.08 each can be bought for
$3.84?

108. At $2.80 per yard, how many yards of muslin can be
bought for $55.30 ?

109. How many rods, each 16.5 feet, are there in 99 feet ?

110. One quart dry measure equals 67.2 cubic inches ; one
quart liquid measure equals 57.75 cubic inches : in a keg whose
capacity is 5040 cubic inches, how many quarts dry measure ?
How many quarts liquid measure ?

111. If coal is $6.67 per ton, how much coal can be bought
for $3,335?

112. At $0.125 per yard for cotton cloth, how many yards
can be bought for $25°?

Divide Divide

(113.) 14.91 by 7. (126.) 56.28 by 0.0056
(114.) 8.25 by 1.5 (127.) 0.417196 by 58.76
(115.) 3.24 by 0.81 (128.) 0.08 by 1.611

(116.) 0.00468 by 0.013 (129.) 1.3-by 197.59

(117.) 180.375 by 1.625 . (130.) 1203.488 by 28.6
(118.) 579 by 0.075 (131.) 49.2654756 by 0.0759
(119.) 6.9705 by 0.45 (132.) 2464.176 by 57.2
(120.) 0.0033 by 0.011 (133.) 164.6156 by 1334.
(121.) 0.705 by 7.5 (134.) 0.789 by 0.03]

(122.) 3 by 29.9 Note, First multiply both divi-
(123.) 20 by 0.013 dend and divisor by 7.

(124.) 4066.2 by 0.648 (135.) 1.36 by 5.807§

(125.) 68077 by 71.66 (136.) 43.2J by 0.58J

137. Multiply 0.648 by 100; divide the product by ;
divide this quotient by 0.001; and multiply the result by 4 of
0.0362.

138. Find the sum of the following: 756.02 x~ ; 18.3 x 100 ;
0.7-0.001; 8.16- xfo; and 0.24-16.

For other examples in division of decimals, see page 135.
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Ex-

amples. E
1. 0.025
2. 2575
3. 0.3504
4. 1.01
5. 250.
6. 0.0008
7. 16.005
8. 8000.
9. 5.6
10. 0.708
11. 19.364
12.  0.0516
3. 1732
14.  8016.
15. 4.95
6. 0.012
17.  12.007
18. 45.9
19. 8.621
20. 0.00562
21. 1002
22. 1.87*
23.  0.12*
24.  1.015

25.  8.33*

DECIMAL FRACTIONS.

297. DRILL TABLE No. 6.

Decimals.
F

Twenty-five, and two thousandths.
Two hundred six ten-thousandths.
Seven hundred, and eight tenths.
404 hundred-thousandths.
505050 ten-thousandths.
Eight, and ninety-six hundredths.
Five thousand two, and 5 hundredths.
Sixteen hundred-thousandths.
One hundred twelve millionths.
Two, and twenty-five hundredths.
Seven hundred one, and siX tenths.
Two, and 206 thousandths.
936 ten-thousandths.
54, and 54 thousandths.
806, and 1047 millionths.
5 hundred, and 26 hundredths.
One thousand millionths.
Twenty-nine millionths.
846291 hundred-thousandths.
Five hundred eleven thousandths.
4271, and 4271 ten-millionths.

68 thousand, and 4* tenths.

One hundred twenty-two thousandths.

Eight, and 4f hundredths.
Five hundred, and § tenths.

5000.
1.648
0.657
0.002*
0.005
448.
25
0.008
1.68
607.
18.08
9.16
800.1
0.0052
2.0763
18.26*
0.0101
3.0712
80.06
5.4
0.6805
4.071
24.40
0.0002
1.071
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298. Exercises upon the Table.

177. Read the numbers expressed in E.

178. Read the numbers expressed in G.

179. Write in figures the numbers expressed in F.

180. Change E to equiv. common fractions in lowest terms.
181. Change G to equiv. common fractions in lowest terms.
182. Change H to equiv. decimals (4 places).

183. Add E and F.

184. F and G.

185. Add E F and G.

186. Find the difference of E and F.

187. Find the difference of E and G.

188. Find the difference of F and G.

189. MultiplyE by F. 192. Divide E by F.
190. MultiplyE by G. 193. Divide G by E.
191. MultiplyF by G. 194m Divide G by F.

195. Multiply E by 10 ; divide F by 100 ; add the results to G.

299. Questions for Review.

What are Decimal Fractions? How are their written
expressions distinguished from those of integral numbers ?
What indicates the denomination of the decimal? How do
you read a decimal expression ? Read 7.05 as a mixed num-
ber ; as a fraction. Read 0.504 and 500.004 so that they may
be distinguished. How do you write decimals? What is
the effect of annexing ciphers to a decimal expression ?

How do you change decimals to common fractions ? Com-
mon fractions to decimals ? What fractions cannot be changed
wholly to a decimal form ? What are they called when ex-
pressed decimally ? How do you change a circulate to a com-
mon fraction ? How do you add and subtract decimals ?
Perform an example in multiplication by a decimal, explain
and give the rule. Perform an example in division by a
decimal, explain and give the rule.

How do you express the multiplication of a decimal by
10; 100; 1000; 0.1; 0.01; 0.001? How do you express the
division of a decimal by 10; 100; 1000; 0.1; 0.01; 0.001 ?
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SECTION" XI.
WEIGHTS AND MEASURES.

MEASURES OF LENGTH.

300. We measure the length of anything by applying
to it a line of known length, as 1 foot, 1 yard, and finding
how many such lengths it contains. The line of known
length so used is a linear unit.

301. The length of a line is reckoned in linear units.

302. In measuring length we employ the mile (m.),
rod (rd.), yard (yd.), foot (ft.), and inch (in.). These are
the units of

Long Measure.
12 inches = 1 foot.
3 feet = 1 yard,
yards or 16J feet = 1 rod.
320 rods or 5280 feet = 1 mile.

Note |. The standard unit of length is the yard. From this the other
units of length are derived.

Note Il. For surveyors’ and mariners’ measures, see Appendix, page 306.

303. Oral Exercises.

a. How many inches are there in 1 yard? in 2 yards ? in
half ayard ? in a quarter ? in an eighth ? in a sixteenth ?

b. What will it cost to grade a mile of road at $1 a rod ?

c. What is the length in feet of a hall that is 15 yards 2
feet long ?

d. How many feet in the length of a fence 5 rods long ?

e. One eighth of a mile is sometimes called a furlong.
How many rods in a furlong ?
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MEASURES OF SURFACE.
304. Two lines meeting at a point form an angle. Thus
the lines a b and bc form the angle abc
305. The lines are the sides of the

angle, and the pointjwhere they meet is
the vertex.

An Angle.

306. The size of an angle is the amount by which one
side is turned away from the other. Thus
the angle def is greater than the angle
a bc, for the side ef is turned away from ed

more than bc is turned away from ba. e

i An Angle.
307. When one line meets another so

as to form two equal angles, each of these angles is a
right angle, and the lines are per-
pendicular to each other. Thus,
the line bc is turned away equally
from ba and bd, making the
angles abc and cbd equal to each d~
Other. Right Angles.
308. A flat surface, as the surface of a slate or the top
of a table, is a plane surface.

309. A rectangle is a plane surface
bounded by four straight lines, and hav-
ing all its angles right angles. A Rectangle.
310. A square is a rectangle all of whose sides are
equal.
311. A square each of whose sides is
1inch long is a square inch; a square
each of whose sides is 1 foot long is a
square foot, etc.
312. The area of a surface is its
contents reckoned in square units. A Square.
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To find the Area of a Rectangle.

313. Ii1tustrative E xample. If the Iength of a rec-
tangle is 4 inches and its breadth is 3 inches, how many

square inches does it contain ?
ILLUSTRATION.

Explanation.,™ A rectangle which is 4 in.

long and 1 in. wide will contain 4 square

inches, and a rectangle of the same length

and 3 in. wide must contain 3 times 4, or
. 12 square inches. (See illustration.)

In the same way it can be shown that
the area of any rectangle is found by multi-
plying the number of units in the length by

the number of like units in the breadth. This is expressed, for brevity,
as multiplying the length by the breadth.

314. Oral Exercises.

a. How many square inches are there in a rectangle 8 in.
long and 5 in. wide ? 11 in. long and 10 in. wide ? 12 in. (1
foot) long and 12 in. (1 foot) wide ? Then how many square
inches are there in a square foot ?

b. How many square feet are there in a rectangle 8 ft. long
and 7 ft. wide ? How many square feet are there in a square
whose sides are each 3 ft. (1 yard) long ?

c. How would you find the number of square yards in a
square whose sides are each yards or 1 rod long ?

315. In measuring surface we employ the square mile
(sg. m.), acre (A.), square rod (sqg. rd.), square yard (sqg. yd.),
square foot (sg. ft.), and square inch (sq. in.). These are the

units of
Square Measure.

144 square inches = 1 square foot.
9 square feet = 1 square yard.
301 square yards, or 2721 square feet = 1 square rod.

160 square rods — 1 acre.

640 acres = 1 square mile.
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MEASURES OF VOLUME.
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316. A rectangular solid is a solid bounded by six

rectangles.

317. The rectangles are the
faces of the solid,"«.nd, together,
make its surface. The bounding
lines of the solid are its edges.

A Rectangular Solid.

318. A cube is a rectangular solid bounded by six

equal squares.

A cube each of whose edges
is 1 inch long is a cubic inch.
A cube each of whose edges
is 1 foot long is a cubic foot,
etc.

319. The volume of a solid
is its contents reckoned in cubic

Units.

A cube.

To find the Volume of a Rectangular Solid.

320. lrtustrative Example. What iS the Volume Ofa
block of marble 4 ft. long, 2 ft. wide, and 3 ft. thick ?

Explanation. — If the block is 4 feet
long and 2 feet wide, its lower base
must contain 4 X 2, or 8 square feet
(Art. 313). A solid 1 foot thick upon
these 8 square feet will contain 8 cubic
feet, and a solid 3 feet thick will contain
3 times 8 or 24 cubic feet.

In the same way it can be shown that
the volume of any rectangular solid is
found by multiplyingsthe number of units

ILLUSTRATION.

in the length by the number of like units in the breadth, and this product

by the number of like units in the thickness.

This is expressed,

brevity, as multiplying together the length, breadth, and thickness.

for
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321. Oral Exercises.

a. How would you find the number of cubic inches in a
cyube 12 inches long, 12 inches wide, and 12 inches thick, or in
1 cubic foot ?

b. How many cubic feet in a cube 3 feet long, 3 feet wide,
and 3 feet thick, or in 1 cubic yard ? *

322. In measuring solids we employ the cubic yard
(cu. yd.), cubicfoot (cu. ft.), and cubic inch (cu. in.). These
are the units of

Cubic Measure.
1728 cubic inches = 1 cubic foot.
27 cubic feet = 1 cubic yard.

128 cubic feet = 1 cord (cd.), used in measuring wood.

Wood is generally cut for the market into sticks 4 feet long, and
laid in piles, so that the length of the sticks becomes the width of tlie
pile. A pile 4 feet wide, 4 feet high, and 8 feet long, contains 1 cord.

One eighth of a cord is called 1 cord foot. 1 cord foot contains
16 cubic feet. (See illustration above.)

c. How many cords are there in a pile of wood 4 feet wide,
4 feet high, and 20 feet long ? 32 feet long ? 90 feet long ?

d. What is the cost of a pile of wood 2 feet wide, 4 feet
high, and 10 feet long, at $8 a cord ?

e. What must | pay for 3 cords of hard wood at $9.50 a
cord, and \ of a cord of pine at $5 a cord ?



MEASURES OF WEIGHT.

141

MEASURES OF WEIGHT.

323. In weighing grocer-
ies and most other common
goods, we use the ton (T.),

324. In weighing silver,
gold, precious stones, etc., we
use the pound, ounce, penny-

weight (pwt.), and grain (gr.).
These are the units of

pound (Ib.), and ounce (0z.).
These are the units of

Avoirdupois Weight. Troy Weight.
16 oz. = 1 Ib. 24 gr. =1 pwt.

2000 Ib. = 1 T. 20 pwt. = 1 oz.

12 oz. = 1 Ib.

Note I. In weighing some articles,
as iron and coal at the mines, and 325. Comparison of Weights.
goods on which duties are paid at
175 Ib. Troy = 144 lb. av.
the United States custom-houses, the
) ; 170 oz. * = 192 oz. av.
long ton of 2240 Ibs. is used. In this
h 7000 gr. “ =1 Ib. av.
weight
28 1b. = 1 quarter (qr.). Which is heavier, a pound Troy
4gr. =1 hundredweight (cwt). or apound avoirdupois ? an ounce
20 cwt. = 1 T. Troy or an ounce avoirdupois ?
Note Il. For apothecaries’ weight, see Appendix, page 307.
Note IlIl. The standard unit of weight is the Troy pound. From this

the other units of weight are derived.

Note IV. A cubic foot of water weighs 1000 ounces avoirdupois.

326. Oral Exercises.

How many ounces in 1 Ib. avoirdupois? in 2 1b. 1 0z. ?
How many ounces in 1 Ib. Troy ? in 4 1b. 5 0z. ?
Change 50 gr. to pennyweights ; 90 pwt. to ounces.
How many ounces in 3 pounds of silver ?
What is the value of a gold chain weighing 1\ ounces at
90" a pwt.?

/. At 807" a pound for camphor, what is the cost of an
ounce ?

g. How many more pounds in a long ton than in a common
ton ?

® a0 op
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MEASURES OF CAPACITY.

327. In measuring liquids 328. In measuring dry
we use the gallon (gal.), quart articles, as grain, small fruits,
(qt.), pint (pt.), and gill (gi.). seeds, etc., we use the bushel

These are the units of (bu.), peck (pk.), quart, pint,
o and gill. These are the units
Liquid Measure. of
4 gi. = 1 pt. Dry Measure.
2 pt.= 1 qt. 4 gi. = 1 pt.
4 qt. = 1 gal. 2 pt. = 1 qt.
Note I. A pint of water weighs 8 qt. = 1 pk.
about a pound avoirdupois. 4 pk.= 1 bu.
N ote Il. The standard unit for liquid measure is the gallon.
N ote IlIl. The standard unit for dry measure is the bushel.

Note 1Y. In buyingand selling grain and many other kinds of produce,
the bushel is reckoned at a certain number of pounds. Thus, potatoes have
QO pounds to a bushel and corn has 56 pounds to a bushel.

329. Comparison of Liquid and Dry Measures.

Liquid Measure. Cu. In. Dry Measure. Cu. In.
1 quart = 57f 1 quart = 671
1 gallon = 231 1 bushel = 2150.42

330. Oral Exercises.

a. How many half-pint tumblers can a person fill with 1
gallon of jelly ?

b. How many quart measures can be filled with 1 bushel
of cranberries ?

c. What does a vender receive for 1 peck of peanuts which
he sells at 5 cents a pint ?

d. Which is larger, 1 quart of milk, or 1 quart of berries ?

e. How many pints in a bushel ? How many gills in a
gallon ?

/. 1 bought 3 bushels of pears for $2 a bushel, and sold
them at 10 cents a quart; what did | gain by the sale ?
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CIRCULAR AND ANGULAR MEASURES.

331. A plane surface bounded by a line every point of
which is equally distant from a point
within, called the centre, is a circle.
332. The bounding line of a circle is
the circumference. Any part of the
circumference is an arc.
333. The circumference of a circle
is divided into 360 equal arcs, called
degrees (°), each degree into 60 minutes (),
and each minute into 60 seconds (). These are the units of

Circular Measure.

60 seconds = 1 minute.
60 minutes = 1 degree.
360 degrees = 1 circumference.

Note. As the circumference of every circle has 360 degrees, the length
of the degree differs in different circles.

334. A degree of the circumference of the earth at th'e
equator is about 69.16 common miles in length.

335. A minute of the circumference of the earth at the
equator is a geographical or nautical mile, and equals
about 1.15 common miles.

336. If the centre of a
circle is placed at the vertex
of an angle, the arc included
between the sides is the meas-
ure of the angle. Thus, if the
arc contains 30 degrees,-the angle is called an angle of 30
degrees. (See illustration.)

Note. An angle of one degree has always the same size, hut the arc
that measures it differs in different circles.
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337. Oral Exercises.

a. How many degrees are there in a semi-circumference?
in \ of acircumference, or a quadrant ? in 4 of acircumference,
or a sextant ?

b. The torrid zone is 47° wide. How would you find its
width in nautical miles ? in common miles ?

¢c. Through how many degrees does the hour hand of a
clock move in 3 hours? in 1 hour? in 2 hours?

d. Through how many degrees does the minute hand of a
clock move in 5 minutes of time ? in 1 minute ? in a quarter
of an hour ? in half an hour ?

e. How many degrees in a right angle ?

f. How long does it take the hour hand of a clock to move
through a right angle? How long does it take the minute
hand ?

g. The hour and minute hand of a clock form an angle of
how many degrees at 3 o'clock? at 4 o’clock ? at 10 o’clock ?
at 7 o'clock ? at 12 o'clock ?

MEASURES OF TIME.

338. In measuring time we employ the century, year,
month (mo.), week (w.), day (d.), hour (h.), minute (m.),
and second (s.). These are the units of

Time Measure.

60 seconds = 1 minute.
60 minutes = 1 hour.
24 hours = 1 day.

7 days = 1 week.
365 days ) _

i

common year (c.y.).
or 52 weeks 1 day) Y ()

366 days =

[N

leap year (1.y.).
century (C.).

[

100 years =
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339. Any year is a leap-year when the number denot-
ing the year is divisible by and not by 100, and when
it is divisible by IfiO. (See Appendix, page 307.)

Which of the following named years are leap-years :
1878? 18927 18887 1900? 2000? 1864? 1880?

340. The year begins with the first of January, and is
divided into four seasons of three months each, as follows :

The winter months are December, January, and February.

The spring months are March, April, and May.

The summer months are June, July, and August.

The autumn months are September, October, and November.

341. April, June, September, and November have 30
days each. February has 28 days, in leap year 29. The
other months have 31 days each.

342. Oral Exercises.

What date is three months from Jan. 5? July 10 ?
What date is 6 months from May 2 ? Feb. 11 ? Nov. 17?
What months contain 30 days each ? 31 days each ?

d. At 10 cents an hour for 5 hours of every working day,
how much can you earn in 4 weeks ?

e. 8 years and 9 months are how many months ?

f. How many years are there in 100 mo. ? in 200 mo. ?

g. What date is 30 days from May 5? from Apr. 4°?

h. How many days from May 3 to June 5?

o TP

Miscellaneous Measures.

343. Numbers. 344. paper.
12 units = 1 dozen. 24 sheets = 1 quire.
12 dozen = 1 gross. 20 quires = 1 ream.
12 gross = 1 great gross. 2 reams = 1 bundle.
20 units = 1 score. 5 bundles = 1 bale.

N ote. For other measures sometimes used, see Appendix, page 307.
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SECTION XII.

COMPOUND NUMBERS.

345. In 2 feet 7 inches, how many inches ? Ans. 31
inches.

The number 31 inches expresses a quantity by reference
to a single integral unit. Such a number is a simple
number.

346. The number 2 feet 7 inches expresses a quantity
by reference to two units of different denominations. A
number expressing a quantity by reference to two or more
units of different denominations is a compound number.

The compound number 2 feet 7 inches expresses the
same quantity that the simple number 31 inches does.

347. When the name of the units is given, the number
is a denominate number. Thus, 31 inches and 2 feet 7
inches are both denominate numbers.

348. When the name of the unit is not given, the num-
ber is a general number. Thus, 31 is a general number.

Note. Denominate numbers are sometimes called concrete, numbers, and
general numbers are called abstract numbers.

Name a simple number; a compound number ; adenominate num-
ber ; a general number. |Is 5 feet 2 inches a denominate or general
number ? a simple or compound number? Is 25 a denominate or a

general number ? a simple or a compound number ?

349. Written Exercises.

Write from memory the table for Long Measure, Square
Measure, Cubic Measure, Liquid Measure, Dry Measure,
Avoirdupois Weight, Troy Weight, Circular or Angular
Measure, Numbers, Paper.
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REDUCTION.

To change a Compound Number to a Simple Number.

350. Illustrative Example. Change 2 bu. 3 pk. 4 qt,

Explanation. — Since in 1 bushel there are
WRITTEN WORK. 4 pecks, in 2 bushels there are 2 times 4, or 8
2bu. 3 pk. 4 qt. pecks, which with 3 pecks added are 11 pecks.
4 Since in 1 peck there are 8 quarts, in 11
pecks there are 11 times 8 quarts, etc.

11 pk.
8 Rule.

351. To change a compound number
92 qt Ans.

to a simple number of a lower denomi-
nation : Multiply the number of the highest denomination by
the number of units it takes of the next lower denomination
to make one of that higher, and to the product add the given
number of the next lower denomination. Multiply this sum
in like manner, and so proceed till the given number is
changed to units of the required denomination.

352. Examples for the Slate.

Change 4 T. 350 Ib. 8 0z. to ounces.
What is the value of 2 Ib. 8 oz. of gold at $ 20 an ounce ?
Change 3 rd. 4 yd. 1 ft. to feet.
What will it cost to fence both sides of a road 26 rd. 6 ft.
long, at 22/ a foot ?

5. How many square feet are there in an acre ?

6. Change 3sg. m. 35 A. to acres.'

7. In a cubic yard, how many cubic inches ?

8. What shall | receive for 25 gal. 3 qt. of milk at 7 cents
a quart ?

9. Mr. Russell sold 4 bu. 1pk. 2 qgt. of cherries at 12 cents
a qt.; what did he receive for them ?

AwDNPE
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10. If the pulse beats 80 times in 1 minute, how many
times will it beat in a common year ?

11. If achild sleeps ~ of his time, how many hours will he
sleep in 5 years, allowing for 1 leap year ?

12. How many minutes were there in the first century ?

13. The Tropic of Cancer is 23° 30" north of the equator.
What is the distance in geographical miles ? in common miles ?

353. Changing numbers to numbers of lower denomi-
nations is called reduction descending.

For other examples in reduction descending, see page 171.

To change a Simple Number to a Compound Number.

354. 1i1tustrative Example. Change 4354 feet to rOdS,

yards, etc.

Explanation. — Since 3 ft. make
WRITTEN WORK.

3) 4354 - 1 ft. rem many yards as there are 3's in
5.1) 1451 4354, which are 1451, and 1 ft. re-

2 2 mains.
Since 57 yards make a rod, in
11) 2902 — | yd. = 4Jyd. rem.

a yard, in 4354 ft. there are as

1451 yards there are as many rods
~263 as there are times 5£ in 1451,

which are 263, and yd., ord|yd.,
ans. 263 rd. 4] yd. 1 ft, or

263 rd. 4 yd. 2 ft. 6 in.

remain, etc.

Rule.

355. To change a simple number to a compound num-
ber of higher denominations: Divide the given number by
the number of units it takes of its denomination to make one
of the next higher. Set aside the remainder, and divide, as
before, the quotient thus obtained; and so proceed till the
required denomination is reached. The last quotient with
the several remainders is the number sought.
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356. Examples for the Slate.

Change to compound numbers:

(14.) 3268 yards. (20.) 9328 Ib. of soap.
(15.) 4687 feet. (21.) 19547 oz. of salt.
(16.) 9687 sg. rd. (22.) 9321 pwt. of silver.
(7)) 5692 sg. yd. (23.) 2089 gr. of gold.
(18.) 4791 sg. in. (24.) 5087 qgt. of berries.
(19.) 53684" (25.) 1127793 minutes.

26. What will 20 old silver dollars weigh in oz. pwt. etc.,
each dollar weighing 412~ grains ?

27. The trade-dollar weighs 420 grains. What will 20
trade-dollars weigh ?

28. How many miles is it through the earth from pole to
pole, the distance being 41707308 feet ?

29. In a certain pasture 973 quarts of berries were picked
in one week. How many bushels were picked ?

357. Changing numbers to numbers of higher denomi-
nations is called reduction ascending.

For other examples in reduction ascending, see page 171.

REDUCTION OF DENOMINATE FRACTIONS.

To change a Denominate Fraction to Integers of Lower
Denominations.

358. Illlustrative Example |I. Change f rd. to yards,
feet, and inches.

WRITTEN WORK. Explanation. — We first change f of a
I of yd. = 4tV yd. rod to yards, and have 4 ~ yards for the
Jg of S ft. = If ft. result. We then change ~ of ayard to

feet, and have | f feet for the result, f of
f of 12in. = 9in. a foot is 9 inches. Ans. 4 yd. 1ft. 9 in.

Ans. 4 yd 1ft. 9in.
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359. Ii1tustrative Example I1I. Change 0.62 rd. to
yards and feet.

WRITTEN WORK. JExplanation.— W e first change
0.62 rd. or 0.62 rd. 0.62 of a rod to yards, and have
3 55 3.41 yards. We next change 0.41
_310 ~310 of a yard to feet, and have 1.23
31 310 feet. Ans. 3 yd. 1.23 ft.
1U1 yd. 1h410 yd.
3 3 .
360. From the preceding
T23ft. ~L23 ft. operations we derive the fol-
ans. 3yd. 1.23 ft. lowing
Rule.

To change a fraction of one denomination to integers of
lower denominations: Change the fraction, as far as pos-
sible, to an integer of the next lower denomination. If a
fraction occurs in the result, proceed with it as with the
first fraction, and so continue as far as required.

361. Examples for the Slate.
Change to units of lower denominations:

(30.) § of arod. (36.) Is of acu. yard.
(31) of a mile. (37.) 0.15625 of a gal.
(32) of a sg. mile. (38.) 0.6 of a bushel,
(33.) Jof f of an acre. (39.) f of a degree.
(34.) § of aton. (19.) 8§ of ac. year.
(35.) 0.875 of alb. Troy. (41.) 0.75 of a1l year.

42. At 207? afoot, what is the cost of 4 of an acre of land ?

43. In § of an ounce of Dover's powder, how many doses of
5 grains each ?

44. How many planks 8 inches wide will cover the roadway
of a bridge £ of a mile long, each plank reaching from side to
side ?
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To change Integers of Lower Denominations to a Fraction
of a Higher.
362. li1lustrative E xamples. (I) Change 5 0Z. 6 th
16 gr. to the fraction of a pound. (l1.) Change 2 pk. 6 qgt.
to the decimal of a bushel.

WRITTEN WORK.

(1) ()
16 gr. = M pwt. = § pwt. 8) 6 qt.
6SPwt- = 0z-= i oz- 4) 2.75 pk.
oz- = Ib: ((lb- A’S 0.6875 bu. ans.
3

Explanation (1.). — Since 24 grains make a pennyweight, 16 gr. are

pwt., or | pwt., which, added to the 6 pwt. given, are 6% pwt.

6f pwt. = ~°- pwt. Since 20 pwt. make an ounce, » pwt. equals

as large a part of an ounce, or 1 oz., etc.

Explanation (I1.). — since 8 qts. make a peck, 6 gts. are equal to 0.75
pk., which, added to the 2 pecks given, are 2.75 pecks. Since 4 pks.
make a bushel, 2.75 pk. are equal to 0.6875 bu. ANS. 0.6875 bu.

363. From the preceding operations we derive the fol-

lowing Rule.

To change integers of lower denominations to a fraction
of a higher denomination: Change the number of the low-
est given denomination to a fraction of the next higher.
Unite this fraction with the number of that higher de-
nomination. Change, in like manlier, the number thus
formed, and so continue as far as required.

45. Change 1 gqt. O pt. 1 gi. to the fraction of a gallon.
46. Change 242 rd. 2 yd. to the' fraction of a mile.

47. What part of arod is 4 yd. O ft. 4™ in. ?

48. What part of an acre is 81 sg. rd. 24 sq. ft ?

49. What part of a cu. yd. is 13 cu. ft. 864 cu. in. ?
50. What part of a year are the three winter months ?
51. Change to the decimal of a mile 87 rd. 10 ft.
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52. Change to the decimal of an acre 135 sq. rd. 54 sq. ft.
53. Regarding a year as 12 months of 30 days each, what
decimal of ayear is 6 mo. 18 d. ? 8 mo. 24 d.? 5 mo. 27 d. ?

For other examples in reduction of denominate fractions, see page 171.

ADDITION.

364. The operations upon compound numbers are simi-
lar to those upon simple numbers, the principal difference
being that in operations upon compound numbers we use
irregular scales, instead of the scale of tens. No special
rules, therefore, are necessary for addition, subtraction, mul-
tiplication, and division.

365. Illustrative Examples. (l.) What is the sum
of 11° 4* 58", 37° 30" 27", and 27° 24' 54" ?

) Explanation. — (1.) We write these numbers
WRITTEN WORK. so that units of the same denomination shall
11° 4' 58" be expressed in the same column. Adding the
seconds, we have 139". Dividin 139" by 60
37° 30" 27" 9 Y
, " (60" = 1), we have 2' 19". We write the 19"
27° 24' 54

under the line in the seconds’ place. Adding the
As 76° O 19" 2' with the minutes of the given numbers, and
dividing the sum by 60 (60' = 1°), we have 1° O".
We write 0' under the line in the minutes’ place. Adding the 1° with

the degrees of the given number, we have 76°. Ans. 76° 0' 19".

() ()
bu. pk. qt m rd. yd. ft.
85 3 7 3 192 4 2
9 2 5 316 0 1
98 0 6 5 76 4 2
2 3 1 ans. 9M 265 rd. 3Eyd. 2 fc
196 bu. 2 pk. 3 qt. or 9in 265rd. 4yd. Oft

Note. Change any denominate fraction which occurs in an answer, or
in an example, to units of the lower denominations given. (See examples
56, 57, and 58.)
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366. Examples for the Slate.

54. What are the contents of three barrels which contain
respectively, 45 gal. 2 qt., 42 gal. 3 qt., and 47 gal. 1 qt. ?

55. How much land in three lots which contain as follows :
7 A. 83 sg. rd. 31 sq. ft., 15 A. 146 sq. rd., 22 A. 52 sg. rd.
18 sq. ft.,, and 5 A. 9 sg. rd. ?

56. What is the length of three roads measuring respec-
tively 15 m. 87 rd., 28 m. 40 rd., and 35" miles ?

57. To 8° 17' 32" add 4.735° and f.

58. Add together 7 d. 6 h, 6f d, and 0.375 of a week.

367. lllustrative Example Il. To -fo of a gallon add

f of a quart.
Explanation. — That these fractions
may be aJdtJjecli )t(hey must first %e ex-

= As°f 4 qt. = 11 qt. pressed in the same denomination.

WRITTEN WORK.

f qgt. They may be so expressed by chang-
es. I£ gt. INS& Sal t0 quarts, etc.

59. Add 8§ of a quart to ¢V of a bushel.
60. Add 451 rods to \ of a mile.
61. Add 54J pounds to ™ of a ton.

Perform such examples in exercises 206-208, page 171, as the

teacher may indicate.

SUBTRACTION.

368. Illlustrative Example. What is the difference
between 5 rd. 3 yd. 1 ft. and 1 rd. 4 yd. 2 ft. ?

Explanation. — We write these num-

WRITTEN WORK. bers as in simple subtraction, and subtract
5rd 3yd 1ft first the 2 feet of the subtrahend. As we

1 4 2 have but 1 foot in the minuend, we can-

not now take 2 feet away. So we change

Arts. 3rd 37 yd 2 ft 1 of the 3 yards (leaving 2 yards) to feet.

Or 3rd. 4 yd Oft. 6in  This 1 yard equals 3 feet. We add the
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3 feet to the 1 foot, making 4 feet. Subtracting 2 feet from 4 feet we
have 2 feet left, which we write as part of the remainder.

As we have but 2 yards left in the minuend, we cannot now take
4 yards away, so we change 1 of the 5 rods to yards. This equals
57 yards, which, added to 2 yards, make 7~ yards. Subtracting 4
yards from 77 yards, we have 37 yards left, etc.

369. Examples for the Slate.

(62.) (63.) (64.)
bu. pk. gt oz pwit. gr- ) / Vi
5 3 2 6 10 13 35 47 28
2 1 7 3 15 18 19 54 48

65. 1 m. 80 rd. 2 yd. less 315 rd. 3 yd. equals what ?

66. What is the difference between 5 ft. 6 in. and § rd. ?

67. A man who had f of a square mile of woodland sold 5J
square rods. How much had he left ?

68. A man having § of a pound of silver ore, gave away 3|
pennyweights. How much had he left ?

69. What is the difference between 0.378 of a day and 44.55
of a minute ?

70. Cape Horn is in 55° 58' 4" south latitude, and the Cape
of Good Hope is in 34° 22' south latitude. Which is farther
south, and how much ?

The difference of latitude between places on opposite sides of the equator
is found by adding the latitudes. The difference of longitude between
places on opposite sides of the first meridian is found by adding the longi-
tudes. If their sum exceeds 180°, the difference of longitude equals 360°
minus that sum.

For a table of longitudes, see page 159.

What is the difference of longitude between

71. Albany and Chicago ? 73. Rome and New York ?

72. Berlin and Paris ? 74. San Francisco and Calcutta ?

75. What is the difference in latitude between Philadelphia
39° 57' north latitude, and Buenos Ayres 34° 3' south latitude
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To find the Number of Years, Months, and Days from one
Date to another.

Note. The following method of finding the time is generally used in
computing interest.

370. ITtustrative Example |I. What is the time in
years, mouths, and days from Jan. 11, 1877, to May 5,
1881 ?

Explanation.— From Jan. 11, 1877, to Jan. 11, 1881, is 4 years ;
from Jan. 11, 1881, to April 11, 1881, is 3 months ; from April 11 to

April 30 is 19 days, and from April 30 to May 5 is 5 days more. Ans.

4y.3m. 24 d.
Rule.

371. To find the difference in time between two dates:
First find the number of entire years between the two dates,
then the number of calendar months remaining, and lastly, the
remaining days.

372. Oral Exercises.

a. How many years, months, and days are there from Feb.
3, 1875, to Oct. 17, 1878 ?

b. How many years, months, and days are there from Sept.
25, 1874, to Jan. 4, 1882 ?

c. Mozart was born Jan. 27, 1756, and died Dec. 5, 1791;
at what age did he die ?

d. Goethe died March 22, 1832, and Bryant was born Hoy.
3, 1794 ; what was Bryant's age when Goethe died?

373. I1Ttustrative Example 1. How many dayS are
there from Nov. 12, 1875, to March 10, 1876 ?

Explanation. — There are 18 days remaining in November, 31 days
in December, 31 in January, 29 in February, and 10 in March.

18 + 31 + 31 + 29 + 10 = 119. Ans. 119 days.

e. How many days from March 7 to July 1, 1878 ?
f. How many days from Oct. 9, 1876, to Feb. 11, 1877 ?
g. How many days from January 15 to August 7, 1875°?
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374. A Table showing the Number of Days

From any To the corresponding Day of the following

Day of Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.
January.. 365 31 59 90 120 151 181 212 243 273 304 334
February. 334 365 28 59 89 120 150 181 212 242 273 303
March__ 306 337 365 31 61 92 122 153 184 214 245 275
275 306 334 365 30 61 91 122 153 183 214 244
245 276 304 335 365 31 61 92 123 153 184 214
214 245 273 304 334 365 30 61 92 122 153 183
184 215 243 274 304 335 365 31 62 92 123 153
153 184 212 243 273 304 334 365 31 61 92 122
September 122 153 181 212 242 273 303 334 365 30 61 91
October .. 92 123 151 182 212 243 273 304 335 365 31 61
November 61 92 120 151 181 212 242 273 304 334 365 30
December 31 62 90 121 151 182 212 243 274 304 335 365

Note. In leap years, if the last day of February is included in the time,
a day must be added to the number obtained from the table.

Find from the table above the number of days

h. From April 19 to June 19. j. From Dec. 5 to Feb. 5.
i. From Jan. 1 to March 4. k. From Oct. 12 to Feb. 15.

Perform such examples of exercises 209 and 210, page 171, as the

teacher may indicate.

MULTIPLICATION.

375. Illlustkative Example. How much land is there
in 4 gardens, each containing 13 sqg. rd. 72 sq. ft. ?

WRITTEN WORK. Explanation. — Multiplying 72 sq. ft. by 4,

we have 288 sq. ft. for a product, which equals

13sq. rd. 72sq.ft. j 00, rd. and 15f sq. ft. We write the 15f
4 sq. ft. and carry the 1 sq. rd. to the square

53sq. rd. 153 sq. ft. Ans. rods in the product. 13 sq. rd. multiplied
by 4 are 52 sq. rd., which, with the 1 sqg. rd.
carried, are 53 sq. rd. Ans. 53 sq. rd. 15] sq. ft.
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376. Examples for the Slate.

76. How much syrup will 7 jars contain if each jar holds
1pt. 3gi.?

77. How much wheat is contained in 5 bins if each bin con-
tains 7 bu. 4 pk. 3 qt. ?

78. If acar runs 18 m. 149 rd. in half an hour, how far will
it run in 7 hours ?

Perform s.uch examples in exercises 211 and 212, page 171, as the
teacher may indicate.

DIVISION.

377. lllustrative Example. Divide 47° 18' 36" by 11.
WRITTEN WORK. Explanation. — Dividing 47° by 11, we

11) 47° 18' 36" have 4° fora_lquotient, with a rema-indei of

3°. We write the 4° under the line, and

4° 18" 3”7™" Am. change the 3° remaining to minutes, ob-

taining 180'. Adding 180' to the 18' in

the dividend, we have 198'. Dividing 198' by 11, we have 18' for a
quotient, etc.

378. Examples for the Slate.

79. A farmer brought 5 bu. 3 pk. of corn to mill. How
much corn did the miller take as toll, if he took part?

80. If 65 A. 125 sq. rd. be divided into 50 house-lots, what
is the size of each ?

81. How long will it take to travel 1 mile, at the rate of 75
miles in 10 h. 18 min. ?

82. Among how many men may 624 gal. 3 qt. be divided,
that each man may receive 12 gal. 3 gt. ?

Note. Change both numbers to quarts before dividing.

83. How many bins, each containing 5 bu. 3 pk., will be re-
quired to hold 885 bu. 2 pk. of potatoes ?

84. If a man walks 3 m. 264 rd. in one hour, how long will
it take him to walk 23 m. 273 rd. ?

Perform such examples in exercises 213 to 215, page 171, as the

teacher may indicate.
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LONGITUDE AND TIME.

379. As the earth turns upon its axis once in 24 hours,
it follows that of 360°, or 15° of longitude, must pass
under the sun in 1 hour, and g of 15° or 15', must pass
under the sun in 1 min. of time, and g~ of 15', or 15", must
pass under the sun in 1 sec. of time. Hence the following

TABLE.
A difference of 15° ( A difference of 1 hour
. . makes . .
in longitude { in time.
A difference of 15' ( A difference of 1 minute
. . makes . .
in longitude \ in time.
A difference of 15" (A difference of 1 second
. . makes . .
in longitude \ in time.

380. From the table above we derive the following

Rule.

To find the difference of longitude between any two
places when the difference of time is known: Multiply the
difference of time between the two places, expressed in hours,
minutes, and seconds, by 15. The product will express the
number of degrees, minutes, and seconds required.

N ote. As the earth turns from west to east, midday occurs sooner in
places east and later in places west of any given point. Hence the time

shown by a clock is later in all places east, and earlier in all places west,
of any given point than it is at that point.

381. Examples for the Slate.

What is the difference in longitude between two places, the
difference in their time being

(85) 4h.17m.? (87.) 6h.12m. 10s.?

(86.) 2h. 9m.? (88) 1h. 5m 25s.?

In what longitude from Greenwich is a place whose time
compared with that of Greenwich is

(89.) 3hours earlier?  (91.) 1 hour 12 minutes later?

(90.) 5 minutes later? (92.) 4 hours 8 minutes earlier ?
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93. The time in St. Louis is 1 h. 5 min. s. slower than
in New York; what is the difference in longitude between
these places, and what is the longitude of St. Louis, that of
New York being 74° O 3" west?

94. A and B sailed together from San Francisco. A kept
his watch by San Francisco time, and B set his by the sun
every day. After 10 days, A’'s watch was 4 hours 39 minutes
faster than B’s: in what longitude were they then, the longi-
tude of San Francisco being 122° 26' 15" west ?

382. From Art. 379 we may also derive the following

Rule.

To find the difference in time between any two places
when the difference in longitude is known : Divide the
difference in longitude, expressed in degrees, minutes, and
seconds, by 15. The quotient will express the number of
hours, minutes, and seconds required.

383. The names of a few important cities are given
below, with the longitude of each from Greenwich.

Places. Longitudes. Places. Longitudes.
Albany...... 73° 44" 53" W. New Orleans 90° 7' W.
Boston..... 71° 3" 30" W. New York... 74° 0" 3" W.
Berlin....... 13° 23' 43" E. Paris....... 2° 20" 22" E.
Calcutta........ 88° 19' 2" E. Philadelphia 75° 10' W.
Chicago. 87° 35' W. Rome (ltaly) 12° 27' 14" E.
London...... 0° 5' 38" W. San Francisco 122° 26' 15" W.
Montreal..... 73° 25 W. Washington 77° 2" 48" W.

384. Using the longitudes given above, find the difference
in time between

95. Albany and Boston. 97. Montreal and New Orleans.

96. London and New York. 98. Philadelphia and Chicago.
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When it is noon in Washington, what is the time

99. In Philadelphia ? 103. In Rome ?
100. In New Orleans ? 104. In Berlin ?
101. In Chicago ? 105. In Paris?
102. In San Francisco ? 106. In Calcutta ?

MENSURATION OF SURFACES AND SOLIDS.

385. Oral Exercises.

a. How many square feet are there in the top of a table
that is 7 feet long and 3 feet wide ? (Art. 313.)

b. How many square yards are there in a concrete walk
16J feet long and 4 feet wide ?

c. How do you find the area of any rectangle or square ?

386. From Art. 313, it follows that when the area and
one dimension of a rectangle or a square are given, the other
dimension is found by dividing the number of units of area
by the number of units in the given dimension.

d. There are 15 square yards in a piece of carpeting 5 yards
long ; what is its width ?

e. What must he the length of a walk feet wide to con-
tain 17 square feet ?

f. How many cubic feet will a box contain that measures
on the inside 7 feet in length, 3 feet in width, and 2 feet in
height ? (Art. 320.)

g. How do you find the volume of any rectangular solid ?

387. From Art. 320, it follows that when the volume
and two dimensions of a rectangular solid are given, the
other dimension is found by dividing the number of units
of volume by the product of the number of units in each
of two given dimensions.
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h. What must he the depth of a cistern 5 feet long and 4
feet wide to contain 80 cubic feet ?

i. What must be the height of a room 6 yards long and 5
yards wide to contain 90 cubic yards ?

j. A box 4 inches square must he how deep to contain a
quart dry measure ?

Examples for the Slate.

388. Squares and Rectangles.

107. How many yards of carpeting 1 yard wide will cover
a door 17 feet long and 15 feet wide ?

108. How many yards of carpeting 27 inches wide will be
required to cover the same floor ?

109. What must | pay for laying a sidewalk 5 rods long
and 5 feet wide at 90f per square yard ?

110. If one side of a square field is 4 rd. 8 ft. long, how
many square feet are there in the field ?

111. What must | pay for a building lot in St. Louis, 90
feet long and 2 rods wide, at $ 1.75 per square foot ?

112. My building lot contains 1 quarter of an acre, is rec-
tangular, and measures on the street 90 feet, how far back
does it extend ?

113. What must | pay for a quarter of an acre of land at
20/ per square foot ?

114. How many more square rods are there in a field 42
rods square than in a 10-acre lot ?

115. My neighbor’s garden is 2 rods square, and mine con-
tains 2 square rods ; what is their difference in size ?

116. How many acres were covered by the main Centennial
building in Philadelphia, which was 1880 feet long and 464
feet wide ?

117. What would it cost to make the floor of the above-
named building, the boards costing $37 per thousand feet,
square measure, and the work costing 25/ per hundred, square
measure ?
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389. Government Lands

Before being brought into market, the public lands of
the United States are usually divided by parallels and
N meridians into townships,

each being as nearly as pos-
sible six miles square. Each
township is divided in the
18 17 16 15 14 13 same way into 36 sections,
19 20 21 22 23 24 and each section into 4 quar-
ter-sections. The township
and sections are numbered
and referred to special me-

30 29 28 27 26 25
31 32 33 34 35 36

s ridians and base lines, so as
A Township. to be easily designated and
pointed out on government maps.

a. How many square miles in a township ? in a section ?
b. How many acres in a section ? in a quarter-section ?

118. 'What must | pay for the N. W. quarter of section No.
9 of township 5 North, 20 West, meridian Michigan, at $2.50
an acre ?

390. Rectangular Solids.

119. How many cubic inches are there in a beam 4 ft. 5 in.
long, 8 in. wide, and 4 in. thick ?

120. What is the weight of a block of Quincy granite 15 ft.
long, 11 ft. wide, and 6 in. high, if 1 cubic foot weighs 165
pounds ?

121. How high must a block of freestone he to contain 84
cubic feet, if its length is 4~ ft. and its width 3 ft. ?

122. If abin contains 118 cubic yards, and its height is 2
ft., what is the area of its base ?

123. There being 112/ cubic feet in a shaft of marble which
is 27 in. square at each end, what is its length ?
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391. Wood Measure.

124. If a pile of wood is 3 ft. 8 in. high and 4 ft. wide, how
long must it be to contain 1 cord ?

125. At $6 a cord, what is the cost of a pile of wood 33 ft.
long, 8 ft. 10 in. high, and 4 ft. wide ?

126. If wood is cut in lengths of 3£ ft. and piled to a height
of 4 ft., how long must the pile he to contain 1 cord ?

127. On measuring what | bought for a cord of wood, I
found it 8 feet long, 4 feet wide, and only 3 feet 8 inches high.
At $5 a cord, how much money should be deducted from the
original price ?

392. Lumber and Boards.

Sawed timber and boards, when 1 inch or less in thickness, are
generally reckoned by the square foot of surface measure. When more
than 1 inch in thickness, they are reckoned in proportion to their
thickness. Thus,

2000 sq. ft., 1 inch or less in thickness, = 2000 ft., board measure,

2000 sq. ft., 1J inches thick, 3000 ft., board measure,

2000 sq. ft., 2 inches thick, = 4000 ft., board measure,
and so on.

128. How many feet of boards £ of an inch thick will he
required to make a fence 2 rods long and 3 feet high ?

129. How many feet, board measure, are there in a piece of
square timber 10 in. wide, 6 in. thick, and 9 ft. long?

130. How many feet, hoard measure, are there in 200 pieces
of scantling, each 18 ft. long, 4 in. wide, and 2 in. thick ?

131. How many feet in 8 boards, each 15 ft. long. 8 in. wide,
and 1] in. thick ?

132. How many feet, board measure, in a plank 24 ft. long,
3 in. thick, 11 in. wide at one end, and 16 in. wide at the
other ?

Note. First find the average width, which equals one half the sum of
the widths at the ends.
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133. At $ 22 a thousand, what is the cost of 20 boards, each
18 ft. long, 1 in. thick, 20 in. wide at one end, and 17 in. wide
at the other ?

134. Arthur bought wood for Sorrento carving, each piece
being 2 feet long and £ of an inch thick, as follows: white
holly, 12 inches wide at 8/ a foot, board measure ; black wal-
nut, 18 inches wide at 6/ ; ebony, 9 inches wide at 25/ ; red
cedar, 14 inches wide at 10/. What was the cost of the
whole ?

393. Capacity of Cisterns, Bins, etc.

135. | have a cask that contains 2 cu. ft.; how many quarts
of berries will it hold ? (See Art. 329.)

136. How many gallons of water will a cistern hold that is
3 ft. long, 3 ft. wide, and 2\ ft. deep ?

137. If ajar weighs 10 pounds when empty and 74 pounds
when full of water, what is its capacity in cubic feet? How
many gallons will it hold ? (See page 141, Note 1V.)

138. How many bushels of wheat can be put into a bin 8 ft.
long, 3 ft. 2 in. wide, and 2 ft. 3 in. deep ?

In measuring bulky fruits and vegetables, as apples and potatoes, the

measures are heaped. Heaped measures fill about | more space than the
even measures.

139. If 24 bushels of wheat can be put into a certain bin,
how many bushels of apples might be put into the same bin ?

140. How many bushels of beets can be put into a barrel
that holds 47 gallons ?

141. What is the difference in inches between f of a bushel
and 1 cubic foot ?
Note. The difference being so slight, for rough estimates of the con-

tents of bins, etc., it is sufficiently accurate to call every cubic foot 1 of a
bushel, even measure, or  of a bushel, heaped measure.

142. A box whose capacity is 50 cubic feet, will contain
how many bushels of rye? how many bushels of pears?
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143. Change 5m. 42 rd. 8ft. to feet.

144. Change 4865 gr. to Troy pounds, ounces, etc.

145. Change £ cu. yd. to feet and inches.

146. What cost 12 bu. 2 pk. of plums at 6 ~a pint?

147. What cost 2 gqt. 1™ pt. of oil at $1.12 a gallon ?

148. Change 41' 42" to the decimal of a degree.

149. Change £8 yd. to the decimal of a rod.

150. What part of an acre is 116 r. 3ft. 6in. + 17r. 2ft. ?

151. Add 0.44c.y. to 25d. 5h. 4 m.

152. Divide 12 A. less 7A. 16r. by 9.

153. Change 21b. av. to integers of Troy weight.

154. How many square feet in a garden 4 rd. long and 1 rd.
15ft. wide ?

155. How many cu. ft. of space in a cellar measuring on the
inside of the wall 5yd. 1ft. in length, 4 yards in width, and 10
feet in depth ?

156. What must he the depth of a cistern to contain 420
gallons of water, the base being a square covering 121 sg. If- ?

157. When acistern 4 feet high is full of water, what weight
is supported by every square inch of the base ? (See page 141,
Note 1V.)

158. How many bricks 4 in. by 8 in. will be required to pave
a court 20 ft. long and 10 ft. wide ? Find the cost at $9 per M.

159. Divide 0.006 by 0.06, multiply the quotient by 0.05,
and divide that product by 0.005.

160. Change 0.0625 to a common fraction in smallest terms ?

161. How many yards of carpeting | of a yard wide must
be bought to cover a floor 13 feet square, no allowance being
made for matching and no breadth to be divided ?

162. What is the difference of time in two places whose
longitudes differ 7° 8' 4" ?

163. When the difference of time between two places is
3h. 4m. 6s., what is the difference of longitude ?

164. How many days from Jan. 5, 1876, to March 3, 1877 ?
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395. Miscellaneous Examples.

165. If eggs are worth 30 cents a dozen, and 10 weigh a
pound, what are eggs worth by the pound ?

166. If 1 burn 30 Ibs. of coal a day, and buy my coal by the
long ton, at $ 7 a ton, what is the cost of my coal for December ?

167. How many furrows, each 20 inches wide, will be made
in ploughing lengthwise a lot of land which is 6 rd. 1 ft. wide ?

168. A quantity of silver weighed 4 Ib. 10 oz. 3 pwt. befor-e
refining, and 3 Ib. 11 oz. 2 pwt. 9 gr. afterwards; what weight
was lost in the process ?

169. How many square feet on the top and sides of a box
that is 3 ft. long, 2 ft. wide, and 2 ft. 6 in. high ?

170. What will be the cost of fencing a lot of land 20 rods
by 26 rods at 25 cents a foot ?

171. Change $ of a great gross to units of lower denomina-
tions.

172. Divide an angle of 20° 4' 5" by 9.

173. Dr. Smith’s wagon-wheel, which is 3 ft. 4 in. in circum-
ference, turns round 200 times in going from his house to the
post-office ; how far does he live from the post-office ?

174. If abird can fly 1° in 1 h. 8 m. 15s., in what time can
it fly around the world at the same rate ?

175. What is the c<3st of 137 gal. 2 gt. of vinegar at 50 cts.
per gal. ?

176. How many bushels of grain will a bin contain which
is 10 ft. long, 8 ft. wide, and 5 ft. deep ?

177. What is the cost of oil-cloth to cover a floor 12 feet by
16 feet, at 75 cents per square yard ?

178. A farmer divided one half of his estate of 350 A. 140 rd.
equally between his two daughters, and the balance, after set-
ting off 17f A., equally between his two sons. What was the
share of each son and daughter ?

179. How many yards of carpeting J yd. wide will cover a
floor 18 ft. sq. ?
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180. If a cotton-mill can make 1200 yds. of cloth per hour,
how many yards could be made by working 10 hours a day
from July 7th to January 4th, allowing for 26 Sundays ?

181. Change 15 Ib. 8 0z. Av. to pounds and ounces Troy.

182. How many sg. ft. does the surface of a block contain,
which is 3 ft. long, 2 ft. wide, and 6 ft. thick ?

183. When 2 dozen grape-vines can be bought for $6.50,
what is the cost of each vine ?

184. From a pile of wood 58 ft. long, 4 ft. high, and 4 ft.
wide, was sold at one time 38 cords, at another 2£ cords.
What is the remainder worth at $4 a cord ?

185. | have a shed which measures on the inside 18 ft. 7 in.
by 8 ft. by 10 ft. in height. How many cords of wood can be
put in it ?

186. A man purchased 75 cords of wood for $360; he sold
the following lots, 10” cd., 15 cd., and I If cd., all at $5 per
cord. What did he gain on what he sold ?

187. What would be the cost of sawing the remainder of
the 75 cords, at. $1 a cord ?

188. How many gals, of water will be contained in a tank
3 ft. square, if the water is 4 ft. 3 in. deep ?

189. At 15 cents per pound, what was the cost for lead,
5 Ibs. to the sqg. ft., to line the above tank, it being 5 feet deep ?

190. What must | pay for a dozen silver spoons, each weigh-
ing 2 oz. 9£ pwt., at $1.50 per ounce ?

191. Add £ of the month of February, 1876, to | of the
days from March 21st to June 17th, 1877.

192. How much carpeting £ yd. wide will cover the top and
sides of a block 3 ft. long, 8 inches wide, and 6 inches high ?

193. Estimate the cost of feeding a pair of oxen through
the winter of 1879 and 1880, if 1 ox weighed 1772 Ibs. and
the other 1431 Ibs., and hay was $ 13.75 per ton, and the oxen
were allowed -fa of their weight in hay each day.

194. How many paving-stones 6 in. by 8 in. will be required
to pave a street 27 rods long by 50 ft. wide ?
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195. At 9 o'clock p. m. in Boston, what is the time in
Paris ?

196. If a druggist sells 1 gross 2 doz. powders a day, how
many will he sell from the 19th of Dec., 1877, to loth Mar.,
1878, deducting 12 Sundays ?

197. In what time will a vessel go through a strait 2 miles
long, if she is carried ahead by tide 30 feet a minute, by wind
25 feet a minute, and by steam 100 feet a minute ? In what
time can she go through the strait against wind and tide ?

396. Questions for Review.

Repeat the table of Long Measure. Draw a line an inch long.
Hold your hands a foot apart. What do you think the height of
your school-room to be? In some convenient place mark off and
walk 100 feet, counting your steps as you walk, and find their
average length. By counting your steps, find how far you live from
school. What is the standard unit of length ?

How is an angle formed ? Upon what does its size depend? What
is a right angle ? a rectangle ? asquare? area? How do you find the
area of a rectangle or a square? |lllustrate. Repeat the table of
Square Measures. From what are the units of square measure
derived ? What is the principal unit of land measure ?

What is a rectangular solid ? acube? How many faces has a cube ?
how many edges? How do you find the volume of any rectangular
solid? Illustrate. Repeat the table of Cubic Measure. From
what are the units of cubic measure derived ?

Repeat the table of Liquid Measures; 0f Dry Measures. Which
is larger, 1 quart liquid measure, or 1 quart dry measure? What is
the standard unit of liquid measure? of dry measure? How many
cubic inches are there in a gallon ? in a bushel? How do we ascer-
tain the weight of anything? Repeat the table of Avoirdupois
weights ; of Troy weights. By which would you buy iron ? silver ?
salt? emeralds ? flour? What is a long ton? How many grains
Troy make a pound Avoirdupois ? Which is heavier, 1 Ib. Avoirdu-
pois, or 11b. Troy ? 1 oz. Avoirdupois, or 1 oz. Troy ? What is the
standard unit of weight ?

What is acircle ? the circumference ? an arc? Repeat the table
of Circular Measures. Are all degrees of the same length? What
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is the length of a degree of the circumference of the earth at the
equator? What is a nautical mile ? What is its length in English
miles ?

How is an angle measured ? Are all angles of one degree of the
same size ?

Repeat the table of Time. How do you know what years are leap
years ? Name the months which contain 30 days each ; name the
months which contain 31 days each.

What is @ compound number ? @ denominate number? a general
number ?  How do the units of diiferent denominations in compound
numbers increase ?

Give the rule for Reduction Descending; for Reduction A scend-
ing. How do you change a denominate fraction to integers of lower
denominations? How do you change integers of lower denomina-
tions to the fraction of a higher ?

How are compound numbers added, subtracted, multiplied,
and divided ?

How do you find the number of years, months, and days between
two dates ? (Art. 371.) How do you find the time in days between
two dates ? When the difference in time between two places is given,
how do you find their difference in longitude ? When the difference
in longitude is given, how do you find the difference in time ?

Find the area of the top of your desk. Draw a square 1 inch each
way ; Pinch each way. What part of the first square is the second ?
Difference between 5 square inches and 5 inches square ? When the
length of one side of a rectangle is given in feet, and the other in
rods, how do you find the surface? When the area and one dimen-
sion are given, how do you find the other ?

How are the pubiic 1ands of the United States divided ?

When the volume and two dimensions of a rectangular solid are
given, how do you find the third ?

How is wood generally cut for market? How many cubic feet
are there in 1 cord? How would you estimate the contents of sawed
timber and boards ? How do you find the average width of a board
that decreases regularly in width from end to end ?

How are bulky fruits and vegetables measured? How does a
heaped measure compare in bulk with an even measure? A cubic
foot is equal to what part of a bushel, even measure ? What part of
a bushel, heaped measure ?
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11.
12.
13.
14.
15.
16.
17.
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19.
20.
21.
22.
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Ib.

LT Ib.
Ib.*  pwt.

m. ft.
sg. m. sq. rd.

cu. yd. cu. in.

cd. cu ft
gal. gi-
bu. pt.
circ. ()
c.y. hours
i y- min
rd. in.
A. sq.yd
pk. pt.
o @]
oz.* gr-
yd. in
sq. rd. ft
qt.t gi-
W. min
sg. yd. sd. in.
d. sec.
sg. ft. sq. in.

gross units

Troy.

DRILL TABLE.

397. DRILL TABLE No. 7.

c D
4T 6251 127 2T 14281
51T 12o0m 3 oF 18 ont: 2qr
9'b. 8°z 5 pat 3ih oz
10m 200 4  34m 3yd
Jhmggo o A g0 9 rd

gayd 4aft9QQaiin

2dft 14 aufe

100t
25 @ 3 q 0~
9 b 3,k. iqt-
e gge 40"
3Cy 4d 12h
l<v. 650 18n
6m 310r 2 yd-
5A 20 66syit
j B 2qt 1P~
54° 51 45"
5 ib. 1Q az 2 pat-
3m 41 2yd
5t 2955yd 4=t
3t 0 pt- 2 si-
28 w 3d 12h
21 oyd O spft 12 SPn
284d 13h Qmin
11ggd 1xft 90sqin

12 fross 7 doz.

2

6+
J b

10pn
21t

gauvd 5 cuft1506arin

92 ot
4 Kal-
5 bu

280°
2cy-

7d
15

40 st d
6 gt

18°
11°z

5y
40 Styd
2 qt
3w
459 yd

169 d-

6 o ft
2
1pk
2.
7d

20h
lift.

g st
1P,
36"

18 pat
| ft

g sgft
IP*.
5d
3;ft

19h

9504t

g gross

3 dz

+ Liquid.

12t
lp
2qt
28"
18h
Ry min
8 iu
9gqin
2fd-
54"
20 g~
4in
9 in
2 si
18 'm
3 6 sqin-
42 mn

10xtia
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DRILL TABLE No. 7
(continued).

R

© ~N o o

10.
11.
12.
13.
14.
15.
10.
17.
18.
19.
20.
21.
22.
23.
24.
25.

>

7 1b.

4wt

11@
5 yo-

2 sq. rd.

14 cu.ft.

18 cdft
3 qt
-4 pk.
98"
348a-
21n

2 ft-

82
3 qr- 11

44 pwt

4 sq. yd.

329cu-in

44 cu. it

1 pe- (liquid)
Jqt. 4 pt
14"

3h

4 0 ,nin-

9sq yd- 440 sa.m

68

~9 pwL
2 ft-

9 sq. yd
ipt.
23h-

2 7 sq- ft-
4 8 niin-

17 8sq-ft

4 gross

3 * (dry)

23 gr-
3in
8.a 1t
3 A (liquid)
44 min
2 8 sg-in-
18 sec-
108 sqin

8 doz 10

398. Exercises upon the Table.

196.

197.

198.

202.

203.

204.

205.
206.
207.
208.
209.
210.
211.
212.
213.
2D).

215.

Change five A to B.

Change E to units of the lowest
denomination in the example.
Change D to units of the lowest
denomination in the example.

Change 3284 B to A.

Change 132687 B to units of
higher denominations.

Change ft A to B.

Change 0.4627 A to B.

Change the numbers of lower de-
nominations in D to a fraction
of the highest.

Change the numbers of lower de-
nominations in C to a decimal
of the highest. (4 places.)

What part of A is E ?

Add C, D, and E.

Add ? A to D.

Add 0.5784 A to E.

Take E from D.

Take D from C.

Multiply C by 6.

Multiply E by 15.

Divide C by 10.

Divide D by 7.

Divide D by 4 of the lowest de-

nomination in the example.
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SECTION XIII.

THE METRIC SYSTEM OF WEIGHTS
AND MEASURES.

399. The metric system of weights and measures, now
used in the greater part of Europe and coming into use
in the United States, is derived from the standard meter.

Note. The word meter means a measure. The standard meter is a
certain bar of platinum carefully preserved at Paris. Copies of this bar,
made with the utmost precision, have been procured and are carefully pre-
served by the nations that have adopted the Metric System. The standard

meter of the United States is such a copy, and it is kept at Washington.
The meter-sticks made for ordinary use are copies of the standard meter.

MEASURES OF LENGTH.

400. The standard unit of length in the metric system
is the meter.

Note. The teacher should show the pupil a meter and its subdivisions.
If none can readily he obtained, one can easily be made from the decimeter
represented on the next page. This meter may be divided into decimeters
and centimeters. From this measure the pupils can easily make their own

of paper or wood.
401. One tenth of a meter is a dec'i-meter.

Note. The prefix deCi- means one tenth of.

402. One hundredth of a meter is a cen'ti-meter.

Note. The prefix centi- means one hundredth of.

403. One thousandth of a meter is a mil'li-meter.

Note. The prefix milli- means one thousandth of.
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404. Exercises on the Meter and its subdivisions.

a. How many meters long is the room ? How many meters
wide ?
b. How many decimeters long is the
table ?
¢. How many decimeters wide is the
door ?
d. How many centimeters long and wide
is your slate ? the window-pane ? etc.
e. How many millimeters apart are two
lines on a sheet of writing-paper ?
/. How many millimeters thick is your
slate-frame ? your ruler ? etc.
g. How many millimeters are there in one
centimeter ?
h. How many centimeters are there in one
decimeter ?
i. How many decimeters are there in one
meter ?
j.  How many millimeters are there in one
decimeter ? in one meter ?
k. How many centimeters are there in
37 millimeters, and how many millimeters
remain ?
I. How many decimeters are there in 84
centimeters, and how many centimeters re-
main ?
m. How many meters are there in 347 centimeters, and how
many centimeters remain ?
B In measuring the length of the room, did you find it to
be an exact number of meters long ?
o. If not, how many decimeters do you find in the remain-
der ? Do you find an exact number of decimeters ?
p. If there is still a remainder, how many centimeters do
you find in it?
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To write Numbers in the Metric System.

405. To express a length in meters and parts of a

meter, we write whole meters in the units’ place, deci-
meters in the tenths’ place, centimeters in the hundredths’
place, and millimeters in the thousandths’ place.

Thus, if a room is found to be 8 meters 6 decimeters
9 centimeters long, we write :

Length of the room = 8.69 meters.

2 decimeters 3 centimeters 5 millimeters is written :
0.235 meters.

406. The abbreviations used in writing expressions of
length are: For meters, m; for decimeters, dm; for centi-
meters, cm; and for millimeters, mm.

407. Lengths may be expressed in other denominations
as well as in meters, by putting the decimal point at the
right of the place of the required denomination, and writing
the proper name or abbreviation after the figures.

Thus, 0.235m may he written 2.35dn 23.5am or 235mMm
So also 728 nmmay be written 72.8 an 7.28 dn or 0.728 m

408. Exercises in reading Numbers.

Read the following:

a. 5m e. 5.926m i. 6.58dn
b. 47m /. 36dn J. 3.4an
c. 3.9m g. 428an k. 43.7an
d 4.21m h. 23 nm I. 2.5nm

409. Examples for the Slate.
Change the following to meters :
(1) 1dn (4)1anm (7.) 1mm
(2.) 13dn (5.)38anm (8.) 48nm
(3.) 214dn (6.) 529 an (9.) 3675mMn



MEASURES OF LENGTH. 175

Multiples of the Meter.

410. Besides the meter and its subdivisions, there are
longer measures, which are multiples of the meter.

411. The delta-meter is ten times as long as the meter.
Note. The prefix deka- means tenfold.

412. The héltto-meter is a hundred times as long as

the meter.
Note. The prefix hekto- means a hundredfold.

413. The MIl'o-meter is a thousand times as long as
the meter.

Note. The prefix Kilo- means a thousandfold.

414. The my'rla-meter is ten thousand times as long
as the meter.
Note. The prefix Myria- means ten thousandfold.

Note. Of these longer measures, the kilometer is used in measuring
distances on roads, canals, rivers, etc. The other measures are much less

frequently used; the myriameter hardly ever.

415. Exercises on the Multiples of the Meter.

a. Measure off a string ten meters long. What name is
given to the length of this string?

Note. The string may be used in measuring distances. For this pur-

pose it will be well to make knots at the end of each meter.

b. Measure in dekameters and meters the length and
breadth of the school-yard; of a garden; of a field, etc.

c. Measure off in the street, or other convenient place, a
distance of 10 dekameters. What name is given to this distance?

d. Walk from the beginning to the end of the distance thus
measured off, and count your paces. How many of your paces
make a hektometer ?

e. How many of your paces would make a kilometer ?

/. How many kilometers from your home to the school-house?
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g. How long does it take you to walk a kilometer ?

h. How many kilometers can you walk in an hour ?

i. If 1500 of your paces make a kilometer, how many make
a dekameter ?

416. To express distances in meters and multiples of a
meter, we write meters in the units’ place, dekameters in
the tens’ place, hektometers in the hundreds’ place, and so on.

417. To express a distance in kilometers, we write
kilometers in the units’ place, and then hektometers,
dekameters, and meters will be written in the tenths’, hun-
dredths’, and thousandths’ places respectively.

Thus, if the distance from one town to another is found
to be 9780 meters, the usual form of writing would be
9.78 Kkilometers.

N ote. The greatest distances are usually expressed in kilometers. Thus,
the distance of the earth from the sun is about 149000000 kilometers.

418. The abbreviations used in writing are: For the
dekameter, Dm; for the hektometer, Hm; and for the
kilometer Km,.

419. Table of Long Measure.

10 millimeters (mm) = 1 centimeter (cm).
10 centimeters = 1 decimeter (dm).
10 decimeters = 1 meter (m).

10 meters = 1 dekameter (Dm).
10 dekameters = 1 hektometer (Hm).
10 hektometers = 1 kilometer (Km).
10 kilometers = 1 myriameter (Mm).

420. Oral Exercises.
Eead the following:
a. 123m d. 42Dm g. 49Kn
b. 497.6m e. 36.7Dn h. 593.7 Ka
c. 346Hn /. 57.5Hn i. 6000Km
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421. Examples for the Slate.
Change the following to meters :

(10.) 425Dm (13.) 94.6Hn (16.) 0.72Km
(11.) 35HN (14.) 9.24 Kn (17.) 0.073H™
(12.) 23.5Km (15.) 39.7 Da (18.) 0.05 K™
Addition, Subtraction, Multiplication, and Division of Metric
Numbers.
422. I 1lustkative Example. Change to meters and

add 14.83 Dg 75.6 Hn and 948am

WRITTEN WORK. Explanation. — When these expressions
14.83 Dra= 148.3™ have been changed to meters, they are all
75.6Hn = 7560. of the same denomination, and the sum is
948da = 9.48 found in the same way as in the addition

7717.78 m of simple numbers.
423. Numbers expressing metric measures and weights

are added, subtracted, multiplied, and divided by the same
rules as apply to simple numbers.

424. Examples for the Slate.

19. Add 5.6", 24.07 ™30.5", and 7.508 m

20. Express as meters and add 582aa 6428 d™ and 495 nm

21. Express as meters and add 369 Dm 4073 Hn and 5 Km

22. Add 48.06r 709.63 m 3708.9™, 800.9™, and express the
answer in kilometers.

23. If 7 KMhe taken from 42 K™ how many meters remain ?

24. From 87.04 ™take 42c™

25. The distance round a certain park is 2.58 kilometers.
How many meters will a man go who rides around it six times ?

26. A school-boy walked one third around the above park in
12 minutes. How many meters did he walk in 1 minute ?

27. How many kilometers in 36.68 ™x 2004 ?

28. Divide 38.07 ™by 4 and by 3, and add the answers.

29. Ellen’s hoop is 3.6 ™around. How many times will it
turn in rolling a distance of 1.08 K'™?
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MEASURES OF SURFACE.

425. The units used in measuring surfaces are squares,
each having sides equal to a unit of long measure.

Thus, a square meter is a square having sides one meter
long; a square decimeter is a square having sides one
decimeter long; etc.

426. Exercises.

a. How many square decimeters in a square meter ? Illus-
trate by drawing a square meter on the blackboard or on the
floor and dividing it into square decimeters.

b. How many square centimeters in a square decimeter ?
Illustrate by drawing a square decimeter on your slate and
dividing it into square centimeters.

¢. How many square meters in a square dekameter ?

427. The square dekameter, when used as a unit of
land measure, takes a special name, and is called an ar.
One hundredth of an ar, which is one square meter, is
called a centar. A hundred ars, equal to one square
hektometer, is called a hektar.

428. Square Measure.

100 square millimeters (sq mm) = 1 square centimeter (sq cm).

100 square centimeters = 1 square decimeter (sq dm).

100 square decimeters = 1 square meter (sq m) =1 centar (ca).
100 square meters = 1 square dekameter = 1 ar (a).

100 square dekameters = 1 square hektometer — 1 hektar (Ha).

100 square hektometers = 1 square kilometer (sq Km).

429. As the units of square measure form a scale of
hundreds, in writing numbers expressing surface two deci-
mal places must be allowed for each denomination.

Thus, 453ya 4 spgm 86 sgom are written 45.0486 sqgm; and 7 Hh
6 '15 @ are written 706.05 a
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430. Examples for the Slate.

30. How many square meters of carpeting will be required
to carpet a room 5.3 mlong and 4.5 mwide ?

31. How many meters of carpeting 0.7 mwide will be re-
quired to carpet a room 4 mlong and 3.5 mwide ?

32. What is the cost of polishing the surface of a rectangu-
lar piece of marble 2.8 meters long and 1.2 meters wide, at
$2.50 per sq. meter ?

33. In a piece of land 15mlong and 14.5mwide are how
many square meters or centars ? how many ars ?

34. Express the following in ars and add them : 1.3 hektars,
155.5 ars, 43 hektars, 26 centars.

35. A had 6 hektars, 7 ars, 9 centars of land, and sold 0.2 of
it at $54 an ar. How much did he receive for what he sold ?

MEASURES OF VOLUME.

431. The units used in measuring cubic contents, or
volume, are cubes, each having its edges equal to a unit
of long measure.

Thus, the cubic meter is a cube having edges one meter
long; a cubic decimeter is a cube having its edges one
decimeter long; etc.

432. Exercises.

a. How many cubic decimeters in a cubic meter ?

b. How many cubic centimeters in a cubic decimeter ?
lllustrate by means of a cubical block having edges one deci-
meter long, marked off into centimeters.

433. The cubic meter, when used as a unit of measure
for wood and stone, takes a special name, and is called a
ster.

434. The cubic decimeter, when used as a unit of liquid
or dry measure, is called a liter.
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435. Cubic Measure.

1000 cubic millimeters (cu mm) = 1 cubic centimeter (cu cm).
1000 cubic centimeters = 1 cubic decimeter (cu dm) = 1 liter.

1000 cubic decimeters = 1 cubic meter (cu m) =1 ster.

436. Wood Measure.

10 decisters (ds) = 1 ster (s).
10 sters = 1 dekaster (Ds).

437. As the units of cubic measure form a scale of
thousands, in writing numbers expressing volume three
decimal places must be allowed for each denomination.

Thus, 4270m 29axm3 acmare written 427.029003aum

438. As the units of wood measure form a scale of tens,
only one decimal place is needed for each denomination.
Thus, 7 dekasters 5 sters 6 decisters are written 75.6 sters.

439. Examples for the Slate.

36. Express the following in cubic meters and add them:
7 cu. meters 40 cu. decimeters; 5 cu. meters 3 cu. decimeters
19 cu. centimeters; 25 cu. centimeters 49 cu. millimeters.

37. How many cubic meters of earth must be removed to
dig a cellar 14.5 mlong, 4.6 mwide, and 2.3 mdeep ?

38. At $1.25 a cubic meter, wliat will it cost to dig atrench
75.5 mlong, 2.2 mwide, and 1.8indeep ?

39. How many loads of earth, each filling 2.25wm will fill
a space 15.41long, 12 mwide, and 4.5 radeep ?

40. If acubic centimeter of gold is worth $12.50, what is
the value of a brick of gold 2.4anlong, 1.3anwide, and 0.75mm
thick ?

41. If 1 burn 27 sters of wood in the three winter months,
what must be the length of a pile 1 meter wide and f meter
high to last a month, and what will it cost at $2.25 a ster ?
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MEASURES OF CAPACITY.

440. The primary unit of measure for all substances
that can be poured into a dish or box is the liter.

441. A liter is equal in volume to one cubic decimeter.

442. Larger and smaller measures are derived from the
liter in the same way that longer and shorter measures
are derived from the meter, that is, by taking decimal
multiples and subdivisions.

443. Liquid and Dry Measures.

1 milliliter (ml) = 1 cu cm.
10 milliliters = 1 centiliter (cl).
10 centiliters = 1 deciliter (dl).
10 deciliters = 1 liter (1) = 1lcudm.
10 liters = 1 dekaliter (DI).
10 dekaliters = 1 hektoliter (HI).
10 hektoliters = 1 kiloliter (KI). = 1cum.
Note. The milliliter is employed in computations, but rarely, if ever,

in actual measurements. Chemists and druggists use cubic centimeters
instead of milliliters.

444. Examples for the Slate.

42. 1If one hektoliter of kerosene costs 120, what is the
price of a liter ?

43. What must be paid for 2.5 liters of milk each day for a
week, at 7 cents a liter ?

44. From a vessel containing 1 hektoliter of syrup, 25 liters
were drawn out. How many liters remained ?

45. How many hektoliters of oats can be put into a bin that
is 2ralong, 1.3mwide, and 1.5mdeep?

46. What must be the length of a bin 1 meter wide and
1 meter deep, to contain 4500 liters of grain ?
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WEIGHTS.

445. The primary unit of weight is the gram.

446. A gram is the weight of one cubic centimeter
of pure water at the temperature of 4 degrees centigrade
(= 39.2 degrees Fahrenheit), at which temperature water
has its greatest density.

447. Larger and smaller weights are derived from the
gram by taking decimal multiples and subdivisions.

448. Weights.

10 milligrams (mg) 1 centigram (eg).

10 centigrams -1 decigram (dg).

10 decigrams -1 gram (g) - wt. of 1 cu cm of water.

10 grams =1 dekagram (Dg).

10 dekagrams -1 hektogram (Hg).

10 hektograms 11 kilogram (K) = wt. of 1 cu dm of water.

10 kilograms <1 myriagram (Mg).

10 myriagrams 11 quintal (Q).

10 quintals =1 metric ton (T.)= wt. of 1 cu m of water.
Note I. The gram, kilogram, and metric ton are the only units used in

actual weighing, except by jewellers, druggists, and those who weigh very
small or very expensive articles, like gold or powerful medicines.

Note Il. The kilogram is generally called the kilo. The Kkilo is the
unit of weight for weighing common articles, such as sugar, tea, etc.

Note Il1l. The metric ton is used to weigh very heavy articles, like

hay, coal, etc.

449. Examples for the Slate.

47. At $0.60 a kilo for honey, what is the cost of 5.15 kilos ?

48. At $11 per T. for coal, what will the coal cost to keep
a tire one week if 30 kilos are burnt each day ?

49. What weight of mercury will a vessel contain whose
capacity is 10auam mercury being 13.5 times as heavy as water ?

50. If marble is 2.7 times as heavy as water, what is the weight
of a pedestal 1 meter square at each end and 2 meters high ?
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Table of Equivalents.

The equivalents here given agree with those that have been established

by Act of Congress for use in legal proceedings and in the interpretation of

contracts.

1inch = 2.540 centimeters.

1 foot = 3.048 decimeters.
1yard = 0.9144 meters.
1rod = 0.5029 dekameters.
1 mile = 1.6093 kilometers.
1sqg. inch = 6.452 sq. centimeters.
1 sq. foot = 9.2903 sq. decimeters.
1 sg. yard = 0.8361 sq. meter.
1sqg. rod = 25.293 sgq. meters.
1 acre = 0.4047 hektar.

1sg. mile = 2.590 sq. kilometers.

[

cu.inch = 16.387 cu.centimeters.

28.317 cu. decimeters.

[N

cu. foot =

1 cu. yard = 0.7645 cu. meter.

i

cord = 3.624 sters.

0.9463 liter.

[

liqguid quart =

0.3785 dekaliters.

[N

gallon =

1.101 liters.

[N

dry quart =

[N

peck = 0.881 dekaliter.

3.524 dekaliters.

[

bushel =

i

ounce av. = 28.35 grams.

[

pound av. = 0.4536 kilogram.

i

ton (20001bs.) = 0.9072 met. ton.

i

grain Troy = 0.0648 gram.

[

ounce Troy = 31.1035 grams.

[

pound Troy = 0.3732 kilogram.

i

[

i

i

-

[

[N

[N

i

[

[N

[

i

1

[N

centimeter = 0.3937 inch.
decimeter = 0.328 foot.

meter = 1.0936 yds. = 39.37 in.
dekameter = 1.9884 rods.

kilometer = 0.62137 mile.

sq. centimeter = 0.1550 sq. inch.

sq. decimeter = 0.1076 sq. foot.

sq. meter = 1.196 sq. yards.

ar = 3.954 sq. rods.

hektar = 2.471 acres.

sg. kilometer = 0.3861 sq. mile.

cu. centimeter = 0.0610 cu. inch.

cu. decimeter = 0.0353 cu. foot.

cu. meter = 1.308 cu. yards.

ster = 0.2759 cord.
liter = 1.0567 liquid quarts.
dekaliter = 2.6417 gallons.
liter = 0.908 dry quart.
dekaliter = 1.135 pecks.
hektoliter = 2.8375 bushels.
gram = 0.03527 ounce av.
kilogram = 2.2046 pounds av.

metric ton = 1.1023 tons.

gram = 15.432 grains Troy.
gram = 0.03215 ounce Troy.
kilogram = 2.679 pounds Troy.
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451. To change numbers in the metric system to equiva-

lents of the old system :
Examples.

51. In 48 meters how many feet ?

52. If you travel 50 kilometers in a day, how many miles
do you travel ?

53. Change 18 hektars of land to acres.

54. How many inches long is an insect that is 5.2 centi-
meters long ?

55. How many pounds av. are there in 85.6 kilos of salt ?

56. How many gallons are there in 24 Kiloliters ?

57. In 20 metric tons how many tons ?

452. To change numbers in the old system to equiva-
lents of the metric system:

Examples.

58. Change 25 miles to kilometers.

59. In 200 acres are how many hektars ?

60. How many liters will acistern hold that measures on the
inside 5 feet in length, 4 feet in width, and 4 feet in height ?

61. In 3 rods how many meters ?

62. Change 18 qt. 1 pt. to liters.

63. In 11Ib. 70z. 18 pwt. of gold, how many grams ?

64. What is the weight of a barrel of flour (196 Ibs.) in
kilograms ?

453. Approximate Equivalents.

The equivalents here given are accurate enough for most purposes, and
are easy to remember.

A decimeter = 4 inches. A ster 1 of a cord.

(3 ft. 3?2 in., . (1.06 liquid gt.,
A meter = Nor I-tb yards. A liter (or-~ofadryqt.
A dekameter = 2 rods, A dekaliter = 1 peckandl1 gt
A kilometer = f of a mile. A hektoliter = 28§ bushels.

4 sqg. rods, A gram = 15J grains.
An ar ~ or-aofanacre. A kilogram = 24 pounds av.
A hektar = 27 acres. A metric ton = 2200 pounds av.
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SECTION XIV.

PERCENTAGE.

454. Find of 500 men. Ans. 45 men.

A number found by taking a number of hundredths of
another number is a percentage of that number.

455. The number of which a number of hundredths is
taken to find a percentage is the base of that percentage.

In the above example what number is the percentage ? the base ?
456. If a person having $2000 should gain a sum
equal to of it, how much would he then have ?
2000 x Afiy=200; 2000 + 200 =2200. Ans. 12200.
The sum of the base and percentage is the amount.
457. If a person having $ 2000 should lose of it,
how much would he have left ?
2000 x Afij =200; 2000 - 200 = 1800. Ans. $ 1800.

The part of the base left after a percentage is taken
away is the remainder.

In the above examples what number is the amount? the remainder?

458. The number of hundredths which the percentage
is of the base is the rate per cent, generally called the
per cent. Thus, of anything is 7 per cent of it.

N ote. Per centis a contraction of the Latin per centum, and means by

the hundred.
459. Oral Exercises.

a. Find 1 per cent of 600; 7 per cent; 20 per cent.
b. Find 10 per cent of $250; 5 per cent; 50 per cent.
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To express a given Per Cent.

460. The sign % is used for the words per cent. Thus,
5 % means 5 per cent.

461. Any per cent may be expressed as a common frac-
tion, as a decimal, or with the sign for per cent, % Thus,

1 per cent may be expressed ™, 0.01, or 1%.

6 per cent Tou> 0.06, or 6%.
71 per cent tr  0.0<£, or 71%.
100 per cent 1.00, or 100%.
120 per cent {U, 1-20, or 120%.
1 per cent tiiT), 0.001, or 1 %.
Exercises.

462. Express the following in the three forms given above :

a. 2 per cent. c. 77 per cent. e. 175 per cent.

b. 5 per cent. d. 200 per cent. /. £ per cent.

463. Express the following as common fractions, and

change them to their smallest terms:

g. 5%. k. 50%. 0.4%. s. 6J%.

h. 10%. 1 100%. p.75%. t. 8%%.

i. 20%. m. 12*%. g. 90%. n. 831%.

j. 25%. n. 16$%. r.371%. v. 125 %.

To find the Complement of a given Per Cent.
464. What is the difference between 100 % and 25 % ?

The difference between 100 % and any given per cent
less than 100 % is the complement of the given per cent.

465. Oral Exercises.

a. What is the complement of 75%? 40%? 60%? 33J%?
61%7? 15%?

b. What is the complement of 62£%? 16%? 371%? 18%°?
877"%? '72%?



EXAMPLES. 187

To change a Common Fraction to a Per Cent.

466. lllustrative Example. What per cent of a num-
ber is ~ of it ?
written work. Explanation. — Since any number equals

qQQ 100% of itself, ~ of the number must equal \

b of 100%, or 25%. AnNS. 25%.
25 Ans. 25/0

467. Oral Exercises.

a. What per cent of a number is £ of it? ~? \ 2~ ?
A? A? A? A? 4?2 4?7 i? 1?7 A?

6. What per cent isj? }? J? §? j? J? ?? j? }°?
i?7 4?2 S? 42 A? A? A? A? A? A? A? 44

c. What per cent is fa ? fa? ~ o fa? fa? fa? ?

The Base and Rate per cent being given, to find the Per-
centage, Amount, or Remainder.

468. Oral Exercises.

a. "What is 7% of $ 300 ?
Solution. — 7 per cent of $ 300 IS of $300, or $ 21. Ans. $ 21.

b. What is 20% of 80 trees? of 300 words ? of 90? 60 ?
2407

c. What is 10% of 80 days? 12"% of 80 days? 25%?
40%? 50%? 90%?

d. What is 6% of $100? of $200? of 11.50? of $2.50 ?
of $500? of $12.507?

e. What is the amount of $40 +5% of $40? $16 +25%
of $16°?

f. What is the amount of $100+ 7% of $100? $60 +
50% of $60 ?

g- What remains of an income of $500 after 40% of it is
spent? after 25% is spent? 10%? 15%? 30 %? 80%"?
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469. I1lustrative Ex- 470. Illlustrative Ex-
ample |I. A had $500. If ample Il. B had $800. If
by trading he gained a sum by trading he lost 12 % of
equal to 25 % of his money, his money, what was his
what was his gain? How loss? How much money
much money did he then did he then have ?
have ?

WRITTEN WORK. WRITTEN WORK.
Base, $ 500 Base, $ 800
Per cent, 0.25 Percent, 0.12
Percentage, $ 125 a's gain. Percentage, $ 96 B's loss.
$ 625 Amount. $704 Remainder.

In the examples above, A’s amo nt ad Bs remainder mg't hae
been considered as a percentage of lebesead cualreddrecﬂyﬂl,s

(1-) an)

Base, $ 500 Base, $ 800

Per cent, 1.25 Per cent, 0.88
$ 625 A’s amount. $ 704  B's remainder.

Explanation. — (1.) The money A had in trade was 100 % of itself.
Adding to this the 25 % gain, his amount was 125 % or 125 hun-
dredths of $ 500, equal to $ 625.

(Il.) The money B had in trade was 100 % of itself. Having lost
12 % of this, he had remaining 88 % or 88 hundredths of $800, equal
to $ 704.

471. From the operations above we derive the following

Rules.
1. To find the percentage: Multiply the base by the rate
per cent.
2. To find the amount: Add the percentage to the base,
or multiply the base by 1 plus the rate per cent.
3. To find the remainder: Subtract the percentage from
the base, or multiply the base by 1 minus the rate per cent.
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472. Examples for the Slate.
What is

(1) 12 % of $940°? (6.) 85 % of 16f pounds ?

(2.) 25 % of $250.60 ? (7.)75 % of 120 % of 486800 ?

(3.) 62 %of 2000 men? (8.) 37h % of 4000 feet.

(4) | % of $28.80? (9.) 100% of $6000 + 75% of $6000 ?

(5.) 120% of 75 days ? (10.) 100% of 10800 - 13% of 10800 ?

11. If 5% of the price of goods is deducted for cash, what
deduction is made from a bill of $25.40 ?

12. If a piece of rubber hose 146 feet long shrinks 10%
when wet, what is its length when wet ?

13. What is 25% of 125% of 75% of 50% of 384 inches ?

14. A farmer paid for shearing 104 sheep 4% of what he
received for the wool; the fleeces averaged 5 pounds each, and
sold at 40/ a pound. What did he pay for shearing ?

The Percentage and Rate per cent being given, to find the Base.

473. l1i1tustrative Example. 750 bushels is 25 % of

what number ? i i
Explanation. — Since 25 %

WRITTEN WORK. of the number sought is 750,

750 x 100 1% of the number sought is

— —-=-—3000.  ns. 3000 hu. of 750, and 100 % of the

number sought, or the number

itself, is 100 times  of 750, or 3000. Ans. 3000 bu. Hence the fol-
lowing

Rule.
To find the base when the percentage and rate per cent
are given: Divide the percentage by the numerator of the

rate per cent, and multiply the quotient by 100.

Note. Since 750 divided by 25 and multiplied by 100 equals 750 divided
by 0.25 (which is the rate per cent), the form of written work given below
may be used instead of that above :

written work. -—-—= 3000. Ans. 3000 bu.
0.

Here the work is done by dividing the percentage by the rate per crnt.
This rule agrees with formula 4, page 192.
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474. Examples for the Slate.

(15.) $48 is 3% of what number ? 10% of what number?

(16.) 436 days is 24% of what number? 8% of what
number ?

(17.) $31.35is 5% of what number ? 15% of what number ?

(18.) $300 is 7£% of what number? 5% of what number?

(19.) $220.50 is 105% of what number? 75% of what
number ?

(20.) f is 25% of what number? o of what number?

21. The number of children of school age in a certain town
is 1275; if this is 20% of the whole population, what is the
whole population ?

22. | drew out 25% of my deposits in a bank; of this I
have spent $468.72, which is 9% of what | drew out. What
did | draw out ? What remains in the bank ?

23. If $240 is 20% more than some number, what is that
number ?

Note. Since $240 is 20% more than the number sought, it must he
120% of the number sought, etc. Hence when the amount is given instead
of the percentage, divide by 100 plus the numerator of the rate per cent, and
multiply by 100.

24. $1860 is 25% more than what number ?

25. A sold a horse for $225, which was 5% more than he
paid for it. What did he pay for it ?

26. A grocer sold tea for 115% of its cost, and made 9 cents
per pound. What did it cost a pound ?

27. If $450 is 10% less than some number, what is that
number ?

Note. Since $ 450 is 10 % less than the number sought, it must be 90 %
of the number sought, etc. Hence wnen the remainder is given instead of
the percentage, divide by 100 minus the numerator of the rate per cent, and
multiply by 100.

28. $1000 is 4 % less than what number ?

29. Having lost 40% of my money, | have $ 750 left. How
much had | at first ?
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30. A son is 15 years old, which is 62" less than his
father's age. What is his father's age ?

31. The daily attendance upon a school is 558, which is 7%
below the number belonging. What is the number belonging ?

32. After the wages of a workman were reduced 7]%, he
received $3.70 a day. What were his wages before they were
reduced ?

33. By assessing a tax of §% on the valuation, a town
raised $75000. What was the valuation ?

The Percentage and Base being given, to find the Rate per
cent.

475. 1i1rustrative Exampie. |f apupil is absent from
school 6 days in a term of 75 days, what per cent of the
time is he absent ?

written work. Explanation. — |f he is absent 6 days in 75
75) 6.00 days, he is absent -fe Of the time. <“changed
— to hundredths is 0.08, or 8 °o. AnNs. 8 % .

70.08, or 8% Am
476. From the example above may be derived the fol-
lowing
Rule.

To find the rate per cent when the base and percentage
are given: Divide the percentage by the base, carrying the
division to hundredths.

477. Examples for the Slate.

34. What per cent of $104 is $26 ? is $52? is $18.20?

35. What per cent of $3 is12/? is $3.75? isIf ?

36. What per cent of a dozen is a score ?

37. Out of 300 words, Charles spelled 280 correctly, Mary
284, Sarah 268, and Dwight 272. What per cent of the words
did each spell correctly ?
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38. The surface of the earth contains about 144 million
square miles of water, and about 53 million square miles of
land. What per cent of the entire surface of the earth is
water ?

39. From acask containing 120 gal. of oil, 6 gal. 2 qt. leaked
out. What % was lost ?

478. The operations in percentage, illustrated above,
may be expressed by the following formulas :

1. Percentage = Base x Rate.
Amount = Base x (1 + Rate).
3. Remainder = Base x (1 - Rate.)

N

4. Base = Percentage - Rate.
5. Rate = Percentage -j- Base.

For additional examples in percentage, see page 253.

PROFIT AND LOSS.
479. Oral Exercises.

a. How much money is gained by selling goods at 25%
above cost, the cost being $8? $10? $1.60°?

b. How much money is lost on goods which cost $24, by
selling them at a loss of 25%? 50%? 12J%?

c. At what price must paper which cost $2 a ream be sold
to gain 10%? 20%? 25%? 50%? 100%?

d. At what price must hats which cost 80/ be sold to lose
10%? 5%? 25%? 50%? 12i%?

e. What must have been paid a pound for nutmegs if by
selling them at $1.00, there is a gain of 25%? 337%? 10%?

/. What was the cost of gloves which sold for $1.00 a pair
at a loss of 20%? 50%? 337%? 25%?

g. What per cent is gained if goods costing 10/ a yard are
sold for 11/? 12/? 15/? 20/?
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h. What per cent would be lost if goods costing 15/ a yard
were sold for 12/? 10/? 9/?

i. A drover bought cows at $25 a head, and paid $7 each
to get them to market. If he sold them at $ 40 a head, what
per cent did he gain ?

Jj. What is the cost of goods when a gain of 20/ ayard in
selling is 10% of the cost ? 5%? 8%? 50%? 12£%?

k. What was the length of a piece of cloth before shrinking,
if when shrunk 6 inches, it was shortened 1%? 2%? 3%? 4%"?

480. The difference between the cost of goods and the
price at which they are sold is a profit or a loss.

481. Profit and loss may be reckoned as percentage, the
cost being taken as the base. Hence the rules of percentage
already illustrated apply to profit and loss.

482. Examples for the Slate.

40. A farm which cost $ 6842 was sold at a gain of 16%.
What was received for it ?

41. A lot of coal was bought for $750. For what must it
be sold to gain 33J%?

42. 1f 2000 reams of paper were bought for $ 1500, at what
price per ream must it be sold to gain 40 %?

43. A merchant sold a cargo of wheat at 12£% profit, and
gained $746.25. What was the cost ?

44, By selling a farm for $2760, a man gained on the cost
15%. What was the cost ?

45. What was my property worth 5 years ago, if it has
increased 150%, and is now worth $ 17500 ?

46. A man sold a picture for $275 at aloss of 168%. What
did he pay for it?

47. If | pay 45/ a pound for tea, and sell it at 56/, what
per cent do | gain ?

48. What was the original value of a share in a bridge,
which, selling at an advance of 35%, brings $ 780 ?
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49. What is the per cent of gain if goods which cost $ 7500
sell at a gain of $18757?

50. A grocer sold 280 barrels of apples for $708.40. If he
paid $1.40 per barrel for the apples, and 44/ a barrel for
transportation, what per cent did he gain ?

51. A merchant bought carpetings at 85/, $1.20, and $ 1.50
ayard. At what prices must he sell them to make 20 % profit ?

52. If $1000 be paid for goods of which one half sells for
$ 640, and the remainder for $300, what is the per cent of loss ?

53. Bought paper at $1.75 per ream, and sold it at 20 cents
per quire. What per cent did | gain ?

54. A dealer bought 10 gross of combs at $12.50 a gross.
If he sold 50 of the combs at 20 cents apiece and the rest at
18 cents apiece, what per cent did he gain ?

55. If 150 beeves are bought at the rate of $42.50 each, and
30 at the rate of $45.00 each, and the lot is sold for $ 10300,
what per cent is gained ?

COMMISSION.

483. One person is sometimes employed to buy goods
or collect money for another, and is allowed for the service
a percentage on the amount lie lays out or collects. This
percentage is called commission.

484. A person employed to transact business for another
is an agent or factor.

485. A person who sends goods to another for sale is a
consignor, and the person to whom the goods are sent is
a consignee.

486. The remainder, after the commission and other
charges of a sale are deducted, is the net proceeds.

487. Commission being a percentage, of which the
money expended or received is the base, the rules of per-
centage already illustrated apply to commission.



COMMISSION. 195

488. Examples for the Slate.

56. At 1% commission, what is the commission on the sale
of 4750 pounds of sugar at cents per pound ?

57. A factor in Mobile purchased for the Pacific Mills
$ 90000 worth of cotton at If % commission. What was the
hill for cotton and commission ?

58. If an auctioneer sells on a commission of 8%, 14 chairs
at $1.25, 1 table for $10, and a miscellaneous lot for $53.79,
what is his commission, and what sum will be due the person
for whom he makes the sale ?

59. A lawyer collected 25% of an account of $ 680, charging
5% commission. What was his commission, and what sum
should he pay over ?

60. What is the commission on the sale of 200 yards of
cloth at $4.80 per yard, 6% being paid for selling, and 2%
for guaranteeing payment ?

61. What are the net proceeds from the sale of 1250 barrels
of flour at $5.50 per barrel, charges for freight and storage
being 40/' per barrel, commission for selling being 2%, and for
guaranteeing payment I f %?

62. An architect charged $139.75 for plans and for super-
intending the building of a house. If his commission was 2f %,
what was the cost of the house, including his commission ?

63. What is the per cent of commission when an agent
reserves to himself $270.00 of $9270, sent him to invest ?

489. IlIlustrative Example. What part of a remittance
of $328.25 will remain to be invested after 1% of the in-
vestment has been deducted ?

Solution. — The remittance contains both the investment and the
commission upon it. The commission being 1% of the investment,
the remittance must be 101% of the investment. Hence $328.25
-M .01 = $ 325, the investment.

64. | send to my agent at Havana $1224. What part of
this sum will remain to invest in sugars, after deducting his
commission of 2% on what he lays out ?
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65. How many barrels of flour at $5 each can a factor pur-
chase with a remittance of $ 2575, after deducting his commis-
sion of 3%?

66. A real estate broker received $2593.75 for the purchase
of land. Reserving 3J% commission on the purchase, what
number of acres of land could he purchase at $ 125 per acre ?

67. If $109.65 is sent to an agent to purchase 2000 pounds
of sugar at 58 cents per pound, and to pay his commission on
the purchase, what % is the commission ?

68. An agent sold 62 lawn-mowers at $ 20 each, and 18 at
$15 each. If, after deducting his commission, he remitted
$1057 to the manufacturer, what was the % of his commission ?

69. Find the balance of the following account of sales:

AGGQUQt 0j? CTTakO o j'(Moity-nm e (77u& | 77Ru ttel,
S)QIdt 0?i account (~4/le6d10. <377. (/1. /BB a7 Jt) o9,0n,
COON, BKO.,, & QO.

1877. / t
G4/ai.l3. 33 d7u/o..£3t73* 33~ 17365 £3?

14- £ - ... 331 §4 4NT7  E#H?
13. § - ... 333 84 4441 £8?
CHARGES:

Paid Freight and Cartage................ $E£(?.

Commission and Guarantee, 4% ...

Philadelphia, April 15, 1877. Balance............

490. Written Exercises.
a. Supplying names and dates, write an account of the sales
given in Example 58.
b. In the same way write an account of the sales given in
Example 61.

* Gross weight. t Weight of tubs. Net weight.
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STOCKS, DIVIDENDS, AND BROKERAGE.

491. An association of individuals formed for the pur-
pose of transacting business is a company or partnership.

492. An association of individuals authorized by law to
transact business under a company name, to hold property
and be liable for debts in that name as an individual would
be, is a corporation.

493. When a corporation is formed for transacting busi-
ness, the persons forming the corporation subscribe what
money is needed for conducting the business. This money
is called capital stock. This stock is divided into shares,
usually of $ 100 each.

494. The owners of the stock are stockholders. As
evidence of their ownership, they hold papers called cer-
tificates of stock. The stockholders form the corporation
and elect directors, who are responsible for the business
transacted.

495. A sum levied upon a stockholder to help meet the
expenses or losses of the business is an assessment.

496. The gain upon the capital of a corporation is di-
vided among the stockholders. Gain thus divided is called
a dividend.

Each stockholder’s part of the dividend is the same per
cent of his stock that the whole dividend is of the capital.

497. Stocks may be bought and sold like other prop-
erty. Persons who make a business of buying and selling
stocks are called stock-brokers. The commission paid to
a broker is called brokerage.

Note I. When a share of stock will sell at its nominal value, it is at

par; when for more than its nominal value, it is above par, or at a premium;
when for less than its nominal value, it is below par, or at a discount.
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Note Il. The market values of stocks are “ quoted ” daily in the prin-
cipal newspapers, at given per cents of their values. When astock is quoted
at 90, it is worth 90% of its face or nominal value ; it is then 10% below
par. When quoted at 105, stock is worth 105% of its face or nominal

value ; it is then 5% above par.

498. The rules of percentage already illustrated apply
to stocks, dividends, and brokerage.

Examples for the Slate.

499. The following quotations are taken from a daily
paper:
Sales of Stock this day at the Brokers’ Board.
70 Chicago, Burlington, & Quincy R. R.. 103]
150 Burlington & Mo. R. R. in Neb 43]
$5000 Atchison, Topeka, & Santa Fé 7’'s, 1st mortgage.. .............. 88J
AT AUCTION.
15 Bates Manufacturing Co. 80f 8 American Watch Co.. 90J
12 Neptune Insurance Co.. 122f 5 Metropolitan Bank 92f

..150£ 40 Boston & Albany R. R__ 125
..135] 36 Nashua & Lowell R. R__ 94|

5 Maverick Bank
10 N. England Bank ...

At the above quotations, what is the cost

70. Of 3 shares in the Maverick bank, and 7 in the Metro-
politan ?

71. Of $2000 Atchison, Topeka, and Santa Fe 7's?

72. Of 8 shares in the Bates Manufacturing Co., and 7 in
the Neptune ?

73. Of 75 shares in the Burlington and Missouri, including
£% brokerage on the par value ?

N ote. Brokerage is usually and reckoned on the par value. Itis
thus reckoned in this book, unless otherwise specified.

At the above quotations, what is the cost, with brokerage,

74. Of 10 shares Boston and Albany R. R., and 25 Nashua
and Lowell ?

75. Of 15 shares in the Chicago, Burlington, and Quincy
R. R., 5 shares in the American Watch Co., 40 shares in the
New England Bank, and 12 shares in the Neptune Insurance
Co.?
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76. What is the value of 7 shares in a gold company’s stock
at 4\% above par, the original value being $200 per share ?

77. A dividend of 3% having been declared by a gas com-
pany, what should a stockholder receive who owns 700 shares,
the par value of each share being $ 100 ?

78. A broker sold a lot of stock for $2250, which was 10%
below par. What was the par value ?

79. When stock, originally worth $30 per share, sells for
$ 45, at what % above par does it sell ?

500. At present, 1878, paper currency is below par. The
value of gold as compared with it is given from day to day
in the newspapers.

80. When gold is quoted at 102J, how much paper currency
can be bought for $200 in gold, no allowance being made fox
brokerage ?

81. If the passage to Liverpool is $ 125 in gold, and gold is
at 103], what shall | pay in “ greenbacks” for two tickets ?

82. Wishing to send to Ireland 6 pounds sterling, valued
at $4.86 each in gold, what shall I pay for them in “ green-
backs,” gold being at 102f, and brokerage 1%?

83. When gold is quoted at 103, what per cent of a gold
dollar is the value of a 1-dollar bill ?

INSURANCE.

501. A, owning a house, agrees to pay B a certain per-
centage on its value, B on his part agreeing to pay A the
whole value of the house in case it should within a limited
time be destroyed by fire. Such a contract is a contract of
insurance; and A's house is said to be insured.

502. Insurance is security against loss.

503. Fire insurance is security against loss of build-
ings or goods by fire; marine insurance is security against
loss of ships or cargoes at sea ; accident insurance against
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loss by accident in travelling or otherwise; health insur-
ance secures a stated allowance during sickness, and life
insurance secures a certain sum to one’s heirs or assigns
in case of death.

504. The parties that insure are called insurers or
underwriters.

505. The written contract that binds the parties is the
policy.

506. The sum paid for insurance is the premium.

Note I. When property is insured, the valuation or amount insured is
generally made less than the value of the property.
Note Il. Policies are renewed yearly, or at stated periods, and the

premium is paid in advance.

507. The premium is a percentage 0f which the sum
insured is the base. Hence the rules of percentage already
illustrated apply to insurance.

508. Examples for the Slate.

84. What is the insurance on $1500 worth of goods at f %,
including $1 for the policy ?

85. What amount is paid for insurance on § of a store
valued at $15600 at f%, including $1 for the policy?

86. A merchant insured a cargo from Liverpool worth 2000
pounds at a premium of 1£%. What was the premium, the
pound being valued at $4.86 ?

87. A merchant insured $3600 worth of goods in one com-
pany at 1\lo premium, and $2500 worth in another at 1\
premium. What was the cost, including $ 1 for each policy ?

88. A druggist paid $ 125 for the insurance of a lot of goods
in transportation. If the face of the policy was $ 10000, what
was the rate of insurance ?

89. Jan. 1, 1876, a person took out a health policy, paying
$ 1.50 on the first day of each month. March 2, 1877, he was
disabled by sickness, and received $12 a week for 3 weeks.
How much did he receive more than he paid out for premiums ?
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The yearly rates of life insurance depend upon the age of the per-
son when he begins to insure, younger persons paying less per year
than older persons, because they are likely to live longer. Thus A,
being 35 years old, pays $ 109.50 a year for a policy of $ 5000, while
B, who is 40 years old, pays $ 131.50 a year for a policy of the same
amount. The number of years that a person of a given age is likely
to live is called his expectation of life.

90. At the age of 38, | secured a policy upon my life for
$5000, paying the first year $ 122.55, including $1 for the
policy. What was the premium paid upon $ 1000 ?

91. Jan. 1, 1868, a man took out a policy on his life for
$3000, in favor of his wife, paying $21.30 on $1000 yearly.
If the man died Feb. 15, 1878, how much did the widow re-
ceive more than had been paid in premiums ?

TAXES.

509. The citizens of a town or city or the members of a
society usually meet the expenses of their government or
society by a sum assessed on their property, their income,
their business, or their persons. Such a sum is called a tax.

510. A tax on the person of a citizen is called a poll
tax. A tax on property is called aproperty tax. A tax
on annual income is called an income tax.

511. Movable property, such as money, stocks, cattle,
ships, etc., is called personal property. Immovable prop-
erty, as lands, houses, etc., is called real estate.

512. Officers appointed to estimate the value of prop-
erty and to apportion the sum to be raised among the indi-
viduals are called assessors.

513. A property tax is reckoned at a certain per cent
on the estimated value of each person’s property, or at a
given number of mills or cents on SI, S 100, or S1000.



202 PERCENTAGE.

514. An income tax is reckoned at a fixed per cent on
the net income of a person after certain deductions have
been made.

515. I1tustrative Example. The whole amount to
be raised for State, county, and town taxes in a certain
town is $ 10600. The property of the town is valued at
$ 1250000, and there are 300 polls, each taxed $2. What
is the tax on $1? What is the tax of E. Stiles, who
has $4000 worth of real estate and $1000 worth of per-
sonal property, and who pays 1 poll tax ?

WRITTEN WORK. Explanation.— $ 10600 less

$10600 the amount of poll taxes

600 leaves $ 10000 to be levied on

125‘0000) 1|0000 $ 1250000, which is 8 mills
on $1. |If E. Stiles pays 8

0.008 millson $ 1, 0on $ 5000 he will

5000 pay 5000 times 8 mills, OF

$40. $40. $ 40 plus his poll tax

$40 + $2 = $42 of $2 is $42. Ans. 8 mills

Ans. $0,008; $42. on$1; $42 tax.

516. From the above may be derived the following rules
for assessment of taxes :

I. To find the rate of the property tax: Deduct from the
whole amount to be raised the amount of the poll taxes, and
divide the remainder by the amount of taxable pn‘operty.

Il. To find each person’s tax : Multiply each person's tax-
able property by the rate, and to the product add his poll
tax.

517. Examples for the Slate.

92. The tax levied by a certain town is $ 46800 ; the valua-
tion of the town is $ 3600000, and there are 1800 polls, at $1
each. What is the tax on $1? What is the tax of A, who
has $ 15000, and who pays a poll tax of $1?
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93. The valuation of a school district is $48000. A tax of
$120 is levied for the repairs upon a school-house. What is
the tax on $1? What is assessed upon a person having
$3500 of taxable property ?

94. What is the net tax in a town whose taxable property
is $430000, the rate 12 mills on the dollar, 5% of the tax
assessed being paid for collecting ?

95. The school-tax of a certain town being $5625, at the
rate of 3] mills on the dollar of taxable property, what is the
taxable property ?

96. The amount of money to be raised by taxes in the town
of H is $212093.20; the taxable property is $11522400;
there are 3350 polls, each taxed $1.40. Find the tax on $ 1.

Note. Assessors commonly construct a table giving the tax on con-
venient amounts of property at the determined rate.

518. TAX TABLE.

Showing the tax on various sums, at the rate of 18 mills on 81.

Prop Tax. Prop Tax Prop Tax. Prop Tax. Prop Tax.
$1%$0.018 $10 = 8 $100 $1.80 $1000 $18 $10000 $180
2 0.036 20 0.36 200 3.60 2000 36 20000 360
3 0.054 30 0.54 300 5.40 3000 54 30000 540
4 0.072 40 0.72 400 7.20 4000 72 40000 720
5 0.090 50 0.90 500 9.00 5000 90 50000 900
6 0.108 60 1.08 600 10.80 6000 108 60000 1080
7 0.126 70 1.26 700 12.60 7000 126 70000 1260

©

0.144 80 1.44 800 14.40 8000 144 80000 1440
9 0.162 90 1.62 900 16.20 9000 162 90000 1620

97. Find by the above table the tax on $4250.
Note. Find the tax on $ 4000, $200, and $50 Separately, and add the results
Find by the above table the tax

98. Of A on $3000. 102. Of Eon $9068.
99. Of B on $2800. 103. Of F on $6555.
100. Of C on $7850. 104. Of G on $5687.

101. Of D on $ 1565. 105. Of H on $ 10793.
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CUSTOMS OK DUTIES.

519. The expenses of the national government are met
in part by taxes upon imported goods; these taxes are
called customs or duties.

Note I. A tax called tonnage is laid upon a vessel according to the
weight she is estimated to carry.

N ote Il. Places are established by government for the collection of cus-
toms or duties ; these places are called ports of entry. Each port of entry
has a custom house, which is in charge of an officer who collects the customs ;
this officer is called the collector of customs.

520. A duty proportioned to the quantity of goods im-
ported, is a specific duty. Thus a duty of 30f a pound
on yarn is a specific duty.

Note. In estimating specific duties, an allowance is made (1) for waste,
or impurities, called draft; (2) for the weight of boxes, casks, etc., called
tare : (3) for the waste of liquids, called leakage; (4) for the breaking of
bottles, called breakage.

521. The weight of goods, before allowances are made,
is called gross weight; and the weight, after all allow-
ances are made, is called net weight.

522. A duty proportioned to the cost of goods in the
country from whence they are imported, is an ad valorem
duty. Thus a duty of 15% on iron castings is an ad valorem
duty.

Note. A list of a ship’s cargo containing a description of each package
of goods imported, with the price in the currency of the country from
whence imported, must be exhibited to the collector. Such a list is called
an invoice or manifest. When no invoice is received, the value of the goods

is determined by appraisement.

523. Examples for the Slate.

106. What is the duty at 57 a gallon, on 238 hogsheads of
molasses, 60 gallons in a hogshead ?

107. What is the duty at 30 cents a gallon on 25 barrels of
spirits of turpentine, 32 gallons in a barrel, leakage 2% ?
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108. At 15%, what is the duty on 75 boxes of tin, 112 Ibs.
in each box, invoiced at I f a pound, tare 10 pounds a box ?

109. What is the duty at 2£ cents a pound on 13 boxes of
raisins, 24 Ibs. in a box, tare 61 Ibs. a box ?

110. At 25%, what is the duty on 100 dozen watch-crystals
invoiced at $1.50 a dozen, breakage 3% ?

111. At 36 %, what is the duty on 200 tons of bar-iron
(2240 Ibs. to a ton), invoiced at a pound, tare 5 % ?

112. At 3\f a pound and 10% ad valorem, what is the duty
on 7147 lbs. of steel, invoiced at 20 cents a pound, damage
being 8% ?

113. What is the cost at the store of 2556 Ibs. of sugar
bought in Havana for $148.92, on which is paid $35.75 for
freight and carting, and a pound for duties, after deduct-
ing 15% for tare ?

524. General Review, No. 4.

114. Change -fa to a per cent.

115. Represent 1°% decimally.

116. Change 106"% to a common fraction in its smallest
terms.

117. What is \ per cent of $56.49 ?

118. $700 is 140% of what number?

119. If a percentage is $540 and the rate 3%, what is the
base ?

120. 25% of a certain number exceeds 10% of it by $75.
What is that number ?

121. A schooner formerly valued at $7500 has depreciated
20%. What is her present value ?

122. Find the cost of goods which sell for $120 at a gain of
25%.

123. What per cent is 125 of 1200 ?

124. What commission must be paid for collecting $17380
at 3£ per cent ?

125. What amount of stock can be bought for $9682, allow-
ing 1 per cent brokerage ?
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126. What is the value of 20 shares bank stock, at 8J per
cent discount, the par value of each share being $ 150 ?

127. How many shares of stock at 35% advance on a par
value of $100 can be bought for $1215?*

128. Insurance was effected on the ship Susan, to Cadiz and
back, for $ 10000 at 2%, and on her return cargo, worth $ 7500,
at 1\Jo. What was the amount of premium, including $1 for
policy ?

129. What insurance may be covered by a premium of $28
at\lo?

130. What is the insurance premium at \X» on f of a house
worth $ 6000 ?

131. What is the duty, at 121 a Ib. and 10% ad valorem, on
20 bags of wool, each containing 115 Ibs., valued at 42 cts. per Ib.?

525. Miscellaneous Examples.

132. A man paid for a house $4500, for repairs $157.50,
and then sold it for 18% above the entire cost. What did he
receive for it?

133. | bought 100 railroad shares at 116J and sold them at
120£. What did | gain, the par value being $ 100 ?

134. A mason sold 75 barrels of lime at 27% profit, and
gained $40.50. What was the cost per barrel ?

135. A broker bought 48 shares of $50-stock at 9™% dis-
count and sold them at 2\% premium. How much did he
make ?

136. What amount of current money will be given in ex-
change for $450 of that which is at 5% discount?

137. If | buy 10 shares of stock originally worth $100 each
at 18 % above par, and sell it at 7% below par, what do | lose ?

138. A cotton-mill valued at $ 175000 is insured for f of its
value by two companies, the first taking $ of the risk at 0.9%,
the second the remainder at £%. What is the total cost of the
premium ?

* See Art. 499, note.
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139. A school-house was insured for $15500 at 28%, $1.50
being paid for the policy and survey. What was the entire
expense for insurance ?

140. If the school-house named above was lost by fire, what
was the net loss to the insurance coihpany ?

141. Suppose | buy 20 shares of stock originally worth $50
a share, at 10% discount, and sell at a premium of 8%, what
do I make ?

142. A merchant sold some iron for $278, and made 15%.
What should he have sold it for to make 25 %?

143. When 75 shares of stock originally worth $ 100 a share
sell for $ 7556.25, at what per cent above par does it sell ?

144. 1If a company takes an accident risk of $8000 at 1£%,
and reinsures one half of it in another company at 1£%, what
will they gain if no accident occurs ?

145. After losing 11 % of his apples, a dealer has 133.5 bbls.
of apples left; if they cost him $2.50 per bid., for what must
they be sold per bbl. that he may lose nothing upon his pur-
chase ?

146. A broker bought insurance stock at 80, and sold it at
112. What per cent did he make upon his investment ?

147. A broker sold 19 shares of stock for $1389.85, which
was at 4£% above par. What was the brokerage at 1% on the
par value ?

148. A factory is insured at the rate of $2 on $100. If the
premium, with $ 1 for the policy, is $ 241, and the insurance
is upon J of the value of the property, what is the value of the
property ?

149. When an insurance stock, originally $100 per share,
is quoted at 102], how many shares can be bought for $ 8815,
brokerage £%?

150. If a watch sells for $ 60 at a loss of 22%, what should
it have sold for to gain 30 %?

151. The capital of a gas company is $ 200000, and the net
earnings are $10746. What rate of dividend can the com-
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pany declare, reserving a surplus of $2746 to meet future
demands ?

152. A vessel brought into port 12000 melons. 8% proved
worthless, 10% of the remainder sold for 18/ apiece, and the
rest for 12~/ apiece. What was received for the whole?

153. At the sale of a piano, 20% was deducted from the
retail price, and 5% of the balance for cash payment. If the
retail price was $ 750, and the wholesale price $475, for what
per cent advance upon the wholesale price was it then sold ?

154. A regiment of 1000 men was reduced to 850 by sick-
ness and battle, the loss by sickness being 50% as great as by
battle. What was the entire per cent of loss ? what by sick-
ness ? by battle ?

155. | sold 250 lbs. of fish, gaining thereby $3.75, which
was 42£ % of the cost. What was the cost? For how much
a pound was the fish sold ?

156. A grain dealer’s sales amounted in one year to $ 75000 ;
§ of his receipts were for wheat, on which he made 10 % profit,
and the balance for other grains, on which he made 20 % profit.
What was the cost of the whole stock ?

157. A broker bought stock at 8% premium, and sold it at
9% discount, and lost $510. How many shares originally
worth $ 100 each did be buy ?

158. Two horses were sold for $144 each ; on one there was
a gain of 20%, and on the other a loss of 20%. How much
was the gain or loss on both ?

159. What is the cost of 5 hhds. of molasses containing in
all 2074 gallons, which was bought in Porto Rico at 42/ a
gallon, and on which is paid $45.75 for freight and carting,
and 5/ a gallon for duty, after deducting 12% for leakage ?

160. A certain corporation wishing to increase its stock
without multiplying the number of its shares, assessed the
stockholders 40% on the par value of their stock, which was
$500 per share. What was the par value of the stock after
the assessment was made ?
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SECTION XV.

SIMPLE INTEREST.

526. A had the use of $ 300 of B’'s money for a year.
At the end of the year he paid B for its use a sum equal to
7% of the money borrowed. What did he pay for its use ?

Ans. $21.00.

527. Money paid for the use of money is interest.

528. The money for the use of which interest is paid is
the principal.

529. The sum of the principal and interest is the amount.

In the above example, what is the interest? the principal ? the
amount ?

530. Interest is reckoned at a certain per cent of the
principal. It is, therefore, a percentage of which the base
is the principal.

531. The number of hundredths of the principal taken
in finding the interest for one year is the rate per cent
per annum, usually called the rate.

Note. When a rate of interest is given, it is understood to be the rate
per year, unless a different time is stated.

532. The rate of interest established by law is the legal
rate. Interest at arate higher than the legal rate is usury.

Note. Debts of all kinds draw interest from the time they become due,
but not before, unless it is so specified. Interest on interest unpaid when
due is sometimes, though not usually, allowed.

533. Interest on the principal alone is simple interest.

Note. The laws regulating rates of interest are frequently changed,
but the following is atable compiled from official sources in 1877.
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534. Table of Legal Rates of Interest.

When two rates are given in this table, any rate not exceeding the highest is allowed,
if agreed upon in writing.

States. Rate % States. Rate %  States. Rate s  States. Rate %

Ala... 8 6 6 10 s C 7
Ark....... 6 6 10 Tenn__ 6 10
Any 6 6 Texas 8 10
7 7 Utah 10 Any
6 7 Vt. . 6
Any 6 6 8 Va.... 6
Any 6 10 12 W.Va 6
6 10 W T 10
10 6 6 8  Wis........ 7 10
Any 7 10 12 Wy. 12 Any
12 7 6
6 6 Any
Note I. In this hook, when no rate is mentioned or implied, 6% is
understood.
Note Il. In reckoning interest, it is customary to consider a year to be

12 months, and a month 30 days.

535. In reckoning the months and days between two
dates, take the entire calendar months as months, and then
the exact number of days remaining. (See Art. 371.)

Note. In computing interest for short periods of time, it is customary
to take the exact number of days.

536. Oral Exercises.

What is the interest

a. Of $100 for 1 year at 7%? for 2 years at 3%?

b. Of $300 for 2 years at 6%? at 8%? at 11%? at 12%?

c. Of $400 for 3" years at 4%? at 10%? at 7%? at 8%?

d. Of $40 for 3 years at 10%? at 5%? at 7%? at 6%?

e. What part of a year's interest is the interest on any sum
of money for 6mo. ? 2mo. ? 3mo. ? 4mo. ? 1mo. ?

/. At 5%, what is the interest of $600 for 1 year ? for 6 mo. ?
3mo.? 4mo.? 2 mo. ?

g. At 9%, what is the interest of $100 for 1 year? for
1 mo. or 30 days? for 6 days ? for 1 day ? for 5 days ?

h. What is the amount of $100 for 4 years 6 months at 8%?

i. What is the amount of $100 for 1 year 4 months at 5%?

j. What is the amount of $200 for 3 years 3 months at 10 %?
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METHODS OF COMPUTING INTEREST.

To the Teacher. Two methods of computing interest are given in
the following pages ; but the teacher is advised to have pupils use but one.
The method by aliquot parts will he found on page 308 of the Appendix.

GENERAL METHOD.

537. lillustrative Example. Find the interest of $840
for 4y. 3mo. 5d. at 8%.

WRITTEN WORK. Explanation. — The interest of $ 840

$840 x 0.08 x 4 = $ 268.80 for 1 year at 8% is $840 X0.08. The

7 interest for 4 years is 4 times as much,

$ 268.80.
x008x95= 1773 °"
3 mo. 5 d. equal 95 days. The

ans. $286.53 interest of $840 for 1 year being

$840 x 0.08, the interest for 1day is
of this (Art. 534, Note 11.), and for 95 days it is 95 times as much, or
$ 17.73, which, added to $268.80, makes $286.53, the entire interest.

538. From the example above may be derived the fol-

lowing Rule

1. To find the interest at any per cent for any number
of years: Multiply the principal by the rate for 1 year,
and that product by the number of years.

2. To find the interest for months and days : Change the
months to days (Art. 535) and take as many 360ths of a
year's interest as there are days in the given time.

539. This rule may be expressed by the formula :
Interest — Principal x Rate x Number of years.

540. Examples for the Slate.

. What is the interest of $720 for 3y. 7 mo. 6d. at 8%?
Of $472.30 for 2y. 2 mo. 12 d. at 4%?

Of $400.50 for 3y. 10 mo. 24 d. at 10 %?

Of $84.80 for 5y. 3 mo. 20d. at 6%?

Of $116.20 for 2y. 10 mo. 16 d. at 7%?

s wN e
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SIX PER CENT METHOD.

541. Oral Exercises.

a. At 6 %, what part of the principal is the interest for 1
year ? for 2 months ?

b. If the interest for 2 months is 0.01 of the principal, what
part of the principal is the interest for any number of months ?
Ans. One half as many hundredths of the principal as there
are months.

c. At 6%, what is the interest of $500 for 2 mo. ? for
4mo.? 6mo.? 8mo. ? 10 mo. ? 5mo. ? 7mo. ? 15 mo. ?

d. If the interest for 2 months, or 60 days, is 0.01 of the
principal, what part of the principal is the interest for 6 days ?

e. If the interest for 6 days is 0.001 of the principal, what
part of the principal is the interest for any number of days ?
Ans. One sixth as many thousandths of the principal as there
are days.

f. At 670 what is the interest of $500 for 6 days ? 1 da}1?
2 days ? 3 days? 12 days ? 18 days ? 24 days ?

542. 1i1tustrative E xample. What is the interest of
$480 for 1y. 3mo. 7d. at 6%? at 7 %? What is the
amount at 7 %?

WRITTEN WORK. Explanation. — 1y. 3mo. equals
$480 0.075 15mo. The interest for 15mo. at
6% is 0.071, or 0.075 of the princi-
0.0761 0.0011 ’ P
A pal. The interest for 7 days is 0.0011
2880 00761 of the principal. Hence the interest
3360 for 1Y. 3mo. 7d. at 6 % is 0.0761
80 of the principal. 0.0761 of the prin-
6) $3(1560 Int. at 6%. cipal is $ 36.56.
6.09 To find the interest at 7%, we add
' to the interest at 6 % 1 of itself, and
$42.65 Int. at 7%. have for the sum $ 42.65.
480. $480 + $42.65 = $522.65, the
$522.65 Amt. at 7%. amount at 7%.

Ans. $36.56 ; $42.65 ; $522.65.
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543. From the foregoing may be derived the following

Hule.

1. To compute interest at 6 %: Take 6 times as many
hundredths as there are years, 1 half as many hundredths as
there are months, and | as many thousandths as there are
days, and -~by this decimal multiply the principal.

2. To find the interest at any rate other than 6 %: Hav-
ing found the interest at 6%, increase or diminish that in-
terest by adding or subtracting such part of itself as will
give the interest at the required rate.

3. To find the amount: Add the principal to the interest.

Note I. Observe that 1% = £ of 6% ; 2% = £0f 6%; 3%= £of 6% ;
4%=6%-2%; 5%=6%- 1%; 7%=6%+1%; 7*%=6%+(* of
6%), etc.

Note Il. It will often be more convenient to increase or diminish the
principal before taking the interest instead of increasing or diminishing the
interest. Thus, in the foregoing illustrative example we might add to $480
£ of itself and then take 6 % interest on $560. This would be the same as
the interest at 7% on $ 480, which is $ 42.65.

544. Examples for the Slate.
Find the interest on $1 at 6%

6. For 1y. 3 mo. 6d. 10. For 1y. 1 mo. 10d.
7. For 4y. 16 d. 11. For 1y. 8 mo.

8. For 4mo. 5d. 12. For 16y. 8 mo.

9. For 1mo. 25d. 13. For 7y. 10 mo. 18d.

At 6% what is the interest

14. Of $300 for 2y. 5mo. ?

15. Of $36.18 for 3y. 7d.?

16. Of $872.32 for 6y. 2mo. 16d. ?
17. Of $130.50 for 2y. 9mo. 13d. ?
18. Of $800.20 for 3y. 4 mo. 12d. ?
19. Of $1000 for 3y. 10mo. 2d.?
20. Of $25.50 for 1y. 1mo. 1d.?
21. Of $400.37 for 2y. 5mo. 26d. ?
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What is the interest

22. Of $837.36 for 3y. 2mo. at 7 %?

23. Of $187.50 for 2mo. 12 d. at 10 %?

24. Of $1000 from Nov. 11, 1874, to Aug. 15,1880, at 7%?

25. Of $130.16 from Feb. 7, 1874, to Dec. 1, 1878, at 8%?

26. Of $19.80 from Oct. 15, 1875, to April 19,1876, at 5%?

27. Of $62.50 from Aug. 3,1874, to April 11,1875, at 7£%?

Find the amount

28. Of $540 for 3y. 6 mo. at 6%.

29. Of $495.60 for 2y. 2 mo. at 12%.

30. Of $830 for 5y. 4 mo. at 8%.

31. Of $110.10 for 3y. 5mo. at 9%.

32. Of $896 for 2y. 6 mo. 15d. at 6§%.

33. Of $416 for 3y. 16d. at 7%.

34. Of $720 for 3y. 9mo. 19d. at 8%.

35. A note for $ 150, dated July 5,1872, was paid Mar. 17,
1874, with interest at 6%. What was the amount?

36. | gave my note to a person, Jan. 1, 1877, for $387.20,
with interest at 7% from date. What should | pay to dis-
charge this note Oct. 20, 1877 ?

37. Chase and Fowle bought goods to the following amounts,
agreeing to pay 7% interest from the date of purchase: July 8,
1876, $470; July 28, $235; Oct. 2, $206. What will he the
amount due Jan. 1, 1877 ?

Short Method for Days; Application of 6 per cent Method.

545. 111ustkative E xample. What is the interest of

$ 126.80 for 93 days at 6% ?
written WORK. Explanation. — The interest at
$126.80 6% for 60 days, or 2 months, is

ing the decimal point two places
towards the left; thisgives $ 1.268.
Ans. $1,965 ¢ “ 93d. The interest for 1 month, or 30
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days, is ~ of $1,268, or $0,634, and for 3 days it is ~ of $0,634, or
$0,063. Adding these interests, $ 1.268 + $0,634 + $0,063= $ 1.965.
Ans. $ 1.97.

546. From the foregoing may be derived the following
Rule.
1. Find the interest for 60 days at 6% by taking 0.01 of
the principal.
2. For other periods of time, Take convenient multiples
or aliquot parts of the interest for 60 days.

547. Examples for the Slate.

Find the interest of

(38.) $300 for 93d. at 6%.  (40.) $ 1000 for 33d. at 10 %.
(39.) $250 for 95d. at 7%. (41.) $280 for 127 d. at 12%.
(42.) $270.80 from Aug. 20 to Oct. 30 at8%. [Exact days.]
(43.) $416.60 from Nov. 12, 1875, to Feb. 5, 1876, at 5%.
(44.) $1560.50 from Mar. 27, 1875, to June 7, 1875, at 9%.
(45.) $6000 from Nov. 15, 1875, to March 7, 1876, at 6%.

ACCURATE INTEREST.

Note. The above methods of performing examples in interest being
based upon the supposition that a year equals 12 months of 30 days each,
or 360 days, though in common use, are not exact. The government of
the United States and that of Great Britain pay accurate interest.

548. To obtain accurate interest for months and days :
Find the exact number of days between the given dates, and
take as many 365ths of a years interest as there are days.

549. Examples for the Slate.
46. Find the accurate interest of $2000 from Mar. 1 to
Aug. 10 at 5%.
What is the accurate interest
47. Of $700 from May 7 to July 9 at 7°%?
48. Of $20000 from April 4 to July 7 at 7%?
49. Of $1000 from Nov. 15, 1875, to April 1, 1876, at 5%?

For additional examples in interest, see page 253.
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PARTIAL PAYMENTS.

550. [demand note.]

(Efioici, Bféu?iclied (~ISeve?ily Aj

551. The above is the written promise of one person,
Flint, to pay another person, Gleason, or any one to
whom Gleason may order it paid, a certain sum of money,
$470.60, for value received. Such a promise is called a
promissory note, or simply a note.

552. The sum named in the note (as $470.60 above)
is the face of the note.

To discharge the interest and in part pay the above note
a payment of $94.13 was made Nov. 1, 1874. What balance
then remained due ? Ans. $ 400.

Suppose the above balance of $400 to remain on interest
from Nov. 1, 1874, to Nov. 1, 1875, when a payment of $224
was made, what sum then remained due ? Ans. $ 200.

553. Payments in part of a note or other debt, as the
payments described above, are partial payments.

554. A record of the sum paid, with the date of the
payment, is made upon the back of the note ; such a record
is an indorsement.

The method adopted by the Supreme Court of the United States,
and by most of the States, for computing interest in case of partial pay-
ments, requires (1.) That a '‘payment he applied first to discharge accrued
interest, and then, if the payment is large enough, to reduce the principal.
(2.) That no unpaid interest he added to the principal to draw interest.
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555. li1tustrative E xample. A note for $600, dated
June 20, 1874, had payments indorsed upon it as follows:

Oct. 2, 1874, $110.20. May 23, 1876, $125.25.
Feb. 29, 1876, 24.00. Dec. 11, 1876, 113.20.

Find the balance due Jan. 21, 1877 ; interest 6%.

WRITTEN WORK.

Principal from June 20, 1874 . . . . $600.00
Interest to Oct. 2, 1874 (3 mo. 12d.) . . . 10.20
A M 0 U N T 610.20
First payment, Oct. 2, 1874 . . . . 110.20
New principal from Oct. 2, 1874 . . . . 500.00

Interest on $500 to Feb. 29,1876 (1y. 4 mo. 27d.) 42.25

Second payment, $24 will not discharge interest.

Interest on $500 to May 23, 1876 (2 mo. 24d.) * . 7.00
A M O U N T 549.25
Second and third payments, $24+$ 125.25 . . 149.25
New principal from May 23, 1876 . . . 400.00
Interest to Dec. 11, 1876 (6 mo. 18d.) . . . 13.20
Amount . Y 413.20
FOUTrth Pay M €N T 113.20
New principal from Dec. 11, 1876 . . . 300.00
Interest to Jan. 21, 1877 (1 mo. 10d.) . . . 2.00
Balance due Jan. 21, 1877 . . . (Ans.) $302.00

556. The above is in accordance with

The United States Rule for Partial Payments.

1. Find the amount of the principal to the time when
the payment or the sum of the payments equals or exceeds
the interest; take from this amount a sum equal to the pay-
ment or payments.

2. With the remainder as a new principal, proceed as
before, to the time of settlement.

* Interest could be taken from Oct. 2, 1874, to May 23, 1876, at once,
if it were seen that the payment was too small to discharge the interest to
Feb. 29, 1876.
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557. Examples for the Slate.

50. Oct. 12, 1873, I gave my note on demand, with interest
at 6%, for $480; Feb. 6, 1874, | paid $120. What remained
due Aug. 24, 1874?

51. | held a note for $500, which bore interest at 6% from
May 10, 1869 ; Sept. 16,1870,1 received $140; July 28,1872,
I received $50. What remained due Sept. 4, 1872 ?

52. June 15, 1873, George Rich borrowed of John Jones
$2000, and gave his note for the same, with interest at 8%.
Aug. 27, 1874, a payment of $ 1450 was made, and a new note
given for the balance. For what sum was the new note given ?
Write the new note in proper form, dating it at Boston.

53- A note for $1000, dated Oct. 5, 1874, was indorsed as
follows : Dec. 8, 1874, $125; May 12, 1875, $316; Sept. 2,
1875, $417. What balance was due March 9, 1876; interest
6% ?

54. What balance will be due July 1, 1881, on a note of
$935 on interest from Sept. 1, 1875, and indorsed $125.75,
Jan. 15, 1876; $250, March 25, 1877; $300, May 10, 1877;
interest being 6%.

(55.) $425. New York, July 13, 1869.
Six months after date | promise to pay A. Hyde & Co.
Four Hundred Twenty-five Dollars, with interest at 6%; value
received. Stewart E. French.
Indorsements: Aug. 9, 1871, $50; Nov. 17, 1872, $150.

What was due July 12, 1873?

(56.) $800. st. Lours, July 15,1870.
For value received, We jointly and severally promise to pay
H. Hooker, or order, Eight Hundred Dollars on demand, with
interest at 7%; value received. James Holland.
Henry Holland.
Indorsements: April 18, 1871, $100; Dec. 31, 1872, $70;
June 14, 1874, $62.50.
What was due July 14, 1875 ?
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558. I1Ttustkative Example.
JS%cfacfeNintia, J, | &
a 7no?-t/id a~”tei, cfafe fibom cde (o fiay C ffroded
o-i. okcfet, <3&un (fbecf . ~ffoflald, km
indeledC aC u % ; vafae becetved. /7 * /770

(M e/ ittea M uyy/éd.
Indorsements: Aug. 16, 1876, $200 ; Oct. 8, 1876, $480 ; Feb. 20,
1877, $ 49.92. What balance was due July 1, 1877 ?
559. When partial payments are made upon notes on
interest for short periods of time, as upon the above, inter-
est is often computed by the following, called

The Merchants’ Rule.

1. Compute interest on the principal from the time it begins to draw
interest to the time of settlement, and also on each payment from

the time it is m
WRITTEN WORK OF EXAMPLE ABOVE. e © s ade

L . to the time of settle-
Principal on interest from July 7,'76 $800.00

Interest to July 1,77 (11 mo. 24d.) . 47.20 Ment
Amount of note . . . . 847.20 2. Take the differ-
Payment, Aug. 16, '76 . 200.00 ence between the sum
Interest to July 1, '77 (IOmo. 15d.) 10.50 of the principal and
Payment, Oct. 8, '76 . . 480.00 its interest and the
Interest to July 1, '77 (8 mo. 23d.) 21.04 sum of thepayments
Payment, Feb. 20, '77 . 49.92 .
. and their interests;

Interest to July 1, '77 (4mo. lid.) 1.09 i i .

this difference will

762.55

be the balance due.

Balance due . . . . Ans. $84.65 u

560. Examples for the Slate.
(57.) $10000/~. W ashington, Oct. 3, 1875.
In two months from date | promise to pay to the order of
Cyrus Parsons, at Suffolk Bank, Boston, Ten Thousand
Dollars, with interest at 6%; value received. ;.. Norton
Indorsements: Nov. 5, 1875, $672.41; Nov. 15, 1875, $7682.42;

Nov. 16, 1875, $437.98; Nov. 19, 1875, $833.42.
What was the balance due on the above when it became due ?
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(58.) $1200. Baltimore, April 1,1875.

One year from date, for value received, | promise to pay
B. F. Bryant, or order, Twelve Hundred Dollars, with interest
at 7%. Isaac C. Fellows.

Indorsements: April 12, 1875, $161.08; July 19, 1875, $224.14;
July 28, 1875, $17.90 ; Jan. 29, 1876, $ 100.25.

What was due on the above note April 1, 1876 ?

For annual interest, also for Vermont, New Hampshire, and Connecticut
rules for partial payments, with annual interest, see Appendix, pages 309
and 310.

/

PROBLEMS IN INTEREST.

To find the Time, having the Interest, Principal, and Rate given.

561. 1i1tustrative Example. In what time will $480
on interest at 5% yield $ 36 of interest ?

WRITTEN WORK. Explanation. — The interest of $ 480 for 1
$480x0.05 = 124. year at 5% is $ 24.
$36-$24 = | | Since $ 480 at 5% yields $ 24 of interest in

i\ yr__ 1yr_ Amo- 1 year, to yield $ 36 it will require as many

years as there are times $ 24 in $ 36, which is
I£. Ans. 1yr. 6 mo.

562. From the above may he derived the following

Rule.

To find the time, having the principal, interest, and rate
given: Divide the given interest by the interest of the prin-
cipal at the given rate for 1 year.

This rule may be expressed by the formula:

Interest
1 Number of years =

Principal x Rate
Note. It will often be found more convenient to divide by the interest

for 1 month or 1 day, in which case the answer will be in months or in days.
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563. Examples for the Slate.

In what time will

(59.) $400 gain $20 at 6%?  (62.) $3000 gain $205 at5 %?

(60.) $500 gain $60 at 4 %? (63.) $408 gain $ 170 at  %?

(61.) $640 gain $ 67.20 at 7% ? (64.) $450 gain $192.30 at8 % ?

65. In what time will $280 amount to $ 301 at 5% ?

Note. To find interest, subtract $280 from $301.

66. How long must a note of $ 7500 run to amount to $ 7800
at 8% ?

67. In what time will $500 double itself at 1% ? at 2% ?
at 3% ? at 6% ? at 10%?

To find the Rate, having the Interest, Principal, and Time
given.
564. lilustrative Example. The interest on $200
for 10 mo. 24 d. was $ 14.40 ; what was the rate % »

written work. Explanation. — The interest of $ 200 for

$200 x 0.009 = $1.80. 10 mo- 24 d-at 1% is $ 1-80.
Since the interest at 1% on $ 200 for
10 mo. 24 d. is $1.80, to yield $14.40 the
rate must be as many times 1% as there
are times $ 1.80 in $ 14.40, which is 8. Ans. 870-

565. From the above may be derived the following
Rule.
To find the rate, having the interest, principal, and time

given: Divide the given interest by the interest of the prin-
cipal for the given time at 17..

The above rule may be expressed by the formula:

Interest
2. Rate = L
Principal x Number of years

566. Examples for the Slate.

68. At what rate % will $360 gain $40.80 in ly. 5mo. ?
69. At what rate % will $100 gain $33" in 12y. 6 mo. ?
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At what rate %

70. Will $250 gain $3.75 in 4 mo. ?

71. Will $25 gain $7.87£ in 3y. 6 mo. ?

72. Will $100 gain $25 in  y.?

73. The amount of $75 for 2y. 6 mo. was $78.75; what
was the rate %?

Note. To find the interest, deduct $ 75 from $ 78.75.

74. A note of $50 on interest from Feb. 29, 1872, to Feb.
28, 1874, amounted to $55.25; what was the rate %?

75. When a note of $1000 amounts to $ 1058.33J in 7 mo.,
what is the rate %?

To find the Principal, having the Interest or Amount, the
Time, and the Rate given.

567. Illlustrative Example |I. What principal on in-
terest at 6% for 3y..4 mo. will yield $ 80 of interest ?

written work. Explanation. — The interest of $1 at

1x0.06 Xx31=0.20 6% for 3y. 4 mo. is $ 0.20.
$80.00 r-$0.20 = 400 Since 1 dolkr of principal at 6 % in 3y.
£ 4qq 4 mo. yields 20 cents of interest, to yield

$ 80 of interest will require as many dol-
lars of principal as there are times 20 cents in $ 80, which is 400.
Ans. $400.

568. lllustrative Example II. What principal on
interest at 10% for 2y. 6 mo. will amount to $478.50 ?

WRITTEN WORK.

Explanation. — The interest of $ 1

1x0.10x2"™ =0.25 for 2y. 6 mo. at 10% is $ 0.25, and the
$1.25)1478.50 (382.8 amount of $ 1 is $ 1.25.

375 Since $ 1 of principal at 10 %*in 2 y.

6 mo. amounts to $ 1.25, to amount to

1035 $478.50 will require as many dollars
1000 of principal as there are times $ 1.25
350 in $478.50, which is 382.8.
250 Ans. $ 382.80

1000 etc.



PROBLEMS IN INTEREST. 223

569. From the foregoing may be derived the following
Rules.

I. To find the principal, having the interest, the time,
and the rate given: Divide the given interest by the interest
of $1 for the given time and rate.

Il. To find the principal, having the amount, the time,
and the rate given: Divide the given amount by the amount
of $ 1 for the given time and rate.

The above rules may he expressed by the formulas:

L Interest
3. Principal =
Rate x Number of years
L Amount
4. Principal =
1+ Rate x Number of years

570. Examples for the Slate.

What principal on interest

76. At 6% will gain$ 15 in 2 years ?

77. At 5% will gain $20 in 4 years ?

78. At 3% will gain$76.50 in 2y. 6 mo. ?

79. At 4% will gain $1.705 in 7 mo. 15d. ?

80. At 6% will gain $4.128 in 11 mo. 14 d. ?

Note. 4.128 -f- 0.057J (both changed to thirds of thousandths) equals
12.384  0.172.

81. At 2% a month will gain $ 24 in 60 days ?

82. At 6% will amount to $870 in 7y. 6 mo. ?

83. At 5% will amount to $2072.25 in 30 d. ?

84. At 1% a month will amount to $412 in 90d. ?

85. What sum on interest 3£yrs. at 5£% will amount to
$1007?

86. What sum put upon interest Jan. 1, 1875, at 7% will
amount to $343.75, Feb. 1, 1877 ?

87. What principal put upon interest to-day at 5% will
amount to $206.25 in 7 mo. 15d. ?
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PRESENT WORTH AND DISCOUNT.

571. Illustrative Example. If one person owes
another $ 214, to be paid 1 year hence, without interest,
what sum should be paid to-day to discharge the debt, the
current rate of interest being 7 per cent ?

WRITTEN WORK. Explanation. — In justice to both parties,
such a sum should be paid to-day as would,
1.07) 214.00 (200
214 if put at interest at 7%, in 1 year amount to
$214.
A $200 Since $1 in 1 year at 7 % amounts to
ns. .

$1.07, it would require as many dollars to
amount to $ 214 as there are times $ 1.07 in
$214, which is 200. Ans. $200.

572. A sum which will without loss to either party
discharge a debt at a given time before the debt is due
is the present worth of the debt.

573. A sum deducted from a debt or from a price is
discount. The difference between the face of a debt and
the present worth is the true discount.

W hat is the present worth in the example above? What is the

true discount ?

Note.— It will be seen that the present worth is the principal, the true
discount is the interest, and the sum due at a future time is the amount.
This subject is then an application of that illustrated in Art. 568.

574. From the illustrative example above may be de-
rived the following

Rules.

I. To find the present worth: Divide the given debt by
the amount of $1 for the given time and rate.

Il. To find the true discount: Subtract the present worth
from the face of the debt.
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575. Examples for the Slate.

The current rate of interest being 6%, what is the present
worth and what is the true discount

88. Of $27.50, due 1 year 8 months hence R

89. Of $100.96, due 8 months hence ?

90. Of $200, due in 3 months ?

91. Of $175.80, due in 9 months 20 days ?

92. Of $661.37”, due in 3 months 15 days ?

93. What is the present worth and true discount of $ 1609.30,
due in 10 months 24 days, current rate 5%?

94. If a bill of $600 is payable in 3 months after May 1,
without interest, what sum will discharge it June 1, current
rate of interest being 10 %?

95. Macomber & Earle sold goods to the amount of $138.48
on 6 months’ credit. For how much ready money could they
afford to sell the same goods, the use of the money being worth
to them 2% a month ?

96. A merchant bought goods to the amount of $ 1574, one
half payable in 3 months and the rest in 6 months, without
interest. What sum would pay the debt at the time of pur-
chase, rate 7 %?

97. A dealer bought $ 1500 worth of grain on 6 months’
credit, and sold it immediately for 10% advance. If with the
proceeds he paid the present worth of the $1500, rate 8%,
what sum remained ?

98. A bookseller bought $ 240 worth of books at a discount
of 33\ on the amount of his bill, and 5% on the balance for
present payment. He then sold the books on 3 months’ time for
the price at which they were billed to him. Money being worth
7%, and the purchaser discounting his own bill by true present
worth at the time of purchase, what was the bookseller’s gain ?

For other examples in present worth, see page 253.
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BANK DISCOUNT.

576. Holding a note against James Peak for $ 500, due
in 4 months from April 1, without interest, and desiring
the money on that day, | transfer the note to a bank, and
allowing the bank to take interest on the sum named in
the note for 4 months, and 3 days ($ 10.25), receive from the
bank the balance ($489.75) in cash. The note is then said
to be discounted.

Note. The sum named in the note is called the face of the note.

577. The interest upon the face of a note from the time
it is discounted to the time it is due is bank discount.

What is the bank discount in the example given ?

578. The face of a note, less the discount, is the pro-
ceeds, avails, or cash value of the note.

What are the proceeds in the example given?

579. The three days for which interest is taken beyond

the specified time for paying a note are called days of
grace.

Note I. A note is nominally due at the expiration of the time specified
in the note, but it is not legally due till the expiration of the 3 days of
grace. A note is said to mature when it is legally due.

Note Il. The time when a note is nominally and when legally due is

usually written with a line between the dates; thus, July 1/3.

Note Ill. When a note is given for months, calendar months are under-
stood, and the note is nominally due on the day corresponding with its
date ; if the month in which it falls due has no corresponding day it is due
on the last day of that month.

Note IV. Notes maturing on Sunday or on a legal holiday must be
paid on the business day next preceding.
Note Y. In computing bank discount, the more general custom is to

reckon the time in days ; hence, in the examples in bank discount which

follow, the time is so reckoned, when dates are given.
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580. I1rtustrative E xample. What is the bank dis-
count of a note for $ 400, payable in 90 days, discount at
7%? What are the proceeds ?

WRITTEN WORK. Explanation. — Bank discount is in-
1400 terest for the specified time and 3 days
0.0155 of grace.
The interest of $400 for 93 days at
6) 672000 _ .
7% is $7.23, the discount. $400 less
1.0333 $7.23 equals $392.77, the proceeds of
$772333 the note.

$400-$7 23 = $392 77 Ans. $7.23 discount; $392.77 proceeds.
581. From the above may be derived the following

Rules.

I. To find bank discount on a note due at a future
time, without interest: Compute interest on the face of the
note from the time of discount to maturity (including the
three days of grace).

Il. To find the proceeds of the note: Subtract the dis-
count from the face of the note.

Note. When a note drawing interest is discounted, the discount is
computed upon the amount of the note at the time of its maturity.

582. Examples for the Slate.

99. What is the bank discount of a note for $750, payable
in 30 days, discount 6% ? What are the avails ?

Find the bank discount and proceeds of a note

100. For $1000, payable in 90d., discount 7%.

101. For $300, payable in 4 mo., discount 8%.

102. For $700, dated Dec. 10, payable in 69 days, and dis-
counted at date at 10%.

103. For $500, dated Aug. 20, payable in 3 mo., and dis-
counted at date at 7£%.
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Find the hank discount and proceeds of a note

104. For $290, dated Dec. 30, 1877, payable in 2 mo., and
discounted at date at 9%.

105. For $500, dated May 10, payable in 90 days, and dis-
counted June 9 at 6%.

106. For $256.84, dated Oct. 28, payable in 60 days, and
discounted Nov. 12 at 12%.

107. For $1200, dated Jan. 31, payable in 3 months, and
discounted March 8 at 5%.

108. | bought a horse and carriage for $ 324, for which 1
gave my note Nov. 5, payable in 1 year, with interest at 6%.
What would be the avails of this note at a bank, Aug. 1, dis-
count 7%? *

109. Find the bank discount and avails of the following
note, discounted Feb. 12, 1876, at 10%.

$4000 San Francisco, N ov. 7, 1875.

Six months from date, with interest at 10%, | promise to
pay F. Egleston & Co. Four Thousand Dollars ; value received.

James N oble.

583. Illlustrative Example. For what sum must a
note be drawn, payable in 60 days, without interest, that
the avails may equal $591.60 when the note is discounted”
at a bank at 8% ?

WRITTEN WORK. Explanation. — The
Bank discount of $1 for 63d. = $0,014 bank discountof$1 for
Avails of $1 for 63 d. = 0.986 63daysat8% is$0,014;
$591.60-$0 986 =600 hence, the avails of $ 1
' . $ 600 discounted will be $ 1

minus $0,014, which
equals $0,986. Since the avails of $ 1 are $ 0.986, that the avails may
be $591.60 the note must be drawn for as many dollars as there are
times $ 0.986 in $591.60, which is 600. Ans. $600.

* See Art. 581, note.
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584. From the foregoing may be derived the following

Rule.

To find the face of a note which discounted at a bank
will yield given proceeds: Divide the given proceeds by
the proceeds of 1 dollarfor the given rate and time, with 3
days of grace.

Note. To find the face of the note when the discount is given : Divide

the given discount by the discount of $ 1 for the given rate and time,
with 3 days of grace.

585. Examples for the Slate.

110. For what sum must a 30 days’ note, without interest,
be drawn that the avails at 6 % discount may be 180 ?

111. For what must a 4 months’ note, without interest, be
drawn that when discounted at a bank it may yield $489.75
at 6% discount ?

112. What must be the face of a note given for 90 days,
without interest, that the avails at a bank may be $ 1469, dis-
count being 8%?

113. What was the face of a note given for 45 days, not
bearing interest, on which the discount at 9% was $11.40 ?

586. Miscellaneous.

114. What difference does it make in the avails of a note
for $200, payable without interest in 18 months, whether it be
reckoned by true or by bank discount, rate 8% ?

115. What will be the difference between the true and the
bank discount of a note for $9171, due May 9, 1878, and dis-
counted Jan. 15, 1878, at 6% ?

$500. Richmond, Oct. 5, 1876.
For value received, | promise to pay Charles Towle, or order,
Five Hundred Dollars in three months. James Allen.

116. What cash must be paid to discharge the above note at
its date by true present worth, rate of interest 6 %?
117. What would be the avails of it at a bank, Dec. 5,1876 ?
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118. What would be the amount of it, March 17, 1877 ?
119. What would be the true discount of it, Nov. 5, 1876 ?
120. What would be the bank discount of it, Nov. 5, 1876 ?

For other examples in bank discount, see page 253.

COMMERCIAL DISCOUNT.

587. Business men are usually allowed a deduction for
making cash payment for goods purchased on time. Notes
also not bearing interest are discounted by the deduction of
a certain per cent, not wholly depending upon the time.
Such a deduction is called business or commercial dis-
count.

588. Examples for the Slate.

121. A merchant bought a lot of goods amounting to 1 124,
on 30 days’ credit; 5% discount on the price was allowed for
making payment at the time of purchase. What was paid ?

122. A man having bought a bill of goods amounting to
$468.20 on 6 months’ time, cashed the bill for 10% off. What
did he pay ?

123. What is the cash value of a bill of cloth amounting to
$347.20, on the face of which a discount of 6% is made, and
on the balance another of 5%?

124. What is the difference between discounting a bill,of
$1000 at 33\ and taking 10% off from the remainder, and
discounting the whole bill at 43J%? u

125. A person paid $1.14 per yard for goods after a dis-
count of 5% had been made upon the invoice price. What was
the invoice price ?

Note. Since 5% had been deducted, 95% remained.

126. What was the invoice price of alot of French plate-
glass for which | paid $39 per pane after a discount of 40%
had been made ?

127. If from the retail price of a book 20% is deducted, and
a discount of 10% is made upon the balance, and then the book
sells for $1.33, what is the retail price ?
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COMPOUND INTEREST.

589. A sum of $ 500 was loaned at 7%, interest payable

annually. At the end of the first year the interest for that
year was added to the principal, and upon the amount as a
new principal the interest was reckoned for the second year.
The amount for the second year formed a new principal,
upon which interest was reckoned for the next six months,
at the end of which time the note, with interest, was paid.
What was the amount then due ? What was the interest

gained ?
WRITTEN WORK.

Principal . $500.

Interest for 1st year . 35.

Amount, or 2d principal 535.

Interest for 2d year . 37.45
Amount, or 3d principal 572.45
Interest for 6 months 20.0357
Amount $ 592.49 1st Ans.
Istprincipal . 500.

Interest N 92.49 2d Ans.

590. Interest upon both interest and principal, the sum
of the two forming a new principal for specified periods of
time, is compound interest.

In the example above the interest is compounded annually. It may

he compounded semi-annually, or for any period of time agreed upon.

591. From the operation above may he derived the fol-

lowing |
Rule.

To compute compound interest:

1. Find the amount of the given principal for the first
period of time. With this as a new principal, find the
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amount for the second period of time, and so continue
for the whole time. The last amount is the amount re-
quired.

2. The last amount minus the given principal is the
compound interest.

592. Examples for the Slate.

At compound interest, what is the amount

128. Of $200 for 3 years at 6%?

129. Of $350.50 for 4 years at 5%?

130. Of $2000 for 3 years 11 months at 6%?

131. Of $2000 for ly. 6 mo. at 7%, interest compounded
semi-annually ?

Note. Take interest at 3\°J0 for three intervals of time.

132. What is the compound interest of $40 for 1y. 2 mo. at
6%, interest compounded semi-annually ?

133. What is the compound interest of $900 for 1y. 1 mo.
at 6%, interest compounded quarterly?

593. The work of computing compound interest may
be shortened by the use of the following

TABLE,

Showing the amount of $ 1 at compound interest from 1 year to 10 years, at
3, 4, 5, 6, and 7 per cent.

Years. 3per cent. 4percent. ~ percent. 5percent. 6per Cent." 7 per cent.

1.030000 1.040000 1.045000 1.050000 1.060000 1.070000
1.060900 1.081600 1.092025 1.102500 1.123600 1.144900
1.092727 1.124864 1.141166 1.157625 1.191016 1.225043
1.125509 1.169859 1.192519 1.215506 1.262477 1.310796
1.159274 1.216653 1.246182 1.276282 1.338226 1.402552

1.194052 1.265319 1.302260 1.340096 1.418519 1.500730
1.229874 1.315932 1.360862 1.407100 1.503630 1.605781
1.266770 1.368569 1.422101 1.477455 1.593848 1.718186
1.304773 1.423312 1.486095 1.551328 1.689479 1.838459
1.343916 1.480244 1.552969 1.628895 1.790848 1.967151

Bow~o oipwwnp
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594. I1i1tustrative Example. What is the COmpOUnd
interest of $ 1000 for 2y. 4 mo. at 7%?

WRITTEN WORK.

Amount of $ 1 at 7% for 2 years . . . $1.1449
1000

Amount of $ 1000 for 2 years . . . .1144.90
1.02%

Amount of $ 1144.90 for 4 mo. 1

Amount of $ KMX) for 2y. 4 mo. ) " ' AN 1.0143

1000.
Compound interest 171.61 Ans

Note. In the above operation, the amount of $1000 for 2 years is first
found, and the amount for the months is then obtained by multiplying by
1.02$. It would be equally well to find the amount of $ 1 for the entire
time, and then multiply that amount by 1000.

595. Examples for the Slate.

Using the preceding table, find the amount at compound
interest

134. Of $200 for 2y. 4 mo. at 7%.

135. Of $580 for 7y. 10mo. at 6%.

136. What is the compound interest of $300 for 3y. 2 mo.
6 d. at 8 %, interest payable semi-annually ?

137. What is the compound interest oi $ 380 for 1y. 1G mo.
22d. at 6%, interest payable semi-annually?

138. If at the age of 25 years, a person puts $ 1000 on in-
terest, compounding annually at 6%, what will be the amount
due him when he is 40 years old ?

Note. First find by the table the amount for 10 years, then find the
amount of that amount for 5 years more.

For additional examples in compound interest, see page 253.
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AVERAGE OR EQUATION OF PAYMENTS.

596. l1i1rustrative Exampie. A debtor owes to one per-
son the following sums at the dates specified : Oct. 1, $262;
Oct. 10, $ 220; Nov. 6, $ 250. At what date may he pay
the total of these items without loss of interest to either

party ?
Interest Method.

WRITTEN WORK. Explanation. — To do this
Due. Items.  Days. Interest. example, we may suppose all
the items to be paid at the

Oct. 1, $262 o P

earliest date at which any

“ 10, 220 9 $0.66
Nov. 6, 250 36 3.00 This would involve a loss
lday'sint. of 732 = 0.244) 3.66 (15 to the debtor of interest on

| 220 from Oct. 1 to Oct. 10
Oct. 1+15d. = Oct. 16. ans. (9 days), and on $ 250 from

Oct. 1 to Nov. 6 (36 days).

item becomes due, viz. Oct. 1.

The interest of $220 for 9 days at 12%* is $0.66
“ “ “ 250 “ 36 “ “ 12% is 3.00

Total interest . . . $ 3.66
That no loss may result, the total of the items, $732, should be paid
as many days after Oct. 1 as will be required for $ 732 at 12% to gain
$3.66 of interest. To find this time, we divide $3.66 by the interest

of $ 732 for 1 day at 12% (Art. 562, note), and have for a quotient 15.
15 days after Oct. 1 is Oct. 16. Ans. Oct. 16.

597. The process of finding the time wkITen the payment
of several items, due at different times, may be made at
once, without loss of interest to either party, is average,
or equation of payments.

598. The date at which several sums due at different
times may be paid at once is the average date or equated
time of payment.

* Any per cent may be taken, but 12 per cent (1% a month) is taken for convenience,

the interest then being for every month 0.01 of the principal, and for every 3 days 0.001
of the principal.
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599. From the foregoing operation may he derived

Rule 1.
To find the average time for the payment of several sums
due at different times :
1. Select some convenient date; for example, the earliest
date at which any item matures.
2. Compute the interest on each item from the selected
date to the date of its maturity.

3. Add the interests thus found; divide their sum by
the interest of the sum of the items for one day; the quo-
tient will express the number of days from the selected date
to the average date of payment.

4. Add this number to the selected date; the result will
be the average date required.

600. The foregoing illustrative example performed by

The Product Method.

WRITTEN WORK. Explanation. — To do this example
Days. Products. by the product method, we select some
0x262= 00 date, for example the earliest date at
9 x 220 = 1980 which any item becomes due, and sup-
36%x250 = 9000 pose all the items to he paid at this

date. This would involve a loss to the
732) 10980 (15 debtor of interest on $ 220 for 9 days,
and on $ 250 for 36 days.

The interest on $ 220 for 9 days

Oct. 1+15d. = Oct. 16. ans.

equals the interest on $ 1 for 1980 days ; the interest on $ 250 for 36
days equals the interest on 01 for 9000 days, which together equals
the interest on $1 for 10980 days, but $732 is the sum to be paid,
and the time required for the interest on this sum to equal the
interest on $1 for 10980 days will be of 10980 days, which is
15 days.

15 days after Oct. 1 is Oct. 16. Ans. Oct. 16.
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601. From the preceding operation may be derived

Rule IL

To find the average date for the payment of several sums-
due at different dates :

1. &elect some convenient date; for example, the earliest
date at which any item matures.

2. Multiply the time each item has to run by the num-
ber of dollars in the item.

3. Divide the sum of the products thus obtained by the
number of dollars in the sum of the items; the quotient
will express the time from the selected date to the average
date of payment.

4. Add this time to the selected date; the result will be
the average date required.

602. Proof.

Find the sum of the interests on all items due before the
average date, from the date at which they are severally
due to the average date; cdso find the sum of the .interests
on all items due after the average date from that date to
the dates at which they are severally due. |1f these sums
are equal, or differ by less than half a day's interest on the
sum of all the items, the result is correct.

Note |I. The examples in this book are performed by the interest
method, which has the advantage of brevity when the accountant uses

interest tables. The pupil will perform the work by either or by both
methods, as directed by the teacher.

Note Il. Any date may be selected from which to average an account.
The last day of the month previous to the earliest day at which any item
becomes due is a convenient date.

Note Ill. When any item contains cents, if less than 50, disregard them,
if 50 or more, increase the units of dollars by $ 1.

Note Y. When a quotient contains a fraction of a day, if less than
disregard it; if £ or more, call it 1 day.
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603. Examples.

139. What is the average date for paying three hills due as
follows : March 31, $400 ; April 30, $300; May 30, $200 ?
= 140. What is the average date of maturity of three notes of
$800 each, due respectively Nov. 5, Dec. 8, and Feb. 3 ?

141. What is the average date of maturity of the following
items of account, viz., $900 due Sept. 10 ; $2250.48 due Oct.
21; and $ 1049.65 due Oct. 28 ?

-142. Find the equated time for paying $430 due in 5
months; $270 due in 9 months; and $300 due in 8 months?

143. Average the above, having the first item due in 3
months, the others in 9 months each.

144. A gentleman purchased a farm for $ 3600, agreeing to
pay $ 600 down, and the remainder in five equal semi-annual
instalments. At what time may the whole be paid at once ?

145. When shall a note to settle the following account be
made payable ?

J. R. INGERSOL To R, FISH & CO, Dr.
1876. 9

April 10 To Mdse on 30 days' credit................... 200

Map 16 © © @ «© € 300

June 8 1 1" It QQ cl cl 520

July 18  “ CaSh.iiiiiiiiee, 250

Note. First find at what time each item falls due by adding the time of
credit to the date of the item.

146. What is the equated date of maturity of the following ?

V. M. HURON TO COLTON IRON CO, Dr.
1876. $
Mar. 11  To Mdse on 30 days' credit................... 438
“ 29 cc cc g0 ce e 254
Feb. 29 cc cc ¢ QQ cc cc 145
May 8 cc cc ¢ QQ cc cc 300

June 12 1 1 1 QQ 1 It 159
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AVERAGE OF ACCOUNTS.

N ote. Younger pupils may omit this subject.

604. 111ustrative Exampte. What is the average date
of maturity of the following account ?

Dr. PHILIP ARCHER in Acct. with E. GRANGER. cr.
1877. 9 1877. $
Mar. 18 To Mdse 250 Apr. 1 To Cash........... 700
“ 30 ® v 600 “ 20 “ Real Estate 300

WRITTEN WORK.

Dr. Cr.
Due. Items. Days. Interest. Due. Items. Days. Interest.
1877. 1877.
March 18. $250 April 1. $700 14 $3.27
“ 30. 600 12 $2.40 “ 20. 300 33 3.30
850 2.40 1000 6.57
850 2.40

1 day’s int. of 150=0.05 0.05) 4.17

~ 83
March 18 + 83 d. = June 9. Ans. June 9, 1877.
Explanation. — The payment of all these items at the earliest date,

March 18, would involve a loss,at 1% a month, to the debtor of $2.40
of interest, and to the creditor of $ 6.57, or $4.17 more to the creditor
than to the debtor.

Now, as the balance of the account, $ 150, is due from the creditor,
he may, to avoid loss of interest, defer payment of the balance as many
days after March 18 as will be required for $ 150, at 1% a month, to
gain $4.17 of interest, which is 83 days. 83 days after March 18 is
June 9. Ans. June 9, 1877.

In this case it will be seen that the balance of the account and of the
interest are on the same side of the account.

605. Suppose, on the contrary, the first item in the fore-
going account to he $ 500, instead of $ 250, what would
then be the average date of its maturity ?

Explanation. — In this case the loss of interest to both debtor and

creditor is the same as before, but the balance of the account, $ 100.
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is due from the debtor, who, to cancel the excess of interest lost by the
creditor, should pay the balance of the account as many days before
March 18 as will be required for $ 100, the balance, to gain $ 4.17 of
interest, which is 125 days. 125 days before March 18, 1877, is Nov.
13, 1876. Ans. Nov. 13, 1876.

In this case the balance of the account and of the interest are on
opposite sides of the account.

606. From the above illustrations we derive the fol-
lowing
Rule.

To find the average or equated time for the settlement
of an account when there are both debit and credit items :

1. Find the interest on the several items of the account
from the earliest date at which any item becomes due to
their several maturities.

2. Find the balance of interest of the debit and credit
sides of the account, also the balance of the items.

3. Divide the balance of interest by the interest of the
balance of the items for one day. The quotient will be the
time in days between the selected date and the average time
of settlement.

4. Count this time forwara from the selected date, when
the balance of the account and of the interest are on the
same side of the account, and back when on opposite sides.
The result will be the date of settlement.

Note I. When settlement takes place after the equated time of payment,
interest on the balance is charged ; when before the equated time, discount
is allowed.

Note Il. The balance due on an account at any day selected for settle-
ment may be, and usually is, found without averaging the account, by com-
puting the interest of the items on each side of the account from their
several dates of maturity to the day of settlement. The interests so found
on each side of the account are then added to that side. If any item matures
after the day of settlement, the discount is computed and added to the
opposite side of the account (which is equivalent to subtracting it from
the side on which it occurs). When the two sides of the account have
been so increased, their difference is the balance due.
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607. Examples.

147. At what date can the balance of the following ledger
account be paid without loss to either party ?

Dr. EDWIN 0. CASTLETON. Cr.

1877. 9 t 1877. $ ?
April 1 To Mdse... 1000 00 April 1A By Mdse........ 1393 00
July 8 “ Cash... 118 98 Aug. 10 “ Real Estate % 33

148. What is the average date of maturity for the following
account ?

Dr. RUDE, ALDRICH, & CO. Cr.
1876. 9 ¢ 1876. $ ¢t
Apr. 5 To Sundrieson 2 mo. ... Z[DOO June 1 Mdse on 60d. 250 00
Aug.5 “ Mdse “2 < 600 00 July 8 Mdse “ 30d. 700 00
“ 15 “ Mdse a o 200 00 Aug. 13 Cash.......... 200 00

149. Find the average date of maturity of the following
account:

Dr. EARL INCALLS. Cr.
1878. 9 t 187s8. [onood. $ t
Jan. 6 To Mdse, on 30d............. 600 00 Jan. 1 By Real Estate 500 00
Feb. 7 * “ “ 60 ¢ 00 Mar.16 “ Cash........ 300 00

150. Average the following :

Dr. CHARLES RAYMOND. Cr.
1876. |1 1876. $
Aug. 20 . 15 Aug. 25 By Mdse, 30d. 500
Oct. 14 * Cash . 314 68 Sept. 12 “ Mdse, 30d. 102
« 18 * 00
“ 30 * Mdse, 1mo...... 81 25

151. Average the following account:

Dr. WILLIAM SMITH. Cr.
1877, 9 f 1877. $
Jan. 6 To Mdse, 3 mo........ 339 92 Jan. 1 By Bal. ofacct__ 361

“ 25 “ Mdse, 30d......... 582 Z) * 15 “ Real Estate, ) 4ID(D
Feb. 21 “ Mdse, 3 mo........ 85 12 3 Mo.....cceu. '

May29 “ Mdse, 2 “ ... m(l) Feb. 7 * Mdse, 2mo. ... 580 00
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SECTION XVI.

EXCHANGE.

608. To avoid the risk and expense of sending money
to make payments in distant places, merchants and others
make use of drafts or bills of exchange. What these are,
and.how they are used, will best be shown by an example.

Suppose that J. G. Ames, in Boston, wishes to pay $200 to William
Smith, in New Orleans. He may pay the money to a banker, James
A. Dupee, in Boston, who will write an order on his correspondent,

George Flint, a banker in New Orleans, in the following form :

&3o0dio?i, /8, /syy.
To George Flint, Esq., flamed Q/\ ee.
New Orleans. ’ ’
609. Such a written order for the payment of money

is a draft, or bill of exchange. The method of making
payments by drafts or bills of exchange is exchange.

Ames will take this draft and send it to Smith, who, when he re-
ceives it, will present it to Flint for acceptance. If Flint is willing to
obey the order and pay the money, he writes the word “ Accepted ”
across the face of the draft, adds the date, and signs his name. In due
time Smith gets the money from Flint, gives up the draft, and the
transaction is complete.
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610. The person who makes and signs a draft is the
drawer. The person to whom it is addressed is the
drawee. The drawee when he accepts the draft becomes
the acceptor. The person to whom the draft is payable
is the payee.

In the case described above, who is the drawer ? the drawee ? the

acceptor ? the payee?

611. If the payee wishes to transfer the draft to
another person, he writes his own name across the back
of the paper; this is called an indorsement, and the
payee then becomes an indorser. The person to whom
the draft is so transferred is an indorsee. If the indorsee
wishes to transfer the draft to a third person, he also writes
his name under that of the former indorser. He thus be-
comes a second indorser; and there may be a third in-
dorser, a fourth, and so on indefinitely.

612. The person who holds the draft at any time (the
payee or the last indorsee) is called the holder.

The holder looks for payment first to the acceptor, and then to the
indorsers in their order. Each indorser is liable to pay the draft when
the acceptor and previous indorsers have failed to do so. To avoid
becoming liable, an indorser may write over his name the words
“ Without recourse.”

Drafts may be “ at sight” or “ on time” ; bankers charge less for
the latter than for the former, the difference in pricp being equivalent
to a discount for the given time.

When our exports to another country, England for example, exceed
in value our imports from that country, more money is due to us from
the English merchants than is due to them from our merchants. The
larger sum due us in England will make it easy for us to buy bills of
exchange on England. They will be plenty here, and the price of
them will fall. If they can be bought for less than their face, they
are at a discount, or below par.

On the contrary, when the value of the goods imported from Eng-

land exceeds the value of those sent to England, more money is due
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to the English merchants from us than is due to us from them. The
smaller sums due us in England will then make it difficult for us to
buy hills of exchange on England, and the price of them will rise. |If

they cost more than their face, they are at a ‘premium, or above par.

613. Bills of exchange are either foreign bills or inland
bills. Foreign hills are those which are drawn or are pay-
able in a foreign country ; and for this purpose each of the
United States is foreign to the others. Inland bills are
drawn and payable in the same State.

614. Examples for the Slate.
1. What is the cost in Philadelphia of a draft on San Fran-
cisco for $800 at 1% premium ?
2. What is the cost of a draft on Detroit for $2500 at
£% premium ?
3. What is the cost of a draft on New York for $700 at
12 days after sight, premium £%?

4. What is the cost of a sixty days’ draft on New York
for $2000 at 2% discount ?

5. 1 bought a hill on Chicago for $ 700 at a discount of
£%. What did | pay?

615. Illustrative Example. What is the face of a
draft on New York bought in St. Louis for $ 8820, when
the discount is 2%?

WRITTEN WORK.
$1-2% of $1=$0.98, cost of $ 1.
$8820- $0.98=9000. a™ $9000.
6. What is the face of a draft that may be bought for
$500 at a discount of 1

7. A merchant in New York bought a draft on Cincin-
nati at \Ylo premium for $275. What was the face of the
draft ?
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Exchange with Europe.

616. Exchange with Europe is effected chiefly through
large business centres, as London, Paris, Hamburg, etc.

In computing foreign exchange, it is necessary to change the values
expressed in the currency of one country to equivalent values ex-
pressed in the currency of another country.

On page 311 of the Appendix will he found a list of the monetary
units of foreign countries, with their values in United States money,
as proclaimed by the Secretary of the Treasury, Jan. 1, 1878, also on
page 312, tables of English, French, and German money.

The rates of exchange between this country and the principal busi-
ness centres are given from day to day in the newspapers. The follow-
ing is an extract showing the exchange value of the pound sterling
in United States money ; the number of francs and centimes which
equal a dollar ; and the exchange value of 4 marks in cents :

“We quote bankers’ 60-day bills on London at $4.84@4.84J, and short-
sight bills at $4.86, both in gold. On Paris, francs 5.15 per dollar for
short sight, and 5.18f for 60-day bills. Gossler & Co.’s rates on Hamburg
for 60-day bills are 95, and short-sight bills 95f.”

In making bills on foreign countries, it is customary to write two
or more of the same tenor and date, the payment of either one of
which cancels the other one or two. And to provide against accident
in their transmission, it is customary to send two, at least, of a set, at
different times, or by different modes of conveyance.

617. Examples for the Slate.

8. What was the cost of the following bill in U. S. money,
the rate of exchange being $4.86 ?

£ada. & >o0>o0t6n, Q éu”". 23,

&At dis™At (Ald jftidt AcxcAanye, decano/ ano/
i¢Atic/ an”iacc/, AAlo-lown, G AMAA,~  AAo, oi,oiolci,
\(EAtiic G/AtencAeo/ ASbunc/d dteiAtna, oalle iecetveo/, ano/

cActive ;Ae dame ¢a ¢Ae accountoj?

To Messrs. McCalmont Bros. < Co.,
3 Crown Court, London.
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9. T. Van Horn, of New York, bought of R. J. Birney &
Co. a set of exchange payable at sight for £ 1000 sterling on
Brown, Shipley, & Co., of Liverpool, at $4.84. What was the
cost in gold ?

10. What is the cost in gold of a set of exchange on Paris
for 5500 francs, exchange being 5.15 per dollar ?

11. What is the cost of the above-named sum in currency,
gold being quoted at 102f ?

12. What is the cost of a draft on Hamburg for 200 marks
when the quotation is 95 ?

13. What is the cost in New Orleans of a bill on London
for £75 10s, when exchange is there quoted at $4.85£? (See
Appendix, page 312.)

14. When exchange is $4.86, what is the face of a bill on
London which can be bought for $9720 ?

15. What is the face of a draft on London which can be
bought for $1938.42, the rate of exchange being $4.84 ?

United States Bonds.

618. Governments and corporations sometimes borrow
money, giving, as evidence of the loans, certificates or notes
payable at or within some definite time, with interest at
stated periods. Such certificates or notes are called bonds.

619. Bonds sometimes have certificates attached, prom-
ising the holder certain sums of interest as they become
due upon the bonds. These interest certificates are called
coupons.

Note I. When the interest is paid, the coupons are cut off by the holder
and given up as receipts.

Note Il. The extraordinary expenses of the government of the United
States during the civil war were met in part by the sale of bonds.

620. United States coupon bonds are issued in the de-
nominations of $ 50, $ 100, $ 500, and $ 1000. Registered
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bonds are issued in the same denominations, and also in
denominations of $ 5000 and $ 10000.

Bonds are usually named according to the rate of interest they bear.
621. The following is a list of the more important United
States bonds not redeemed in 1878:

Rat :
Names of Bonds. Redeemable. Payable. gfe Int. payable in

Int. gold.

6's of 1881........ 1881 e, 1881 6% Semi-annually.

{In 5 years from )

5-20'S cvverrrirrnns \ date of issue... ) In 20 years 6% e«
10-40°S cooooo.... 1904 ... 5% it
5's of 1881........ 1881 5% Quarterly.
AE'S oo, 1891 H % i
S 1907 ... 4% «

Bonds are bought and sold as other stocks. Their prices from day

to day are quoted in the newspapers.

622. The rules of percentage already illustrated apply
to bonds.
623. Examples for the Slate.

16. When U. S. 5-20's are sold at 108£, what is received for
eight $ 500 bonds ?

17. When U. S. 5’s are worth 106£, what will $850 in
bonds cost ?

18. What amount in bonds shall | receive for $2675 in-
vested in U. S. 5’s at 107 ?

19. What shall I pay a broker for a $ 1000 U. S. 5-20 bond
at 110£, and two $1000 U. S. 6's of 1881 at 113f, with his
brokerage of 4%?

20. How much money must | remit to a broker that he
may purchase for me three U. S. 100 bonds of $ 1000 each,
the bonds selling at 109, and his commission being \%?
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21. When gold is at 102§, what is my semi-annual income
in currency from 12 U. S. Gs of $ 1000 each ?

Note. First find the semi-annual interest in gold.

22. If the premium on gold is 3%, what per cent do | make
semi-annually in currency on a U. S. 5-20 bond purchased at
106?

23. Which vyields the greater per cfent semi-annually, and
how much, U. S. 6's at 110, gold at 102J, or a mortgage on
real estate paying 3\ semi-annually ?

24. How much money must he invested in U. S. 41's to yield
a quarterly income of $ 225 in gold, bonds selling at 105", gold
at par ?

624. General Review, No. 5.

25. By losing 3 cents a pound, | lose 12j% of the cost of
butter. If | had lost 4 cents a pound, what % should | have
lost ?

26. What is the simple interest of $300 from May 5, 1876,
to Feb. 2, 1878, at 1\% a month ?

27. 1 hold a note for $500, which bore interest at 7% from
May 10,1875. Sept. 16,1875, received $ 140; July 28,1877,
received $ 50. What remained due Sept. 3, 1877 ?

28. If | pay $45 interest for the use of $ 500 for 3 years,
what is the rate per cent?

29. How long must $204 be on interest at 7 per cent to
amount to $217.09 ?

30. What principal will gain $9.20 in 4 mo. 18 d., at 4 per
cent ?

31. What sum, at 7 per cent, will amount to $221.075 in
3yrs. 4mo. ?

32. At 6%, what is the compound interest of $ 600 for 1 yr.
4 mo., interest payable semi-annually ?

33. What is the present worth of a note for $488.50, due in
2yrs. 5mo. 15d., at 9 per cent ?

34. What is the true discount of $ 105.71, due 4 yrs. hence,
rate 6%°?
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35. What is the hank discount of $450 for 30 days and
grace at 5%?

36. What are the avails of a note of $ 100 due in 27 days,
and discounted at a bank at 6% ?

37. For what must a 60-days’ note he given, which, dis-
counted at a bank at 6%, will yield $1295?

38. A debtor owes $200, \ due in 2 months, 4 in 3 months,
and the remainder in 5 months. What is the equated time
for paying the whole ?

39. A man about to travel in England bought a bill for
250 pounds sterling. Exchange being $4.85] in gold, and
gold being quoted at 103, what amount of currency did he
pay for the bill ?

625. Miscellaneous Examples.

40. What is 124% of 5T. 300 Ibs. ?

41. What is the amount at 6%, simple interest, of $38.75,
from Aug. 5 to Nov. 10°?

42. What is the amount of $380.25, at 6% compound in-
terest, for 2yrs. 5mo. ?

43. How much ought a broker to charge me for 5 shares of
stock purchased for me at 7% advance, shares having originally
been $ 500, his brokerage at 4% included ?

44, What will be the length and breadth of a piece of cloth,
originally yards long by 1 yard wide, after sponging, if in
that operation it shrinks 4% in length and 6% in width ?

45. A commission merchant receives $ 544 ; of this he is to
invest such a portion as remains after deducting his commission
of 24% on the investment. What is his commission, and what
will remain ?

46. What is the cost of insuring $ 2500 at $ 17.50 on $ 1000 ?

47. 1If ~ of a sum of money be due in 2 months, 4 in 4
months, 4 in 3 months, and the remainder in 4 months, at
what time might the whole be paid without loss to the debtor ?

48. A dealer has 18 barrels of sound apples remaining in a
lot of which 10% have decayed. If his lot cost him $ 1.50 per
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bbl., would he gain or lose on the lot, and what %, by selling
the remainder at $1.75 per bbl. ?

49. What will be the net loss to an insurance company in
case of the loss by fire of a property insured for $ 4500, on
which the company had received 3% premium, no allowance
for interest ?

50. What must be paid for a policy to cover $2575 at a
premium of 17°%?

51. What per cent of 1 bushel is 1 peck 2 quarts ?

52. In what time will a sum of money double at 2% simple
interest ?

53. A person lent a certain sum for 1yr. 6 mo. at 5%. The
interest being $9.30, what was the sum ?

54. What principal will amount to $63.25 in 1yr. 3mo. at
8% ?

55. A merchant imports from Hamburg abale of cloth, con-
taining 12 pieces of 40 yards each; the cloth, with charges
there, cost him $480; he pays a duty here of 35cts. per yd.,
freight $28.50, and other charges $7.11. At what must he
sell the cloth per yd. to gain 10 % above all charges ?

56. In the year 1872 the town of B voted to raise, by taxes,
$97290; £ of this was levied upon the polls; the valuation of
the town was $10134375. What was the tax on $ 1, and what
was the tax of a non-resident who owned a house in town
valued at $2000 ?

57. What must be the face of a note, which, discounted at
a bank for 30 days and grace, would yield $500 ?

58. On a note for $2500, dated Sept. 5, 1875, were paid
$50 January 29, 1876, and $500 July 1, 1877. The note
being on interest at 6% from its date, what was due Sept. 5,
18777

59. Paid $ 18.77 for insuring my schooner at a premium of
£%. What was the sum covered ?

60. What is the par value of stock, which, selling at 25%
above par, brings $500 ?
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$150.25. Chicago, Jan. 5,1876.
On the fifteenth of May, 1876, | promise to pay to the order

of B. F. Archer, One Hundred and Fifty Dollars; value

received. D. D. Corwin.

61. If the holder of the above note has it discounted at a
bank Feb. 15, 1876, at 6%, what will he receive ?

62. What is the true present worth of the above note at its
date, rate 7 %?

63. If the note above was unpaid when due, and drew in-
terest at 6% from the time it became due, what would settle
it Oct. 27, 1876 ?

64. Find the amount of the above note at compound interest
at 5% from the time it became due till Oct. 27, 1881 ?

626. Questions for Review.

What is percentage ? What is the base? the amount? the re-
mainder? rate percent? Express s and its complement decimally.
How do you change a fraction to a per cent? a per cent to its lowest
terms ? How do you find a percentage of a number ? the amount?
the remainder ? the base ? the rate per cent? Give the formula for
finding the percentage ; the amount ; remainder ; base ; rate per cent.
Upon what is the percentage of profit or loss reckoned ? |If goods
cost 24 cents, for what must they be sold to gain 8-3%? to lose I(if%?
W hat per cent would be gained or lost by selling goods that cost 24 cents
for 30 cents? for 21 cents? |If 24 cents is 20% less than the value of
goods, what is the value ? If 24 cents is 33£% more than the value of
goods, what is the value ? If 18 cents is 10% less|than cost, for what
would you sell goods to gain 10%? to lose 25%? If 10% of what
you receive for goods is gain, what is your gain per cent?

What is commission ? Who is the factor ? the consignor ? the con-
signee ? What is meant by net proceeds ?

What is a company ? a corporation ? capital stock ? a certificate of
stock? Who are stockholders? What is an assessment? a dividend ?
a stockbroker? brokerage? When are stocks above par? below par?
Upon what is the per cent of commission or brokerage estimated ?
How do you find what sum is to be expended when a remittance

contains that sum together with the commission ?
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What is insurance ? a policy ? a premium ? Who are under-
writers ? What is expectation of life ?

What is a tax ? a poll tax ? real estate ? personal property ? Who
are assessors ? How do you find the tax to be assessed on a dollar
in any town ?

What are customs or duties ? What is a specific duty ? an ad va-
lorem duty? gross weight? net weight? In estimating specific duties,
what allowances are made ?

What is interest ? what is the principal ? the amount? What is
meant by the rate, in interest? What is legal rate? usury? simple
interest? Give your method of computing interestt. How do you
find accurate interest?

What is a promissory note? What is the face of a note ? What
are partial payments ? Where is the record of payments made ?
What is the United States rule for partial payments? What is the
merchant’'s rule ?

W hat three factors are used to find interest? The interest, princi-
pal, and rate being known, how do you find the time ? The interest,
principal, and time being known, how do you find the rate ? The in-
terest, rate, and time being known, how do you find the principal ?
What is the dividend in each case? The amount, rate, and time
being known, how do you find the principal ?

What is the present worth of a debt? What is discount? Give
a rule for finding present worth. How do you find discount? How
can you prove the work ?

What is bank discount? What are days of grace? avails of a note ?

Which is the larger, true or bank present worth ? true or bank dis-
count ? Describe the process of getting a note discounted at a bank.
What is indorsing a note? How do you find the face of anote, which,
discounted at a bank, will yield a certain sum ?

What is compound interest ? How often may interest be com-
pounded? For how many periods of time will interest be compounded
in 2y. 9 mo., if it is compounded semi-annually ? quarterly ?

How do you find the average time for paying several bills due at
different times ?

What is exchange ? what are drafts or bills of exchange ? Who
are the parties to a draft? who is the holder? When are drafts at a
premium ? at a discount? Where can you find rates of exchange ?

What are bonds ? What is a coupon ?
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Examples.

1.

a p wp

(2]

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

627.

A
Principal.

$640.08
$305.40
$90,508
$705.38
$4000.
$240.08
$9,034
$80.50
$3050.
$560.08
$150.20
$5400.
$690.40
$60.75
$850.06
$6.508
$700.01
$38.20
$590.04
$11.80
$809.06
$654.09
$10000.
$3600.
$908.70

DRILL TABLE.

DRILL TABLE No. 8.

B
Interest.

$16,305
$28.14
$17.083
$78.90
$100.
$50.40
$15.08
$7.005
$430.20
$6.095
$30.75
$175.60
$290.14
$5,872
$25,642
$11.75
$10.90
$3,956
$105.20
$5,769
$340.50
$75.80
$500.
$1640.
$64.37

C

Time.

ly. 6m. 24d.
ly. 2m. 6d.
4y. 11 m.

3y. 7m. 27 d.
2y.3m. 20d.
4y. 9m. 5d.
7y. 5m. 18d.
2y. 11 m. 26d.
3y. 10m. 3d.
17 d.

ly. 3m.

ly. 4m. 25d.
5y. 21d.

ly. 9d.

10m. 13d.
5y.7m. 2d.
2m. 28d.

2y. 8m. 19d.
3m. 16 d.

4y. 8m. 2d.
2y. 15d.

4y. 4d.

4m. 14d.

1d.

ly. 7m. 15d.

D

E

Per cent.

5
8
3
2
7
4

11
1
10
9
12

11
10

12
50
100

4
|

§

foil
4 of 1
1 of 1
4 0of 1
4 of 1
foil
0.4
0.1
0.5
oap
0.06
0.08
0.3
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028.

216. Find D per cent of A.

217. Find E per cent of A.

218. Find D + E per cent of B.

219. A is D per cent of what sum ?
220. A is E per cent of what sum ?
221* B is what per cent of A ?

222. Find the commission for col-

lecting or investing A at
(D-E) %.

228. If A includes botli the commis-
sion and sum to be invested,
what is the commission at
D %?

224. 1f A includes both the commis-

sion and sum to be invested,
what is the sum to be invest-
ed, the commission beingD % ?

225. Find the date, which is C years,
months, and days after Nov.
27, 1871.

226. Find the interest of $1 at 6%
for the time in C.

227. Find the interest of $ 1 at 1%
for the time in C.

228. Find the interest of $1 at D %
for the time in C.

229. Find the interest of $1 at E%
for the time in C.

230. Find the interest of $1 at
(D + E) % for the time in C.

231. Find the interest of A at D%
for the time in C.

232. Find the interest of A at
(D + E) % for the time in C.

233. Find the amount of A at 6%
for the time in C.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244m

245.

246.

253

Exercises upon the Table.

Find the compound interest of
A at D% for 2y. 9 mo. 18 d.

Find the compound interest of
A at D% for 1y. and the
months and days in C, inter-
est payable semiannually.

Find the amount of A at com-
pound interest for 2y. 6 mo.
15d. at 6%.

Find the rate, A, B, C being
given.

(Let the fraction of the per cent
be changed to tenths, and the an-
swer be expressed thus : 8.3 ... %.)

Find the time, A, B,and(D + E)
being given.

Find the principal, B, C, 1)
being given.

Find the principal, A being the
amount, C the time, and 6 %
the rate.

Find the present worth of A,
due in the time in C, at D %.
Find the discount on A, due in
the time in C, at D %.
Find the discount on A, due

in the time in C, at 6 %.

Find the bank discount on a
note for A, payable in the
months and daysin C,atD %.

Find the avails of a note far A,
payable in the months and
days in C, at D %.

Find the face of a note, which,
being discounted at a bank at
6 % for the months and days

in C, will yield A.

See note after Exercise 287.
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SECTION XVII.

RATIO AND PROPORTION.

SIMPLE RATIO.
629. Ten equals how many 2's. Ans. Five 2's.
In the above answer we express the relation of 10 to 2

by their quotient. The relation of two numbers expressed
by their quotient is ratio.

630. Oral Exercises.
a. What isthe ratioof 8to 2? of 2to 8? of 9to 3?7

b. What is the ratioof 6 to 2? of £to §? of § to §?
c. Whatistheratioof5to2? of 0.5 t00.2? of 21lb.to71b.?

631. The ratio of 10 to 2 is indicated thus, 10:2. The
expression is read, “ The ratio of ten to two.”

d. Indicate the ratio of 7 to 9; of 8 days to 15 days.
e. Read the following expressions : 12:15; $4:818.

632. The numbers whose ratio is to be found are the
terms of the ratio. The two terms of a ratio form a
couplet. The first term of a couplet is the antecedent;
the second term is the consequent.

Rote. The terms of a ratio must he numbers of the same denomination.

633. As the antecedent of a ratio is the dividend and
the consequent the divisor, it follows that
When the antecedent is multiplied or jthe ratio ig multi lied.
the consequent is divided, )

When the antecedent is divided or the ) the rati<> ig divided.
consequent is multiplied, )
When both terms of a ratio are multi- ) the value of the ratio is
plied or divided by the same number, ) not changed.
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634. Examples for the Slate.

Find the ratios of the following couplets:

(1) 16:256. (4. 45:990. (7.) $9.00 : $12.50.
(2) 8:300. (5. 28:910. (8.) $0.87£:$0.12J.
(3) 19:1101. (6. 6i;75. (9.) 1001b. : 16§ Ib.

635. The ratio of two numbers is, asimple ratio. A
simple ratio has one antecedent and one consequent.

COMPOUND RATIO.

636. Find the ratio of 2 to 5, and of 3 to 4; and then
find the product of these ratios. Ans. -8and | ; product

The product of two or more simple ratios is a compound
ratio.

637. The compound ratio given above is indicated thus :

2:5 ) The expression is read,
3:4 j “The compound ratio of 2 to 5 and 3 to 4.”

638. From Art. 636 it will be seen that when several
general numbers form a compound ratio, the value of the
ratio may be found by dividing the product of the ante-
cedents by the product of the consequents.

639. Oral Exercises.

Find the value of the compound ratios indicated by each of
the following expressions : -

a. 5:81 =7 c. 3:7)
4:9) * 4:12)

b. 8:1) =? d 7men :5men) ?
7:4) $10.00 : $8.00 ) *

Note. The ratio of numbers is the same whether the numbers are de-
nominate or general; hence, in finding the value of the ratio in the last
example, the terms may be regarded as general numbers.
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PROPORTION.

640. What is the ratio of 3 ft. to 6 ft. ? of $5 to $ 10?
These ratios are equal to each other.

An equality of ratios is a proportion.

641. The equality of the above-named ratios is ex-

pressed thus, 3ft. : 6ft. = $5 :$ 10.
This expression is read, “ 3ft. is to 6 ft. as $5 is to $10.”

642. Exercises.
Read the following:
a. 5:7=15:21. ¢c. 40 :10= 15 min. : 3f min.
b. i :3=%$7 :%$105. d 9:6=6:4.

643. The first and fourth terms of a proportion are the
extremes, and the second and third are the means.

Note I. In Example d above, 6 is the consequent of the first couplet
and the antecedent of the second ; and so 6 is a mean proportional be-
tween 9 and 4.

Note Il. Four quantities are directly proportional when the first is
to the second as the third is to the fourth. Four quantities are inversely
proportional when the first is to the second as the fourth is to the third ;
or when one ratio is direct and the other inverse. Thus, the amount of
ivork done in any given time is directly proportional to the number of men
employed; that is, the more men, the more work: but the time occupied
in doing a certain work is inversely proportional to the number of men
employed; that is, the more men, the less time.

To supply a Missing Term of a Proportion.

644. Illustrative Example. Supply the missing term
denoted by x in the proportion, x : 5=4 : 10.

WRITTEN WORK. Explanation. — The ratios of the two coup-
£:5=4:10 lets are -f and Ar > these changed to fractions
X . having a common denominator are * and
s TO 4 X5
xx 10 _ 4x5 10x6-
5x10 10x5

As these fractions are equal, and their de-’
X x 10 =4x5

4 x 5 —OF missing
10 At term- be equal. But one numerator is the product

2:5=4:10 of the means of the proportion, and the other

nominators the same, their numerators must
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the product of the extremes. Therefore the missing extreme may be
found by dividing the product of the means (4 x 5) by the given extreme
(10). The missing term then is 2, and the proportion is 2 : 5=4 : 10.

645. From the preceding illustration may be derived
the following principles :

1. When four general numbers form a proportion, the
product of the means is equal to the product of the extremes.

2. A missing extreme may he found by dividing the
product of the means by the given extreme.

3. A missing mean may be found by dividing the product
of the extremes by the given mean.

646. Oral Exercises.

Supply the missing terms represented by x in the following
proportions :

a. 3:4=9:x d x:7=8:9.
b. 8:6=x:3. e. 27 :3=e: L
c. 12:x=15:3. f.x: 4days=$5:$15.

Note. Tofind x in Example f, disregard the denominations, and proceed
as if the terms were general numbers, —la- Then X equals la days.

647. Examples for the Slate.
Supply the missing terms in the following :
(10.) 2:100- 17 : a. (13.) 750 A. :3A. = a : 13 tons.
(11.) 9:150=105 x. (14.): 200 hats = $87.50 :$500.
(12.) 65:a=%$75 :$850. (15.) $800 : $56 =$390 a.

ANALYSIS AND PROPORTION.

648. Illlustrative Example. If 14 slates cost 98 cents,
what will 10 slates cost ?

By Analysis.
WRITTEN WORK. Explanation. — If 14 slates cost 98 cents,
7 1 slate will cost 1 fourteenth of 98 cents, and

98 x10 _

10 slates will cost 10 times 1 fourteenth of 98

cents, which is 70 cents. Ans. 70 cents.

u
A 70 cents.
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By Proportion

WRITTEN WORK. Explanation. — The ratio of 14 slates to 10

14 : 10=98 : a. slates must be the same as the ratio of 98 cents,
7 the cost of 14 slates, to the cost of 10 slates.

$ *10 = 70 We may arrange the terms in any order which

will express the equality of these ratios. For
u

convenience, we make 98 cents the third term,
ans. 70 cents.

and X, the unknown cost of 10 slates, the fourth

term. As the cost of 10 slates will be less than 98 cents, we make 10

the second term and 14 the first. Multiplying 98 by 10 and dividing
the product by 14, we have for the fourth or missing term, 70.

Ans. 70 cents.

649. Rule.
To solve examples by simple proportion:
1. Make the number that is of the same denomination
as the required answer the third term.
2. Determine from the statement of the example whether
the answer is to be greater or less than the third term.

3. Make the other two numbers in the example the first
and second tefms of the proportion, taking the greater num-
ber for the second term if the answer is to be greater than
the third term, and the less number for the second term if
the answer is to be less than the third term.

4. Multiply the third term by the second term, and divide
the pn'oduct by the first term.

650. Examples for the Slate.

The following examples may be solved by analysis or by proportion, or by
both methods, at the option of the teacher.

16. If 4 yards of velvet cost $ 20, what will 14 yards cost ?

17. If 12 bushels of wheat cost $ 8, what will 30 bushels cost ?

18. What will 250 sheep cost if 24 sheep cost $ 72 ?

19. What will 75 pounds of cheese cost if 64 pounds cost
$6.08 ?
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20. How many feet of plank will be required for a bridge
528 feet long, if 17280 feet of plank are required for 288 feet ?

21. If 500 bushels of plaster were sufficient for the dressing
of acres of land, what would be required for 17£ acres of the
same kind of soil ?

22. If a building 13ft. high casts a shadow of 4 ft., what
length of shadow will a church spire 346£ ft. high cast at the
same time ?

23. If crackers can be sold at 10 cents a pound when flour
is worth $6.50 a barrel, for what can they be sold when flour is
worth $9.75 a barrel, the cost of making not being considered ? .

24. If a hind wheel, which is 8] feet in circumference, turns
800 times in a journey, how many times will the fore wheel,
which is feet in circumference, turn in the same journey ?

25. If 400 bushels of potatoes were bought for $350.90, and
sold for $ 425.50, what was gained on 25 bushels ?

26. If a 10-cent loaf weighs 1lb. 2 oz. when flour is worth
$ 7] per bbl., what should it weigh when flour is $6 per bbl. ?

27. If my friend lends me $ 7000 for 15 days, for what time
should | lend him $ 4500 to requite the favor ?

28. If my friend lends me money for 4 months when inter-
est is 10 per cent, for what time should | lend him the same
sum to requite the favor when interest is 7 per cent ?

29. If 21Ibs. 5o0z. of wool make 1yd. of cloth 32 inches wide,
how much will make a yard of the same quality 1\ yards wide ?

30. How many yards of cambric 34 inches wide will be re-
quired to line 14£ yards of silk which is 22 inches wide ?

31. If 400 Ibs. of coal are required to run an engine 12 hours,
what number of tons will be required to run three similar en-
gines for 30 days, day and night ?

32. A deer, 150 rods before a hound, runs 30 rods a minute;
the hound follows at the rate of 42 rods a minute. In what
time will the deer be overtaken ?
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COMPOUND PROPORTION.

651. A compound proportion is a proportion in which
one of the ratios is compound.

652. li1tustrative E xample. If it takes a man SdayS

of 9 hours each to earn $ 15, how many days of 8 hours
each will it take him to earn $ 20 ?

By Analysis.
WRITTEN WORK. Explanation. — If it takes a man 5 days to
5 3 earn $ 15, it will take him 1 fifteenth of 5 days
to earn $ 1, and 20 times that to earn $20. If
ftx20 xft = 71
it takes him this number of days when the days
$ 2 are 9 hours long, it will take him 9 times as

Ans. 1\ days. many days when they are 1 hour long, and
1 eighth of that number when they are 8 hours

long, which is days. Ans. 7| days.

By Compound Proportion.

WRITTEN WORK. Explanation. — The number of days it
1 1 will take depends, first, on the amount
- i of money to be earned, and, secondly, on
the number of hours a day the man

2= 5(days : x. .
8 <9 J works. We might get the answer by
2 3 using two simple proportions. In the
5x3 first we could find the number of days,

so far as it depends op the amount of
Ans. 7E- days. money to be earned; and then, taking

this result as the third term of another
proportion, we could find the number of days so'far as it depends on
the number of hours in a day’s work. It will be more convenient,
however, to combine the two proportions, thus forming a compound
proportion.

To do this we make 5 days, which is a number of the same denomi-
nation as the required answer, the third term, and then consider the
statements of the example in order.

(1) As $20 is a larger sum than $ 15, it will take a larger number

of days to earn it; that is, the answer, so far as it depends on the



COMPOUND PROPORTION. 261

amount of money to be earned, will be larger than the third term ;
so we make 20 the second term and 15 the first term of the first ratio.

(2.) As it will take more days 8 hours long to earn this money than
days 9 hours long, the answer, so far as it depends on the length of
the days, will be larger than the third term ; so we make 9 the second
term and 8 the first term of the second ratio.

We now have the compound proportion,

- 195 fzg)r —5 days : x days.

Multiplying 5 days by 20 x9, and dividing the product by 15 x 8,
gives 7~ days. Ans. 7£ days.

The work may be shortened, as shown in the written work, by can-
celling.

653. Rule.
To solve examples by compound proportion :

1. Make the number that is of the same denomination
as the answer the third term.

2. Take the two numbers in each separate statement in
the example, and consider whether the answer, so far as it
depends on them alone, will be greater or less than the third
term. Arrange these two numbers accordingly as terms of
a ratio.

3. Multiply the third term by the product of the second
terms and divide this product by the product of the first

terms.
654. Examples for the Slate.

33. If $90 is paid for the work of 20 men 6 days, what
should he paid for the work of 5 men 8 days ?

34. If in 84 days 75 men can earn $68.75, in how many
days can 90 men earn $41.25?

35. If it costs $30 to paint the outside of a house 40 ft. by
30 ft. and 25 ft. high, what will it cost to paint the outside of
a house 50 ft. by 40 ft., and 20 ft. high ?

36. If 450 pounds of merchandise can be carried 26 miles
for 30 how many miles can 3 tons he carried for $4 ?
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37. If 85 tons of coal are required to run 6 engines 17 hours
a day for a certain number of days, how many tons will be
required to run 25 engines 12 hours a day for the same num-
ber of days ?

38. If 500 Ibs. of wool worth 42/ a pound are given for 75
yds. of cloth If yds. wide, how much wool worth 36/ a pound
should he given for 27 yds. that is 1"yds. wide ?

39. If it costs $ 135.00 to carry 855 pounds 64 miles, what
will it cost to carry 1288 pounds 15| miles ?

40. If 200 rods of wall can he built by 25 men in 9] days
of 10 hours each, how many rods can be built by 12 men in 1
day of 12 hours ?

41. If it costs acertain family $ 700 a year to live in Brown-
ville, and the cost of living is twice as great in Chicago as in
Brownville, what will it cost to live 8 months in Chicago ?

42. How many men will be required, working 12 hours a
day for 250 days, to dig a ditch 750 ft. long, 4 ft. wide, and 3
ft. deep, if it requires 27 men, working 13 hours a day for 62
days, to dig a ditch 403 ft. long, 3 ft. wide, and 3 ft. deep ?

43. 1If 9 men working 12 hours a day for 7 days can make
7 cases of boots, in how many days of 11 hours each can 3 men
and 4 boys (one boy’s work being equal to £ of the work of a
man) make 33 cases of the same kind of hoots ?

44. Wishing to find the number of bricks in a wall 6 rods
long, 4 feet high, and 13 inches thick, I found that a part of
the wall 6f feet long, 2 feet high, and 13 inches thick, con-
tained 330 bricks. How many bricks did the whole wall
contain ?

45. Wishing to find the weight of a block of marble 5 feet
long, 2 feet wide, and 1\ feet thick, I weighed a smaller block
6 inches long, 4 inches wide, and 2 inches thick, and found it
weighed 4 Ib. 50z. What was the weight of the larger block ?

46. The weight of a cubical block of granite measuring
2 feet on each edge is 1352 pounds. What is the weight of a
cubical block measuring 4 feet on each edge ?
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PARTNERSHIP.

655. Illustrative Example. A and B associated them-
selves together in business for one year. A invested $ 500
and B $ 700, agreeing to share their gains or losses in pro-
portion to their investments. They gained $ 2700. What
was each person’s share ?

WRITTEN WORK. Explanation. — The whole invest-
$2700 x 5 ment was $ 1200, of which A putin
12 = $1125. assgain. and B 7. A should then have
of$2700, or $ 1125, and B should

$27E:_g X7 _ $1575. &' gain. have tB of $2700, or $ 1575.

Ans. A'’s, $1125; B’'s, $ 1575.

Each person’s share of the gain can he found by proportion, thus :

$1200 :$500 = $2700 : X. X = $1125 A’sgain.
$ 1200 : $ 700 = $ 2700 : X. X = $ 1575 B’s gain.

656. The gains or losses of a partnership are shared
according to the agreement or contract of the partners.

657. In the following examples, when no agreement or
contract is mentioned, divide the gains or losses in propor-
tion to the capital invested by each partner and the time
it is employed.

N ote. Some simple examples in partnership have already been given.
See page 113, Example m, and page 114, Example 196.

658. Examples for the Slate.

47. Two men, A and B, formed a partnership, A putting in
$5000, and B $3000. They gained $3000. What was the
share of each ?

48. Blood and Searle shipped coal from Philadelphia to New
York. Blood had on board 450 tons, and Searle 900 tons. It
became necessary to throw overboard 250 tons. What was the
loss to each person ?
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49. A bankrupt owed to M $900, to N $ 350, and to 0 and
P $500 each; his whole property was sold for $1584.80, of
which $158.48 was used to pay the expenses of the sale.
What was each person’s share of the remainder ?

50. Of a store valued at $ 90000, A owned 1 fourth, B owned
1 third, and C the rest. The store was insured for £ of its
value, and was entirely consumed by fire. What was the loss
to each owner ?

51. Divide $ 1500 among three persons so that their shares
shall he in the proportion of 3, 4, and 5.

52. Hinds, Bascom, and Ladd traded in company. Hinds
put in $2500 for 10 months, Bascom $2300 for 11 months,
and Ladd conducted the business, which was considered equal
to $2000 in trade for 12 months. They gained $ 1486. What
should each receive ?

53. X and Y received $857.50 for grading a road. X fur-
nished 5 hands for 20 days, and 6 others for 15 days; Y fur-
nished 10 hands for 12 days, and 9 others for 20 days. What
was the share of each contractor ?

54. Rand and Parker engaged in trade. Rand had in trade
$1000 from January 1 till April 1, when he withdrew $550;
July 1 he added $ 700. Parker had in trade $3000 from Feb.
1 to Oct. 1, when he added $300; Nov. 1 he withdrew $900.
The net gain during the year was $3500. What was the she>re
of each ?

659. Questions for Review.

What is a ratio? Name the terms of a ratio. What is a simple
ratio ? a compound ratio ?

What is a proportion? Which are the means of a proportion ?
the extremes? What is a mean proportional between two numbers ?
When are four quantities inversely proportional? When four general
quantities form a proportion, what two products are equal? How do
you find a missing extreme ? a missing mean? How do you solve
examples by simple proportion? When is compound proportion
used ?

How are the gains or losses of a partnership shared ?
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SECTION XVIII.

POWERS AND ROOTS.

INVOLUTION. '

660. Name some products made by using 3’s only as
factors. Ans. 9, which equals 3x3; 27, which equals
3x3x3; 81, which equals 3 x3 x3x3.

A product made by using only equal factors is a power.

661. A power made by using two equal factors is a
second power. A power made by using three equal fac-
tors is a third power. A power made by using four equal
factors is a fourth power; and so on.

W hat is the second power of 2? the third ? the fourth ? the fifth ?

662. The process of forming powers is involution.

Note. The process of forming any power of a number is sometimes
called raising the number to that power; the process of forming the second
power is called squaring the number ; the process of forming the third
power is called cubing the number.

663. The second power of 3 is indicated thus, 32; the
expression is read, “ The second power of three.” The third
power of 3 is indicated thus, 33; the expression is read,
“ The third power of three ”; and so on.

N ote. The names square and cube are often used for “ second power ”
and “ third power,” because the contents of a square is found by raising to
the second power the number of units in one of its sides, and the contents
of a cube by raising to the third power the number of units in one of its

edges.

664. The small figure above and at the right, which
shows to what power a number is raised, is the index or
exponent of the power.
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665. Oral Exercises.

a. Name the squares of the numbers from 1 to 10 inclusive.

b. What is the cube of 1? of 2? of 3? of 4? of 5°?

c. What is the fourth power of 2? of 3? the fifth power
of 27

d. What is the square of £? of ~? of §? of 0.5?

e. What is the cube of \? of ~? of § ? 0of 0.2?

666. Examples for the Slate.

1. Find and commit to memory the cubes of the integers
from 1 to 10.

Find the powers indicated below.

(2) m (6) my. (10) 114 (14.) (16£)2
(3) 282 (7.) 10.22 (11) (8)6 (15.) 2.42
4) (A)2 (8.) 153 (12.) 0.5s (16.) 0.242

(5) 0172  (9.) 0.123 (13) 192  (17.)0.163

EVOLUTION.

667. Name one of the two equal factors of 4; of 9; of
25; of 36; of 64; of 81.

Name one of the three equal factors of 8 ; of 27 ; of 125 ; of 216.

One of the equal factors which product a number is the
root of that number.

668. One of the two equal factors of a number is its
second or square root. One of the three equal factors of
a number is its third or cube root. One of thefour equal
factors of a number is its fourth root, and so on.

669. The process of finding the root of a number is
evolution.

Note. The process of finding the root of a number is sometimes called
extracting the root.
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670. The second or square root of 4 is indicated thus,
V™4, the third or cube root of 8 is indicated thus, ~8; the
fourth root of 16, thus, {®16; and so on. These expres-
sions are read, “ The square root of four “ The cube root
of eight  “ The fourth root of sixteen.”

The symbol \J is called the radical sign. The small
figure at the left of the radical sign is called the index of
the root.

The root of a number is also indicated by a fractional
exponent. Thus, 4* means the same as y/4; 8" means the
same as $8.

SQUARE ROOT.

671. Oral Exercises.

What is one of the two equal factors of 25 ? of 49?
What is the square root of 100? of 400 ? of10000 ? of 1 ?
What is the square root of \? of ~? of ~ ? of ?
What is the square root of 0.01 ? of 0.09? of 0.81 ?
N21 =7 g. \/144=7? i yNi=? k. \JI2\=?
/. ~N1.21=? h. yl.44=2 j. \Jli=? 1 7301 =2

® o0 0 TP

To find the Number of Terms in the Square Root of a given
Number.

672. By squaring 1 and 9, 10 and 99, 100 and 999, etc.,
we obtain the following results :

13= 1. 102= 100. 1002= 10000.
92=81. 992= 9801. 9992=998001. etc

These results show that when a number has one term its
square is expressed by one or two figures; when a number
has two terms the square is expressed by three or four
figures ; when a number has three terms the square is ex-
pressed by five or six figures, and so on. Hence,
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673. I f a numerical expression be separated’into periods
of two figures each, beginning with the units’ figure, the
number of periods will be the same as the number of terms
in the square root.

To find the Parts of a Second Power.

674. To find what parts a second power is made up of,
we may take a number consisting of tens and units, 36 for
example, and raise it to the second power.

36 = 30 + 6= 30 + 6
36 = 30 + 6= 30+6

216 180 + 36 30 x 6 62

108 900 180 302+ 30 X 6

1296 = 900 + 360 + 36 = 302+ 2 X (30 X 6) + 62

The written work above shows the partial products obtained by mul-
tiplying each term of the multiplicand by each term of the multiplier.

From this we see that the second power of a number consisting of
tens and units is made up of three parts, —

(1.) The square of the tens.

(2.) Twice the product of the tens by the units.

(3.) The square of the units.

These parts may be expressed by the formula,

Tens2+ 2 (tens X units) + units2

675. 1i1iustrative Exampie |. What is the square root

of 12967*

WRITTEN WORK. Explanation, f- we first find the

Formula, number of terms in the root by sepa-

Tens2+ 2 (fens x units'+ units2.  rating the expression 1296 into periods
12'96 (36 of two figures each, beginning with the

(3 tens)2= 9 units’ figure. The square root of this
number will consist of tens and units.

3 tens x 2 = 6 tens) 39 .
We know that this number must have

6 tensx6= 36 in it the square of the tens of the root,
36 plus twice the product of the tens by the
62= 36 units, plus the square of the units.

* For another method of finding square roots, see Appendix, page 312.
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As the first part of the power, the square of the tens, is hundreds,
the 12 hundreds of the given number must have in it the square of the
tens of the root.

The greatest square in 12 (hundreds) is 9 (hundreds), the square root
of which is 3 (tens). This we write as the first term, or tens, of the root.

Taking the square of 3 (tens), or 9 (hundreds), out of 12 (hundreds),
there remain 3 (hundreds).

As the second part of the power, twice the product of the tens by the
units, is tens, we unite _the 9 tens of the given number with the 3
hundreds remaining, and have'39 tens.

This 39 tens has in it a product of which twice the tens of the root
is one factor, and the units of the root the other factor. Dividing the
39 tens by twice 3 tens, 6 tens, we find 6 (units) to be the other fac-
tor, which we write as the second term or units of the root.

Multiplying the 6 (tens) by 6 (units), and taking the product 36
(tens) out of 39 (tens), we have 3 (tens) left.

As the third part of the power, the square of the units, is units, we unite
the 6 units of the given number with the 3 tens remaining, and have
36 units. This 36 units has in it the square of the units of the root.

Subtracting the square of 6 units, or 36, from 36, nothing remains.

Ans. 36.

676. Illlustrative Example |l. What is the square
root of 1159.4025?

WRITTEN WORK. Explanation.— To extract

Formula, Tens3+ 2 (fens x units) + units3. the square root of the in-

tegral part of the number
11/59.40/25 (34.05 9™ P _
1159.4025, we proceed as in

9 Illustrative Example I. Hav-
3x2=6) 25 ing found this part of the
6x4= 24 root, we consider it as tens in

19 reference to the next term,
42= 16 dNJbIe it for a'n.ew divisor,
form a new dividend, and

340 x 2 = 680) 3402 proceed as before.
680 x 5 = 3400 So, whatever the number
of terms in the root, having
25 found a part of them, we

52= 25

consider the part found to
be the tens, double it for a new divisor, and proceed as before.
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677. Rule.
To extract the square root of a number:

1. Beginning with the units' figure, point off the expres-
sion into periods of two figures each.

2. Find the greatest square in the number expressed by
the left-loand period, and write its square root as the first
term of the root.

3. Subtract this square from the part of the number
used, and with the remainder unite the next term of the
given number for a dividend.

4. Double the part of the root already found for a di-
visor, and by this divide the dividend, writing the quotient
as the next term of the root*

5. Multiply the divisor by this term, and subtract the
product from the dividend. With the remainder unite the
next term of the given number and subtract from the num-
ber thus formed the square of the term of the root last found.

6. If there are more terms of the root to be found, unite
ivitli the remainder the next term of the given number, take
for a divisor double the part of the root now found, and
proceed as before.

Note I. When, as in the work of Illustrative Example I1., the divisor
is not contained in the diviilcnd, place a zero as the next figure in the root,

place also a zero at the right of the divisor, and for a new dividend unite
the next two terms of the given number with the previous dividend.

Note Il. When there is a remainder after all the terms of the given
number have been used, annex zeros to the remainder, and continue the
work as far as desired.

Note Ill. The square root of a common fraction may be obtained by
extracting the roots of both numerator and denominator, when they are
perfect squares. When they are not perfect squares, first change the frac-
tion to a decimal, and then extract its square root.

* If this quotient should prove to be too large, make it less and repeat the work.
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678. Examples for the Slate.
Roots of numbers not perfect SQUAreS may be found to thousandths.
Find the square root

18. Of 18769. 21. Of 66.7489. 24. Of 54802.81.
19. Of 811801. 22. Of 55.2049. 25. Of 5.004169.
20. Of 8779.69. 23. Of 0.1849. 26. Of 3656.6209.

Find the square root

27. of sw 31. Of a( 35. Of 37. 39. V/0.144'=7?
28. Of if,s 32. Off*. 36. Of 5.39. 40. *40 =7
29. Ofif 33. Of7*. 37. Of0.78. 41. y/272.25=7?
30. Of /j. 34. Of 8f. 38. Of 2. 42. N4 x268“- ?

679. Applications.

43. What is the length of one side of a square which con-
tains 8836 square feet ?

44. A body of troops consisting of 2401 men has an equal
number in rank and file. How many are there in each ?

45. Find the side of a square that will contain as much
surface as a rectangle 280 feet long and 70 feet wide.

46. Find the mean proportional between 42 and 168.

Notk. The mean proportional between two numbers is the square root
of their product. (See p. 256, Note I.)

47. Find the mean proportional between 56 and 224.

48. How many rods of fence will be required to enclose a
square lot of 3 acres ?

49. On one side of a roof there are laid 5000 slates, the
number in the length being twice the number in the breadth.
What is the number each way ?

50. A and B each own a 10-acre lot. A’s lot is square, and
B’s is twice as long as it is wide. How much greater length of
fence will B require to enclose his lot than A to enclose his ?

51. There is a rectangular court paved with 1728 paving-
stones each 15 inches square; the length of the court is to the
width as 4 to 3. What is the length and width of the court ?

52. A rectangular block of granite is 8 ft. high, square at
the base, and contains 162 cubic feet. What is the length of
one side of the base ?
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CUBE ROOT.

680. Oral Exercises.
a. What is one of the three equal factors of 8? of 27 ? of
64 ? of 1257 of 216 ? of 1000 ? of 1728 ?
b. What is the cube root of 0.001 ? of 0.008 ? of 0.027 ? of
0.216? of 1.728?

c ('"*=? Ch=? fnh=? fES=? (ST»?
To find the Number of Terms in the Cube Hoot of a given
Number.

681. By cubing 1 and 9, 10 and 99, 100 and 999, etc.,
we obtain the following results :

13= 1 N 103= 1000 1003= 1000000
93- 729 99®= 970299 9993- 997002999

These results show that when a number has one term, its
cube is expressed by one, two, or three figures; when a
number has two terms, its cube is expressed by four, five,
or six figures; when a number has three terms, its cube is
expressed by seven, eight, or nine figures, and so on. Hence,

682. If a numerical expression be separated into periods
of three figures each, beginning with the units' figure, the
number of periods will be the same as the number of terms
in the cube root.

To find the Parts of a Third Power.

68b. To find what parts a third power is made up of,
we may take a number consisting of tens and units, 36, for
example, and raise it to the third power.

362= 1296= 302+ 2 x (30 x 6) + 62
36= 30 +6
7776 (302x 6) + 2 x (30 x 62 + 63
3888 303+ 2 x (302x 6) + (30 x 63

363= 46656 = 303+ 3 x (302x 6) + 3 x
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The foregoing written work shows the partial products obtained by
multiplying each term of the square of 36 by each term of 36.

From this we see that the third power of a number consisting of
tens and units is made up of four parts :

(1.) The cube of the tens.

(2.) Three times the product of the square of the tens by the units.

(3.) Three times the product of the tens by the square of the units.

(4.) The cube of the units.

These parts may be'expreseed by the formula,

Tens3-f 3 (tens2 x units) + 3 (tens X units2 + units.3

684. litustrative Exampie I. What is the cube root
of 262144 ? *

WRITTEN WORK. Explanation. — We first

Formula, find the number of terms

Tens3+ 3 (tens2X unit«)4- 3 (tens x units2)+ units3. . .
in the root by separating

262444 (64 the expression 262144 into

(6 tens)8= 216 periods of three figures
(6 tens)2x3 = 108 hund.) 461 each, beginning with the
108 hund. x 4 — 432 units’ figure. The cube
root of this number will

294 . .
consist of tens and units.
6 tensx 4"x3 = 288 We. know that this number
64 must have in it the cube of
43= 64 the tens of the root, plus

— three times the product of
the square of the tens by the units, plus three times the product of the
tens by the square of the units, plus the cube of the units.

As the first part of the power, the cube of tens, is thousands, we find
the greatest cube contained in 262 (thousands), which is 216 (thou-
sands), and write its cube root 6 (tens) as the first term, or tens, of the
root. " e

Taking the cube of 6 (tens), 216 (thousands), out of 262 (thousands),
there remain 46 (thousands).

Now, as the second part of the power, three times the product of the
square of the tens by the units, is hundreds, we unite the 1 hundred of the
given number with the 46 thousands remaining, and have 461 hundreds.

* For another method of finding cube roots, see Appendix, page 313.
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This 461 hundreds has in it a product of which three times the square
of the tens of the root is one factor, and the units of the root is the other
factor. Dividing 461 (hundreds) by three times the square of the
tens, or 108 (hundreds), we find 4 (units) to be the other factor, which
we write as the second term, or units of the root.

Multiplying 108 (hundreds) by 4 (units) and taking the product 432
(hundreds) out of 461 (hundreds), we have 29 (hundreds) left.

Now, as the third part of the power, three times the product of the
tens by the square of the units, is tens, we unite 4 (tens) of the given
number with the 29 (hundreds) remaining, and have 294 (tens).

W e take out of this number three times the product of the tens by
the square of the units, 288 (tens), and have 6 (tens) left.

Now, as the fourth part of the power, the cube of the units, is units,
we unite the 4 units of the given number with the 6 tens remaining,
and have 64 units.

W e take the cube of the 4 units out of this number, and nothing

remains. Ans. 64.

685. I1lustrative Example Il. What is the cube
root of 126732.947167 ?

written work Explanation. | o ex-
Formula, tract the cube root of
Tens3+3 (tens3x units) + 3 (tens x units3)+ units3.  the integral part of the

126'732.947/167 (50.23 number 126732.947167,
we proceed as in Il-

53= 125 i

63 x 3 = lustrative Example |I.
502x 3= m o) 17329 Having found this part
7500 x 2 = 15000 of the root, we consider
it as tens in reference
23294 to the next term, take
50 x22x3 = 600 three times its square
226947 for a new divisor, form
23- 8 a new dividend, and

proceed as before.
5022x 3 = 756012)2269391 So, whatever the num-
756012x3 = 2268036 ber of terms in the root,
having found a part of
13556 them, we consider that
502x3%3 = 13554 part to be the tens, take
27 three times its square
38= 27 for a new divisor, and

proceed as before.
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686. Rule.
To extract the cube root of a number:

1. Beginning with the units' figure, point off the expres-
sion into periods of three figures each.

2. Find the greatest cube in the number expressed by the
left-hand period, and write its cube root as the first term
of the root.

3. Subtract this cube from the part of the number used,
and with the remainder unite the next term of the given
number for a dividend.

4. Take three times the square of the part of the root
already found for a divisor, and by this divide the divi-
dend, writing the quotient as the next term of the root*

5. Multiply the divisor by this term, and subtract the
product from the dividend. With the remainder unite the
next term of the given number.

6. Subtract from the number thus formed three times
the product of the first term of the root by the square of
the second. With this remainder unite the next term of the
given number.

7. Subtract from the number thus formed the cube of
the second term of the root.

8. If there are more terms of the root to be found, unite
with the remainder the next term of the given number, take
for a divisor three times the square of the part of the root
now found, and proceed as before.

Note I. When, as in the work of Illustrative Example I1., the di-
visor is not contained in the dividend, 'place a zero as the next figure in
the root; also place two zeros at the right of the divisor, and for a new
dividend unite the next three terms of the given number with the previous
dividend.

* If this quotient should prove to be too large, make it less and repeat the work.
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Note Il. The cube root of a common fraction whose numerator and de-
nominator are both perfect cubes may be found by taking the cube root of
the numerator and of the denominator.

But when the numerator or the denominator of the fraction is not a per-
fect cube, change the fraction to a decimal and then extract its cube root.

Note IIl. When there is a remainder after all the terms of the given
number have been used, annex zeros, and continue the operation as far as
desired.

687. Examples for the Slate.
Roots of numbers not perfect cubes may be found to the fourth term.

What is the cube root

53. Of 121677 57. Of 29242077? 61. Of 8327
54. Of 973367 58. Of 14172.488? 62. Of 346?
55. Of 405.2247? 59. Of 82881.8567? 63. Of 0.353?
56. Of 9411927 60. Of 817.400375? 64. Of 0.807?
What is the cube root

65. Of ~ 2 68. Of A 2 71. ~0.27 = ?
66. 0 f3yy~? 69. Of 0.87? 72. \0.918 =
67. Of 42] ? 70. Of 63J3? 73. ?

688. Applications.

74. What is the length of one edge of a cube which contains
36594368 cubic inches ?

75. What is the length of a cubical pile of wood which con-
tains 2 cords ?

76. What is the depth of a cubical cistern which contains
300 gallons ?

77. What is the depth of a cubical bin which will hold 65
bushels of grain ?

78. What will he the cost of lead, at 12~ cents per Ib.,
11 Ibs. to the square foot, to line a cubical box containing
15§ cubic feet ?

689. Exercises upon Drill Table No. 2 (page 60).

247. Extract the square root of the numbers expressed in column B.
248. Extract the cube root of the numbers expressed in column E.
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SECTION XIX.

MENSURATION.

TRIANGLES.
690. A plane figure bounded by three straight lines is
a triangle. Fig. 1.

691. A triangle having a right angle
in it is aright triangle.

Fig. 2. Note. All other triangles are oblique
triangles. Right Triangle.
692. A triangle having two sides equal is an
isosceles triangle. Fig- 3.

TVargie. 693. A triangle having its three
sides equal is an equilateral triangle.

694. Any side of a triangle may be taken
to be the base. The length of a perpendicular Hriangiea
Fig. 4. Fig. 5. drawn from the opposite

vertex to the base, or
the base prolonged, is

the height.
Base. Base.
QUADRILATERALS.

695. A plane figure bounded by four straight lines is a
quadrilateral. Fig 6 Fig. 7.

696. Two straight lines hav-
ing the same direction are
parallel lines.

697. A quadrilateral having Trapezium Trapezoid,

none of its sides parallel is a trapezium. (Fig. 6.)
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698. A quadrilateral having two of its sides parallel is
a trapezoid. (Fig. 7.)

Pig 8 Fig 9
699. A quadrilateral hav- e
ing its opposite sides parallel
is a parallelogram. (Figs. 8, _
9, 10, and 11.) Rectangle. Square.

Note. A rectangle is a parallelogram whose angles are all right angles.
A square is a rectangle whose
sides are all equal. Fig. 10. Fig. 11.
A rhomboid is a parallelo-
gram whose angles are not
right angles. A rhombus is a
parallelogram whose angles are
not right angles and whose Rhomboid. Rhombus,
sides are all equal.
Fig. i2. 700. Any side of a parallelogram may
be taken to be the base. The length of ¢
perpendicular drawn from the opposite side

to the base is the height.

Base.

POLYGONS. Fig. 13

701. A plane figure bounded by straight
lines is a polygon. A polygon having all
its sides equal and all its angles equal is a

regular polygon.
Regular Polygon.

702. Exercises.
a. Which of the following named figures are regular poly-
gons : square, rhombus, equilateral triangle, trapezium ?
b. Draw a right triangle; an equilateral triangle; an
isosceles triangle; a right-angled isosceles triangle.
c. Draw a rhombus ; a rhomboid; a rectangle ; a square ;
a trapezoid; a regular polygon of six sides.
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AREAS OF POLYGONS.

703. The area of any parallelogram is equal to that of
a rectangle of the same base and height.
For, if we cut off a right triangle from
one end and put it on at the other end,
as in Fig. 14, we change the form to
a rectangle having the, same base and
height as the parallelogram, though we do not change the
area. But the area of a rectangle is equal to the product
of its base and height. Hence the

Fig. 14.

Rule.

To find the area of any parallelogram: Multiply the base
by the height. (See Art. 313))

704. A triangle is half a parallelo- N B
gram of the same base and height. For
two equal triangles may be placed, as
shown in Fig. 15, so as to make a
parallelogram. Hence the

Rule.

To find the area of a triangle : Multiply the base by the
height, and divide the product by 2.

To find the area of a triangle when the three sides are
given : Find half the sum of the three sides; from this sub-
tract each side separately; multiply together the four results
thus obtained, and extract the square root of the product.

705. A trapezoid may be divided into FR& 16
two triangles having the parallel sides of
the trapezoid for bases and the distance be-
tween them for their height. Hence the
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Rule.
To find the area of a trapezoid : Multiply the sum of the
parallel sides by the distance between them, and divide the
product by 2.

706. Any polygon may be divided into triangles. Hence
for cases not met by the rules already given, we have the

Rule.

To find the area of a polygon: Divide it into triangles,
and find the sum of their areas.

707. Examples for the Slate.

The pupil will be aided by drawing figures to illustrate the examples
which follow.

1. How many square feet are there in a parallelogram
whose base is 3 feet 4 inches, and height 1 foot 3 inches ?

2. What is the area of a triangle, the base being 20 feet,
and the height 10 feet 4 inches ?

3. What is the area of a right triangle, the sides, which in-
clude the right angle, being 20 feet and 18 feet long respec-
tively ?

4. How many square feet are there in a building lot having
two parallel sides respectively 140 feet and 116 feet long, and
83 feet apart ?

5. How many acres are there in a four-sided field having
two parallel sides, which are 60 rods apart and 40.05 rods and
64.08 rods long respectively ?

708. Exercises.

a. Draw a triangle having a base 8 centimeters long; meas-
ure its height and find its area in square centimeters.

b. Draw a polygon of five sides, letting one of them be a
decimeter long; divide the polygon into triangles, and find the
sum of their areas in square centimeters.
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CIRCLES.

709. A line drawn from the centre of Fig. 17.
a circle to any point of the circumfer-
ence is a radius. A line drawn through
the centre of a circle terminated each
way by the circumference is a diameter.
A diameter is double the radius.
710. A circle may without sensible
error be said to consist of triangles whose bases form the
circumference and whose vertices
are at the centre, the height of
the triangles being equal to the
radius of the circle. Hence the

Fig. 18.

Rule.
To find the area of a circle :
Multiply the circumference by the
radius, and divide the product by 2.

711. If the circumference of a circle be divided by its
diameter, the quotient, expressed to the nearest ten-thou-
sandth, is 3.1416.* Hence the following

Formulas relating to the Circle.

1 circumference = Diameter X 3.1416.
Circu'rlnference

2. Dicrgvex — 3'x416  *

3. Circumference = 2 Radius x 3.1416.

_ Circumference

2 x 3.1416

4. Radius

712. The rule in Art. 710 may be expressed thus :

Circumference x Radius

Area = Putting in the placé o1 the

* The number 3} is accurate enough for most purposes.
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circumference its value as given in Formula 3, we have:

i Radius x 2 x 3.1416 x Radius Tr ,y " s
Area = R Hence thé forimulas':

5. Area = Radius2 X 3.1416.

6. Radius- 1/1Area.
V 3.1416

713. Examples for the Slate.

6. What is the distance round a circular pond which is 24
feet across the middle ?

7. If the radius of a circle is 4 feet, what is the circumfer-
ence ?

8. How many feet is it across a circular grass-plot which
measures 100 feet around ?

9. How many square feet of glass in a circular window 4 ft.
10 in. across ?

10. If a horse is tethered so that his head can reach 10" feet
from the stake in any direction, over how many square feet can
he graze ?

11. How many rods of fencing will he required to enclose
a circular piece of ground which contains an acre ?

12. How many planks 2 inches thick can he sawed from a
log 10 feet in circumference, allowing £ of an inch for each saw-
cut, and 2 slabs, each at least 5 inches thick, to be cast aside ?

13. In the Yosemite Valley is the stump of a tree 32 feet
across ; what is the circumference ? Allowing 3 square feet as
standing-room for one person, how many persons can stand on
the top of the stump ?

RIGHT TRIANGLES.
Fg. 19
714. In a right triangle, the side oppo-

site the right angle is the hypothenuse,
one of the remaining sides is the base,
and the other is the perpendicular,
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715. Suppose the figure a b ¢ to be a right triangle,
whose sides are 3, 4, and 5 feet re-
spectively. A square formed upon
the hypothenuse, A ¢, will contain 25
square feet; one formed upon the base,
B ¢, will contain 16 square feet; and
one formed upon the perpendicular,
a b, Will contain 9 square feet. Thus
it appears that the square upon the
line a ¢ is equal to the sum of the
two squares upon Ab and b c.

Fig. 20.

716. It can be shown to be true in general that the
square upon the hypothenuse of a right triangle is equal to
the sum of the squares upon the other two sides. Hence the

Rules.

I. To find the hypothenuse, having the base and perpen-
dicular given : Square the base and the perpendicular, add
the squares, and extract the square root of the sum.

Il. To find the base or perpendicular, having the hy-
pothenuse and the other side given : Square the hjpothenuse
and the given side, subtract the latter square from theformer,
and extract the square root of the remainder.

717. Examples for the Slate.

14. The base of a right triangle being 18 feet, the perpen-
dicular 24 feet, what is the hypothenuse ?

15. The hypothenuse of a right triangle being 32.5 feet, the
base 26 feet, what is the perpendicular ?

16. If the foot of a ladder 20 feet long be put 8 feet from
the base of a wall, bow high will it reach ?

17. Two boats started at the same point, and sailed one
north 5280 feet and the other east 3960 feet. How far apart
were they then?
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18. Near Lexington battle-ground was an elm partially
broken off and fallen across the street. If the height of the
fracture was 15 feet from the ground, and the distance from
the foot of the tree to the point where the top reached the
ground was 66 feet, what was the entire height of the tree be-
fore it fell ?

19. B lives 40 rods east of A, 72 west of C, and 30 north
of the school-house. If A and C both call for B in going
to school, how much farther does each travel than if he goes
directly to school ?

20. Four boys, Dwight, Brown, Chase, and Doane, live in
different places, as follows : Dwight 40 rods north of the school-
house ; Brown 60 rods east; Chase 57 rods south; and Doane
36 rods west. What is the shortest distance one of the boys
must travel to visit all the rest, and reach his own home ?

21. What is the length of a diagonal, that is, the distance
from one corner to the opposite corner of the floor of a room
15 feet square ?

22. If the height of this room is 9 feet, what is the distance
from one corner of the floor to the opposite upper corner of the
ceiling ?

Note. The diagonal of the floor is the base of the right triangle of which
the required diagonal of the room is the hypothenuse. Hence the square of
the diagonal of a room, or of any rectangular solid, equals the sum of the
squares of its three dimensions.

23. What is the length of the longest rod that, without
bending, can be put into a box 1 yard long, 1 foot wide, and 9
inches high, measured on the inside ?

24. Find the height and area of an equi-
lateral triangle whose sides are 10 feet long ?

Note. The perpendicular m n divides the triangle
into two equal right triangles, an is then one half
of A B.

25. Find the height and area of an isosceles
triangle whose base is 20 feet long, the other sides being each
26 feet long ?
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Fig. 22. SOLIDS.
Fig. 23. Fig. 24.
Prism. Cube. Rectangular Solid.

718. A prism is a sofid bounded by two equal and
parallel polygons and a number of parallelograms.

Note I. It will be seen that all rectangular solids are prisms.

Note Il. The equal and parallel polygons are the bases of the prism,
and the parallelograms taken together form its convex surface. When the
bases are regular polygons and the parallelograms are perpendicular to the
bases, the prism is a regular prism.

Fig. 25. Fig. 26. Fig. 27.
X
X
Pyramid. Cylinder. Cone.

719. A pyramid is a solid bounded by one polygon,
which is the base, and a number of triangles which terminate
in a common point called the vertex.

Note. The triangles form the convex surface of the pyramid. When
the base of a pyramid is a regular polygon, and a line drawn from the
vertex to the middle of the base is perpendicular to the base, the pyramid
is a regular pyramid.

720. A solid formed by turning a rectangle about one
of its sides as an axis is a cylinder.

Note. As the rectangle is turned, the side opposite the axis describes
the convex surface of the cylinder, and the other two sides describe parallel
circles, which are the bases of the cylinder.
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721. A solid formed by turning a right triangle about
one of its shorter sides is a cone.
N ote. As the triangle is turned, the hypothenuse describes the convex

surface of the cone, and the side perpendicular to the axis describes a

circle, which is the base of the cone.

Fig. 28. Fig. 29.
722. If the upper part of
a pyramid or of a cone is cut
off by a plane parallel to the
base, the part that remains is a
Erustum of Erustum of frustum of the pyramid or of
a Pyramid. a Cone. the QOe

723. The height of any of the solids here defined is the
perpendicular distance from the highest point
above the base to the plane of the base. Thus,
in Fig. 30, the line a B indicates the height of
the solid.

Note. In a regular pyramid or in a cone, the shortest

Fig. 30.

distance from the vertex to the perimeter (boundary) of the
base is the slant height.

In the frustum of a regular pyramid or of a cone, the shortest distance
between the perimeters of the two bases is the slant height. Thus, in Fig. 30,
the line op indicates the slant height of the frustum.

724. A globe, or sphere, is a solid
bounded by a curved surface, every point of
which is equally distant from a point within,
called the centre.

Note. A circle which divides a sphere into two

equal parts is a great circle of the sphere. A circum- Sphere
ference, a diameter, or a radius of a great circle of a ’

sphere is also a circumference, a diameter, or a radius of the sphere itself.

Volumes of Solids and Areas of their Convex Surfaces.

725. A prism Or acyrinder linch high contains as many cubic
inches as there are square inches in the base. If the height be in-
creased to 2, 3, or any number of inches, the volume will be increased
in the same proportion. Hence the
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Rule.
To find the volume of a prism or cylinder : Multiply the
area of the base by the height.
726. If a prism or a cylinder is 1 inch high, its convex surface
contains as many square inches as there are inches in the perimeter of
the base. If the height be increased to 2, 3, or any number of inches,

the convex surface will be increased in the same proportion. Hence

the
Rule.

To find the convex surface of an upright prism or cylin-
der : Multiply the perimeter of the base by the height.

727. It can be proved that a pyramia Or @ cone IS equivalent to
~ of a prism or a cylinder of the same base and height. Hence the

Rule.

To find the volume of a pyramid or cone: Multiply the
area of the base by the height, and divide the product by 3.

728. The convex surface of a regular pyramid Or cone may be
regarded as composed of triangles whose bases form the perimeter of

the base of the solid, and whose height is the slant height of the solid.

Hence the
Rule.

To find the convex surface of a regular pyramid or cone:
Multiply the perimeter of the base by the slant height and
divide the product by 2.

729. It can be proved that the frustum of @ pyramid or cone is
equivalent to the sum of three pyramids or cones, which have for their
common height the height of the frustum, and whose bases are the

lower base of the frustum, the upper base, and a mean proportional
between them. Hence the

Rule.
To find the volume of a frustum of a pyramid or cone :
Multiply the sum of the areas of the two bases, plus the

square root of their product, by the height, and divide the
product by 3.
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730. The convex surface of the frustum 0f a regular pyramid or
cone may be regarded as made up of trapezoids whose parallel sides
form the perimeters of the bases, and whose height is the slant height
of the frustum. Hence the

Rule.

To find the convex surface of a frustum of a regular
pyramid or cone : Multiply the sum of the perimeters of
the two bases by the slant height and divide the product
by 2.

731. It can be proved that the surface of a sphere IS equivalent
to that of four great circles of the sphere. Hence the

Rule.
To find the surface of a sphere: Find the area of a great
circle of the sphere, and multiply it by f
732. A sphere may be regarded as composed of pyramids whose

bases taken together form the surface of the sphere and whose height

is the radius. Hence the
Rule.

To find the volume of a sphere: Multiply the convex
surface by the radius and divide the product by 3.

733. The last two rules may be expressed by the follow-
ing formulas:
Surface of a sphere = 4 Radius2x 3.1416.
Volume of a sphere = s Radius3x 3.1416.

Note. To find the capacity of a cask, see Appendix, page 314.

734. Examples for the Slate.

26. How many cubic inches are there in a prism whose base
is 8 inches square, and whose height is 7 inches ?

27. How many cubic feet in a prism 5 feet high and having
for its base a triangle, each side of which is 10 feet long ?

28. How many cubic feet in a pyramid 10 feet high and
having for the base 1 square rod ?
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29. How many cubic inches in the frustum of a pyramid
whose bases contain 12 and 108 square inches respectively, and
whose height is 18 inches ?

30. How many bushels of corn can be put into a corn-crib
9 feet square at the bottom, 12 feet square at the top, and 8
feet high? (See Art. 393, note.)

31. What is the convex surface of a prism, the perimeter of
whose base is 7 yards 2 feet, and whose height is 5 yards 1 foot ?

32. How many square feet in the surface of a four-sided
pyramidal roof, the slant height being 18 feet and the house
20 feet square ?

33. How many feet of boards will cover the sides of an
eight-sided tower, the length of each side of the base being 2
feet 9 inches, that of each side of the top 1 foot 10 inches,
and the slant height 12 feet ?

34. How many gallons will a pail contain that measures on
the inside 14 inches in depth and 11 inches across ?

35. How many square feet of sheet-iron are there in a piece
of stove-pipe 9 feet long and 6 inches in diameter, no allowance
being made for lapping at the joints ?

36. What is the height of a conical tent, if the diameter of
the base is 15 feet and the slant height is 191 feet, and how
many cubic feet will the tent contain ?

37. How many square yards of canvas will be required to
make this tent, no allowance being made for seams ?

38. How many gallons will a circular vat contain that meas-
ures across the bottom 12 feet, across the top 15 feet, the depth
being 6 feet ?

39. How many square feet in the surface of a foot-ball 1 foot
in diameter ? Ne

40. At 38f a square foot, what is the cost of painting a
globe 6 feet in diameter ?

41. How many cubic feet are there in this globe ?

42. If the diameter of the earth is 7900 miles, and 73\10 of
the surface of the earth is water, how many square miles of the
surface is water ?



290 MENSURATION.

SIMILAR SURFACES.

735. Figures which have Fig. 32.
the same shape are similar
figures.

N ote. The corresponding sides
of similar figures are proportional

736. We see from the
illustration above that a figure 1 inch square contains 1
square inch, a figure 2 inches square contains 4 square
inches, and a figure 3 inches square contains 9 square
inches, etc. In general,

The areas of similar figures are to each other as the
squares of their corresponding dimensions.

737. ll1lustrative Example |. The area of a certain
triangle is 120 square feet and its base is 24 feet. What is
the area of a similar triangle whose base is 96 feet ?

WRITTEN WORK.
4 4
242:962= 120 :Xx =1920. An. 1920 sq. ft.

738. l1lustrative Example Il. One side of a triangle
is 40 feet long; what must be the length of a side of a
similar triangle containing twice the area ?

WRITTEN WORK.

1:2- 402: X2 VMO x40 x2 - 56.568... an=. 56.568... feet.

739. Examples for the Slate.

43. If a room 16 feet in length requires 22 yards of carpet-
ing to cover the floor, how many yards of carpeting will be
required for a room 20 feet long and of the same shape ?
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44. There is a public park 1320 feet long, containing 25
acres. What is the length of a park of the same shape con-
taining 49 acres ?

45. If a circular lot of land which is 10 rods in diameter
contains 78.5398 square rods, what number of rods will a cir-
cular lot contain which is 5 rods in diameter ?

46. If apipe 2 inches in diameter discharges 20 gallons of
water in a given time, how many gallons will a pipe 5 inches
in diameter discharge in the same time, no allowance being
made for friction ?

47. If it costs 17f for tin to make a pail 6 inches high,
what will it cost for tin to make a similar pail 14 inches high ?

48. If it costs $ 72 for material to paint a spire 50 feet high,
what will it cost for material to paint a similar spire 75 feet
high ?

49. If the cost of plating a pitcher 6 inches high is $1.75,
what is the cost of plating a pitcher of the same shape 10
inches high ?

50. What is the height of a pitcher similar to that described
above, of which the cost of plating is $4.00 ?

c
SIMILAR SOLIDS.
740. Solids which have Pig. 33,
the same shape are similar
solids. ST

Note. The corresponding dimen- \
sions of similar solids are propor-
\

tional.

741. We see from the illustration above that a cube
whose edge is 1 inch contains 1 cubic inch, a cube whose
edge is 2 inches contains 8 cubic inches, a cube whose edge
is 3 inches contains 27 cubic inches, etc. In general,

The volumes of similar solids are to each other as the cubes
of their corresponding dimensions.
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742. 111ustkative Exampie |. If a cube of lead whose
edge is 3 inches weighs 12 pounds, what is the weight of a
cube of lead whose edge is 2 inches ?

WRITTEN WORK.
33:2s=121b. : x =3%. ans. 38 Ib.

743. lirustrative E xample . A pyramld 9 feet hlgh
contains 48 cubic feet. What is the height of a similar
pyramid that contains 100 cubic feet ?

WRITTEN WORK.

48 : 100 —93 : o3 1*/9x9>§98x100 _n.49... Amxs 11.49.. feet.

744. Examples for the Slate.

51. If an egg 2f inches in circumference weighs 1 ounce,
what would another of the same form and consistency weigh
whose circumference is 6 inches ?

52. An ox measuring 7 feet in girth weighs 1500 pounds;
what is the weight of an ox measuring 9 feet in girth ?

53. If a bushel measure is 18] inches in diameter and 8
inches deep, what must be the diameter and depth of a half-
bushel measure similar in form ?

54. Estimating the mean diameter of the earth at 7912
miles, and that of the moon at 2160 miles, how many bodies of
the size of the moon could be made from the bulk of the earth ?

55. If the bulk of Saturn be 1000 times as great as that of
the earth, what is the diameter of Saturn ?

56. At what distance from the top must a cone 12 inches
high be cut parallel with the base, that the cone may be divided
into two equivalent parts ?

57. Mr. Root has three stacks of hay of similar shape, the
diameters of their bases being respectively 10, 12, and 14 feet;
if the smallest stack contains 2~ tons, what will each of the
others contain ?
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58. Supply the 2d term in the proportion 3i : x - 8 : 25.

59. What is the mean proportional between 0.8 and 0.72 ?

60. Divide $1900 between two men, in the proportion of 3 to 5.

61. Divide $45 among three boys, so that one shall have as
much as the other two, whose shares are as 2 to 7.

62. How many pounds can 5 horses draw, if 6 horses can
draw as much as 10 oxen, and 2 oxen can draw 2400 pounds ?

63. Smith and Lee formed a partnership. Smith put in
$1000 for 6 months and $800 for 2 months. Lee put in
$600 for 8 months and was allowed $800 for his services.
They gained $ 1435.50 ; what was each partner’s share ?

64. What is the 5th power of 23 ? the cube of 96 ?

65. What is the largest number of men in a regiment of
1000 that can be arranged in a square; and how many men
will remain ?  How many men will there be on each side of
the square ?

66. How many feet of fencing are required to enclose a
square farm containing 15 acres ?

67. A ladder 27$ feet long reaches a window 25$ feet from
the ground. How far does the foot of the ladder stand from
the house ?

68. What is the diameter of a circle which contains 314/
square feet ?

69. How many rods of fencing on both sides of a road which
surrounds a circular park containing 15.708 acres, the road
being 3 rods wide ?

70. What must be the depth of a pail that is 10 inches
across, to contain 5 gallons, the sides being upright ?

71. How many square feet of canvas are required to con-
struct a conical tent 14 feet across the bottom and 9" feet from
the highest point to the ground ?

72. If apipe 2 inches in diameter will fill a cistern in two
hours, in what time will a pipe 5 inches in diameter fill the
same ?
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746. Questions for Review.

What is a power ? a second power ? a third ? a fourth ? What is
involution ? What is squaring a number ? cubing a number? Give
the squares of the numbers from 1 to 12; the cubes of the numbers
from 1 to 10.

What is the root of a number? What is evolution ? Repeat the
formula used in extracting the square root; the rule. What do you do
when a term of the root proves too large? when the trial divisor is not
contained in the dividend ? How do you extract the square root of a
fraction ? of a mixed number? Repeat the formula used in extract-
ing the cube root; the rule. How do you extract the cube root of a
fraction? of a mixed number ?

What is mensuration ? Name and describe the different kinds of
triangles given; the different kinds of quadrilaterals given. What is
the base of a triangle ? the height ?

How do you find the area of a square? of a rectangle ? of any
parallelogram ? of a triangle ? of a trapezoid ? of any polygon ?

How do you find the circumference of a circle when the diameter is
given ? when the radius is given? How do you find the diameter
when the circumference is given ? How do you find the area of a
circle when the radius is given ? the radius of a circle when the area
is given?

What isacube ? a prism? a pyramid? acylinder ? acone? What
is the frustum of a pyramid or a cone ? What is a sphere ? Draw or
name something in the form of each of these solids. What is the
height of any solid ? the slant height of a pyramid or of a cone ? the
slant height of a frustum of a pyramid or of a cone ?

How do you find the volume of a cube? of any rectangular solid ?
of a prism or a cylinder ? of a pyramid or a cone? of the frustum of
a pyramid or cone? How do you find the convex surface of each of
these solids ? -

When the diameter and height are given, how do you find the vol-
ume of a cylinder ? of a cone? of a frustum of a cone? How do you
find the volume of a sphere ? How do you find the convex surface of
a cylinder ? of a cone ? of the frustum of a cone ? of a sphere ?

When are plane figures similar ? What proportion is there between
the areas of similar figures? When are solids similar? What pro-

portion is there between the volumes of similar solids ?
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747. Miscellaneous Examples.

73. What is the weight of a hale of cloth containing 13
pieces, 42 yards to the piece, every 3 yards weighing 1]
pounds ?

74. The sum of three numbers is 55£; two of them are 14"
and 24]4; what is the third ?

75. i +~+1i +7ofa certain number increased by 34 equals
40. What is the number ?

76. A trader bought apples at $ 1.624 per barrel, and imme-
diately sold them at 12.25, making $234,374. How many
barrels were bought ?

77. Suppose a dividend to be 241.3, and the quotient 0.127,
what was the divisor ?

78. The ridge-pole of a house is 46 feet from the ground, the
eaves 38 feet, the rafters on each side of the roof to the eaves
being 18 feet long. What is the width of the house ?

79. When the ice upon a pond is 10 inches thick, what will
be the value of the ice taken from one acre of the pond at d of
a cent a pound, 1 cubic foot of ice containing 58" pounds ?

80. The city tax of Lincoln being f ?0, and the State and
county tax-0.15 %; for what sum is James Otis taxed, who
pays $56.22, including $ 1.50 poll-tax ?

81. Of what number is § the £ part ?

82. A city collector received 0.8 <o for collecting taxes ; he
paid into the treasury $94625.64 after deducting his commis-
sion ; what was the whole sum collected ?

83. A coal-dealer purchased 500 tons of coal at $7.50 per
long ton, paid $1 per ton for freighting, and sold it for $11
by the short ton. What per cent did he gain?

84. A can do a piece of work in 1™ hours, A and B in 48
min.; in what time can B do it alone ?

85. Crane Brothers & Co. purchased oil stocks to the amount
of $5714.25, including their commission of \ \ the stock,
the par value of which was $50 per share, was purchased at
95 %. How many shares were purchased ?
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86. When butter is 25 cents a pound, and $ of a pound will
pay for ~ of a dozen eggs, how many eggs will be required to
pay for 6 pounds of raisins, 7 pounds of which cost 98 cents ?

87. What is the difference between the true and bank dis-
count of $ 700, due in 90 days, when the legal rate is 7% ?

88. How much would you receive from a bank, June 12,
1878, for a note of $820, dated April 12, 1878, payable 6
months after date, discount being 6% ?

89. Write a note for 60 days, for which you should get
$300 at a bank, discount being 6% ?

90. If $1239 were paid for harvesting the wheat on a lot
of land 400 rods long, 350 rods wide, what should be paid for
harvesting the oats ujjon a lot 500 rods long, 450 rods wide, the
cost of harvesting oats being £ as much as for harvesting wheat?

91. Bates and Henricks traded in hides for one year.
Bates put in $2000 at first; at the end of 3 months he with-
drew $700, and at the end of 7 months put in $1000. Hen-
" ricks put in $ 1200 at first, and $500 more in 4 months. At
the end of 6 months he withdrew $200. The gain for the year
was 12355.75, of which Henricks received $ 1000 for conduct-
ing the business. What was the share of each ?

92. The pyramid of Cheops, in Egypt, is said to contain
82111000 cubic feet of masonry, and to have been 480 feet
high. Allowing 7000000 cubic feet, which are required to
perfect its pyramidal form and to fill its chambers, what is the
length of one side of its base, which is a square ?

93. If you buy figs at the rate of 9 pounds for $1.50, and
sell them at the rate of 10 pounds for $2, what per cent do
you gain ? -

94. What is the average time for paying for $200 worth
of goods purchased May 17, 1877, on 4 months’ credit; $500
worth, purchased June 18, 1877, on 60 days’ credit; and $300
worth, purchased June 19, 1877, on 90 days’ credit ?

95. The captain of a ship at sea finds by his chronometer,
at 12 o’clock, noon, that it is 45 m. past 8 o'clock in the even-
ing at London. What is his longitude ?
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96. Pedrick & Closson sold at auction,

2 mattresses, at $16.00, which cost $ 13.50.

8 chairs, at  4.62, ¢ u 3.75.

1 rocker, at 1750, <« YU 17.00.

1 set furniture, at 38.00, Y U 42.00.

~u u at 8350, Y U 6200
They also sold on commission, at 10%, 5 chairs, at $8 ; 12 chairs,
at $1.70; 1 bureau, at $18; 1 table, at $8; 1lounge, at $12;
1 stove, at 117. What were their net proceeds from the above
sales ?

97. How many bricks 8in. by 4in. by 2 in. in the walls of
a building 29 ft. long by 24 ft. wide and 20 ft. high, outside
measurement, having 10 windows 6 ft. by 4 ft. and 2 doors
7 ft. by 4£ ft., the thickness of the walls being 1 foot, and i1 of
the entire wall being mortar ?

N ote. In estimating the number of bricks required, masons reckon by
outside measurements, and make no allowance for corners.

98. The circular outlet to a cistern being 4 inches in di-
ameter, what must be the width of a rectangular receiving-
pipe, whose depth is 2 inches, that its capacity may be the
same as that of the discharging-pipe ?

99. When it is 10 A. m. in X, which is 44° 15' 2" W. long.,
what is the time in Y, which is 8° 4' 40" E. long. ?

100. A, B, and C shipped goods by the same vessel. The
value of A’s goods was $50000; of B's, $40000; of C's,
$30000. During a storm half of A’s goods and one fifth of
B’s were thrown overboard. What should be each man’s share
of the loss, and how much should be paid to A by C and by B
to adjust the losses ?

101. | sold 6 sewing-machines at $72 each. On two of
them | gained 20%, on two others 337%, and on the rest |
lost 25%. What was the balance of gain or loss?

102. A grocer imported 75 gallons of oil, which cost him $2
agallon and a duty of 10%. Suppose 5 gallons to leak out, for
what must he sell the remainder per gallon to gain 10% on the
money spent ?
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103. At 1 cent per cubic foot, what will be the cost of digh
ging a ditch outside a square garden containing 12.75 square
rods, the ditch to be 7 feet wide and 5 feet deep ?

104. How many gallons in a cylindrical jar 2 feet across
and 4 feet high ?

105. | found, on going to Gfile & Walcott's dry-goods store,
that they had that morning marked up their goods 15%. What
did | save by purchasing the day before the following goods:
18 yds. blk. silk, at $1.12 ; 13 yds. de laine, at $0.27 ; 9 yds.
cambric, at $0.15; 3 yds. silesia, at $0.25; 1 waterproof, at $8?

106. A grocer paid 21 cents a gallon for a cask containing
27 gallons of kerosene, 10 % of which leaked out. If the re-
mainder was sold 25% on the gallon higher than it cost, what
was the gain or loss on the money invested ?

107. Supposing a cubic foot of snow to weigh 21 Ibs., what
will be the pressure of a body of snow 9 inches deep upon a flat
roof 100 ft. by 25 ft. ?

108. If an elephant's tusk 94 feet long and 8 inches in
diameter at the base weighs 214 pounds, what would be the
dimensions of a similar tusk weighing 75 pounds?

109. An engineer, having placed a mortar near the bank of a
river, wished to find its distance from a fort on the opposite

shore. To do this he
marked off a line from
the mortar towards the
fort; went 8 rods up the
river, where he drove a
stake ; and 6 feet farther
on took his station. Then
he told his assistant to
start from the stake and mark off a line parallel with the first
line, till he came in range between him and the fort. This
line measured 480 feet. What was the distance sought ? (See
Art. 735, note.)

For other miscellaneous examples, see Appendix, page 315.
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Names of Numbers (Art. 2).

1. The only compound names of numbers that do not show
plainly how they are made up are Eleven, Twelve, Twenty,
and the other names ending in -ty.

Eleven (in Old English endlif, in Gothic dinlif) is a compound of end
or en, meaning one, and lif, meaning ten.. So eleven means one and ten.

Twelve (in Old English twelf, in Gothic twa-lif) is a compound of twa,
meaning two, and lif, meaning ten. So twUve means two and ten.

Twenty (in Old English twentig) is a compound of twen, meaning twain
or two, and tig, meaning ten. So twenty means two tens, thirty means
three tens, and so on.

Roman Numerals (Art. 12).

2. The Roman Numerals are so called because they were
used by the ancient Romans. They were in general use in
Europe as late as the twelfth and thirteenth centuries for
keeping accounts and other purposes of common life. They
were not used as the Arabic numerals are, to make computa-
tions with, hut merely to record the results. The computations
were made mostly with counters.

By the Roman method of writing, seven letters are used to
denote numbers, as follows :

I Y. X. L. C. D. M.

One. Five. Ten. Fifty. One hundred. Five hundred. One thousand.

The method of using these letters to denote numbers is
shown in the following table : —
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TABLE.

I stands for 1. X1 stands for 11. XX1  stands for 21. Cl  stands for 101
11 « 2 X1 “12 XXX “ 30 CcC “200.
i 3. X1 “ 13 XXXI 31. CCC “ 300
v 4. X1V ‘14 XL 40. CD “400.
\Y, it 5. be% “ 15 L “ 50, D “ 500
vi ot "6 XV “ 16 LX “ 60. DC “ 600.
Vil oo« 7 Xvii “17. LXX “ 70, DCC “700.
VI “ 8 xvin “ 18 LXXX “ 80. DCCC “ 800.
IX ) XX “ 19 XC 90. CM “ 900
X « 10 XX 20 (03 “ 100. M “1000.

3. Names of Numbers higher than Trillions (Arts. 22, 23).

The names of the groups used to express numbers higher than
trillions are, in their order from trillions, quadrillions, quintillions,
sextillions, septillions, octillions, nonillions, decillions, undecillions, duo-
decillions, tredecillions, quatuordecillions, quindecillions, sexdecillions,

septendecillions, octodecillions, novemdecillions, vigintillions, etc.

4. To Read Decimals (Art. 35).

The following method of reading decimals is recommended
by its simplicity and its conformity to the method of reading
whole numbers.

Iltustrative Example. Read the number 0.279036205.

Begin at the decimal point, and point off three figures at the right of
the point for the thousandths’ group, three more for the millionths’ group,
and so on; thus,

0.279,036,205.
Then read the number expressed in each group separately, pronouncing
the name of the group; thus, “ Two hundred seventy-nine thousandths,
thirty-six millionths, two hundred five billionths.”

The expression 0.36038 would be read, “ Three hundred sixty thou-
sandths, thirty-eight hundred thousandths.”

5. Contractions in Multiplication (Art. 83).
To multiply by 9, 99, 999, etc.
Since 9 times a number is the same as 10 times the number less

once the number, and 99 times a number is 100 times the number less

once the number, and so on,

To multiply by any number whose terms are all 9's: Annex as
many zeros to the expression for the multiplicand as there are 9’s in that
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of the multiplier, and from the number thus expressed subtract the mul-
tiplicand; thus, 27 x99 = 2700- 27 = 2673.

Examples for the Slate.

(1.) 36x99 =2 (4) 36841x9999 = ?
(2) 264x999 =2 (5.) 7x9999999 = 2
(3.) 58x9999 =2 (6.) 245 x998 = 2

Note. In Example 6, multiply by 1000, and subtract twice the mul-
tiplier.

(7.) 356 x9995 = ? (8.) 54932 x 999997 = ?

6. To multiply by a composite number.

Separate the multiplier into convenient factors, multiply the multi-
plicand by one of the factors, and that product by another factor, and so
on, till all t factors have been used; the last product is the answer:
thus, 41 x25 = 41 x5 x 5.

Examples for the Slate.

9. Multiply 368 by 72 ; by 36.
10. Multiply 4079 by 81 ; by 48.
11. Multiply 2145 by 108 ; by 144.
12. MultipléSO411 by 55 ; by 150.

7. To multiply by aliquot parts of 10, 100, 1000, etc.

Multiply by 10, 100, 1000, etc., as the case may require, and then find
the required part; thus,

To multiply by 25, multiply by 100 and divide by fy.

By 125, multiply by 1000 and divide by 8.

By 337, multiply by 100 and divide by 3.

By 16§, multiply by 100 and divide by 6.

By 12|, multiply by 100 and divide by 8. (See Arts. 258 to 261.)

8. To multiply when the number of tens is the same in the
multiplicand and multiplier, and the sum of the units is ten.
27 Multiply the number of tens by the number of tens plus

23 one; write the product as hundreds; at the right express the
621 product of the units by the units.
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(13.)
(14.)
(15.)

APPENDIX.

Examples.
23x27="7? (16.) 45x45 =72 (19.) 55x55 = ?
28x22=7? (17.) 56x54 =72 (20.) 85 X85 = ?
31x39= ? (18.) 87x83 =7 (21.)  105x105 =?

9. To square a number consisting of an integer and

7£
7n
~56f

(22))
(23.)

10.

(28.)

Multiply the integer by the integer plus one, and to the
product add
Examples.
5£x5] = ? (24.) 11£x11$ =7 (26.) 99] x99] = ?
85x 8N =7 (25.) 13~x13~ = ? (27.) 16£xI6£ = ?
To square a number consisting of an integer and
12] Square the integer; to this square add 1 half the
12j integer plus
144+ 6+~ = 150"
Examples.
6Mx 6] = 2 (30)) 71 X733 =2 (32)) 50£x50" = ?
8j x8j = ? (31.) 30|x30] = ? (33.) 6IEX6IE = 2

(29.)

11.

Contractions in Division (Art. 111).

To divide by aliquot parts of 10, 100, 1000, etc.

To divide by 5, divide by 10 and multiply the quotient by 2.

By 25, divide by 100 and multiply by II.

By 125, divide by 1000 and multiply by 8.

By 33+, divide by 100 and multiply by 3.

By 168, divide by 100 and multiply by 6.

By 166§, divide by 1000 and multiply by 6, etc. (See Arts. 258 to

261.)

12. Analysis of Oral Examples (Art. 116).

A nalysis of Example a. |If the car runs 69 miles in 3 hours, in

1 hour it will run 1 third of 69 miles, or 23 miles, and in 5 hours it

will run 5 times 23 miles, or 115 miles. Ans. 115 miles.

Example c. First find what $ 1 will buy.

Analysis of Example i. If a quantity of hay lasts 22 oxen 10
days, it will last 1 ox 22 times 10 days, or 220 days, and it will last
10 oxen (5 yoke) 1 tenth of 220 days, or 22 days. Ans. 22 days.
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A nalysis of Example m. |If the work can be done by 50 men
in 4 weeks, it will require 4 times 50 men, or 200 men, to do it in
one week. But 50 men are already employed. Then 200 men less

50 men, or 150 more men, must be employed to do it in a week.

In solving an example by analysis, we first take the number whose
denomination is the same as that of the required answer to work upon,
and then proceed according to the statements given in the example.

13. The Divisibility of Numbers (Art. 153).

1. Divisibility of numbers by 2, 4, 5, or 8.

Ten is divisible by 2, so any number of tens is divisible by 2.
Hence a number is divisible by 2 if the number of its units is divisible
by 2.

For a similar reason, a number is divisible by 5 if the number of its
units is divisible by 5.

One hundred is divisible by 4, so any number of hundreds is divisi-
ble by 4. Hence a number is divisible by J if its tens and units to-
gether are divisible by f.

One thousand is divisible by 8, so any number of thousands is di-
visible by 8. Hence a number is divisible by 8 if its hundreds, tens,
and units together are divisible by 8.

2. Divisibility of numbers by 9.

ILLUSTRATION.

f 3000 = 333 x 9 +3

3486 = + 400 = 44 x 9 + 4
+ 80-= 8 x 9 + 8

u 6 = 6

3486 = (333+ 44+ 8) x 9+ (3

The number 3846 is now separated into two parts, one of which is
divisible by 9, and the other equals the sum of its digits. Any num-
ber can be so separated. Hence a number is divisible by 9 if the sum

of its digits is divisible by 9.

3. Divisibility of numbers by 3. Any number that is divisible by 9
is divisible by 3. Therefore, when a number has been separated into
two parts, as shown above, the first part is divisible by 3. The other
part is equal to the sum of its digits. Hence a number is divisible by

3 if the sum of its digits is divisible by 3.
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14. The Greatest Common Factor of Numbers (Art. 175).

The method of finding the g. c. f. of numbers, as given in
Article 175, depends upon the following principles.

I. Any factor common to two numbers is also a factor of
their sum and of their difference.

Thus 3, which is a common factor of 24 and 18, is a factor of 42 (= 24 +
18) and of 6 (=24 - 18). Since 24 is equal to a certain number of 3’s, and
18 to a certain other number of 3’s, their sum must he a number of 3’s, and
their difference must be a number of 3’s.

Il. The greatest common factor of two numbers is equal to
the greatest common factor of the smaller of them, and the re-
mainder obtained by dividing one of them by the other.

52) 143 (2 Thus, the g. c. f. of 143 and 52 is equal to the g. c. f.
104 of 52 and 39.
39 Since 39 = 143-52-52, all factors common to 143
and 52 are also factors of 39, and hence common factors
of 52 and 39. Therefore the g. c. f. of 143 and 52 is a common factor of 52
and 39, and cannot be greater than the g. c. f. of 52 and 39,

Again, since 143 = 52+ 52 + 39, all factors common to 52 and 39 are also
factors of 143, and hence common factors of 143 and 52. Therefore the
g. ¢. f. of 52 and 39 is a common factor of 143 and 52, and cannot be greater
than the g. c. f. of 143 and 52.

The g. c. f. of 143 and 52 and the g. c. f. of 52 and 39 are, then, two num-

bers, neither of which can he greater than the other; they are therefore equal.

15. Analysis of Illustrative Example (Art. 246).

written work. Analysis. — If f of a dollar will buy 1 basket
1x3x5 rr, °f peaches, £ of a dollar will buy \ of a basket,
2 and f of a dollar, or 1 dollar, will buy f of a

Ans 7\ baskets. basket. If 1 dollar will buy \ of a basket, 5 dol-
lars will buy 5 times \ or ~ of a basket, which

equals 7% baskets.

16. To Divide an Integral Number or a Fraction by a
Fraction (Art. 248).
Note. The following methods of dividing by fractions are in common
use. To understand either method, the learner must hear in mind that the
smaller the divisor, the larger is the quotient, and the larger the divisor,

the smaller is the quotient.
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lttustrative Example. What is the quotient of % 52

WRITTEN WORK. Explanation 1. — The quotient of | divided

by 1is | ; of $ divided by 2 is \ of f, or ;

*x3 =f =If£. of \ divided by | (which is ~ as large as 2) is
5x % 3 times \ of or which equals 1.

Ats. IE. Ans. 17

Explanation 2. — The quotient of £ divided by 1,is ~; of \ divided
by ~ (which is £ as large as 1), is 3 times £ or ; and of £ divided
by is \ of 3 times £ or 2 3., which equals 1*. Ans. 1t

17. To change a Circulating Decimal to a Common Fraction
(Art. 287).

lttustrative Exampte. Change 0.63 to a common fraction.

WRITTEN WORK. Explanation. — As the repetend consists
0.63 x 100 = 63.6363... of two figures, we multiply the given cir-
0.63x1 = 0.6363... culate by 100, and find that the decimal
0.63 x99 = 63. part of the product is precisely the same

063 = || = Ans. as the given circulate. Hence, if we sub-

tract the given circulate from this product
there will be no decimal fraction in the remainder. Thus we find that
99 times the given circulate equals 63 ; therefore once the given circu-

late is ,or tt. Hence the rule given on page 129.

18. To change a Mixed Circulate to a Common Fraction
(Art. 288).

l1tustrative Example. Change 0.263 to a common frac-
tion.

written work. Explanation. — As the repetend
0.263 x 100 = 26.3636... consists of two figures, we multiply
0.263 x 1 = 0.2636... the given mixed circulate by 100 and
0.263x99 = 26.1 subtract from the product once the
0.263 = = t\9. mixed circulate, and have 99 times
Ans. ~e mixed circulate, equal to 26.1.

Then once the mixed circulate will
equal ~1, or f-~. But 261 is the difference between 263, the mixed
circulate regarded as an integer, and the finite part regarded as an

integer. Hence the rule given on page 130.
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19. Surveyors’ and Mariners’ Measures (Art. 302).

Surveyors, in measuring, use a chain called Gunter’s chain
(ch.), which is 4 rods or 66 feet long. The chain is divided
into one hundred links (1.).

Surveyors’ Long Measure. Surveyors’' Square Measure.
7.92 in. = 1 link. 10 sq. ch. =1A.
100 1. = 1 chain. 640 A. — 1sq. m.
80 ch. = 1 mile. 1 sq. m. = 1lsection.
Note. 25 links equal 1 rod. 36 sec. = 1township.

Examples for the Slate.

34. A road was found to be 8ch. 301. long, how many links in
length was it ?

35. Express 45 links as the decimal of a chain.

36. Express 11 ch. 561. in chains and decimals of a chain.

37. Change 18 ch. 51 to rods.

Operation : 18.05 x4 = 72.20 rods.

38. Change 32 ch. 271. to rods and feet.

39. In a wall which measures 23 ch. 471., how many rods and how
many feet over?

How many acres are there in a rectangular piece of land

(40.) 50ch. long and 30 ch. wide ?

(41.) 45 ch. long and 24 ch. wide ?

(42.) 19.04 ch. long and 3.7 ch. wide ?

(43.) 84 ch. 8”1 long and 13 ch. 24 1. wide ?

20. Mariners, in measuring short distances at sea, use
cable-lengths and fathoms.

6 feet = 1 fathom (used in measuring depths at sea).
120 fathoms = 1 cable-length.
7£ cable-lengths = 1 common mile.

Longer distances at sea are estimated in nautical or geo-
graphical miles (Art. 335). 3 nautical miles = 1 marine league.
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21. Apothecaries’ Weight (Art. 329, note 11.).

In mixing medicines, apothecaries use the Troy pound di-
vided into ounces (0oz. or §8), drams (dr. or 5), scruples (sc.
or P)), and grains. They also use the fluid ounce (f. §), flui-
drachrn (f. 3 ), minims or drops (iq).

Weights. Liquid Measures.

20 grains = 1 scruple. 60 minims = 1 fluid drachm.
3 scruples = 1 dram. 8 fluid drachms = 1 fluid ounce.
8 drams = 1 ounce. 16 fluid ounces = 1 pint (O).

12 ounces = 1 pound. 8 pints = 1 gallon (Cong).

22. Explanation of Leap Year (Art. 339).

The earth revolves around the sun in 365 days 5 hours 48 minutes and
50 seconds nearly, but we call 365 days a year. It will be seen that what
we call a year is nearly 6 hours less than the true year, and 4 such years
nearly one day less than 4 true years. To rectify this error, 366 days are
allowed to every fourth year. The year of 366 days is called a leap year.

The addition of a day in every fourth year is too much by a number of
minutes, which in one hundred years amounts to about three fourths of a
day. To balance this error, only 365 days are allowed to the final year of a
century in three centuries out of every four.

Hence any year is a leap year, when the number denoting the year is di-
visible by 4 a*nd not by 100, and when it is divisible by

23. Miscellaneous Tables.
Books.
A book formed of sheets folded

In 2 leaves is a folio. In 16 leaves is a 16mo.
In 4 leaves is a quarto. In 18 leaves is an 18mo,
In 8 leaves is an octavo. In 24 leaves is a 24mo.
In 12 leaves is a duodecimo, In 32 leaves is a 32mo.
or 12mo. In 64 leaves is a 64mo.
Length.

3 in. = 1 palm.
9 in.= 1 span.
4 in. = 1 hand (used in measuring the height of horses).

Surface.

used in estimating shingling, plastering,

100 sqg. ft. — 1 square and other such work.
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Capacity.
1 barrel of flour = 196 pounds.
1 barrel of beef, pork, or fish =200 “
1 cental of grain orl quintal of fish = 100 “
1 cask of lime = 240

Weights of Iron and head.

14 pounds = 1 stone.
21£ stones = 1 pig.
8 pigs = 1 fother.

24. To compute Interest by Aliquot Parts (page 211).

lttustrative Example. What is the interest of $ 720 for
2y. 7mo. 29d. at 8%?

WRITTEN WORK. To compute in-

Principal, $720 terest by aliquot
0.08 parts : Find the
$57.60x2= $115.20 Int. for 2y. interest for one

gof 5760 = 28580 Y “ 6mo. period of time, as
¢;of 28.80 = 480 Y 1 mo. 1 year or 1 month,

0.8 of 4.80 = 384 2 “ 24 d. and then find the

1 of 4.80 = o.so “ “ 5d. interest for the
$153.44 Y “ 2y.7m. 29d. balance of the time

by taking conven-
tent multiples or aliquot parts of this interest or of any of the results.

25. To compute Interest at 6 % by Aliquot Parts.
(First see Oral Exercises, Art. 541.)

At 6%, what part of the principal does the interest equal for

Months. Ans. Months.  Ans. Months. Ans. Months. Ans.
a. 2°? 0.01. d. 1? 0.00J. g. 50?_1. j. 6682

b. 20? 0.1. e. 10? 0.0£. h. 40? \. k. 3337 \.
c. 200? Prin. /.100? i. 257 1. 16872

At 6%, what part of the principal does the interest equal for

Days. Ans. Days.  Ans. Days. Ans. Days. Ans.
m. 60? 0.01. 0. 30? 0.00]. q. 20? 0.00". s. 10? 0.00J.

2 6? 0.001 p. 3? 0.000~. r. 2? 0.000J. t. 1? o0.000j.



ANNUAL INTEREST. 309

lttustrative Exampte. Find the interest of $700 for
10y. 5mo. 23 d. at 6%.

WRITTEN WORK. Explanation.— 10y. 5 mo.

Principal, $ 700 = 125 mo. We first find the

| of $ 700 = 350 Int. for 100 mo. interest for 100 mo. by taking
| of 350 = 87.50 “ 25 mo. \ of the principal, then for
£ of 7 = 233 * “ 20d. 25 mo. by taking j of the in-
I of 0.70 = 035 “ 3d. terest for 100 mo. We then
$440.18 find the interest for 20 days

by taking ~ of the interest for 60 days, or of 0.01 of $700, and
the interest for 3 days by taking £ of the interest for 6 days, or £ of
0.001 of $700. The sum of these items equals $ 440.18. Ans. $440.18.

To compute interest at 6% by aliquot parts :

1. To find the interest for 200 months, take a sum equal to the prin-
cipal ; for 20 months, equal to ~ of the principal; for 2 months, equal
to of the principal; and for 6 days, equal toysW of the principal.

2. For any other periods of time, take convenient multiples or aliquot
parts of the interest for the times expressed above; and add the results.

26. Interest at any other % may be found byfirst finding the inter-
est at fife, as above, and then at any given %, as in Art. 542.

27. Annual Interest (page 220).

lttustrative Exampte. What is the interest due on a
note for $1000, interest payable annually at 6%, if no pay-
ment he made till the expiration of 4y. 6 mo. 12d. ?

In some of the States the courts have sanctioned the taking of in-
terest upon interest in cases like the above, where interest is not paid
when it becomes due. Thus, interest is allowed on the above note

For the 4y. 6 mo. 12 d. = $272.00
Also on each year’s interest ($ 60) after it becomes due,
viz. :
On the 1st year’s interest for 3y. 6 mo. 12 d.
“« o« pg o« u v 2y. 6mo. 12d.
3d u a 1y. 6 mo. 12d.
“ « 4th u u 6 mo. 12 d.

Which equals the interest of $60 for 8 y. 1 mo. 18d.

Total interest . . . $301.28
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Simple interest, taken upon the principal, and upon each year’s

interest of the principal due and unpaid, is annual interest.

Rule.

To compute annual interest : Compute simple interest on the princi-
pal for the time it is on interest. Also, on one year’s simple interest for
a period of time equal to the sum of the times for which the yearly inter-
ests severally remain unpaid. Add the results.

Examples for the Slate.

44. What is the annual interest of $ 334 for 3y. 8 m. 10d. ?
45. What is the annual interest of $ 118.50 for 5y. 3m. 18d. ?
46. What is the amount at annual interest of $175 for 6y. 2 m.

25d. ?
28. Vermont Rule for Partial Payments.

1. Compute annual interest upon the principal to the end of the first year
in which any payments are made; also compute interest upon the payment or
payments from the time they are made to the end of the year.

2. Apply the amount of such payment or payments first to cancel any in-
terests that may have accrued upon the yearly interests, then to cancel the
yearly interests themselves, and then towards the payment of the principal.

3. Proceed in the same way with succeeding payments, computing, however,
no interest beyond the time of settlement.

29. The New Hampshire Rule
is the same as the foregoing, with the following provision :

If at the time of any payment no interest is due except what is accruing
during the year, and the payment or payments are less than the interest
due at the end of the year, deduct such payment or payments at the end
of the year, ivithout interest added.

30. Connecticut Rule for Partial Payments.

1. When ayear's interest or more has accrued at the time of a payment, and
always in case of the last payment,follow the unitea States Rute

2. When 1ess than ayear's interest has accrued at the time of a payment,
except it be the last payment, find the difference between the amount of the
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principal for an entire year, and the amount of the payment for the balance
of a year after it is made; this difference willform the new principal.

3. I f the interest which has arisen at the time of a payment exceeds the
payment, compute interest upon the principal only.

31. Monetary Units of Foreign Countries (Art. 616).

The following table shows the par value in gold of the
monetary units of different countries, as published by the Sec-
retary of the Treasury of the United States, Jan. 1, 1878.

Value in
Countries. Monetary Unit. Standard. u. SGgflé)nej
Austria. Silver.... $0.453
Belgium.. Gold and silver... 0.193
Bogota Gold . . 0.965
Bolivia. . Gold and silver... 0.965
- Milreis of 1000 reis Gold.....e 0.545
British Possessions
in North America Dollar.........nn. 1.00
Central America ... Dollar.. 0.918
Peso.. 0.912
Denmark Crown.. 0.268
Ecuador Dollar........ 0.918
4.974
0.193
Great Britain Gold ... 4.866*
Greece.... . Gold and silver... 0.193
German Empire.... Gold .. 0.238
India......ccoovviiinne Silver 0.436
Gold and silver... 0.193
Japan.. 0.997
Liberia.. 1.00
Mexico.. 0.998
Netherlands.. 0.385
Norway.. 0.268
Peru ... 0.918
Portugal.... 1.08
Rouble of 100 copecks... 0.734
Sandwich Islands.. Dollar........... 1.00
Spain... Peseta of 100 centimes.. Gold and silver... 0.193
Sweden.. Crown.. Gold .. 0.268
Switzerland Franc.... Gold and silver... 0.193
Mahbub of 20 piasters... Silver............. 0.829
Piaster of 16 caroubs.... 0.118
Turkey.. Piaster.....ccoiiieiiicnnns 0.043
U. S. of Colombia. PeSO....cncnnn 0.918
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32. Table of English Money.

4 farthings (qr.) = 1 penny (d.)
12 pence = 1 shilling (s.)
20 shillings = 1 pound (£).
Also, 2 shillings = 1 florin; 10 florins — 1 pound.

33. French Money. 100 centimes= 1 franc (fr.)

34. German Money. 100 pfenniges (pennies)= 1 Reichmark
(mark).

Note. The coin which represents the pound value is gold, and called a
sovereign. The franc and the mark are both silver.

Square Root (Art. 675).

35. The following method of extracting square roots may
be substituted for that given in the body of the book, if pre-
ferred. Let it be required to extract the square root of 1296.

WRITTEN WORK. Explanation.— The formu-
Formula, la Tens2 + 2 (tens x units)
Tens2+ (2 x tens -f-units) x units. + units2 may be changed to
12'96 (36 the form, Tens2+ (2 x tens
@3 tens)2= 9 + units) x units. As the first
Trial divisor (3tens) x 2= 6 tens\ 396 part of the power, the square
o of the tens, is hundreds, the

True divViSOr .., 66/ » B
12 hundreds of the given
Or simply, number must have in it the

12'96 (36

9 square of the tens of the root.
The greatest square con-
66) 396 tained in 12 (hundreds) is 9
396 (hundreds), the square root

of which is 3 (tens). This we
write as the first term, or tens, of the root.

Taking the square of 3 (tens)= 9 (hundreds)-out of 12 (hundreds),
there remain 3 (hundreds), with which we unite the remaining part of the
number, 96, making 396, which must contain the product of two times
the tens plus the units multiplied by the units. If it contained only two
times the tens multiplied by the units, we should find the number of units
by dividing 396 by two times the tens. So we make two times the tens,
or 6 tens, the trial divisor, and find that it is contained in 39 tens 6 times.
Then 6 is probably the next term, or units, of the root. Adding 6 units to



CUBE ROOT. 313

the 6 tens (the trial divisor), we have now the true divisor, which, multi-
plied by 6, completes the square. So the given number is a perfect square,
and 36 is its square root.
36. Rule.

To extract the square root of a number :

1. Beginning with the units’figure, point off the expression into periods
of two figures each.

2. Find the greatest square in the number expressed by the left hand
period, and ‘ivrite its square root as the first term of the root.

3. Subtract this square from the part of the number used, and with the
remainder unite the next two terms of the given number for a dividend.

4. Double the part of the root already found for a trial divisor; and
by it divide the dividend (rejecting the lowest term of the dividend) and
write the quotient as the next term of the root. Also write it at the right
of the trial divisor to express the true divisor.

5. Multiply the true divisor by this term, and subtract the product
from the dividend.

6. If there are more terms of the root to be found, unite with the re-
mainder the next two terms of the given number, take for a trial divisor
double the part of the root now found, and proceed as before.

Cube Root (Art. 686).

37. The following method of extracting cube roots may he
substituted for that given in the body of the book, if preferred.
Let it be required to extract the cube root of 262144.

WRITTEN WORK. Explanation. — The
Formula, formula Tens8+ 3 (tens2
Tens3 -f (3 x tens2+ 3 x tens x units + units3) X units. X units) + 3 (tens X
262144 (64 units2) + units8 may be
(6 tens)3- 216 changed to the form,
Trial divisor (6 tens)2x 3=108 hunds.) 46144 Tens3+ (3 x tens2+ 3 X
6 tensx 3 x 4= 72 tens. tens X units + units2) x
42= 16 units.

As the first part of
the power, the cube of
the tens, is thousands, we find the greatest cube contained in 262 (thou-
sands), which is 216 (thousands), and write its cube root 6 (tens) as the

True divisor x 4= 11536 x 4= 46144

first term, or tens, of the root.
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Taking the cube of 6 (tens), 216 (thousands), out of 262 (thousands), there
remain 46 (thousands), with which we unite the remaining part of the num-
ber, 144, making 46144, which must contain (3 x tens2+ 3 x tens x units
+ units2) x units.

If the number 46144 contained only 3 x tens2 x units, we should find the
number of units by dividing 46144 by 3 times the square of the tens. So
we make this number, 108 (hundreds), the trial divisor, and find that it is
contained in 461 (hundreds) 4 times. Then 4 is probably the next term, or
units, of the root.

Adding 3 times 6 tens x 4 units, and the square of 4 units to the trial
divisor, we have the true divisor, which multiplied by 4 completes the
cube. So the given number is a perfect cube, and 64 is its cube root.

38. Rule.
To extract the cube root of a number :

1. Beginning with the units’ figure, point off the expression into periods
of three figures each.

2. Find the greatest cube in the number expressed by the left-hand
period, and write its cube root as the first term of the root.

3. Subtract the cube from the part of the number used, and with the
remainder unite the next three terms of the given number for a dividend.

4. Take three times the square of the part of the root already found
for a trial divisor, and by this divide the dividend (rejecting the lowest two
terms of the dividend) and write the quotient as the next term of the root.

5. To the trial divisor (which is hundreds) add three times the first
term of the root (tens) multiplied by the last term, also the square of the
last term.

6. Multiply this sum by the last term of the root, and subtract the
product from the dividend.

7. |f there are more terms of the root to be found, unite with the re-
mainder the next three terms of the given number, take for a trial divisor
three times the square of the part of the root now found, and proceed as
before. - -

39. To find the Capacity of a Cask or Barrel in Gallons.

Add to the head diameter § of the difference betiveen the head and bung
diameters (or, if the staves are but little curved, 0,6 of the difference).
This will give the mean diameter.

Multiply the square of the number of inches in the mean diameter by
the number of inches in length, and this product by 0.0034,
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40. Miscellaneous Examples.

47. 1f 1 lose 10% by selling goods at 18 cents per yard, for what
should they have been sold to gain 20% ?

48. If 30 men, working 11 hours a day, can do a piece of work in
a certain time, how many more men must be employed, when it is
half done, to finish it in the same number of days, working 10 hours
a day ?

49. Two armies are in opposite directions from a certain point, one
being 300 miles east and the other 250 miles west of it, and marching
towards each other, the first at the rate of 15 and the other of 18 miles
in aday. In how many days will they meet, and where ?

50. If, by selling goods at 60 cents per Ib., 20% is gained, what %
would have been gained by selling them at 75 cents per Ib.?

51. A broker purchases a lot of stocks at an average of 9% below
par, and sells them at an average of 7f% above par, and makes $300.
What was the par value of the stocks ?

52. How many bushels of corn at 50 cents a bushel must be mixed
with 30 bushels of grain at 80 cents a bushel, that the mixture may
be worth 75 cents a bushel?

Note. Take such a quantity of corn as shall make the gain in selling it
at 75 cents a bushel equal the loss in selling the grain at 75 cents a bushel.

53. How much water must be mixed with a barrel of ink (31 gals.),
which cost $34.10, that it may be sold at $ 1.10 a gallon and 25% be
gained ?

54. 20% of alot of barley, originally 5000 bushels, was destroyed
by fire, the cost having been $ 1* per bushel. What per cent will be
gained on the lot by selling the remainder at $2 per bushel?

55. | sell ~ of a lot of goods for $9, and thereby lose 25%. For
what must | sell the remainder to make 8% on the whole ?

56. | sold 4 ploughs at $ 24 each ; on 2 of them | made 20%, and
on 2 | lost 20%. What did | gain or lose on the whole ?

57. Divide 52 into two such parts that | of one part shall equal $
of the other.

58. How many cubic yards of earth must be removed for a cellar
10 feet deep and measuring inside the walls 27 feet long and 15 feet
wide, the wall being 2 feet 6 inches thick ?

59. If 10% is lost by selling boards at $ 7.20 per M., what % would
be gained by selling them at 90 cents per C.?
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60. A person takes a note on 2 months for $ 110 in payment for a
watch. On getting the note discounted at a bank, he finds that he
has lost 40% on the first cost of the watch. What was the cost?

61. What would be due May 1, 1878, on a note for $ 1000, dated
March 26, 1875, at 8% interest, on which $ 200 were paid at the end
of each year from the date of the note ?

62. If | buy coal at $4.12 per ton on 6 months’ credit, for what
must | sell it immediately to gain 10% ?

63. What will a pine log weigh whose length is 18 ft., measuring
3 ft. & xss the larger end, and 2£ ft. across the smaller, pine being 0.6
as hea ~as water, which weighs 62£ Ibs. to a cubic foot ?

64. / n uired the number of square feet in the surface of a ditch
surrounding a circular garden which is 25 yards across, the ditch being
2~ ft. wide.

65. An aeronaut ascends at the rate of 4\ miles an hour for 40
minutes, after which he maintains the same elevation ; if his balloon
is driven east 7 miles during the first hour from the time of his start-
ing, and in an opposite direction at the rate of 10 miles an hour for
the remaining time, how far from his starting-point in a straight line
is he at the end of 5 hours ?

66. 13% is lost by selling a lot of land for $ 783. What would it
have brought if it had been sold at a loss of 8" % ?

67. What will be the per cent of gain on the cost of a Gas Co.’s
stock, the par value of shares being $87.50, if it be bought at 15%
below par, and sold at 1 9 above par?

68. What is the length of the edge of the largest cube that can be
sawed from a globe 9 inches in diameter ?

69. Two boys tried their skill in running for pegs. Five pegs were
set up in a line 6 feet apart, the first being 6 feet from the starting-
point. How far must each boy run to fetch all the pegs one at a time
to the starting-point ?

70. John Barnes bought, June 8, 1875, 10 bales of cotton cloth, 14

pieces in a bale, 43 yds. in a piece, at 8/ per yd., for which he gave
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