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PREFACE.

THE remarkable and long continued popularity of Ray's
Arithmetics has induced the publishers to present them to
the public in a revised form, as Ray's New Arithmetics.

The objects of the revision have been:

(1) To present the books in improved type, with
better arrangement, and in a more pleasing outward
dress.” .

(2.) To introduce such new featurcs as will adapt the
series more perfectly to the present methods of instruc-
tion.

The friends of the series can best judge what success
in attaining these objects has been made.

The publishers hereby express their gratitude to many
prominent educators who have contributed to this re-
vision, and only regret that their number prevents the
mention of names.

CinciNNaTI, April, 1877,
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SUGGESTIONS TO TEACHERS.

IN beginning the study of Arithmetic, the first step for pupils
to learn is to count readily. This is not mastered without much
practice in counting ofjects. Movable objects are better for exercises
in counting than pictures. Some objects of this kind should always
be kept in the school-room,—such as marbles, beans, kernels of corn,
or pebbles.

The second step is to combine numbers. To master the different
combinations to 20, the pupils should first be taught to weite the
tables corresponding with those in the book, either upon their slates
or on the blackboard, during the recitation. This will prevent
counting upon the fingers, a habit difficult to overcome when once
acquired.

As the abstract exercises in this book, up to 20, are exhaustive in
Addition and Subtraction, and as complete in Multiplication and
Division as possible in order to secure variety, it would be well to
prepare additional concrete examples from day to day to correspond
with the very full abstract exercises. An excellent practice is to
require each pupil to bring two or more concrete examples of his
own to each recitation.

Teach one thing at a time, and teach it thoroughly.

O]
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UMBERS AND FIGYRES.

LESSON 1.

Note.—This lesson is intended to suggest how to teach the child
to count objects and to express their number by figures. It com-
prises the first ten numbers. The pupil points to each ball and says,
one; one, two; one, two, three, etc. Then the teacher directs him to
write the figure for one, for two, ete.

@@@@e@@@ cight,
Q9990999 . .
9099999999 .« .1

NN NN NN
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LESSON II.

Nore.—In this lesson the numbering of objects is extended to 40.
A single column or less may constitute one exercise, as may seem
best to the teacher.

Eleven . . . 11| Twenty-one . 21| Thirty-one. . 81
Twelve . . . 12| Twenty-two . 22 | Thirty-two. . 32
Thirteen . . 13 | Twenty-three . 23 | Thirty-three . 33
Fourteen . . 14| Twenty-four . 24 | Thirty-four . 34
Fifteen . . . 15| Twenty-five . 25| Thirty-five. . 35
Sixteen . . . 16 | Twenty-six . 26 | Thirty-six . . 36
Seventeen . . 17 | Twenty-seven. 27 | Thirty-seven . 37
Eighteen . . 18 | Twenty-eight . 28 | Thirty-eight . 38
Nineteen . . 19 | Twenty-nine . 29 | Thirty-nine . 39
Twenty. . . 20| Tamry ., ., . 30| Forry . . . 40
LESSON IIIL

NoTe.—In this lesson the numbering of objects is extended to 70.
Each exercise should include a review of the preceding ones.

Forty-one . . 41| Fifty-one . . 51(Sixty-one . . 61
Forty-two . . 42| Fifty-two . . 52| Sixty-two . . 62
Forty-three . 43 | Fifty-three. . 53| Sixty-three . 63
Forty-four . . 44 | Fifty-four . . 54| Sixty-four . . 64
Forty-five . . 45 | Fifty-five . . 55| Sixty-five . . 65
Forty-six . . 46| Fiftysix . . 56| Sixty-six . . 66
Forty-seven . 47 | Fifty-seven . 57 | Sixty-seven . 67
Forty-eight . 48| Fifty-eight . . 58 | Sixty-eight. . 68
Forty-nine . . 49| Fifty-nine . . 59 | Sixty-nine . . 69
Frrry . . . 50(Sixry . . .60 (Seventy . .70




Seventy-one
Seventy-two

Seventy-three .
. 74
.75
. 76

Seventy-four
Seventy-five
Seventy-six
Seventy-seven

Seventy-eight .
Seventy-nine .
. 80

EisHTY .

.71
.72

NUMBERS AND FIGURES.

73

KK
78
79

NINETY .

LESSON V.

LESSON IV.
Eighty-one. . 81
Eighty-two . 82
Eighty-three . 83
Eighty-four . 84
Eighty-five . 85
Eighty-six . . 86
Eighty-seven . 87
Eighty-eight . 88
 EBighty-nine . 89

. 90

Ninety-one
Ninety-two
Ninety-three
Ninety-four
Ninety-five
Ninety-six .

Ninety-eight
Ninety-nine

.9
. 92
. 93
. 94
. 95
. 96

Ninety-seven .

97

. 98
.99

OnE HunDRED 100

Nore.—Pupils should be taught to read figures readily frem 1 to

100. The figures should be copied on the blackboard.
NUMBERS TO BE READ.
0 23 50 61 71 80 78 59
1 32 15 26 27 18 87 95
10 33 51 62 72 81 88 69
11 4 25 36 37 28 9 96
2 40 52 63 73 82 90 79
20 14 35 46 47 38 19 97
12 41 53 64 74 83 91 89
21 24 45 56 57 48 29 98
22 42 54 65 75 84 92 99
3 34 55 66 67 58 39 100
30 43 6 7 76 85 93
13 44 60 70 i 68 49
31 5 16 17 8 86 94
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LESSON VI

Nore.—The pupils must be thoroughly exercised in writing num-
bers. One or more pupils at a time may be sent to the blackboard,
or the work may be done at their seats with pencil and slate.

NUMBERS TO BE WRITTEN.

1. Naught; one, ten; two, twenty; three, thirty; four,
forty ; five, fifty; six, sixty; seven, seventy ; eight, eighty;
nine, ninety.

2. Eleven; twelve, twenty-one; thirteen, thirty-one;
fourteen, forty-one; fifteen, fifty-one; sixteen, sixty-one;
seventeen, seventy-one; eighteen, eighty-one; nineteen,
ninety-one.

3. Twenty-two; twenty-three, thirty-two; twenty-four,
forty-two; twenty-five, fifty-two; twenty-six, sixty-two;
twenty-seven, seventy-two; twenty-eight, eighty-two;
twenty-nine, ninety-two.

4. Thirty-three; thirty-four, forty-three; thirty-five,
fifty-three; thirty-six, sixty-three; thirty-seven, seven-
ty-three; thirty-eight, eighty-three; thirty-nine, ninety-
three.

5. Forty-four; forty-five, fifty-four; forty-six, sixty-four;
forty-seven, seventy-four; forty-eight, eighty-four; forty-
nine, ninety-four. '

6. Fifty-five; fifty-six, sixty-five; fifty-seven, scventy-
five; fifty-eight, eighty-five; fifty-nine, ninety-five.

7. Sixty-six; sixty-seven, seventy-six; sixty-eight, eighty-
six; sixty-nine, ninety-six.

8. Seventy-seven; seventy-eight, cighty-seven; seventy-
nine, ninety-seven.

9. Eighty-eight; eighty-nine, ninety-eight.

10. Ninety-nine. One hundred.
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B )RAL  EIXERCISES.

LESSON VIIL

Note.—These exercises are intended for use with the Numeral
Frame or with counters of some kind,—marbles, pebbles, kernels of
corn, beans, or bits of pasteboard. The objects should be arranged
in distinct groups, to represent each number indicated.

1. How many counters have we here? (/)

2. How many are 1 and 1%_ One taken away from 2
leaves how many? How many ones in 2? How many
are two times 17

3. How many are 2 and 1? How many arc 1 and 1
and 1? How many are three times 1?

4. One taken away from 3 leaves how many? Two
taken away from 3 leaves how many? How many ones
in 37

5. How many are 3 and 1? How many are 2 and 2?
How many are 1 and 1 and 1 and 1? How many are
four times 1? How many are two times 2?

6. Onc taken from 4 leaves how many? . Two from 4

(9)
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leaves how many? Three from 4 leaves how many?
How many ones in 4? How many twos in 47?

7. How many are 4 and 1? How many are 3 and 2?
How many are 1 and 1 and 1 and 1 and 1? How many
are five times 17

8. One from 5 leaves how many? Two from 5 leaves
how many? Three from 5 leaves how many? Four
from 5 leaves how many? How many ones in 5?7

»

LESSON VIIIL

1. How many are 5 and 1? How many are 4 and 2?
How many are 3 and 3? How many are six times 17?
How many are three times 2? How many are two
times 37

2. One from 6 leaves how many? Two from 6? Three
from 6? Four from 6? Five from 6? How many ones
in 6? How many twos in 6? How many threes in 6?

3. How many are 6 and 1? How many are 5 and 2?
How many are 4 and 3? How many are 3 and 4? How
many are seven times 1?

4. One from 7 leaves how many? Two from 7? Three
from 7? Four from 7? TFive from 7? Six from 7? How
many ones in 77?

5. How many are 7 and 1? How many are 6 and 2?
How many are 5 and 3? How many are 4 and 4? How
many are 3 and 5? How many are 2 and 6?

6. How many are eight times 1? How many are four
times 2?7 How many are two times 4?

7. One from 8 leaves how many? Two from 8? Three
from 8? Four from 8? Five from 8? Six from 8?
Seven from 8? .

8. How many ones in 8? How many twos in 8? How
many fours in 8?
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LESSON IX.

1. How many are 8 and 1? How many are 7 and 2°?
How many are 6 and 3? How many are 5 and 4? How
many are 4 and 57 How many are 3 and 6? How
many are 2 and 7?

2. How many are nine times 1? How many are three
times 3?

3. One from 9 leaves how many? Two from 9? Three
from 9? Four from 9? Five from 9? Six from 9?
Seven from 9? Eight from 97?

4. How many ones in 9? How many threes in 9?

5. How many are 9 and 1? How many are 8 and 2?
How many are 7 and 3?7 How many are 6 and 4? How
many are 5 and 5?

6. How many are 2 and 8? How many are 3 and 77
How many are 4 and 67

7. How many are ten times 1? How many are five
times 2? How many are two times 5?

8. One from 10 leaves how many? Two from 10?
Three from 10? Four from 10? Five from 10? Six
from 10? Seven from 10? Eight from 10? Nine from
10?

9. How many ones in 10? How many twos in 107
How many fives in 10?




LESSON X.

In the picture how many birds are sitting on the
bush? How many in the flock that seems to be light-
ing? There are two distant flocks flying: how many
birds in each flock?

1. How many birds are two birds and five birds?
How many birds are seven birds and four birds?

2. How many are 2 and 5? 7 and 4?

3. How many birds are two birds and four birds?
How many are five birds and seven birds?

4. How many are 2 and 4? 5 and 77

5. There are three flowers on one branch and three on
another: how many flowers on both branches?

(12) ¥
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FRACTIONS. 77

LESSON XLII.

1. A man, having 102 acres of land, divided it equally
among his 6 children: how much did each receive?

SoruTtioN.—103 =72, Each received } of %2 acres, which is
12, or 13 acres.

. If 24 be divided by 7, what will be the result?
How many times is 6 contained in 3%?

. How many times is 9 contained in 63§?

. Divide 8% by 5. 7% by 10.

. Divide 44 by 11. 8% by 12.

. If 1} yards of ribbon cost 6 cents, what will 1
yard cost?

A N )

SoLuTioN.—13 =4$§. 3} a yard cost } of 6 cents =2 cents; then, 1
yard cost 2 times 2 cents =4 cents.

8. If 1} yards of cloth cost $4, what will 1 yard cost?

9. If a man travel 9 miles in 1% hours, how far will
he travel in 1 hour?

10. A watch was sold for $18, which equaled 11 of
what it cost me: how much did it cost?

11. A grocer sold a lot of flour for $25, which was 1}
times the cost: what did it cost? How much did he gain?

12. If a man pays $6 for 11 yards of cloth, what is the
cost of 1 yard?

13. If a man receives $10 for 23 days work, how much
is that a day?

14. If a man receives $12 for 62 days work, how much
is that a day?

15. How many are 9 divided by 3%?

16. How many are 10 divided by 21?

17. How many are 11 divided by 4§?
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LESSON XLIII.

1. If a yard of cloth cost $%, how many yards will
cost $4¢7?

SoLUTION.—4§ = 8% As many yards as % are contained times
in 3%, which are 5L =17%.

2. When a bushel of corn costs $1, how many bushels
can you buy for $1%?

3. I distributed 2% bushels of wheat among a number
of poor persons, giving to each £ of a bushel: how many
persons were there?

4. At $} a yard, how many yards of alpaca can be
purchased for $3%?

5. At $3 a yard, how many yards of cloth can be
purchased for $3%}°?

6. If an apple cost § of a cent, how many apples can
be purchased for 3% cents? For 5} cents?

7. If a yard of cloth cost $3, how many yards can you
purchase for $4%?

8. How often is 1} contained in $? In 4? In 237

9. How often is 2} contained in £? In £? In 3}?

10. How often is 3% contained in $? In 3? In 53?

11. 5} is 1 of what number? 1 of what number?
12. 74 is % of what number? 4 of what number?
13. 9% are § of what number? £ of what number?
14. 4% are 2 of what number? & of what number?
15. 32 are § of what number? 3 of what number?

16. How often is % contained in 33? In 53? In 44?

17. How often are 2 contained in 22? In 43? In 617

18. How often are § contained in 32? In 4%? In 73°?

19. How often are § contained in 43? In 53? In 84?

20. How often are  contained in 23%? In 62 ? In
94?7 In 1037
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21. At $2 a gallon, how many gallons of vinegar can
you buy for $22? For $41?

22. One bushel of rye is worth £ of a bushel of wheat:
how many bushels of rye can be bought with 4} bushels
of wheat? With 8} bushels?

LESSON XILIV.

The examples in this lesson are to be solved by using
the following tables, where applicable:

I.—FractioNAL PARrRTS OF 12.°

2=4% 6=13%

3=1% 8—=4%.

4=3% 9=4%
10=3.

IT.—FractioNaL PArTs or 100.

120 =1 M=%

163 =3 50 = 1.

20 =1 621 = §.

25 =1 663 = 2.

331 =1 75 =3
873 =%,

1. Bought § of a dozen shirts, at $24 a dozen: what
did they cost?

SorLuTioN.—They cost $ of $24 —$18.

2. Bought £ of a dozen linen collars, at $3 a dozen:
what did they cost?

3. Bought ¢ of a dozen handkerchiefs, at $4 a aozen:
how much did they cost?
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4. A grocer bought 6} dozen eggs, for 16 cents a dozen:
how much did they cost?

5. Bought 1% dozen pairs of hose, for $22 a dozen: how
much did they cost? What did each pair cost?

SoLuTioN.—13=4§; 22 =232 They cost § of $32=9§4. Each pair
cost 5 of $32=8§L.

6. Bought 2} dozen copy-books, for $11 a dozen: how
much did they cost? What was the cost of each book?

7. A merchant bought 6% dozen knives, for $1{ a
dozen: what did they cost? What did 1 knife cost?

8. Paid $5 a set, or 4 dozen, for 2} dozen spoons: what
did they cost?

9. Bought 4% dozen spelling-books, at $21 a dozen: how
much did they cost? What did 1 book cost?

10. A man bought 2} dozen bhandkerchiefs, for $63:
how much was that apiece?

SoruTioN.—2}=$¢; 63=27. He bought } of a dozen, or 3
handkerchiefs, for § of $27—$%; then, 1 handkerchief cost 3 of

3 =41

11. A merchant paid $3;4; for 73 dozen pairs of dam-
aged hose, and sold them for $;4; a pair: how much did
he gain on each pair?

12. A merchant paid $15 for 2} dozen silk handker-
chiefs, and sold them for $3 apiece: how much did he
gain on each handkerchief? How much on the whole
lot ?

13. Paid $18% for 6& dozen knives, and sold them for
$2.1; a set, or 4 doz.: how much did I gain?

14. What Will 16 pounds of soap cost, at 12} cents a
pound ?

SoLuTioN.—12} cents==$}; then. 16 pounds will cost 16 times

$} =1§5-, or $2.
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15. What will 12 pounds of prunes cost, at 16% cents
a pound?

16. What will 24 yards of alpaca cost, at 37} cents a
yard?

17. What will 16 yards of flannel cost, at 62} cents a
yard?

18. What will 15 pounds of coffee cost, at 33% cents a
pound ?

19. What will 27 yards'of flannel cost, at 66% cents a
yard?

20. What will 15 yards of cloth cost, at $1.66% a yard?

21. Paid $12 for coffce, at 33% cents a pound: how
many pounds did I buy?

SoLuTION.—38% cents—=$3}. I bought as many pounds as } is
contained times in 12, which are 36.

22. Paid $1} for eggs, at 12} cents a dozen: how many
dozen did I buy?

23. Paid $7} for flannel, at 62} cents a yard: how
many yards did I buy?

24. Paid $8 for flannel, at 66% cents a yard: how
many yards did I buy?

25. Multiply 32 by 123.

SOLUTION.—12} = } of 100; then, 82 X 12} = 32 + 8 X 100 = 400.

26. Multiply 18 by 50. 40 by 623 68 by 75.
27. Multiply 48 by 75. 24 by 375 51 by 334
28. Multiply 39 by 66%. 64 by 873 96 by 623.
29. Divide 150 by 12}.

\

SOLUTION.—150 12} = 150 X 8 = 100 =12,

30. Divide 200 by 162. 560 by 20. 250 by 25.
31. Divide 350 by 373. 600 by 50. 750 by 623.
Int, 6.



LHESSON XLV.

1. William had 23 cents: Thomas gave him 8 cents
more, George 6, James 5, and David 7; he gave 15 cents
for a book: hew many cents had he left?

2. A grocer paid $12 for sugar, $9 for coffee, $5 for tea,
$7 for flour, and had $10 left: how many dollars had he
at first?

3. A boy has 11 cents: his father gives him 9 cents,
his mother 6, and his sister enough more to make 34:
how many cents does his sister give him?

4. Five men bought a horse for $42: the first gave $13;
the second, $7; the third, $5; and the fourth, $9: how
many dollars did the fifth give?

5. A man purchased 8 sheep, at $4 a head; 5 barrels
of flour, at $3 a barrel; 4 yards of cloth, at $3 a yard;
and 5 ounces of opium, at $1 an ounce: how much did
he spend?

6. A boy lost 25 cents: after finding 15 cents, he had
25: how many cents had he at first?

7. A man owed a debt of $28, and paid all but $9: how
much did he pay?

8. Borrowed $56: at one time I paid $23; at another,
all but $7: how much did I pay the last time?

9. James borrowed 37 cents: at onc time he paid 5
cents, at another 8, and the third time, all but 15: how

many cents did he pay the third time? @)
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10. A farmer sold 1 cow, at $18, and 5 pigs, at $3
each, receiving in payment 3 sheep, at $3 each, and the
rest in money: how much money did he receive?

11. A farmer sold 12 barrels of cider, at $3 a barrel: he
then purchased 5 barrels of salt, at $3 a barrel, and some
sugar, for $8: how many dollars had he left?

12. A merchant purchased 13 hats, at $4 each;5 pairs
of shoes, at $2 a pair; and an umbrella, for $7: what
must he sell the whole for to gain $9°?

13. If 2 barrels of flour cost $12, what will 7 barrels
cost? B barrels?

14. If 3 barrels of cider cost $12, what will 4 barrels
cost? 9 barrels?

15. If 4 yards of cloth cost $28, what will 7 yards cost?

16. If 5 tons of hay cost $35, what will 8 tons cost?

17. If 7 apples cost 28 cents, what will 3 apples cost?

18. If 8 oranges are worth 24 apples, how many apples
are 3 oranges worth?

19. If 2 pounds of cheese cost 36 cents, what will 3
pounds cost?

20. If 8 yards of cloth cost $56, what will 7 yards cost?

21. If 9 yards of calico cost 72 cents, what will 6
yards cost? 8 yards? 10 yards?

22. A walks 5 miles, while B walks 3: when A has
gone 35 miles, how far has B gone?

23. Joseph and his father are husking corn: the father
can husk 7 rows while Joseph husks 3: how many rows
will Joseph husk while his father husks 42°?

24. Charles can earn $9 while Mary earns $4: how
many dollars will Charles earn while Mary earns $28.

25. If 6 horses eat 12 bushels of oats in a week, how
many bushels will 10 horses eat in the same time?

26. If five horses eat 16 bushels in 2 weeks, how long
would it take them to eat 56 bushels?
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27. If 6 apples are worth 18 cents, how many apples
must be given for 5 oranges, worth 6 cents each?

28. How many horses can eat in 9 days the same
amount of hay that 12 horses eat in 6 days?

LESSON XLVI

1. If 4 yards of cloth cost $16, what will 5 yards
cost? 9 yards?

2. What arc & of 72? § of 72?

3. If you had 64 cents, how many orangcs could you
buy, at 8 cents each?

4, Ninety-six is how many times 6?

5. James had 48 chestnuts: he gave } of them to his
brother, and % to his sister: how many had he left?

6. Nine times 9 are how many times 127

7. In 85 how many ninthg? TIn 94?

8. Reduce #%;, 139, 240, to their lowest terms.

9. Reduce &, {4, 4}, to a least common denominator.

10. A farmer planted 4} acres in potatoes, 203 acres
in wheat, and 24% acres in oats; how many acres did he
plant?

11. From 9% take 5%.

12. A man having 84 miles to travel, went } of the
distance the first day, 4 the second, and the rest the
third day: what part did he travel the last day, and
how far?

13. What are 9 times ;?

14. What are 4 of 12?

15. If 4 yards of cloth cost $15, what will 7 yards
cost?

16. How many are 7 times 757

17, Four times 63 ave how many times 7°?
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| DRY MEASURE.

="

66. Dry Measure is used
in measuring grain, vege-
tables, fruit, coal, etc.

TABLE.
2 pints (pt) make 1 quart, marked qt.
8 quarts « 1 peck, «  pk.
4 pecks « 1 bushel, « bu

NotEes.—1. The standard of dry measure is the bushel, which is
a cylindrical measure 18} inches in diameter, 8 inches deep, and
containing 2150% cubic inches.

2. The English quarter contains 8 bushels of 70 pounds each, and
is used in measuring grain.

3. The chaldron, used for measuring coal, is employed in England
and some of the United States. It contains 36 bushels.

MENTAL EXERCISES.

ExampLe.—How many pints are there in 4 quarts?

SoruTroN.—Since in 1 quart there are 2 pints, in 4 quarts there are
4 times 2 pints, which is 8 pints.

Concrusion.—Therefore, in 4 quarts there are 8 pints.
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1. How many pints in 3 quarts? In 5 qt.? In
qt.? In 7 qt.?

2. How many quarts in 2 pecks? In 3 pk.? In A
pk.? In 5 pk.?

3. How many pecks in 2 bushels? In 4 bu.? In 3
bu.? In 5 bu.?

4. How many pecks in 6 bushels? In 9 bu.? In8bu.?
In 10 bu.?

-

"ExampLE.—How many quarts are there in 6 pints?

SoruTIoN..—Since 2 pints equal 1 quart, 6 pints equal as many
quarts as 2 is contained times in 6, which are 8.

ConcrusroN.—Therefore, in 6 pints there are 3 quarts.

5. How many quarts in 4 pints? In 8 pt.? In 12 pt.?
In 16 pt.?

6. How many pecks in 8 quarts? In 32 qt.? In 64
qt.? In 24 qt.?

7. How many bushels in 8 pecks? In 32 pk.? In
16 pk.?

8. How many bushels in 12 pk.? In 20 pk.? In
64 qt.?

MODEL SOLUTIONS.

ExamrrE.—Reduce 177 pints to higher denominations.

SorutroN.—Since 2 pt. make 1 qt., 177 pt.
make as many qt. as 2 is contained times in =~ OPERATION.
177, =88 qt. and 1 pt. remaining. 2177 pt.
Since 8 qt. make 1 pk., 88 qt. make as man NQQ
pk. as 8 is gontained tilr)nes in %8, =11 pk. ’ 8)88 at. 1 pt
Since 4 pk. make 1 bu., 11 pk. make as many 4)2 pk.
bu. as 4 is contained times in 11,=2 bu. and '3 2 bu. 3 pk.
pk. remaining.

ConcrustoN.—Therefore, in 177 pt. there are 2 bu. 3 pk. 1 pt.
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ExampLE.—Reduce 4 bu. 1 pk. - OPERATION.

7 qt. 1 pt. to pints. bu. pk. gt pt
4 P 41 7 1
Sor.utIoN.—Since in 1 bu. there are 4

4 pk., in 4 bu. there are 4 times 4 pk., 1_6. K

which are 16 pk.; 16 pk.+4 1 pk.= p

17 pk. 1
Since in 1 pk. there are 8 qt., in 17 17 pk.

pk. there are 17 times 8 qt., which are 8

136 qt.; 136 qt. 4 7 qt. = 143 qt. Tan
Since in 1 gt. there are 2 pt., in 143 136 qt

qt. there are 143 times 2 pt., which are __7

286 pt.; 286 pt. - 1 pt.= 287 pt. 143 qt.
CoNcLusIoN.—Therefore, in 4 bu. 1 —2

pk. 7 qt. 1 pt. there are 287 pt. 286 pt.

Hence we deduce the following rules . _];
for Reduction: . 287 pt.

From Higher to Lower Denominations.—Multiply
the highest denomination given, by that number which it takes
of the next lower denomination to make one of this higher;
add to the product the number, if any, of the next lower
denomination.

Proceed in like manner with the result obtained, until the
whole is reduced to the required denomination.

From Lower to Higher Denominations.—Divide the
given quantity by the number of units of its own denomina-
tion which make one of the next higher.

Proceed in like manner with the quotient thus obtained, till
the whole is reduced to the required denomination.

The last quotient, with the several remainders, if any,
annexed, will be the answer.

Proor.—Reverse the operation; that is, reduce the an-
swer back to the denomination from which it was derived.
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]

EXAMPLES.

. Reduce 2 bu. to pints.

. Reduce 172 pt. to bushels.

. Reduce 5 bu. 1 pk. to pints.

. Reduce 408 pt. to bushels.

. Reduce 1 bu. 1 pk. 1 qt. to quarts.
. Reduce 18 bu. 3 pk. to pints.

. Reduce 1803 pt. to bushels.

. Reduce 12 bu. 1 pk. 3 qt. to pints.
. Reduce 21132 qt. to bushels,

10. Reduce 24188 pt. to pecks.

11. Bought 10 bushels of plums at 5 cents a quart: what
did they cost?

12. Bought 8 bu. 3 pk. of blackberries at 8 cents a
quart, and sold them for 10 cents a quart: how much did
I gain?

13. A man sold 108 bu. 3 gt. of corn at the rate of one
cent a pint: what did it bring?

14. How many bushels of wheat can be purchased for
$17.30, at 2 cents a pint?

15. In fifteen cars of wheat containing 300 bushels
each, how many quarts?

16. A dealer bought a load of apples for $10.50. The
price paid per bushel was 42 cents. How much did he
gain by selling all at 20 cents a peck?

17, In 100000 pt. how many bushels?.

8. How many bags, each containing 2 bu. 2 pk., will
be needed to contain 62 bu. 2 pk.?

’lg. A dealer bought 40 barrels of apples, each con-
taining 2 bu. 1 pk,, at $2 a barrel. He retailed them at
30 ct. a peck: how much did he gain?

20. How many pecks of potatoes in eighty-seven
pints?

L =T O S i Ly Y
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67. Avoirdupois Weight is used in weighing ordinary
articles that are bought and sold by weight, such as
groceries, metals, drugs by wholesale, etc.

TABLE.
16 ounces (0z.) make 1 pound, marked 1b.
100 pounds “ 1 handred-weight, « cwt.
20 cwt., or 2000 lb., « 1 ton, « T,

NotEes.—1. The standard avoirdupois pound of the United States
is determined from the Troy pound, and contains 7000 gr. Troy.

2. At the Custom-house and in some trades, 2240 pounds are con-
sidered a ton.

MENTAL EXERCISES.

1. How many ounces in one half a pound?

2. How many cunces in one quarter of a pound? How
many in two quarters? How many in three quarters?

3. How many ounces in 3 pounds? In21b.? In41b.?

4. How many pounds in 32 ounces? In 96 0z.? In 80
oz.? In 48 oz.?
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EXAMPLES.

ot

. Reduce 1 T. to ounces.
. Reduce 32000 oz. to tons.

3. Reduce 325 1b. to ounces.

4. Reduce 1000224 oz. to tons.

9. Reduce 316450 ounces to denominations of higher
orders.

6. Reduce 14 T. 1512 1b. 14 oz. to ounces.

7. Reduce 360 cwt. 5 1b. to ounces.

B Reduce 8374160 oz. to tons.

9. Reduce 14 Ib. 10 oz. to ounces.

10. -Reduce 17460 1lb. to tons.

11. Bought 2345 1b. of hay, at one cent a pound: what
did it cost?-

12. What is the cost of 3014 1b. of sugar, at 15 cents a
pound?

‘13. What is the cost of 20094 lb. of iron, at 4 cents a
pound ?

i14. A man bought 15 cwt. of lead, at 10 cents a pound,
and paid for it with sugar, at 15 cents a pound : how much
sugar did it take?

15. At 25 cents a pound, what quantity of grapes can be
bought for $450°?

16. How many pounds will 36 books weigh, if the
weight of each book is 20 oz.?

17. The United States Postal Department charges 1
cent an ounce for all matter of the «third class.” What
would be the postage on a parcel of this nature weighing
3 1b. 3 0z.?

¥ Reduce 17} T. to ounces.

19. Reduce 2 T. 12 cwt. 8 1b. 4 oz. to ounces.

20. In one load of hay there were 1480 pounds; in an-
other, 1520 pounds. How much in both?

(8]



68. Long Measure is used in
measuring distances, or length in
any direction.

TABLE.
12 inches (in.) make 1 foot, marked ft.
3 feet « 1 yard, « yd
5% yards “ 1 rod, « rd.
320 rods « 1 mile, “  mi,

Notes.—1. The yard is the standard unit of length. The standard
yard for the United States is kept at Washington. A copy is depos-
ited at the capital of each State.

2. The yard and its subdivisions are used in measuring cloth,
ribbon, lace, etc.

MENTAL EXERCISES.

1. How many inches in 2 feet? In 4 ft.? In 3 ft.?
In 5 ft.?

2 How many feet in 48 inches? In 72 in.? In 120
in.? In 96 in.?

3. How many feet in 5 yards? In 7 yd.? In 6 yd.?
In 12 yd.?

4. How many yards in 12 feet? In 21 ft.? In 18 fi.?
In 27 ft.? _

5. How many yards in 5 rods?
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SoLuTIoN.—Since in 1 rod there are 5} yards, in 5 rods there are
5 times 5} yards. Five times 5 yards are 25 yards, and five times }
yard = § yards, or 2} yards, which added to 25 yards make 273}
yards.

ConcrusioN.—Therefore, in 5 rods there are 27} yards.

6. How many yards in 4 rods? In 6rd.? In9rd.?
7. How many rods in 15 yards?

SorLuTioN.—Since there are 5} yards in 1 rod, in 15 yards there
are as many rods as 5} is contained times in 15.

Since 1 yard = 2 halves, 6} yards — 5} times 2 halves, which is
11 halves; and 15 yards — 15 times 2 halves, which is 80 halves.
11 halves are contained in 80 halves 2 times, with a remainder of 8
half yards — 4 yards.

ConcrusioN.—Therefore, in 15 yards there are 2 rods and 4 yards.

8. How many rods in 25 yards? In 34 yd.? In
44 yd.?
EXAMPLES.

. Reduce 2 mi. to rods.
Reduce 5 yd. 1 ft. 6 in. to inches.
Reduce 2340 rd. to miles.
Reduce 12 mi. 280 rd. to rods.
. Reduce 2 yd. 1 ft. 8 in. to inches.
. Reduce 143808 in. to rods.
. Reduce 13600 in. to yards.
'8, Reduce 5 mi. 138 rd. 3 yd. to feet.

!9. A steamboat moves at the rate of 70 feet in a second:
how far will it go in 3630 seconds?

{10. If a horse can travel 1 mile in 6 minutes, how many
yards will be travel in an hour?

{11. How many rods from Cincinnati. to Columbus, the
distance being 120 miles ?

f12. The circumference of a carriage-wheel is 15 feet:
how many times will it revolve in going 7 miles?

!
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69. Land or Square Measure is used in measuring
any thing which has both length and breadth.

A Square is a figure having four 1 inch.

equal sides and four right angles, or
equal corners. (Teacher explain.)

A Square Inch is a square, each
side of which is one inch long.

One square inch.

1 inch.

A Square Foot is a square, each
gide of which is a foot long.

A Square Yard is a square, each side of which is a

yard long.
The figure shows that a square 8 feet.
yard, that is, 3 feet square, contains 9 e

square feet.

By 3 feet square, we mean a square,
cach side of which is three feet; but
3 square feet are 3 small squares, each
a foot long and a foot wide. 3 feet
square contains 9 square feet. (Teacher explain.)

3 feet.
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A Rectangle is a figure having four sides and four
right angles.

The Area of a figure is the number of
times it contains the unit of measure.

The Unit of Measure for surfaces is a
square whose side is a linear unit; as, a square inch, a
square yard.

70. To FIND THE AREA OF A RECTANGLE.—Multiply the
length by the breadth.

To FIND THE LENGTH.—Divide the area by the breadth.

To FIND THE BREADTH.—.Divide the area by the length.

TABLE. ,
144 square inches (sq. in.) make 1 square foot, " marked sq. ft.
9 square feet “ 1 square yard, T sq. yd.
30} square yards « 1 squarerd. or perch, : « sq. rd.
160 square rods « 1 acre, « A,
640 acres « 1 square mile, “  sq.mi.

MENTAL EXERCISES.

1. How many square feet in 3 square yards? In 2 sq.
yd.? In 5 sq. yd.?

2. How many square yards in 18 square feet? In 45
8q. ft.? In 81 sq. ft.?

3. How many square inches in a piece of paper six
inches long and four inches wide?

4. How many square yards in a roof seven yards long
and three yards wide ?

5. How many square rods in a square piece of ground
each side of which measures eight rods?

6. How many square yards in the floor of a room
18 feet long and 15 feet wide?
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EXAMPLES.

1. How many square inches in 4 sq. yd. 8 sq. ft. 32
8q. in.?
2. Reduce 186243 square inches to higher denomina-
tions.
3. Reduce 3 A. 90 sq. rd. to square rods. 570 sq. rd.
4. Reduce 7800 sq. rd. to acres.
5. Reduce 6482 square inches to higher denomina-
tions.
6. How many square inches in an area of 6 square
yards 7 square feet?
7. Reduce 14 A. to square rods.
8. Reduce 2 A. 64 sq. rd. to square rods.
9. Reduce 61540 sq. rd. to acres.
10. Reduce 9 A. 20 sq. rd. to square rods.
11. Find the area of a rectangle 14 feet long and 3
feet broad.
12. What is the area of a floor 12 feet long and 9 feet
wide?
13. How many square yards in the floor of a hall 42
feet long and 18 feet wide?
14. How many acres in a field 60 rods long and 32
rods wide?
15. What is the area of a gravel walk 30 yards long
and 4 feet wide?

NoTeE.—Reduce the numbers to.the same denomination before
multiplying.

16. A board is 10 ft. 6 in. long and 10 in. wide: what
is its area?

17, The area of a field is 5 A. 88 sq. rd.; its length is
37 rd.: what is its breadth?
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18. The area covered by a house is 72 sq. yd.; its
breadth is 24 feet: what is its length ?

19. The area of a plank is 21 sq. ft.; its breadth is 18
in.: what is its length?

20. How many square yards of plastering does it re-
quire to cover one side of a room 15 ft. long and 9 ft. high?
How many to cover the two sides? 30 sq. yd.

21. How many square yards of plastering in the walls
and ceiling of a room 18 ft. long, 15 ft. wide, and 10 ft.
high?

22. How many square yards of carpeting will it take
to cover the floor of a room which is 16 ft. long by 12 feet
wide?

23. How many square yards of paper will cover the
walls of a parlor 21 ft. long, 15 ft. wide, and 12 ft. high?
How many rolls of 6 square yards each ?

71. Solid or Cubic Measure is used in measuring
things having length, breadth, and thickness; such as
timber, stone, earth, cte.
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DIVISION. 39

DIVISION.

'¢3. Division, in Algebra, is the process of finding how
many times one algebraic quantity is contained in another.

Or, having the product of two factors, and one of them
given, Division teaches the method of finding the other.

The number by which we divide is called the divisor;
the number to be divided, the dividend; the number of
times the divisor is contained in the dividend, the quotient.

4. Since the divisor is the known factor and the quo-
tient the one found, their product must always be equal
to the dividend.

Division may be indicated by writing the divisor under
the dividend in the form of a fraction, or as in arithmetic.

Thus, ab divided by «q, is written _a_l; or a)ad.
a

~NorE.—In solving the following, give the reason for the answer,
as in the solution to the first question.

4z
4 z
4x divided by z, equals 4, because the product of 4 by z is 4.

1. How many times is « contained in 42? Ans.

2. How many times is @ contained in 6a?. .Ans.
3. Is @ contained in «b? . . . . . . Ans.
4. Is b contained in 3al? . . . . . Anbs.
5. Is 2 contained in 4a? . . . . . Ans.
6. Is 2a contained in 4ab? . . . . Ans.
7.  Is a contained in ¢®*? . . . . . Anbs
8. Is ab contained in Ha2b? . . . . Anbs.
9. Is 4al? contained in 12a30%? . .. Auns.
10. Is 2a? contained in 6a’h?
SorLvuTIoN, 6%;’ =§a5'2b=3a~"‘b. Ans.

REVIEW.—T78. What is Algebraic Division? The divisor? The
dividend? The quotient? 74. To what is the product of the quo-
tient and divisor equal? Why? How is division indicated?
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In obtaining the quotient, in the foregoing example, we readily see,

Ist. That 2 must be multiplied by 3 to produce 6.

2d  That @’ must be multiplied by a3 to produce a’; or, we must
subtract 2 from 5 to find the exponent of @ in the quotient.

8d. That since & is in the dividend, but not in the divisor, it must
be in the quotient, so that the product of the divisor and quotient
may equal the dividend.

%5, It remains to ascertain the rule for the signs.
Since +aX4-b-=-}ab, —ax+b=—ab, +axX—b=—ab, and
—a><—b::—|—ab,

—a — b
Therefore, +c—t-lz::+a, b ab +a—-=——a.

+ 3 +-b-=—a, -_T»_—_-|-a, and

Or, like signs give plus, and unlike signs give minus. Hence,

TO DIVIDE ONE MONOMIAL BY ANOTHER,

Rule.—1. Divide the coéfficient of the dividend by that
of the divisor; observing, that like signs give plus, and unlike
signs minus. '

2. For any letter common to the divisor and dividend, if
it has the same exponent in both, suppress it; if mot, subtract
its exponent in the former from its exponent in the latter, for
ts exponent in the quotient.

8. Annex the letters found in the dividend, but not in the
divisor.

NoTEe.—The pupil must recollect that @ is the same as «!,

EXAMPLES.

11. Divide 15a*bc by 3a®. . . . . . . Ans.

12. Divide 27x%* by —8zy. . . . . . Ans.

13. Divide —18a* by —6az. . . . . . Ans.

14. Divide, —12¢%%7 by —4ctay®. . . .  Ans.

15. Divide 6aca?y®v by 8az?y». . . . . . Ans.
ReEvIEwW.—75. When the signs of the dividend and divisor are

alike, what will be the sign of the quotient? Why? When unlike?
Why? Rule for dividing one monomial by another?
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16. Divide —10c%% by —2cy*v.. . . Ans.
17. Divide —28aca®y*s? by 14aa’y*. . Ans.
18. Divide 30actetaty* by —2aext. . . Ans.

NorE.—The following may be omitted until the book is reviewed:

19. Divide (x+y)* by (z+y). . . . . Ans.
20. Divide (a+0)* by (a+0). . . . . Ans.
21. Divide 6(m+n)* by 2(m~+n). . . Ans.
22. Divide 6a?b(z-+y)* by 2ab(z+y)®. Auns.
23. Divide (x—y)*(m—n)? by (z—z)*(m—n)’.
Ans.
?6. It is evident that one monomial can not be divided
by another, in the following cases:

1st. When the coéfficient of the dividend is not exactly
divisible by the coéfficient of the divisor.

2d. When the same literal factor has a greater exponent
in the divisor than in the dividend.

3d. When the divisor contains one or more literal fac-
tors not found in the dividend.

In each of these cases, the division is indicated by writ-
ing the divisor under the dividend, in the form of a fraction.
This fraction may then be reduced, Art. 129.

%7'7. It has been shown, Art. 68, that any product is
multiplied by multiplying either of its factors; hence,
conversely, any dividend will be divided by dividing either
of its factors. ’

Thus, %<§=2><6=12; or, 5?2<_G=4><3=12.

7S. In multiplying a polynomial by a monomial, we
multiply each term of the multiplicand by the multiplier.
Hence,

REVIEW.—T76. In what cases is the exact division of one mono-

mial by another impossible? 78. Rule for dividing a polynomial
by a monomial?

1st Bk. 4%



42 RAY’S ALGEBRA, FIRST BOOK.

TO DIVIDE A POLYNOMIAL BY A MONOMIAL,

Rule.—Divide each term of the dividend by the divisor,
according to the rule for the division of monomials.

Nore.—Place the divisor on the left, as in arithmetic.

. Divide a?6*—2al’z by ab. . . . Ans.

Divide 12a2bc—9aca*+6ab’*c by —3ac.
Ans.

8. Divide 15a50%c—21a%b*c* by 3atbe. Ans.

1. Divide 6x+12y by 3. . . . . . Ans
2. Divide 152—200 by 5. . . . . .Ans
3. Divide 21a+35b by —7. . . . Ans.

4, Divide abc—acf byac. . . . . . Ans
5. Divide 10az—1b5ay by —Ha. . . Ans.

6

7.

Norke.—The following may be omitted until the book is reviewed:

9. Divide 6(a+tc)4-9(a+t=x) by 3.
Ans.
10. Divide a*b(c-+d)-+ab*(c—d) by ab.
Ans.
11. Divide ac(m—+n)—bc(m-n) by m+4-n. Ans.
12. Divide (m-n)(a-ty)*+ (m+n)(xz—y)* by m-tn.

Ans.

¥9. To explain the method of dividing one polynomial
by another, we will first find the product of two factors,
and then reverse the operation.

Multiplication, or formation of a product.] Division, or decomposition of a product.

202—ab 2a3—3a2b+ab?la—b
a—b 2a3—2a2b 2a2—ab
2a3—a?b 1st Rem. —a?b-tab?
—2a2b4-ab? —azbtab?
2a3 -3a2b4-ab? 2d Rem. 0

In the foregoing illustration, let the pupil carefuily observe,
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1st. In the multiplicand, 2a?>—ad, and the multiplier, a—b, a is
called the leading letter, because its exponents decrease from left to
right. It is evident that @ will be the leading letter in the prod-
uct also.

2d. In the division of 2a3—3a?b+ab® by a¢—b, the dividend
being the product, and the divisor one of the factors, both should be
arranged with reference to the same leading letter, in order that the
quotient, or remaining factor to be found, may have the same order
of arrangement.

3d. If we divide 2¢® by @, the result, 2a? will be the term of
the quotient by which a-—b was first multiplied. If we now multi-
Ply a—b by 2a?, and subtract the product from the dividend, there
will remain —a2b4-ab? which is the product of ¢—b by the other
term of the quotient. Dividing —a?b by @, we find this unknown
term. Multiplying a—b by it, and subtracting the product, nothing
remains. .

4th. Had there been a second remainder, the third term of the
quotient would have been found in the same manner, and so on for
any number of terms.

5th. The divisor is placed on the right of the dividend for con-
venience in multiplying. Hence,

TO DIVIDE ONE POLYNOMIAL BY ANOTHER,

Rule.—1. Arrange the dividend and divisor with refer-
ence to the leading letter, and place the divisor on the right
of the dividend.

2. Divide the first term of the dividend by the first term
of the divisor, for the first term of the quotient. Multiply
the divisor by this term, and subtract the product from the
dividend.

8. Divide the first term of the remainder by the first term
of the divisor, for the second term of the quotient. Multiply
the divisor by this term, and subtract the product from the
last remainder. _

4. Proceed in the same manner, and if you obtain 0 for a
remainder, the division ¥s satd to be exact.

REMARKS.—]. Bring down no more terms of the remainder, at
each successive subtraction, than arc necessary.
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2. It is well to perform the same example in two ways: first, by
making the powers of the letter diminish from left to right; and,
secondly, increase from left to right.

3. When the first term of the arranged dividend, or of any re-
mainder, is not exactly divisible by the first term of the arranged
divisor, the exact division will be impossible.

1. Divide 6a*—13az+62? by 2a—8z.
6a2—13ax-|-6a:2i2a—3x

6a2—9ax 3a—2x Quotient.
—dax-6x2
—4azr-622
2. Divide a*—y? by x—y. | 8. Divide a*+2* by a+t-=.
:1:2—-3/2|x-—y_ a3+x3[a+x
a2—xy a4y Quo. - a’H-a’r  al—ax+a? Quo.
ay-—y? —a?x+a
xy —y? —a’r—ax?
ax?+ad
ax?t-a3

4. Divide Sa’x+bax’+a*+2* by dar+a*r+a?
a3--5a2x+5a:vz+x3|a2+4ax+x2
a3--4atxt-ax? a4 Quotient.

aZe--4ax?-L-xd
a2 4ax?Lad

Note.—It is not absolutely necessary to arrange the dividend
and divisor with reference to a certain letter; it should be done,
however, as a matter of convenience.

In the above example, neither divisor nor dividend being arranged
with reference to either @ or Z, we arrange them with reference
to a, and then divide.

RevieEw.—T79. What is meant by the leading letter? What is
understood by arranging the dividend and divisor with reference to
a certain letter? Explain the example given in illustration of
division of polynomials.

79. Why is the divisor placed on the right? What is the rule for
the division of one polynomial by another? When is the exact divi-
sion impossible?
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5. Divide a*+a*—b5a*+3a® by a—a?.

Both quantities arranged according to
the ascending powers of a.
a2+a3—5a4+3a~"la—a2
a+2a2—3a’

Quotient.

a’—ad
2a%—bat

203 —2qa4
—3at4-3a”
—3at4-3a’

Both quantities arranged accord'ng to
the descending powers of a.

3a’—bat _l_a3__i_ a? ] _a2+, a
8a5—3at —8a*4-20 -
_—_2(1:-%—-;" Quotient.
—2at4-2a3
—ad + a?
—as + a?

It will be seen that the two quotients are the same, but differ-
ently arranged. If preferred, the divisor may be placed on the left,
instead of on the right, of the dividend.

6
7. Divide 2x*+Txy-+ 6y
8

10.
11.

12.

13.

14. Divide 4a*—bdax?+a*

15. Divide a*—y* by a—y.

16. Divide «*—0* by a*+-ab+-02

17.

18.
19.
—2ax+ta2.

. Divide 4a0>—8ax+42*

9. Divide a*+2xy+3* by z+y.
Divide 8a*—8a* by 2a*—2x%. .
Divide ac+be—ad—bd by a-+b. . .
Divide @*+3*-+bxy?+ 5’y by a*+4ay+32.

Ans.
Ans.

by 2a-—2z.
by z-}-2y.

. Divide 2ma+3nz+10mn+15n* by «+5n.

Ans.

. .Ans.

Ans.
Ans.

Ans.

Divide ¢*—9a?+27a—27 by a—3. Ans.

by 2a*—8az+a.
Ans.
. Ans.
Ans.

Divide #*—y*+ 3ay*—3a’y by a—y.

Ans.

Divide 42*—64 by 22—4. Ans.
Divide a®*—batw+10a%*—10a%34beat—a* by a?

Ans.

20. Divide 4a*—25a%*+ 20a2">—42* by 2a*—baa?+ 247

21. Divide 5?41 by y+1.

Ans.
Ans.
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22. Divide 6a*+-4a*z—9a’r>—3az*+2a* by 2a’+2ax

t Ans.
23. Divide 8a*—8al?+ 8a*c*+4bb*—3b*¢* by a*—17.
Ans.
24. Divide a*—-3aty*+ 3a’y'—y® by ad—8a’y+ 3ay*—.
Ans.

MISCELLANEOUS EXERCISES.
1. 8a+52—9c+Td+5a— 8x—38d — (4a+2x— 8¢+

4d)—=what? Ans. ‘
. 2. a+b—(2¢—38b)—(da+7b)—(—13a+2b)=what ?
Ans.

8. (a+0b)(a+b)+(a—Db)(a—b)=what? Ans.

4. (a*+a*4af)(a*>—1)—(a*+4-a)(a*—a)—=what? Ans.

5. (a*+a*b—ab*—b*)=-(a—b)—(a—0b) (a—b)=what ?
Ans.

II. ALGEBRAIC THEOREMS,

DERIVED FROM MULTIPLICATION AND DIVISION.

80. If we square a-}-b, that is, multiply a0 by itself,
the product will be a*-}-2ad--0%
Thus: a-+b
a-+t+b
a’+ab
tabyb?
a?{-2ab4-b*

But a4-b is the sum of the quantities, @ and . Hence,

Theorem I.—The square of the sum of two quantities is
equal to the square of the first, plus twice the product of the
Jirst by the second, plus the square of the second.
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‘NorEe.—Let the pupil apply the theorem by writing the following
examples, enunciated thus: What is the square of 2432

1
2

. (2+8)=4+12+9=25.
. (2a+b)'=4a*+dab+t 12,

3. (22+8y)’ =42+ 12xy+ 952

4
5
6

. (ab+cd)’=a?b*+ 2abed -2
. @ty =222t 2%
. (2a*+3az)’=4a*+12a%+ 9a'a?.

81. If we square a—b, that is, multiply a—> by itself,
the product will be a*—2ab-}-b2.

Thus: a—b

a—b

a’—ab
—ab}-b?
a?—2ab-+b2

But a—b is the difference of the quantities, @ and b.

Hence,

Theorem IL.— The square of the difference of two quan-
tities s equal to the square of the first, minus twice the prod-
uct of the first by the second, plus the square of the second.

[=rIGA NV Ll

. (6—4)>=256—40+16=1.

. (2a—b)*=4a>—4adb+-b.

. (82—2y)*=92—12zy+-4y".
. (xz_yz)zzﬁ_zxzyz_l_yt_

. (az—a*)’=a’*s"—2a2’}at.

. (ba*—0b?)'=25a'—10a%*-+} 1.

82. If we multiply a+b by a—b, the product will be

a’—b2,

Thus: a4

a—b

a?t-adb
—ab—-62

a’—-b? T
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But a-}-b represents the sum of two quantities, and
a—>b, their difference. Hence,

Theorem IIL.—The product of the sum and difference of
two qiantities s equal to the difference of their squares.

1. (543)(6—8)=256—9=16=8x2.

2. (2a4-b)(2a—b)=4a*—0*.

3. (22+3y)(22—8y)=42—92

4. (5a-+4b)(5a—4b)=25a>—160%

5. (@400 (¢*—b")=a*—b".

6. (2am4-3bn)(2am—38bn)=4a*m*—9*n?.

83. If we divide a® by o® observing the rule for the

3
exponents, we have g:_—_a"sza‘z. But, Art. 127, 2—5:‘%.
a

a™ am 1 1
So, —-=a™"; and - Hence, @™ "=——..
a* a* a'-

m
Also, i __a>< bm_ab-"‘ ——:a’"b-"; b_ab— Lbz—a—lb—2

ab3 a

=p3g etc. Hence,

Theorem IV.—1. The reciprocal of a quantity is equal to
the same quantity with the sign of its cxponent changed.

2. Any quantity may be transferred from ome term of a
Jraction to the olher, if the sign of the exponent be changed.

1 1
Thus: . . . b— ab-1—— R X
a?b? 1 c-2d-3
—a2ble-2d~3— .
a7 bre-*d Ta-b-2c2dd a—2b6-*

2
84. By the rule for the exponents, Art. 74, i2:a2 2—a’;
2
2
but since any quantity is contained in itself once, %:1.
a
Similarly, P "="—a®; but 5"_‘=l; therefore, a’=1, since

am
each is equal to & Hence,
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Theorem V.—Any quantity whose exponent is 0 is equal
to unity.

83. If we divide a>—b* by a—0, the quotient will be
a+b. If we divide a®—b* by a—>b, the quotient will
be a*+tab+-b%.

In the same manner, we should find, by trial, that the
quotients obtained by dividing the difference of the same
powers of two quantities by the difference of those quan-
tities, follow a simple law.

Thus: (a?2—0%)+(a—b)=a-+b.
(a3—b3%)+(a—b)=a?+}ab-|-b2
(at—bt)—+ (a—b)=a’}-a?b4-ab2-}-bd.
(P—0%) =+ (a—0)=0a'4-a3b-}-a2b?4-ab3L-bt.
So, (0"—1)=+(a—1)=at}a’+-a?t-a+-1.
And (1—8%)-+-(1—b) —1-4-b}-b24-b3-bt,

The exponent of the first letter decreases by unity, while

that of the second increases by unity. Hence, we have

Theorem VI.—The difference of the same powers of two
quantities 1s always divisible by the difference of the quantities.

86. The two following theorems may also be readily
shown to be true by trial:

Theorem VIL—The difference of the even powers of two
quantities of the same degree, is always divisible by the sum
of the quantities.

Thus: (a?—b%)+(a-+b)=a—>b.
(0t—b%)~+(a+}-b)=a’—a2b-}+ab?—bs.
(a5 —08)+(a-+-b)=aS—a1d{-a3b?—a?b3-}-abt—1b,
So, (ab—1)+(a+-1)=a’—a'4-a*—a?+-a--1.
And (1—65) - (1--B)—1—b-- 52— b3 BA—09.

REVIEW.—80. To what is the square of the sum of two quantitiés
equal? 8l. Of the difference of two quantities? 82. The product
of the sum and difference of two quantities?

83. How may the reciprocal of any quantity be expressed? How
may any quantity be transferred from one term of a fraction to the
other? In what other form may a™ be written? a—m? ’

84. What is the value of any quantity whose exponent is zero?

1st Bk. 5



ECLECTIC EDUCATION SERIES

Ray's New Higher
Arithmetic

By using this book you agree to be bound by the "Terms of Use" found at:
http://www.dollarhomeschool.com/Terms.html
Which prohibit, among other things, the duplication for resale or redistribution of this book
as well as posting it on any public forum such as the Internet.

www.dollarhomeschool.com



http://www.dollarhomeschool.com/Terms.html
http://www.dollarhomeschool.com/

XII. RATIC.
DEFINITIONS.

228. 1. Ratio is a Latin word, signifying relation or con~
nection ; in Arithmetic, it is the measure of the relation of
one number to another of the same kind, expressed by their
quotient.

2. A Ratio is found by dividing the first number by the
second ; as, the ratio of 8 to 4 is 2. The ratio is abstract.

3. The Sign of Ratio is the colon (:), which is the sign
of division, with the horizontal line omitted; thus, 6 : 4
signifies the ratio of 6 to 4=4.

4. Each number is called a term of the ratio, and both
together a couplet or ratio. The first term of a ratio is
the antecedent, which means going before; the second term
is the consequent, which means following.

5. A Simple Ratio is a single ratio consisting of two
terms; as, 3 : 4 =4,
6. A Compound Ratio is the product of two or more

simple ratios; as, {3 ; 7}:
5:8
7. The Reciprocal of a Ratio is 1 divided by the ratio,
or the ratio inverted ; thus, the reciprocal of 2 : 3, or £, is
1+ 3=3

x
X

o
oo'en
.

8. Inverse Ratio is the quotient of the consequent di-
vided by the antecedent; thus, § is the inverse ratio of
4 to 5.

9. The Value of the Ratio depends upon the relative

size of the terms.
(i75)
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229. From the preceding definitions the following prin-
ciples are derived:

Antecedent
PrincrpLes. — 1. Ratio = oot
~ Consequent
2. Antecedent = Consequent X Iatio.
Antecedent

3. Consequent = ~Ratio

Hence, by Art. 87:

1. The Ratio is multiplied by multiplying the Antecedent or
dividing the Consequent.

2. The Ratio is divided by dividing the Antecedent or mul-
tiplying the Consequent.

8. The Ratio is mot changed by multiplying or dividing
both terms by the same number.

General Law.—Any change in the Antecedent produces a
like change in the Ratio, but any change in the Consequent
produces an opposite change in the Ratio.

ProBLEM.—What is the ratio of 15 to 36 ?

OPERATION.
5«9 — 15 — _£
15:36= %g’ = T”i‘

Rule.—Divide the Antecedent by the Consequent.

ExaMpLES FOR PRACTICE.

1. What is the ratio of 2 ft. 6 in. to 8 yd. 1 ft. 10 in.?

2. What is the ratio of 4 mi. 260 rd. to 1 mi.
96 rd.?

3. What is the ratio of 13 A. 145 sq. rd. : 6 A. 90 sq.
rd.?

4. What is the ratio of 3 1b. 10 oz. 6 pwt. 10} gr. : 2 1b.
143 pwt.?
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5. What is the ratio of 10 gal. 1.54 pt. : 7 gal. 2 qt.
.98 pt.?

6. What is the ratio of 56 bu. 2 pk. 1 gt. : 35 bu. 3 pk.
6.055 qt.?

7. If the antecedent is 7 and the ratio 1%, what is the
consequent ?

8. If the consequent is $ and the ratio %, what is the
antecedent ?

9. What is the ratio of a yard to a meter, and of a meter
to a yard?

10. What is the ratio of a pound avoirdupois to a pound
troy ?

11. Find the difference between the compound ratios

3io) and {310}

12. Find the difference between the ratio 4% : 7% and the
inverse ratio.

13. If the consequent is 6%, and the ratio is 21, what is
the antecedent, and what is the inverse ratio of the two
numbers?

XIIT. PROPORTION.

DEFINITIONS.

230. 1. Proportion is an equality of ratios.

Thus, 4 : 6 : : 8 : 12 is a proportion, and is read 4 is t06 as 8
s to 12.

2. The Sign of Proportion is the double colon (::).

Nore—It is the same in effect as the sign of equality, which is
sometimes used in its place.

3. The two ratios compared are called couplets. The
first couplet is composed of the first and second terms, and
the second couplet of the third and fourth terms.
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4. Since each ratio has an antecedent and consequent,
every proportion has two antecedents and two consequents,
the 1st and 3d terms being the antecedeuts, and the 2d and
4th the consequents.

5. The first and last terms of a proportion are called the
extremes; the middle terms, the means. All the terms
are called proportionals, and the last term is said to be a
fourth proportional to the other three in their order.

6. When three numbers are proportional, the second num-
ber is & mean proportional between the other two.

Thus, 4 : 6 :: 6 : 9; six is a mean proportional between 4 and 9.

7. Proportion is either Simple or Compound: Simple
when both ratios are simple; Compound when one or both
ratios are corapound.

PrixcipLes.—1. In every proportion the product of the
means is equal to the product of the extremes.

2. The product of the extremes divided by either mean, will
gwe the other mean.

3. The product of the means divided by either extreme, will
gwe the other cxtreme.

SIMPLE PROPORTION.

231. 1. Simple Proportion is an expression of equality
between two simple ratios.

2. It is employed when three terms are given and we wish
to find the fourth. Two of the three terms are alike, and
the other is of the same kind as the fourth which is to be
found.

3. All proportions must be true according to Principle 1,
which is the test. Principles 2 and 3 indicate methods of
finding the wanting term.
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4. The Statement is the proper arrangement of the
terms of the proportion.

ProBLeM.—If 6 horses cost $300, what will 15 horses
cost?

STATEMENT.
6 horses : 15 horses :: $300 : (3 ).

OPERATION.
$30°g<_1 =$750. Or,($300X15)+6=$750, dns.

SorLuTION.——Since 6 horses and 15 horses may be compared, they
form the first couplet; also, $300 and $ — may be compared, as they
are of the same unit of value.

Notes.—1. To find the missing extreme, we use Prin. 3.
2. To prove the proportion, we use Prin. 1. Thus, $750 X 6 =
$300 X< 15.

ProBLEM.—If 15 men do a piece of work in 92 da., how
long will 36 men be in doing the same?

. STATEMENT.
SoLuTtroN.—Since 36 men wﬂl men men da. da.
require less time than 15 men to 36:15::93: ()
do the same work, the answer
should be less than 93 da.; make a OPERATION.
decreasing ratio, £, and multiply 9% =42 da.
the remaining quantity by it. 483512 =14 da., Ans.

Rule.—1. For the third term, wrife that number which s
of the same denomination as the number required.

2. For the second term, write the GREATER of the two re-
maining numbers, when the fourth term is to be greater than
the third; and the LEss, when the fourth term is to be less
than the third.

3. Divide the product of the second and third terms by the
furst; the quotient will be the fourth term, or number required.
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ExaAmPLES FOR PrAcTICE.

Nore.-—Problems marked with an asterisk are to be solved
mentally.

1% If T walk 101 mi. in 8 hr., how far will I go in 10
hr., at the same rate?

2. If the fore-wheel of a carriage is 8 ft. 2 in. in cir-
cumference, and turns round 670 timmes, how often will the
hind-wheel, which is 11 ft. 8 in. in circumference, turn
round in going the same distance?

3. If a horse trot 3 mi. in 8 min. 15 sec., how far can
he trot in an hour, at the same rate?

4. What is a servant’s wages for 3 wk. 5 da., at $1.75
per week?

5. What should be paid for a barrel of powder, containing
132 1b., if 15 1b. are sold for $5.43%?

6. A body of soldiers are 42 in rank when they are 24
in file: if they were 36 in rank, how many in file would
there be?

7. If a pulsc beats 28 times in 16 sec., how many times
does it beat in a minute?

8. If a cane 3 ft. 4 in. long, held upright, casts a shadow
2 ft. 1 in. long, how high is a tree whose shadow at the
same time is 25 ft. 9 in.?

9. If a farm of 160 A. rents for $450, how much should
be charged for one of 840 A?

10. A grocer has a false gallon, containing 8 qt. 1} pt.:
what is the worth of the liquor that he sells for $240, and
what is his gain by the cheat?

11. If he uses 143 -oz. for a pound, how much does he
cheat by selling sugar for $27.52°?

12. An equatorial degree is 365000 ft.: how many ft. in
80° 24’ 37" of the same?

13. If a pendulum beats 5000 times a day, how often
does it beat in 2 hr. 20 min. 5 sec.?
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14.% If it takes 108 days, of 82 hr., to do a piece of work,
how many days of 63 hr. would it take?

15. A man borrows $1750, and keeps it 1 yr. 8 mon.:
how long should he lend $1200 to compensate for the
favor?

16. A garrison has food to last 9 mon., giving each man
1 1b. 2 oz a day: what should be a man’s daily allowance,
to make the same food last 1 yr. 8 mon.?

17. A garrison of 560 men have provisions to last during
a siege, at the rate of 1 lb. 4 oz. a day per man; if the
daily allowance is reduced to 14 oz. per man, how large a
reinforcement could be received?

18. A shadow of a cloud moves 400 ft. in 18% sec.: what
was the wind’s velocity per hour?

19. If 1 1h. troy of English standard silver is worth £3
6s., what is 1 Ib. av. worth? N

20. If I go a journey in 12% days, at 40 i. a day, how
long would it take me at 293 mi. a day?

21.% If & of a ship is worth $6000, what is the whole
of it worth?

22. If A, worth $5840, is taxed $78.14, what is B worth,
who is taxed $256.01°?

23.% What are 4 1b. 6 oz. of butter worth, at 28 ct. a
1b.?

24, If T gain $160.29 in 2 yr. 8 mon., what would I
gain in 5 yr. 6 mon., at that rate?

25. If I gain $92.54 on $1156.75 worth of sugar, how
much must I sell to gain $67.32?

26. If coffee costing $255 is now worth $318.75, what
did $1285.20 worth cost?

27. A has cloth at $3.25 a yd., and B has flour at $5.50
a barrel. If, in trading, A puts his cloth at $3.62}, what
should B charge for his flour?

28.% If a boat is rowed at the rate of 6 miles an hour,
and is driven 44 feet in 9 strokes of the oar, how many
strokes are made in a minute?
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29. If T gain $7.75 by trading with $100, how much
ought I to gain on $847.56°?

30. What is a pile of wood, 15 ft. long, 10} ft. high,
and 12 ft. wide, worth, at $4.25 a cord?

ReEMARK.—In Fahrenheit’s thermometer, the freezing point of
water is marked 32° and the boiling point 212°: in the Centigrade,
the freezing point is 0° and the boiling point 100°: in Reaumer’s,
the freezing point is 0° and the boiling point 80°.

31. From the above data, find the value of a degree of
each thermometer in the degrees of the other two.

32. Convert 108° F. to degrees of the other two ther-
mometers.

33. Convert 25° R. to degrees of the other two thermom-
eters.

34. Convert 46° C. to degrees of the other two ther-
mometers.

ReEMAREKS.—1. In the working of machinery, it is ascertained that
the availuble power is to the weight overcome, inversely as the distances they
pass over in the same time.

2. Inverse variation exists between two numbers when one in-
creases as the other decreases.

3. The available power is taken 2 of the whole power, 1 being
allowed for friction and other impediments.

35. If the whole power applied is 180 1b. and moves 4 ft.,
how far will it lift a weight of 960 1b.?

36. If 512 1b. be lifted 1 ft. 3 in. by a power moving
6 ft. 8 in., what is the power ?

37. A lifts a weight of 1440 1b. by a wheel and axle; for
every 3 ft. of rope that passes through his hands the weight
rises 4} in.: what power does he exert?

38. A man weighing 198 lb. lets himself down 54 ft. with.
a uniform motion, by a wheel and axle: if the weight at the
hook rises 12 ft., how much is it?
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39. Two bodies free to move, attract each other with
forces that vary inversely as their weights. If the weights
are 9 Ib. and 4 lb., and the smaller is attracted 10 ft., how
far will the larger be attracted ?

40. Suppose the earth and moon to approach each other
in obedience to this law, their weights being 49147 and 123
respectively, how many miles would the moon move while
the earth moved 250 miles?

Can the three following questions be solved by pro-
portion?

41. If 3 men mow 5 A. of grass in a day, how many
men will mow 13} A. in a day?

42.* If 6 men build a wall in 7 da., how long would 10
men be in doing the same?

43.% If I gain 15 cents each, by selling books at $4.80 a
doz., what is my gain on each at $5.40 a doz.?

44. A clock which loses 5 minutes a day, was set right
at 6 in the morning of January 1st: what will be the right
time when that clock points to 11 on the 15th?

45. If water begin and continue running at the rate of
80 gal. an hour, into a cellar 12 ft. long, 8 ft. wide, and 6
ft. deep, while it soaks away at the rate of 35 gal. an hour,
in what time will the cellar be full?

46. Take the proportion of 4 : 9 :: 252 : a fourth term.
If the third and fourth terms each be increased by 7, while
the first remains unchanged, what multiplicr is needed by
the second to make a proportion?

47. Prove that there is no number which can be added
to each term of 6 : 3 :: 18 : 9 so that the resulting num-
bers shall stand in proportion.

48. A certain number has been divided by one more than
itself, giving a quotient %: what is the number?

49. If 48 1b. of sea-water contain 11 Ih. of salt, how
much fresh water must be added to these 48 lb. so that 40
Ib. of the mixture shall contain } lb. of salt?
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COMPOUND PROPORTION.

232. Compound Proportion is an expression of equality
between two ratios when either or when each ratio is Com-
pound.

ProBLEM.—If 3 men mow 8 A. of grass in 4 da., how
long would 10 men be in mowing 36 A.?

STATEMENT.

10 : 3
SoruTroN.—Since 3 Kfm . 3 6111;1?}:: 4 da. : () da.

the denomination

of the required term OPERATION.

is days, make the 9

third term 4 da. In 18

forming the first and

secondoterms, con- §_><_E_6_X_A: 21 =5% da. Ans.
sider each denom- 19X ?

ination separately; 5 2

10 men can do the same amount of work in less time than 3 men;
hence, the first ratio is, 10 men : 3 men, the less number being the
second term. Since it takes 4 du. to mow 8 A, it will take a greater
number of days to mow 36 A., and the second ratio is, 8 A. : 36 A,
the greater number being the second term. Then dividing the con-
tinued product of the means by that of the extremes (Art. 230,
Prin. 3), after cancellation, we have 5% da., the required term.

Rule.—1. For the third term, write that number which s
of the same denomination as the number required.

2. Arrange each pair of numbers having the same denom-
ination in the compound ratio, as if, with the third term, they
formed a simple proportion. ,

3. Divide the product of the numbers in the second and third
terms by the product of the numbers in the first term: the quotient
will be the required term.

233, Problems in Compound Proportion are readily
solved by separating all the quantities involved into two
causes and two effects.
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ProsLEM. —If 6 men, in 10 days of 9 hr. each, build
25 rd. of fence, how many hours a day must & men work
to build 48 rd. in 12 days?

SoruTtioN.—6 men 10 da. and 9 hr. constitute the first cause,
whose effect is 25 rd.; 8 men 12 da. and ( ) hr. constitute the second
cause, whose effect is 48 rd. Hence,

STATEMENT.
6 men. 8 men.
10 da.}: 12 da.}:: 25 rd. : 48 rd.
9 hr. () hr.
OPERATION.
p 4
6XIOX 9IXAB

=32=10% hr. Ans.

BARILZKLP
2 5

Rule of Cause and Effect.—1. Separate oll the quan-
tities contained in the question into two causes and their effects.

2. Write, for the first term of a proportion, all the quan-
tities that constitute the first cause; for the second term, all that
constitute the second cause; for the third, oll that constitute the
effect of the first cause; and for the fourth, all that constitute the
effect of the second cause.

3. The required quantity may be indicated by a bracket,
and found by Art. 230, Principles.

NotE.—The two causes must be exactly alike in the number and
kind of their terms; and so must the two effects.

ExAMPLES FOR PRACTICE.

1. If 18 pipes, each delivering 6 gal. per minute, fill a
cistern in 2 hr. 16 min., how many pipes, each delivering
20 gal. per minute, will fill a cistern 7} times as large as

the first, in 8 hr. 24 min.?
H. A. 16. .





