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PREFACE.

•
Tms treatise is especially intended for the use of begin

ners. I have long wished that Algebra might be introduced

into common schools, 88 a standard branch of eduoation; and

there seems to be no good reason why the study of this mOBt

interesting and useful science should be confined to the

higher seminaries of learning. The upper c1a.BseB, at least,

in comm~n schools, might be profitably instructed in its

elements, without neglecting any of those branches to which

they usually attend.

This work pretends to no original investigations, nO new

discoveries.·' My labor has been the very humble one of select-•
ing such materials &!l. belong to the elements of Algebra, and

of arranging them in such a manner 88 may render the

introduction to the Ilcience easy. If there be any peculiarity

in this work, it is.its simplicity. I have endeavored to make

it as plain lIoIld intelligible as possible. There is little danger

(iii)
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that the student will find the beginning of any art or science

too easy; and, in Algebra, he is required to learn a pecnliar

language, to determine new principles, and to accnstom

himself to an abstract mode of reasoning, with which he has

been little acquainted. Let the explanations, therefore, be as

full and diffuse as they may, he will still find difficulties

enough to exercise his mind. I have ~med to prepare a

work, which any boy of twelve years, who is thoroughly

acqu~nted with the fundamental niles· o~ Arithmetic, can

understand, even without the aid of a teacher.

The following are the leading principles which I have

observed, in preparing this treatise :-

To introduce .only such parts of the science, as properly

belong to an elementary work;

To adhere strictly to a methodical arrangement, that can

be easily understood and remembered;

Never to anticipate principles, so as to make a clear under

standing of the subject under consideration, depend upon

some explanation.which is to follow;

To introduce every new principle distinctly by itself, that

the learner may encounter but one difficulty at a time;

To deduce the rules, generally, from practical exercises,

and to state them distinctly and in form;

J. To give a great variety of questions for practice under each

rule;
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To solve or fully explain all questions which involve a new

principle, or the neW' application of a principle already

explained;

To show the reason of every step, without perplexing the

. learner with abstrnse demonstrations;

To illustrate the nature of\ algebni.ic calculations; and their

correctness, by a frequent reference to numbers;

And, finally, to advance from simple to difficult problems

in such a manner 88 may fully exercise the powers of tho

learner without discouraging him.

As this little book professes to be merely an introduction to

more full and scientifical treatises upon Algebra, it was not my

original design to extend it beyond Equations of the First.
Degree. The subsequent chapters on Evolution and Equa-

tions of the Second Degree, have been added with a particular

reference to schools for young ladies. It is presumed that

the work, in itt present form, contains 88 much of Algebra 88

this class of learners will, in general, find time to study.

E. BAILEY.

BoSTON, July, 1888.
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PUBLISHERS' ADVERTISEMENT.

IN presenting to the public this Revised Edition of Bailers

First Lessons in Alge~ra, the publishers beg leave to state,

that the labor of revision has been undertaken by a daughter

of the author. The task has thus, fortunately, fallen into the

hands of one whose regard for the memory of a father, no less

than a long experience in teaching, especially in this branch

of study, has rendered her peculiarly well qualified for the

undertaking. No pains have been spared to adapt the work

to the present demand for an elementary text book in

Algebra. Every page hllB been carefully and critically

examined by Mr. S. S. Greene, Professor of Mathematics and

Civil En~neering, in Brown University, to whose valuable

suggestions, the publishers would acknowledge themselves

indebted, not only for the improved ari-angement of the

matter, but fo~ the lucid and elementary treatment of many

of the subjects discussed.

(Til)
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viii PUBLISHERS' ADVERTISEMENT.

•

Bailey's Algebra was one of the first and most successful

attempts to adapt the subject to the young beginner. While

t~ general spirit and aim of the author has been preserved

in this edition, the book has been entirely re-written, and

enlarged by the addition of copious examples, and by the

discusSion of several topics not included in the original plan.

Some of the distinctive features of the revised edition, are,-

1. An Introductory Chapter, delligned especially for begin-

ners.

2. A full development of the subject of Factors, Multiples,

and Divisors.

3. A complete disCUBBion of the Square and Cube Roots.

4. A chapter on Arithmetical and Geometrical Progression.

5. A chapter on Surds, and Equations involving them.

6. A distinct statement of the principles developed, ar

ranged, and numbered consecutively, for convenience of

reference.

Hoping that this new edition will prove as valuable a text

book to the present generation, as the former edition has to

the past, we ask for it the .attention of Teachers, School

Committees, and the friends of Education generally:.

HICKLING, SWAN & BREWER.

BOSTON, October, 1859.
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FIRST LESSONS IN ALGEBRA.

CHAPTER I.

INTRODUOTORY EXEROISES.

SECTION I.

EQUALITY AND INEQUALITY.

THOMAS ~d 10 cents in hiB pocket, and Henry had' 5 in
each hand. Had they an equal or an unequal numberl'
Thomas spends 4 of hiB, and Henry 2 of hiB. Have they
now an equal or an unequal number 7 i~ Then,

i Two numbers mall be either EQUAL or UNEQUAL.

Are 10 and 10 equal or unequal 7Go Are
7 and ~l ye- .0001 and .000011 ltV

91 and 107M. 3.001 and 3.001001~/

31 and 3.25 y.e- 0 and .000001 ?"~ ,',
31 and fa Y€'- 71 and 7U? 6-'

Is 12 greater or iess than 12.001 Y ,('J
61 than 6f 7/':"' f than p;>
.0001 than .00001'1f 5,75,than 51? JJ
o than .0000017t 10.5 than 10.491'£
~

•













































































































































































































































































































































































































































































PROGRESSION AND PROPORTION. tu

s - 99(1- (lYO)
- l-i .

(1)10 1 (1)10 59048 3
3" = 59049 and 1 - 3 = 59049 X 99 X "2

29524 X 11
- 2187

324764 .
S = 2187 = 148i?U, the sum orIO terms of the senes.

To find the sum of the same series carrel to infinity, we

substitute in the formula S = 1 it r' 99 for a and { for r.

s= ~9 =99 X ~ = 148i-
if

9. What is the sum ot 5 terms of the series 12, 3, -I, &c. ?

10. Find the sum of the eame series, carried to infinity.

11. Find the 10th term, and the sum of 10 terms of the
series 1, T)' rh, &c.

12. Required the SUttl of the sattle series carried to infinity.

13. What is the sum of the progression 20, 4, t, &c.,
carried to infinity?

14. Find a mean proportional between 45 and 20.

15. There are three numbers in geometrical progression, of
which the first term is 2, and the sum of the terms is 62.
What are the numbers ?

Let x = the ratio; then the series will be
2, 2x, and 2x'.

16. Required four numbers in geometrical progression, such
that the sum of the first three shall be 147, and the sum of
the last three 588.

Let"x = the first term, andy the ratio.
Then x, Xl;' x!I', Xli, will be the terms of the series.

NOTII.-Divide the 2d equation by the first.
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17. There is an increasing geometrical progression consist
ing of three terms. The sum of the series is 325, and the
difference between the first and the last term is 200. What
are the numbers ?

18. In a geometrical progression consisting of three terms,
the sum of the first two terms is to the sum of the last two
as 1 is to 5, and the sum of the series is 93. Required the
terms of the series.

CHAPTER X.

MISCELLANEOUS EXAMPLES.

1. Divide &9289 between A and B, in such a manner that
A's share shall be to B's as 2 to 5.

·2. A man, dying, left an estate valued at $14832. In his
will he gave! of his property to his wife; and directed the
remainder to be so divided between his son and daughter, that
the daughter's portion might be to the son's as 3 to 5. What
was the share of each?

3. What is that number, to which if you add! of itself,
and from the result subtract 1 of the sum, l of the remainder
is 3?

4. A farmer bought 12 sheep, 5 cows, 2 yoke of oxen, and
3 horses, for 795 dollars. A cow cost as much as 6 sheep, a
yoke of oxen as much as 3 cows, and a. horse as much as 3
oxen. What did he give for each?

5. A man divided a certain sum of money equally between
his son and daughter; but had he given his son 33 dollars
more, and his daughter 47 dollars less, her share would have
been but 1 of his. What was the sum divided?

,
I
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6. Divide 46 dollars into two such parts that ~ of one and
I <Ji' the other may be 10 dollars.

7. A man divided 198 acres of land betweep. his three
children, in such a manner that A's part was to B's in the
ratio of 3 to 8 ; ahd 0 had lIB many acres lIB both his brothers.
What WllBthe share of each?

8. A man bought a certain quantity of wine for 94 dollars;
and after 7 gallons had leaked out, he sold ~ of the remainder,
at cost, for 820. How many gallons did he buy?

9. If a certain number be divided by the sum of its digits,
the quotient will be 8; but if the digits be inverted, and that
number divided by 2 less than their difference, the quotient
will be 9. What is the number?

10. Two friends bought a horse together; and when one
had paid i and the other ~ of the price agreed upon, they
still owed 21 dollars. What WlIB the price of the horse?

11. In a certain university there are 384 students, 1 of
whom belong to the academical department'; and in the depart
ments of law, divinity, and medicine, the students are to each
other lIB the numbers 1, 2, and 3. How many students are
there in each department?

12. Divide $1170 among three persons, A, B, and C, in
proportion to their ages. Now, B is a third part older than
A, and A is half as old as C. What is the share of each?

13. Three men, A, B, and C, pay a tax of 594 dollars.
The property of A is to that of B as 3 to 5; and the property
of B is to that of C as 8 to 7. What part of the tax is paid
by each?

14. A father gives to his six sons $2010, which they are to
divide according to their ages, so that each elder son shall
receive $24 more than his next younger brother. What is the
share of the youngest son?

21*
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15. If I multiply a. certain number by 6, add 18 to the pro
duct, and divide the sum by 9, the quotient will be 20. What
ill the number?

16. Divide 119 into three such parts that the second will
be 3 more than 3 times the first, and the third 3 more than 3
times the second.

17. A schoolmaster, being asked how many dollars he re
ceived a month for teaching, replied, " If I add 9 to ! part of
the number of dollars I receive, multiply the sum thus obtained
by 7, subtract 1;:> from the product, multiply the remainder by
6, and then take away the cipher from the right of the number
last obtained, I shall have $54." What were his wages ?

18. Some travellers find a purse of money, which they
agree to share equally. If they take 5 dollars apiece, one man
will receive nothing; but if they take 4 dollars, there will be
7 dollars left. What is the number of travellers? What is
the sum to be divided?

19. There are f/wo numbers, the product of whose sum,
multiplied by the greater, is 144; and whose difference, mu1ti

.plied by the less, gives 14. Required the numbers.

20. A courier had been travelling 4 days, at the rate of 6
miles an hour, when another was sent after him, who travelled
8 miles an hour. In how many days will the second courier
overtake the first, if they both travel 15 hours a day?

21. A gentleman has a rectangular garden whose perimeter
is 36 rods; and the square of the width is to the square
of the length as 16 to 25. Required its dimensions.

22. Two travellers, A and B, began a journey of 300 miles
at the same time. A travelled a mile an hour faster than B,
and arrived at his journey's end 10 hours before him. How
many miles an hour did each travel?

23. Two sportsmen, walking over a marsh, started a flock
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of plover. The first one fired, and brought down t of the
whole flock. Afterwards, the second one fired, and killed a
number equal to the square root of half the flock; when only
2 birds were left. How many birds were there in the flock?

NOTE.-Let z = the number killed by the second shot.

24. Required the side of a square field, which shall contain
the same quantity of land as another field, which is 72 rods
long and 18 rods wide.

25. Three planters, A,B, and C, together possess 2658
acres of land. If B sell A 215 acres, then will A's plantation
exceed B's by 236 acres; but if B buy 167! acres of C's
plantation, both will have the same quantity of land. How
many acres has each?

26. Required two numbers, whose sum, multiplied by their
product, shall be equal to 12 times the difference of their
squares; the numbers being to each other in the ratio of 2 to 3.

27. It is required to form a regiment, containing 865 men,
into two squares, one of which shall contain 7 more men in
rank and file than the other. How many men,must each of
the squares contain?

28. A man, having travelled 108 miles, found that he could
have performed the same journey in 6 hours less, if he had
travelled 3 more miles an hour. At what rate did he travel?

29. Two persons, A and B, set out at the same time from
two towns, distant 396 miles; and, having travelled as many
days as A travelled miles daily more than B, they met each
other. It then appeared that A had travelled 216 miles.
How many miles did each travel per day?

30. Two merchants, A and B, trade in company, and gain
$1930.28. Of the capital employed, A furnished $4000 and
B $7000. What is each man's share of the gain?

31. A farmer being asked how many acres of land he
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,
ewned, answered, that the number was expressed by two digits,
whose sum; increased by 7, would be equal to three times the
leftr.hand digit; and he added, that, if he owned 18 acres less,
t.he digits expre88ing the number would be inverted. How
many acres were there in his farm ?

32. Several gentlemen made an excursion, each taking the
same sum of money. Each had as many servants attending
him as there were gentlemen; the number of dollars which
each had was double the number of all the servants, and the
whole sl1m of money taken out was 3456 dollars. How many
gentlemen were there?

33. Four farmers, A, B, 0, and D, hired a pasture, for
which they paid 81 dollars. A put in 4 cows for 3 months i
B, 8 cows for 2 months; 0, 7 cows for 5 months; and D, 3
cows for 6 months. How much of the rent must each man
pay?

34. There is a certain number, the leftr.hand digit of which
iii equal to B times the tight-hand digit; and if 12 be sub
tracted from the number, the remainder will be equal to the
square of the left-hand digit. Required the number.

35. A man has two horses and two saddles, one of which is
worth $iO, and the other $5. When the best saddle is upon
the first horse, and the worst saddle upon the second, the
former is worth just twice as much as the latter; but when the
worst saddle is upon the first horse, and the best saddle upon
the second, the la.tter is worth 85 more than the former. What
is the value of each horse?

36. Find three such numbers, that the first, with! the sum
of the second and third, shall be 78; the 'Second, with -l the
excess of the third over the first, shall be 60; and ~ the sum
of the three shall be 66.

37. If I had 3 shillings more in my pocket, I could give 28.
6d. to each of a certain number of beggars; but if I give them
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only 2s. apiece, I shall have 4s. left. How much money have
I in my pocket? What is the number of beggars ?

38. A person had £27 6s. in guineas and crown pieces.
Having paid a debt of £14 17s., he finds that he has as many
guineas left as he has paid away crowns; and as many crowns
left as he has paid away guineas. How many crowns and
guineas had he at first?

REMABK.-A guinea. is 21 shillings, and a. crown 5 shillings,
sterling.

39. A laborer agreed to work 24 days for 75 cents a day,
and to forfeit his wages and 25 cents every day he was idle.
At the end of the time, he received 812. How many days
was he idle?

40. Generalize the preceding example, by letting 11. equal
the number of days he agreed to labor, receiving a shillings
for every day he worked, and forfeiting b shillings for every
day he was idle. If he reeeived 'd shillings a.t the end of the
time, how many days was he idle?

41. A cistern, containing 276 gallons, is emptied in 21
minutes by two cocks rnnning successively. One discharges
16 gallons, and the other 11 gallons, in a. minute. How
many minutes is each rnnning?

42. A merchant has two kinds of wine; one of which is
worth 9s. 6d. per gallon, and the other, 13s. 6d. How many
gallons of each must he take, to form a mixture of 104 gal
lons which shall be worth £56 ?

43. A gentleman bought a quantity of broadcloth for 848 ;
and four times the number of yards were equal to three tjmes
the price of a yard. How many yards did he buy, and at
what price?

44. Two gentlemen, A and B, have rectangular gardens
contiguous to each other. A's garden is 20 yards wide, and
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,
i 8fl long as B'e; and. the surface of B's garden is to that of
A's as 5 to 3. What is the width of B'e garden?

45. A miser, dying, left a certain number of eagles, as
many quarter-eagles l ! the number of half.eagles, and dollars
enough to make the whole number of coins equal to i of
the va.lue of the waole in dollars; and the eagles and dollars
together were 2 more than ! the number of coius. How much
money did he lea.ve ?

46. A farmer sold 120 bushels of rye and barley; receiving,
for a bushel of each kind of grain, as many cents as there
were bushels of that kind; and the barley brought only ~

as much as the rye. How many bushels of each kind did he
sell ?

47. A.gentleman distributed 847.50 flJIlong 30 men and
women, giving the women 8s. and the men lOs. 6d. each.
How many men and how many women were there?

48. A eriminai, having' escaped from prison, travelled 10
hours before his escape was known. He WlI8 then pursued,
BO 88 to be gained upon 3 miles an hour. After his pursuers
had travelled 8 hours, they met an express going .at the 8lUD.e.
rate as themselves, who met the criminal 2 hours and 21
minutes before. In what time from the oommencement of the
pursuit did they overtake him?

49. A farmer has an irregular piece of land, containing 5
acrlll!, which he wishes to exchange for a equs.re field of the
8lUD.e size. Required one of the sides of the equare field. .

REllIAB1[.~An acre of land contains 160 square rods. Only an
approzimate answer to this question can be found, as the given
quantity is not a perfect square.

50. I have a field containing 10 acres; and the length of
the field exceeds its width by 18 rods. Required its dimen
sions.
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51. A man bought a field whose length was to ita 'breatitlt
lIB 8to 5. The number of dollars paid pel aore Wali equal to

the number of rods in the length of the neld; a,nd the nUJ,llbcr
of dolll\rs paid for the whole WlIB equal to 13 times the
number of rods rOUlld the field. What did he give for the
field?

5.2. A father gave to eaoh af his chillhen, on new year'~

day, lIB many books lIB he had children; for each book he gave
12 times lIB many cents lIB there were children; and the cost
of the whole W<lB $15. How many children had he?

53. A ~ea8enger hl¥! been go.Q0 frolill a certain place 8
llours, wlien another WIIB sent a.fter him. The first went '1
miles an hour, and the second J,l. In what time did the
second,. ONrta.k1l the first?

M. A man wished to plant a certain number of trees in the
form of & square. At the fillilt trial, he had 39 trees left,. He
ilaeu determined to enlarge the i!<}U&I'e by adding one tree to
each row; to do which, he found it necessary to proeve 50
trees more. IIow Hlany trees had he &i irBt?

51). A grooer, being asked the size of 3 wine-caBks, replied,
"If I rot the fil'Bt cask from the sccond, i of the wine will
relllai.u.; if I :!ill the second from the ihtrd, ! of the wine will
remain; and the third cask will oontain the OO1lteU.ta of tke
first caak and 23 gallons more." Required the ~ of the
ClIBks.

;i6. A cistem, which holds \140 gallons, is filled in ~ of an
hour by 3 pipes; the first of whmJ. conveys 13 gallons. more,
a,nd tJa.e lieeond 6 galloD.llleSl!, than the thir6l. per minute. How
many galloWi does each pipe convey i,n a minute ?

57. Two persons, A and B, set out at the same time from
two towna at a distance oaf 672 mileS". B tl'avelled 8 miles a
da1 JlIOl'6~ .A.; and 1I1I.en lihey had travelled llalf sa many
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. days as A went miles in a day, they met. How many miles
did each travel daily?

58. A farmer haB a rectangular p~ach-orchard, with unequal
sides. If the difference of the sides be multiplied by the
greater side, and the product divided by the less, the quotient
is 24 rods; but if their difference be multiplied by· the less
side, and the product divided· by the greater, the quotient is
only 6 rods. What are the dimensions of the orchard?

59. There is a school-room in Boston, whose length is to its
breadth aB 6 to 5. If it were a square, having its sides equal
to the length, it would contain 891 feet more than it would
were the sides of the square equal to its width. What are
the dimensions of the room?

60. The fore-wheel of a carriage makes 6 revolutions more
than the hind-wheel in going 120 yards; but if the circum
ference of each wheel be incre8Bed one yard, it will make
only 4 revolutions more in going the same distance. What is
the circumference of each wheel ?

61. Find a mean proportional between! and 15.

62. If 20 be added to the square root of a certain number,
the cube root of the sum will be 3. Required the number.

63. Find two numbers, the sum of whose second powers is
61, and the second power of whose sum is 121.

64. Divide 104 into three numbers in geometrical progres
sion ; the terms to be such that the sum of the first and
second shall be to the sum pf the first and .third, as 2
is to 5. '

65. In a geometrical progression, consisting of four terms,
the sum of the first three terms- is 52, and the sum of the laBt
three is 156. What are the terms ?

66. There is a number, consisting of three digits, to which if
896 be added, the digits will be inverted. Moreover, the sum
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of the squares of the digits is 56, and the square of the middle
digit exceeds by 4 the product of the other two digits. What
is the number?

67. Two travellers, 500 miles apart, set out to meet each
other. One travels 6 miles the first day, 8 the second, 10 the
third, and so on till they meet. .The other. starts 5 days after
the first, and travels repuIarly ~O miles a day. In how many
days will they meet, and how many miles will each travel?

68. If the sum of two numbers be increased by 4, and then
the square root of the sum be taken, the result added to the
sum of the numbers will be 68. Moreover, the difference of
the squares of the two numbers is 240. What are the
numbers? •

69. There is a "certain fraction, such that if we extract the
square root of the numerator, and double the denominator, the
value of the fraction becomes 1. Also, if we add 1 to the
square root of the numerator, and subtract 1 from the denomi
nator, the value of the fraction becomes l What is the
fraction?

70. If the square of a certain number be taken from 40,
and the square root of the difference be increll8ed by 10, and
the sum be multiplied by 2, and the product divided by the
number itself, the quotient Will be 4. Required the number.

71. Two clerks, A and B, Bent ventures in a ship bound to
India. A Fned &11; and, at this rate, he would have gained
as many do1lars on a hundred as B sent out. .B gained &36,
which was but one-fourth paM as much per cent as A gained.

~

How much money was sent out by each ?

72. Required two fractions, whose pftduct is !, and the
sum of whose sql1ares is i i.

73. A company of persons spend £3 lOs. at a tavern. Four
of them go away without paying; in eonsequence of which each

22
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of the others has to pay 2,. more thaD his proper Blud'e. How
many pel'8OWl lrere' there in the company? and what \'1'88 the
proper share of each ?

74. A gentleman bOUght a rectangular lot of land, giving
'10 for every foot in the perimeter. If the same quantity of
land had been in the form of a square, and he had bought it
in the same way, it would not have coet him 80 much by
f;330 i and if he had bought a square piece of the llIlIIle
perimeter, he would have had 121 rods more. What were the
dimensions of the lot 1
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