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PREFACE.

In prepering the following work (undertaken at the sugges-
tion of the Chief Superintendent of Education for Upper Canada),
it has been the constant aim of the aunthor to presentitto Cana-
dian teachers and students as a thoroughly reliable Treatise on
the Theory and Practice of Numbers, and as an Arithmetic, in
some degree, commensurate with the higher qualifications of
teachers and tbe improved methods of instruction now generally
found in our schools.

The Arithmetic now offered to the public is based upon the
Irish National Treatise ;—in fact, it was at first intended merely
to adapt that work to the decimal currency, and to abbreviate
the somewhat tedious reasons there given for the various rules.
So many alterations and improvements suggested themselves,
howerver, that the original design was speedily abandoned, and,
with the exception of the first ten or fifteen pages, which are
taken entire from the work in question, the Treatise, as at pre-
sent issued, is, in all essential respects, an entirely new book.
Nevertheless, as it was the sole object of the author to prepare
a complete text-book on the subject of Arithmetic, he has not
hesitated to adopt whatever he considered ‘good, either in the
Irish National or in the numerous other excellent works on the
subject.

By far the greater number of the problems are original; and
it is hoped that the practical manner in which many of them are
put, will tend to render the study of Arithmetic more interesting
and useful than it has hitherto been. It will be observed, that
a thorough series of review examples has been given at the close
of each of the sections up to the seventh, and a very extensive
set at the end of the book. This is deemed an important feature
in the present work, as in some degree insisting upon that care-
ful revision of what bas been learned from time to time, without
which, the pupil arrives at the end of the book with all the rules
and principles 8o confounded with one another, as to render his
knowledge in a great measure worthless.

Since the only difference between simple and denominate
nnmbers is that the one increase and decrease according to the
scale of tens and the pther according to different scales, there is
no reason why the rules relating to them should be separated ;
and therefore in the following pages no distinction is made
between simple and compound rules. A somewhat extended
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experience has convinced the author that, except to the merest
beginners, the science of Arithmetic is more successfully pre-
sented by this than by the ordinary method of making the pupil
learn one set of rules for simple numbers and a completely diffe~
rent set for compound numbers.

It will be observed that towards the end of the Treatise the
rules are mainly deduced algebraically. Some teachers may not,
at first, be disposed to regard this as an improvement, but it wasg
not adopted until after careful deliberation and consultation
with many of the most successful teachers of Arithmetic in the
Province. It ig generally conceded that a pupil should com-
mence, in some sort, the study pf Algebra as soon as he has
progressed through Proportion in Arithmetic. In schools in
which this view is adopted by the teacher, no difficulty can be
experienced, as, even in the deduction of the rules, the algebraic
principles used are of the simplest possible character.

As some teachers, however, prefer always giving the rule in
a purely arithmetical form, this has invariably been appended in
all the cases usually treated of in Common Arithmetic.

With regard generally to algebraic formulas, it may be further
remarked, that an algebraic formula is simply the most abbre-
viated form in which it is possible to express a rule or principle.
Once the pupil is properly taught their use, he is in a manner
independent of mere mermory, since from & very few general
principles he is able, without any reference to a text-book, to
deduce for himself the whole series of rules for Simple and Com-
pound Interest, Discount, Annuities, Progression, and Position,
Even when the pupil is merely required to commit the rules to
memory, it is obvious that he can do so much more readily when
they are given to him in the shape of algebraic formulas than in
long worded paragraphs. Letany one, forinstance, compare the
work necessary for committing the eleven rules for simple inter-
est with that required to commit the corresponding formulag
and the result will be a thorough conviction of the superiority’
of the latter mode of giving the rules. In short, every expe-
rienced teacher will admit, that even while the pupil remains at

-school it is next to impossible to make him remember a]l the
different rules for Interest, Progression, and Annuities ; and that
directly he leaves the school to enter upon the business of life
these rules are either altogether forgotten or are so confounded
with one another as to become mere useless mental lumber
After many years’ trial, the author is persuaded that the onI):
successful mode of treating the rules in question, is to enabie
the pupil to deduce them algebraically and then to interpret and
apply the resulting formulas. ’

The attention of the teacher is respectfully q;
Recapitulation at the end of the first sec}:ion, wf:yex'el,r ?: ggﬂhz%gthhte
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the definition and essential principles of Notation and Numera-
tion are so concisely worded that they may be advantageously
committed to memory by the pupil.

The examination questions throughout the work have been
carefully prepared, and are designed both to cnable the self-
taught student to test, at each section, the extent and thorough-
ness of his knowledge of the principles therein contained, and
also to guide the pupil as to what principles and definitions are
of such importance that they require to be committed to memory.
This latter object is further secured by the arrangement of type,
—1l the definitions and leading principles being printed in
large type, the explanations, reasons, and remarks in small type,
and the problems in a size intermediate to the two.

Great pains have been taken to render the wording of the
rules as perfect as possible; and it will be observed that, in
order to catch the eye when glancing over the page, they are
invariably printed in Italics.

It is believed that the sections on Proportion, Fractions,
Interest, &c., contain a larger amount of informationh and a
better selection of examples than are commonly given ; and that
the section on the Properties of Numbers and the different scales
of notation will tend very materially to enlarge the pupil’s
acquaintance with the general principles of the science of Arith-
metic.

Although the Preface is not the proper place for discussing
methods of teaching Arithmetic, the author cannot refrain from
urging upon his fellow-teachers the following points :

1st. The pupil should be thoroughly drilled upon the use of
the signs and symbols of Arithmetic, because these constitute
the language proper to the subject,

2nd. He should be required to commit to memory all the
essential definitions, and also the tables of money, weights,
and measures. The teacher would do well to éxamine his pupils
on these tables once a month or oftener, since if the pupil has
to turn back to his book for each table as it is required, it
is not to be expected that his progress will be very rapid or
thorough. It may be fairly questioned, whether more than half
the difficulty and obscurity that cling to the subject of Arith-
metic does not arise from the fact that the pupil is not familiar
with the signs, the tables, and the principles of notation.

3rd. The teacher should give his class, from time to time,
questions of his own construction, either to solve at home or as
ordinary school-room  work, and the pupils should be encour-
aged and required to write questions themselves under each
rule. This is an important exercise, and no teacher who once
adopts it will ever throw it aside.
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4th, In all operations in which there are both multiplication
and division, the pupil should be taught to first indicate the
processes by their appropriate signs and then cancel a3 far as
possible.

5th. The teacher ig respectfully reminded, that without fre-
quent and thorough reviews there can be no real progress. Ex-
perience has shown that from one-third to one-half of the time
devoted to Arithmetic can be profitably devoted to revision and
recapitulation.

6th. The teacher should require from his pupil the absolutely
correct answer to each question. ¢ Near enough’ is productive
of great mischief to the pupil, as it encourages a habit of such
carelessness in his operations, that no confidence can be placed
on his results. It is not enough that the pupil understands the
principles,—although this of course is important. It is possible
80 to train the pupil that his operations in Arithmetic shall be
at ontl]ce rapid and accurate, and this should be the aim of the
teacher.

Toronto, December, 1859.



PREFACE TO THE SECOND EDITION.

The Author embraces the opportunity afforded by the issue
of & Second Edition, both to thank hig fellow-teachers in Canada
for the kind and flattering reception they have given his work,
and to offer a few words of explanation on what, as far as
he can learn, is the only feature that does not meet with very
general approval. He refers to the union of the Compound with .
the Simple Rules. It has been objected to the arrangement
adopted in the National Arithmetic, that & pupil must know the
Simple Rules before he can work problems in Reduction or in the
Compound Rules. Now this is undoubtedly true, and would be
e fatal objection to any such arrangement in an Elementary or
Primary Arithmetic. The National is, however, an advanced or
second book on arithmetic, and the pupil is assumed to have
progressed through an elementary text-book before he enters it.
If the National Arithmetic were designed for beginners, where
would be the necessity for a First or Elementary book on Arith-
metic? The objections have arisen altogether from a miscon-
ception of the design of the book. The pupil is supposed to
have worked through some elementary text-book on arithmetic,
and to have acquired a certain amount of practical skill in
arithmetical operations. He then enters the National, and, in
progressing through it, not only meets with additional and
more advanced practical exercises, but also learns the reasons
and the mutual relations of the several rules. Inthe Elementary
he is taught how to multiply an abstract by an abstract num-
ber, or an applicate by an abstract number. In the National he
is shown that these operations, though differing in detail, are
essentially the same in principle ; and be i3 thua enabled to
generalize and classify.
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Another objection urged is, that if the National Arithmetic
be designed for a second book on the science, the simple prob-
lems given at the commencement of each rule, and indeed the
earlier rules themselves, should not be inserted. This is also a
mistake. The object has been to exhibit a gradual progression
from the simple to the more difficult,—to show that the most
simple and the most complicated problems depend essentially
upon the same principles. Indeed, were the National Arith-
metic intended merely as a second practical work on arithmetic,
three-fourths of it might have been omitted, and nothing given
but the two or three rules omitted in the Elementary.

PUBLISHER'S ALVERTISEMENT.

In the first edition of this work some few typographical errors
escaped notice. )

_ The rapid sale of the book having necessitated another edi-
tion, these errors have been corrected; and the Publisher hag
the satisfaction, in issuing this edition, of stating, that it has
undergone the most rigid and careful revision at the hands of
the Author.

The next edition will be printed from Stereotvpe Plates.
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SIGNS USED IN THIS TREATISE.

+ the sign of addition ; as 54-7, or 5 to be added to 7.

— the sign of subtraction; as 4—3, or 3 to be sub-
tracted from 4.

X the sign of multiplication; as 8 X9, or 8 to be mul-
tiplied by 9. :

-+ the sign of division; as 18--6, or 18 to be divided
by 6. :

y( ) which is used to show that all the quantities united
by it are to be considered as but one. Thus (4+3—17X%6)
means 4 to be added to 3, 7 to be taken from the sum,
and 6 to be multiplied into the remainder. The latter is
equivalent to the whole quantity within the brackets,

== the sign of equality; as 54-6=11, or 5 added to 6,
is equal to 11. .

2>1 and 2<$§, mean that # is greater than 1, and
that 2 is less than &.

; is the sign of ratio or relation; thus 5 : 6, means the
ratio of 5 to 6, and is read 5 is to 6.

;. indicates the equality of ratios; thus 5:10::7:14,
means that there is the same relation between 5 and 10 as
between 7 and 14; and is read 5 is to 10 as 7 is to 14.

4/ the radical sign. By itself, it is the sign of the
square root ; as 4/5, which is the same as 5%, the square
root of 5. %/3, is the cube root of 3, or 35, /4 is the
7th root of 4, or 44/, &e.

ExXAMPLE. [/ {(8—3+17) X 4+6}+31]1 % &/9--10%
52=556'3, &c., may be read )thus : ta.k—t 3 f:'lr?m‘/& add 7 >tf)
the difference, multiply the sum by 4, divide the product
by 6, take the square root of the quotient and to it add 31
then multiply the sum by the cube root of 9, divide the
groc:;ot by the .}qu;re rgot of 10, multiply the quotient

e square o and the prod i
5%6'3, &g ) product will be equal to

These signs are fully explained in their proper places.



ARITHMETIC.

SECTION I.

DEFINITIONS.

1. Science is a collection of the general principles or
leading truths relating to any branch of knowledge, ar-
ranged in systematic order so as to be readily remembered,
referred to, and applied.

2, Art is a collection of rules serving to facilitate the
performance of certain operations. The rules of Art are
based upon the principles of Science.

3. Arithmetic is both a Science and an Ar¢.

4. As a Science, Arithmetic treats of the nature and
properties of numbers; as an Art, it teaches the mode of
applying this knowledge to practical purposes. The for-
mer may be called Theoretical, and the latter Practical
Arithmetic. To Practical Arithmetic belong all the ope-
rations we perform upon numbers, as addition, subtraction,
multiplication, division, the extraction of roots, &c. The
discussion of the principles upon which these operations are
founded, constitutes the theory of Arithmetic.

5. Any single thing, as a horse, an apple, a day, an inch,
is called a untt or one.

6. Numbers are expressions for one or more units,
Thus, the words one, two, three, four, five, &c., or the
characters 1, 2, 3, 4, 5, &c., are expressions by which we
indicate how many single things or units are to be taken.

7. Numbers are divided into two classes.

1. Abstract numbers.
2. Applicate, Conerete, or Denominate numbers,
B
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8. If the units referred to by a number have reference
to particular objects, as seven days, nine inches, &e., it is
called an applied, applicate, concrete, or denominate number.
If the units represented by a number have no reference to
any particular object, as when we say twuce etght are st
teen, or seven and two are nine, it is called an Abstract
number.

NOTATION AND NUMERATION.

9. To avail ourselves of the properties of numbers, we must
be able both to form an idea of them ourselves; and to convey
this idea to others by spoken and by written language—that is,
by the voice, and by characters. .

The expression of number by characters, is called notation ;
the reading of these, numeration. Notation, therefore, and nu-
meration, bear the same relation to each other as writing and
reading, and, though often confounded, they are in reality per-
fectly distinct.

10. It is obvious that, for the purposes of Arithmetic, we re-
quire the power of designating all possible numbers ; it is equally
obvious that we cannot give a different name or character to
each, as their variety is boundless. We must, therefore, by some
means or another, make a limited system of words and signs
suffice to express an unlimited amount of numerical quantities.
‘With what beautiful simplicity and clearness this is effected,
we shall better understand presently.

11. Two modes of attaining such an object present themselves :
the one, that of combining words or characters already in use, to
indicate new quantities ; the other, that of representing a variety
of different quantities by a single word or character, the danger
of mistake at the same time being prevented. The Romans sim-
plified their system of notation by adopting the principle of com-
bination ; but the still greater perfection of ours is due also to
the expression of many numbers by the same character.

12. Tt will be useful, and not at all difficult, to explain to the
pupil the mode by which, as we may suppose, an idea of con-
siderable numbers was originally acquired, and of which, indeed,
although unconsciously, we still avail ourselves ; we shall see, at
the same time, how methods of simplifying both numeration and
notation were naturally suggested.

Let us suppose no system of numbers to be as yet constructed,
and that a heap, for example, of pebbles, is placed before us that
we may discover their amount. If thisis considerable, we can-
not ascertain it by looking at them altogether, nor even by
separately inspecting them ; we must, therefore, have recourse to
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that contrivance which the mind always uses when it desires to
grasp what, taken as a whole, is too great for its powers. If we
examine an extensive landscape, as the eye cannot take it all in
at one view, we look successively at its different portions, and
form our judgment on them in detail. We must act similarly
with reference to large numbers : since we cannot comprehend
them at a single glance, we-must divide them into a sufficient
number of parts, and, examining these in succession, acquire an
indirect, but accurate idea of the whole. This process becomes by
habit so rapid, that it seems, if carelessly observed, but one act,
though it is made up of many : it is indispensable, whenever we
desire to have a clear idea of numbers—which is not, however,
every time they are mentioned.

13. Had we, then, to form for ourselves a numerical system,
we should naturally divide the individuals to be reckoned into
equal groups, each group consisting of some number quite within
the limit of our comprehension; if the groups were few, our ob-
ject would be attained without any further effort, since we should
have acquired an accurate knowledge of the number of groups,
and of the number of individuals in each group, and therefore a
satisfactory, although indirect estimate of the whole.

‘We ought to remark, that different porsons have very different limits to
their perfect comprehension of number. The intelligent can conceive with
ease a comparatively large one: there are savages so rude as to be incapa-
ble of forming an idea of one that is extremely small.

14. Let us call the number of individuals that we choose to
constitute a group, the ratio ; it is evident that the larger the
ratio, the smaller the number of groups ; and the smaller the ratio,
the larger the number of groups.

15. If the groups into which we have divided the objects to
be reckoned, exceed in amount that number of which we have a
perfect idea, we must continue the process, and, considering the
groups themselves as individuals, must form with them new
groups of a higher order, We must thus proceed until the
number of our highest group is sufficiently small.

18. The ratio used for groups of the second and higher orders,
would naturally, but not necessarily, be the same as that adopt-
ed for the lowest ; that is, if seven individuals counstitute a group
of the first order, we should probably make seven groups of the
first order constitute a group of the second also; and so on.

17. It might, and very likely would happen, that we should
not have 8o many objects as would exactly form a certain
number of groups of the highest order—some of the next lower
might be left. The same might occur in forming one or more
of the other groups. We might, for example, in reckoning a
heap of pebbles, have two groups of the fourth order, three of
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the third, none of the second, five of the first, and seven indi-
viduals or simple units,

18. If we had made each of the first order of groups consist
of ten pebbles, and each of the second order consist of ten of the
first, each group of the third of ten of the second, and so on
with the rest, we had selected the decimal system, or that which
is not only used at present, but which was adopted by the
Hebrews, Greeks, Romans, &c. It is remarkable that the lan-
guage of every civilized nation gives names to the different
groups of this, but not to those of any other numerical system,
Its very general diffusion, even among rude and barbarous people,
has most probably arisen from the habit of counting on the
fingers, which is not altogether abandoned, even by us.

19. It was not indispensable that we should have used the
same ratio for the groups of all the different orders. We might,
for example, have made four pebbles form a group of the first
order, twelve groups of the first order a group of the second, and
twenty groups of the second a group of the third order.—In
such a case we had adopted a system exactly like that to be
found in the table of Sterling money, in which four farthings
make a group of the order of pence, twelve pence a group of the
order of shillings, twenty shillings a group of the order of pounds.
While it must be admitted that the use of the same system for
applicate, as for abstract numbers, would greatly simplify our
arithmetical processes—as will be evident hereafter—a glance
at the tables given further on, and those set down in treating of
exchange, will show that a great variety of systems have actually
been constructed.

20. When we use the same ratio for the groups of all the
orders, we term it & common ratio. There appears to be no par-
ticular reason why Zen should have been selected as a ¢ common
ratio” in the system of numbers ordinarily used, except that it
was suggested, as already remarked, by the mode of counting
on the fingers; and that it is neither so low as unnecessarily
to increagse the number of orders of groups, nor so high as to
exceed the conception of any one for whom the system was
intended. (See Section III.)

21. A system of numbers i3 called binary, ternary, quaternary,
quinary, senary, septenary, octenary, nonary, denary, undenary, or
duodenary, according as two, three, four, five, six, seven, eight,
nine, ten, eleven, or twelve, is the common ratio. The demzry’
and duodenary systems are more commonly known as the deci-
mal and duodecimal systems. Ours is therefore a decimal, or
denary system of numbers. ’ !

If the common ratio were sixty, it would be a sezagesimal
system. Such a one was formerly used, and is still, to some ex-
tent, retained—as will be perceived by the tables hereafter given
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for the measurement of arcs and angles, and of time. A duode-
cimal system would have twelve for its ¢ common ratio”; a
vigesimal, twenty, &c. -

22. A little reflection will show that it was useless to give
different names and characters to any numbers except to those
which are less than that which constitutes the lowest group,
and to the different orders of groups; because all possible
numbers must consist of individuals, or of groups, or of both
individuals and groups. In neither case would it be sequired to
specify more than the number of individuals, and the number of
each species of group, none of which numbers—as is evident—
can be greater than the common ratio. Thisis precisely what we
have done in our numerical system, except that we have formed
the name of some of the groups by combining those already used.
Thus, ¢ tens of thousands,” the group next higher than thousands,

- is designated by a combination of ' words already applied to express

other groups—which tends still further to simplification.
23, Arabic system of Notation:—

Names. Characters.

One . 1

Two PN 2

Three. 3

) N 5 Four 4
Units of Comparison, or simple units, g_ive 5
1X [}

Seven 7

Eight 8

Nine 9

First group, or units of the second order, . Ten . . 10
Second group, or units of the third order, , Hundred . . 100
Third group, or units of the fourth order, . Thousand . . 1,000
Fourth group, or units of the fifth order, . Ten Thousand , 10,000
Fifth group, or units of the sixth order, . Hundred Thousand 100,000
Sixth group, or units of the seventh order,, Million . 1,000,000

24. The characters which express the first nine numbers are
the only ones used. They are called digits, from the custom of
counting them on the fingers, already noticed,—¢ digitus” mean-
ing in Latin a finger; and they have also been called signifi-
cant figures, to distinguish them from the cipher, or 0, which
has no value when standing alone, and which is used merely
to give the digits their proper position with reference to the
decimal point.

25. The decimal point is a point or dot used to indicate the
position of the simple units.

The pupil will distinctly remember that the place where the
“ gimple units” are to be found is that immediately to the left-
hand of this point, which, if not expressed, is supposed to stand
at the right-hand side of all the digits. Thus, in 468-76 the 8
expresges “ simple units,” being to the left of the decimal point;
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in 49 the 9 expresses ‘‘simple units,” the decimal point being
understood at the right of it.

26. We find by the table just given, that, after the first nine
numbers, the same digits are constantly repeated, their positions
with reference to the decimal point being, however, changed;
that is, to indicate succeeding groups, the digit is moved, by
means of a cipher, one place farther to theleft. Any one of the
digits may be used to express its respective number of any of the
groups :—thus 8 would be eight ¢ simple units” ; 80, eight groups
of the first order, or eight “tens” of simple units; 800, eight
groups of the second, or units of the third order; and so en.
We might use any of the digits with different groups; thus,
for example, 5 for groups of the third order, 3 for those of the
gecond, 7 for those of the first, and 8 for the ¥ simple units,”
then the whole set down in full would be 5000, 300, 70, 8, or, for
brevity's sake, 5378. For we never use a cipher, when the place
it would occupy may be filled up by & digit; and it is evident
that in 5378 the 378 keeps the 5 four places from the decimal
point (understood), just as well as ciphers would have dome;
also the 78 keeps the 3 in the third, and the 8 keeps the 7 in the
second place.

27. Itisimportant to remember that each digit has two values,
an absolute and a relative. The absolute value is the number of
units it expresses, whatever these units may be, and is unchange-
able; thus 6 always means six ; sometimes, indeed, six tens; at
other times six hundreds, &c. The relative value depends on
the order of units indicated, and on the nature of the *simple
unit.”*

* 'What has been said on this very important subject is intended princi-
pally for the teacher, though an ordinary amount of industry and intelli-
gence will be quite sufficient for the purpose of explaining it, even to a
child, particularly if each point is illustrated by an appropriate example;
the pupil may be made, for instance, to arrange a number of pebbles in
groups, sometinies of one, sometimes of another, and sometimes of several
orders, and then be desired to express them by characters—the “unit of
comparison " being occasionally changed from individuals, suppose to tens,
or hundreds, or to scores, or dozens, &c. Indeed the pupils must be well
aoquainted with these introductory matters, otherwise they will contract
the habit of answering without any very definite ideas of many things th
may be called upon to explain,and which they should be expected perfect
to understand. Any trouble bestowed by the teacher at this period will be
well repaid by the ease and rapidity with which the learner will afte:
advance. To be assured of this, he has only to recollect that most of his
future reasonings will be derived from, and ﬂis explansations grounded on
the very principles we have endeavoured to nnfol£ It may be taken as a
truth, that what a child learns without understanding, he will acquire with
disgust, and will soon cease to remember; for it is with children as with
persons of more advanced years—when we appeal successfully to their
tndexis'gmdmgs, t&e Prége a.ndd p}leasure they feel in the attainment of

nowledge, cause the labour and the wearine; ich i
knowlede fol;fotten. 38 which it costs to be under-

Pebbles will answer well for examples —indeed, their use in computing
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ROMAN SYSTEM OF NOTATION.

28. Our ordinary numerical oharacters have not been always,
or everywhere, used to express numbers; the letters of the
alphabet naturally presented themselves for the purpose, as
being already familiar, and, accordingly, were very generally
adopted—for example, by the Hebrews, Greeks, Romans, &c.,
each, of course, using their own alphabet. The pupil should be
acquainted with the Roman notation on account of its beautiful
simplicity, and its being still erployed in inscriptions, &e. : itis
found in the following table :— :

Characters. Numbers Expressed.

I . . One.
II. . . Two.
III. . . Three.
Antioipated changeIIII. or IV.. Four.
Change .. . Five.
VI. . . Six.
VIIL . . Seven,
VIIL.. . Eight.
Anticipated changeIX. . . Nine.
Change X. . . Ten.
XI. . . Eleven.
XII. . . Twelve.
XIII.. .-Thirteen,
XIV.. . Fourteen.
XV. . . Fifteen.
XVI. . . Sixteen.
XVII. . Seventeen,
XVIIL . . Eighteen.
XIX.. . Nineteen.
XX. . . Twenty.
‘XXX, &e.,. Thirty.
haa given rise to the term caleulation, “ calculus™ being,in Latin, a pebble;
but while the teacher illustrates what he says by groups of particular ob=-
jects, he must take care to notice that his remarks would be equally trueof
any others. He must also point ont the difference between a group and ity
uivalent unit, which, from their perfect equality, are generally confound-
ed. Thus he show that a penny, while equal to, is not identical with
four farthiugs%s seemingly unimportant remark will be better appre-
ciated hereafter; at the same time, without inaccuracy of result, we ma;

if we please, consider any group_either as a unit of the order to which {f
belongs, o 80 many of the next lower as are eguivalent,
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Characters. Numbers Expressed.
Anticipated change%L. . . Forty.

Change . . . . . Fifty.

LX,, &e., . Sixty, &e.
Anticipated changeXC. . . Ninety.
Change . . . One hundred.

c. .
CC., &c., . Two hundred, &c.

Anticipated changeCD. . . Four hundred.
Change . . D.orIp. . Five hundred, &c.

Anticipated changeCM. . . Nine hundred.
Change . . M. or CIp . One thousand, &e.

V. or Inp. . Five thousand,

X.orCCInp. Ten thousand, &e.
InnD- . Fifty thousand, &c.,
C%CIOOO . Onehundred thousand,&e.

29. Thus we find that the Romans used very few characters
—fewer, indeed than we do, although our system is still more
simple and effective from our applying the principle of * posi-
tion,” unknown to them,

They expressed all numbers by the following symbols, or com-
binations of them: I. V. X. L. C. D, or Ig.M,, or CIn. In
constructing their system, they evidently had a quinary in view ;
that is, as we have said, one in which five would be the common
ratio ; for we find that they changed their character, not only at
ten, ten times ten, &c.; but also at five, ten times five, &c. A
purely decimal system would suggest a change only at ten, ten
times ten, &c. ; a purely quinary, only atfive, five times five, &c.
As far as notation was concerned, what they adopted was
neither a decimal nor a quinary system, nor even a combination
of both ; they appear to have supposed two primary groups, one
of five, the other of ten ‘‘ units of comparison”; and to bave
formed all the other groups from these, by using ten as the com-
mon ratio of each resulting series.

80. They anticipated a change of character,—one unit before
it would naturally occur; that is, not ome * simple unit,”
but one of the units under consideration. In this point of view,
four is one unit before five; forty, one unit before fifty—tens
being now the units under- consideration; four hundred, one
unit before five hundred—hundreds having become the units
contemplated.
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81. From the table (28) it will be seen that as often as
any letter is repeated, so many times is its value repeated.
Thus I, standing alone, denotes one, IT denotes two, &c.
So X denotes ten, XX twenty, &c.

When a letter of less value is placed before a letter of
greater value, it takes away its own value from the greater;
but when placed after it, it adds its own value to the
greater. Thus V denotes five, IV denotes four, and VI
siz; 80 X denotes ten, IX nine, and XI eleven, &e.

A line or bar placed over any letter increases its value a
thousandfold. Thus V denotes five, V denotes five
thousand ; X denotes ten, X denotes ten thousand, &e.

32. To express a number by the Roman method of notation :

RuLe.—Find the highest number within the given one, that is
expressed by a single character, or the * anticipation” of one (28) ;
set down that character, or anticipation, as the case may be, and
take its value from the given number. Find what highest number
less than the remainder is expressed by a single character, or * an-
ticipation” ; put that character or “anticipation” to the right hand
of what is already written, and take its value from the last re-
mainder : proceed thus until nothing is left.

ExaMPLE.—Set down the number eighteen hundred and forty-four, in
Roman characters. One thousand expressed by M. is the highest num-
ber within the given one, indicated by oune character or by an anticipa-
tion; we put down

M

and take one thousand from the given number, which leaves eight hundred
and forty-four. Five hundred, D, is the highest number within the lasé
remainder (eight hundred and forty-four) expressed by one character, or
an “anticipation”; we set down D to the right hand of M,
MD,
aud take its value from eight hundred and forty-four, which leaves three
hundred and forty-four, In this the highest number expressed by a singie
character, or an “anticipation,” is one hundred, indicated by C; which we
set down, and for the same reason two other C's,
MDCCC.
This leaves only forty-four, the highest number within which, expressed
by a single character or an “anticipation,” is forty, XL—an anticipation
we set this down also,
MDCCCXL.

Four, expressed by 1V, still remains; which, being also added, the whole
is as follows:.—

MDCCCXLIV.



26 NOTATION [8zcr. 1

EXERCISE.

88, Express the following numbers in the Roman notation :—

. Twenty-five.

. Foriy-three.

. Sixty-seven.

. Eighty-nine.

. Ninety-eight.

One hundred and thirty-seven.

. Three hundred and seventy-one.

. Four hundred and two.

. Six hundred and seventeen.

. Nine hundred and ninety-nine.

. One thousand four hundred and forty-six.

. Three thousand eight hundred and five.

. Eight thousand six hundred and seventy.

. Twelve thousand one hundred and sixty-nine.
. Four hundred and ninety-seven thousand, six hundred and
eighty-two.

—
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JAnswers,

. XXV. 2. XLIIL 3. LXVIL

. LXXXIX. 5. XCVIIL 6. CXXXVIIL,

. CCOLXXI 8. CDIL. 9. DCXVIL.

. CMXCIX. 11. MCDXLVI. 12. MMMDCOCYV.
13. VYMMMDCLXX. 14. XMMCLXIX.

15. CDXCVMMDCLXXXII.

O T =

EXERCISE.
34. Read the following expressions : —
1. XCVII 2. COLXXII. 8. DOLXVIIL
4. CMIX 5. XV. 6. VMMMXXXIII.

7. XVDCCOCLXXXVIIL 8. DOXLVMCMIV. 9. XXVXXY.

. Ninety-seven.

. Two hundred and seventy-two.

. Six hundred and sixty-eight.

. Nine hundred and nine.

. Fifteen thousand.

Eight thousand and thirty-three.

. Fifteen thousand eight hundred and eighty-eight.

--Six hundred and forty-six thousand nine hundred and four,
. Twenty-five thousand and twenty-five,

WO To Ot W
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ARABIC SYSTEM OF NOTATION.

85. In the Common or Arabic system of Notation the same
character may have different values, according to the place it
holds with reference to the decimal point (25), or perhaps more
strictly to the simple units. This is the principle of position.

88. The places occupied bythe units of the different orders (23),
may be described as follows :—simple units, one place to the
left of the decimal point, expressed, or understood ; tens, two
places ; hundreds, three places, &c.

37. When, therefore, we are desired to write any number, we
.have merely to put down the digits expressing the amounts of
the different units in their proper places, according to the order
to which each belongs. If, in the given number, there is any
‘ place” in which there is no digit, a cipher must be set down
in that place, when required to keep another digit in its own
position.—But a cypher produces no effect, when it is not between
one or more digits and the decimal point; thus, 05636, 536.0,
and 536 would mean the same thing—the first is, however,
incorrect. 536 and 5360 are different; in the latter case the
cipher affects the value, because it alters the position of the
digits.

ExampPLE.—Let it be required to set down six hundred and two. The
six must be in the third,and the two in the first place; for this purpose
we are to put a cipher between the 6 and 2—thus 602. Without a cypher

the six would be in the second place—thus, 62 ; and would mean, not six
hundreds, but six tens,

38. In numerating, we begin with the digits of the highest
order, and proceed downwards, stating the number which
belongs to each order.

To facilitate notation and numeration, it is usual to divide
the places occupied by the different orders of units into periods.
For a certain distance, the English and French methods of
division agree; the English billion is, however, a thousand
times greater than the French. This discrepancy is not of much
importance, since we are rarely obliged to use so high a number ;
—we shall prefer the French method. ‘To give some idea of the
amount of a billion, it is only necessary to remark, that, accord-
ing to the English method of notation, there has not been one
billion of seconds since the birth of Christ. Indeed, to reckon
even & million, counting on an average three per second for
eight hours a day, would require nearly 12 days. The following
are the two methods ;
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39. Use of Periods.—For the purpose of reading or writing
numbers, we divide them by separating points, into periods——
the first separating point being the decimal point, expressed or
understood, and the other separating points being placed after
every third digit, or place, to the right and left of the decimal
point. Each period has three places—of which one or more
may be occupied by digits. The lowest place in every period—
or that to the right hand, is the “ units’” place of that period :
and the highest, the ¢ hundreds’'” place. And this is true,
whether the period is to the left or to the right of the decimal
point.

40. The period to the left of the decimal point contains the
simple units. The first period to the left of the units’ period,
containg the thousands ; and the first period to the right of it,
the thousandths. The second period to the left of the units’
period, containg the millions ; and the second to the right of it,
the millionths. The third period to the left of the units' period,
contains the billions; and the third to the right of it, the
billionths. The fourth period to the left of the unite’ period,
containg the ?rillions; and the fourth to the right of it, the
trillionths. The fifth period to the left of the units’ period, con-
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tains the gquadrillions ; and the fifth to the right of it, the quadril-
lw_nths. The sixth period to the left of the units’ period, con-
taing the quintillions ; and the sixth to the right of it, the quin-
tillionths. The seventh period to the left of the units’ period,
contains the se:ctzllu?ns; and the seventh to the right of it, the
:eztzl{wnths. Tlfe gnghth period to the left of the units’ period,
‘contains the septzlllo_ns,- and the eighth to the right of it, the
septtll}onths. Th'e l_nnth period to the left of the units’ period,
containg the octillions; and the ninth to the right of it, the
octillionths. The tenth period to the left of the units’ period,
containg the nonillions; and the tenth to the right of it, the
nonillionths,

The pupil should be made perfectly familiar with the names of the
pg'rwd.,; and of the places in each period—so as to be able, without the
slightest hesitation, to name the period and place to which any digit
belongs, or into which it ought to be put. When he can read or write any
one digit, belongiug to any period and place, he should be taught to rea
and write a number consisting of two, three, four, &e. digits, whether they
are close together, or separated by any number of ciphers.

The whole of what has been said above will become more evident from
an attentive consideration of the following table :

. i 4
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ExAMPLES.—Let it be required to read off the following number, 576934*
‘We put a point to the left of the 9, and find that there are exactly two
periods~thus, 576,934 ; this does not always occur, as the highest or lowest
period is often imperfect, consisting only of one or two digits. Dividing
the number thus into parts, shows at ouce that 5 is in the third place of
the second period—that is, in the Hundreds' place of the Thousands’
period : and therefore, that it expresses five hundred thousauds : that the
7, being in the second place of the same period indicates tens of thousands:
and the 6, being in the first, indicates thousands. The 9, being in the
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third place of the first period, indicates hundreds of units; the 3, being in
the second place of the same period, indicates tens of units : and the 4,
being in the first, indicates units (* of comparison,” or * simple units "),
The number, therefore, may be read as follows—* five hundreds of thou-
sands, seven tens of thousands, and six thousands ; nine hundreds of units,
three tens of units, and four units” ; or more briefly, * five hundred an¢
seventy-six thousand nine hundred and thirty-four.”

41, To prevent the separating point or that which divides into periods,
from being mistaken for the decimal point, the former should be a comma
(,)—the latterafullstop (.) Without this distinction, two numbers which
are very different might be confounded : thus, 498°763, and 498,763, one of
which is a thousand times greater than the other. - After awhile we may
disgense with the separating point, though it is convenient to retain it
with large numbers, as they are then read with greater ease.

42. To write down any integral or whole number, it is merely
necessary to remember the order of the periods, and that every period
contains three places, each of which must be filled, either by a digit
or a cipher. The one, two, or three digits, belonging to the highest
period are first written in their appropriate places; then the next
lower period is filled with the digits, or ciphers belonging to it ;
afterwards the next ; and so on, till the whole number is set down.

ExaMrLE.—Let it be required to write the number seventy-three tril-
lions two hundred and nine billions eighteen thousand and six. _The high-
est genod here mentioned is that of trillions, which we know to bethe fifth
to the left of the decimal point (40). We therefore set down the digits 73,
bea.rm%in mind that we are to put in four complete periods, or twelve
places between the 3 and the decimal point. The next period we haveis
that of billions, which we fill with digits 209 gtwo hundred and nine).
The next period, that of millions, has no significant figures, and we ac.
cordingly fill it thus, 000. We now come to the period of thousands, in
which we have the digits 18, but, inasmuch as the third place of this period
must also be filled, we insert there a cipher, and the full period becomes
018. Lastly, the fowest period, or that of units, is to contain only the
digit 6,—the other two places being filled with ciphers, the complete
period is written 006. Now setting these periods one after the other in
their proper order, we obtain for the entire number the expression,
78,209,000,018,006. .

43. To write down any decimal number we proceed very
muchin the same way. We have to remark, that in any decimal
the last digit to the right gives the denomination to the number.
Thus, 68 is read sixty-eight hundredths; -40'78 is read four
thousand and seventy-eight tenths of thousandths, &c.

Now, when we wish to write any decimal, we first ascertain how
many places the proposed denomination or order is fo the right
of the decimal point; and then, if the given digits will not bring
the number to its proper position, we insert between these digits
and the decimal point the requisite number of ciphers.

ExAMPLE. 1—Let it be required to write the number, seve;
and sixteen thousand and eighty-nine billionths, Now we lmo:v1 ?&?ﬁﬁ
billionths occupy the 9th place to the ri;ht of the decimal point, Were
we to place the decimal point immediately before the digits themselves
thus, *716089, they would express not so many billionths but so many mil.
lionths ; since millionths occupy the éth and billionths the 9th place, It
;% :tb:lxlt:::, :ihﬁg}:!\l;% to g&e the gﬁ:tsdtheir proper value, we maust in-
ween them and the decimal po:
then correctly written *000,716,089. point, snd the number is
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EXAMPLE 2.—Write tho number six thousand two hundred and one hun.
dredths of trillionths, From (40) we know that hundredths of trillionths
occupy the 14th place. The given digits (6201{1 being ouly four in number,
require the aid of ten ciphers in order to fill the 14 places, and the number
is thus written, *600,000,000,062,01.

ExaMPLE 3.—Write the number, six millions seven bundred and twen.
$y-seven thousand and twelve tenths of billionths. The given digits,
6727012, are only seven in number, while the denomination Zenths of bil-

ionths implies that fen places must be filled. We have, therefore, to
insert hree ciphers between the given digits and the decimal point, and
the resulting expression, "000, 672,701,2, represents the given number.

44, The simple units are, as we have said, always found in the
first period to the left of the decimal point. The digits to the
left hand, progressively increase in a tenfold degree—those
occupying the first place to the left of the simple units
being ten times greater than the simple units; those occu-
pying the second place, ten times greater than those which oc-
cupy the first, and one hundred times greater than the units of
comparison themselves; and so on. Moving a digit one place
to the left, multiplies it by ten—that is, makes it ten times
greater ; moving it two places, multiplies it by one hundred—
that is, makes it one hundred times greater; and so of the rest.
If all the digits of a quantity be moved one, two, &c., places to
the left, the whole is increased ten, one hundred, &c., times—
as the case may be. On the other hand, moving a digit, or a
quantity one place to the right, divides it by ten, that is makes
it ten times smaller than before; moving it two places, divides
it by one hundred, or makes it one hundred times smaller, &c.

45. We possess this power of easily increasing, or diminishing
any number in a ténfold, &c., degree, whether the digits are all
at the right, or all at the left of the decimal point ; or partly at
the right or partly at the left. And the pupil must remember
that the quantities increase in a tenfold degree to the left, and
decrease in the same degree to the right wherever the decimal
point may happen to be. We therefore put quantities ten times
less than simple units one place to the right of them, just as we
put those which are ten times less than hundreds, &c., one place
to the right of hundreds, &c. Quantities to the left of the deci-
mal point are called infegers, because none of them is less than
8 whole * gimple unit”; and those to the right of it, decimals.
‘When there are decimals in a given number, the decimal point is
always expressed, and is found at the right-hand side of the
ajmple units. :

48. The periods to the left of the decimal point may be called
the ascending, and those to tbe right of it the descending series :
—taken together, however, they constitute but one series, which
is an ascending or a descending series, according as it is read
from right to left or from left to right. Periods that are equally
distant from the units of comparison bear & very close relation to
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each other, which is indicated even by the similarity of their
names ; the only difference being in the terminations (40).. We
have seen also, that when we divide integers into p.enods (40),
the first separating point. must be put to the right of the
thousands. In dividing decimals into periods, the first point
must be put to the right of the thousandths also.

47. Care must be taken not to confound what we now_call
¢ decimals,” with what we shall hereafter designate * decimal
fractions”; for they express equal, but not identically the same
quantities—the decimals being what shall be termed the ¢ quo-
tients ” of the corresponding decimal fractions. This remark is
made here to anticipate any inaccurate idea on the subject, in
those who already know something of arithmetic.

48, There i no reason for treating integers and decimals by‘
different rules, and at different times, since they follow precisely
the same laws, and constitute parts of the very same series of
numbers (46). Besides, any quantity may, as far as the decimal
point is concerned, be expressed in different ways ; for this pur-
pose we have merely to change the unit of comparison. Thus,
let it be required to set down a number indicating five hundred
and seventy-four men. If the unit be one man, the quantity
would stand as follows, 574. If a band of ten men, it would
pecome 57-4—for as each man would then constitute only the
tenth part of the ¢ unit of comparison,” four men would be only
four tenths, or 0-4 ; and, since ten men would form but one unit,
seventy men would be merely seven simple units, or T, &c.
Again, if it were a band of one hundred men, the number must
be written 5-74 ; and lastly, if a band of a thousand men, it would
be 0-574. Should the “unit” be a band of a dozen, or a score of
men, the change would be still more complicated ; as, not only
the position of a decimal point, but the very digits also, would
be altered.

49. Itis not necessary to remark that moving the decimal
point 50 many places to the left, or the digits an equal number
of places to the right, amounts to the same thing, -~

Sometimes in changing the decimal point, one or more ¢iphers
are to be added ; thus, when we move 42'6 three places to the
left, it becomes 42600 ; when we move 27 five places to the right
it s 0°00027, &c. -

50. Tt follows from what we have said, that a decimal, though
less than what constitutes the unit of comparisonr, may itself
consist of not only one, but several individuals. Of course it
will often be necessary to indicate the nature of the  simple
units ” ; as 3 scores, & dozen, 6 men, 7 cdfpanies, 8 regiments,
&c. But its nature does not affect the abatract properties of
numbers ; for it is true to say that seven and five, when added
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together, make twelve, whatever the unit of comparison may
be :~—provided, however, that the same standard be applied to
both ; thus 7 men and 5 men are 12 men ; but 7men and 5 horses
are neither 12 men nor 12 horses; 7 men and 5 dozen men are
neither 12 men nor 12 dozen men. When, therefore, numbers
are to be compared, &c., they must have the same unit of com-
parison :—or, without altering their value, they must be reduced
to those which have. Thus we may consider 5 tens of men to
become 50 individuul men—the unit being altered from fen men
to one man, without the value of the quantity being changed.
This principle must be kept in mind from the very commence-
ment, but its utility will become more obvious hereafter.

: EXERCISE.
51. Write down the following Numbers :—

1. One hundred and ninety-four.

2. One thousand and seventy-six.

3. Twenty thousand five bundred and eight.

. Two hundred and one thousand and three.

. Eighty millions four thousand and thirty-three.

. Sixteen quadrillions five hundred and ninety-seven trillions

three billions forty-four millions and ninety-one.

. Ninety-seven hundredths.

. Six hundred and forty-three thousandths.

. One hundred and twenty-two thousand and eighty-nine

millionths.

10, Thirty-nine tenths of millionths.

11. Sixty-three hundredths of trillionths.

12. Seventeen billions four thousand and one, and nine hundred

and sixty-seven billionths.

13. Seven trillions eight hundred and two billions twenty-three
thousand and eleven, and nine thousand nine hundred
and ninety-nine billionths.

14. Oxe quadrillion one trillion one billion one million one
thousand one hundred and one, and one trillionth.

15. Eight hundred and ninety-six trillions and two, and nine
hundred and four hundredths of millionths,

OCWay OV

Answers.
1. 194, 2. 1076. 3. 20508.
4, 201003. 5. 80004033. 6. 16597003044000091.
7. -91. 8. -643. 9, *122089,

10. +0000039.
11, -00000000000063.
12. 17000004001-000000967.
13. 7802000023011-000009999.
14, 1001001001001101-000000000001,
15, 896000000000002:00000904,
c
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EXERCISE.

52. Read the following numbers :—

904, 7. 604-:03.

7060. 8. 90767:004003.

90004. 9. 9001-00070306.

. 40300201, 10. 1237-9134671342913.

. 7060504030. 11. +00100100100101.

. 70003000000400. 12. 100-20030040050060017.

Answers.

. Nine hundred and four.

. Seven thousand and sixty.

. Ninety thousand and four.

. Forty millions three hundred thousand two hundred and

one.

. Seven billions sixty millions five hundred and four thousand

and thirty.

. Seventy trilliong tbree billions and four hundred.

. Six hundred and four, and three hundredths.

. Ninéty thousand seven hundred and sixty-seven and four

thousand and three millionths. !

. Nine thousand and one, and seventy thousand three hundred

and six hundredths of millionths.

10. One tbousand two hundred and thirty seven, and nine tril-
lions one hundred and thirty-four billions six hundred
and seventy-one millions three hundred and forty-two
thousand nine hundred and thirteen tenths of trillionths

11. One hundred billions one hundred millions one hundred
thousand one hundred and one hundredths of trillionths

12. On;_lllx}lndreg, a.nqutwo quadrillions three trillions fom"

illions five millions six tho

of quadrillionths, usand and seven tenths

o U0 DD

© [- = =2

ON THE DENé)MINATION OF NUMBERS.

53. When two numbers have the same uni .
to be of the same denomination; when t};létzﬁfg; a:;% Saui
the same, they are said to be of different denominati no
For example, 16 shillings and 28 shillings are two ons.
bers of the same denomination ; but 23 shillines and Itll‘xlm-
farthings are not of the same denomination “the unitrei'
23 shilliogs being one shilling, and of three farthing‘;

)

one farthing. The Find of unit al
denomination. ways expresses the
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Even in abstract or simple numbers, different names
are given to the units as we proceed to the right or left of
the decimal point, viz., simple units, or units of the first
order; tens, or units of the second order; hundreds, or
units of the third order, &. Considered in this relation
to each other, these units may be regarded as denominate
numbers.

The following Tables show the various kinds of deno-
minate numbers in general use, and also the relative values
of their different units,

TABLES OF MONEY, WEIGHTS, AND MEASURES.
STERLING MONEY,

54. The denominations are pounds, shillings, pence, and
farthings.

TABLE.,
4 farthings (qr.) make 1 penny marked d.
12 pence “ 1 shilling, « s,
20 shillings “ 1pound, “ £,
qr. d.
4 = 1 s
48 = 12 1 £
960 =— 240 = 20 = 1.
Other English coins, some of them now out of use :
Moidore = 27s. Noble = 6s. 8d.
Guinea = 21s. Crown = bs.
Pistole = 16s. 10d. |Angel = 10s,
Mark or Merk = 13s. 4d. |Groat = 4d.

The letters £ 5. d. and qr. are the initials of the Latin words, Zibra,
solidus, denarius, and quadrans, which respectively signify a pound, a
shilling, a penny, and a farthing, or quarter. The mark /, which some-
times separates the shillings and pence, is a corruption of the long
JS'(8), arising from the rapidity with which it is made.

t i8 now customary to write farthings as fractions of a penny, as 1d. id.
44d., to represent 1 qr., 2 qr., and 3 qr. . )

Sterling money is su%posed to have received its name from the Esterlings
or German traders in England,by whom it is said to have been first coined.

The pound is 8o called, because in ancient times it was equal to a pound
Troy of silver. Its present value in Canada is $4°8666, and hence the value
of-an English shilling is 244 cents. The éujnea was s0 called from being
originally coined from gold brought from Guiuea, on the coast of Africa,
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The present standard gold coin of Great Britain consists of 22 parts pure
gold g,gd 2 parts of copger. The standard silver coin consists of 87 parts
pure silver and 3 parts copper. In copper coin 24 pence weigh a pound
avoirdupois.

FEDERAL MONEY.

55. Federal money is the currency of the United States.
The denominations are eagles, dollars, dimes, cents, and
mills.

TABLE.
10 mills (m.) make 1 cent, marked ct.
10 cents “ 1 dime, * .
10 dimes “ 1 dollar, “ $.
10 dollars “ 1 eagle, “ E.
m. ct.
10 = 1 d.
100 = 10 = 1 $.
1000 = 100 = 10 1 E.
10000 = 1000 = 100 10 1.

The sign $ is the symbol for the old Spanish coin of 8 reals. On one sideof
the Spanish real the pillars of Hercules were represented supportmdg the
world—on the piece of eight reals the pillars were retained and the
8 wriften over them—thus $. Many however consider the sign $ a con-
traction of the letters U, 8., the initials of United States, made by drop-
ping the curve of the U and writing the § over it.

The present standard for both gold and sélver coin in the United SBtates
is 900 parts of {:ure metal and 100 parts of alloy, The alloy for gold is silver
and copper; that for silver is pure copper.

The gold coinsare the Eagle, the Double Eagle, Half Eagle, Quarter Eagle,
and Dollar; the silver coins are the Dollar, Half Dollar, Quarter Dollar,
Dime, and Half Dime; the copper coius are the Cent and Half Cent ; Mills
are never coined.

OLD CANADIAN MONEY.

56. The denominations are pounds, dollars, shillings,
pence, and farthings.

TABLE,
4 farthings make 1 penny, marked d.
12 pence “  1shilling, <« g,

5 shillings “ 1 dollar, “ 8§
4 dollars “ 1pound, < £,

qr. d.
4 = 1 8.
48 = 12 = 1 $.
240 = 60 = b5 = 1 £.
960 = 240 = 20 = 4 = 1,
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Nore.—Every 3d. of the 0ld coinage is equal to 5 cents of the
new. The York shilling was equal to the eighth part of a §, or
to 7id. or to 12} cents.

NEW CANADIAN OR DECIMAL MONEY.

57. The denominations are dollars and cents.
The coins are cents, five-cent pieces, ten-cent pieces, and
twenty-cent pieces.

100 cents (¢) make 1 dollar, marked $.
AVOIRDUPOIS WEIGHT

58. Is used in weighing heavy articles. Its name is
derived from French—and ultimately from Latin words
signifying ¢ to have weight.” Its denominations are tons;
hundredweights, quarters, pounds, ounces, and drams.

TABLE.
16 drams make 1 ounce, marked oz.
16 ounces “ 1 pound, “ b,
25 pounds “ 1 quarter, “ gr.
4 quarters “ 1 hundredweight,”  cwt.
20 cwt.  “ 1 ton, “ oot
d. 0z,
16 = 1 1b.
256 = 16 = 1 qr.
6400 = 400 = 25 = 1 cwt.
25600 = 1600 = 100 = 4 = 1 t.
512000 = 32000 = 2000 = 80 = 20 = 1.

It was formerly the custom to allow 28 1bs. to the quarter, 112 1bs. to the
hundredweight, and 2240 to the ton. This has now fallen into disuse ; and
among merchants in Canada the qr., cwt, and top are universally considered
as respectively equal to 25 1bs., 100 Ibs., and 2000 Ibs. The Custom Houses
continue to regard the cwt. asequal to 112 Ibs., and some few articles are still
weighed by the old cwt. by farmers and others.

TROY WEIGHT.

59. The denominations of Troy Weight are pounds,
ounces, pennyweights, and grains.

TABLE.
24 grains (grs.) make 1 pennyweight, marked dwt.
20 pennyweights “ 1 ounce, “  om

12 ounces % 1 pound, “ I,
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gr8. dwt.
24 = 1 0z.
480 = 20 = 1 1b,
5760 = 240 = 12 = 1.

This weight was introduced into Europe from Cairo, in Eg;i))q, and was
first adopted in Troyes, a city of France—whence its name, 1t isusedin
philosophy. in weighing gold, precious stones, &c. .
NoTe.—The origin of all weights used in England. was a grain of whbeat
taken from the middle of the ear and well dried. A weight equal to 32 of
these grains was called a Pennyweight, being equal tothe weight of a silver
penny then in use ; 20 of these pennyweights constituted an ounce, which
was the'12th part ofa pound (Lat “ uncia,” a12th part—compare “inch,” the
twelfth part of a foot). In later times the pennyweight came to be divided
into 24 equal parts instead of 32, but these still retain the name of grains.
The “ Carat,” which is equal to about four grains (somewhat less than
Troy grains), is used in weighing diamonds. The term carat is alsoapplied
in estimating the fineness of gold: the latter, when perfectly pure, issaid
to be “24 carats fine.” Ifthere are 23 parts gold, and one part some other
material, the mixture is said to be “23 carats fine ”; if 22 parts out of the
24 are gold, it i3 “ 22 carats fine,”” &c. The whole mass is, in all cases sup-
posed to be divided into 24 parts,of which the'number consisting of gold is
specified. Our gold coin is 22 carats fine; pure gold, being very soft, would
100 soon wear out. The degree of fineness of gold articles is marked upon
them at the Goldsmiths’ Hall ; thus we generally perceive * 18 *” on the cases
of gold watches : this indicates that they are *“18 carats fine ”—the lowest
degree of purity which is stamped,
. ers.,

A Troy ounce containg.........cv0vee. 480

An Avoirdupois ounce «.....avviiev... 4373

A Troy pound......convveeeinaiaiaias. 5,760

An Avoirdupois pound ................ %000

A Troy pound is equal to 372'965 French grammes.

175 Troy pounds are equal to 144 avoirdupois; 175 Troy
are equal to 192 avoirdupois ounces.

APOTHECARIES' WEIGHT.

60. The denominations of Apothecaries’ Weight are
pounds, ounces, drams, seruples, and grains,

TABLE.

20 grains (grs.) make 1 scruple, marked sc. or .
3 scruples “ 1 dram, “ dr.or 3,
8 drams “ 1 ounce, “ omor %,

12 ounces “ 1 pound, “ .

grs. C]

20 = 1 3

60 = 3 = 1 Z

480 = 24 = 8 = 1 ®.
5760 = 288 = 96 =.12 = |,
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Apotheearies mix their medicines by this weight, but buy and sell by
avoirdupois. N .
The pound and ounce of this weight are the same as in Troy weight.

LONG MEASURE.

61. The denominations of Long Measure are leagues,
miles, furlongs, rods, yards, feet, inches, and lines.

TABLE.

12 lines (1.) make 1 inch, marked in.

12 inches “ 1 foot, “ o fy,

3 feet “ 1 yard, “  yd.

5% yards “ 1 rod, pole, or perch, rd.orp.
40 rods or perches ¢ 1 furlong, « fur.

8 furlongs “ 1 mile, “ m.

3 miles “ 1 league, “ lea.

69} miles (nearly) *“ 1 degree or 360th part of the
earth’s circumference.

in ft.

12 = 1 yd.

36 = 3 = 1 rd.

198 — 164 = 51 = 1 fur.

7920 —= 660 —= 220 = 40 = 1 m.
63360 = 5280 = 1760 = 320 = 8 =1,

100 links, 4 rods, or 22 yards, make 1 Gunter’s chain. Each
link therefore is equal to 7%%; inches.

Eleven Irish are equal to 14 Euglish miles. The Paris foot is
equal to 12:792 English inches, the Roman foot to 11-604 English
inches, and the French metre to 39-383 English inches.

4 inches make 1 hand (used in measuring horses),

3 inches ¢ 1 palm.

18 inches ‘¢ 1 cubit.
3 feet ¢ @ common pace.
5 feet # a Roman pace.

6 feet ¢ g fathom.
120 fathoms “ & cable’s length.

SQUARE MEASURE.

62. This measure is used for estimating artificers’ work,
such as flooring, plastering, painting, paving, &c., and, in
short, any kind of work where surface alone is concerned.
It is always employed in measuring land, and hence it is
frequently called Land Measure.
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A square ig a four-sided 1 foot = 12 inches.
figure having all of its p :

sides equal and perpendi- I

cular one to another. If '
the length of each gide be ;
an inch, a foot, or a yard, g |— G
&c., the squareis calleda g
squareinch, a square foot, pe
or a square yard, &c. It~ T
will be observed from the ||
adjacent figure that a %
square foot containg 12X & 4
12 or 144 square inches, ~
and similarly a square
yard may be shown to
contain3 X 3 or9square | ' [_
feet. [ 1

HET

The denominations of Square Measure are square miles,
acres, roods, square perches, square yards, square feet, and
square inches,

TABLE.

144 square inches make 1 square foot, marked sq. ft.
9 square feet “ 1 square yard, “ sq. yd.
301 square yards “ 1 square rod, “  sq.rd.

40 square rods  “ 1 rood, “ o

4 roods “ 1 acre, “ a
640 acres “ 1 square mile, ¢ s m,

8q. in. 8q. ft.

144 = 1 8q. yd.

1206 = 9 = 1 8q. rd.

39204 = 22 = 303 = 1 r.
1568160 = 10890 = 1210 = 40 = 1 acre.
6272640 — 43560 == 4840 = 160 = 4 — 1.

63. In measuring land, Gunter's chain is used. It ig
divided into 100 links.

7% inches make 1 link, marked 1.
100 links or 4 rods “ 1 chain, “ e
80 chaing “ 1 mile, “ m,

10000 square links  “ 1 square chain, “ sq. o.
10 square chains ¢ 1 acre, " a,
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SOLID OR CUBIC MEASURE.

64. This measure is used for finding the solid contents of
timber, stone, &c. A cube is a solid bounded by six equal
surfaces or squares, and having eight equal edges. Itis
called a cubic inch, a cubic foot, or a eubic yard, according
a8 each of these edges is an inch, a foot, or a yard in length.

The accompanying figure represents a cubic yard—each edge
being 3 feet in length. The top, 8 feet.
which is equal to the base, eon-
tains 3% 3 or 9 square feet ; hence,
if it were only one foot in height
it would contain 9 cubic feet ; but
itis three feet in height, and must
therefore contain 9 X 3 or 27 cubic
feet. A cubic yard then contains
3X3X3 or 27 cubic feet.

8 feet.

Similarly it may be shown that a cubic foot contains
12 12X 12 or 1728 cubic inches.

The denominations of Cubic Measure are cords, tons,
cubic feet, and cubic inches,
TABLE.
1728 cubic inches make 1 c. ft. marked c. ft.

27 cubic feet “ 1ecubicyd.,* e.yd.
*40 c. ft. of round timber, or

: “ 1 ton “ ton.
50 c. ft. of sq. or hewn timber } ’
128 cubic feet make 1 cord of firewood, marked ec.

c. in. c. ft.
1728 = 1 c. yd.
46656 — 27 = 1.

A pile of cord-wood 4 feet high, 4 feet wide, and 8 feet long,
contains 128 cubic feet or one cord. One foot in length of such
a pile is called a cord-foot. It is equal to 16 solid feet, and is
consequently equivalent to the eighth part of a cord.

CLOTH MEASURE.

85. The denominations of Cloth Measure are French
ells, English ells, Flemish ells, quarters, nails, and inches.

* A ton of round timber is that quantity of timber whick,
when hewn, will make 40 cubic feet,
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TABLE.
2} inches (in.) make 1 nail, marked na.
4 nails “ 1 quarter, “  qr.
3 quarters “ 1 Flemishell, ¢ Fle
4 quarters “ 1 yard, “  yd.
5 quarters “ 1 Englishell, “ E.e
6 quarters «“ 1 Frenchell, “ F.e
in. na.
2t = 1 qr.
9 = 4 =1 Fl.e.
27 = 12 = 3 =1 yd.
36 = 16 = 4 = 1} = 1 Enge
45 = 20 = 5 = 13 = 1} =1 Fr. e,
B4 = 24 = 6 = 2 = = I} =1

NoTe.—The Scotch ell contains 4 quarters 1} inch.
DRY MEASURE. ,
66. By this are measured all dry wares, as grain, beans,
coal, oysters, &e.
The denominations of Dry Measure are chaldrons,
bushels, pecks, gallons, quarts, and pints.

TABLE.
2 pints (1) make 1 quart, marked qt.
4 quarts « 1 gallon, ¢« gl
2 gallons “ 1 peck, “  pk.

4 pecks “ 1 bushel, “  bu.
36 bushels  “ 1 chaldron, * ch.

pt. T qt.

2 = 1 gal.

8 = 4 = 1 pk.

16 = 8 = 2 = 1 bu.

64 = 32 = 8 = 4 = 1 ch.
2304 = 1152 — 288 = 144 = 36 = 1.

Our standard of Dry Measure is the Winchester bushel. This is an
upright eylinder whose internal diameter is 184 inches and depth 8 inches.
It countains 2150'4 cubic inches of 77°627 lbs. avoirdupois of pure distilled
water at 62° Fahr. and 30 in. barometer. The standard unit of Dry Mea-
sure in the United States is also the Winchester bushel, so called because
the standard measure was formerly kept at Winchester, England. The
standard unit of Dry MeasureinGreat Britain is the Imperial bushel. which
is an upright cylinder whose internal diameter is18.789 inches and depth 8
inches. It contains 2218'192 cubic inches or 801bs. avoirdupois of pure
distilled water at 62° Fahr. and 30 in. barometer.

Grain is often bought and sold by weight, allowing for a bushel, 60 1bs. of
wheat, 56 1bs. of rye, 56 1bs. of Indian corn, 48 1bs. of barley, 34 Ibs. of oats,
80 loe. of peas, 50 1bs, of beans, 40 lbs, of buckwheat, 60 1bs, of timothy or
red clover seed,



ARTS, 66-68.] AND MEASURES. 43

LIQUID MEASURE.

67. Liquid_ Measure is used for measuring all liquids.
The denominations of Liquid Measure are tuns, pipes,
hogsheads, barrels, gallons, quarts, pints, and gills.

TABLE.
4 gills (g.) make 1 pint, marked pt.
2 pints “ 1 quart, “  qt.
4 quarts “ 1 gallon, “  gal,
31} gallons "« 1 barrel, “  bar.
2 barrels ¢ 1 hogshead, “ hhd.
2 hogsheads 1 pipe, Se o pi
2 pipes “ 1 tun, “  tun.
. t.
Lg4 I)1 qt.
8 2 = 1 gal.
32 8 = 4= 1 bar.
1008 252 = 126 = 31}= 1 bhd.

N TN

2016 504 = 252 = 63 =2=1 pi
4032 1008 = 504 = 126 — 4= 2= 1 tun.
8064 2016 = 1008 = 252 =8 = 4= 2=1.

The English Tmperial gallon contains 227 274 cubic inches or 10 lbs,
avoirdupois of pure distilled water, weighed at a temperature of 62° Fahr,
and under a barometric pressure of 30 inches.

In the United States the wine gallon contains 231 cubic inches, and the
beer gallon 282 cubic iriches. The gallon of Great Britain is therefore equal
to 1°2 gallons United States Wine Measure,

By an Act of the IJmperial Parliament, 1826, the Imperial gallon of 277274
cubicinches, was adopted as the only gallon, and is therefore the standard
for both liquid and dry measure, i

~Beer is £0ld usually by the gallon ; sometimes, however,in casks of b gals.,
10 galﬁ., 20 gals., &c. The beer barrel contains 36 gallons, and the hogshead
54 gallons,

TIME MEASURE.

68. Time isnaturally divided into days and years—the
former measured by tbe revolution of the earth on its axis,
and the latter by the revolution of the earth round the sun.

The denominations of Time Measure are years, months,
weeks, days, hours, minutes, and seconds,
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TABLE. :
60 seconds (sec.) make 1 minute, marked min,
60 minutes “ 1 hour, “ h
24 hours “ 1 day, “ d.
7 days “ 1 week, “  wk.
4 weeks % 1 lunar month, ¢ mo.

13 lunar months or
12 calendar months or ;make 1 civil year, marked yr.
365% days (nearly)

sec. min.
60 = 1 h.
3600 = 60 = 1 da.
86400 = 1440 = 24 = 1 wk.
604800 — 10080 — 168 = T= 1. yr.

31557600 = 525960 = 8766 =365} = 525 = 1.

The twelve calendar months, into which the civil or legal year is divided,
and the number of days in eaci:, are as follows : -

First month, January, has 31 days.
Second ¢ February, ¢ 28 *
Third * March, ¢ 81 *“
Fourth “ ﬁpril,

Fifth d ay,
Sixth “  June, “ 30
Seventh * July, “ 31 o«
Eighth “ August, <« 81 «
Ninth “ September,*

Tenth ¢ QOctober, “ 81 «
Eleventh* November,* 30
Twelfth “ December, “ 81 «

The number of days in the respective months may be recalled by recol-
lecting the following well-known lines: -

Thirty days hath September,
April, June, and November ;
February has twenty-eight alone,
And all the rest have thirty-one ;
But leap-year coming once in four,
February then has one day more,

Thenumber of days in each month may also be recollected by counting
the months on the four fingers and three intervening spaces. us, Janu.
ary on the first ﬁnﬁger ; February in space between first and second fingers ;
‘March on second finger ; April in second space ; May on third ﬁnger;§une
in third space; July on fourth finger; August on first finger (since there
are no maqre spaces); September 1n first space, &¢. Now, when-counted
thus, all the months having 31 days come on the fingers, and all having 30
only, fall into the spaces.

The solar year is the time elapsing from the passase of the sun from either
solstice back to the same again, and is equal to 365d. 5h. 48m. 48sec.

The sidereal year is the time between two successive conjunctions of the
sun with some star, and is equal to 365d. 6h. 9m, 144sec.

The civil orlegal year is that in common use among different nations, and is
equal to 365 days for three years in succession and to 366 days for the fourth,
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This additional day is given to every fourth year in order to make the
civil year agree with the solar. It was originally added by repeating the
sixth of the calends of March in the Roman calendar—corresponding with
the 24th of February with us. The day was called the infercalary day,
from the Latin intercalo to insert; and the year was called bissextile from
the Latin bis, twice, and sextilis, sizth, (i. e. sirth calend, taken fwice).
‘We now call it Leap Year because it leaps a day more than a common year.
This correction was made by Julius Casar, emperor of Rome, and hence
the civil year is often called the Julian year.

The addition of one day every four years would be strictly correct if the
solar year contained 365 days 6h.; but it only contains 365d. 5h. 48m. 48
sec.,or 11m, 12sec.less than 365d.6h. Adding one day every four years gives
us then an error of excess of 44m. 48sec,, or about 3 days for every 400 years,
Thus the Julian calendar was beliind the solar time—since the Julian year
was longer than the natural year. This error at the time of Pope Gregory
XIII, amounted to 10 days, which he corrected in 1582 by suppressing 10
days in the month of October, the da{ after the 4th being called the 15th,
Hence this calendar is sometimes called the Gregorian calendar,

This correction was not adopted in England till 1752, when the error
amounted to 11 days. By Act of Parliament, 11 dais after the 2d of Sep-
tember were therefore omitted. The civil year, by the same act, was made
to commence on the 1st of January, instead of the 25th of March, as it had
done previously.

Dates reckoned by the old method or Julian calendar, are called Old
Style; and those reckoned by the new method, are called New Style.

To change any date from Old to New Style, we must add 11 days to it;
and if the given date in Old Style is between the 1st of January and the
25th of March, we must add 1 to the year in New Style.

Russia still reckons dates according to Old Style. The difference now
amounts to 12 days.

69. To ascertain whether a year is LEar YEar.

Divide the given year by 4, and if there is no remainder it is
Leap year. The remainder, if any, shows how many years have
elapsed since a Leap year occurred. :

Thus, dividing the year 1847 by 4, the remainder is 3; hence
it is 3 years since the last Leap year, and the ensuing year will
be Leap year.

To this rule there is an exception; for we have seen that a solar year is
11 min. 12 sec. less than a Julian year, which is 365} days. This error, in
400 years, amounts to about 8 days; consequently, if a day is added every
Jourth year, that is, if we have 100 iea,fp {ears in 400 years, according to the
Julian calendar, the reckoning would fall three days behind the solar time.
Thus, reckoning from the commencement of the Christian era, when it
:;as January 1st, 401, by the Julian time, it was January 4th by the solar

me.

To remedy this error, only 1 centennial year in four i8 regarded a leap
year; or, which is the same in effect, whenever the centennial year, or the
number expressing the century, is not divisible by 4, that year is npf a leap
year, while the other centennial years are, Thus, 17, 18, 19, denoting 1700,
1800, and 1900, are not divisible by 4, consequently they are nof leap years,
though according to the rule above they would be; on the other hand, 16
and 20, denoting 1600 and 2000, are divisible by 4, and are therefore leap
years. There is still a slight error, but it is so small that in 5000 years it
scarcely amounts to a day,
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70. TABLE SHOWING THE NUMBER OF DAYS FROM ANY DAY OF ONB
MONTH TO THE SAME DAY OF ANY OTHER MONTH IN THE BAME YEAR.

To the same day.
From any

day of

Jou. | Peb | Mar. |April.| May [ June | July | Aug. | Sept. | Oct. | Nov. | Dec.

January |365) 31| 59| 90(120151|181{212]243 2%3'304{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
April 275 306‘334 365 30| 61 91{122(153 183|214 244
May 245|2'76,304/335(365| 31| 61| 92(123{153:184{214
June 214(245(273|304/334{365| 30| 61{ 92(122{153}183
July 184|215{243|274|304(335!365| 31| 62| 92|123{153
August [153(184212|243|273 304‘334 365] 31| 62| 92{122
Sept. 122{153/181({212(242 2731303 334/365| 30| 61} 91
October | 92(123(151|182{212 243;273 304335365 31| 61
Nov. 61| 92/120(151(181|212 242|273/304(334/365] 30

Dec. 31| 62| 90[121|161[182'212|243|274/304!335 365

The months counted from any dey of, are arranged in the left-hand
vertical column ; those counted to the same day of, are in the upper
horizontal line: the days between these periods are found in the
angle of intersection, in the same way as in a common table of mul-
tiplication. If the end of February be included between the two
points of time, a day must be added in leap years.

ExaMPLE 1.—How many days are there from the fifteenth of March to
the fourth of October? Looking down the vertical row of numbers at the
head of which October is placed, and at the same time along the horizontal
row at the left haud side of which is March, we perceive in their intersec-
tion the number 214:—so many days, theretore, intervene between the fif-
teenth of March and the fifteenth of October. But the fourth of October
is eleven days earlier than the fifteenth; we therefore subtracs 11 from
214, and obtain 203, the number required.

EXAMPLE 2.—How many days are there between the third of January
and the nineteenth of May? Looking as before in the table, we find that
120 days intervene between the third of January and the third of May;
but as the nineteenth is sixteen days later than t)llle third, we add 16 to 120
m\éi obtai‘né:ss, the n}lmtl,'iqr x‘equired.1 ded. it

ince February is in this case included, if it were a leap year
month would then contain 29 days, we should add one to t ey136 ’;gdﬂ]l.gg
would be the answer. ’

EXAMPLES,
1. How many days from May 3d to the 4th of next July?

- Ans. 62 days.
2. How many days from July 4th to the 25th of next Deycem-

ber? Ans. 174 days.
3. How many days from March 21st to the 23rd of the next

September ? ns. 186 deys.
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4. How many days from September 23rd to the 21st of the

next March? Ans. 179 days.
5. How many days from June 21st to the 22nd of the next
December? Ans. 184 days.
6. How many days from December 22nd to the 21st of the next
June ? Ans. 181 days.
7. How many days from March 21st to the 21st of the next
June ? JAns. 92 days.
8. How many days from January 13th, 1848, to September
17th of the same year? Ans. 248 days.

71, The unit of time is the basis of that of Lenyth, Mass, and Pressure
the connections being as follows:—

A Pound Pressure means that amount of pressure which is exerted
towardz the carth, at the level of the sea, by the quantity of ma/ter called
a pound.

A Pound of Matter means aquantity equal to that quantity of pure water
which, at the temperature of 620 Fahr., would occupy 27272 cubic inches.

A cubic inch is that cube whose side, taken 39°1393 times, would measure
the effective length of a London seconds-pendulum,

A London seconds-pendulum is that which, by the unassisted and unop-
posed effect of its own gravity, would make 86400 vibrations in an artilicial
solar day, or 86163°09 in a natural sidereal day.

CIRCULAR MEASURE.

72. Circular Measure, sometimes called Angular Measure,
is chiefly used by astronomers, navigators, and surveyors,
for measuring angles and for reckoning lutitude and longi-
tude, and the motion of the heavenly bodies.

The Denominations of Circular Measure are signs, de-
grees, minutes, and seconds.

TABLE.
60 seconds (") make 1 minute, marked ’
60 minutes “ 1 degree, “ o
30 degrees “ 1 sign, “ s
12 signs or 360 deg. 1 circle, “ e,
n 4
60 = 1 0
3600= 60= 1 =

108000 = 1800 = 30 = 1 c.
1296000 = 21600 = 360 = 12 = 1.
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The circumference of evefy circle
is supposed to be divided into
360 equal parts called degrees,
as in the subjoined figure. Since
a degree is simply the ?f;'o‘ _part
of the circumference of a circle,
it is obvious that_its length must
depend upon the size of the circle.
If the circumference be 360 miles
in length, then a degree of that circle
will be one mile long; if the circle
be 360 inches in circumference, then
a degree will be one inch, &e.

. The divisious of the circumference
of the circle into 360 equal parts took
its origin from the length of the year,
which, in round numbers, was sup- .
posed to contain 360 days, or 12 months of 30 days each. The 12 signs cor-
respond to the 12 months.

The term minute is from the Latin minutum “a small part,” The term
seconds is an abbreviated expression for second minutes, or minutes of the
second order,

MISCELLANEOUS TABLE.

78. 12 individual things make 1 dozen.
12 dozen..... seees ¢ 1 gross.
12 gross ....... +es ¢ 1 great gross.
20 individual things ¢ 1 score.
24 sheets of paper.. ¢ 1 quire.

20 quires..... veees ¢ 1ream.
112 pounds..c.e.ee. ¢ 1 quintal.
200 ¢ L...... .+ ¢ 1 barrel of pork or beef.
196 % ......... ¢ 1 barrel of flour.
BOOKS.

A sheet folded into two leaves ig called a folio.
¢ folded into four leaves is called a guarto, or 4to.
¢ folded into eight leaves is called an octavo, or 8vo.
‘ folded into twelve leaves is called a duodecimo,
or 12mo.

% folded into eighteen leaves is called an 18mo.

74. When the figures are written by the side of each

other, thus,
2587931272,

the language implies that the unit in each place is equiva-
lent to ten units of the place next to the right; or that
ten units of any particular place are equivalent to one
unit of the place immediately to the left,
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75. When figures are written thus,
$ d. ¢ m.
1 4 6 5
the language implies that 10 units of the lowest denomina-
tion make one of the sccond ; ten of the second, one of the
third ; and ten of the third. one of the fourth.

76. When figures are written thus,

T. ewt. qr. lb. oz. dr.

16 11 3 21 14 3
the language implies that 16 units of the lowest denomina-
tion make one of the second; 16 units of the second, one
of the third ; 25 units of the third, one of the fourth; 4
of the fourth, one of the fifth ; and 20 of the fifth, one of
the sixth.

All other denominate numbers are formed on the same
principle; and in all of them we pass from a lower to the
next higher denomination by counsidering how many units
of the one make one unit of the other.

REDUCTION.

77. Reduction ig the changing the denomination of a
number from one unit to another, without altering the
value of the number. For example, if we desire to reduce
7 of the order of hundrcds to a lower denomination, we
multiply the 7 by 10, and thus obtain 70 of the order tens,
which are equal to 7 of the third order or hundreds. If
we wish to reduce to a still lower denomination, we multi-
ply the tcns by ten, and this gives us 700 of the first order
or simple units, which are just equal to 70 tens or 7 hun-
dreds.

If, on the contrary, we wish to reduce 900 of the first
order or simple units to units of the third order or hundreds,
we divide by 10, and thus obtain 90 of the second order,
which we again divide by 10 and obtain 9 units of the
third ordcr or hundreds.

Hence reduction of denominate numbers is divided into
two parts :— . L

1st. To reduce a number from a higher denomination to
a lower : this is called Reduction Descending.

D
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2nd, To reduce a number from a lower denomination
to a higher: this is called Reduction Ascending.

REDUCTION DESCENDING.

EXAMPLE.

78. Reduce £6 16s. 03d. to farthings.
£ s d.
6 16 0}
20
136 shillings = £6 16s.

12

1632 pence — £6 16s 0d.
4

6529 farthings = £6 163 0}d.

. , .

EXPLANATION.—In this example we multiply the £6 by 20, because each
pound is equal to 20 shillings; 6 pounds are therefore equal to 120
shillings, and the 16 shillings given in the question make 136 shillings.
Then we multiply the number of shillings by 12, because each shilling is -
equal to 12 pence, and, since there are no pence in the gquestion, we simply
sct down the result, 1632 pence. Lastly, we multiply the 1632 pence by 4,
because each penny is equal to 4 farthings, and to the result we add the

one farthing given iu the question.
From the above example and solution we deduce the

following—
RULE.

Multiply the highest given denomination by that quantity
which expresses the number of the next lower contained in one of
its units ; and add to the product that number of the next lower
denomination which is found in the quantity to be reduced.

Proceed in the same way with the result ; and continue the process
until the required denomination is obtained.

EXERCISE.

. How many farthings in 23328 pence? .ns. 93313.

. How many shillings in £348 ¢ .Ans. 6960.

How many pence in £38 10s.? Ans. 9240.

How many pence in £58 13s.? .ns. 14076.

How many farthings in £58 13s.? .Ans. 56304.

. How many farthings in £59 13s. 63d.? .ns. 57291,

. How many pence in £63 0s. 94.? Ans. 15129.

. How many pounds in 16 cwt., 2 qrs., 16 1b.? /ns. 1668.
. How many pounds in 14 cwts., 3qrs., 16lb. ? .ns. 1491.
1;(9).84How many grains in 3 1b., 5 0z., 12 dwt., 16 grains ?  Ans.

WWOTM T D
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11. How many grains in 71b., 11 oz, 15 dwt., 14 grains?
Ans. 45974,

12. How many hours in 20 (common) years? .ns. 175200.

13. How many feet in 1 mile? Ans, 5280.

14, How many minutes in 46 years, 21 days, 8 hours, 56 min-
utes (not taking leap-years into account) ? ~ .Ans. 24208374,

15, How many square yards in 74 square perches? .ins.
22385 (2238 and a half.)

16. How many square yards in 46 acres, 3 roods, 12 perches ?
Ans. 226633,

17. How many square acres in 767 square miles ? Ans. 490880,

18. How many cubic inches in 757 cubic feet. .ns. 1325376.

19. How many quarts in 767 pecks? ns. 6136.

20. How many pints in 797 pecks ? Ans. 12752.

REDUCTION ASCENDING.

79. Examriz.—Reduce 856347 farthings to pounds, &c.
4)856347

12)2140863d.

20)17840s 63d.
£892 0s. 63d.—=856347 farthings.

EXPLANATION.—We dividethe farthings by 4, becauseevery four farthings
are equal to one penny, and it isevident that what remains afier taking away
four farthiugs as often as possible from the farthings must be farthings,
We thus obtain 856347 farthings, equal to 214086 pence and 3 farthings.
Then we divide the pence by 12, because every 12 pence are cquivalent to
one shilling, and what remains after taking 12 pence as often as possible
from the pence must be pence. Wethus ascertain that 214086 pence are
equal to 17810 shillings and 6 pence 3 farthings. Lastly we divide 17840
shillings Wiy 20, because every 20 shillings are cqual to one pound. By
this process we have reduced 856347 farthings to £592 0s. 63d.

From the above csample and solution we deduce the
following—

RULE.

Divide the given. number by that number which it takes of the
given denomination to make one of the next higher. Set down the
remainder, if any, and proceed in the same manner with each suc-
cessive denomination till you come to the one required. The last
quotient, with the several remainders annexed, will be the answer
required.

EXERCISE.

1. Reduce 32756 farthings to pounds, shillings, and pence.
Ans. £34 2s. 5d.

2. Reduce 23547 troy grains to pounds, &c.
Ans. 41b., 1 0z, 1 dwt., 3 gra.
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. Reduce 397024 yards to miles, furlongs, &e.
Ans. 225 m. 4 fur. 26 r. 1 yd.
. How many hours are there in 28635 seconds ?
Ans. T h. 57 min, 15 sec.
How many cwt., qrs., and pounds in 1666 pounds?
Ans. 16 cwt, 2 qrs. 16 1b.
How many cwt, &c. in 1491 pounds?
JAns. 14 cwt. 3 qrs. 16 1b.
. How many pounds troy in 115200 grains ? JAns. 20.
. How many pounds in 107520 oz. avoirdupois ? Jns, 6720,
. How many cubic feet, &c. in 1674674 cubic inches ?
. Ans. 969 feet, 242 inches.
10. How many yards in 767 Flemish ells ?
Ans. 575 yards, 1 quarter.
11. How many leagues in 183810 feet ?
Ans. 11 lea. 1. m. 6 fur. 20 rd.
12. How many cubic yards in 138297 cubic inches ?
Ans. 2 ¢. yds. 26 ft. 57 in.
13. How many cords of wood are there in 67893 cubic feet?
Ans. 530 cords, 53 cub. ft.
14. In 3561829 seconds how many weeks ?
Ans. & wks., 6 dys., 5 h., 23 min., 49 sec.
15. In 1597 quarts, how many bushels ?
Jns. 49 bushels, 3 pks. 1 gal. 1 qt.
16. In 1000 cord-feet of wood, how many cords ?
Ans. 125 cords.
17. In 10,000” how many degrees ?” Ans. 2° 46" 40
18. In 70,000 square links, how many square chaing ?
Ans. T square chains.
19. In 11521 grains apothecaries’ weight, how many pounds ?
Ans. 21bs. 0% 03 0D 1 gr.
20. In 26025 square feet, how many roods ?
Ans. 2 . 15 5q.p. 17 sq.yds. 8 sq.ft 36 sq. in.

o e ow

o

DLW ~3

REDUCTION OF THE OLD CANADIAN CURRENCY TOQ
THE NEW OR DECIMAL CURRENCY.

80. ExaurLe.—Reduce £76 14s. 101d. to cents.

£76 X400 = 80400 cents. EXPLANAT w 1
— . TON—We multi-
145X20 = 280 °* ply £76 by 400, because ea.c}x
103 A= 43 far.X 5-—18— e pound is equal to 4 dollars or
:20 tf:}llants; nﬁxt we rgultiply
276 s, 1034, = 3069711 efs. , the number ot shillings,
2 744 ets by 20, because each shilling

is equal to 20 cents; and lastly we multiply the number of farthings i
the pence and farthings by 5 and divide th ma. o Bt
farthing s equal to gy of 4 cents o Tesult by 12, because each

That each farthing is equal tof; of a cent is evident from the fact that
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48 farthings (or one shilling) are equal to 20 cents ; or12 farthings equal 5
cents, or one farthing equal 5 of aceut.

From the above example and solution we deduce the
following —

RULE.

Multiply the pounds by 400, the shillings by 20, and take five-
twelfths of the number expressing how many farthings there are
in the given pence and farthings. Add the three results together
and their sum will be the number of cenis required.

Consider the last two figures as ccnts, and the result will be
dollars and cents. ;

NOTE.—Wo take five-twelfths of the farthings by multiplying them by
five and dividing the result by tweclve. 5o Pying

EXERCISE.

1. How many cts. are there in £3 7s. 13d.? Ans. 1342; cts.
2. How many dollars are there in £29 18s. 3}d.? -
- Ans. 11965% cents, or $119.65% ceunts.
. How many cents are there in 11}d.? Ans. 183 cents.
. How many dollars and cents are there in £69 15s. 6d.?
Ans. 27910 cents, or $279.10.
. How many dollars and cents in 18s. 83d.7 Ans. $3.74}.
. How many dollars and cents in £17 16s. 53d.?
Ans. $71.29.%.
. How many dollars and cents in £877 Ans. $348.00.
. How many dollars and cents in 153. 113d.? Ans. $3.19%;.
. How many dollars and cents in £16 6s. 2d.? Ans. $65.23}.
. Reduce £2 9s. 11d. to dollars and cents. Ans, $9.984.

& w

f=g= I <D >

—

RECAPITULATION.

I. Science is a collection of the general principles or
leading truths of any branch of knowledge systematically
arranged.

IL. Artis a collection of rules serving to facilitate the
performance of certain operations.

III. The rules of art are based upon the prineiples of
science.

IV. Arithmetic is both a science and an art.

V. The science of arithmetic discusses the properties of
numbers and the principles upon which the elementary
operations of arithmetic are founded.

VI. The science of arithmetic is called Theoretical
Arithmetic.

VIL. Theartof arithmeticiscalled Practical Arithmetic.
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VIII. Practical Arithmetic is the application of rules
based upon the science of numbers, to practical purposes,
as the solution of problems, &c. .

IX. Numbers are expressions for one or more things of
the same kind. :

X. Unity, or the unit of a number, is one of the equal
things which the number expresses. . .

XI. Numbers are divided into two classes, viz. : s1mpl.e
or abstract numbers; and applicate, concrete, or denomi-
nate numbers. .

XII. An applicate, concrete, or denominate number is
a number whose unit indicates some particular object or
thing. _

XIII. A simple or abstract number is a number whose
unit indicates no particular object or thing.

XIV. Numbers may be expressed either by words or
by characters. .

XV. The expression of numbers by characters is called
Notation.

XVI. The reading of numbers, expressed by characters,
is ealled Numeration.

XVII. The characters we use to express numbers are
either letters or figures.

XVIIIL. The expression of numbers by letters is called
Roman Notation.

XIX. The expression of numbers by figures is called
Arabic Notation.

XX. In the Roman Notation only seven numeral letters
are used, viz.: I, V, X, I, C, D, M.

XXI. When these letters stand alone, I denotes one, V
Jive, X ten, L fifty, C one hundred, D- five hundred, M
one thousand. . .

XXII. All other numbers are expressed by repetitions
and combinations of these letters.

XXIIL In combinations of these numerical letters,
every time a Jetter is repeated its value is repeated ; also
when a letter of a lower value stands before one of ahigher,
its value is to be subtracted ; but when a letter of a lower

comes directly after one of a higher value, its value is to
be added.
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XXIV. A bar or dash written over a letter or com-
bination of letters, multiplies its value by one thousand.
As we have already a character for one thousand, viz., M,
and can, by repeating it, express two or three thou-
sand, we do not dash the I, or combinations into which
it enters.

XXV. Anciently, IV was written IIII; IX was writ-
ten VIIIT; XL was written XXXX, &e.; D was written
I, and 3 was written CI. Affixing C to I ) increases
its value ten times—thus In=500; Inn=5000; Inn-
=50000, &e. Prefixing C and affixing o to (Iy in-
ereases its value also ten times, thus, CIn==1000; CCIpp
=10000; CCCIHpp=100,000, &e.

XXVI. The figures or characters used in the Arabic or
common system of notation are 1, 2, 3,4, 5,6, 7,8, 9, 0,
one, two, three, four, five, six, geven, cight, nine, zero.

XXVII. The first nine of these characters are called
significint figures, because cuch one has always ~ome value,
or denotes some number. They are also called digits
(Lat. digitus, “a finger”), from the almost universal
habit of counting on the fingers.

XXVIIIL The last or zcro is called a cipher or naught,
because it is valucless, that is, stunds for nothing. 1t is
not, however, uscless, since it serves to give the significant
figures their appropriate places.

XXIX. When the 0 stands to the left of an integral
number, or to the right of a decin.al, i. e. when it does
not come belween the decimal point and some significant
figure, it is both volueless and wscless.

XXX. The digits 1, 2, 3, &e. standing immediately to
the left of the dveimal point, expressed or understood, are
called simple uniis, or units of the first order.

XXXI. The decimal poiut is a small dot or point, used
to indicate the position of the simplc uniis.

XXXII. The digits 1, 2, 3, &e. standing one place to
the left of the simple units, arc called ¢cns, or units of the
second order to the left. When they stand one place to
the rizht of the simple unit, they are called tentks, or units
of the second order to the right.



66 BECAPITULATION. (SEcr. L.

XXXITIL The digits 1, 2, 3, &c. when standing two
places to the left of the simple unit, are called Aundreds,
or units of the third order to the left. When standing
two places to the right, they are called Aundredths, or units
of the third order to the right, &e.

XXXIV. Commencing at the simple units and pro-
ceeding to the left, we have wunits of the first order or
simple units; next, units of the second order or tens;
next, units of the third order or hundreds ; next, units
of the fourth order or thousands; next, units of the
JSifthorder or tens of thousands, &e.

XXXV. Commencing at the simple units and proceed-
ing t> the right. we have units of the first order or simple
untts ; next, units of the second order or tenths; next,
units of the third order or hundredths ; next, units of
the fourth order or thousandths ; next, units of the fifth
order ot ténths of thousandths, &e.

XXXVI. Each digit has two values, viz. : a simple or
absolute value, and a local or relative value,

XXXVIL The simple or absolute value of a digit is
the value it expresses when simply considered as repre-
senting a certain number of repetitions of the digit one.

XXXVIIL. Thelocal or relative value of a digit is the
value it expresses when considered as occupying a certain
position with reference to the decimal point.

XXXIX. The ratio of one number to another is the
relation which one bears to the other with respect to mag-
nitude, when the comparison is made by considering, not
by how much the one is greater or less than the other, but
what number of times it contains it, or is contained in it.

XL. When several numbers, or groups of units, are so
arranged that the second and third have the same ratio to
one another as the first and second, and the third and fourth
the same ratio as the second and third, &c.,—they (the
numbers or groups of units) are said to have a common
ratio.

XLI. The common ratio of our system of numbers is
10—by saying which we merely mean that the different
orders increase or decrease from oue another in a ten-fold
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proportion, i. e. that 10 units of any one order make one
unit of the next higher, and vice versa.

XLII. A system of numbers is called a binary, ternary,
quaternary, quinury, senary, seplenary, octenary, nonary,
denary, &ec. system, according as two, thre, four, five,
six, seven. eight, ninc, or ten is the common ratio of the
orders. Ours is a denary or decimal system.

XLIII. To facilitate the reading of a number we divide
it into periods of three places each, by placing separating
points after every third figure right and left of the decimal
point.

XLIV. The periods to the left of the decimal point are
units, thousands, millions, billions, trillions, &e. The
periods to the right of the decimal point are thousandths,
millionths, billionths, trillionths, &e.

XLV. The lowest order used in any reading, whether it
be thousands, units, hundredths, tenths of thousandths,
hundredths of millionths, &ec., gives the name or denomin-
ation to the part or whole of the number used in the read-
ing.

XLVI. Numbers to the left of the decimal point are
called integers or whole numbers ; those to the right of the
decimal point are called decimals.

XLVIL A number is multiplied by 10 every time the
decimal point is moved one place to the right, and divided
by 10 every time the decimal point is moved one place to
the left. Thus, moving the decimal point fwo, four, or six
places, either multiplies or divides the number by 100,
10,000, or 1,000,000, according as we move it to the right
or to the left.

XLVIII. A number may be read in several ways by
changing the nature of the simple unit. Thus the num-
ber 576.24 may be read :

1st, Five hundreds, seven tens, six units, two tenths, and four hundredihs,

2ud. Fifty-seven teng, six units, two tenths, and four hundredths,

3ri1.hl-‘i\'c hundred and seventy-six units, two teuths, and four huu-
dredths.

4th. Five thousand, seven hundred and sixty-two tenths, and four
hundredths,

sth. I'ilty-seven thousand, six hundred and twenty-four hundredths.

8th. Five hundred and seven thowsands, six hundred and twenty-four
huadredths.
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7th. Fifty-seven tens, and six hundred and twenty-four hundredths.

8th. Five hundred and seventy-six units, and twenty-four hundredths,

9th. Fifty-seven tens, sixty-two tenths, and four hundredths. K

10th. Five hundreds, seven hundred and sixty-two tenths, and four
hundredths, &e.

EXERCISE.
MISCELLANEOUS PROBLEMS.

1. Reduce 6789634 links to acres, and prove by reducing the
result to links.

2. Read 67845398678904 and 5900704060040000.00060604.
3. Set down 4769 in Roman numerals.
4. Make 42986 ten thousand times greater.

5. Reduce £16 16s. 63d. Old Canadian Currency to Dol-
lars and Cents,

6. Read LXXVMMCMXCI.

7. Write down, in Arabic numerals, six hundred and five
billions, seventy thousand and sixteen, and nine millionths.

8. Make 469789 one hundred times greater.

9. Read the number 6798 in all the ways it can be read. (See
Reecapitulation XLVIIL)

10. Divide 69800463 by one million.

11. Divide 8439 by ten thousand.

12. Multiply 6789 by one hundred thousand.
13. Multiply 60432986 by ten millions.

14. Write down one quadrillion one billion one thou-
sand and one, and one trillionth.

15. Write down seven thousand six hundred and nine tenths
of millionths.

16. Read 90807060504030 and
4004040400000060432.01010203040506

17. Reduce 6789463 inches to acres, and prove by reducing
the result to inches.

18. Reduce 617 cord-feet of wood to cords.
19. Reduce 91867 cubic feet of wood to cords.
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20. Write down 718, 614, 499, 999, 8643, 96149, 163986, and
444444 in Roman numerals.

21. Read CCCXXXIII, MCMLXXXIX, and MI.
22. Read 6129 in as many ways as it can be read.
23. Give all the readings of 634986.

24. Give all the readings of 19-639.

|
25. Reduce 18s. 93d., £6 2s. 11d.; 3s. 7d. ; and £189 7s. 43d.
to dollars and cents.

26. Give all the readings of the number $69.863 Federal
money.

27. Give all the readings of 9 bush. 3 pk. 1 gal. 3 qts. 1 pt. '

28, Were the years 1693, 1856, 1728, 1549, 86%, 444, 1600,
and 927, leap years or not? If not, how many years after or
before leap year ?

29. How many days from this to the 17th of next March ?

30. Answer the following questions ; What is the meaning of
the symbols £ 5. d. and q.? In the expression “ 4 ” what does
the long mark ( /) represent ? What is the derivation
of the word sterling? Why are the pound and guinea so
called? What is the derivation of the sign $7 What is the
derivation of the words ¢ grain,” ¢ pennyweight,” # ounce,” and
“inch” ? What is a ‘“ carat”? What is a square? Show
that a square yard contains 9 square feet. Show that a cubic
yard contains 27 cubic feet. What is a cubic yard ? What
is meant by a ton of round timber ? What must be the dimen-
sions of a pile of wood in order that it shall contain a cord ?
What is meant by a cord-foot ? What are the dimensions of the
Imperial bushel ?—of the Winchester bushel? Which of these is
our standard ? Which that of the United States? How many
pounds of wheat go to the bushel ?—of rye?—of oats 7—of
barley ?—of peas 7—of beans ?—of buckwheat ?—of Indian corn ?
What is our standard for lignid measure? How many cubic
inches of water are there in the Imperial gallon ? How many
pounds Avoirdupois? What are the standard gallons of the
United States? Explain why a day is added to every fourth
year. What is the origin of the divisions of the circle into de-
grees and signs ? What is the derivation of the terms ** minute”
and “second” ? How many sheets of paper are there in a
quire ? How many quires in & ream ? How many pounds are
there in a barrel of flour ? What is the meaning of folio ?7—of
4to or quarto 7—of 8vo or octavo ?—of 12mo or duodecimo ?
—of 16mo ?7—of 18mo ?
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EXAMINATION QUESTIONS.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NOTE.—Numbers in Roman numerals, thus, X VI, refer to the articles in
the recapitulation ; those in Arabic numerals, thus 16, refer to the num-

bered articles of the Section.

1. What is science ? (T.)

8. Upon what are the rules of art
based ? TII.

6. What are the objects of the science
of arithmetic? (V)

7. What name is given to the art of
arithmetic ? (VIL.)

9. What are numbers ? (IX.)

11. How many classes of numbers
are there ? (XL.)

13. What are simple or abstract num-
bers ? (XILL)

15. What is Notation ? (XV.)

16. What is Numeration? (XVIL.)

2, What isart ? (I1.)
4. Is arithmetica scicnece or an art ?

IV.

6. (What is the science of arithmetic
called ? (VL) ) .
8. What is practical arithmetic?

VIIIL,

10. What is the unit of amumbér?(X).

12. What are applicate or denémin-
ate numbers ? (XIL) )

14. By how many methods may num-
Ders be expressed ? (XIV.)

17. What characters do we use to express numbers ? (XVIL)
18. What is Roman Notation ? (XVII[L)

19. What is Arabic Notation ? (XIX.)

20. What numeral letters are used in Roman Notation ? (XX.)

21. What is the value of each of these letters when standing alone ? (XXL)
22, How areall other numbersexpressed in Roman Notation ? (XXI1I.)
23. In combination, when a letter is repeated, what does it indicate ?

(XXIIL)

24. When a letter of a lower is placed before one of ahigher value, what

does it indicate ? (XXIII.)

25. When a letter ot a lower is placed after one of a higher value, what does

it indicate ® (XXI1I.)

26, What etfect hasa bar or dash written overaletter orexpression ?(XXIV.)
27. How do we always write 1000, 2000, 3000 ? (XXIV,)

28. Why do we not

ash the I or expressionsinto which it enters ? (XXIV.)

29. How were four, nine, forty, &c , anciently written ? (XXV.)
30. How were 500 and 1000 anciently written P (XXV.)
31. How were the expressious I9 and CI) increased in value in ten-fold

proportion ? (XXV.)

32, What are the characters used in Arabic or Common Notation ? (XXVI.)
33. What are significant fizures, and why are they so called? (XXVIL)

34. What are digits. aud why are they so called ? (XXVIL)

85. Why is 0 called “ cipher ”” or *“naught " ? (XXVI1IL.)

86. 1s the cipher of any value ? Isit ofany use ? (XXVIIL)

87. When is the cipher or 0 both valueless and useless ¢ (XXIX)

88. When are digits called simple units or units of the first order? (XXX.)

39. What is the decimal point ? (XXX

L)

40. When are digits called fens or units of the second order to the left ?

(XXXIL)

4,1.( )g(h{‘lllare digits called Zenths, or units of the second order to the right

42. When are di[e,l-ii);s called hundreds, thousands, hundredths, thousandths,

&e. P (XXXI

43. Name the different_orders to the left of the decimal point $~to the

Mrizht? (XXXIV.) (XXXV.)

How many values has each digit ? What are they ?
45. What is the simple or absolutg value of a digit? e& Ty
46. What is the local or relative value of a digit ? (XS(

XXVIL)
XVIII,

47. What is meant by the ratio one number bears to XXXIX
48. What is meant by a common ratio? (XL.) ¢ anotherg ( )
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49, What is meant li:y sayiug that 10 is the common ratio of our system of
.)

50.

51

52,
63.

b4,
65.

6.
57.

69.
70

7.
72.

73.
74,
75.

76.
7.

78.
79.

80,
81.

82.

. Give the rule for Reduction
. Give the rule for Reduction Aseending. (79.)

numbers? (X

What name is given to a system having 10 for its common ratio ?—to
one having six P—to one having 8 *—to one having 2 P—toone having 12 ?
—to one having 7? (XLII.)
V{‘glﬂlﬁrie) periods used? How many places are there in each period?
Name the periods right and left of the decimal point? (XLIV.)
What o)rder gives the name or denomination to theé unmber read?

‘What are integers? What are decimals? (XLVI.)

How does it affect 2 number to remove the decimal point to the right ¢
How to remove it to the left ? (XLVI1L)

How may a number he read in several ways? (XLVIIL)

When figures are writteu thus, 47332, what doeces the notation imply?
{Article 74.) -

‘When figures are written thus, 6d. 23 b, 16 min. 37 sec., what does the
notation imply ? (75 and 76.

. What is Reduction ? (77.)
., Into w_hat two parts is Reduction divided ? (77.)
. What is Reduction Descending? (iive an example. (77.)

What is Reduction Awundinlp,;? Give an example. (77.)
escending. (78.)

What are the denominations of Sterling money ? Giive the table. (5¢.)
How are pounds, shillings, and pence reduced to farthings? Give the
process and the reason for each step. (Answer this and similiar suc-
cceding questionsafterthefollowing model.) \Ve multiply the pounds by
twenty, and add in the shillings, because each pound is equal to twenty
shillings. We multiply the shillings by twelve and add in the pence,
because each shilling is equal to twelve pence.  Andlastly, wennltiply
the pence by four and add in the farthings, because each penny is
egual to four farthinges,

. What are the denominations of Federal money? Give the table. (55.)
. What are the denominatious of Canadian money, old curreucy?® Give

the table, (35.)
‘What are the denominations of Canadian money, new currcney? Give
the table, (57.)
How is Old Canadian Currency reduced to New?  Give the process and
reasons tor cach step. (~0.
‘What are the denominationsof Avoirdupois weicht ? Give the table. (58.)
How many pounds are there in the new cwt.? IHow many in the old
cwt. P (58.)
How are tons reduced to drams? (58 and 78.)
What are the denominations of Troy weight?  Give the table. (59.)
How are grains Troy reduced to pounds Troy? Give the process and
reason for eachstep. (59and 79.) {Aunswer this and succeeding similar
uestious after the following model.) We divide the grains by 24,
ecanse every 24 grains are equal to one pennyweight. We divide the
resulting pennyweizhts by 20, becausn every 20 pennyweichts are equal
to one ounce. And lastly, we divide the resulting ounces by 12, because
cvery 12 olnces are equal to one pound.
‘Whatare the denominations of Apothecaries’weizht? Give the table.(60 )
How are pounds, ounces, &c., Apothecaries’ weight, reduced to graius ?
(60 and 78.) Aunswer as in question 66, 3
What are the denominations of Long measure? Give the table. (A1.)
How are lines reduced to leagues? (61 and 79.) Answer after model in
uestion 75. .
hat are the denominations of Square measure? Give the table. (62.)
How are square miles reduced to square inches ? (62 and 78.) Answer
after model,
How are links reduced to acres® (63 and 79.) Answer after model.
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83. What are the denominations of Solid measure? Give the table. (64.)

84. How are cubic inches reduced to cubic feet ? (64 and 79.)
85. How are cubic feet of wood reduced to cords? (64 and 79.)

86. What is a cord-foot? (64.) )

87. What are the denominations of cloth measure? Give the table. (65.)

88, How are English ells reduced to iiiches? Answer after model.

89, What are the denominations of Dry measure? Give the table. (66.)

90. How are pints reduced to chaldrons? Answer after model.

91. What are the denominations of Liquid measure? Give the table. (67.)

92, How are tuns reduced to gills? Answer after model.

93. What are the denominations of Time measure? Give the table. (68.)

94, How are seconds reduced to years? Answer after model. (68.)

95, Name the months, and the number of days in each. (68.) .

96. What is the Solar year and its length P—the Sidereal year and its
length P—the Civil year and its length? (68.)

97. How can we ascertain whether any given year be Leap-year? (69.)

98, Show.that the unit of time is the basis of the units of length, mass or
capacity, and weight. (71.)

99 at are the denominations of Circular measure? Give the table. (72.)

100. Upon what does the length of a degree depend? How are degrees
reduced to seconds ? .

SECTION II.
FUNDAMENTAL RULES.

1. Arithmetic may be divided into four parts :—

1st. The Arithmetic of Whole Numbers, or that which
treats of the properties of entire units.

2nd. The Arithmetic of Fractions, or that which treats
of the parts of units. _

3rd. The Arithmetic of Ratios, which treats of the rela-
tions of numbers, whether integral or fractional, to each
other and to the unit 1.

4th. The Application of Arithmetic to practical and useful
purposes.

2. The Arithmetic of Whole Numbers includes Addition,
Subtraction, Multiplication, Division,Involution, Evolution,

c.

8. The Arithmetic of Fractions may be divided into two
parts :—

Ist. Vulgar or Common Fractions, in which the unit is
divided into any number of equal parts.

2nd. Decimal Fractions in which the unit is divided
according to the scale of ten.

4. The Arithmetic of Ratios relates to the comparison of
numbers with respect to their quotients, and embraces
Proportion and Progtession. '
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5. Addition, Subtraction, Multiplication, Division, are
called the fundamental rules, or ground rules of Arithmetic,
because all the other operations of Arithmetic are per-
formed by means of them.

6. Whatever operations we may perform upon a num-
})er, we can only either increase it or diminish it. If we
Increase it, the process belongs to addition ; if we diminish
1t, to subtraction. All the rules of arithmetic are therefore
resolvable into these two. Multiplication is only a short
method of performing a peculiar kind of addition, in which
the addends are all the same; and division is merely an
abridged method of performing a particular kind of sub-
traction, in which the same quantity is to be taken away
from a given number as often as possible.

When any number of quantities, either different, or repetitions
of the same, are united together so as to form but one, we term
the process, simply, “ Addition.” When the quantities to be
added are the same, but we may have as many of them as we
please, it is called ‘ Multiplication ;” when they are not only the
same, but their number is indicated by one of them, the process
belongs to “ Involution.” That is, addition restricts us neither
as to the kind, nor the number of the quantities to he added ;
multiplication restricts us as to the kind, but not the number ;
involution restricts us both as to the kind and number. All,
however, are really comprehended under the same rule—addition.

ADDITION.

7. The sum of two or more numbers is a number which
contains as many units, and no more, as are found in all
the given numbers.

8. Addition is the process of findinz the sum of two or
more nuwbers. :

9. The quantitics to be added together are called
addends, and the result of the addition is called the sum
of the addends.

10. Only those quantities can be added which have the
same unit, or, in other words, which are of the same deno-
mination.

Thus it is evident that 6 days and 7 miles cannot be added,
since the result would neither he 13 days nor 13 miles ; nor can
5 shillings and 3 pence be added, as the result would neither be
ghillings nor pence. Similarly, we cannot add units and tens,
or tenths and hundredths, or units and sevenths, &c.
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ADDITION.
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11. Hence, in writing down the addends preparatory
to adding, we must be careful to set units of the same
denomination in the same vertical column, <. e. units under
units, tens under tens, hundreds under hundreds, &.c.;
shillings under shillings, pence under pence, &c.; miles
under miles, furlongs under furlongs, rods under rods, &c.

EXERCISE.

Sum of Addends 7

1)

Apples.
Addends g

2
3
2

3

A

9
Addends { g
L8

Sum of the Addends 3

Addends ; 8
7

(2)

Shillings.

9

Sum of Addends 24

@ & ® M @ (@ @ an
cwt. pence. sevenths. horses. tems. millionths. $  miles.
9 4 6 1 7 6 9 7
6 7 5 9 8 9 8 1
9 8 4 8 9 8 1 2
8 9 3 7 6 3 2 3
7 6 5 5 5 2 3 4
39 34 23 30 35 28 23 17

12. Let it be required to add together 987 and 689.
L’ IL . IL Iv. V.
987 987 987 987 987
689 689 689 689 689
1500 160 16 16 1676
160 1500 160 16
16 16 1500 15
1000 70 6 1676
600 600 70
70 6 600
6 1000 1000
1676 1676 1676
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EXPLANATION.—Wae place the given numbers, 987 and 689, under each
other, according to (11) and draw a line to separate the addends from the
sum,

1t is manifest that so long as we add the units of the several orders it is
quitc immaterial whether we commence at the highest, at the lowest, or at
an intermediate denomination.

In the first of the above operations we have commenced continually at
the highest or left-hand order. The hundreds added make 15 hundreds
or one thousand and five hundred, which we set down: the tens added
make 16 tens, equal to 1 hundred and 6 tens, and the units added, make 16
units, equal to 1 ten and 6 units, all of which we set downin their appro-
priate columns.

Next considering the partial sums 1500, 160, and 16, as so many new
addends, we proceed similarly with them and obtain a new set of partial
sums, viz: 1000, 600, 70 aud 6, But, from the principles of notation (Sec.
I). these last numbers (i. e. 1000, 600, 70 and 6) may be written in one
line, thus, 1676, which therefore, is the sum of the addends 987 and 589.

In (II), (IIIS, (IV), (V) the same result is obtained by a slightly different
process.

In (II) we have commenced at the fens, and in (III), (IV) and (V) at the
units or lowest order. (IV)issimply (I1I) with the unnecessary 0’s omitted,

(V) is (IV) somewhat modified as follows :—9 unifs and 7 unifs make 16
units, equal to 6 units, which we set down, and one Zen which we carry to
the next column or column of tens; 1 ten and % tens make 9 tens,and 8 tens
make 17 tens, equal to 7 tens, which we set down, and 1 hundred, which we
carry to the column of hundreds; 1 hundred and 6 hundreds make 7 hun-
dreds, and 9 hundreds make 168 hundreds, equal to 6 hundreds and 1 thou-
sand, both of which we set down.

18. From (1), (II), and (IIT), it is manifest that it is as
legitimate to commence at the lowest denomination as at
the highest : and from (IV) and (V), that it is most con-
venient to commence at the lowest denomination.

14. From (V) we learn that when we have obtained the
sum of the units, in any column, we reduce it to the next
higher denomination, and, setting down the remainder
under the column added, carry the units of the next higher
denomwination to their proper column.

15. The reasoning in (12), (13) and (14) applies to any
numbers whatever, whether abstract or denominate, and
from it, for addition, we deduce the following general—

RULE.

Write down the numbers so that wnils of the sume denomi-
nation shall fall in the sume column (Arts. 10 and 11).

Draw ¢ line beneath the addends (Art. 12). o .

Add up the units of the lowest denomination and divide their
sum by 30 many as make one of the demomination next higher
Arts. 13 and 14). ) )
¢ Sel down the remainder and carry the quotient to the next higher
denomination (Art. 14.)

E
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Proceed in the same manner through all the denominations to
the last.

16. We commenceat the lowest order or tenths of thousandths. There

being nothing to add to the 9 tenths of thousandths

EXAMPLE. we simply set down the 9 in its appropriate column.

698.9649 Next we add the thousandths, thus:— 2 thousandths

84.76 and 6 thousandths are 8 thousandths and 4 thousandths

9.896 are 12 thousandths, which ure equal to 2 thousandths

98.462 and 1 hundredth. The 2 thousandths we write down

989.9 in its own column and carry the hundredth to the

— column of hundredths. Nex{ we add the columnm of

1881.9829 hundredths, thus :—1 hundredth (carried) and 6 hun-

dredths make 7 bundredths and 9 bundredths make

16 hundredths, and 6 hundredths make 22 hundredths and ¢ hundredths

make 28 hundredths which are equal to 8 bundredths and two tenths.

We set down the 8 hundredths and carry the two tenths to the next

column or column of tenths. Adding the tenths we find their sum to be

39 tenths, equal to 9 tenths, which we set down, and 3 units which we

carry. The simple units added make 41 units, equal to 1 unit, which we

set down and 4 tens which we carry; the tens added make 38 tens, equal

to § tens and 3 hundreds; the hundreds added (with the 3 hundreds we

carry) make 18 hundreds, or 8 hundreds, and 1 thousand, both of which
we set down in their proper columns,

1'7. We commence as in (16) with the lowest denomination, which, in
EXAMPLE, this example, is cents, 89 cents and 42 cents, and 56

$60°89 cents and 89 cents, added, make 376 cents. Buf every
11'56 100 cents make one dollar, 376 cents are therefore equal
7349 to 3 dollars and 76 cents. The 76 cents we set down in
91'89 their proper place and carry the 3 dollars to the column
of dollars.
$246'76

18. ExampLE.—Add together £52 17s. 33d., £47 5s. 6id.,
and £66 14s. 21d,
£ s d.
52 17 3%
47 b5 64 raddends.
66 14 24

£166_17 0} sum.

4 and 4 make 3 farthings, which, with 4, make 6 farthings; these are
equivalent to one of the next denomination, or that of pence, to be carried,
and two of the present, or one half-penny, to be set down, 1 penny (to be
carried) and 2 are 3, and 6 are 9, and 3 are 12 pence—equal to one of the
next denomination, or that of shillings, to be carried, and no pence to be
set down; we therefore put a cypher in the pence place of the sum. 1
shilling (to be carried) and 14 are 15, and 5 are 20, and 17 are 37 shillings—
equal to one of the next denomination, or that of pounds, to be carried, and
17 of the present, or that of shillings, to be set down. 1 pound and 6 are 7
and 7 are 14, and 2 are 16 pounds,—equal to 6 units of pounds, to be set
down, and 1 ten of pounds to be carried; 1 tenand 6 are7 and 4 are 11 and
5 a\.{,ehlﬂ tel:maa*‘l’élm‘d“ds' to be set down,

en the ends are very numerous, we may divide them into two
or more parts by horizontal lines, and, addin
afterwards fiud the amount of all the sums, § each part separately, may
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EXAMPLE.

£ 8 d.

B7 14 2

32 16 4 £ 8 d

19 17 6r — 151 7 1i

8 14 2

32 59 £ s 4
47 6 4 = 404 11 10
32 17 2

= m

52 4 4

37 8 2

Or,in adding each column, we may put down an asterisk, thus*, as often as
we come to a quantity which is at least equal to that number of the deno-
mination added which is required to make one of the next—carrying forward
what is above this number, if au_}vthin , and putting the Jast remainder, or
—when there is nothing left at the end—a cypher under the column ;—we
carry to the next column one for every asterisk. Using the same example:

£ s d.
57  *14 2
32 16 4
19 *17 *8

8 *14 2
32 5 *
47 *6 4
32 17 2

58 *3 ¥
27 4 2
52 4 4
87 8 2

404 11 10

2 pence and 4 are 6, and 2 are 8, and 9 are 17 pence—equal to 1 shilling
and b pence ; we put down adot or an asterisk aud carry 5. 5and 2 are 7, and
4 are ll.aud 9 are 20 pence—equal to 1 shilling and 8 pence ; we put down
a dot or an asterisk and carry 8. 8 and 2 are 10 and 6are 16 pence equal to
1 shilling and 4 gence; we put down a dot and carry 4. 4 and 4 are § and
2 are 10—which einF less than 1 shilling, we set down under a column of
pence to which it belongs, &c. We find on adding them up, that there are
three dots; we therefore carry 3 to the column of shillings. 8 shillingsand
8 are 11, and 4 are 15, and 4 are 19, and 3 are 22 shillings—equal to 1 pound
and 2 shillings : we put down a dot and carry 2. 2 and 17 are 19, &c.

Care is necessary, lest the dots, not being distinctly marked, may be
considered as either too few or too many. This method though now but
little used, seems a convenient one.

PROOF OF ADDITION.

19. FirsT METHOD.— GO through the process again, beginning at
the top and adding downwards.

This method of proof is merely doing the same work twice, in
a slightly different manner.

Seconp METHOD.~—Separale the addends into two parts. .Add
each part separately, in the usual way, and then add their swms.
If the last sum is the same as that found by the first addition, the
work may be presumed to be correct.

This method of proof is founded on the axiom that ¢ the
whole i equal to the sum of all its parts.”
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Exanpre.—Find the sum of 509267, 235809, 72910, and 83925.

OPERATION. PROOF BY SECOND METHOD.
509267 509267 72910
235809 235809 83925

72910 ——
83925 Partial sums 745076 156835
—_— First partial sum.. 745076
Sum 901911 Second partial sum 156835
Proof........... 901911
EXERCISE.
(12) ) a9 a5 @16 _an
Dollars. Bushels. Days. Acres. Dollars. Pounds.
15 76 765 392 5832 98764
26 48 381 446 8907 81753
18 59 872 872 4671 76
61 81 315 969 6789 9889
120 264 2333 2679 26199 117482

(18—41)

The sum of the numbers in each row of the following table,

whether taken vertically or horizontally, or from corner to corner,

is 24156. Let the pupil be required to make these 24 distinct
additions.*

TABLE.
2016/4212)1656|3852[1296)3492) 936(3132] 576[2772) 216
252(2052(|4248{1002/3388/1332|3528| 972|3168] 612(2412

2448| 288/2088|4284/17283024(1368(3564/1008|2808/ 648

684/2484| 32412124/4320|1764(3960{1404(3204|1044{2844

2880| 720/2520| 360/2160/4356(1800(3600|1440{3240{1080

1116[2916| 756(2556| 396/2196(3996(1836/3636{1476(3276

3312(1152(2952; 792(2592| 36[2232(4032/1872/3672{1512

1548(3348/1188/2988| 432(2628| 172(2268|4068(1908(3708|

3744|1584!3384| 828(3024/ 468(2664| 108(2304(4104(1944

1980(3780(1224(3420 86413060 604(2700] 144/2340[4140

4176(1620/3816[1260 3456’ 900(3096) 540{2736] 180|237

* This table is_formed by multiplying th: i i
of 11 by 86, y plying the numbers in the magic square
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(42) (43) (44) (45) (46) 47
74564 5676 76746 67674 42-37 087
7674 1567 71207 75670 56:84 5273

376 63 100 36 2792 8127
6 6767 56 i 6241 2563
82620
(48) (49) (50) 51
3785 85-742 000007 54713
20-766 6034-82 0:06236 56347
0-253 578563 0.0572 21'502
10-004 712:52 0-21 00007
34-808
(52) (53) (54 (55)
81-0235 0:0007 84565 57634
576:03 50000 0-37 4000-005
47125 427-0 8456:302 2135
6'53712 3712 0-007 21530
537609062
MONEY.
(56) (CX)) (58) (59)
£ . . £ s.d. £ s d. £ s d.
4567 14 6} 6 14 1 3767 13 11 5674 17 61
776 15 73 667 13 6 4678 14 10 4767 16 113
76 17 93 6715 17 767 12 9 3466 17 103
51 0 10} 5 42 1011 5 5984 2 2%
4 5 6 3 4 3 4 11 8762 9 9
5516 14 3%
AVOIRDUPOIS WEIGHT.
(60) (61) (62) (63)
cwt. qrs. 1b. cwt. qrs. lb. cwt. qrs. lb.  cwt. qrs. Ib.
76 3 14 476 1 244 447 1 7 14 2 12
37T 2 15 756 3 21} 57 1 6 3 3 1
14 1 11 767 1 16 467 1 1} 2 15
—— 567 2 15 563 1 6 "0 3
128 3 15 973 1 12 428 0 0%} 14
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TROY WEIGHT.

(64) (65) (86)
Ib. oz, dwt. grs. 1b. oz. dwt. grs. 1b. oz. dwt. grs.
70 5 9 57 9 12 14 87 3 v 12
5 6 6 1 67 9 11 11 11 12 3
9 5 6 8 66 8 10 b 16 14
—_— "4 6 5 3 44 12 10 13
21 11 18 © 12 3 6 4 67 8 9 10
TIME.
67) (68) (69)
yrs. ds. hrs. ms. yrs. ds. hrs. ms. yrs. ds. hrs. ms.
99 359 9 56 60 90 0 50 50 127 7 50
88 0 8 57 6 76 1 57 120 9 44
77120 7 49 3 58 76 121 11 44
—_— 6 12 o 6 47 3 41
265 1156 2 42 —_———— 8 911 17

CLOTH MEASURE.

(70) (1) ("12) (73)
yds. qrs. nls. yds. qrs. nls.  yds. qrs. nls. yds. grs. nls.
147 3

567 3 2 3 157 2 1 156 1 1
476 1 0 13 1 0 143 3 2. 17 3 1
72 3 3 148 2 1 1 2 54 1 0
5 2 1 92 3 2 54 0 3 573 2 3
1122 2 2
CANADIAN MONEY.
(74) (15) (76) ()
$978-63 $ 69:42 $719:43 $9863°47
492:29 189-87 912-99 986-10
8343 674-29 6868 91-89
729-47 86-43 50-00 7-45
9-00 982-78 9'73 *98

————

$2292:82  § $ $
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78. 0-44-74:47437-0074-75:05-+747-077 = 934:004,

9. 56:05-44-754-0-007+36:1444-672 = 101-619.

80. 0-76+4+0-0076+ 76405454005 — 82-3176.

81. 0-54-0-0054 54504500 = 555°505.

82. 0-367+56-74 17624976 4-471 = 1387-667.

83. Add eight hundred and fifty-six thousand, nine hundred
and thirty-three ; one million, nine hundred and seventy-six
thousand, eight hundred and fifty-nine ; two hundred and three
millions, eight hundred and ninety-five thousand, seven hundred
and fifty-two. Ans. 206729544,

84. Add three millions, and seventy-one thousand ; four mil-
lions, and eighty-six thousand ; two millions, and fifty-one thou-
sand ; one million; twenty-five millions, and six; seventeen
millions, and one ; ten millions, and two; twelve millions, and
twenty-three ; four hundred and séventy-two thousand, nine
hundred and twenty-three; one hundred and forty-three thou-
sand ; one hundred and forty-three millions. .Ans. 217823955.

85. Add one hundred and thirty-three thousand ; seven hun-
dred and seventy thousand ; thirty-seven thousand; eight hun-
dred and forty-seven thousand ; thirty-three thousand ; eight
hundred and seventy-six thousand ; four hundred and ninety-
one thousand. Ans. 3187000.

86. Add together one hundred and sixty-seven thousand ; three
hundred and sixty-seven thousand ; nine hundred and six thou-
sand; two hundred and forty-seven thousand ; ten thousand;
seven hundred thousand ; nine hundred and seventy-six thou-
sand ; one hundred and ninety-five thousand ; ninety-seven thou-
sand. JAns. 3665000,

APPLICATIONS.

1. How many miles is it from the lower end of Lake Huron to
the Gulf of St. Lawrence, passing through the River St. Clair,
25 miles long ; Lake St. Clair, 20 miles ; River Detroit, 23 miles;
Lake Erie, 250 miles ; Niagara River, 34 miles ; Lake Ontario,
180 miles ; and the River St. Lawrence, 750 miles long ?

Ans. 1282 miles.

2. The city of Toronto has a population of about 50000 ;
Hamilton, 25000 ; Kingston, 15000 ; London, 10000 ; Ottawa,
10000 ; Montreal, 75000 ; and Quebec, 45000. What is the
population of these seven cities taken together ?  .4ns. 230000.

3. In the year 1856 Canada exported :—Produce of the mine,
$165000 ; produce of the gea, $500000; produce of the forest,
$10000000 ; animals and their produce, $2500000; agricul-
tural products, $15000000 ; manufactures and ships, $1600000 ;
and various other products to the amount of $2235000. What
was the total value of Canadian exports for ihat year ?

vAns, $32000000,
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4, A wholesale merchant sells, during the year, goods to ?,he
amount of $11080 in Toronto; $9427 in Galt; $1798 in Berlin;
$16423 in Hamilton; $7496 in Guelph; $6429 in Woodstock ;
$5297 in Chatham; and $8426 in Goderich. Required the
amount of the year's sales., Ans. $66376.

5. The Grand Trunk Railway is 962 miles long, and cost
$60000000 ; the Great Western is 229 miles long, and cost
$14000000 ; the Ontario, Simcoe, and Huron is 95 miles long,
and cost $3300000 ; the Toronto and Hamilton is 38 miles long,
and cost $2000000. What is the aggregate length and cost of
these four roads ? /ns. Length, 1324 miles, and cost $79300000

6. The circulation of promissory notes for the four weeks
ending February 3, 1844, was as follows :—Bank of England,
about £21228000; private banks of England and Wales,
£4980000; Joint Stock Banks of England and Wales, £3446000 ;
all the banks of Scotland, £2791000; Bank of Ireland,
£3581000; all the other banks of Ireland, £2429000; what
was the total circulation ? JAns., £38455000.

9. Chronologers have stated that the creation of the world
occurred 4004 years before Christ; the deluge, 2348 ; the call
of Abraham, 1921 ; the departure of the Israelites from Egypt,
1491 ; the foundation of Solomon’s temple, 1012 ; the end of the
captivity, 536. This being the year 1859, how long is it since
each of these events ?

Jns. From the creation, 5863 years; from the deluge, 4207 ;
from the call of Abraham, 3780 ; from the departure of
the Israelites, 3350; from the foundation of the temple,
2871; and from the end of the captivity, 2395.

8. Add together the following :—2d., about the value of the
Roman sestertius; 7id., that of the denarius; 1id., a Greek
obolus ; 9d., a drachma ; £3 15s., a mina ; £225, a talent; ls.
7d., the Jewish shekel ; and £342 3s. 9d., the Jewish talent.

JAns, £571 23.

9. Add together 2 dwt. 16 grains, the Greek drachma; 1 lb.
1 oz, 1 dwt., the mina ; 67 1b. 7 0z. 5 dwt., the talent.

Ans. 68 1b. 8 oz. 8 dwt. 16 grains.

10. What was the population of the British provinces in North
America in 1834, the population of Lower Canada being stated
at 549005, of Upper Canada, 336461 ; of NewBrunswick, 162156 ;
of Nova Scotia and Cape Breton, 142548 ; of Prince Edward's
Island, 32292 ; of Newfoundland, 75000 ? Ans, 128'7462.

11. A owes to B £567 16s. 7id.; to C £47 165.; and to D
£56 0s. 1d. How much does he owe in all ? Ans. £671 123 81d.

12, A manhas owing to him the following sums :—£3 10s. 7d.;
£46 0s. 73d.; and 52 14s, 6d. How much is the entire ?

JfAns. £102 5s. 81d.

13. A merchant sends off the following quantities of butter :—
47 cwt. 2 qrs. T1b.; 38 cwt. 3 qrs. 8 1b. ; and 16 cwt. 2 qrs.20 lb,
How much did he send off in all ? Ans. 103 ewt, 10 1h,
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14. A merchant receives the following quantities of tallow,
viz :—13 cwt. 1 qr. 61b.; 10 cwt. 3 qrs. 10 lb.; and 9 cwt.
1 gr. 151b. How much has he received in all ?

Ans. 33 cwt. 2 qrs. 6 1b.

15. A silversmith has 7 1b. 8 0z. 16 dwts.; 9 1b. 7 oz. 3 dwts.;
and 4 1b. 1 dwt. What quantity has he ? Ans. 21 1b. 4 oz.

16. A merchant sells to A, 76 yards 3 quarters 2 nails; to B,
90 yards 3 quarters 3 nails; and to C, 190 yards 1 nail. How
much has he sold in all? /ns. 357 yards 3 quarters 2 nails.

17. A merchant in Toronto sells goods to the following
amounts during the week, viz :—Monday, $429-38; Tuesday,
$711-43; Wednesday, $419-87; Thursday, $1080-42; Friday,
$1304-65 ; Saturday, $2498-91. Required the whole amount of
the week’s sales. Ans. $6444-66.

18. Looking over my last month’s expenditure, I find that I
have paid the following sums, viz.— Baker's bill, $3-73;
Butcher’s bill, $20-91; Groceries, $12-75; Fruit, $3:29 ; Rent,
$16:25; Servants’ wages, %10 ; Tailor’s accounts, $17-87; Shoe-
maker’s bill, $11°63 ; and sundries, 89-17. Required how much

I paid in all. Ans. $107-90.
19. Add together $607-19 ; $298-97; $789:87; $1723-10; and
$123-00. Ans, $3542-13.

20. A farmer sells seven loads of wheat, the first containing
1763 lbs., the second 1827 lbs., the third 1329 lbs., the fourth
1901 lbs., the fifth 1666 lbs., the sixth 1879 lbs., and the se-
venth 1185 1bs. What was the aggregate weight of the seven
loads and how many bushels did they contain ?

Ans. 11550 1bs. or 1921 bushels.

NoTe,—The bushels are found by dividing the aggregate weight by 60
1bs., the weight of one bushel.

21. Having effected an insurance on my houschold furniture,
&c., I am required to make a detailed statement of its value. I
find this to be as follows :—Carpets $250-00, table and bed linen
$90-88, beds and bedding $173:60, furniture $791-23, pictures
and engravings $207'18, books 31649-19, plate and plated ware
$307-18. Required the total valuec of my household furniture.

Ans, 33469:26.

22. Toronto has a population of 45000, Hamilton 20000,
Brockville 4000, Prescott 2500, Kingston 15000, Ottawa City
10000, Chatham 4000, Goderich 2000, London 10000, Port Hope
4000, Cobourg 5000, Montreal 70000, and Quebec 50000.
What is the entire population of these 13 cities and towns ?
Ans. 241500.

20. The pupil should not be allowed to leave addition until
be can read up the columns without hesitation. For instance, in
the following questions,which are inserted for the sake of practice
in rapid addition, he should not be permitted to spell the columns
thus, 6 and 4 are 10, and 4 are 14, and 4 are 18, and 5 are 23
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&c., but should be required to reazd them, i. e., simply touch
each digit with his pencil and name the sum, thus :—6, 10, 14,
18, 23, 31, 32, 35, 42, 43, 44, 49, 53, &c. &c,

I

II. III. Iv.
244658 275634 135790 123456
4923217 386731 246824 786123
635425 987654 135790 456789
321465 321456 864212 123456
732849 989123 579246 788123
376731 456789 835792 459789
935746 123456 468357 123456
847963 789123 924689 789123
745143 456789 753246 456789
234561 123456 835792 123456
746874 789123 468357 789123
934746 456789 924683 456789
872345 123459 579246 123456
934756 789123 835798 789123
842345 456789 642875 456789
873456 123456 334683 123456
864580 789123 579864 789122
234672 4561789 297531 456789
325871 246842 135795 871178
479234 357931 246834 936639
845645 642248 824248 248842
823456 756139 357964 525255
245734 246842 8722178 736376
872475 657931 375946 817558
896731 642248 624862 473468
456841 753139 375937 934579
314567 246842 872459 '+ 894645
814563 357931 837645 123875
4217831 642248 644875 767457
9321768 753913 472963 875345
456345 375913 875847 874563
345634 426428 864314 375534
734734 573931 734561 937565
734561 624824 213475 875734
834756 735813 845675 698945
RECAPITULATION.

I. Addition is the process of finding the sum of two or
more numbers.
II. The numbers to be added are called Addends.
d(IiH;l The result of the addition is called the sum of the
addends,
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IV. In writing numbers down preparatory to adding
them, we write units under units, tens under tenms, &e.,
because it is more convenient, since only like quantities,
i. e., quantities of the same name can be added together.

V. We draw a line under the addends in order to sepa-
rate them from the sum.

VI. We begin the addition at the column containing
the lowest denomination and work from right to left,
because, by so doing, we are enabled to carry, from the
column added, the number of units of the next higher
denomination it contains, to their appropriate column, and
thus perform the work by one addition which would other-
wise require two or more.

VII. We divide the sum of the units of any one deno-
mination by the number required to make one of the next
higher, in order to know how many we are to carry to
the next higher.

VIII. The addition of simple numbers was formerly called
Simple Addition ; and the addition of compound, or deno-
minate numbers, Compound Addition. As the same rule
applies to the addition of all numbers, there is no reason
why, in a second course, we should treat of the addition
of simple and denominate numbers separately.

QUESTIONS.

NoOTE.—Arabic numerals, thus (14), refer to the articles of the Sections
and Roman numerals, thus (VI.), to the Recapilulution.

1. Into what parts may Arithmetic be divided ¥ (L)

2. Of what does the Arithmetic of Whole Numbers treat? (I},

3. What rules are included in the Arithmetic of Whole Numbers? (2)

4, Of what does the Arithmetic of Fractionstreat? (1)

5. How is the Arithmotic of Fractions divided ? (3 X

. How is the unit divided in Vulgar or Common Fractions? (3)

. How is the unit divided in Decimal Fractions? (3)

. Of what does the Arithmetic of Ratios treat? (1 i i

Whatrules of Arithmetic are embraced in the Arithmetic of Ratios? (4)

10. What are the fundamental rules of Arithmetic? (5)

11. Why are they so called ? (5) . . . .

12 gpon &vhat) rules do all the operations of Arithmetic ultimately

epend? (6

13. What is the sum of two numbers? (7)

14. What is Addition? (8 or 1.)

16. What arc addends? (9 or 1L.)

18. What kind of quantities only can be added ? (10)

17. What is the rule for Addition ? (15) .

18, Why must we place units of the seamne denomination in the same
vertical column ? (IV.)

=k e b=
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19. Why do we draw a line under the addends? (V.)

20. Why do we begin to add at the lowest denominations? (VL) .

21. Why do we divide the sum of the units of any oue denomination by
as many as make one of the next higher? (VIL)

22, How do we prove addition P (19)

25. Upon what axiom is the 2nd method of proof founded ? (19)

24, So far as the result is concerned, does it make any difference where
we commence to add P (12) X .

25, Exhibit the work when we commence Adding at the left-hand side,
or highest denomination. (12)

2¢. When the addends are very numerous,what plans may we adopt ?(18)

27. Upon what principle does the former of these plans proceed ? (18)

9%, What different rules were formerly made in addition ¥ (VIIL)

99, Is this distinction necessary? Why not ? (VIIL)

50, Tllustrate the difference between spelling and reading inaddition, (20)

SUBTRACTION.

21. Subtraction is the process of finding the difference
hetween two numbers.

22. The greater of the two given numbers, or that which
is to be lessened, is called the Minuend (Lat. Minuendus
“to0 be lessencd’’) ; the smaller, or that which is to be sub-
tracted, the Subtrahend (Lat. Subtrahendus,  to be sub-
tracted 7).

23. If anything is left after making the subtraction, it
is called the rcmainder, difference, or excess.

24. Only quantities of the same denomination (i. e.
which have the same unit) can be subtracted the one from
the other.

25. Subtraction isindicated by —, called the minus, or
negative sign. Thus 5—4=1, rcad five minus four equal
to one, indicates that if 4 is subtracted from 5, unity is left.

. Quantities connected by the megative sign cannot be taken,
indifferently, in any order ; because, for example, 5—4 is not the
same as 4—5. In the former case the positive quantity is the
greater, and 1 (which means 4 1) is left; in the latter, the
negative quantity is the greater, and —1, or one to be subtracted,
still remains. To illustrate yet further the use and nature of the
signs, let us suppose that we have five pounds and owe four ;—the
five pounds we have will be represented by 5, and our debt by
—4; taking the 4 from the 5, we shall have 1 pound (41) re-
maining. Next let us suppose that we have only four pounds
and owe five ; if we take the 5 from the 4 (that is, if we pay as
far as we can) a debt of one pound represented by —1, will still
remain; consequently 6—4=1; but 4—5= —1.
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26. When several numbers, connected by the signs{-and—
are placed within brackets, thus, (74+4—6—34-9,) the whole
expression is to be considered as one quantity. The negative
sign before such an expression indicates that the wvalue of the
whole expression within the brackets, is to be subtracted, or,
what amounts to the same thing, that the numbers having the
sign+before them are to be subtracted, and those having the
sign —, added. Hence a minus sign before a bracket, has the
effect of changing the signs of all the quantities within the
brackets, when the brackets are removed, So, also, when we
desire to place a quantity within brackets, we must change its
sign, if the sign preceding the first bracket be minus.

The following examples will show how the brackets affect
numbers, according as we make them include an additive, or o
subtractive quantity :—

27— 4713 =27
27—(447—3) =19
But 27—(+—7+3) = 27. [changing all the signs of the original quanti-
tities, but the first.]
Augain 484+7—3—8+7—2 = 4\
48+ (7—3—8-+7—2) == 49; what is in the brackets being additive, it
is not nccessary to change any sizns.
4847—(34+8—7-42) = 49; 1t is now necessary to change all the
signs in the brackets.
48-+7—8—(8—742) = 49; it is necessary in this case, also, to change
the signs.
48--7—3—8-+(7—2) = 49; it is not necessary in this case.

27. When the numbers are small they can be subtracted
mentally, thus: from 6 shillings take 4 shillings, and the
result is evidently 2 shillings ; from 9 pounds take 4 pounds,
and the remainder is 5 pounds; from 16 days take 9 days,
and the remainder is 7 days; from 14 sixteenths take 5
sixteenths, and the remainder is 9 sixteenths, &e.

‘When the numbers are too large to be conveniently
retained in the mind, they may be written as in addition.

Exampre 1.—From 97 take 43, that is, from 9 tens and 7 units
take 4 tens and 3 units.

OPERATION, .
90-}7 or 97 = Minuend. EXPLARATION.—3 units from 7 units leaves
4013 or 43 — Subtrahend. 4 units, and 40 units or 4 tens from 90 units or
—_— = 4 teus, leave 50 units or 5 tens.
50+4 54 = Remainder.

Exanprz 2.—Let it be required to subtract 746 from 978, or
from 9007048 to take 700-40+6.

.« ot

£2%  ExPLANATION.—6units from 8 units and 2 units
OPERATION, Z85 remain; 40 units or 4 teus from 70 units or 7 tens,
9004-704+-8 or 97 8 and 30 units or 3 tens remain; and 700 units or 7
7004046 or 7 4 6 hundreds, from 900 units or ¢ hundreds, and 200

units, or 2 hundreds remain,

|

200+3a-_2 or 232
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ExAMPLE 3.-~From 842 take 661.

ExPrLANATION.—In placing the subtrahend under the minuend, in this
OPERATION, example, we find that, while we can sub-
I, IL IIL tract the units from the units, we cannot
842 or 8001:40 2 or 700414042 subtract the tens from the tens, since we
661 or 600--60-F1 or 600+ 6041 have 6 tens in tke subtrahend and only 4
—— —_  ——-——_ tens in the minuend. We get over this
181or 1004 8041 difficulty by considering the minuend to
be, not 800-+40-+-2, but 700--14¢+-2, or, in other words, we borrow one of the
order of hundreds and reduceit to tens. Now we have 1 unit from 2 units
and 1 unit remains ; 60 units or 6 tens from 140 units or 14 tens, and 80
units or 8 tens remain ; 600 units or 6 hundreds, from 700 units or 7 hun-
dreds, and 100 units or 1 hundred remain.
Exaners 4.—Let it be required to subtract 3 cwt. 2 qra. 7 lbs.
from 9 cwt. 1 qr. 8 1bs. :
EXPLANATION.—AS wa cannot subtract 2 qrs. from 1 gr. we borrow1
OPEBATION. cwt, and reduce it to quarters. The 9 cwt.
cwt.grs. lb.  cwt.qrs.1b. 1gr.81b. we then consider as 8 cwt. 5 qrs.
9 1 8 =8 5 8 8]lb, and from it subtract the 5 cwt. 3 qrs,
3 2 7 =3 2 7 f7lb, Thus,7 lbs. from81bs, and 1 Ib. re-
—_—— ————  mains; 2 qrs. from 5 qrs. and 3 gra. remain;
65 3 1 and3cwt, from 8 cwt. and 5 cwt remain,

28. Hence, to find the difference between two numbers,
we deduce the following :—

RULE.

Write the subtrahend under the minuend, so that units of the
same denomination may be in the same vertical column. (24)
Draw a line under the subtrahend to separate it from the remainder.
Subtract each digit in the subtrahend from the one over it in the
minuend, beginning at the lowest denomination.

When the units of any one denomination of the minwend fall short
of those of the same denomination in the subirahend, borrow one
of the next higher denomination in the minuend, reduce it to its
equivalent units of the required denomination, add them to the units
of that denomination given in the minuend, and from their sum
subtract the units of that denomination given in the subtrahend.

29. ’l:he'following is the complete work of a question in
Subtraction :

Exaupre 5.—From 6400 lbs. 0 oz. 0 dwt. 7-0006 grs. take
987 1bs, 3 oz. 17 dwt. 22-6349 grs. €

OPERATION.
5(1301&913 ilx ;9 249979
R 6-181R1](10
§3001bs. 0Ooz. 0 dwt %00 Oé g)rs. Minuend.
987 3 17 226349  Subtrahend.

5412 8 2 83657  Remainder.
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EXPLANATION.—Here, as we cannot take 9 tenthe of thonsandths of a
graiu from 6 tenths of thousandths of a grain, we borrow one grain, there
being no tenths, hundredths, or thousandths in the minuend. Now this one
grain is equivalent to ten of the order of tenths of grains. Borrow one tenth
and there remaiu 9 tenths, and the one tenth we borrowed is equal to 10
hundredths, Borrow 1hundredth, there remain 9 hundredths, and the one
hundredth we borrowed is equal to 10 thousandths. Borrow 1 thousandth,
there remain 9, and the 1 thousandth is equal to 10 of the order of tenths
of thousandths—the order for which it was necessary to borrow. 10 of the
order of tenths of thousandths of grains and 6 of the order of tenths of
thousandths of graius, make 16, from which take 9 of the order of tenths of
thousandths of grains, and there remain 7 of the order of tenths of thou-
sandths of grains; 4 of the order of thousandths from 9 of the order of
thousandths and 5 of the order of thousandths remain; 3 of the order of
hundredths from 9 of the order of hundredths and 6 hundredths remain :
6 tenths from 9 tenths and 3 tenths remain,

Again, as we cannot take 22 grains from 6 grains, we borrow from the
next available higher order, which, in this case, is hundreds of pounds. 1
of the order of hundreds of pounds reduced, as ahove, to its equivalent
lower denomination, is equal to 9 tens of 1bs., 9 units of 1bs. 11 oz. 19 dwt.
24 gry. 24 prains, added to 6, make 30grains, and 22 grains from 30 grains,
leave 8 grains; 17 dwt. from 19 dwt. leave 2 dwt; 3 oz. from 11 oz, leave 8
0z.; 7 units of lbs. from 9 units of Ibs, leave 2 units of 1bs.; 8 tens of lbs.
from 9 tens of lbs, leave 1 ten of Ibs. We cannot take 9 hundreds of 1bs.,
from 3 hundreds of 1bs., so we are compeiled to borrow 1 of the order of
thousands of Ibs., which is equal to 10 hundreds of lbs., and 3 hundreds of
1bs., make 13 hundreds of lbs. ; 9 huudreds of 1bs. from 18 hundreds of 1bs.
and 4 hundreds of 1bs. remain; 0 thousands of lbs. from 5 thousands of 1bs.
and 5 thousands of 1bs. remain.

30. If any digit of the minuend be smaller than the corresponding digit
of the subtrahend, practically, we can proceed in either of two ways. First,
we may increase that denomination of the minuend which is too small, by
borrowing one from the next higher, (considered as so many of the lower
denomination, or that which is to be increased,) and adding it to those of
the lower, already in the minuend. Inthis case we alter the form, but not
the value of the minuend; which, in the example given below, would
become—

hundreds. tens. units.

7 8 12 = 792, the minuend.

4 2 7 = 427, the subtrahend.

3 6 & = 365, the difference.
Or, secondly,we may add equal quantities to both minuend and subtrahend,
which will not alter the difference ; then we would have

hundreds, tens. units. i
24 10="792 I 10, the minuend +- 10.
4 211 7 =427+ 10, the subtrahend + 10.

8 [] 5 =365+ 0,the same difference.
In this mode of proceeding we do not use the given minuend and subtra-
hend, but others which produce the same remainder.
PROOT OF SUBTRACTION.
81. First MerHOD.—.Add togethcr the remainder and subtra-
hend ; the sum should be equal to the minuend. .
For the remainder expresses by how much the subtrahend is smaller

thau the minuend ; adding, therefore, the remainder to the subtrahend,
should make it equal to the minuend; thus,

8754 minuend.
5839 subtrahend.}

2915 difference,

Sum of difference and subtrahend, 8754 —=minuend,
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Seoonp METHOD.—Subtract the remainder from the minuend,
and what is left should be equal to the subtrahend.

For the remainder is the cxcess of the minuend over the subtrahend ;
therefore, taking away this excess should leave both equal; thus

8634 minuend. PROOF : 8634 minuend.
7985 subtrahend. 649 remainder,
649 remainder, New remainder, 7985 = subtrahend.

In practice, it is sufficient to set down the quantities once; thus

8634 minuend.
7985 subtrahend.

649 remainder.
Difference between remainder and minuend, 7985 = subtrahend.

EXERCISE.

(6) ) (8) (9 (10)
From 11000000 3000001 8000800 8000000 4040053
Take 9919919 2199077 377776 62358 220202

1080081

an 2 (13) (14  (15)
From 8573 8655 594-763 47-630 52-137

Takg  42-16 32 856 0078 20005
4357
asy  amn (18) 19 (20)
From 000063 874:32 57004 476320 400-32170
Take 000048 563705 23 0:845003  0-006
0:00015
21. 7465676 —567456=6898220. 32, 97711 — 4= 9TI13.
22. 566789 — 75674= 491115.(33. 60000 — 1— 59999,
23. 941000 — 5007= 935993.|34. 75477— 76— 75401.
24, 97001 — 50077= 46924.|35.  7-97.— 1-05= 692,
25, T8T34—  9TT= T5T57.{36.  1'75—0-074= 1-676.
26. 56400~  100= 56300.(37.  97-07 —4-769= 92-301.
27. 700000 — 99— 699901.|38.  7-05—41T6= 2-274.
28. 5700~ 500=  5200.(39. 10-761 —9-001=  1-76.
29.  9TTT— 89z  9688.40. 12:10009 —7-121=4-97909.
30. 76000 — 1= 75999.(41. 1761 —0-007—=176-093.

31, 90017 — 3= 90014. | 42. 15:06 —7'863=7T-197.
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MONEY.
(43) (49 (15) (46)
From $9876-43 842763 372173 $16-25
Take 987-49 19721 91:00 9:75
$8888-94 523042 < b
47) (48) (49) (50)
From S1234-50 $671-98 K236-29 $7-19
Take 999-96 9967 611-¢90 1-86
823454 $5%2:31 g &
1) (52) (53) (54) (55)
£ s d £ s d £ s.d. £ s.d £ s d.

From
Take

From
Take

From
Take

From
Take

1098 12 6 76714 8 7615 6 47167 9714 ¢
434 15 8 486 13 9 14 5 39174 6157

£663 16 10

(56) 1) (58) (59) (60)

g. d. L s. £ s d. £ s.d. £ s d.
98 14 2 4714 6 9716 6 147 14 4 560 15 ¢
7715 3 3819 9 8817 7 120 10 8 477 17 7

AVOIRDUPOIS WEIGHT.
(61) (62) (63) (64)
cwt. qrs. Ib. cwt. grs. 1b. cwt. qrs. lb. cwt. grs. 1b,
200 2 24 1% 2 15 9664 2 23 564 0 O
99 3 15 27 2 7 9073 0 24 476 3 5

100 3 3

TROY WEIGHT.

(53) (66) ©7)
1b. oz. dwt. grs. 1b. oz. dwt. grs. 1b. oz. dwt. grs.
554 9 19 4 946 0 10 0 917 0 14 9
97 0 1615 1723 798 0 18 17

457 9 213
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TIME.

(68) (69) . (1)
yrs. ds. hrs. me.  yrs, ds. hrs. ms. yre. ds. brs. ms,
From 1767 131 6 30 4% 14 13 16 567 126 14 12
Take 476 110 14 13 160 16 13 17 400 015 0

201 20 16 17

APPLICATIONS.

1. A shopkeeper bought a piece of cloth containing 42 yards
for £22 10s., of which he sells 27 yards for £15 15s. ; how many
yards has he left, and what have they cost him?

Ans. 15 yards ; and they cost him £6 15s.

2. A merchant bought 234 tons, 17 cwt., 1quarter, 23 b,
and gold 147 tons, 18 cwt., 2 quarters, 24 1b.; how much re-
mained unsold ? JAns. 86 tons, 18 cwt. 2 qrs. 24 1b.

3. In 1856 the revenue of Canada was as follows :—customs,
$4500000 ; public works, $500000; crown lands, $500000;
and casual, $320000. For the same year the expenditure was
as follows :—interest on public debt, &c., $1000000; civil
government, $225000; legislation, $450000; administration
of justice, $450000; education, $380000 ; collection of revenue,
$940000 ; public works, &c., $1755000. How much did the
total revenue of that year exceed the total expenditure ?

Ans. $620000,

4. The census of 1852 gives the population of Upper Canada
as 962004, and that of Lower Canada as 890261. By how
much did the population of the former exceed that of the latter ?

Ans. 11743,

5. Upper Canada contains 147832 square miles; Lower Ca-
nada, 209990 square miles; Nova Scotia and Cape Breton, 18746
square miles; New Brunswick, 27620 square miles; Prince
Edward’s Island, 2173 square miles; Newfoundland, 36000
square miles; and Hudson's Bay Territory, 2436000 square
miles. By how much does the aggregate extent of these British
North American Provinces fall short of the total area of the
United States—the latter being 2936116 square miles ?

Ans. 57155 square miles.

6. A merchant has 209 casks of batter, weighing 400 cwt. 2
qrs. 14 1b.; and ships off 173 casks, weighing 213 cwt. 2 qrs.
24 1b. How many casks has he left ; and what is their weight ?

JAns. 36 casks, weighing 186 cwt. 3 qrs. 15 1b.

7. If from a piece of cloth containing 496 yards, 3 quarters
and 3 nails, I cut 247 yards, 2 quarters, 2 nails, what is the,
length of the remainder? JAns. 249 yards, 1 quarter, 1 nail.

8. A field contains 769 acres, 3 roods, and 20 perches, of
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which 576 acres, 2 roods, 23 perches are tilled; how much re-
mains untilled ? Ans. 193 acres, 37 perches.
9. I owed my friend a bill of £76 16s. 9}d., out of which I
paid £59 17s. 103d.; how much remained due?
Ans. £16 18s. 103d.
10. The population of London is 2363141, and that of Paris
i3 1053262. How much does the population of London exceed
that of Paris ? us. 1309879.
11. The population of Liverpool is 384205, and that of New
York 515547. How much does the population of New York
exceed that of Liverpool ? us, 131282,
12. Lake Huron contains 20000 square miles: by how much
does it exceed the area of Lakes Erie and Ontario—the former
containing 11000 square milcs, and the latter 7000 sq. miles?
Ans. 2000 square miles.
13. A merchant has 3$6047'87 in bank; $4789-63 in stock;
$9491-11 in property; and 314167-93 on his books against his
customers: his debts amount to $19478:25. How much is he

worth after paying what he owes ? Ans, $15918-29.
14. What is the value of 6—34-15—47? Ans. 14.
15. Of 434-(T—3—14)1? Ans. 33.
16. Of 476—(241—24+16=—034) 7 Ans. 52-94,
17. What is the difference between 15413—6—81 and 154
13—(6—814-62) ? <Ins. 100.

32. Before the pupil leaves subtraction he should be able to
take any of the nine digits, continually, from a given number,
without stopping or hesitating, thus, in subtracting 7 continually
from 94, he should say, 94, 87, 80, 73, G4, 57. &c. In the fol-
lowing examples, which are inserted for practice, he should not
be allowed to spell the subtraction, thus, 6 from 9 and 3 remain,
4 from 2, we can't, but 4 from 12 and 8 remain, &c.; but should
be required to read as follows:—6,9..3; 4, 12..8;8,13..5;
9,11..3; 9, 18..9, &ec.

(18)
9800046043019181697800041081329
191347813191681473199916199846

(19)
74321913047123098706540456007139
1342345678912345678912345678912

RECAPITULATION.

I. Subtraction is the process of finding the difference
between two numbers. )

II. The greater of the two numbers is called the wminu-
end.
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ITI. The smaller of the two numbers is called the sub-
trahend.

1V. What is left after making the subtraction is called
the »cmainder or difference.

V. Only quantities of the same denomination can be
subtracted. .

VI. Subtraction isindicated by the sign—which is called
minus, or the negative sign.

VII. Wlhen several numbers are inclosed in brackets,
they are to be considered as constituting only one quantity.

VIIL. When a negative sign precedes the first bracket
it indicates that all the quantities within the brackets are
to have their signs changed when the brackets are removed.

IX. When quantities are removed info brackets, pre-
ceded by the negative sign, all their signs must be changed.

X. We begin subtraction at the lowest denomination,
because it is sometimes necessary to borrow from the higher
denominations and reduce.

XI. Instead of thus borrowing and reducing, we may
consider any denomination in the minuend increased by as
many units of that denomination as make one of the next
higher, and then add one to the next higher denomination
in the subtraliend. This is merely adding the same quan-
tity under ditferent forms to both minuend and subtrabend,
and cousequently cannot affect the value of the remainder.

(81)
QUESTIONS TO BE ANSWERED BY THE PUPIL.

NorE.—Numbers in Roman numerals, thus (V), refer to the Recapitu
latz;m 3 those in Arabic numerals, thus (25), refer to the articles of the
Nection,

. What is Subtraction ? (If
. What is the minuend ? (1L.)
. What is the derivation of the word minuend ? (22)
. What is the subtrakend ? (I1I1.)
- What is the derivation of the word subtrahend 7 (22)
. What is the remainder ¥ (1V.)
. What kind of quantities can be snbtracted ? (V.)
. %o]\\' is subtr:}ctiou ‘ijndicated ? (VL)
. When scveral numbers are inclosed together i
‘twhleyttoﬂpe :ziken ? (VIII and 26.) & in brackets, how are
10. What effect has a negative sign preceding brackets® (VIIL A
11, When quantitics arc removed into brackgets‘,‘aprecedesi glmg}:le
what must be dotie with them? (1X and 27.)
12. What is the rule for subtraction ? (28)

2 AATS TGt
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13. Why must we put units of the same denomination iu the same verti-
cal column ? (24)

14, When a digit in the subtrahend is greater than the corresponding
digit in the minuend, what is done ¥ (27 Example 8, or 29)

15. What other plan may be adopted ? (30)

16. Upon what grin(‘iple does this plan proceed ? (XI,)

17. Why do we begin to subtract at the right-hand side ? (X.)

18, How do we prove subtraction ® (31)

10, U})on what principles are these methods of proof founded? (31)

20, 11 gstm?(,gzghe difference between spelling and reading in subtrac.

ion.

MULTIPLICATION.

33. Multiplication is a short process of takiny one num-
ber as many times as there are units in another. Hence
multiplication is a short method of performing addition.

84. The number to be taken or multiplied is called the
multiplicand, and in addition would he called an addend.

35. The number denoting how many times the multi-
plicand is to be taken, or, in other words, that by which
we multiply, is called the multiplicr.

38. The number arising from taking the multiplicand ag
many times as there are units in the multiplier, is called
the product, and corresponds to the sum of the addends in
addition.

The multiplicand and multiplicr are called the fuctors
of the product because they male or produce it, (Lat.
Sactor, ““a maker, agent, or producer.”)

37. A prime number is one which cannot be cxactly
divided by any whole number, except the unit ore and itsc/f.

38. A composite number i8 the product of two or more
integral factors, weithcr of which is unity., Thus 16 is a
composite number, and its factors are 8 and 2, or 4 and 4.

39. Since the product is the result which arises from
taking the multiplicand as many times as there are units
in the multiplier, it follows;

1st. If the multiplier be equal to unity, the produet will
be equal to the multiplicand.

2nd. If the multiplier be greater than unity, the product
will be as many times greater than the multiplicand as the
multiplier is greater thar unity.

3rd. If the multiplier be less than unity, that is, if it be
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a proper fraction, the product will be as many times less
than the wultiplicand as the multiplier is less than unity.

40. Let it be required to multiply any two numbers
together, say 7 and 6.

If we make in a horizontal line as many stars as 7

]
.11 2 , Al 1 .
there are units in the multiplicand, and makeas ,—-—A————

many such lines of stars as there are units inthe [* * * * * : :

multiplier, it is manifest thatthe entirenumber of |* * * * * ..

stars will represent the number of units which J *r o ok o¥ .

result from taking the multiplicand as many times “}* * * * ¢ : .

as there are units in the multiplier. L‘ LA ..
But it is evident that wo may considerthe 42 (* * * * *

stars in the above fizure, either as 7 stars taken 6 times, or as 6 stars faken

7 times, thatis, 6 X 7—=42=7 X 6

Hence either of the factors may be used as multiplier
without altering the product.

41, Let it e required to multiply the number 8 by the composite num-
ber 6, of which the factors are 3and 2.

LS.

LT A

X F ok % x K .}2

: : x % = ‘}o P 8xX2 =16
DRt E 16X3 =48

£ or o ox o x % w)

* %X ¥ ¥ % % v;g

8X6=48.

If we write 8 stars in a horizontal line and make 6 such lines, we shall
evidently have in all 8X 6= 48, the number of units in all the lines.

But we may consider the 6 lines as 2 sets of 3 lines each, and in each set
of 3 lines there are 8X3 = 24 units. Therefore in the 2 sets there are 24X2
~=48 units. Again we may consider the 6 lines as 8 sets of2 lines each, and
in each set of 2 lines there are 8X2 = 16 units. Therefore in 3 such sets
there are 163<3 = 48 units.

Hence 86 =48

8X3 = 24 and 24X 2 =48 = 8X6
842 =16 and 16X3 = 48 =8X 6

And as the same may be shewn for any other composite number as well

as for 6, wo may conclude that,

When the multiplier is a composite number we may

multiply by each of the factors in suceession, and the last
product will be the entire product sought.

42. As the multiplication of the higher numbers may be
resolved into the multiplication of one digit by another, the pupil
should make himself perfectly familiar with the following table :

This table is called the Multiplication Table, and was calenlated by
Pythagoras, a celebrated Greek philosopher who flourished about 6500 years
before Christ. It was calculated after the following manner :—2 and 2are 4
—twice 2 are 4; 3and 3are; twice3are8; 4and 4 are8—twice 4 are 8, &c.
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MULTIPLICATION TABLE.

Twice |3 times |4 times |5 timeg | G.tmes [ T times |
lare 2| lare 3| [are 4[1 are”5| lare 6| 1lare T
2 — 4({2— 6]2— 82 —10[2 —12]2 — 14,
3— 6|3~ 9|3 ~12|3 —15|3 — 18 3_21é
4 — 814 —1214— 174 —20|4— 24 & — 28
5 —10{5—15|5 —12C|5 —25|5 — 30| 5 — 35,
6 — 1216 —~ 1816 — 2416 — 30| 6 — 36| 6 — 42
7T — 14 7-—‘.’{“7-—28 T =057 — 42| 7T — 49
8 —16|/8 — 2t 8 ~—32|8 — 40| 8 — 48| 8 — iy
9 — 18|9 — 27| 9 — 30| 9 — 45| 9 — 54| O — b3,
10 — 20110 — 30 10 — 40|10 ~— 60|10 — 60 |10 — 70!
11—22lI—3311—4411—5511—6611—77‘
12 — 2412 — 36 12 — 48|12 — 60{12 — 72[12 — 34l
s times 9 times 10 times 11 times 12 times |
1lare 8 lare 9| lare 10| tare 11 | 1lare 12
2 — 16 2 — 18] 2 — 20 2 ~— 22| 2 — 24
3 — 34| 3 —27 3= 30| 3— 33| 3— 36
4 — 32 4 — 36 4 — 40 4 — 44 | 4 — 48
5 — 40 5 — 43| 50— 50| 5 — 55| 5 — 60
6 — 48 6 — 54| 6 — 60 6 — 66| 6 — T2
7 — 56 97— 863 7T— W0 | 7T — "7} 7T — 84
8 —~64) 8 — "2 8 — 8|8 — 88| 8 — 96
9 — 72 9 —8l] 9— 90| 9~ 99| 9 — 108
10 — 80| 10 = 90{ 10 — 100 (10 — 110 |10 — 120
11 — 88 | 11 — 99{11 — 110 '11 — 121 |11 — 132
12 — 96| 12 —108112 — 120, 2 — 132 |12 — 144

It appears from this table, that the multiplication of the same
two numbers in whatever order taken, produces the same product.

NoTE.—Though the part of the multiplication table civen aboveis enough
for the pupil to commit to memory at first ; yet, after he has made sonme
roficiency in arithmetic, he may find it advantazeous to commit swhat fol-
ows, as it will enable him, in many cascs, to shorten his work in aconsiders
able degree. The labour of committing a still woro extended t:ble would
be scargely compensated by the advantage resulting.
4

13 tames ) L4 Umes | 15 Lines 1 16 tles

2are 26 2are 23 | 2are su | 2 are 32

17 Tnes - 1% tes 1 1Y tles
Tare 34 ; 2are 36 | 2 are 58

I3 42|83 — 43 B— 4% (3=— 5l |3 — Ok |3 — 67
(4 — 50 4-— 60 4— 6F 1 — 03 |d4— 72| 4— 76
15— 70015 — 7516 — 80| 3— 5!/5— {5— @
8- N 16— 90,6 — 05U —10216—103)6—114

‘ 7—105,7— 1127 —119 7 —1%|7— 13
'8 =112 8 —~ 120 8 — 1U8 | 8 — 136 |8 — L4t | 8 — 152
9 — 12619 — 133 4 — T4t 09— 1539 — 16219 — 171

DA =T OV B WD
Prer

43. The multiplication of one quantity by another is ex-
~vessed by X ; thus 7 X 9 =63, means that 7 multiplied
by 2 is equal to 63.
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44. Quantities connected by the sign of multiplication are
multiplied by any number, if we multiply any one of the factors
by that number; thus (9% 10X 2)X 27=9 X 10X 54, or 9X270X2;
that is, if we multiply the factor 2 or the factor 10 by 27, we, in
effect, multiply the whole number (9X10x2) by 27.

45. When a quantity within brackets, consisting of several
terms connected by the signs 4- and —, is to be multiplied by
any number, each of its parts or terms must be multiplied. This
arises from the fact that we consider the several terms within
the bracket as constituting but one quantity, and to multiply the
whole, we must multiply each of its parts. Thus (74-8—3) X3
=7x348Xx3—3%3; and (84-7—5) X (13—2) means that each
of the terms within the former bracket is to be multiplied by
each of the terms within the latter, or by their difference.

46. Let it be required to multiply 7G8 by 9.

Now 76 0=(700-}-60-+8) X 9=700X 9460 X 98X d(Art.41). Flence,sofaras
the result is congerned, it matters not whether we commence multlp]yl.ng
at the lowest or at the highest denomiuation. 700 X0--60X9-+8X9 being
evidently egnal to 8X94-60X94+700<9, .

Commencing the multiplication at the left-hand side, or highest denomi-
nation, the work is as follows:

OPERATION. EXPLANATION.—7 bundreds multiplied by 9, or
763 whichmay 708 taken 9 times, are 63 hundreds; 6 tens multiplied
9 bethusab- 9 Dby, are 54 tens; and 8 units muitiplied by 9, are

—— Dbreviated. 72units. 63 hundreds, 54 tens, and 72 units, added
§300 03 together, make 6912. The second operation shows
510 54 the only abbreviation possible when we commence
72 72 at the highest denomination,
6912 6912

Let us now take the saine question and commence at the right hand or
lowest denomination.

OPERATION. X ExrraNATION~No, 1L

I. whichmay II. and thusstill 111, differs from No. L only ol,n
763 bethusab- 75us farther abbre- 7¢y having the unuecessary ths
9 breviated. 9 viated. y omitted. In No, III the
. principle of carrying intaken

73 ) g912 advantage of, thus—8 units,
540 51 multiplied by 9, are 72 units,
6300 63 equal to 2 unitsand 7 tens, to

carry—6 tens, multiplied by
6912 Go12 9, are 54 tens, and 7 tens,

make 61 tens, equal to 1 ten,
and 6 hundreds to carry ; 7 hundreds, multiplied by 9, are 63 hundreds, and
6 hundreds, make 6% hundreds, equal to 6 thousands and 9 hundreds.

Henee, in order that we may be enabled to take advantage of the
priuciple of CARRYING, we commence the multiplication at the rght-hand
or lowest denomination.

47. From the last article(46), for multiplying by any integral
multiplier, not exceeding 12, (or 20 if the extended Multiplication
Table be used) we deduce the following :—

RULE.
Multiply every order of units in the multiplicand in succes<
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sion, beginning with the lowest, by the multiplier, and divide each
product, so formed, by the number of that denomination which
makes one unit of the next higher; write down each remainder under
units of its own order, and carry the quotient to the next product.

Exaxpre 1.—Multiply $7896:43 by 11.

OPERATION.  EXPravNAtTioN.—8 hundredths of dollars, or cents, multi-
789643 plied by 11, make 83 hundredths, cqual to 3 hundredths, to
RS set down,and 3 tenths tocarry; 4 tenthsof dollars, or tens of

cents, multiplied by 11, make 4% tenths of dollars, and 8

$86860°73 tenths we carried, make 47 tenths, equal to 7 tenths and 4
9 units to curry ; 6 units, muitiplied by 11, make 66 units, and

4 units we carried, make 70 units, equal to 0 units to set down and 7 tens

to carry; 9 tens, multiplied by 11, make 99 tens, and 7 tens, make 106 tens,

cqual to 6 tens and 10 hundreds; 8 hundreds, multiplied by 11, make 88

hundreds, and 10, make 98 hundreds, equal to S hundreds and 9 thousands;

7 thousands, multiplied by 11 make 77 thousands, and 9, make $6thousands,

equal to 6 thousands and 8 tens of thousands.

ExaseLe 2.—)Multiply 3 cwt. 2 qrs. 11 lbs. 7 oz. 6 drs. by 7.

OPERATION. EXIPLANA'{ION.-tT tixtn(cis [} dmgxs are 42 drams,
e ) ; cqual to 10 drams to set down and 2oz, to carry; 7
ewl. grs, nl)f 0z. L}.r‘ times 7 oz. are 49 oz..and © oz., make 51 0z., equal to
2 ¢ ¥ i oz toset down and 31bs. to carry; 7 times 11 lbs,
! are771bs, and 31bs., make 80 lbs,, equal to G1lbs, to
a3 1 5 3 10 set down and 3 qrs. to carry; 7 times 2 grs. are 14
= grs.and 3 grs.,make 17 qrs., equal to1 gr. to set down
and 4 cwt. to carry; 7 times 3 ¢wt. are 21 cwt., and 4 c¢wt,, make 25 cwt.

2
i

EXLERCISE.
3) (4) (5) (v)
Multiply 48960 15460 678000 57800
By 5 9 8 6
244800
) (8) (9) 10)
Multiply 52736 87563 0-21375 0-0067
By 2 4 G 8
10-5472
(11) (12) (13) (14)
Multiply S767:62 $672:56 P89 TG $573:46
By 2 6 5
$1535-24
(15) (16) (17 (18)

Multiply 866342 1385179 4716375 8429763
By 11 12 811 12
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19, Multiply £32 8s. 64d. by 5. Ans. £162 2s. 84.
20, Multiply £43 11s 43d. by 8. Ans. 348 11s. 2d.
21. Multiply £125 13s. 03d. by 12. Ans. £1507 16s. 3d.

22. Multiplyl0 cwt. 3qrs. 5 1bs. by 3. ns. 32 ewt. 1 qr. 15 1bs.

23. Multiply 7yds.3qrs. 1na by 7. Ans. 54 yds. 2 qrs. 3 na.
24. Multiply 11 oz. 10 dwt. 19 grs. by 12.

JAns. 11 1bs. 6 0z. 9 dwt. 12 gr.

48. When the multiplier is a composite number, and

can be resolved into two or more factors, neither of which

is greater than 12, we deduce from (41) the following :—

RULE.

Multiply by each of the factors in succession and the last product
will be the entire product sought.

Exampre 1.—Multiply 3 hrs. 7 min. 14 sec. by 64.

OPERATION. ExPLANATION.—Multiplying 8 hrs. 7 min.

hrs, min, sec.X64=8»8 14 sec. by 8, we obtain 1 day 0 hrs. 57 min. 52
3 7 14 sec,, which we again multiply by 8, and obtain
8 8 days 7 hrs, 42 miu. 56 sec., which is the pro-

duct of 3 hrs. 7 min, 14sec., by 8 times 8 or 64.
1 0 57 52
8

8 7 45 56 Ans.,
ExaxpLe 2.—Multiply 796:437 by 132,

OPERATION. EXPLANATION.—We first multiply the
796°437 X132 =11X12 given number by 11, or, in other words,
n take it 11 times, and then take this

result 12 times, which is evidently
8760°807=11 times multiplicand. equivalent to taking the given number
12 12 times 11 or 132 times.
105129634=12 times 11 times multiplicand.
Exaumpre 3.—Multiply 16 ¢wt. 3 grs. 11 1b. by 2%0.

OPERATION. EXPLANATION.—270=10 times 27 or 10X3X9,
cwt. qrs. lb. If, therefore, we take the given multiplicand
16 3 11X270 three times, and then this product 9 times, and
3 then this second product 10 times, it is evident
—_ we shall have, in effect, taken the given multi-
50 2 (8' plicand 3% 9X10 or 270 times.
433 0 22
10
4552 020
EXERCISE.
25. Multiply $169-78 by 36. Ans. $6112-08.
26. Multiply 796342-3 by 121. JAns. 96357418:3.
27. Multiply $33460 by 144. Ans, $4818240.
28. Multiply 735 by 648. Ans. 476280.

29. Multiply £3 7s. 6d. by 18. Ans, £60 158, 0d.
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30. Multiply £5 14s. 6}d. by 22. Ans. £125 19s. 11d.
31. Multiply £3 4s. 7d. by 810. Ans. £2615 123, 6d.
32. Multiply 11 cwt. 3 qrs. 14 1b. 7 oz. by 54.
Ans, 642 cwt. 1 qr. 4 1bs. 10 oz.
33. Multiply 26 bush. 3 pks. 1 gal. 1 qt. 1 pt. by 49.
Ans. 1319 bush. 0 pks. 1 gal. 1 gqt. 1 pt.
34, Multiply 2 yds. 2 grs. 2 na. 2 in. by 63.
Ans. 168 yds. 3 qrs. 2 na. 0 in.
35. Multiply 5 days 17 hrs. 33 min. 11 sec. by 288.
Ans. 1650 days, 15 hrs. 16 min. 48 sec.

49. When the multiplicand is a denominate number
and the multiplier is greater that 12, but not a composite
number, we proceed according to the following : —

RULE.

Take the nearest composile number to lhe given multiplier,
multiply successively by its factors and add to or subtract from
the product so many times the multiplicand as the assumed composite
number is less or greater than the given multiplier,

Examprg 36.—Multiply £62 12s. 6d. by 76.

Ol;ERATION. EXPLANATION.—We take 76—
s, d.

a 9% 8+4 and thus we get 72 times
6212 6 the multiplicand, and to it adding

8 4 times the multiplicand, obtain
—_— the desired product, viz., 76 times
501 0 3 the multiplicand.

4509 0 0 =172 times multiplicand.
250 10 0 == 4 times multiplicand.

£4759 10 0 =76 times multiplicand.

Instead of multiplying as above, we might have multiplied by 7 and 10
and increased the result by 6 times the multiplicand, or we might have
multiplied by 7 and 11, and dccreased the result by once the multiplicand,
&e.

ExampLE 37.—Multiply 17 1bs. 3 oz. 7dr. 2 scr. 16 grs. by 789.

OPERATION,

b, oz, dr, scr, grs. i
17 3 7 2 16X 9=9 times multiplicand.
10

173 3 7 1 0 % 8 =80 times multiplicand.
10

1785 3 1 1

0

7
12132 10 1 1 0 == 700 times multiplicaud.
1986 7 2 2 0= 80 times multiplicand.
w1 7 1 4= ¢ times multiplicand.
13675 6 38 1 4 == 789 timex multiplicand.
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EXPLANATION.—We divide the given multiplier into 700-4-8049, and ob-
tain the § partial products, which we add together, for the entire product,

ExampLE 38.—Multiply 3 wks. 6 days 17 hrs. 21 min. 12 sec.
by 4736.

OPERATION.

wks. ds. h. min. sec, wks. ds. h. min. sec. | L
3 617 21 12Xé6= 23 5 8 12 = ¢ times multiplicand,
10

39 4 5 32 0x3= 118 G516 3¢ 0= 30 times multiplicand.
10

396 0 7 20 05— 2772 2 3 20  0=700 times multiplicand.
10

3960 3 1 20 6‘,(4: 15841 5 5 20 0 = 4000 times multiplicand.
Ans. 18756 4 9 28 12 = 4736 times multiplicand.
Exampie 39.—Multiply £47 16s 2d. by 5783.
5783=5:¢1000-}-7X1004-8X 103,
OPERATION.

£ s d. £ s A .
47 16 2X3= 143 8 6:==product by units of the multiplicand.
10

478 1 8X8:= 382418 4=product by tens of the multiplieand.
10

24780 16 8X7= 33465 16 S=produot by hundredsof the multiplicand.
10

47808 6 8X5= 230041 13 4=product by thousandsofthe multiplicand.

Ans. 276475 11 10 == product by entire multiplier.

EXERCISE.
40. Multiply £12 2s. 4d. by 83. Ans. £1005 13s 8d.
41. Multiply £963 0s. 03d. by 999. Ans. 962040 2s. 53d.

42. Multiply £3 6s. 53d. by 3178. Ans. £10556 18s. 43d.
43. Multiply 16 bush. 3 pks. 1 gal. by 678.
Ans. 11441 bush. 1 pk. 0 gal.
44, Multiply 23 m. 6 fur. 33 rds. 4 yds. by 247,
Ans. 5892 m. 2 fur. 10 rds. 3} yds.
45. Multiply 3S. 16° 30’ 45” by 721. /ns. 25598, 250 30/ 45"

50. 1t may be é)roper here to caution the puKil against the absurd attempt
to multiply onc denominate number by another. Multiplication is merely
a particular kind ofaddition,and when we are required tomultiplya gnantity
by any number, we are simpliv required to repeat it as many times as there
are units in the multiplier. It is evident, then, that to talk of multiplying
£19 19s. 114d., by £19 19s. 113d., or, in_other words, of adding or repeating
£19 19s. 113d. £19 19s, 114d, times is simply ridiculous. Nevertheless,great
?ams have been taken to show that 2s.’6d. may be multiplied by 2s. 6d.,and

hat the produet will be either 84d. or 6s, 34! Undoubtedly 2s. 6d. can be
taken 24 times, and the result will be 68, 3d.; or it can be taken one-eighth
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of a time, and the result will be 83d.; but thisis a very different thing from
taking it 2s. 6d. times. In fact it is quite as nonsensical to talk of taking
23, 6d. 2s. 6d. times as it would be to talk of taking 6 lbs. of beef 6 lbs. of
beef times; or, 7 bars of music 7 bars of music times, &c. Duodecimal
multiplication, which is sometimes adduced, as a proof that one denominate
number can be multiplied by another, affords no support whatover {o the
theory, as will be fully shown hereafter. (Sece Sect. I11.)

51. Let it be required to multiply 729 by 478.
OPERATION; EXPLANATION.—From the preceding examples it is evident
729 that when units are multiplied into any order whatever, the
458 product willalways be of that order. Here, then, we first mul-
i tiply by the 8 units, as in (#7). Next we multiply by the 7
5832 tens, thus :—9 units, multiplied by 7 tens, give 63 tens, equal
5108 to 8 tens, which we set down in the column of tens, and 6
9916 hundreds which we carry ; 2 tens, multiplied by 7 tens, give
14 hundreds, and 6 hundreds which we carried, make 20 hun-
348462 dreds, equal to ¢ hundreds to set down and 2 thousands to
it carry, &c. Nextwe multipliby the 4 hundreds as follows :—
9 units, multiplied by 4 hundreds, give 3¢ hundreds, equal to 6 hundreds to
set down in the hundreds column, and 3 thousands to carry, &c. Lastly,

we add the several partial products together,

Henee, when the multiplicand isan abstract number, the
multiplier being greater than 12 and not a composite
number, we have the following :—

RULE.

Multiply the multiplicand by each figure of the mulliplier
separately, beginning with the lowest, and write the partial pro-
ducts in separate lines, placing the first figure of each line directly
under the figure by which you multiply, and, lustly, add the several
pertial products together.

ExaspLe 46.—Multiply 7423 by 6%09.

OPERATION., EXPLANATION.—Here,asthereareno tensin the multiplier,

7423 we may either proceed directly to the hundreds after multi-
6709 plying by the units, or we may set down a 0 under the tens,
it and then write the product by the hundreds in the same line,
66807 always remembering to place the first digit of the partial pro-
519610 duct under the figure by which we are multiplying in order

that all the digits of the same order may come in the same
vertical colurn.

43800807
EXERCISE.
(40 48)  (49) 50) 51

Multiply 325 T G- Ger

By 95 66 456 345 347
52. Multiply 7071 by 556. Ans. 3931476
53. Multiply 15607 by 3094. Ans. 48288058,
54. Multiply 39948123 by 6007, Jns. 239968374861,

65, Multiply 2778588 by 9867. Ans, 27416327796,
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52, Let it be required to multiply 63:5 by -97.

OPERATION. EXPLANATION.—Since (51) any order, multiplied by units,

" will give_that order—tenths, multiplied by units, will give

63.5 tenths. Hence it is obvious that tenths, multiplied by tenths,

97 will give the next lower order, or hundredths; andalso that

TdAr tenths, multiplied by hundredths, will give the next lower

,,4.435 order again, or thousandths. Inthe above example, therefore,

5715 we proceed thus:—5 tenths,multiplied by 7 hundredths, give

- 85 thousandths, equal to 5 thousandths to set down and 3

61.595 hundredths to carry; 3 units, multiplied by 7 hundredths,give

21 hundredths, and 3 hundredths we carried, make 24 hundredths, equal to 4

hundredths to set down and 2 tenths to carry ; 6 teus, multiplied by 7 hun-

dredths, give 42 tenths. and 2 tenths we carried, make 44 tenths. equal to 4

tenths and 4 units, Again, 5 tenths, multiplied by 9 tenths, give 45 hun-
dredths, equal to 6 hundredths to set down and 4 tenths to carry, &c.

53. Strictly speaking, all examples in multiplication of
decimals should be worked according to the above method.
An attentive consideration of the reasonings in (52) will,
however, show that the lowest digit of the product of any
two numbers containing decimals, must always be a number
of places to the right of the decimal point, equal to the
sum of the decimal places, in both multiplicand and mul-
tiplier.

pHence, when the multiplicand or multiplier, or both,
contain decimals, we deduce the following—

RULE.

Multiply as though there were no decimals, and then remove the
decimal point in the product as many places to the left asthere are
decimals in both the multiplicand and the multiplier.

ExampLe 56.—Multiply 563 by 000005,
OPERATION, EXPLANATION.—We multiply 563 by 5, and remove the

563 decimal point seven places to the left, since there are
5  Jive decimal places in the multiplier and fwo in the mul-

tiplicand, that is, we have taken a number a hundred
9815  ltilmes too great a hundred thousand times too often, and
Ans. *0002815 the product 2815 is therefore ten million times too great,

o . and to make it what it sbould be, we divide it by ten
;n‘i’lhons; or, in other words, remove the decimal point seven places to the
eft.

ExaupLE 57.—Multiply 2:073 by 5-12.

OPERATION. EXPLANATION.—We multiply as though both were whole
2073  numbers, and cut off five decimals, since there are threein the
512 multiplicand and two in the multiplier.

4148
2078
10385

1061376
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EXERCISE.
(58) (59) (60)

Maultiply -003296 41-78 36-1234

By 5-782 -0629 2:0006

Product -019057472 2-627962
Gl. Multiply 3:2517 by -023. .Ans. *0747891.
;2. Multiply 64:001 by 340. Ans. 21760-34.
63. Multiply 482000° by *37 Ans. 118340.
64. Multiply 3782-4 by -00917. J/ns. 34684608,
65. Multiply 87-96 by 220. Ans, 193512,

PROOF OF MULTIPLICATION.

54. If the multiplier is not greater than 12, multiply the multi-
plicand by the multiplier, minus one, and add the multiplicand to
the product. The sum should be the same as the product of the
multiplicand of the whole multiplier.

If the multiplier be greater than 12 and the multipli-
cand an abstract number :—

Firsr MerHop.—Multiply the multiplier by the multiplicand
and if the product thus obtained agree with the other the work may
be considered correct.

This method of proof depends upon the principle (40) that the product
of two numbers is the same whichever is taken as multiplicr.

Secoxp Meraop.—Divide the product by one of the factors, and
if the quolient thus obtained is equal to the other fuctor, the work
is correct.

This is simply reversing the operation, i. ¢, breaking up the produet into
its factors.

TrIRD METHOD.— Ditide the sum of thedigils of Lthe multiplicand
by 9 and set down the remainder ; divide also the sum of the digits
of the multiplier by 9 and set down the remainder ; mulliply these
two remainders together, divide the sum of the digits in their
product by 9, and if the remainder thus obtained is equal lo the
remainder obtained by dividing the sum of the digits in the product
of themultiplicand and the multiplier by 9, the work is generally
correct : if these two last remainders are different, it must be
wrong.

ExaupiE 1.—Let the quﬁntities multiplied be 9426 and 3785.

Taking the nines from 9426, we get 3 as remainder,
And from 38785, we get 6.

471307
75408 §35=15,from which 9 being taken,6 are left,
65982

28278
Taking the nitTes from 35677410, 6 are left.
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The remainders being equal, we are to presume the multiplication iscor-
rect. The same result, however, would have been obtained even if we had
displaced digits, added or omitted cyphers, or fallen into errors which had
counteracted each other ; but, with ordinary care, none of these are likely to
occur.

ExampLE 2.—Let the numbers be 76542 and 8436.

Taking the nines from 76542, the remainder is 6.
Taking them from 8436, it is 3.

Qo .
$:¢3=18, the remainder from whichis 0.

612336

Taking the nincs from 645703312 also, the remainder is 0. ,
The trema.iu(lers being the same, the multiplication may be considered
correct. 3
NorE.—This proof applies, whatever may be the position of the decimal
point in either of the given numbers.

ExampLE 3.—Let the numbers be 4-63 and 5-4.

From 463, the remainder is 4.
From 54, itis 0.

1852 1.10=0, from whiclh the remainder is 0.
2315

From 25'002 the remainder is 0.

55. The principle on which this process depends is, that if
any number be divided by 9, and the sum of its digits also be
divided by 9, the remainders are, in both cages, the same.

Thus, taking the number 7525, we have

U§5=1&'F_52“H'_ﬁﬁi=z%oa+sa_n+zgn+g
=7X 10004+ gx 100 42X 10 4
=TX UL+ HH8X A+ FeX A 4+F) X5

s E e+ g4y
TSt S
TIT4+88 424+ 7+s-g|"2+6

Il

Hence the remainder arising from the division of 7825 by 9 is
evidently the same as that arising from dividing 7484245 or
22, which is the sum of its digits by 9.

56. Casting the nines from the factors, multiplying the result-
ing remainders, and casting the niunes from the product, will
leave the same remainder ag if the nines were cast from the pro-
duct of the factors—provided the multiplication has been cor-
rectly performed.

Thus, let the factors be 573 and 464.

Ca_.stlnit.he_ nines from 5--7-4-3 (which we have just seen is the same as
casting the nines from 573), we obtain 6 as remainder. Casting the nines
from 464, we get 5 as remainder. Multiplying 6 and 5 we obtain 30 as
product, which, when the nines are taken away, will give Sas a remainder,



ApTs, B5-57.] MULTIPLICATION. 47

‘We can show that 3 will be the remaind i

B er, .

1:114:i grg(.luct_of flhe factors ;—which is eﬁ‘ecterdagt,%’;&;;e C(fSt the nines from

and taking, in succession, quantities that are equal to f OV;?_ cfllllls product,
t—a oWSs

573X 461=(the product of the factors).

=(5% 100-H7 X 10--3) X (4X 100+-63X10+-4)
=5 5x (FDFTEFDH3] X § X (99+1)+63 (94+1)+4 |
—(5x99+-5-+7X9+T+8) X (4% 99+-4-1-6:494-6-+4) bl
5X 99 expresses & number of nines: 1t will continue to d

lied by all the guantities within the second brackets, an(i’ 50 when multj-

e cast out ; and, for similar reason,7X9. Again4x99 expr is, therefore, to
nines ; it wiil continue to do so when multiplied by t]}e? esses a number of
the first brackets, and is therefore to be cast out; q'&a"tltles within
reason, 6.4 9. There will then be left only (54-74-2) X (4'_*_:_?_ for a similar
the nines are still to be cast out, the remainders to be m If,‘t) —from which
and the pines to be cast from their product;—but w }l]l plied together,

btained 8 as remainder. ? e have done all this

already, and o
CONTRACTIONS IN MULTIPLICATION
57. To Multiply by 5:
Afiz a 0 to the multiplicand and divide the resul
Reason D = ult by 2.

1I. Multiply by 15:
JAffix a 0 to the multiplicand and to the result add half of itself,

Reason 15 = 10 -+ .

1II. To multiply by 25:
Affiz two 0s to the multiplicand and divide the result by 4

Reason 25 = 13

IV. To multiply by 125:
Affix three 0s to the multiplicand and divide the result by 8

Reason 125 = 14,

V. To multiply by 73:
Affix two 0s to the multiplicand and from the result take onc

ourth of itself.
Reason 75 = 100 — 122,

VI. To multiply by 175:
Affixz two 0s—multiply the result by T and divide by 4.

Reason 175 = 1§%.

VII. To multiply by 275:
Affix two 0s—multiply the result by 11 and divide by 4.

Reason 275 — 1%
VIIL Tomultiply by 13,14, 15, &, or by 1 with either

f the other digits affiwed to 1t:
6



98 MULTIPLICATION. [8Eor. II,

ExAMPLE. Multiply by the units' figure of the multiplier,

2325% 13 and write each figure of the partial product one

6975 place to the right of that from which it arises;

- Jinally,add the partial product to the multiplicand,
Ans. 30225 and the result will be the answer required.

REasoN.—This is the same in effect as if we actually multiplied by the
common method. We merely make the multiplicand serve for the second
partial product.

IX. To multiply by 21, 31, 41, &e., or by 1 with either
of the.other significant figures prefized to it:

ExampLE. Multiply by the tens' figure of the multiplier,
365X 21 andwrite the first figure of the partial product in
730 the tens place ; finally, add this partial product to

—_— the multiplicand, and the result will be the answer
Ans. 1665 required.

REAS0N.—The reason of this method of contraction is substantially the
same as that of the preceding.

X. To multiply by 101, 102, 103, 104, &e., or by 10
with either of the other digits affixed to 1t:

Multiply by the units figure of the multiplier and write the
partial product, thus obtained, two places to the right of the mulli-
‘plicand—finally, add the partial product to the multiplicand.

REAsON.—Substantially the same as No, 8.

X1I. To multiply by any number of nines:

Remove the decimal point of the multiplicand so many places to
the right (by affixing 0's if necessary) as there are nines in the
multiplicr ; and subtract the multiplicand from the result.

Exanpie 1.—Multiply 7347 by 999.

7317 X999 = 7347000—7347 — 7339653,

We, in such a case, merely multiply by the next higher convenient com-
posite number, and subtract the multiplicand as many times as we have
taken it too often ; thus, in the example just given— -

7347 X 999==7347 X (1000—1)=7347000—7347—=7339653,
ExanpLe 2.—Multiply 678943 by 999999,
6789431000000 = 675943000000
6789431 = 678943

678943X 999999 = 678942321057
ExampLE 3.~Multiply 78:9645 by 99993

78°9845 100000 = 7896450
789846 X 7= 552'7518

78'9645X 99993 = 7805897°2435
XII. When it is not necessary to have as many decimal
places in the product, as are in both multiplicand and
multiplier—
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Reverse the multiplier, putting its units' place under the place
of that denomination in the multiplicand, which is the lowest of
the required product.

Multiply by each digit of the multiplier, beginning with the de-
nomination over it in the multiplicand ; but adding what would
have been obtained, on multiplying the preceding digit of the mul-
tiplicand—unity, if the number obtained would be between 5 and
15; 2, if between 15 and 25 ; 3, if between 25 ana 35, §c.

Let the lowest denominations of the products, arising from the
different digits of the multiplicand, stand in the same vertical
column.

Add up all the products for the total product ; from which cut
off the required number of decimal places.

ExaupLE 1.—Multiply 5-6784 by 9-7324, so as to have four
decimals in the product.

Short method, Ordinary Method.
56784 56784
42379 97324

511056 2217136
39749 1131568
1703 170352
113 39748 8
22 511056'
552643 56°2644.6016

9 in the multiplier expresses units; it is therefore put under the fourth
decimal place of the multiplicand—that being the place of the lowest deci-
mal required in the product.

In multiplying by each succeeding digit of the multiplier we neglect an
additional digit of the multiplicand; because, as the multiplier decreases
the number multiplied must increase—to keep the lowest denomination of
the different products, the same as the lowest denomination required in the
total product. In the exawple given, 7 (the second digit of the multiplier)
multiplied by 8 (the second digit of the multiplicand) will evidently produce
the same denomination as % (one denomination hi\’i;ler than the 7), multi-
plied by 4 (oue dcnomination lower than the 8. ere we to multiply the
lowest denomination of the multiplicand by 7, we should get (53) a result in
theﬁafth place to the right of the decimal point; which isa denomination sup-
posed to be, in the present instance, too inconsiderable for notice—since we
are to have only four decimals in the product. But we add unity for every
ten that would arise, from the multiplication of an additional digit of the
multiplicaud ; since every such Zen constitutes one in the lowest denomi-
nation of the required product, When the multiplication of an additional
digit of the multiglicand would give more than 5, and less than 15, it is
nearer to the truth to suppose we have ten than either 0 or 20; and there-
fore it i8 more correct to add 1 than cither 0 or 2. When it would give morc
than 15 and less than 25, it is nearer to the truth to supgose we have 20,
than either 10 or 30; and therefore it is more correct to add 2 than 1 or 3;
&c. We may consider 5 either as 0 or 10; 15 either as 10 or 20; &c.

On inspecting the results obtained by the abridged,and ordinary methods,
the difference is perceived to be inconsiderable. “When greater accuracy is
desired, we should proceed as if we intended to have more decimals in the
product, and afterwards reject those that are unnecessary.
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Exauprn 2.—~Multiply 8:76532 by 0°5764, 80 as to have three

decimal places,
876532
4675

4383
613
52

3

5051
There are no units in the multiplier; but, as the rule directs, we puf its
units’ place under the third decimal place of the multiplicand. In multi-
plying by 4, since there is no digit over it in the multiplicand, we merely
set down what would have resulted from the multiplying the preceding
d ination of the multipli d

Examerp 3.—Multiply 023257 by 0-243, so as to have four
decimal places.

0-'0565
‘We are obliged to place a cipher in the product to make up the required
number of decimals,
EXERCISE.

66. The canals in Canada amount to 216 miles in length, and
their average cost was $83469 per mile. What was the total
cost of the canals of Canada ?

67. The Great Western Railroad is 229 miles in length, and
its cost was about $61135:37 per mile. What was ‘the total
cost of this road ?

68. The Austrian empire contains 255226 square miles, and
the population averages 143 per square mile. What is the entire
population of the Austrian empire?

€9. France containg 203736 square miles, and the population
averages 176 per square mile. What is the entire population of
France ?

70. Great Britain contains 116700 square miles, and the po-
pulation averages 235 per square mile. What is the entire po-
-pulation of Great Britain ?

71. The total number of Common Schools in operation in
Canada West, during the year 1857, was 3721; allowing an
average of 73 pupils to each, how many children were in at-
tex’;dimce at thedCommon Schools ? :

2. 32000 geeds have been counted in a single po H
many would be found in 297 of these 7 gle poppy ; how

73. 9344000 eggs have been found in a single cod fish; how
many would there be in 35 such ? !
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74. Multiply 123 Ibg, 4 oz, 7 drs. 2 scr. 17 gr. by 749.

75. Multiply 1698732 by 999998,

76. Multiply 123 bush. 1 pk. 1 gal. 1 qt. 1 pt. by 640.

77. What will be the cost of a chest of tea containing 89 lbs,
at 73 cents per 1b, ?

78. How much cloth will it take to make the clothes for a
regiment of soldiers containing 1143 men, if each suit requires
7 yds. 3 qrs. 2 na. 1 in. ?

79. Multiply 16345789 by 635000,

80. A person dying bequeathed the whole of his property to
his three sons. To the youngest he gave 96849 ; to the second,
3-4 times as much as the youngest ; and to the eldest 3-7 times
a3 much as to the second. Required the value of his property.

QUESTIONS TO Bl ANSWERED BY THE PUPIL.

th‘rl«:‘—-The numbers cfter the questions refer to the articles of the
section,

1. What is multiplication ? (33)
2. What is the multiplicand ? (34)
3. What is the multiplier ? (35)
4. What is the product ? (36)
G. Wgy sirg };g;a)multiplier and multiplicand called the factors of the pro.
uct ?
6. What is a prime number? (38)
7. What is a composite number ? (39)
8. If the multiplier be greater thau unity, how will the product compare
with the mu]tiglicand? (39) .
9. If the multiplier be equal to unity, how will the product compare with
the multiplicand? (39) .
10. If the multiplier be less than unity, how will the product compare with
the multiplicand ? (39) )
11, Show that either of the factors may be used as multiplier without alter-
ing the value of the product. (40) .
12. Show that when the multiplier is'a composite number we may obtain
the en(tir)e product by multiplying by each of the factors in succes-
sion, (41
13. By whom was the multiplication table calculated ¢ (42)
14. How was it calculated P (42)
15. What is the sign of multiplication ? (43)
16. How do we multiply a (}uantity consisting of several factors connected
by the sign of multiplication ? (44)
17. How do we multiply a quantity consisting of scveral terms, connected
by the signs + and — inclosed within a bracket P (45)
18, What is meant by (74-3—2+35) < (94+3—7)? (45) X
19. Why do we begin multiplying a number at the right-hand side ? (46)
20. Whlat is the(rule for multiplication when the multiplier is not greater
than 127 (47
21. What is the rule when the multiplier is a composito number ? (48)
22. What is the rule when the multiplicand is a denominate number and
the multiplier rreater than 12, but not a composite number ? (49)
23. Show the absurdity of attempting to multiply one denominate number
by another. (50} .
24. When the multiplicand is an abstract number and the multiplier greater
than 12, but not a composite number, what is the rulef (51)
25, When the multiplicand or multiplier, or both, contain decimals, what
is the rule? (53)
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26. Give the reason of this rule. (562 and 53) o

27, How do we prove multiplication when the mulhrl;exj isless than 122 (54)

98, How do we prove multiplication when the multiplicand is an abstract
number and the multiplier is greater than 12°? (54)

29, Upon what does the proof by casting out the nines depend ? (65)

80. Prove this principle. (55) L .

31. Prove that casting the nines from the factors, multiplying the resnlting
remainders, and casting the nines from the product, will leave the
same remainder as if the nines were cast from the product of the
factors. (56) .

82, What short methods have we for multiplying by 5, 25 and 125? (57) *

33, What short methods of multiplying by 15 and 75 ¢ (57)

34, How may we multiply by 1767 How by 275? (57)

85. How may we multiply by 13, 14, 15, &c¢? How by 101, 102, 103, &c? (67)

36. How may we multiply by 21, 81, 41, &c? (57)

37. How may we multiply by any number of nines ? (57 .

38, How may we contract the work when we require only a limited number
of decimals? (57)

DIVISION.

58. Division is the process of finding how many times
one number is contained in another.

59. The number by which we divide is called the divisor.
80. The number to be divided is called the dividend.

61. The number obtained by division, that is, the num-
ber which shows khow many times the divisor is contained
in the dividend, is called the guotient (Lat. guoties, ¢ how
many times.””)

62. If the divisor be less than the dividend, the quotient
will be greater than unity.

If the divisor be equal to the dividend, the quotient will
be equal to unity. ‘

If the divisor be greater than the dividend, the quotient
will be less thar unity.

68. It is sometimes found that the dividend does not
contain the divisor an exact number of times ; in such cases
the quantity left after the division is called the remainder.

. The remainder, being a part of the dividend, is, of course,
of the same denomination.

The remainder must be Zess than the divisor—otherwise
the divisor would be contained once more in the dividend.

64. Division is merely a short method of performing a
particular kind of subtraction (Art. 6, Sec. IL.)—The divi-
dend corresponds to the minuend, the divisor to the
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subtrahend, and the remainder to the difference. The
quotient has no corresponding quantity in subtraction—
since it simply tells how many times the divisor can he
subtracted from the dividend. '

It will help us to understand how greatly division abbreviates subtraction,
if we consider how long a process would be required to discover—by actually
subtracting it—how often 7 is contained in 5533445724, while, as we shal
find, the same thing can be effected by division in less than a minute,

65, Since the quotient shows how many times the divi-
dend contains the divisor, it follows that the divisor and
quotient are the factors of the dividend. Hence, if the
divisor and quotient he multiplied together, and the re-
mainder, if any, added to the product, the result will he
equal to the dividend.

86. We have three ways of expressing the division of
one quantity by another: —

1st. By the sign <+, written between them; thus, 15+
3=5.

2nd. By the sign : written between them ; thus, 15: 3=5.

3rd. By writing the dividend above and the divisor
below a horizontal line ; thus, 15—,

Two quantities written thus 1r constitute what is called a fraction and
the expression is read siv-elevenths.

It is usual and proper to write the remainder obtained in division, in the
form of a fraction ; thus 17=-3 gives 5 as a quotient and 2 as a remainder.
Now the remainder, 2, is written above the line, and divisor, 3, below the
line ; the whole quotient being expressed thus 5% (read flve and two-thirds).
The meaning of which is, that 3 is contained in 17, 5 times and % of a time.

87. When a quantity consisting of several terms con-
nected by the sign of multiplication is to be divided, divid-
ing any one of the factors will be the same as dividing the
product; thus 5 X 10 X 25 <+ 5=4 X 10 x 25 for each is
equal to 250.

68. When a quantity consisting of several terms, con-
nected by the signs 4 and —, contained within brackets,
is to be divided, it is necessary, on removing the brackets,
to put the divisor under each of t1’17e tBrIJIEOf :';)be (luagtry;

64-3— 7
thus (6+3—7-4-9)+3, or + Ti=§+§_3+3; for

we do not divide the whole unless we divide «{{ its parts.
69. It will be seen from (68) that the horizontal line
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which separates the dividend from the divisor assumes the
place of a pair of brackets when the dividend consists of
several terms; and, therefore, when the quantity to be
divided is subtractive, it will sometimes behneoessary to
change the signs, as already directed (26); thus:
6,13—3 64133, but 27 15—649 27-154-6—9
1 “ibut—_ . =
2 2 2 3 3 3

70. Let it be required to divide 798 by 3.
OPERATION. _ EXPLANATION.—Place the divisor a little to the left of the

dividend and separate them by a short curve line. draw
7% 3 straight line beneath the divideud.
266
798  700--90+8  600+19048 6004180118 600 , 180 , 18 _
Now —= = = = =200

) T
3 8 3 E] 3 8 8
--60-}-6 = 266 (See 68 and 69).
Instead of going through this long operation, it i3 evident that we mni
Proceed as follows : 3 units into 7 hundreds will go 3 (hundreds) times an
eave a remainder 1, which, being of the order hundreds, is equal to 10 tens;
10 tens and 9 tens make 19 tens, and 3 into 19 goes 6 (tens) times and Jeaves
a remainder 1, which, being of the order of tens, is equal to 10 units; 10
1l;l_nitzs aud 8 units make 18 units, and 3 units into 18 units goes 6 (units)
imes,

2. Let it be required to divide 917 1b. 13 o0z. 12 dr. by 4.

OPERATION. EXPLANATION.—Placing the dividend and divisor as before
b, oz dr, WeProceed thus: 4 in 9,2 (hundreds) times and 1 over; 1
£)917 13 1o Lundred, equal to 10 teus, and 1 ten make 11 tens; 4in 11,3
1 7 7 (tens) times and 3 over; $ tens, equal to 30 units, :_md"lumts
220 ¥ 7 make 37 units; 4 in 37, 9 times and 1 over, which is 11b,
because the 917 are pounds (63) ; 1 1b., equal t0 18 0z., and 13 0z,
make 29 0z. ; 4 in 29, 7 times and 1 over, which is 1 oz., since the 29 are oz.;
1 oz, is equal to 16 drams and 12 drams make 28 drams ; 4 in 28, 7 times,
t.Ol;ser'ue that any order divided by units gives that order in the quo-
ient.

3. Let it be required to divide 9789 by 26.

OPERATION. ' EXPLANATION.—Placing the dividend and divisor
26)9789(376 as before, we say 26 in 9 (thousands) no times; 26 in

78 97 (hundreds), 3 (hundreds) times. We place the 3
(hundreds) to the right of the dividend and, multlplg-
ing the divisor 26 by it, get 78 hundred, which we sab-

‘ igg tract from the 97 hundred, and obtain a remainder 19
— hundreds. 19 hundreds are equal to 190 teus and 8§
169 tens, make 198 tens; 26in 198, 7 (tens) times. Multi~
156 plying the 26 by the 7 tens, we get 152 tens, which, sub-

_ tracted from 198 tens, leaves a remainder of 16 tens.

13 rem. 16 tens are equal to 160 units and 9 units make 169

13 units; 26 in 169, goes 6 times, and leaves a remaiuder

Ans. 376 13. This 18 should be divided by 26, but since 13 does

not contain 26, the division cannot be effected, and we can only indicate it,
which we do by placing the 256 under the ﬁ, asis explained in (Art. 66).

The complete quotient is therefore 3763% read $76 and thirteen-twenty-

sixths or 376 and 13 divided by 26,
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71. From the preceding illustration and examples we
deduce, for the division of numbers, the following general

RULE.

Beginning with the highest order of wunits in the dividend,
pass on to the lower orders until the fewest number of figures be
Sound that will contain the divisor ; divide these figures by it, for
the first figure of the quotient ; this figure will be of the same order
as that of the lowest used in the partial dividend.

Multiply the divisor by the quotient figure so found, and subtract
the product from the dividend, being careful to place units of the
same order in the same vertical column. Reduce the remainder to
units of the next lower order, and add in the units of that order
Jound in the dividend : this will furnish a new dividend.

Proceed in a similar manner until units of every order shall have
been divided,

Exawere 1.—Divide 98765 by 7.

OPERATION. EXPLANATION.—Here we say 7 in 9, 1 and 2 over; in 28

7)98765 4and 0 over; in 7, 1 and 0 over; in 6, 0 times and 6 over; in

=22 5 9and 2over. Beneath thisg we write the divisor 7, toin-

¢ dicate its division. We may however, carry ou the division

141097  py considering the 2 units reduced to tenths, &c., and the
quotient becomes 141092857,

Thus 2 units, equal to 20 tenths, 7 in 20, 2 and 6 over; 6 tenths are equal
to 60 hundredths, 7 in 60, 8 times and 4 over; 4 hundredths are equal to 40
thousandths, 7 in 40, 5 and & over ; 5 thousandths are equal to 50 tenths of
thousandths, &c.

Examprr 2.—Divide 124789 by 12.

OPERATION.  EXPLANATION.—Here agnin we may either stop at the
12)124789 units and write the remainder 1 over the divisor 12, or we
may reduce the 1 unit to tenths, &c., as in the second ope-

103997 ration,

or
12)1247569
10899:0834-
Examrre 3.—Divide £1986 14s. 73d. by 9.
OPERATION. EXPLANATION.—9 in 19, 2 and 1 over; 2in 18, 2and 0

9) £1986 14 7% over; 9in 6, 0 and 6 over; £6 are equal to 120s. and
148. make 134s.; 9in 134, 14 and 8 over; 8s.are equal

£220 14 113 10 96d.and 7d. make 103d. ; 9in 103, 11 times and 4 over;;
4d. are equal to 18 farthings and 2 farthings make 18 farthings; 9in 18, 2,
i. e., one ninth of 18 farthings is 2 farthings, written thus id.

72. Inexample 3, we are, in reality, required to find one-ninth
of the dividend. The obvious meaning is, not that 9 is contained
in £1986 14s. Tid. £220 14s. 11id. times, which would be non-
sense, but that £220 14s. 111d. is the ninth part of £1986 14s.
73d. : so also in all similar questions. .

Notwithstanding this, all such examples are reducible to a
species of subtraction. Thus, in the above example we for the
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moment, consider the divisor 9 to be of the same denomiration
as the dividend, and ascertain how many times £9 will go into
(i. e., can be subtracted from) £1986. We get, a3 a result, 220
times, and a remainder of £6. Then we argue, from the prin-
ciples already established, that since £9 is contained in £1986
220 times, with a remainder of £6; £220 is contained in £1986
9 times, with a remainder of £6 ; that is, that the ninth part of
£1986 is £220, with a remainder £6. Next reducing this £6 to
shillings, and adding in the 14s., we obtain a total of 134s., and
we find that 9s. is contained in 134s. 14 times, with a remainder
of 8s., whence we conclude that 14s. is contained in 134s. 9 times,
with a remainder of 8s., that is, that the ninth part of 134s. is
14s. with a remainder of 8s., or that the ninth part of £1986 14s.
is £220 14s., with 8s. still undivided, &c.

ExamprLE 4.—Divide 978964 by 3429.

OPERATION. EXPLANATION.—3429 into 9789 (the smallest num-
3429)978964(2855?‘%3 ber of figures that will contain the divisor) goes 2
6858 times, we therefore put 2 in the quotient, Multi-
plying 3429 by 2, we get 6838, which we subtract from

20316 9789 and obtain as remainder 2931, which we reduce
2 to the next lower order (tens) and add in the ¢ tens,
3429 into 29316 goes 8 times. We therefore place 8

18844 in the quotient. Multiplying 3429 by 8 we get27432,
17145 which we subtract from 29316, and_ obtain 1884 as a
— remainder. Reducing to units and adding in the 4,

1699 or what amounts to tﬁe same thing, bringing down

X the 4 and writing it after the 1884 we get 18844 : and
3429 into 18844 goes 5 times, with a remainder 1699, under which we write
the divisor 3429,

73. When the dividend is an abstract number, it is evident
that bringing down the next figure and writing it to the right of
the remainder, is the same in effect as reducing the remainder
to the next lower denomination and adding in the units of that
order found in the dividend. Thus, in the last example, bring-
ing down the 6 and writing it directly to the right of the first
remainder, 2931, makes the next partial dividend 29316, which
is the same as reducing the 2931 to the next lower order and
adding to the result the 6 of that order found in the dividend.

Exampre 5.—Divide 6421284 by 642. '

OTERATION. EXPLANATION.—642 goes once into 642, and leaves no
642)(421284(10002  remainder. Bringing (Town the next digit of the divi-
642 dend gives uo dirit in the quotient, in which, therefore,
-— we put a cipher after the 1. The next digit of the divi-
1284 dend, in the same way, gives no digit in the quotient, in

1284 which, consequently, we put another cipher, and, for

. similar reasons, another in bringing d t; but
the next digit makes the quantity ’brought down lgzlstftg, wohviv(:;lﬂtl‘,glil&xin’! the
divisor twice, and gives no remainder :—we put 2 in the quotient.

N o'm.—.ﬂftgr ) the first quotient figure is obtained, for each
figure of the dividend which is brought down, either a significant
figure, or a cipher, must be put in the quotient,
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7:4- ‘When there is a remainder, we may continue the division, adding
decimal places to the quotient, as follows—

ExanpLs 6.~~Divide 796347 by 847, and the result by 7234.
OPERATION.
847) 796347 (940197168, &c.
7623

3404
3388

1670
847

8230

623

070
5692
1410
847
5630
5082
5480
Hus2

398, &ec.
7234)940°197166(0°129969, &c.
7234

216°79
14E6%
72117
65108
o
65106
30505
43404
66106
1420, &c.

75. When the divisor is large, the pupil will find assistance in
determining the quotient figure, by finding how many times the
first figure of the divisor is contained in the first figure, or, if
necessary, the first fwo figures of the dividend. This will give
pretty nearly the right figure. Some allowance, must, however,
be made for carrying from the product of the other figures of the
divisor, to the product of the first into the quotient figure. After
multiplying the divisor by the quotient figure, if the product is
greater than the corresponding partial dividend, this shows
the quotient was taken too great, and must be diminished. If
the remainder, after subtraction, is greater than the divisor, the
quotient was taken too small, and must be increased.
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Examere 7.—Divide 279 cwt. 3 qrs. 14 1b, 9 0z. by 129.

OPERATION. EXPLANATION.—129 in 279,
cwt. qrs. Ib. 0z. cwt. gr, 1h. oz. dr. i.e., the 129th part of 279 cwt.,
120270 "3 14 @( 2 0 16 15 9.23. is 2 ewt., with a remainder of
238 129 91cwt. tfhi;)zl cw{,. w]ereduce
— to quarters by multiplying by
21 t1and adding in the 3 grs. ﬁ‘he
—=qrs. in cwt. 129th part of 87 qrs.is equal
—_ to 0 gr., and we therefore place
87=q1s. a 0in the guarters’ place of
26=lhs. in qr. the quotient. Weo next re-
-— duce grs. to lbs. by multiply-
419 ing by 25 and adding in the
iT4 14 1bs. of the dividend. We
—_— thus ohtain 2189 1bs., of which
2189=l1bs. the 129th part is 16 lb., with
129 an undivided remainder of
—_— 125 Ibs.  Reducing 125 lbs. to
09 oz., and adding in the 9 oz,
Tt we obtain 2009 o0z., of which
- the 129th part is 15 oz, with
125 an undivided remainder of 74
18=0z, in Ih. oz. Reducing the 74 oz to
-— drams, we obtain 1184 drams,
759 of which the 129th part is 9
123 drams, with an undivided re-
_— mainder of 23 drams, under
2009=07. which we place the divisor
129 120 to indicate its division.
—_— Thus we fiud the total quo-
719 tient to he 2 cwt, 0 qr. 16 Ib,
645 15 0z. 9 375; Adrs,

74

16==drams in oz,
444
T4

1184=drams.
1161

23 remainder.

76. The general principles on which the operations in
division depends are :—

1st. The quotient arising from the division of the whole
dividend by the divisor, is equal to the sum of the quotients
arising from the division of the several parts of the divi-
dend by the divisor. (68)

2nd. The divisor and quotient are the factors of the di-
vidend. (65)

3rd. The product of the divisor, by the entire quotient,
is equal to the sum of the products of the divisor by the
several parts of the quotient. (45)
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‘Weo ask how many times the divisor is_contained in a part of the divi-
dend, and thus a part of the quotient is found ; the product of the divisor
by this part is taken from the dividend, showing how much of the latter
remains undivided; then a part of the remaining dividend is taken and
another part of the gquotient is found, and the product of the divisor, by
it, is taken a.wa,)vwfrom what before remained; and thus the operation pro-
ceeds till the wkole of the dividend is djvide(i, or till the remainder is less
than the divisor.

77. We begin at the left-hand side, because what re-
maing of the higher denomination may still give a quotient
in alower; and the question is, how often the divisor will
go into the dividend—its different denominations being
taken in any convenient way. Wecannot know how many
of the higher we shall have to add to the lower denomi-

nations, unless we begin with the higher.

PROOF OF DIVISION.

78. Fir8T METHOD.—Multiply the quotient by the divisor, and
to the product add the remainder, if any; the result should be
equal to the dividend. (65)

ExaMeLe 8.—Divide £5681 13s. 4d. by 700,

£ s d £ d PROOF,

700)5681 13 4(8 2 4 £8, d
5600

8 2 4

—_— 10

81 —

20 81 8 4
— 10
1633 -

1400 811 13 74

233 —_— »
12 5681 13 4—£8 28, 4d.X700=—dividend.
2800
2800

Seoonp MeraOD.—Subtract the remainder, if any, from the di-
vidend, divide the dividend, thus diminished, by the quotient ; and
if the result is equal to the given divisor, the work is right.

This is merely doing the same work by a different method.

Tep MeTHOD.—Cast the nines out of the divisor and quotient
and multiply the remainders together ; add to their product the
remainder, if any, after division, and cast the nines out of this
sum ; the remainder thus obtained should be equal to the remainder
obtained by casting the nines out of the dividend.

Since the divisor and quotient answer to the multiplier and multiplicand,
and the dividend to the product, it is_evident that the principle of casting
g:\‘t‘ :'llxe 9s. will 2pply to the proof of division 28 well as to that of multipli-

FourTeMeTROD,—Add the remainder and the respecisve products



110 DIVISION. [8Eer. 1L

of the divisor mto each quotient figure together ; and if the sum it
equal to the dividend, the work is right.

This mode of proof depends upon the principle that the whole of @ quan-
tity is equal to the sum of all its parts.

Exanpre 9.—Divide 147856 by 97,

97)147856(1524
97*
508
485*
235
194*
416
388*
28‘
147856
NOTE.—The asterisks show the lines to be added,
EXERCISE.
(10) (1) (12) (13)
12)876967 7)891023  9)763457 8)65432-98
730805 127289 848285 8179-12225
(14) 15) (16) 17
3 cts. $ cts. £ .s. d. wks. ds. hrs. min.
9)6789°60  11)4298'76  4)19 6 4 9)69 4 19 30
$754-40 $390-79y% 416 7 T 5 4 50
18. Divide 798965 by 6423. Ans. 124381,
19. Divide £176 14s. 6d. by 13. Ans. £14 14s. 6id.
20. Divide 56789 by 741. Ans. 16411,
21. Divide 6785158 by 7894. JAns. 8594341,
22. Divide £4728 16s. 2d. by 317. Ans, £14 18s. 4fA4d.
23. Divide $97896-64 by 429. Ans. $228°19348.
24. Divide 970763 by 6. Ans, 161793:8333+.
25. Divide 71234 by 9. Ans. 719148,
26. Divide 977076 by 47600. Ans. 2038838,

:27. Divide 7289 1bs. 6 oz. 4 drs. 2 scr. 13 grs. by 498.

Ans. 14 1bs. 7 oz. 5 dr. 0 oz. 12481.
28. Divide £15% 16s. 7d. by 487. Ans. 68, 53d. &
29. Divide 78676174 by 9712. Ans. 8108f.
30. Divide 422 m. 3 fur. 38 rds. by 37. .4ns, 11 m. 3 fur. 14 rds.
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GENERAL PRINCIPLES.

79. Ifa given divisor is contained in a given dividend a certain
number of times, the same divisor will be contained in double
that dividend fwice as many times ; in three times that dividend
thrice as many times, &c. Hence,

When the divisor remains the same, multiplying the
dividend by any number has the effect of multiplying the
quotient by the same number.

Thus9-=-3=235; 9 ¥ 2 or 18--3 = 6==8X 2. 9X5 or 453 = 15==3 X5, &c,

80. Ifa given divisor is contained in a given dividend a certain
number of times, the same divisor will be contained in %alf that
dividend kalf as many times ; in one-third of that dividend one-
third as many times, &c. Hence,

When the divisor remains the same, dividing the dividend
by any number, has the effect of dividing the quotient by
the same number.

Thus 48--3 == 16 ; 4823 or 24--3 =8 = J§; 45 -+ 3 or 6-3= 2 =18, &c.

81. Ifa given divisor is contained in a given dividend a certain
number of times, half that divisor will be contained in-the same
dividend twice as many times, one-third of that divisor fhrice
as many times, &c. Hence,

‘When the dividend remains the same, dividing the divi-
sor by any number has the effect of multiplying the
quotient by that number.

Thus 48--6=8; 48§ or 45--3=16=8X2; 484 or 48224 =8X3, &e.

82. If a given divisor is contained in a glven dividend a certain
number of times, fwice that divisor will be contained in the same
dividend only half as many times, three times that divisor only
one-third as many times, &c. Hence,

When the dividend remains the same, muiltiplying the
divisor by any number has the effect of dividing the quotient
by the same number.

Thus 48--2 = 24 ; 48--twico 2 or 484 = 12 == half of 24.

48-—eight times 2 or 43--16 = 3 = one-eixhth of 24, &e.

83. Ifa given divisor is contained in a given dividend a certain
number of times, fwice that divisor is contained in fwice that
dividend the same number of times ; thrice that divisor in thrice
that dividend the same number of times, &c. Hence,

When the divisor and dividend are both multiplied by
the same number, the guotient will remain unchanged.

Thus 12--4= 3; 24 or twice 12--8 or twice 4= 38; 72 or thrice 24--240r
thrice 8 = 3, &c.
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84. Ifa given divigor is contained in a given dividend a certain
number of times, half that divisor is contained in half that
dividend the same number of times ; one-third that divisor in one-
third that dividend the same number of times, &e. Hence,

‘When the divisor and dividend are both divided by the
same number, the quotient will remain unchanged.

Thus 48--24 = 2; 24 or half of 4812 or half of 24 = 2, &c.

TO DIVIDE BY A COMPOSITE NUMBER.
RULE.

85.—Divide the dividend by one of the fuctors of the divisor;
then the resulting quotient by another factor ; and so on till all
the factors are used. The last quotient will be the answer.

Multiply each remainder by all the preceding divisors and add
their productstothe first remainder, if any, for the true remainder.

When the divisor is separated into only two factors, the
rule for finding the true remainder may be thus expressed : —
Multiply the last remainder by the first divisor, and to their

product add the first remainder, if any ; the result will be the true
remainder.

Exaupre 31.—Divide 718 lbs. by 72.
OPERATION.

3)718 1st remainder = 11b.

4)2@——1 2nd remainder=3X3 = 91b.

E)?H 3rd remainder=5x4>3= 60 lb.
_9—5 true remainder 7_0 lb.  Ans. 978,

That dividing by the factors of 2 number will give the same quotient as
dividing by the number itself, follows directly from (Art. 84).

In the last example, dividing by 8 distributes the 718 1bs. into 239 parcels
of 3 1bs. each, and leaves aremainder of 1 lb.; dividing next by 4 distributes
the 239 parcels into 69 still larger parcels, each containing 4 of the smaller
or 3 lb. parcels, and leaves & remainder 3, which is not 3 lbs, but 8 parcels,
each of 3 1b. ; lastly, dividing the 59 by 6 distributes it into 9 large parcels
of 72 lbs, each, and leaves a remainder 5, which is, of course, § of the 12 b,
parcels. Hence the reason of the rule for finding the true remainder,

EXERCISE.
32. Divide 3766 by 26. JAns. 15018,
33. Divide 26406 by 42. Ans. 62834,
34. Divide 25431 by 96. Ans. 26487,
35. Divide £24 17s. 6d. by 24. Ans. £1 0s. 83d.
36. Divide £740 13s. 4d. by 49. Ans. £15 2s. 33d. 3.
37. Divide £547 12s. 4d. by 56. Ans. £9 158. 63d.§2.
38. Divide 6789436 by 35. Ans. 1939833},
39. Divide 753293 by 147 (=TX1X3) Ans. 512488,

40. Divide 1798 1bs. 6 0z. 11 dwt. 9 gre. by 81,
JAns, 22 1bs, 2 oz, 9 dwt. 043 grs
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88. When both the divisor and the dividend are deno-
minate numbers—
RULE.
Reduce both the divisor and the dividend to the lowest denomi-
nation contained in either, and then proceed as in Art. 71,

Exampre 41.—Divide £37 5s.931d. by 3s. 64d.
£ 8 d.

s, d.

3 64 37 5 9
12 20

42 745

4 12

170 farthings.  8%49
4

170)35797 (2101 ¢ times.
340
179

170

%

87. In the above and all similar questions we are required to
find what fraction the divisor is of the dividend; or, in other
words, how often the divisor is comtained in, or can be subtract-
ed from, the dividend, and the quotient must necessarily be an
abstract number.

ExampLn 42.—Divide 729 cwt. 3 grs. 16 1b. by 3 qrs. 9 1b, Toz.

qrs. 1bs. 0z, cwt. qrs. 1bs,
397 729 3 16
4

84 2919
16 25

511 14611
84 5838

1351 oz. 72001
16

437946
72991

1331) 1167556 oz, (86419%°r times.
1040

8703
8106

5998
5404

593
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EXERCISE.

43. Divide £8968 13s. 73d. by £491 12s.03d. .4ns. 18144885
44, Divide 1027 m. 1 fur. 6 rds. by 17 m. 5fur. 27 rds. Ans. 58.
45, Divide £171 1s. 104d. by £57 0s. T}d. JAns. 3.
46. Divide 91b. 9 oz, 3 dwt. 12 grs. by 5 dwts. 9 gra. JAns. 436,
47, Divide 2366 acres 3roods 36 rds. by 91 acres 6 rds. ns. 26.

88. When the dividend alone contains decimal places,
the preceding rules are sufficient; but when the divisor
contains decimals, it becomes necessary to prepare the
quantities for division according to the following—>™

RULE.

Remove the decimal point as many places to the right, in both the
dividend and the divisor, as there are decimals in the divisor, and
then proceed as in Art. 71.

This is simply multiplying both dividend and divisor by the
same number, and therefore (Art. 83) does not affect the quotient.
Thus removing the decimal point one place to the right, inboth
dividend and divisor, is equivalent to multiplying each by 10;
two places, the same as multiplying each by 100; three places,
by 1000, &c. .

Exanxprp 48.—Divide 87-6 by -0009.

Multiplying each by 10000, or, in other words, removing the decimal
point four places to theright, in each, (since there are four decimals in the
divisor,) gives us 876000--9,and this (Art. 83) must give the same quotient as

87°6 = ‘0009, therefore
87'6 -~ "0009=876000 =~ 9 == 97333'33, &c.

ExaxpLr 49.~—Divide 06 by 8-934.
06 =- 8:934 == 60 -~ 8934.
8934)60°000(0°0067, &c.
53604

63960
62538

1422

Removing the decimal peint ¢Zree places to the right, in each, we get
60--8934, and we then proceed thus : 8934 into 60 (units), 0 (unitsf times;

set down ¢ with the decimal point after it ; 8934 into 600 (tenths), 0 times;

1tr_1to 609&0 (bundredths), 0 times ; into 60000 (thousandths), 6(thousandths)
imes, &c.

ExawmpLE 50.—Prepare 93:004 =~ -0000069 for division.
Ans. 93:004 - *0000069 = 930040000 -~ 69,

EXERCISE.
51. 43 =~ -0006947 = 430000000 - §947.
52. 9378'92 -+ 97891 = 93789200 -~ 97891,
53. 4:96723 - 23-934 = 4967-23 =~ 23934,
54, 793 <~ 49 = 79'3 -~ 49,



ARTz, 88-04.1 DIVISION, 115

55, *001-674937=1--674937.

56. Divide 47-655 by 4'5. Ans. 10-59.
57. Divide 756-98 by 76-73612. Ans. 9:864+.
58. Divide 47:5782975 by 26-1%5. Ans. 1-8177.
59. Divide 1 by 7-6345. Ans. 0°1309+4.
60. Divide 75:347 by 0-3829. . JAns. 196-7798+4-.
61. Divide -0002 by -000000008. Ans. 25000,

CONTRACTIONS IN DIVISION.
89. To Divide by 10, 100, 1000, &e.

Remove the decimal point as many places to the left in the dive-
dend as there are Os in the divisor.

90. To divide by 25.
Multiply by 4 and divide by 100.
Reason 23 = 190,
91, To divide by 15, 35, 45, or 55.
Double the dividend, and divide the product by 30, 70, 90, or 110,
as the case may be.

REA80N.—This method issimply doubling both the divisor and dividend.
We naust therefore divide the remainder, if any, by 2, for the frue re-
mainder.

92. To divide by 125.
Multiply the dividend by 8, and divide the product by 1000,

REasoN.—This contraction is multiplying both the dividend and divisor
by s.b Fé)r the ¢rue remainder, therefore, we must divide the remainder, if
any, by 8.

93. To divide by 75, 175, 225, or 275.
Multiply the dividend by 4, and divide the product by 300, 700
900, or 1100, as the case may be.

REASON.~—75 =240, 175= 780 &c. TFor the frue remainder, divide the
remainder, if any thus found, by 4.

94. When there are many decimals in the dividend and
but few are required in the quotient, we may abbreviate
the division by the following—

RULE.

Proceed as in Art. 71 till the decimal point is placed in the
quotient, and then cut off a digit to the right hand of the divisor, at
each new digit of the quotient ; remembering to carry what would
have been obtained by the multiplication of the digit neglected—
unity if this multiplication would have produced more than 5, and
less than 15 ; 2 if more than 15, and less than 25, &c.
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Exampra.~Divide 784:337385 by 61-347.

Ordinary Method. Contracted Method.
61347)764337°385(12:296 61347)754337°385(12:296
61347 61347
14086!7° 140867°
1226947 122694°
1817)33 18178"
1226(9°4 13269°
590(3'98 5904°
552(123 85521°
3812765 383"
36(8°082 368°
1/4°6730 15"

According as the denominations of the quotient become small, their pro-
ducts by the lower denomination of the divisor become inconsiderable, and
may be veglected, and consequently, the porvions of the dividend from
which they would have been subtracted. hat should have been carried
from the multiplicatior: of the digit neglected—since it belongs to a higher
denomination than what is neglected—must still be retained.

EXERCISE.

61. The Ontario, Simcoe, and Huron Railway is 95 miles in
length, and cost $3300000. What was the cost per mile?

62. The Rideau Canal is 126 miles in length, and cost $3860000.
What was the average cost per mile ?

63. The distance of the earth from the sun is 95270400 miles;
how long would it take a cannon ball, going at the rate of
28800 miles per day, to reach the sun?

64. The national debt of France is 1145012096 dollars, and
the number of inhabitants is 35781628 ; what is the amount of
indebtedness of each individual ?

65. The national debt of Great Britain is 3764112127 dollars,
and the number of inhabitants is 27475271 ; what is the amount
of indebtedness of each individual ?

66. What is the ninth part of $972?

67. What iseach man’s part, if $372 be divided equally among
108 men ?

68. Divide a legacy of $8526 equally between 294 persons.

69. Divide 340480 ounces of bread equally between 792 per-
sons.

70. A cubic foot of distilled water weighs 1000 ounces ; what
will be the weight of one cubic inch?

71. How many Sabbath days’ journeys (each 1155 yards) in
the Jewish day’s journey, which was equal to 33 miles and 2
furlongs English ?

72. How many pounds of buiter, 19 cents per 1b., would pur-
chase a cow, the price of which is $47:50 7

73. Divide 978-634 by 96:347632,
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74. Divide 729 bush. 1 pk. 1 gal. 1 qt. 1 pt. by 29Y.

75. Divide 179 cwt. 3 qr. 4 1b. 16 oz. by 9 1b. 7 oz. 8 drs.

76. The circumference of the earth is about 25000 miles ; if
vessel sails 93 m. 4 fur. 7 rds. a day, how long will it require to
sail round the earth?

QUESTIONS TO BE ANSWERED BY THE PUPIL,

NOTB.—The numbers after the questions refer to the articles of the
section.

1. What is division P (58)
2. What is the divisor? (59)
3. What is the dividend ? (6}
4. What is the quotient? What is the derivation of the word ‘quotient’ (61)?
5. Explain when the quotient will be equal to unity, and when greater or
less than unity? (62)
6, Under what circumstances does a remainder arise in division ? (63)
7. What is the denomination of the remainder ? (63)
8. Why can it never be as great as the divisor ¢ (63)
9. What is the correspondence between the minuend and the subtrahend
in subtraction and the divisor and the dividend in division ? (64)
10. What may we consider as the factors of the dividend ? (65) X
11. How many ways have we of expressing the division of oue quantity by
another? What are they? (66) .
12. When a quantity consisting of several terms, connected by the sign X,
isto be divided by any number, how may the work be performed ¥ (67)
13. When a quantity consisting of several terms, counected by the signs -+
or —, contained within brackets, is to be divided, what must be done
upon removing the brackets P (68)
14, Give the general rule for division, (71) )
15. In the question “ Divide 11 m. 7 fur. 20 per. 3 vds. by 279,” explain what
is really required. (77) Show that all such questionsare reducible to
a species of subtraction, (72) L.
16. In dividing abstract numbers, explain what bringing down the next
figure of the dividend is equivalent to. (73)
17. When there is a remainder, how is it to be written ? (71, Example 1)
18. What are the three general principles upon which the operations of
division depend? (76) .
19. Why do we begin dividing at the left-hand side? (77)
20. How may division be proved ? (78) .
21. The divisor remainiug unchanged, what effect bas multiplying the
dividend by any number ? (79) - .
2. The divisor remaining unchanged, what effect has dividing the dividend
by any number? (80) . .
23. The dividend remaining unchanged, what effect has dividing the divisor
by any number ? (Blf L.
24, The dividend remaining unchanged, what effect has multiplying the
divisor by any number® (82) . .
25. What is the effect upon the quotient when the divisor and the dividend
are both multiplied by the same number? (83) .
26, What is the effect upon the quotient when the divisor and the dividend
are both divided gy the same number ? (84)
27. How do we divide by a composite number? (85)
23, When we divide by the divisors of a composite divisor, how do we obtain
the correct remainder? (85)
20. When the divisor is separated into only two factors, how may the rule
for obtaining the correct remainder be worded ¥ (85)
30. When the divisor and the dividend are both denominate numbers, what
is the rule? (88) .
31. When one denominate number is divided by another, what kind of a
number must the quotient alwaye be ? (87)

1
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32, Inthe question * Divide 37 1b. 2 oz. 15 dr. by 1 1b, 8 0z, 11 dr.,” what are
we in reality required to do ? (87)

83, When the divisor contains decimals, how do we proceed ? (88) Upon
what priuciple do we do this? (88)

34, How do we divide by 1, followed by any number of 0s? (39)

85. How do?‘z'e cou;:ract the work when dividing by 25 ¢ How by 15, 85, 45,
or 55 P (90, 91

36, How do we divide by 125° How by 75, 175, 225, or 276° (92, 93)

37. How do we abbreviate the work when there are many deci in the
dividend and but few are required in the quotient ? (94)

MISCELLANEOUS EXERCISE.
(On preceding rules.)

1. Multiply 789643 by 999998.
2. Read the following numbers : 67813420-021030046,
72000000+000000072,
1001000100-0010000010000001.

3. Express 709, 4376, 9999, 86004, and 3947596 in Roman
numerals.

4. Multiply 749 1b. 10 oz. avoirdupois by 72.

5. What is the price of 17 pairs of gloves at 4s. 73d. per pair?

6. The planet Neptune is 2850 millions of miles from the sun;
how long would it take a locomotive to travel from the sun to
Neptune, at the rate of 30 miles an hour ?

7. Reduce £729 17s. 6}d. to dollars and cents.

8. From $10000 subtract $9876-23.

9. Write down five hundred and twenty billions, six millions,
two thousand and forty-three, and five thousand and sixteen
trillionths.

10. Reduce 7964327 inches to acres, roods, &c.

11. Add together the following quantities : $729-43, $16-10,
$976-81, $9987-17, $429-00, $125-19. .

12. Multiply 6 weeks 4 days 3 hours 17 minutes by 429.

13. Take the number 741, and, by removing the decimal point :
(1) multiply it by 1000000 : (2) divide it by 100000; (3) make
it millions; (4) make it billionths; (5) make it trillionths;
(6) make it hundredths of thousandths; (7) make it tenths.

14. Multiply 78:96 by -00042.

15. How many hogsheads of sugar, each containing 13 cwt.
2 grs. 14 1bs., may be put on board a ship of 324 tons burden?

16. A farmer’s yearly income was 9237 dollars.  He paid for
repairing his house 136 dollars, for hired help on his farm 4
times as much lacking 95 dollars, and for other expenses 1902
dollars ; how much does he save yearly ?

17. How many suits of clothes can be made from a piece of

cloth containing 39 yds. 2 qrs. 3 nls. ; each suit requiring 3 yds.
1qr. 2 nls.? ’
. 18. There is a farm consisting of 732acres; 25 acres of which
is planted with corn and potatoes; 197 acres sown with rye;
1566 with oats; 97 with wheat; 199 is pastured ; and the re-
mainder i3 meadow. How many acres of meadow ?
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19. Bought 96 acres 3 roods 17 perches of land, for which I
pay $7764 ; what did I pay for it per perch ?

20. A lady, having 312 dollars, paid for a bonnet 20 dollars,
for a shawl 75 dollars, for a silk dress 97 dollars, and for some
delaines 83 dollars ; how much had she remaining ?

21. A silversmith received 36 1b. 8 0z. 14 dwt. 16 grs. of silver
to make 12 tankards ; what would the weight of each tankard be?

22. I bought four fields ; in the first there were 6 acres 3 rds.
12 perches ; in the second, 7 acres 2 roods ; in the third, 9 acres
and 13 perches ; in the fourth, 5 acres 2 roods 36 perches. How
much in all?

23. A merchant expended 294 dollars for broadcloth, consist-
ing of three different kinds ; the first at 5 dollars a yard ; the
second at 7 dollars ; and the third at 9 dollars a yard. He had
ag many yards of one kind as of another—how many yards of
each kind did he buy ?

24. A silversmith made three dozen spoons, weighing 5 1b.
9 oz. 8 dwt.; a tea-pot, weighing 3 lb. 2 oz. 16 dwt. 16 grs.;
two pair of silver candlesticks, weighing 4 1b. 6 0z. 17 dwt.; a
dozen silver forks, weighing 11b. 8 0z. 19 dwt. 22 grs.: what
was the weight of all the articles ?

25, Reduce £9'72 11s. 114d. to dollars and cents.

7 26. Reduce 179 lbs. 3 oz. 3 dr. 1 scr. 14 grs. to grains.

2'7. There is a house 56 feet long, and each of the two sides of
the roof is 25 feet wide ; how many shingles will it take to cover
it, if it require 6 shingles to cover a square foot ?

28. A merchant bought 4 bales of cotton; the first contained
6 cwt. 2 qr. 11 1b.; the second, 5 cwt. 3 qr. 16 1lb.; the third,
8 cwt. 0 gr. 71b.; the fourth, 3 cwt. 1 qr. 171b. He sold the
whole at 15 cents a pound ; what did it amount to ?

29, A merchant has 29 bales of cotton cloth, each bale con-
taining 57 yards ; what is the value of the whole at 15 cents a

ard ?
¥ 30. A man willed an estate of $370129 to his two children
and wife, as follows: to his son, $139468; to his daughter,
$98579 ; and to his wife the remainder. How much did he will
to his wife ?

31. Divide £1694 16s. 034d. by £9 19s. 113d.

32. Reduce £19 19s. 113d. to dollars and cents.

33. A merchant having purchased 12 cwt. of sugar, sold at
one time 3 cwt. 2 qrs. 11 1b., and at another time he sold 4 cwt.
1 gr. 151b.; whatis the remainder worth, at 15 cents per pound?

34. Bought 4 chests of hyson tea; the weight of the first was
2 cwt. 0 qr. 17 1b. ; the second, 3 cwt. 2 qrs. 15 lb.; the thirg,
2 cwt. 1 qr. 201b.; the fourth, 5 cwt. 3 qrs. 17 1b.; what is the
value of the whole at 37} cents a pound?

36. Express 100200300709 in Roman numerals.
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36. Divide 43'2 by 76:8437.

37. Divide 123-4 by -000000066.

38. From $2789-27 take 17 times $63:29.

39. Add together $278-43, $417-16, $11-27, $2110-40, $723-15,
and £29 6s. 113d. and divide the sum by 173.

40. In 1857 the total number of volumes in the Common School
and other Public Libraries of Canada West was estimated at
491544 and the number of libraries at 2076. How many volumes
were there upon an average to each library ?

SECTION IIL

PROPERTIES OF NUMBERS, PRIME NUMBERS, MEASURES,
GREATEST CoMMON MEASURE, LEAsT CoMMON
MULTIPLE, SCALES OF NOTATION, AND APPLICA-
TION OF THE FUNDAMENTAL RULES To DIFFERENT
ScarLes. DUoODECIMALS.

1. A divisor, or measure of a number, is 2 number
which will divide it exactly ; thatis, leaving no remainder.

2. A multiple of a number is a number of which the
given number is a divisor.

3. An integer, or integral number, is a whole number.

4. Integers are either prime or composite, odd or cven.

5. An Even Number is that of which 2 is a divisor.

6. An Odd Number is that of which 2 is not a divisor.

7. A Prime Number is one which has no integral divisor
except unity and itself, thus 2, 3, 5, 7, 11, 13_117, 19, 23,
29, &c., are primes.

8. A Composite Number is a number which is not prime;
or is a number which has other integral divisors besides
unity and itself, thus 4, 6,9, 10, 12, 14, 15, 16, 21, &e.,
are composite numbers.

9. The Factors of a number are those numbers which,
when multiplied together, produce or make it.

10. Factors are sometimes called measures, submultiples,
or aliquot parts.

11. A Common Measure of two or more numbers, is a
number which will divide each of them without a remain-
der; thus 7 is a common measure of 14, 35, and 63.

12. Two or more numbers are prime to one another
when they have no common divisor except unity ; thus, 9
and 14 are “ prime to each other.”




ARTS. 1-19]  PROPERTIES OF NUMBERS, ETC. 121

Hence all prime numbers are prime to each other; but composite num-
bers may or may not be prime to one another.

138. Commensurable Numbers are those which have
gome common divisor.
Thus 55 and 33 are commensurable, the common divisor being 11.
14. Incommensurable Numbers are those which are
prime to one another.
Thus 55 and 34 are incommensurable,
15. A Square Number is one which is composed of two
equal factors.
Thus 25=5:/5 is & square number : 80 also §4=8X§, &c.
16. A Cube Number is one which is composed of three
equal factors.
Thus 343=7.47X7 is & cube number: 5o also 27=3%3X3, &c.
17. A Perfect Number is one which is exactly equal to
the sum of all its divizors.

Thus, 6=142+3 is a perfect number; so also 28=1--2--4-+7-+14 is a per.
fect number.

All the numbers known to which this property really belongs, are the
eight following: 6; 25; 496: S128; 33550336; 8589869056; 137438691328,
and 2305843008139952128.

NoTE.—All perfect numbers terminate with 6, or 23.

18. Amicable Numbers are such pairs of integers that
each of them is exactly equal to the sum of all the divisors
of the other.

Thus, 220 and 284 are amicable ; for, 220=1--2-+4-+71--142, which are all
the divisors of 284 and 284=1-+2-45-411-+4+10-4224-20-44-+33+4 110, which
are all divisors of 220.

Other amicable numbers arc 17296 and 18416 ; also 9363583 and 9437056,

19. By the term propertics of numbers, is meant those
qualitics or elements which are inseparable from them.
Some of the most important properties of nwwbers are the
following :

I. The sum of two or more even numbers is an even
number.

I1. The difference of two even numbers is an even num-
ber.

III. The sum or difference of two odd numbers is an
even number.

IV. The sum of three, five, seven, &c., odd numbers, is
an odd namber.



122 PROPERTIES OF NUMBERS, ETC.  [SEcr. IIL

V. The sum of two, four, six, eight, &e., odd numbers, is
an even number.
VI. The sum or difference of an even and an odd num-
ber, is an odd number.
VII. The product of two even numbers, or of an even
and an odd number, is an even number.
VIII. If an even number be divisible by an odd num-
ber, the quotient will be an even number.
IX. The product of any number of factors will be even
if one of the factors be even.
X. An odd number is not divisible by any even number.
XI1. The product of any number of factors is odd if they
are all odd.
XII. If an odd number divide an even number, it will
also divide half of it.
XIII. Any number that measures two others must like-
wise measure their sum, their difference, and their product.
Thus, if 6 goes into 24 four times, and into 18 three times, it will go into
24118 or 42, three plus four, or seven times.
Also, if 6 goes into 24 four times, and into 42 seven times, it will go into
42—24 or 18, seven minus four, or three times.
Lastly, if 6 goes into 24 four times, and into 12 twice, it will evidently go
into 12 times 24, twelve times 4 times, or 48 times.
XIV. If one number measure another, it must likewise
measure any multiple of that other.

Thus, if 7 measures 21, it must evidently measure 6 times 21, or 11 times
21, or 17 times 21, &c.

XV. Any number, expressed by the decimal notation,
divided by 9, will leave the same remainder as the sum of
its digits divided by 9. (See Art. 55, Sec. I1.)

A

This property of the number 9 affords an ingenious method of proving
each of the fundamental rules. The same property belongs to the number
3; for 3 is a measure of 9, and will therefore be contained an exact number
of times in any number of 9s, But it belougs to no other digit.

The preceding is not a necessarybut an incidental property of the num-
ber 9. It arises from the law of increass in the decimal notation. If the
radix of the system were 8, it would belong to 7; if the radix were 12, it

would belong to 11; and, universally, it belongs to the number that is one
less than the radix of the system of notation.

XVI. If the number 9 be multiplied by any single digit,
the sum of the figures composing the product will make 9.

Thus, 9X 4=36, and 34-6=9; s0 also 8X9=72 and 7-+-2=9.

XVII. If we take any two numbers whatever; then one
of them, or their sum, or their difference, is divisible by 3.
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Thus, fake 11 and 17 ; though neither the numbers themselves, nor their
sum, is divisible by 8, yet their difference is, for it is 6.

XVIII. Any number divided by 11, will leave the same
remainder as the sum of its alternate digits in the even
places, reckoning from the right, taken from the sum of its
alternate digits in the odd places, increased by 11, if ne-
cessary.

Take any number, as 38405603, and mark the alternate figures, Now the
sum of those marked, viz: 84-04-64-3=17. The sum of others, viz: 344+-

54-0=12. And 17—12=5, the remainder sought. That is, 38405603 divided
by 11, will leave 5 remainder.

Agaib, take 5847563, the sum of the marked figures is 14; the sum of those
not marked is 21. Now 21 taken from 25, (¢. . 14 increased by 11,) leaves 4,
the remainder sought—remainder obtained by dividing 5847362 by 11.

XIX. Any number ending in 0, or an even number, is
divisible by 2.

XX. Any number ending in 5 or 0 is divisible by 5.

XXI. Any number ending in 0 is divisible by 10.

XXII. When the two right-hand figures are divisible
by 4, the whole is divisible by 4.

XXIII. When the three right-hand figures are divisible
by 8, the whole number is divisible by 8.

XXTV. When the sum of the digits of a number is di-
visible by 9, the number itself is divisible by 9.

XXV. When the sum of the digits of a number is divi-
sible by 3, the number itself is divisible by 3.

XXVI. When the sum of the digits, standing in the
even places, is equal to the sum of the digits standing in the
odd places, the number is divisible by 11.

Thus, to illustrate the last five properties, .
The number 7416 is divisible by 4, because 18, the last two digits, are
divisible by 4. . .
—— is divisible by 8, because 416, its last three digits, are
divisible by 8. o
— is divisible by 9, becausge the sum of its digits, 74-4+1
+-6=18, is divisible by 9. X .
— is divisible by 3, because the sum of its digits, 7-+4-+1
-+6=18, ig divisible by 3. .
So also the number 4567321 is divisible by 11, since the sum of the digits
il} the odd places, 1-+8+6-+4—=14—2+7-5, the sum of the digits in the even
places.

XXVII. Every composite number may be resolved into
prime factors.

For, since a composite number is produced by multiplying two or more
factors together, it may evidently be resolved into those factors; and if
these factors th lves are composite, they also may be resolved into
other factors, and thus the analysis may be continued until all the factors
aro prime numbers,
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XXVIII. The least divisor of any number is a prime
nupber.

For every whole number is cither prime or comPosite (Art. 4); buta
composite number can be resolved into factors (XX VII): consequently, the
least divisor of any number must be a prime number.

XXIX. Every prime number, except 2, if increased or
diminished by 1, is divisible by 4. (See table of prime
numbers on next page).

XXX. Every prime number, except 2, is odd; and
therefore terminates in an odd digit.

Nore.—It must not be inferred from this that all odd numbers are prime.

XXXI. All prime numbers, except 2 and 5, must ter-
minate with 1,3, 7,0or 9. Every number that ends in any
other digit than 1, 3, 7, or 9, is a composite number.

For all prime numbers, except 2, must end in an odd digit (XXIX), and
all numbers ending in 5 are divisible by 5.

XXXII. Every prime number, except 2 and 3, if in-
creased or diminished by 1, is divisible by 6.

20. To find the prime numbers between any given li-
mits—

RULE.

Write down all the odd numbers, 1, 3, 5, 7, 9, &c. Over every
third from 3 write 3 ; over every fifth from 5 write 5 ; over every
seventh from T write 1; over every eleventh from 11 write 11 ; and
30 on.

Then all the numbers which are thus marked are composite; and
the others, together with 2, are prime.

Also the figures thus placed over, are factors of the numbers over
which they stand.

EXAMPLE.
Find all the prime numbers less than 100.
3 LY
1 3 b 7 9 11 13 15 17
37 5 3 $1 57
19 21 23 26 27 29 31 33 35
313 85 7 37
37 39 41 43 45 47 49 51 563
511 319 87 518 323
55 57 59 61 63 65 67 69 71
$5 711 3 517 829
73 75 kK4 79 81 83 85 87 89
718 881 519 811

921 98 95 97 99
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Hence, rejecting all the numbers which have superiors, the
primes legs than 100 are 1, 3, 5, 7, 11, 13, 19, 23, 29, 31, 37, 41,
43, 47, 53, 59, 61, 67, 71, 13, 79, 83, 89, 97, together with the
number 2. Y

This process may be extended indeflnitely, and is the method by which
%ﬂmes are found even by modern computators. It was invented hy
ratosthenes, a learned librarian at Alexandria (Born B. C.275). He in-
scribed the series of odd numbers upon parchment, then cutting out such
numbers as he found to be composite, his parchment with its holes some-
what resembled a sieve: hence, this method is called * Eratosthenes’ Sieve.’

TABLE OF PRIME NUMBERS FROM 1 TO 8407.

1| 178 | 409 | 669 | 94k | 1223 | 1611 | 1811 | 2129 | 2428 | 2741 [ 3079
2179 | 419 | 661 | 947 | 1229 | 1528 | 1823 | 2181 | 2437 | 2740 | 3083
3| 18L | 421 | 673 | 953 | 1231 | 1581 | 1831 | 2137 | 2441 | 2753 | 3089
5 (191 | 431 | 677 | 967 | 1237 | 1643 | 1847 | 2141 | 2447 | 2767 | 3109
71193 [ 433 | 633 | 971 ) 1249 | 1549 | 1861 | 2143 | 2450 | 2777 | 3119
11 | 197 | 439 | 691 | 977 (1259 | 1653 | 1847 | 2158 | 2467 | 2789 | 3121
13 [ 199 { 443 | 701 | 983 | 1277 | 1559 | 1871 | 2161 | 2473 | 2791 | 3137

167 | 401 | 653 | 937 | 1217 | 1499 ! 1801 1 2113 ! 2417 | 2731 ! 3067 | 3407

‘When it is required to determine whether a given number is a prime, we
firat notice the terminating figure; if it is different from 1, 3,7, or 9, the
number is composite; but if it terminate with one of the above digits, we
must endeavour to divide it with some one of the primes, as found in the
table, commencing with 3, There is no necessity for trying 2, for 3 will
divide onlY the even numbers, If we proceedto try all the successive primes
of the table until we reach a prime which is not less than the square-root
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of the number, without finding a divisor, we may conclude with certainty
that the number is a prime,

The reason why we need not try anf' primes greater than the square-root
of the number, is drawn from the following consideration: If a composite
nugnber is resolved into two factors, one of which is less than the square-
root of the number, the other must be greater than the square-root.

The square of the last prime given in our table is 11607649; hence,
this table is sufficiently extended to enable us to determine whether any
number not exceeding 11607649 is a prime. It is obvious that numbers may
be proposed which would require by this method very great labor to de.
termine whether they are primes, still this is the only sure and general
method as yet discovered.

21. To r&soLvE A ComposSITE NUMBER INTO 1TS PRIME FAcTORS.

RULE.

Divide the given number by the smallest number which will divide
it without a remainder ; then divide the quotient in the same way,
and thus continue the operation till a quotient is obtained whick
can be divided by no number greater than 1. The several divisors
with the last quotient, will be the prime factors required. (19-
XXVIIL)

REAsON.—Every division of a number, it is plain, resolves it into
two factors, viz. the divisor and the quotient. But according to the rule,
the divisors, in every case, are_the smallest numbers that will divide the
given number or the successive quotients without a remainder, conse-
quently they are all prime numbers. (19-XXVIII.) Andsince the divisionis
continued till a quotient is obtained, which cannot be divided by any num-
ber but unity or itself, it follows that the Zast quotient must also be a prime
number ; for, a prime number is one which cannot be cxactly divided by
auﬁ whole number except unity and itself. (Art.7.) .

NoTE.~Since the least divisor of every number is a prime number, it is
evident that a composite number may be resolved into 1ts prime factors by
dividing it continually by any prime number that will divide the given
number and the successive quotients without a remainder. Hence,

A composite number can be divided by any of its prime factors without
a rerga.mder, and by the product of any two or more of them, but by no other
numoer,

Thus, the prime factors of 42 are 2, 8, and 7. Now 42 can be divided by
2,3, and 7; also 2X38, 2X7,3X7, and 2X38X7; but it can be divided by no
other number.

ExampLE 1.—Resolve 210 into its prime factors.
OPEBATION.  We first divide the given number by 2, which is the
2)210 least number that will divide it without a remainder,
—_— and which is also a prime number. We next divide by

3)105 8, then by 5. The several divisors and the last quotient
6;7 are the prime factors required.

7 Ans. 2,3,5,and 7.
PROOF.—2X3X5X7=210, 5, and 7

Examrre 2.—Resolve 728 into its prime factors,

OPERATION.
2)728
2)364
VR B eenos
7 9 of 278,

18
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EXERCISE.
3. Resolve 11368 into its prime factors. JAns.* 23% 72X 29.
4. What are the prime factors of 2934 ? Ans. 2X3% X 263.
5. What are the prime factors of 10117 Ans. 3 7.
6. What are the prime factors of 1000 ? Ans. 23X 53,
7. What are the prime factors of 1024 ? Ans. 219,
8. What are the prime factors of 323207 Ans, 265X 101.
9. What are the prime factors of 707 ? JAns. 17X 101.
10, What are the prime factors of 1118 ? Ans. 2X13 X 43.

DIVISORS.

22. From Art. 21, Note, for finding all the divisors of
any number, we deduce the following—

RULE.

Resolve the number into its prime factors; form as many series
of terms as there are prime factors, by making 1 the first term of
each series, the first power of one of lhe prime factors for
the second term, the second power of this factor for the third term,
and so on, until we reach the highest that occurred in the decom-
position. Then multiply these series together, and the partial

products thus obtained will be the divisor sought.

Exaxprn 1.—What are the divisors of 48 ?

Herowe find 48==24 X 3. Therefore our series of terms willbe 1.+ 2- 4 ..8:- 16
and 1--8; multiplying these together.
12 4-8:0 16
1-3
1-2:4--8:-16-3 - 2448
Therefore the divisors of48 a.re 1 2,8, 4, 6 8. 12 16, 24, and 48,
in each series with 1, because, were we 10t to do 80, the different

powers of the prime factors would not themselves appear among the partial
products,

Exanrir 2.-—~What are the divisors of 360.

The prime factors of 360 are 23 X32 X5 and therefore the series arel - 3..
«8; 1.8-9and1-5.

OPHRATION,
102048
139
%--g oot §er 3 ++8os 134+ 24-- 9+ 18 36 72=product of 1st and 2nd series

100 3eehooBer3ee§ 212 24 -9+ 18+ 86 «- 72 -5 =10+ 20-- 40-+ 15 - 30-- 60 +-
120 - 45-90 1R0 --360.

!l‘herefore the divisors of 360 arel, 2, 8, 4,5, 86,8,9,10,12, 15, 18, 20, 24, 80,
88, 40, 45, 80, 72, 90, 120, 180, 360.

* The small figures written to the right of the factors and above the line
are called exponents, and show_how often the digit is taken as factor,
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EXERCISE.

3, What are the divisors of 100 ?
Ans. 1, 2, 4, 5, 10, 20, 25, 50, 100,
4. MW hat are the divisors of 8107 .
s, § 1t 2, 3, 51 6,9, 10, 15, 18, 21, 30, 45, 54, 81, 90, 135, 162,
“1 270, 405, 810.
5. What are the divisors of 920 ?
Ans. 1, 2, 4, 5, 8,10, 20, 23, 40, 46, 92, 115, 184, 230, 460, 920.
6. What are the divisors of 25000 ?
ns. § 1 % 4 5, 8, 10, 20, 25, 40, 50, 100, 125, 200, 250, 500,
ns ,
: § 625, 1000, 1250, 2500, 3125, 5000, 6250, 12500, 25000.

NUMBER OF DIVISORS.

23. Since the series of terms which we multiplied
together, by the last rule, to obtain the divisors of any
number commenced with 1, it follows that the number of
terms in each series will be one more than the units in the
exponent of the factor used.

Hence, to find the number of divisors of any number,
without actually setting them down, we have the following—

RULE.

Resolve the number into its prime fuctors and express them as in
example 3, 4, and 6 in Art. 21. Increase each exponent by unity
and multiply the resulting numbers together. The product will
be the number of divisors.

ExampLE 1.—How many divisors has 4320 ?

. 4320=265 X33 X 5. Herc the exponents are5, 3, and 1; each of which being
increased by one, we obtain 6, 4, and 2, the continued product of which is
6X4X2=48=the number of divisors sought,

EXERCISE.
2. How many divisors has 88200 ? Ans. 108,
3. How many divisors has 3500 ? Ans. 24.
4. How many divisors has 6336 ? Ans. 42.
5. How many divisors has 824 ? Ans. 8.
6. How many divisors has 49000 ? Ans. 48.
7. How many divisors has 810007 Ans. 80.
8. How many divisors has 75600 ? Ans, 120.
9. How many divisors has 25600 ? JAns. 33.

GREATEST COMMON MEASURE.

24, The greatest common measure, or greatest common
divisor of two or more numbers, is the greatest number
that will divide each of them without a remainder,
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25. To find a common divisor or common meagure of

two or more numbers ;—
RULE.

Resolve the given numbers into their prime factors, then, if any
JSactor be common to all, it will be a common measure.

If the given numbers have not a common factor, they cannot
bave a common measure greater than unity, and consequently
are either prime numbers or are prime to each other. (Arts. 7
and 12.)

Exampre 1.—Find a common divisor of 14, 35, and 63.

14==2X7; 35=5X7, and 63=38X3X7. The factor 7is common to all
the given numbers, and is therefore a common measure of them,

EXERCISE.
2. Find a common divisor of 21, 18, 27, and 36. Ans. 3.
3. Find a common divisor of 21, 77, 42, and 35. Ans. 1.
4. Find a common divisor of 26, 52, 91, and 143, Ans, 13,
5. Find a common divisor of 82, 118, and 146. Ans, 2.

26. To find the greatest common measure of two quan-
tities :—
RULE.

Divide the larger by the smaller ; then the divisor by the re-
mainder ; next the preceding divisor by the new remainder ;—
continue this process until nothing remains, and the last divisor
will be the greatest common measure. If this be unity, the given
numbers are prime to each other,

ExampLe 1.—Find the greatest common measure of 3252 and
4248, '
3252)4248(1
3252
996)3252(3
2988
264)996(3
792
204)264(1
204
60)204(3
180
24)60(2
48

12)24(2
24

996, the first remainder, becomes the second divisor; 264, the second re-
mainder, becomes the third divisor, &c. 12, the last divisor, is the required
greatest common measure,

I
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PRooF.~In order to establish the truth of this rule, it is necessary to
remember (19-X1II. and XIV.) that if one number measuré another it will
likewise measure any integral multiple of that other; and if one number
measure two others, it will also measure their sum or their difference.

First, then, 12 is a common measure of 3252 and 4248. Beginning at the
end of the process : because 12 measures 12, it also measures 24, 2 multiple
of 12; because 12 measures 24, it measures 48, a multiple of 24; becanse 12
measures 12 and also 48, it measures o, which is their sum; because 12
measures 60, it measures 180, a multiple of 60 ; because 12 measures 180, and
also 24, it measures their sum, which is 204; because 12 measures 204, and
likewise 60, it measures their sum, 264; because 12 measures 264, it measures
792, amultiple of 264 ; and because 12 measures 792, and also 204, it measures
their sum, which is 996 ; because 12 measures 996, it measures 2988, a mul-
tiple of 996; and becanuse 12 measures 29:8, and also 264, it measures their
sum, 3252 ; and because 12 measures 3252, and also 996, it measures their
sum, which is 4248. 12, therefore, measures each of the given numbers,
and is a common measure ; nexs it is their greatest common measure.

For, if not, let some other. as 13, be greater. Then, (beginning now at
the top of the process) because 13 measures 3252, and also 4248, it measures
their difference, which is 996 ; because 13 measures 996, it measurcs 2988, a
multiple of 996.and because 13 measures 3252, and also 2988, it also measures
their difference, which is 264; because 13 measures 264, it also measures 792
a multiple of 264; and because 13 measures 792, and also 996, it measures
their difference, which is 204 ; because 13 measures 264, and also 204, it
measures their difference, which is 60 ; because 13 measures 60, it measures
180, a multiple of 60; and because 13 measures 180, and also 204, it measures
their difference, which is 24: because 13 measures 24, it measures 48,2
multiple of 24 ; and because 13 measures 60, and also 48, it measures their
difference, which is 12. That is, 13 measures or divides 12—a greater num-
ber measures a less, which is impossible.

Therefore 13 is not a common measure of 3252 and 4248 ; and in asimilar
manner it may be shown that no number greater than 12 is a common
measure. Thercfore 12 is the greatest common measure.

As the rule might be proved for any other example equally well, it is

true in all cases,
EXERCISE.

2. What is the greatest common measure of 296 and 4077
Ans, 31.
3. What is the greatest common measure of 506 and 308 ?
Ans. 22,
4. What i's the greatest common measure of 74 and 847 /ns. 2.
5. What is the greatest common measure of 1825 and 25557
. Ans. 365.
6. What ig the greatest common measure of 556 and 672 ?
Ans. 4.

27. To find the greatest common measure of more than
two numbers : —

RULE.

Find the greatest common measure of two of them ; then, of this
common measure and a third ; next, of this last common measure
ond a fourth, &. The last common measure Sound will be the
greatest common measure of all the giver. numbers.

Exampre 7.—Find the
g e greatest common measure, of 679, 6901,
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By the last rule we find that 7 is the greatest common measure of 879
and 5901 ; and by the same rule, that it is the greatest common measure of
7 and 6734 (the remaining number), for 6734--7=062, with no remainder,
Therefore 7 is the required number,

ExampLe 8.—Find the greatest common measure of 936, 736,
and 142.

The greatest crmmon measure of 936 and 736 is 8, and the greatest com-
mon measure of 8 and 142 is 2; therefore 2 is the greatest common measut ¢
of the given numbers. .

This tule may be shown to be correct in the same way as the last; except
that in proving_ the number found to be a common measure, we are to
begin at the end of all the processes, and go through all of them in succes-
sion ; and in proving that it is the greatest common measure, we are to
begin at the commencement of the first process, or that used to find the
common measure of the two first numbers, and proceed successively through

all.
EXERCISE.

9. What is the greatest common measure of 110, 140, and 680 ?
Ans. 10.

10. What is the greatest common measure of 1326, 3094, and
442017 ‘ Ans. 4432.
11. What is the greatest common measure of 468, 922, and 375 ?
Ans. They have none.

12. What is the greatest common measure of 204, 1190, 1445,
and 2006? Ans, 117,

SECOND METHOD.

28. It is manifest that the greatest common measure
or greatest common divisor of two or more numbers, must
be their greatest common factor, and that this greatest com-
mon factor must be the product of all the prime factors
that are common to all the given numbers.

Hence, to find the greatest common measure of two or
more numbers, we have the following : —

RULE.

Resolve each of the given numbers into its prime fuctors ; and the
product of those factors, whick are common to all, will be the
greatest common measure.

ExampLe 13.—What is the greatest common measure of 1365
and 1995.

3)1368 3)1995
5)455 5)665
79 7)133

18 19
Henoe, 3, 5,7,and 13 are the prime | Hence, 8, 5, 7, and 19 are the prime
TS, factors, B
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And the factors that are common to both are3,5,7. Hence 3X5X7=105
=greatest common measure. R

ExampLe 14.—What is the greatest common measure of 108,
126, and 162 ?

108==22 X33, 126=2X32>.7, and 162=2X3+.

Hence, the factors that are common are 2 and 32, and the greatest com-

mon measure=2x52=18.
EXERCISE.

Work by this method «¢ll the preceding exumples.
15. What is the greatest common measure of 56, 84, 140, 1687

Ans. 28.
16. What is the greatest common measure of 241920, 380160,
69120, 103680 ? Ans. 34560,

17. What is the greatest common measure of 10800, 28040, and

21607 Ans. 40,
LEAST COMMON MULTIPLE.

29. One number is a common multiple of two or more
others when it can be divided by cach of them without a
remainder.

30. One number is the least comnmon multiple (1. ¢. m.)
of two or more others when it is the lcast number that
can be divided by each of them without a remainder.

31. It is evident that a dividend will contain a divisor
an exact number of times, when it contains, as factors,
every factor of that divisor; and hence, the question of
finding the lenst common multiple of several numbers is
reduced to finding a number which shall contain all the
prime factors of each number and none others. If
the numbers have no common prime factor, their product
will be their least common multiple.

Suppose we wish to sce what is the least common multiple of 9, 12, 18, 20,
and 85. Resolving thesc into their prime factors, we obtain 9—=32,12=—22X3,
16=2%, 20=2%:75, aud 33: :7x5. Now it is plain that 2¢ must enter into the
least common multiple as a factor, and, since 24 is a multiple of 22, we do
oot consider 22 also a factor of the least common multiple. So also $2
must be a factor of the least common multiple; and since it contains 3, we
do not a.%am multiply by 3. Lastly,5 and 7 must euter into the least com-
mon multiple.

'The factors of the lcast common multiple are then 24,32, 5 and 7; and
these, multiplied together,give 24 X 32 X 5X7—=>5040=least common multiple.

Hence, to find the least common multiple of two or
more numbers, we have the following :—
RULE.
Resolve the numbers into their prime factors (Art. 21), select all
the differcut fuctors which occur, observing when the same JSactor

has different powers, to take the highest power. The continued pro-
duct of the factors thus selected will be the least common multiple.
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EXERCISE.

1, What is the least common multiple of 8, 9, 10, 12, 25, 32, 75,
and 807
Here 8 — 23, 9 =32, 10 = 2X5, 12 =223, 25 = 52, 32 =
2%, 75 =152%3, 80 =2%X5. Therefore the least common
multiple = 25X 3%x52 = 7200.

2. What is the least common multiple of 6, 7, 42, 9, 10 and 630 ?
Ans. 2X32X5X T=630.

3. What is the least common multiple of the nine digits?
Ans. 23 X32X5x T = 2520.
4. What is the least common multiple of 6, 9,12, 15,18, 21, and 30?
Ans. 1260.
5. What is the least common multiple of 670, 100, 335, and 25 ?
Ans. 6700.
6. What ig the least common multiple of 8, 10, 18, 27, 36, 44,
and 396 7 Ans. 11880.

SECOND METHOD.

32. We may also find the least common multiple of
two or more numbers by the following : —

RULE.

Write the given numbers in a line, with two points between them.
Divide by the LEAST number which will divide any two or more of
them withoul a remainder, and set the quotients and the undivided
numbers in a line below.

Divide this line and set down the results as before ; thus continue
the operation till there are no two numbers which can be divided by
any number greater than 1.

The continued product of the divisors and the numbers in the last
line will be the least common multiple sought.

Exampre 7.—What is the least common multiple of 16, 48,
and 108 ?

2)16 - 48 - 108
2)8~ 24~ 54
2412 21
92 6 27
1~ 3~ 27

1 LI T 9
Ans, 2X2XIX2XINX9 = 432 =least common multiple.

The least common multiple of 1,1, and 9 is 9, and the least common
multipleof 1, 1, and 9X by 8, will be the least common multiple of 1,3, and 27,
the numbers of the fifth line ; the least common multiple of 1, 3, and 27,X 2,

be the least common multiple of 2, 6, and 27, the numbers of the fourth
line ; the least coramon multiple of 2, 6, and 27, X 2, will be the least com-



134 LEAST COMMON MULTIPLE. [8ecr, OI.

mon multiple of 4, 12, and 27, the numbers in the third line; the least
commeon multiple of 4, 12, and 27, 2, will be the least common multiple of
8, 24, and 54, the numbers in the second line; and the least common mnul-
tiple of 8, 24, and 54,X2 will be the least common multiple of 16, 48, and 108,
the given numbers.

The reason of the preceding rule depends upon the principle
that the least common multiple of two or more numbers, is
composed of all the prime factors of the given numbers, each
taken the greatest number of times it is found in either of the
given numbers.

NoTE.—In finding the least commou multiple by this method, it is ne-
cessary to divide by the smallest number, which will divide two or more of
them without a remainder, because the divisor may otherwise be a composite

" number (Art. 21), and have a factor common to if, and one of the quotients
ig the last line. Consequently, the continued product of the divisors, and
these quotients or undivided numbers in the last line, would be too great
for the least common multiple. .

_Thus, in the third of the following operations the divisor 9 is a compo-
site number, containing the factor 3, common to it and the 3 in the quotient ;
consequently the product is three times too large. In the second operation
the divisor 12 is a composite number, and contains the factor 6, common fo
it and the 6 in the quotient : therefore the product is six Zimes too large.

The object of arranging the given numbers in a line, is that all of them
may be resolved into their prime factors at the same time; and also to
presqntdam a glance the factors that compose the least common multiple
reguired.

ExampLE 8.—What is the least common multiple of 12, 18, 36 ?

1. IL 111
2)12 . 18 - 36 12)12--18 - 36 2)12 - 18- 36
2)6- 918 8)1--18- 38
38+ 9. 9 1- 6+ 1
—— 12X8X6 =216
3)1- 8- 3 S 1 1
———— 2X2X9X8 =108
1 1 1
2X2X3X3=36=1c. m.
EXERCISE.

9. Find the least common multiple of 12, 20, and 24. .Ans. 120.

10. Find the least common multiple of 14, 21, 3, 2, and 63.
Ans. 126.
11. Find the least common multiple of 18, 12, 39, 216, and 234.
Ans. 2808.
12. Find the least common multiple of 8, 18, 15, 20, and 70.
Ans. 2520.
13. Find the least common multiple of 24, 16, 18, and 20.
Ans. 120.
14. Find the least common multiple of 60, 50, 144, 35, and 18.
. Ans. 26200,
16. Find the least common multiple of 27, 54, 81, 14, and 63.
Ans, 1134.
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THIRD METHOD.

33. The least common multiple of several numbers is
most expeditiously found by the following :—

RULE.

Write the given numbers in a line. Take any one of them as divisor,
and strike out of each of the given numbers all the factors that are
common to it and the assumed number.

Arrange the uncancelled factors of the given numbers, and the
uncancelled numbers in a line, take the least other number which
exactly contains one or more of them, and strike out all the factors
of the numbers in the second line which are common to any of them
and the second assumed number,

Proceed thus until the assumed numbers cancel all the factors
of the given numbers.

Multiply all the assumed numbers together for the least common
multiple of the given numbers.

Exaupre 16.~—What is the least common multiple of 16, 27, 45,
60, 88, 96, 100.

Assume 100 | 16 -- 27 - 45 B9 .. 88 .- 96 -- 18Q
Assume 24| 4-- 2 8. S-' 8224

Assume 99 8- 8 - N
100424499 = 237600 =lecm

EXPLANATION.—4, a factor of 100, reduces 16 to 4, 88 to 22, and 96 to 24;
5, another factor of 100, reduces 45 to 9; and 20, another factor of 100, re-
duces 60 to 3. The numbers in the second line then are 4,27, 9,8,22, and 24,
‘We assume 21, of which a factor, 4, cancels 4; another factor 2 ‘reduces 23
to 11 ; and another factor, 3, reduces 27 to ¢ and 9 to 3. The Aumbers in
the third line then are 9,3,and 11. Tor this line we assumed 99, of which
afactor, 3, cancels 3; another factor, 9, cancels 9; and a third, 11, cancels 11.

Now since the least common maultiple of a series of numbers isa number
which still contains all the prime factors of each number and none others,
it is manifest that the least common multiple of the given numbers will be
the same as the least common multiple of 100, and 4, 27, 9, 3, 22, and 24,
because only those factors which were common to the given numbers and
100 wero struck out.

Similarly, the Jcast common multiple of 100, 24, and 9, 3, and 11, will be
the same as the least common multiple of 100, and the numbers in the
second line, since only those factors which were comnion to 24 and the num-
bers of the second line aro struck out.

Finally the least common multiple of 100, 24, and 99, is equal to the
least common multiple of the given numbers,

ExameLe 17.—What is the least common multiple of 120, 40,
39, 65, 88, and 16 ?
Assume 120 | 20 20.- 39+ B5.. E8 .. 1§
Assume 13 WHeeld-11- 2
Assume 22 11 - §
1201822 = 34320 = 1. ¢. m

EXPLANATION.—We first assume 120. Now this cancels 120 and 40. Also,
3, a factor of 120, reduces 39 to 13, and 5, another factor, reduces 65 to 13.
Also 8, another fa,ctor reduces 88 to 11 and 16 to 2. Next assume 13, this
cancels 13and 18, Néxt assume 22, of which 11, one factor, cancels the 11,
and another factor 2, cancels 2.
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ExamprLE 18.—Find the least common multiple of 12, 16, 20,
24, 30, 48, 56, and 64.
Assume 96 | 12+ 16 30 -+ 24 - 30 .. 3§ .. 56 - B4

Assume 70 5 o foe T. 2
[ 96470 = 6720 =1, ¢, m.
EXERCISE.

19. What is the least common multiple of 300, 200, 150, 50, 60,
75, and 125 ? Ans. 3000,

20. What is the least common multiple of 20, 60, 15, 165, 210,
63, and 277 Ans. 41580,

21. What is the least common multiple of 12, 132, 144, 60, 96,
and 1728 ? Ans. 95040,

Work “also by this method all the preceding questions in least
common multiple.

DIFFERENT SCALES OF NOTATION.

34. The radix or base of a scale of notation is its com-
mon ratio. Thus, in our system the radiz is 10; in the
duodecimal system the radix is 12, &e.

35. If the expression 12345 represents a number in the
common or decimal scale of notation, we read it twelve
thousand three hundred and forty-five; but if it expresses
a number in any other scale, we cannot so read it, because
the names thousands, hundreds, &c., belong only to the
decimal scale. In order to read it properly in any other
scale we should have to <nvent names for the different orders.
In place, however, of doing this, we simply read over the
digits and indicate the scale. For example, if the expres
sion 24678 be a number in the nmonary scale, we read it
thus—ztwo, four, six, seven, eight in the nonary scale.

86. We may express the number 4578 (decimal scale)
by writing the order of each digit beneath it, thus,
4578
1010 10
and then read it 8 units, 7 of the order of tens, b of the
order of hundreds or tens squared, or second order of tens
4 of the third order of tens, &e. Similarly if 4578 expres:
a number in the nonary scale, we may write it

4578

999
2 2
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and read it 8 units, 7 nines, b of the sccond order of uines,
4 of the third order of nines, &e.

87. The expression 10 always represents the radix of
the scale. In the decimal scale 10 is cqual ten; in the
binary scale 10 is equal two; in the undenary scale 10 is
equal eleven, &e.

88. It is obvious that, in any scale, the highest digit
used must be one less than the radix. Thus, in the dec!-
mal scale, the highest digit is 9; in the fornary, 2; in the
octenary, 7, &. In writing numbers in the duodenary
scale we use the letter ¢ to represent fen, and e, cleren.

39. Let it be required to reduce 337 from the decimal to the
octenary scale.

OPERATION. ExXPLANATION.—If we divide 337 by 8, we distribute it into
8)337 42 groups of 8 each, and have a remainder of 1 unit. If now
—_— we divide these groups of 8 by 8, we obtain 5 groups of a still
8)42—1 higher order, each containing 8 of the former groups, with a
— remainder of 2 of these groups. .

5—2 337, in the decimal scale, is therefore egual to 501 in the oc-
tenary scale ; i.e., the successive remainders written in order

constitute the equivalent expression in the required scale,

Hence, to reduce a number from one seale to another, we
have the following : —
RULE.

Divide the number continually by the radix of the proposed scale,
till the quotient is less thun the radix.

Write all the remainders, thus obtained, in regular order from
left to right, beginning with the last, and placing Os where there
are no remainders. The result will be the required number.

Exampie 1.—Reduce 7342 from the common to the guinary
acale.
OPERATION.
5)7342

5)1468—2

5)2903—3

5)58—38

5)11—3

2—1

Therefore 7342 denary = 213332 quinary.
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ExayrLe 2.—Ezxpress nine millions, three hundred and forty-
two thousand and twenty-seven, in the duodenary scale.

e

0 -1 O Ot

OPERATION.
12)9342027

12)778502—3

12)64875—2
12)5406—3

12)450—6

12)37—6

-1

Therefore 9312027 denary = 3166323 duodenary.

EXERCISE.

. Change 592835 from the decimal to the duodenary scale.

Ans, 2470%e.

. Express the common number 3700 in the quinary scale.

Ans. 104300.

. Express 10000 in the undenary scale. Ans. 1571,
. Express a million in the senary scale. Ans, 33233344.
. Express 10000 in the octenary scale. JAns. 23420.

. Transform 12345654321 into the duodenary scale.

Ans. 248664e69.

. Express 10000 in the nonary scale. . JAns, 14641
. Transform 300 from the common to the bindry scale.

Ans, 100101100,

Examerz 11.—Transform 2313042 from the quinary to the
octenary scale.

OPERATION. EXPLANATION.—We divide here as before,
Y. bearing in mind, however, that the ratio is no
8)2313042 longer ten, but five. We proceed thus.—8 in 2,
no fimes; twice five (the radix) is ten, and 3
3)131310—7 make thirteen; 8 in 13,1 and 5 over; 5 times 5
~ are 25, and 1 make 26; 8 in 26, 3 times and 2
8)10100—5 over; twice 5 are 10, and 3 make 13,8 in 13, once
and 5 over, &c.

8)311—2
8)20~1 Therefore 2313042 quinary =12257 octenary.

1—2

Nore.—The Roman Numeral written over the number indi-
cates the radix of the scale,
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Exampre 12.—Transform 378t13 from the undenary to the

duodenary scale.

OPERATION. Observe, the first two fizures here are not
XI. thirty-seven, but 8x1147—=40. We say 12 into
12)87%£13 4(2), :?&times and 4 over; next, 12 into 4X114-3 or
52, &c.
12)34456—S
12)3132—¢
12)294—9 378¢13 undenary = duodenary, 249948, Aus,
12)26—9
12)2—4

ExayMprLE 13.—Transform ¢423¢ from the dwuwodenary to the

nonary scale.

OPERATION. Observe, here we say 9into ¢, ten, 1 and 1over;
XIL 9into 16, (1:212-+4) 1 and 7 over: 9 into 86, (7X
9)t423¢ 12+2) 9and & over; 9into 63, (5X12+3) 7; 9 into
—_— t,1 and 1 over.
9)11971—1 And we proceed in the other lines in the same
manncr,
9)1649—4
0)206—3 14231 duodenary = 356341 nonary.
9)28—6
3—5

EXERCISE.

14. Transform 3704 from the nonary to the octenary scale.

Ans. 61415,

15. Transform 444 and 4321 from the quinary to the septenary

scale.

Ans. 235 and 1465,

16. Transform 1212201 from the quaternary to the nonary scale.

Ans. 10000,

40. A number may be transformed from any scale to

the decimal by the preceding rule, but the following is
more convenient.

Multiply the left hand figure by the given radix, and to the pro-
duct add the next figure.

Then multiply this sum by the radiz and add the next figure.
Continue this process until all the figures have been used. Then
the last product will be the number in the decimul scale.

NoTe.—Both this and the preceding rule are the same in prin-
ciple as reducing denominate numbers from one denomination
to another.
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Exampra 17.—Reduce 76345 from the octenary scale to the de-
cimal scale.
OPERATION.
VIII.
76345
8
Gg of the fourth order,
;& of the third order.
8

:’:99_6 of the second order.
8

519_7:.3 units = required number in decimal scale.

ExaxpLE 18.—Transform eftete from the duodenary to the com-
mon or decimal scale.

OFPERATION.
XII.

ettete
12

142 = number of fifth order.
12

1714 = number of fourth order.
12

20579 = number of third order.
12

24958 = number of second order.
12

2963507 == units =required number in decimal scale.

EXERCISE.
19. Change 20212331 from the quaternary into the decimal scale.

JAns. 35261.

20. Change 101202220 from the fernary into the decimal scale.
Ans. 7854.

21. Transform 1522365 from the nonary into the decimal scale.

Ans. 841568.
22. Transform 33233344 from the senary into the decimal scale.

JAns. 1000000.

Exauprr 23.—Transform 2734, octenary scale, into the unde-

nary, septenary, and quinary scales, and prove the results by
reducing all four numbers to the decimal scale.
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VIIL VIIIL VIIL
11)2734 72734 5)273%

11)210—¢ 7826—2 5)454-—0

11)14—4 7)36—4 5)74—0

1—1 4—2 5)14—0

T

Therefore 2734 octenary=1114 undenary—=1242 septenary=22000 quinary.

8 1 7 5
23 12 30 12
8 1 i 5
187 136 214 60
8 1 7 5

1500 denary. 1500 denary. 1500 denary, 1500 denary.

Since the results all agree when reduced to the denary scale, we conclude
the work is correet.

24. Transform 132713 nonary, into the ternary, duodenary,
and octenary scales, and prove the results by reducing all four
numbers to the denary scale.

25. Transform (2¢290 duodenary, into the nonary, senary,
quaternary, and binary scales, and prove the result by reducing
all five numbers to the decimal scale.

FUNDAMENTAL RULES.

41. The fundamental rules of arithmetic are carried on
in the different scales as with numbers in the ordinary or
decimal scale ; observing that, when we wish to find what
to carry in addition, subtraction, multiplication, &ec., we
divide, not by ten, but by the radix of the particular scale
used. .

ExaypLE 26.—Add together 34120, 3121, 13102, 31410, 12314,
112243 and 444444 in the senary scale.

OPERATION, Observe, the sum of the first line is 14, which, divided by 6

VI the radix of the scale, gives us 2 to set down and 2 to carry;

34120 the sum of the second line is 18, which, divided by the radix,

3121 6, gives us 4 to set down and 2 to carry, &c,

13102
31410
12314
112243
444444

1145042 Ans,
ExaumpLe 27.—From 43£76 take 909, in the undenary scale.

OPBRATION., Observe, bere we say 9 from 6, we cannot, but 9 from 17 (I
. borrowed=11 and 8) and 8 remains, &c.
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ExaveLe 28.—Multiply 3426 by 567, in the oclenary scale.
OFERATION.

‘}é"‘,; Observe, we say 7 tiraes 6 are 42,8 (the radix) into 42
5 to carry and 2 to set down; 7 times 2 are 14 and 6 make
30632 19, equal to 3 to set down and 2 to carry, &c.

25204
21558
2460472 Ans.
Exaupre 29.—Divide 671384 by 7876, in the nonary scale.
. OPERATION.
X. IX. .
7876) 63}?33(757 5784 Here 7876 will gointo 67138 7 times, (observe
it would go 8 times in the decimal scale); and
52194 7876 multiplied by 7 givea 61786, this being
13593 subtracted, gives a remainder, 5242, to which
i we bring down the next digit, 4, and proceed
7501 as in common division.

Nors.—After the units’ figure is brought down, we may either
write the remainder in the form of a fraction, as in example 29,
or we may place a point, and annexing 0s, continue the division
as in the following example.

Observe, this point is called the decimal or denary point only
in the decimal system. In every other scale of notation it takes
its name from the system—thus, in the duodenary or duodeci-
mal system it is called the duodenary or duodecimal point, in
the senary system, the senary point, &c.

Examrre 30.—Divide £134567 by €473, in the duodenary scale.

OPERATION.
€473) 134567 (£7¢.¢, &e.
9506

753¢6
67829

97897
95108

1£91°0

473

€45°90

25279
EXERCISE.

31. Multiply 252 by 252, in the senary scale. JAns. 122024.
32. Divide 32¢75721 by 62te, in the duodenary scale. .Ans. 62te.
33. From 201210 take 102221, in the ternary scale. .Ans. 21213.
34. Multiply 57264 by 675, in the octenary scale. Ans. 51117344
35. Add together 101, 1001, 1111, 1011, 1000, 1111, and 10101,

in the binary geale. Jns. 1010100,
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36. Divide 142613 by 2143, in the septenary scale.
Ans. 5052544,
3%7. Add together 65432, 43210, 1444, 65001, and 54321, in the
septenary scale. Ans. 326041,
38. From 7t348 take 5e6(4, in the duodenary scale. .Ans. 11864,

39. Multiply 34¢7 by 6666, in the duodenary scale
Ans. 1136e296.

40. Divide 1010100001 by 100101, in the binary scale.

Ans, 10010}t dsr.

42, All the methods of proof given in Sec. IT., for the
fundamental rules in the common scale, apply to the
various other scales; but it must be remembered that, in
using the principle of the proof by nines for multiplica-
tion and division, we use, not mine, but a number one
less than the radix of the scale.

Thus, in applyiong this principle to the proof in Example 34, sevens cast
out of 57264, give a remainder 3 ; sevens cast out of 675, give a remainder
4. 4% 3, and sevens cast out, give a remainder 5; sevens cast out of 51117344,
give a remainder 5.

If the radix be 12, we cast out the 11s: if the radix be 6, we cast out the
bs, &c,

43. Numbers containing digits to the right of the
separating point, are dealt with according to the rules given
in Arts. 53 and 88, Sec. II.

Exampre 41, —Multiply 37-14¢3 by 6:1et in the duodenary scale.
OPERATION. We placc the separating point in the product so as to have
37°14£3 seven digits to the right of it, because there are four to the
6'lef  right of the point in the multiplicand and three in the mul-
~ tiplier, and 44-3=7. (Art, 53, Sec, 11.)
2ee2065
3363549
371473
1968516

1£1°208¢836

DUODECIMAL MULTIPLICATION.

44. The term duodecimal is commonly applied to a
set of denominate fractions having 1 foot (linear, square,
or cubic measure) for their unit.

The foot is supposed to be divided into 12 equal parts,
called primes ; each of which is divided into 12 equal parts,
called seconds, &e.

TABLE.
12 fourths™’ make 1 third, marked
12 thirds « 1 gecond, “ "
12 geconds “ 1 prime, “ '
12 primes “ 1 foot “
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45, The term “inch,” sometimes used in this table,
is objectionable, corresponding to “ prime” only when
the unit is a linear foot. When the unit is a square foot,
the prime is % of a square foot, or is a surface 12 inches
long and 1 inch wide; when the unit is a cubie foot, the
prime is {5 of a cubic foot, or is a solid 12 inches long, 12
inches wide, and 1 inch thick.

46, Let AEHG represent the surface of arectangular A6 ¢ d E
table four feet in length and three in breadth. Now, if I_
AE be divided into four equal parts, and 4 H into three S I

equal parts, each of these parts, 4b, be, fl, &e., will be 1 elz|= £
foot long, and if lines bk, ce,dm aredrawn through b,¢,and  ; |_[_ o
d, parallel to 4H, and lines fp, lo through ! and o, paral- ylzla

lel to AF, they will divide the wholesurface into the small — —
figures, 4bsf, bsre, &e. Hk em &

‘And, since A4=1 foot, and 4f=1 foot, Afsl is a square foot,solikewise is
each of the other figures, bsre, crxd, &c.

Now it is evident that there are as many vertical rows of these square
feet, as there are linear feet in 4 E, and as many squares in each row as there
are linear feet in 4 4, that is in this case the number of square feet in the
surface==4X3=12. .
thAg the same method of proof would apply in any similar case, it appears

at—

The area of any rectangular surfuce is found in square feet,
and fractions of a square foot, by multiplying the number express-
ing how many linear feet, &c., there are in the length, by the num-
ber expressing how many linear feet, &c., there are in the breadth.

NoTE.—In linear measure, primes are linear inches; in square measure,
seconds are square inches ; and in cubic measure, thirds are cubic inches.

47, Problem 41, page 143, is, in effect, equivalent to find-
ing the area of a rectangle, one side of which is 43 feet 1’ 4”
10" and 3" long, and the other 6 ft. 1’ 11”7 10" long.
The answer may be translated 265 sq. ft. 10’ 0” 8" 11"
8///// 3’///// and 6//////1.

. NoTE.—1?1, the number to the left of the separating point, is a number
in the duodenary scale. In order to read it in commou terms, we convert it
to an equivalent number in the decimal scale (Art. 39), and thus obtain 265.
It is obvious that, since the orders primes, seconds, thirds, &c., form a
series of numbers descending in a 12-fold proportion from left to right,
we must allow the digits to the right of the point to remain as they are.

ExampLE 42.—Find the area of a rectangular ceiling 43 ft. 4
77 long by 20 ft. 11’ 10” wide.

OPERATION.  Here, since 43 and 20 are numbers in the common seale, we
8747 ~must reduce them to the duodenary scale before attaching
18¢t  them by the point to the other parts of the numbers. We
—_— thus obtain, for_the first, 37, and for the second, 18. After
3019¢ multiplying and Eemting off four places in the product, we

33926 find 63¢ to the right of the point; this, redaced to an equiva-
24e08 . lent number in the common scale, gives us 910, to which we
3747 attach the other four digits, with their indices, as below.

63¢°502¢ = 910 sq. ft. 5' 0 2" 10" Amns.
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48. The common arithmetical rule for duodecimal mul-
tiplication is as follows :—

RULE.

Write the multiplier under the multiplicand having quantities of
the same denomination under each other.

Multiply each term of the multiplicund by each term of the mul-
tiplier separately.

1rite the partial products under one another, so as to have
quantities of the sume name in the same vertical column, and add
the several partial products together.

Norte.—Considering the foot to have no index, the denomi-
nation of the product of any two factors is found by adding their
indices. :

Thus, 37X 2" give 6" 4 ft../7"" give 28" 2 ft.X3 ft. give 6 ft, ; 9'X11’
give 9", &e.

This is commonly expressed, for the sake of brevity, by saying—feet into
feet produce feet, feet into primes produce primes, &c., primes into feet
produce primes, primes into primes produce seconds, &c., seconds into
seconds produce fourths, seconds into thirds produce fifths, &c.

ExaupLe 43.—Multiply 43 ft. 4’ 77 by 20 ft. 11’ 10”.

OPERATION, Here 7 and 10, multiplied together, give us 70, and
4" adding their indices, we see that the product is so
20 11 10 many fourths—70'"", are equal to 10" to set down
———n————  and 5" to carry. Next 4'X10"=40"" and 5"’ make
3 0 1 s!” 10”” 45!IV=3VI 9“7’ &c.
39 9 2 5
867 7 8

910 & o' 27 10"

49. In comparing this example with 42 it will be seen
that the two methods very closely agree—the only dif-
ference being that, in the latter method, upon reaching the
units or fect, we drop the duodecimal scale and carry on
the process in the decimal scale, while, in the former, we
carry on the whole process in the duodecimal scale, and
afterwards reduce that part of the expression to the left of
the separating point to the common or decimal scale.

50. Provided we multiply every part of the multipli-
cand by every part of the multiplicr, it is perfectly im-
material where we commence the process. It is customary,
however, to commence, not as we have done in the last
example, with the lowest denomination of both multiplier
and multiplicand, but with the highest of the multiplier
and the lowest of the multiplicand. Hence duodecimal
multiplication is frequently called Cross Multiplication.

K
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ExampLe 44.—~Multiply 3 ft. 2’ 1”7 4" by 1’ 3"

OPERATION,
3 ff. 2" 7" 4
13 7

e
10 0””/
110 6 § 4

4’ 2” 1”’ SIIII 3””1 4””” Am.
: EXERCISE. )
45. Multiply 4 ft. ¥ 67 10"/ by 9 ft. 7 117 117,
‘Ans‘ 44 Sq ft. 9/ 1// 8/// 0/”[ 5I/I/I ZIIII/I.
46. Multiply 19 fi. 10’ 3” by 11 ft. 2’ 7”.

Ans. 222 sq. ft. 8’ 0”7 57 9",
47' Multiply 9[’ 7/" 4//” by 7/// 3”” 11”“’.

ﬂns‘ 5//// 10[//// 4////" 11///”” BIIIIIIII BII”III”.
48. How many square inches, &c., are there in a sheet of paper
9% inches and 5 inches 77 4" wide ?
Ans.* 4’ 6" 8 6”” or 5417 sq. inchea.
49, What is the superficial contents of a sheet of glass whose
lengthis 7 ft. 4’ 11” and breadth 3 ft. 2/ 2”?
Ans, 23 sq. ft. 6/ 9”7 77 10",

51. The solid contents are found by multiplying together
the length, breadth, and thickness.

ExaxrLe 50.—How many cords of wood are there in a pile
79 ft. 8 inches long, 4 ft. 2 inches wide, and 7 ft. 11 inches high?

OPERATION.
FIRST METHOD, SECOND METHOD.
67'8 79 8
42 4 2
1134 18 ¢ 4-’7
2268 818 8§
2874 331 11 4"
e 71
214348 304 3 4" 8"
141774 2323 7' 4
No. of ft. in cord = ¢8)162¢'t88(18'64469 duodenary, 2627 11' 8 §''--128
8 = 2031844 com. scale. (number of ft. incord)
%e. = 20, ;-g-q-»z- cords, 4ns.
714
57°¢
540
88
368 &c.

* 1+ o, &c. of a square fool.
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EXERCISE.

51, Multiply together 15 ft., 1 ft. 2/, and 8.
Ans. 11 cubic ft. 8=11 cubic ft, 1152 cubic in.
52. Multiply together 53 ft. 6 in., 10 ft. 3 in., and 2 ft.
Ans. 1096 cubic ft. 9'.
53. How many cords of wood in a pile 10 ft. long, 5 ft. high, and

7 ft. wide? JAns. 2 cords 94 cubic ft.
54. How many cords of wood are there in a pile 4 ft. wide, 5 ft.
3 in. high, and 70 ft. long? Ans, 1134,

55. What are the exact cubic contents of a block of marble 4 ft.

7 8" long by 9 ft. 6’ wide and 2 ft. 11’ thick ?
Ans. 128 cubic ft. 6' 5" 2"
56. How many bricks, 8 inches long, 4 inches wide, and 2 inches
thick, will it require to make a wall 25 ft. long, 20 ft. high,
and 2 ft. 6 inches thick ? Ans. 33750 bricks.

52. 1tis sometimes asked how we can multiply feet, inches, &c., by feet,
inches, &c., while we cannot multiply pounds, shitlines and pence by pounds,
shillings and pence.  The answer is very simple.

Ist. When we say that feet multiplicd by feet give square feet, we
mercly use, as we have scen, (Art. 46), an abbreviated formn of expression
tor the following, viz : that “ the number of square feet contained in any rect-
angular surface, is equal to the product of two numbers, one of which
represents the pumber of lincar feet in one side; and the other, the
number of linear feet in the adjacent side.”

2nd. When we are multiplying torether primes, seconds, &c., we are
merely multiplying together a sct of factors having 12 or powers of 12 for
denowminators ; and when we say that s.conds multiplied by fourths, give
girths, primes, multiplied by seconds, give thiiids, &e.. we simply mean
that the product of any two of these fractions is a fraction having for its
denominator a power of 12, which power is indicated by the sum of the
indices of the factors.

It is hence obvious that (luodeciing! multiplication affords no support
whatever to the idea that woiey iy he multiplied by money.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NotE.—The numbers after the questions refer to the articles of the
Section.
1. What is a measure of a number ? (1)
2 \What is a multiple of a number? (2)
3. What is an integer? (3)
4, Of how many kinds are integera ¥ (4)
5. What i3 an ever number ? (5
6. What is an odd number? (6)
7. What is a prime number? (7)
8. What is a compusite number? (8)
9. What are the fucfors of a number ? (9)
10, By what other names are factors known? (10)
11, \N;hat i8 a common measure of two or more numbers ? éllg
12. When are two or more numbers prime to cich other? (12
13. Are all prime numbers prime to each othert (12)
14. Are all composite numbers prime to each other ? (12)
16, What are commensurable numbers ? (13)
168. What are incommensurable numbers P (14)
17. What is a square number? (156)
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64.
65,
66.
67.
68,
69,

. What is a eube number ? (16)
. What is 2 perfect number ® (17) y
. Mention some perfect numbers. How do all perfect numbers termin.

ate? (17)

. What are amicable numbers? Mention some amicable numbers.

2. What is meant by the properties of numbers? (19)

. What is the sum of two or more even numbers? (19-1.)

. What is the difference of two even numbers ? (19-IL,)

. What is the sum of 3, 5, 7, &¢., odd numbers ? (19-1V.)

5. What is the sum of 2, 4, 6, 8, &c., odd numbers f (19-V.)

. What is the sum or difference of an odd and an even number? (19-VL)
. When is the product of any number of factors even? (19-1X.

20, When is the product of any number of factors odd ? (19-XL)

30. When will a number measure the sum, difference and product of two

numbers ? (19-XI1I1.)

. If the number 9 be multiplied by any single digit tg what is the sum

of the digits in the product equatl ? (19-XVL,)

. By what isany number ending in 0 divisible? (19-XIX, &c.)
3. By what is any number ending in 5 divisible ? (19-XX.)

. By what is any number ending in 2 divisible ? (19-XIX.)

. W
. When is a number divisible by 8? (19-XXIII.)

. When is a number divisible by 9? (19-XXIV.)

. When is a number divisible by 3? (19-XXV.)

. When is a number divisible by 11 ? (19-XXVL.) . i

. Show that every composite number may be resolved into prime fac-

hen is a number divisible by 4? (19-XXIL.)

tors. (19-XXVII.)

. Show that the least divisor of any number is a prime number.

(19-XXVIII.) .
With what digits must all prime numbers except 2 and 5 terminate?
(19-XXXL)

. How do you find the prime numbers between any limits ? (20)
. What is this process called and why ? %O) i
. When it is required to ascertain whether a given number is prime or

not, what is the first thing we do? (20

) .
. When we try the primes of the table as divisors, which is the highest

we need use ? (20)

. Why is it unnecessary to try any divisor greater than the square root

of the number ? (20)

. How do we resolve a composite number into its prime factors? (21)
. By what numbers can a composite number be divided ? (21-Note.)
. \What is the rule for finding all the divisors of a number ® (22)

How do we find simply how many divisors a number has ¢ (23)

2. What is the greatest common measure of two or more numbers? (24)

. How do we find a common measure of two or more numbers ? (25)

. How do we find the greatest common measure of two numbers ? (26)

. Prove the rule in Art. 2.

. How do we find the G. C. M. of three or more numbers? (27)

. What is the second mcthod of finding the G. C. M, ? (28)

. Upon what principle does this method rest ? (28)

. What is a common multiple of two or more numbers ? (29)

. What is the least common multiple of two or more numbers? (30)

. Give the first rule for finding the 1. c. m. of two or more numbers. (31)
. Give the second rule, (32) hat is the reason of this rule ? (32{

. Give the most convenicnt and expeditious rule for finding the 1. ¢, m.

of several numbers. (33)

What is meant by the radix or base of a system of notation ? (34)
How do we read numbers in different scales ? (35)

Express the number 234213 quinary as in Art. $6.

What does the expression 10 always represent ? (37)

What is the highest digit used in any scale? (38)

How do we reduce a number from one scale to another ? (39)
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11.
12.
13.
14,
15,

186.

17.

18,

. What is the rule for transforming a number from any scale into the

decimal ? (40)

. How are. the fundamental operatious carried on in the different

scales P (41)

. How is the separating point named in the different scales? (11-Notc.)
. How are operations in the different scales proved ? (42)

. What are duodecimals ? (44)

. Give the table of duodecimals, (1)

. What is a prime? (45)

» How is the area of a rectangular surface found ? (46)

What is the rule for duodecimal multiplication ? (43

. How may the rule for finding the denomination of the product be con-

cisely worded ? (48}

. How are solid contents found ? (51)
. Show that duodecimal multiplication affords uo support to tlic idea
2

that money may be multiplied by money, &e¢. (52)

MISCELLANEOUS EXERCISE,
(On preceding Rules.)

. Add together 372918, 3710°50, 3166-78, £93 14s. 73d. £276

19s. 104d., $497-81 and L£275 4s. 113d.

. Multiply 47 miles, 6 fur. 17 per. 4 yds. 2 ft. 7 in. by 576.
. How many divisors has the number 243000 ?
. From 713427 octenary take 4234434 quinary and give the

answer in both scales.

. Divide 79-342 by *0000G3"8.
. Express 79423 and 234567 in Roman numerals.
. What is the . ¢. m. of 5, 7, 9, 11, 15, 18, 20, 21, 22, 24, 28,

30, 33, 35, 36, 40, 42, 44, 45, 48, and 50,

. Give all the readings of 376-342.
. Multiply 64276:3427 by 9999993000.
. Transform 78263 nonary into the guinary and undenary scales

and prove the results by reducing all the numbers to the

septenary scale. -

Form a table of all the prime numbers less than 200.

Reduce £672 73. 7d. to dollars and cents.

What is the G. C. M. of 243000, 891, 37800 and 35100.

Give all the readings of 6 yards 3 qrs. 3 nails 2 inches.

Write down as one number, seven hundred and forty-two

quintillions, nine hundred and five billions, seventy-eight

thousand and fourteen, and eighty-seven million, two hun-

dred thousand and eleven tenths of trillionths.

Tead the following numbers:

71300100200401:000000070402
134900101000100100-000200020002
4'700000000020007-00000000000278.

Add together £178 16s.43d., £97 15s. 111d., £693 19s. 113d.

£216 113.93d., £678 143, 73d., £10713s. 113d., £117 6s. 5d.,

and £91 1s. 13d.

What are the prime factors of 276000.
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19. Maltiply 6 ft. 2' 7" 9" 10" by 13 ft. 11 11" 11" 7",

20. Divide 7£e9-047 by 713t96 in the duodenary scale.

21, What number in the common scale is the greatest that can
be expressed by seven figures in the quaternary scale ?

29, What number in the common scale is the least that can be
expressed as an integral number by five figures in the
octenary scale?

23. Reduce 74002702 square inches to acres.

24, What is the least common multiple of 240, 780, 1620 and
17287

25. Divide 37894-16 among 3 men, 4 women and 6 children, 80
that each woman shall have twice a3 much as a child and
each man 5 times as much as a woman. What is the share
of each?

26, What are the greatest and least integral numbers in the
common scale that can be expressed by 10 figures in the
binary scale ? .

27. Divide 729 yds. 3 qrs. 3 na. 1 in. by 7 yds. 1 qr. 1 pa. Lin,

8. Multiply 762-4978 by 63-423.

29. From 723426 take 938°9126141.

36. From 129 1b. take 63 lb. 4 oz. T drs. 2 scr.

31. What are the divisors of 10647

32, How many yards of carpet 2 ft. 7 in. wide, will be requirec
to cover a floor 30 ft. 6in. long and 20 ft. 11 in. wide?

SECTION 1IV.
VULGAR AND DECIMAL FRACTIONS, &c.

1. A fraction is an expression representing one or mor
of the equal parts into which any quantity may be divided
2. If a quantity be divided into 2, 5, 9 or 34, &
cqual parts, then one of these parts is called one-half, om

_;l‘iofth, onc-nintlh, or one-thirty fourth, &c., as the case ma
e.

one-half is written...........%| one-ninth is written.........

one-third is written......... one-hundredth is written 1§

one-fourth is written........} | one-sixty-eighth is written 5

one-fifth is written..........1 | eleven-seventeenths is writte
1 &e.

3. The division of one number by another may be i

o n‘:)-'b:’-‘t
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dicated in three different ways, viz: by using the full
sizn of division, <, or either of its parts, —, or :

Thus we may lnl’llt’ltP the division of 17 by 8, by writing them thus 178,
or thus 17 : 8, or thus 12,

Now the last of these, viz: 2% is a fraction, and so in
every other case, a fraction indicates the division of one
number, called the awmerutor, by another number, called
the denominator,

4. In a fraction the number below the line is called the
denominator, because it indicates into how many equal
parts the unit is divided,—i. c., it tells the dewomination of
the parts.  The number above the line is called the nu-
merator, because it num rates or tells how many of these
equal parts are to be taken. (Art. 2)

5. The numerator and denominator are called the terms
of the fraction.

6. Since every fraction expresses the division of the
numerator by the denominator, it follows that—

The valuc of the fraction is the ¢uofiint obtained by
dividing the numerator by the denominator.

7. Hence, 1st. When the nuwerator is less than the
denominator, the value of the fraction is less than 1.
2nd. When the numerator is equal to the denominator

the value of the traction is cqual to 1.
3rd. When the nuwmerator is greater than the denomi-
nator the value of the fraction is greater then 1.
8. From (Art. 6) and (Arts. 7054, Sce. IL) it is mani-
fest that—
1st. Multiplying the numerator of a fraction by any
number multiplics the fraction by that number.

2ud. Multiplying the denominator of a fraction by any
number divides the fraction by that number.

3rd. Multiplying hoth numerator and denominator of a
fraction by the same number docs not affect the value
of the fraction.

4th. Dividing the numerator of a fraction by any num-
ber divides the fraction by that number.

Gth. Dividing the denominator of a fraction by any
number multiplies the fraction Iy that number.
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6th. Dividing both numerator and denominator of a frac-
tion by the same number does not affect its value.
9. Fractions are divided into two classes :—vulgar and
decimal.
10, A Decimal Fraction is a fraction in which the de-
nominator is 1, followed by one or more 0s.
11. All other fractions are called Vulgar or Common
Fractions.
NoTE.—The word vulgar is here used in the sense of common.
12. There are six kinds of vulgar fractions—proper,
improper, mixed, simple, compound, and complex.
13. A Proper Fraction is one in which the denominator
is greater than the numerator.
A Proper Fraction may also be defined to be a fraction whose
value is less than 1.
Thus 4}, 4, yx 1%%, 4%, 4% are proper fractions.

The following diagrams represent unity, seven-sevenths,
and the proper fraction, five-sevenths.
I 7 L5 131

Unity. - I } I

The very faint lines indicate what 4 wants to makeit equal to unity, and
identical with 7. In the diagrams which are to follow, we shall, in this
mannner, generally subjoin the difference between the fraction and unity,

The teacher should impress on the mind of the pupil that he might have
chosen any other unity to exemplify the nature of a fraction.

14. The following will show that § may be considered
as either the § of 1 or the 1 of 5, both—though not identi-
cal—being perfectly equal.

¥ of 5 units.

L
L

|

| % of 1 unit.

|m Unity. I]ii!il
I Ll ] .

il

In one case we may suppose that the five parts belong o but 1 unit; in
the other, that each of the five belongs to different units of the same kind.

« |1
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Lastly, 4 may be supposed as the 1 of one unit five times as large as the
former ; thus—

4 of 1 unit. 1 of 5 units.
equal to =

15. An Improper Fraction is a fraction whose deno-
minator is not greater than its numerator,

An Improper Fraction may also be defined to be a fraction
whose value is equal to or greater than 1.

Thus, % l1ﬁ, I8 H, 20, Hg, 388 &e., arc improper fractions,

16. A Mixed Number is a number made up of a whole
number and a fraction.

Thus, 163, 193%, 13, .W.mg‘, 6 3y, 21, &e., are mixed numbers.

17. An Improper IFraction is always equal cither to a
whole number or to a mixed number. The following will
cxemplify an improper fraction, and its equivalent mixed
number :

] i
lUnity.l llll !llll _|

9

Unity + |
17

5

18. A Simple Iraction expresses one or more cyual
~ parts of unity.

Thus, ¢, ¢, &, 14, #, L1y, &o,are simple fractions.

19. A Compound Fraction cxpressex one or more equal
parts of a fraction ; or, in other words, is a fraction of a
fraction.

Thus, § of 3, 4of]of 1} of,§ of 132, &c., are compound fractions.
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20. % of 3 means, not the four-ninths of unity, but the four-ninths of
the three-fourths of unity:—that is, unity being divided into four parts,
three of these are to be divided into nine parts and then four of these nine
are to be taken ; thus— \

|2 |

el
G
(=]

Unity.

[ N P

NoTE~The word “of,” placed between the several parts of a compqlmd
fraction, is equal to and may be replaced by X, the sign of multiplication.

21. A Complex Fraction is one having a fraction or a
mixed number in its numerator or denominator, or in both.

61
S 9 4 7T
Thus, —— — — v, (LS tions.
3 T I 3 —-18-125’ 21 J;’ = &c., are complex fracti

- 3
NOTE. = means, that we are to take the fourth part, not of unity, but

4
of the % of unity, This will be exemplified by—
31 3 !

ok

Unity. —

.22 Since _fra&ct_ions, like integers, are capable of being
increased or diminished, they may be added, subtracted, &e.

_ 23. Every integer may be considered as a fraction hav-
ing unity for its denominator.

Thus, 13 may be written 1‘3 3 6, §5 29, 312, &e.

REDUCTION OF FRACTIONS.

24. Since (Art. 8) multiplying both numerator and de-
nominator by the same number does not alter the value of
the fraction, we may reduce an integer to a fraction having
any proposed denominator, by the following :—
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RULE.

Write the integral number in the form of a fraction having 1
Jor its denominator, (Art. 23.)

And multiply both numerator and denominator of the resulting
expression by the proposed denominator. (Art. 8.)

Exampre 1.—Reduce 16 to a fraction having 11 for its deno-
minator,
10= 14 =g,

ExaxpLE 2.—Reduce 173 to a fraction having 31 for its deno-
minator,

RN 31 =57

36
¥ 31e.

EXERCISE.

3. Reduce 29 to a fraction having 12 for it3 denominator.
Jns. 32,
4. Reduce 243 to a fraction having 3 for its denominator.
Aas, 52,
5. Reduce 7, 23, and 101 to fractions having 13 for denominator.
Ans. il 3, 1910
6. Reduce 4, 37, 126, 73, and 1007 to fractions having 101 for
denominator.
7. Reduce 204, 7011, and 1999 to fractions having 207 for deno-
minator.

25. Let it be required to reduce the mixed number &7 to an improper
fraction,

87 is equal to the whole number 8, and the fraction 44, and by (Art. 24)
8 =44, therefore 8.4 = §3+ =445,
Hence, to reduce a mixed number to an improper frac-

tion, we deduce the following :—

RULE.

Multiply the whole number by the denominutor of the fraction,
to the product add the given numerator and pluce the sum over the
given denominutor.

ExaypLE 8.—Reduce 734 to an improper fraction.

OPERATION,  ExpravaTioN.—We multiply the whole number, 74, Ly 9

[ER and add in the numerator, 4. This gives us 661, which we
9 write over the giveu denomiuvator, 9, aud the resulting frac-

—_ tion, 944, is the improper fraction sought.

QSJ Ans.

Exaxpie 9.—Reduce 2761} to an improper frzction

7 __ 276X20F17 _ 8637 44
270&0 = eZAT = ':TAM
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EXERCISE.

9, Reduce the mixed number, 73+, 185, and 12845 to improper
fractions. Ans. 1331, 202, and 1334,

10. Reduce the mixed numbers 3843, 673-%, 4792z, and 568+
to improper fractions.

Ans, U441, 8187, 113301, and 14474,

26. Since every fraction indicates the division of the
numerator by the denominator—to reduce an improper
fraction to a mixed number, we have the following :—

RULE.

Divide the numerator by the denominator and the quotient will
be the required mixed number.

ExampLE 11.—Reduce 24+ to a mized number.
294 = 2047 = 29} 4ns.
ExaxrrE 12,—Reduce ?9°¢1 to a mixed number.
20047--11 = 1822 51 Ans,

EXERCISE.
13. Reduce the improper fractions 427, 2332 and I183LE to
mixed numbers. Ans. 313, 478, and 161y
14. Reduce the improper fractions 2}47, 3§ft, and 2§§* to
mixed numbers. Ans. 883%, 158}4, and 78.

27. To reduce a fraction to its lowest terms :—

RULE.
Divide both terms by their greatest common measure.

This is simply dividing both terms by the same number—which does not
affect the value of the fraction. (Art.S.)

The greatest common measure may be found by (Art.
26, Sec. ITL) or, very frequently, by inspection.

ExampLe 15.—Reduce £9 to its lowest terms.
Greatest common measure=25. Dividing both terms by 25; 59 =1 4dns,
ExaapLe 16.—~Reduce 45 1o its lowest terms.
Greatest common measure of 126 and 162 = 18,
Dividing both terms by 18 we get {-%g =1} 4ns.
EXERCISE.

17. Reduce %37 to its lowest terms. Ans. thy.
18. Reduce §}3%§ to its lowest terms. Ans, Y41,
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19. Reduce 3557} and £I7 to theirlowest terms. .Jns. § and §.
20. Reduce £3%%, #17% and 3§42 to their lowest terms
Ans. £, %, and 4355

28. Insteud of dividing both terms by their greates! common
measure we may divide both by any common measure. e thus
reduce the fraction to lower terms, and, continuing the division as
long as the terms have @ common measure, we shall finally have
reduced the fraction to its lowest terms.

NoTeE.—It is advisable to commit to memory the properties of
numbers given in Art. 19, Scc. 11, from XVIII to XXIV.

Exawrre 21.—Reduce 3351%) to its lowest terms.

cooyqa

T3 " dividing by 19. (XX. of Art. 19, Sce. ITL)

,.“ dividing by 8. (XX of Art. 19, Sec. TTL)
ividing by 9. (XXIV. of Art. 19, Sec. I11.)
[ (11v1~11m: by 8. (XXIII of Art, 19, Sce. I11.)

‘ku1 Ans,
ExampLE 22.—Reduce 33717 to its lowest terms.
1% dividing by 5. (XIX. in Art. 19, See, IIL)

§ dividing by 9. (XX1V. in Art. 19, See. I11)
dividing by 3. (XXIIL in Art. 19, Sce, ITIL)

0

2

s

Auns,
EXERCISE.
22. Reduce 333 to its lowest terms. Ans, LI
24. Reduce —i}ﬁif,g toits lowest terms. Ans. 8
25. Reduce 2344229 to its lowest terms. Ans. 2.
26. Reduce /34 to its lowest terms. Ans. A3
27. Reduce #&, 4% and 34535 to their lowest term:

12 18t
Ans. Jpy 4%, and 4§55

29. To reduce fractions of different denominators to
cquivalent fractions having the same denominator :—

RULE.
Multiply each numceralor by all the denominators except its own,
Sor a new numcrator und all the denominators together for a new
denominator.

This is merely multiplying both numerator and denominator of each
fraction by the same quantity, viz: the product of all the other denomina-
tors, nd consequently (Art. s) it does not alter the value of the fraction.

ExaupLE 28.—Reduce 3, 4, and § to a common denominator.
3 <117 9 =297 = 1st numerator.

T4 9 52 = 2nd numerator.
5/ 4X11 20 == 3rd numerator.
411X 9 = 396 == common denominator.

Therefore the equivalent fractions are 33{,; 352, ana 15
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ExanrLE 29.—Reduce 4, 2, 4, and ¥ to equivalent fractions
having a common denominator.

ik %11 == 345 = 1st numerator.
<11 = 462 = 2nd numerator.

3
4 ,-’11 440 = 3rd numerator.
Y 4th numerator.
2547 - 11 = 770 = common denomnntm
35 462 44
And the equivalent fractions are 385 495, 9 439 ana H5.
EXERCISE.

30. Reduce$, %, &, 4, and ¥ to equivalent fractions having a
common denominator,

s B3R 30350, 35300, LR8N0, and s

31. Reduce ¥, 13, and f; to fractions having a common deno-

minator. Ans. L5, 1583, Fids

22. Reduce §, 4%, +%;, #, and % to fractions having a common
denominator.

Ans. 13015, L0 £AMS AR and T,

Rl
T
33. Reduce -, %, and f; to a common denominator.
dAns. fildtny 15 and £
31. Reduce £, 4, 4, and % to a common denommator
. Ans. Jv(i'luy "urn IR and?‘.}lﬂﬁ
. Reduce 4, %, 7, and ¥ toa common denommator
Wns. 345, 318 136, and A%

80. To reduce fractions to cquivalent fractions having
their least common denominator :—

RULE.

Find the least common multiple of all the denominalors, (Art.
33, Sec. 1I1.)

Multiply both terms of each fraction by the quotient obtained by
dividing this least common multiple by the denominator of that
Sraction.

. ,This is merely multiplying both terms by the same guantity, as in Art.

w2
<

Exawmrre 36.—Reduce |, %, %, and % to their lcast common
denominator.

The: least common multiple of 4,12, 3, and 18, is 48.
l\hﬂtlp]) ing hoth terms of the 1st fraction by 12 (i.e. 43) it becomes 1%

438

“ Zwl Y by 4 (ie. 1}) it becomes gg

“ b “ 3rd byl (ie. iri) it becomes %,
“ - “ 4h “ by 3 (e ig) it hecomes %%,

The equivalent fractlons having their leas? are
theretorb 5. 31 i g common denominator,
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Exampie 37.—Reduce #, , 3%, 31, 42, and § to their least
common denominator.

The least common multiple of 5, 11, 20, 4t, 55, and 4, is 220,

The multiplier for both terms of the first fraction is 22V == 44, for second,
280 =20 for the third, 22% =11; for the fourth, 32" =3; for the fifth,
250 = 4; and for the \nth 330 =55,

Muttiplying by these numbers we obtain )5 )
and 142 for the required fractions.

0 R1a 1ES i
gy oy Ty ztu7

Tz
EXERCISE.
38. Reduce £, §, {, }, and 1 to their least common denominator,
Ans. ‘:w |i'.’f'u'7 ‘INZ”IH ’flzulh and ’l‘ry-,‘"-?

39. Reduce &, %, 4, 4%, and 4% to their least common denowi-

nator. Ans. L;'f: 1617%3511 <y, and 457

40. Reduce !, %, 2, &, 1, %, 1%, %, and 2% to their lcast com-
meon denowinator.

< 2 1 144 200 210 o1n 2

Ans. 1341"; 2’4:;) 'Zlu; Zg:ry 24‘1” '-:4:rv zglqu 1,4;“’ and éi}f-

41. Reduce &, -%;, %, 15, 1%, and $3 to their 1mt common

5 o

denominator.  .las. l.(‘. Gamy A0, 884 300, and §iN.

42. Reduce }7, 4y, I}, and &5 to their least common denomx-

nator. ' Ans 50 L0 G66 and

43. Reduce 1, §, 3, §, 7, 4%, 14, and £% to their lcast common
denominator.

bR ] 2 5

Lo i R G4 1 4, 47, and 3

44, Reduce £, 14, %5, &, 4 and 1§ to then lc"ut commou
denominator.

E400 6930 1002 2240 1744
Ans. 330, 7anuy Yoon 3340, 4550, and 33E.

45. Reduce 14, I, 4 15 % 20, 4§, and §% to their least
common denominator.

2 3086 23204 8470 1040 8 2 a 731
Ans. 88%8, §%35, A0RS, G800, 5949, 8%%5, 1310, and 34

31, Let it be required to reduce 4% of - to asimple fraction.
13 of -f- means 1’ illlll\ 7 of .
We get Joof (6, e, dnlde % by 17, when we multiply the denomi-

nator 11 by 17 (Art.8). Thcrufurc o ofr-r_TTr/ﬂr,, and to multiply

this result by 12, we multiply the numerator, 6, by 12, {Art. 8)
6712 a
Therefore 1% of o = =3
Hence, to reduce a compound fraction to a simple one
we deduce the following :—

RULE.

Multiply all the numerators together, for a new numerator, and
all the denominators together for a new denominator.
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Exampre 46. Reduce § of £ of & to a simple fraction.

. L UXE
foffoff= Fm ™ A% 4ns

NoTE.—In all cases the answer must be reduced to its lowest terms.

EXERCISE.
47. Reduce ¥ of } of 1% of 25 to a simple fraction. Ans. .
48. Reduce % of 4 of ; of /5 of 34 to a simple fraction. Ans. 7.
49, Reduce 3! of - of 1% to a simple fraction. Ans, 4g.
50. Reduce 2 of ¢ of % of 42 to a simple fraction.  ns. fi&.

82. Since the several numerators of the compound
fraction form the factors of the numerator of the simple
fraction, and also the =everal denominators of the compound
fraction, the factors of the denominator of the simple frac-
tion, it tollows (Art. 8) that —

Before applying the rule in (Art. 31), we may cist out or cancel
all the Juctors that are common to a numercior and a denominator
of the compound fraction.

Exanrie 51.—Reduce °; of # of 2 of % of 3% to a simple
fraction.

STATEMENT. CANCELLED.
) 5
a had 1
n an I 'r
6—ofiof'—'ol’"o 3—": :sz—ﬂng
17 5 2716 1L IIXTXEXAIXI§ 3
§ 8
3 4
Here 6 and 27 confain a common factor, 3, which is cast out, and these
numbers thus reduced to 2 and 9. Next this 2 reduces 16 to 8, and the 9 is

reduced 10 3 by the third numerator, whicli is thus cancelled. Again, 11
canecls 11 (the tirst denominator) and reduees 22 to 2, and this 2 reduces
the %, hefore obtained from the 18, to b Next, this 41s cancelled by the 4
in the numerator, Awain, 7 cancels the 7 in the denominator and reduces
the 35, in the numerator, to 5, and this 5 cancels the 5 in the denominator.
All the numerators are now reduced to unity, as also all the denominators

1

but the fourth, which is 3. The resulting fraction is thercfore 1—;1&&
but this is simply L. o
Exaurie 52.—Reduce 1 of § of  of {4 to a simple fraction.

STATEMENT, CANCELLED.
b
]
Topdopd ot o THHABMSS 7><4><$x&?§: 7 = s
1176 5 20 1IXEX5X20  MIXEXRIXEW T 2x5° 10 '
5

2
NoTE.—If any of the terms of the compound fraction are whole or mixed

numbers, they must be reduced to fractions (Arts. 23 and 25).

The process of cancelling exempli N
when possible, celling excmplified above should always e adopted
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EXERCISE.

53. Reduce § of § of % of % to a simple fraction. Ans, .

64. Reduce 3 of § of & of \% of |} of 1§ to a simple fraction.
Ans. S8,
85. Reduce % of 1% of 54 to a simple fraction. Ans. 4.
56. Reduce § of & of 357 of &5 of 13 of 2§ to a simple fraction,
Ans. gl

67. Reduce ; of # of ;% of 33 of 3§ of 6% to & simple fraction.
Ans. &5,
58. Reduce 4 of % of 154 to a simple fraction. Ans. 24,

83. Let it be required to reduce the complex fraction i to a simple
fraction. i

Siuce (Art. 8) we may multiply both numerator aud denominator of a
fraction by the same number, without altering its vaine—~we may muliiply
both terms of the given fraction hy tie, by the denominator with its

terms inverted, without altering its value.

§ x4 _ixd__ 8%4
Therefore—,i—=%xé_ —=%X %:m
Hence, to reduce a complex fraction to a simple one, we
deduce the following :—

RULE.

Reduce the expression (Arts. 23 and 25) to the form of;';zction’_
raclion
i. e., reduce both numerator and denominator to simple fractions.
Then multiply the extremes or outside numbers together for a
new numerator, and the means or inlermediale numbers togeiher
Jor a new denominator.

4
ExaupLE 69.—Reduce 1—1{- to a simple fraction.
©TI

4t 3 9xu1 _ 99 _
T LT o T om T Medn

NoTe.—Factors that are common to one of the extremos and one of the
mezans, are to be struck out or cancelled. (Art. 82.)

7‘| g
ExaMpLe 60.—Reduce 1—%;-
9
81
(U TX9 63
F I I A Ul 10 = 61l Ans.
b 44
7

to a simple fraction.
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EXERCISE.
1
61. Reduce l—%fz- to a simple fraction. dns. .
25
‘LA
62. Reduce —,I’—E? to a simple fraction. Aus. .
1
3
63. Reduce 175: to a simple fraction. Ans, 2.
1z 3% %

64. Reduce ——2, ~= and = to simple fractiona.
128’ 9 ¢
Ans. §%, 34, and 4t
vz 5% 2%
65. Reduce 153 3 and 73 to simple fractions.

T 3%
Ans. 7, 314, and .

g

163 6% 17 2132 d% imple fracti
66. Reduce 113 1@ 181 103 an e to simple fractions.

Ans. 13, 34, §3, 24, and &

384. A denominate fraction is a fraction of a denominate
number.

Thus, # of alb,, Iy of 2 mile, 2 of a day, &c., are denominate fractions.

35. Reduction of denominate fractions consists in chang-
ing them from one denomination to another without alter-
ing their values.

36. Let it be required to reduce # of a pint to the fraction of a bushel.
Since 1 qt. = 2 pints, 4 of a pint == } of % of a quart.

Also because 1 gal. = 4 qts. 4 of a pint =43 of } of 4 of a gal.

Similarly 4 of apint=Jof of } of } of 4 of abushel= ;4. =1}5 bushel.

Hence to reduce a denominate fraction from a lower to
a higher denomination, we deduce the following :—

RULE.

Take the number expressing how many of the given denomination
are required to make one of the next higher ; also the number ex-
pressing how many of this denomination are required to make one
of the ncxt higher again, and so on until the required denomination
be reached.

Write the fractions formed by these numbers as denominators,
with 1 as numerator and the given fraction in the form of a com-
pound fraction, which reduce to a simple fraction,  (Art. 32)
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Exampin 67.—Reduce % of a minute to the fraction of a week.
Ans. ¢ of s of o of § = gl of a week.
Exanerp 68.—Reduce §4 of a grain, troy, to the fraction of an
ounce.
%} of 5lc of ﬁ:ﬁ; of an oz, Troy.
EXERCISE.
69. Reduce # of an oz. to the fraction of a pound, avoirdupois.
Ans. 5 1b.

70. Reduce % of § of a penny to the fraction of & pound.
Ans. £54.
71, Reduce § of 83 days to the fraction of a week. /ns. {; wk.
72, Reduce ¢ of 16} nails to the fraction of an English ell.
Ans. £ E.e.
73, Reduce # of yi of a yard to the fraction of a perch.
Ans. &4 per.
74. Reduce % of 4 of 214 of a cord foot to the fraction of a cord.
Ans. 1547 cord.

5. Reduce 35 of {4 of 91 square perches to the fraction of an
acre. Ans. %v A.

87. Let it be required to reduce 4 of a day to the fraction of a minute,

Since there are 24 hours in a day and 60 minutes in an hour;

4 of a day will be 24 times £ of an hour and 60 times 24 times % of & mi-
nute; that is,  of a day is equal to 2460 of a minute

Therefore 4 of a day = # of %t of 62 of a minute.

Hence, to reduce a denominate fraction from a higher
to a lower denomination, we have the following:—

RULE.

Take the number expressing how many of the next lower denoms
ination make one of the given denomination ; also, the number, ex-
pressing how many of the next lower again make one of this denom-
tnation, and so on till the required denomination be reached.

Write the fractions formed by these numbers as numerators, wilh
1 as denominator, and the given fraction in the formof a compound
fraction, which reduce to a simple fraction. (Art. 32)

ExaupLe 76.—Reduce § of a £ to the fraction of a penny.
§ of 30 of 13 — 480 — 160 pence.
Exaurrp 17.—~Reduce 3 of § of 1} of a furlong to the fraction
of a foot.
3 of §of 43 of 42 of Ll of § = 300 ft. dns;
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EXERCISE.

78. Reduce }4 of a bushel to the fraction of a quart.
o Ans, 4248 qt.
79. Reduce % of a gal. to the fraction of } of § of a gill.
Ans, 150,
80. Reduce J of 2 pecks to the fraction of } of § of a pint.
Ans. 234,
81. Reduce 1 of a 1b. to the fraction of a scruple.
Ans. 2448 scr.
82, Reduce 374y of § of 3 of & of %2 of a Ib. avoirdupois to the
fraction of a dram. Ans. % dr.

38. To find the value of a denominate fraction in terms
of a lower denomination :—

RULE.

Divide the numerator by the denominator according to the rule
given in Art. 71, Sec. II.
(AThis i)s only actually performing the work which the fraction indicates.

rt. 3.

ExampLE 83.—What is the value of 1} of a mile?

11 miles--13
13)11 miles (6 fur. 30 per. 4,3, 5ds. Ans.
8 = fur. in a mile, g

gg = number of furlongs.
10
1 = perches in furlong.
400 = perches.
390

10
5% = yards in a perch.
E§ = number of yards.
3
EXERCISE.
84. What is the value of 1% of a bushel and also of § of a lb.
avoirdupois ?

Ans. 1 pk. 0 gal. 0 qt. 1;& pt. and 13 oz, 11} drams.
85. What i3 the value of ;% of a yard of cloth ?

. JAns. 2 qrs. 0 na. 1-5 inches.
86. What is the value of § of a 1b,, troy ; and also of {11 8q. mile?

Ans. 10 oz. 13 dwt. 8 grs.; and 62 acres, 1 100 , 8 8q. per.
4 8q. yds. 2 ft. 791}7 in.
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87.—1What is the value of § of a furlong; and of 4 of 2 £7
/Ans. 35 rds. 3 yds. 0 ft. 2in.; and 11s. 51d.

39, Let it be required to reduce 2s. 74d, to the fraction of £7 18s,

29, 73d. _ 127 farthings. 17 — 127
£7 18s 7584 farthings. Therefore 2s. 73d. = 7584 of £718s.

Hence, to reduce one denominate number to the fraction of
another, we deduce the followiag:—

RULE.

Reduce both quantities lo the lowest denomination contained in

either.
Then place that quantity which is to be the fraction of the other
as numerator and the remaining gquantity us denominator.

Exampre 88.—Reduce 3 days 4 hours to the fraction of a week.

3 days 4 hours =76 hours.
1 week = 168 hours,
And the required fraction is 7%, =13 4ns.

ExanpLe 89.-—What fraction is 3 1b. 4 oz, 2 dr. 2 ser. T grs.
of 63 1b. 4 oz. Tdr. Apothecaries’ weight ?

$1b. £ 0z. 2 dr. 2 ser. 7 grs. = 19367 grs.
63 1b, 4 0z. 7 dr. = 385220 grs.
And the fraction is TN Ans.

EXERCISE.

90. What fraction i3 6 bush. 1pk. 1 gal. 1 gt. 1 pt. of 50 bush.?

Jns., 3!21010._

91. What fraction is 35 per. 9 ft. 2 in. of a furlong ? Ans §.

92, What fraction is 7 h. 12 m. of a day? Ans, 5.

93. What fraction is 2 sq. yds. 2 ft. 120 in. of 3 sq. per. 13} yds.

1ft. 72 in.? Ans. .

94. What fraction is 7 oz. 7 dr. 2 scr. 14 gra. of 21 lbs. Apoth.?

Ans. x5,

95. Reduce 9 min. 48 sec. to the fraction of a day. .Ans. vidy.
96. Reduce 16 bush. 1 pk. 1 pt. to the fraction of 69 bush.

Ans. Sk,
97. Reduce 3 qrs. 3} na. to the fraction of an ell Eng. Ans. §-
98, What part of a lb. Troy is 13 dwt. 7 grs.? Ans. Pis.

99. What part of 54 cords of wood is 4800 cubic feet? Ans, §§
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ADDITION OF VULGAR FRACTIONS.

40. Addition of fractions is the process of finding a
single fraction which shall express the value of all the
fractions added.

Addition may be illustrated as follows ;

s i  + &

e | I A

41. In order that fractions may be added they must have
a common denominator.
Thus £4-3 make neither & nor £; but if we reduce them to equivalent
fractions having a common denominator, as & and -132»’ we are enabled
to add them and thus obtain for their sum 17,

These fractions, before and after they receive a common de-
nominator, will be represented as follows :—

Unity,

| equal to ’ i I
L}
equal to J——U

=
o0
o

We have increased the number of the parts just as much as
we have diminished their size.

42. For the addition of fractions we have therefore the
following :—
RULE.
Reduce compound and complex fractions to simple ones, and all
‘o a common denominator. (Arts. 29 and 30.)

Add all the numerators together, and beneath their sum place
‘he common denominator.

Reduce the resulting fraction, when it is an improper fraction, to
1 mized number. (Art. 26.)
NoTE.—If mized numbers occur among the addends, the integral

vortions are to be added separately and their sum added {o the sum
of the fractions.
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Exaurie 1.—Add together Y, &, ¥, {4y and 1¢.

Here, since the fractions have already a common denominator, we have
simply to add the numerators and place 11, the common denomimtnr be-
neath their sum,

Thus '1‘)'+ +’121+ +‘%% m=—— =2 = 2"[ Ans,

Exaurre 2.—~Add together §, 2, §, § and 11.

These fractions reduced to their least common denominator by 4rt. 30
become 5§y 4 %6: 661 Z’g
28194198 L 4QL {1t

And B = = = 1 =3 A

Exampie 3.—Add together 3, 4, 1§ and } of $of & of 4] of 53.

1 of $ of 8, of 4% of s} is equal to 7 (Art. 3i).
The fra.chons to be added are therefore -1+ % 41,
These reduced to a common denominator (Art. “o become

%8%’84-%%' fV+Jnng+%UMI = gmg_ 25 839 Ans.
ExaurLe 4,—Add together 91, 113, 167, 43} and i"

Here the last fraction is a complex fraction and is equal to g

93-F1124H-163+433 +§ = 9+11-H164+43-+(} +%+'}+§+‘§.)-

And 9+11+164+43 =79.
Klso J ] = L3I0 0 E = 0 = 30
Therefore the sum of the given quantities is 7943} 7 = s, 2

360 aGaot
Examprm 5,—Add together §, § and 53,
Here adding the three fractions together we obtain 1349 for their sum,
to which we add the integral number 5 and thus obtain the entire sum
6143

EXERCISE.
6. Add together l.lp }% and . Ans, $8=22,
7. Add together T % T 7o v and .
Ans. 33 =23 =3L
8. Add together 43, 114, 162, 212 and 194,
Ans. T1428 =734

9. Add together 1621, 1137, 18,4 1712 and 1122

B Ans 177%%
10. Add together 4!, 11 and {%. Ans. 628,
11. Add together 1, 2, 3, 4, §, & 7 and &, Ans. 655,
12. Add too'ether f}, g and ¢, Ans. 223,
13. Add together 4 g, £, 3 and . Ans. 35411,
14, Add tocrether 441 LLbE and 1, Ans 1.3,
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o I N g} A d 19:.
A15. Add together 16, 472, 2132, - an 15 104,
1?. Add together 171, 433, 1688, 2072, anjni?ﬁfjf?il,
17, Add together 62, 114, & 167%, 1, 5% and 1712,
18. Add together 1, 2
19. Add together
20. Add together
21. Add together
22. Add together

23. Add together
24. Add together

25. Add together 35, 111 an
26. Add together
of 11 of L of L
27. Add together 414, 10

Ans,

, 30032, 2412 and 4721,
Ans. 11612

28. Add together 925, 37.% and 4. Ans 13733

29. Add together 21}, 35!, > and 2 of . Ans. 613z,
30. Add together 27 of 32, 301 21 of 41 of 12, and 42

&
5.

. 3)7Te ) s
of # of 21 of 12. Ans. 341133

43. In order to add denominate fractions they must not only
ave @ common denominator, but they must be fractions of the same
mit; 1. e., must be of the same denomination.

Thus £3, 23, and 4d. cannot be added together, as the result would be
leither ¢ of w pound, £ of a shilling, nor 2 of a penny.

But it we reduce them all to the fraction of a puund, or all to the fraction
of & shiltine, or all to the fraction of a peuny, it is ohvious that we may then

wld the resulting fractions, having first reduced them to a common denoe
uinator,

Hence, for the addition of denominate fractions, we have
he following : —
RULE.
Reduce all the fractions to the same denomination (Arts. 36 and
iT).  Reduce the resulting fractions 1o @ common denominator

Arls. 29 and 30).  Add as in (4re, 42) and find the value of the
esulting fraction (4rt. 38).
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Exaurrp 31.—AdJ together § of a day and # of an hour.
gofa day =3 of 28 =48 = 16 of an hour.
1eh. 4 3h, = 392+ 5 = 32 =516h. = Bh. 45m. 424 sec.
ExameLe 32.—Add together /; of & pound, % of a shilling, and
¢ of a penny.
yrofa£=-1 of 22 of 13 = 1680 of 4 penny =152,%; pence.
2 of a shilling = 2 of 12 = 24 of a penny == 4§ pence.
_ 25804308165
1828 +45+HF = 186+——
Note.—~In place of proceeding as above, we may find the value
of each fraction separately (Art. 38) and add the results.

ExamprLe 33.—Add together } of a bushel, ] of a peck, and
of & gal.

= 157222 pence = 13s. 13¢5d.

4 of 2 bushel =3 pks. 0 gal. 1 qt.1} pts.
Jofapeck = 1 gal. 3 qts.
Profagal. = 1.5 pts.

Sum ==1 hush. 0 pks, 0 gal. 1 qt. 038 pts. Aans.
EXERCISE.

34, What is the sum of %1b. Apothecaries’ weight, § oz.
¢ dr. and § scr. Ans. 4 oz. 6 drs. 2 sers. 1842 2¢rs.

35. Add together 2 yd. 1 ell Eng. and £ qr.
Ans. 3 qrs. 3 na. 1132 in.
36. Add together { of a yard, 3 of a foot, and 4 of an in.
Ans. T inches.
37. What is the sum of ;7 of a mile, 1%; of a furlong, and
5 of a yard? Ans. b fur. 16 rds. 0 yds. 0 ft. 3 %3 in.

38. What is the sum of } wk. 3 day 1 h.?

Ans. 2 days 2 h. 12 m.

39. Add together £1, 2s. and 5d. Ans. 3s. 131d.
40. What is the sum of £ of 218, § of 5s. 4 of £3 12s. 6d.
£7 and 22d.? Ans. £3 125, 4134d.

SUBTRACTION OF VULGAR FRACTIONS.

. 44. Subtraction of vulgar fractions is the process of find-
ing the difference between two fractions.

‘We have seen that before fractions can be added they must have a com-
mon denominator and that when denominate fractions are to be added
they must be also of the same denomination, and this is menifestly the
case alga in the subtraction of fractions,
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Hence, for the subtraction of fractions, we have the fol-
lowing :—

RULE.

Reduce compound and complex fractions to simple ones and all
to the same denomination, if not already such.

Reduce both of the resulting fractionsto a common denominator.

Subtract the numerator of the subtrahend from the numerator
of the minuend, and beneath the difference write the common deno-
minator. :

Note.—In the case of mixed numbers it frequently happens
that the fractional part of the subtrahend is greater than the
fractional part of the minuend. When this occurs, instead of
reducing both quantities to improper fractions and then apply-
ing the rule, it is much better to borrow unity from the integral
part of the minuend and considering it as a fraction, having the
common denominator, add it to the fractional part of the minu-
end. (See 3rd, 4th and 5th Examples below.)

ExamrLE 1.—From # take -3%.

§— 1 =il — A = Ay 4ns.

Here reducing 3 and 2, to a common denominator they become -fs
and {5,

3

ExampLe 2.—From § of § of 4% of 49 take 2_; of L of 4.

Here 3 of 2 of 10, 0f 49 =2,

And%oq ofy=1.

Andg— =1t —F = ans.
Examrre 3.—From 192.% take 16{%.
+’r and 1£ reduced to a common denominator become (32, and {58,
192—161% = 1929%%—16{4} = 191+1{%—16{$§ = 191}4¢—
16458 = 175\4% Ans.

Here, since we cannot subtract {§4 from 32 we have to borrow 1 from
the integral part of the minuend, and considering it as }4§ add it to ‘13126'
‘We thus reduce 192.33; to 191344 and then make the subtraction.

ExaupLe 4.—From 29+ take 161.
2993 — 163 = 2934 — 164} = 284144 — 1644 = 28%% — 1644
= 124] Ans.
ExaupLe 5.—From 117-3; take 674¢,
117 8%—67T48 = 117}33—671$3 = 116+41423—67 =116444—
67180=49143 ns. H—eTH
ExaupLe 6.—What is the difference between 3 of § of § of 23
days and § of § of 5% hours?
joffor§ of 23 days=4 of a day=5 of 34 of an hour=14¢ hours=
17-} hours; and § of 3 of 52 hours = g% hours= 1315 hour,
And 173 h, -1 b= 17—k = 165, hours, 4ns,
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EXERCISE.
7. From 3 take 7. Ans. 2.
8. From ¥8f+-% of % of 1§ take :_’ Ans. 0.
IYs
9. From 98217 take 2913 ' Ans. 9528275,

10. What is the difference between 693y and 18433 ?

Ans. 503993,
11. What is the difference between 1004 and 9417 Ans. 907.
12. What is the difference between 6} and } of 94 ? Ans. 15,

13. From 611-4% take 610}#%. Ans. fLi8
14. From § of 2 take § of }4-4. Ans. 13,

15. From % of a lb. avoirdupois take & of a dram.

Ans. 10 oz. 9% drs.
16. What is the difference between 24,'; and 2155 ?  Ans. 2441,
17. What is the difference between 3 of a mile, and % of a fur-

long ? Ans. 1 fur. 5 rd. 3 yds. 1 ft. 10. in.
18. Find the value of § of 1j& — i of 28%. Ans. 5%%.
103 177

19. Find the value of 12241 of  of § of 8} of - T
3 i
.ﬂns.3 2%
20. Find the value of 3\4%+85—3—274-514+64—16}. Ans. 53.
21. From 4 of an acre take § of a perch.
Ans. 1 rood 17 p. 22 yds. 2 ft. 108 in.
22. From 16} take 914, and from 169, % take 83}%.
Ans. 63%% and 85874,

MULTIPLICATION OF VULGAR FRACTIOQXNS.
45. Let it be required to multiply 2; by {.
Here we are required to multiply v’ by, that is by Lof 7.
Now if we multiply V¢ by 7 we shall have multiplied by a quantity 8
times too great, and the product will be S times too great.
If, therefore, we multiply r by 7 we shall have to divide the result by 8

in order to get the product of 7r> - .
But (Art. 8) we multiply (% by 7, when we multiply the numerator by

and we divide the result by 8 when we multiply the denominator by 8.
Therefore, ¥ X {:l::ig. that is to multiply fractions togcther, we

multiply the numerators together for 2 new numerator, and the denom-
inators together for a new denominator,

Hence, for the multiplication of Vulgar Fractions we
deduce the following :—

RULE.

Reduce compound and complex fractions to simple ones (Arts. 32
and 33) and whole and mized numbers to improper fractions (Arts.
23 and 25.)

Cancel any factorsthat are common fo a numerator and a de-
nominator of the resulting fractions (Art. 32).
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Multiply all the reduced numerators together for a »ew numer.
ator, and all the reduced denominators together for a new denomi-
nator.

Reduce the result, if necessary, to a mixed number,

ExayrLe 1.—Multiply # by 15.

IXEE=ix =y Ans.
¢ Here we cancel the first denominator aud reduce the second numerator
0 3.
Exanpie 2.—Multiply together -7, #, 33 and 44.

STATEMENT. CANXCELLED.
i iim
3 N
5] WhE = XX = —
TrX#xXix _Ux&xﬁxw T Ane.
4]
k¢
ExanpLe. 3.—Multiply together &, ¥, 6%, 93, 24 and 63.
STATEMENT,
IXPIX A XAEXE X 9P
CANCELLED.
2 4 X

% 3 44 48 § §B 2X3X4X48
sl)<11)<Y>(EX—xXT— i
Exaxpre 4.—Multiply together tig, 184, 93, § of § of 7,and
§ of {1 of 25.

= 1152 4Ans.

STATEMENT.
he X X BN X
CANCELLED.

3 3
1 205 4§ xi 1§§ 205X3X3X3 _ 5536
WXTYXEXTQXT; 179 179
ExaurLr 5.~Multiply together J, 3.4, 41, $, 6} and 5.

BTATEMENT,

}Xﬂ”‘XQX%X";X 154
CANCELLED.

T 247 R, 43 7T 247x43XT7_81781%
— Xy X
CIRAN TR 2’( 5 X ¥ X156~ 8ix 5x 16— eo15 —L34btH:

——=304%4 Ans.
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EXERCISE.
. What is the product of -7;x%
. What is the product of 2x £?
. What i3 the product of ¢, X ?
. Multiply together %, £ and ;.
. Multiply together 14, 154 and 3§.
11. Multiply together -¥;, 83, '19r and 43
12. Required the product of % b ¥ ,7, 33 and §.
13. Required the product of §, b L 5 ke 21, % and 5. i
14. Required the product of §, #, v%, & and 209. JAns. 47,
15. Find the value of 61 xll%xlC—lil—x—,?,—x—z}G of 5. Ans. 7.
16. Find the value of # of 1% of -; of T7Xx % of %; of 91 X 633.

Ans, 11274,

—
O W W3

IR

17. Multiply together 91 ?, 7T , ‘ -, and 13, Ans. 7.
18. Multiply § of 8 by 3 7 of 19. Ans. 10§.
19. Maltiply %; of 7 by ! of 87 Ans, 403},
20. Find the value of 63 X%X%X 1, Ans. 215,
21. Find the value of 3; x4 x16. Ans. 2684,
22. Multiply 1 of 83 of -5, of 91 by 88X 1% of 64 of 3 of 31 of
154 of 11,6 Ans. 4:7293’“1

27 813 I 8lf ;

23. Find the value of - _L><98§ Z—Xm Ans. f;.
24. Multiply 387 by 4 of £ of | Ans. $H.
153 ,of8&><q,of28 7' 2 100

26. Fmdthevalueof—- FToT i Xy of 54 5% %X149X121

4 4

XXy Ans. 17433,

5}

48. To multiply an integral denominate number by a
fraction, we have the f'ollowmo —

RULE

Multiply the denominate number by the numerator of the fraction
and divide the result by the denominator.

NoTEe.—This is merely considering the denominate number ag a fraction
baving 1 for its denominator (Art, 23), aud applying the preceding rule,

ExampLe 26.—How much is # of $129:63°?
$ of 9129 63—$—1—95—-“ BN _gsray. dus.
Exampis 27.—How muchis 7 of 4 of 10 1b. 6 0z. 4 dr. Avoir.?

10 1b. 6 0z, 4 dr. X
of&orlolb 8 0z, 4 dr—=3; of 101b. 8 0z. 4dr—0—b——e—°;2—r1=

3 1bs, 4 0z. 14y% drams. Jus
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EXERCISE.
28. How much is 1y% of 4 days 5 h.? Ans. 5 days 38 m. 20 sec.
29. How muchis }# of £297 JAns. £8 19s. 64d,

30. How much is § of 186 acres 3 roods ? J/ns. 145 acres 1 rood.
31. How much is 1% of 2 of 45 of 23} times 24 h. 30 m.?
JAns. 1 hour 38 min.
32. How much is § of § of 4} of J of 33 bush. 2 pk. 1 gal.?
Ans. 2 bush. 2 pk. 0 gal. 3 qt. 13% pt.

47, From the principles already established, it is evident
that—

1st. When the multiplier is less than unity, the product
is less than the multiplicand.

2nd. To multiply a fraction by a whole number, we may
either multiply the numerator of the fraction or divide the
denominator by that number. (Art. 8.)

3rd. To multiply a whole number by any fraction having
unity for its numerator, we simply divide the whole num-
ber by the denominator.

Thus, to multiply by #) 1, 4, 1, 1’ &e, we divide by 2,3, 4,7, 11, &c-

4th. When multiplying by a mixed number of which
the fractional part has unity for its numerator, it is better
to multiply by the integral part of the multiplier first and
then by the fractional part, afterwards adding the two
partial products together.

DIVISION OF VULGAR FRACTIONS,.

48. Let it be required to divide § by ;.

Here we are required to divide ¥ by r thatis, by 71 of 6.
Now if we divide ¥ by 5, we use a divisor 11 times too greaf, and the
quotient is 11 times less than the required quotient,

Therefore, to obtain the correct quotient of 3 11y after dividing 3 by
5, we shall have to multiply the result by 11.

But (Art. 8) we divide the fraction ¥ by 5 when we multiply the denomi-
nator 7 by 5, and we multiply the result by 11 when we multiply the nu-
merator 3 by 11.

s 3%11
Therefore 3-Fr=75; =% X ¥ =dividend x divisor with its terms in-
verted.

, Hence for the division of fractions we have the follow-
ing :—
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RULE.

Reduce compound and complex fractions to simple ones ; whole
and mized numbers to improper fractions.
Invert the Lerms of the divisor and proceed as in multiplication.

In addition to the foregoing analysis, the following may be
given as a proof of the truth of this rule.

q+ﬁ=i because the dividend of any question in division may be
made the numerator and the divisor the denominator of 3 fraction.

Now since we may multiply both terms of the fraction - by any number

233

wmay multiply them by L , i. e, the denominator with its terms in-
verted.

1
Therefore i # f(i: #x% L2 & _(because Y'r X 3 =1)=% X % ; wheuce
the truth of the mle.
Exanmpre 1.—Divide % by 1.
=X =3 Ans.
ExampLe 2.—Divide $ of y; by 4 of 8%.
1 of Yi--dr of BA=fi-HH=H X =} Ans.
Exaxpre 3.—Divide 84 by 3-%.
843350118 =%QXH—%X¥=§‘?=ZH .

Exaneir 4.—Divide 13 of # of 1;,‘rx 34 by & of x43

STATEMENT, TERMS OF DIVISOR INVERTED.
PrXr X8R X A X 398X AR X P X 3B X AR X X345 Xy
CANCELLED.

W IR m LU
=X 3% mR T PR

L 2 R
3
EXERCISE.
b. Divide § of 2 by % of 83. Ans, 157,
6. Divide §§ by 13 and divide the result by . Ans. §.
1. Divide 82 by 264 Ans. 378
8. Divide 2} by 34 5. Ans. 15
9. Divide 13 by 4 of 2} of 16 of 83 of /5. Ans. 28,
10. Divide 24 by (§=+% of 9.) Ans. T
11, Divide 484 by §+i of 6. Ans, 1938,

132, Divide 63 by £ of 1o+ . JAns. 63
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13. Divide 4} of 3} by 2} of 6}. Ans. 14,
PP ¢
14. Divide Ty by v Ans. 6+,
15. Divide § of 7-%- by % of 173. JAns. 358,
16. Divide 143 of 14 of § of 13 by § of fs of § of 5.  Ans. 34,
. 13 2)
17. Divide a by 7S Ans. .
41
18. Divide 3% by T’Ii" Ans. §.
6}
19. Divide 144 of § by # of 8% of o7 Ans. 135%.
- $ 1 o 4 3 3 %
20. Divide 15} of T of T of 3 by 7 of yE of 3 of
Ans. 28475

49. To divide an integral denominate number by a
fraction :—
RULE.
Multiply it by the denominafor and divide the result by the
numerator of the fraction.
NoTB.—This is, in effect, merely considering the denominate number asa

fraictiou having 1 for its denominator (Art. 23) and applying the foregoing
rule.

ExanpLr 21.—Divide 6 days 17 hours 11 minutes by .

= . X 11

6 days 17h. 11m,~~r =8 days 17h. 11m. xls—l M”-‘—)—(—
=14 days 18h. 36, 12 sec. Ans,

EXERCISE,
1
2. Divide £8 14s. 63d. by —1‘?— Ans. £8 8s. 5}4d.
3

23. Divide 1m. 5 fur. 91 yds. 2 feet by 2] of 1-%.
Ans. 2 fur. 124 yds. 2 ft.
24. Divide 3 acres, 3 roods and 3 perches by 2.
JAns, 6 acres 1 rood 5 per.
25. Divide £7 16s. 2d. by §. Ans, £117 11s. 434,

50. To reduce = fraction having a complex fraction in
its numerator or denominator or both to a simple fraction
we have simply to apply as often as necessary the rule
given in Art. 33.

Norg.—~Particular attention must be paid to the relatiye

length and heaviness of the separating lines as they determin®
the various numerators and denominators,
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33
. %
BxaupLe 26.—Simplify T
74
3%
§
3_i ; 13 OPERATION.
é _.L- [ uh
0] v 7_ /s 1 __B323108_ 13433 o9
7 7 13 } Tongs 4 1643 05 =124
3_" 33 138 2X198
; 5
3i
5
6
31
Exaupre 27.—Simplify
84
5
3
OPERATION.
33 J,a}\ 13 ]
=+ o |
6 [ 34J 13x13  13x13
3 P 13 20X24  20x24
23 - - Tz %5
8} ]1 g ) I H 1% 17
5 jJ L 15 [J 15
el .
13x13X17 2873
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EXERCISE.

28. Multiply

29. Divide

80. Divide

Ana, 2H.

£
-~ Ans. yily.

:Ia[:

Ana, 3H.

3

——

163
H

51. From what has already been said, the truth of the

following principles is evident,

1st. When the dividend is equal to the divisor, the

quotient will be 1.

2nd. When the dividend is greater than the divisor, the

guotient will be greater than 1.

3rd. When the dividend is less than the divisor, the

quotient will be less than 1.
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4th, The quotient will be as many times greater or less
than 1 as the dividend is greater or less than the divisor.

5th. To divide a fraction by a whole number, we may
either divide the numerator or multiply the denominator
by that number. :

6th. To divide a whole number by a fraction having 1
for its numerator, we simply multiply the whole number
by the denominator of the fraction.

Thus, to divide by 4, 4, 3, 4, &c., we multiply by 2,8, 5, 7, &c.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NoTe.—The numeralz after the Questions refer to the numbered
articles of the Section. .
1. What is a fraction ? (1 and 8)
2. What does every fraction indicate ? (3)
8. What is the denominator of a fraction and why isit so called ? (4)
4. What is the numerator of a fraction and why is it so called ? (4)
5. What are the terms of a fraction? (5)
6. How is the value of a fraction obtained ? (6)
7. When is the fraction equal to 1 and when greater or less thanl ? (7)
8. W}‘;at ;zﬂ‘e)ct has multiplyiug the numerator of a fraction by any num-
er P (8
9. How does multiplying the denominator of a fraction by any number af-
feet the value of the fraction ? (8)
10, How does multiplying botb terms of 2 fraction by the same number
affect its value? (8)
11. How does dividing the numerator by any number affect the value of
the fraction P (8) .
12, How does dividing the denominator by any number affect the value of
the fraction P(SL
13, How does dividing both numerator and denominator by the same num-.
ber affect the value ? (8)
14, Into what classes are fractions divided ? (9)
15, What ig the distinction between vulgar and decimal fractions ? (10
and 11
16. What is the meaning of the word “ vulgar” as applied to fractiong ®
11

(11)

17, Erumerate the six different kinds of vulgar fractions.

18, What iy a proper fraction ¥ (13)

19, What is an improper fraction ? (15)

20, What is a mixed number ¢ (16)

21. To what must an improper fraction always be equal P (17)

33. Whatis a simple fraction  (18)

23. What is a compound fraction ? (19)

24. What 13 a complex fraction ? (21), i

25. How mny we convert an integer into a fraction ? (23)

6. How may we reduce s whole number to a fraction having & given de.
nominator ? (24) . i

87, How is a mixed number reduced to an improper fraction ? 525)

28, How ig au improper fraction reduced to a mixed number ? (26)

29, How is a fraction reduced to its lowest terms ? (27 and 23)

30, How are fractionsreduced to a common denominator ¥ (29)

$1. How are fractions reduced to their least common denominator ? (80)

82, How is a compound fraotion reduced to & simpls one ? (81)
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33, What is meant by cancelling P (32)

34. Upon what principle may we cancel factors common to numerator
and denominator ? (32 and 8) i

85. How do we reduce complex fractions to simple ones ? (33)

36. What is a denominate fraction ? .(342 X X

87. In what does reduction of denominate fractions consist ? (35)

38, How do we reduce a denominate fraction from a lower to a higher de.
nomination ? (36) 3 N 3

39, How do we reduce a denominate fraction from a higher toa lower de-
nomination? (87) \, i .

40, How do we find the value of a denominate fraction? (38)

41. How do we reduce one denominate number to the fraction of another?

(39)

42, Whatis addition of fractions P (40)

48, What kind of fractions only can be added ? (41)

44, What is the rule for addition of fractions ? (42)

45. When mixed niunbers are to be added how do we proceed ? (42 note)

46. What is the rule for the addition of denominate fractions ? (43)

47. What is the rule for subtraction of fractions ? (Mz

48. What is the rule for multiplication of fractions ? (45)

49. Give a proof of the truth of this rule (45) . i

50, How do we multiply an integral denominate number by'a fraction ? (46)

51. How may we multiply a fraction by 2 whole number ? (47)

52. How do w;a (m;;ltiply a whole number by a fraction having 1 for nume-
rator? (4,

53. How do we mulﬁ%li 2 whole number by a mixed number, the fractional
part of which has 1 for numerator ? (47)

54, What is therule for division of fractions ? (48)

55. Give a proof of the truth of this rule? (48)

56. How do we divide an integral number by a fraction ? (49)

657. How do we divide a fraction by a whole number ¢ (51)

58. How do we divide a whole number by a fraction having 1 for its deno-
minator ? (51)

MISCELLANEOUS EXERCISE ON VULGAR FRACTIONS.

1. The Ottawa River is 800 miles long ; the Gatineau 420 miles,
the Chaudiére 100 miles, the Richelieu 160 miles and the
Niagara 35 miles. The entire length of the St. Lawrence,
from the upper end of Lake Superior to the Sea is 2000
miles. How will the lengths of these different rivers be
expressed as fractions of that of the St. Lawrence ?

2. The population of Goderichis 2 of that of Peterborough,
the population of Peterborough is 1} of that of Brockville,
the population of Brockville is 13 of that of Prescott, the
population of Prescottis i of that of Ottawa City, the
population of Ottawa City is 2} of that of Port Hope, and
the population of Port Hope is & of that of Toronto.
What fraction is the population of Goderich of that of
Toronto ?

3. What will 6] pounds of tea cost, at 653 cents per 1b.?

4. Suppose I have § of a ship, and that I buy ;% more; what
18 my entire share ?
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5. A boy divided his marbles in the following manner; he
gave to A & 'of them, to B 45, to C §, and to D }, keeping
the rest to himself; how many did he give away, and how
many did he keep ?

a
6. Find the value of 24—2¥ ¢ 434548 . 21113
33+ 47 2%
. What cost 1670,"; pounds of coffee, at 123 cents per pound ?
. A tree, whose length was 136 feet, was broken into two
pieces by falling; % of the length of the longer piece
equalled } of the length of the shorter. What was the
length of the two pieces respectively ?

9. A farmer bought at one time 971 acres of land, for 1000
dollars, at another, 127} acres, for 1375} dollars; at
another, 500§ acres, for 6831 dollars; and at another,
333} acres, for 40133 dollars. What was the whole
quantity of land that he purchased, and the sum that he
paid for it ?

10. Find the value of (12% — 8] — 13 + &)X 43 X (7f — 61),
and also of (% + 15)—(& + 34p).

11, What is the value of 19] barrels of flour, at $63 a barrel ?

12, What is the value of 3761} acres of land, at $758 per acre ?

13. Bought at one time 1473 bushels of coal, and at another time

3204 bushels, Having consumed 156} bushels, I desire to

know what quantity of the coal purchased is still on hand ?

. 1

14. Divide 7—%go&by 7%; and find the value of 1_£+1J—+£1

—of 7) =4 =4 =

5\ 21 34 4]

15, If 174 bushels of wheat sow 74 acres, how many bushels

will it require to sow 1 acre ?

16. Multiply the sum of 33, 43, and 44, by the difference of 7§

and 58 ; and divide the product by the sum of 94} and

934,

Divide 2 by the sum of 23, 4, and 4; add 13—3 to the quo-
tient ; and multiply the result by the difference of 51 and

4}.

18. Find the value of (3-41)X(13+23) X (25—11) X B3&—1);
and also of (1§-=23) X (53---31).

19. A person dies worth $40000, and leaves } of his property
to his wife, § to his son, and the rest to his daughter.
The wife at her deathleaves § of herlegacy to the son, and
the rest to her daughter; but the son adds his fortune to
his sister's, and gives her } of the whole. How much will
the sister gain by this; and what fraction will her gain
be of the whole ?

0 =3

117
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DECIMALS AND DECIMAL FRACTIONS.

62. A decimal fraction is a fraction having unity with
one or more 0s to the right of it for denominator:
Thus 145, 53 5 Toddo0, &c. are decimal fractions.

53. A decimal fraction is reduced to its corresponding
decimal by dividing the numerator by the denominator,
but since (Art. 51) this denominator is unity followed by
one or more Os, we divide the numerator by the denomi-
pator when we move the decimal point as many places to
the left in the numerator as there are 0s in the denominator.

Exawmpre 1. Reduce 4% to a decimal. Ans, <143,
2. Reduce 133235857 to & decimal. Ans. *00092376.
EXERCISE.

3. Reduce &y, 1ovor and 5 to decimals.
Ans. *567, -00098 and 7
4. Reduce 15533gop and yoobklos to decimals.
3 Ans. 0000023 and -0000176.
5. Reduce 1537583357 to a decimal. Ans. -000278643.

54. Ttis as inaccurate to confound a decimal fraction with its
corresponding decimal as to confound a vulgar fraction
with its quotient: Thus the value of 3 is ‘75, so also the
value of Zf; is *75 but ‘75 and f¢; are no more identical
than are § and 75,

55. To reduce a decimal to its corresponding decimal
fraction :—
RULE.
Constder the significant part of the decimal as numerator and

beneath it write for denominator 1 followed by as many Os as there
are places in the decimal.

ExampiLr 6. Reduce ‘043 to a decimal fraction. Ans. 7485
7. Reduce 00000576 to a decimal fraction. /ns. 55 bvos
EXERCISE.

8. Reduce 73, -092 and -0003 to decimal fractions.

Ans. 1103“ T%g and Wﬁﬁf‘
9. Reduce 137 and ‘000006943 to decimal f,‘racgivo’ns.

Ans. 4#s, and $How
10. Reduce ‘13578967 and -023004003 to decimal fm?ions

Ans. 1988 ¢do, and 133584880
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56. Decimal fractions follow exactly the same rules as vulgar
fractions.—It is, however, generally more convenient to
obtain their quotients, and then perform on them the re-
quired processes of addition, &c., by the methods already
described (Sect. 11).

To reduce a vulgar fraction to a decimal or to a decimal
fraction : —

RULE.

Divide the numerator by the denominator and the quotient will
be the required “‘decimal”; the latter may be changed to ils
corresponding decimal fraction by (Art. 54).

’tl‘his is merely actually performiug the division which the fraction indi-
cates.

Exauprr 11. Reduce § to a decimal and also to a decimal frac-
tion.
8)7T
875 Ans. = &'fs Ans.
13, Reduce % to a decimal.

16)9-
65625 JAns.
EXERCISE.
13. Reduce 4 and § to decimals. Ans. 6 and -375,

14. Reduce % and } to decimal fractious. Ans. y#f5 and -3y,
15. Reduce 17, 214, and }% to decimals.
Ans. 9733 +, 4666 + and 44117 4+.*
16. Reduce §, &, and § to decimals.
Ans, 857142 4, *4166 + and 44444 4.
17, Reduce y 7y and 7% to decimals.
Ans. 156178571428 4 and *554012 +-,

57. Let it be required to reduce £3 73 63d to the decimal of
& pound.
OPEERATION.
#d="75d hence 68d —=675d. Ifnow wedivide this by 12 we shall have
its value as the decimal of a shilling,

6}d = 6'75d = ‘56263 hence 7s 6]d =7'56265. .

ext if we givide this by 20 we shall bave its value as a decimal of a

ound.

79. 63d — 756253 = £:378125.
Therefore £3 78 63d == £3'378125.

Hence to reduce a denominate number of different de-
nominations to an equivalent decimal of a given de-
nomination we deduce the following :—

* The sign 4 written after theve auswers simply indicates that there is
still a remainder and consequently that the division may be earried on
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RULE.

Divide the lowest denomination named by that number which
makes one of the next higher denomination.

Annex this quotient to the number of the next higher denomi-
nation given and divide as before.

Proceed thus through all the denominations to the one required,
and the last result will be the one sought.

Exaueie 18. Reduce 3 days, 12 hours, 3 minutes, 30 seconds, to
the decimal of a week.

OPERATIOR.
60)30= sec.=30 sec.
60)3'6 = decimal of a minute =3 min. 30 sec.
24(120583 = decimal of an hour =12 h. 3 m. 30 sec.
7)3'5024305 = decimal of a day = 3 days 12h. 3m. 30sec.
Angs. 5003472 = decimal of 2 week =3 days 12h, 3m. 30sec.

Exampie 19. Reduce 187 lb. 13 oz. 11 drams to the decimal

of a ton.
Here we divide the 11 drams by 16
60)11° d(l)‘gﬁleATION. and thus obtain *6875 to which we pre-
—_ fix the given 13 oz. Next we divide
16)13'6875 ounces. this by 16 and obtain ‘85546875 to
2000)187°35546875 1bs. which we bring down the 187 1b. and

59309779437 E ¢ divide the result by 2000 the number
093927734375 ton. Ans.  CaVS A€ ToBu y

NoTE.—To divide by 2000 remove the decimal point hree places to the
loft, and divide by 2; similarly to divide by 60, 20, &c., remove the deci-
mal point one place to the left and divide by 8, 2, &c.

EXERCISE.
20. Reduce 3 yards 2 ft. 1 in. to decimal of a furlong.
Ans. *016794-.

21. Reduce 3 dwt. 17 grs. Troy, to the decimal of a pound.
JAns. 101545138 4.

22. Reduce 2 scr. 7 grs. to the decimal of a pound, Apoth.
Ans, 0081597 4.

23. Reduce b5 fur. 35 per. 2 yd. 2 ft. 9 in. to the decimal of a mile.

Ans. <13603 4.
24. Reduce 3 qr. 2 na. to the decimal of a yard. Ans. -85,
25. Reduce 5s.to the decimal of 13s. 4d. Ans. *-376.

\
* Reduce bs. first to the fracti ing
fracton e S first & e fraction of 18s. 4d, and then reduce the resulting

Thus 5s, reduced to the fraction of 13, 4d, = Yy =§="375,
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26. Reduce 12h. 56 min, 21 sec. to the decimal of a day.
Ans, 53843175,
27. Reduce # of } of 63d. to the decimal of £3.
Ans. 0120534
28. Reduce# of {1 ofa mile to the decimal of 31 inches.
Ans. 3620-571428+.
29. Reduce § of £ of 34 1b. Avoir. to the decimal of  of an oz.
Ans. 9°24444-.
30. Reduce 3 pk. 1 gal. 1qt. 1 pt. to the decimal of a bushel.
Ans. *921875.

58. Let it be required to find the value in terms of a lower
denomination of 7825 of a yard.

OPERATION. EXPLANATION.—Since there are 3 feet in a

yard, it is evident that any decimal of a yard

7825 18 three times as great a decimal of a foot.
Hence, to reduce the decimal of a yard toa

— decimal of a foot we multiply it by 3. This
2:3475 ves us two feet and ‘3475 of a foot. Simi-
12 rly multiplying the decimal of a foot by 12
—_— reduces it to an equivalent decimal of an
41700 inch. We thus find "3475 of a foot equal to 4
12 inches and 17 of an inch. Again, multiply-

ing this last by 12 reduces it to the decimal
2:0400 of 2 line, and we thusfind the whole quantity
Ans, 2 ft. 4 in. 2:04 lineg. 6825 of a yard equal to 2 ft. 4 in. 2'04 lines.

. Norg.—In these multiplications we only multiply the number to the
right of the separating point.

Hence, to find the value of a denominate number in
terms of integers of a lower denomination we have the
following : —

RULE.

Multiply the given decimal by the number of units of the next

lower denomination that make one of the given denomination.

Point off as many decimal places as there were in the multiplier,
and the integral portion, if any, will be units of that lower denomi-
nation ; the decimal part may be reduced to a still lower denomi-
nation and so on,

ExaupLe 31.—Find the value of £:978175.
OPERATION.
97875

20

19‘575033.
_u Ans, 1938, 63d. 4 § of a farthing.
8'900021‘1.

3'60000f.
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Exaypre 32.—Find the value of -7863625 of a pound Apothe-
earies’ weight.

OPERATION.
*78636256
12

94383600 oz,

— Ans. 9 oz, 3 dr. 1 scr. 9-448 grains.
S'woeoogdrs.

14724000 sor
20

9°4430000 gTs.
EXERCISE.

33. Find the value of 0:3945 of a day.
Ans. 9 hours 28 min. 48 sec.
34. Find the value of 0:3965 of a mile.
Aas, 3 far. 6 per. 4 yds. 2 ft. 6:24 in.
36. Find the value of 0-309153 of an oz. Troy.
Ans. 6 dwt. 4:39344 grains,
36. Find the value of 22-75 of .£2 2s. 6d. Ans. £48 6s. 104d.
37. Find the value of 11-17825 of 7 bush. 1 pk. 1 gal. 1 qt.
Ans.* 82 bush. 3 pks. 0 gal. 1 qt. 0°4905 pt.
38. Find the value of -2057 of a 1b. Troy.
Ans. 2 oz. 9 dwt. 8-832 grains.
39. Find the value of -176 of 1 fur. 36 per. 2 yds. 5 in.
: Ans. 13 per. 2 yds. 1ft. 4 in.
40. Find the value of -625 of a league. Ans. 1 mile 7 fur.
41. What is the value of 015625 of a bushel ? Ans. 1 pinf.
42. What is the value of ‘9378 of an acre ?
Ans. 3 roods 30 per. 1 yd. 4 ft. 9y%% inchea.
43. Find the value of -2775 of 1 sq. yd. 3 ft. 72 in.
Ans. 3 sq. ft. 674 in.

CIRCULATING OR REPEATING DECIMALS.

59. Let it be required to reduce & and § to decimals.
OPE)RATION'.
9)5

*6555656 &0,
7)6 -

“857142857142857142 &c.

* If the given quantity be expressed in more than one denomination it
ghl?lllxslg lie lifdluceii ;o z;m I;t;{;)re :pplytiins the rule. Thus in thia enmpg;
. . 1gal. 1 qt, =237 qrts. and 11°17825 X 237 = ¥ h =
bush, 8 pgs. 0 gak 1 qrt, 0°4905 pints. 7= 8640 24525 gt
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In these and many other ocases the division does not
terminate, and the value of the fraction can only be
approximately expressed. In the former of the above
examples the figure 5 is constantly repeated, and in the
latter the series of figures 857142.

80. Decimals which do not terminate, <. e., which con-
sist of the same digit or set of digits constantly repeated,
are called Repeating or Circulating Decimals.

61. The digit or set of digits, which repeats, is called a
repetend, period or circle.

Nore.—The terms period and circle are commonly used only
when the repetend contains two or more digits.

82. A Single repetend is one in which only a single
digit repeats,

Thus, ‘3388 &c.; *7777 &c.; ‘88888 &c. are single repetends.

83. A Single repetend is expressed by writing the digit
that repeats with a dot over it,

Thus, *333 &c. is written '3; 777 &c. is written 7.

64. A Circulating Decimal or Compound Repetend is
one in which more than one digit repeats,

Thus, 347347347 &ec. ; ‘202020 &o. ; "123412341234 &c. are Circulating Deci-
mals or Compound Repetends.

85. A Circulating Decimal is expressed by writing the
recurring period once with a dot over its first and last digits.
Thus, 347347 &c. iswritten "347; 2020 &c. 0 ; 12341234 &c. is written 1254,

66. A Pure Repetend or Circulating Decimal is one in
which the repetend commences ‘mmediately after the
decimal point.

87. A Mixed Repetend or Circulating Decimal is one
which contains one or more ciphers or significant figures
between the repetend and the decimal point,

Thus, ‘3. 7,1 are Pure Repetends.
“78917, *0378, “002 are Mixed Repetends.
*79, 043, ‘81376 are Pure Circulating Decimals.
*1378, 678205, *0717863 are Mixed Circulating Decimals.
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68. Similar Repetends are those which commonce at the
same number of places from the decimal point,

Thus, ‘713;1'5, *912786 and *00071346 are Similar Repetends.
69. Dissimilar Repetends are those which commence at
a different number of places from the decimal point,

Thus, '7:34:2, -928627 and ‘9134278 are Dissimilar Repetends.

70. Coterminous Repetends are those which terminate
at the same number of places from the decimal point,

Thus, *7437,6243 and -1347 are Coterminous Repetends.
71. Similar and Coterminous Repetends are those which
both commence and end at the same distance from the
decimal point,

Thus, 734267, 16'471212, 198161341 are Similar & Coterminous Repetends,
72. In reducing a fraction to a decimal we place a _poiut after the
numerator, and annex 0s to it until it is exactly divisible by the de-
nominator. But since the point does not affect the division, merely de-
termining the place of the point in the resulting quotient, it is manifest
that we may leave it altogether out of considerabion, so that annexing 0s
to the numerator becomes in effect multiplying it by such a power of 10 as
will make it tain the d. inator. Now if the fraction, before pro-
ceeding to the division, be reduced to its lowest terms, the denominator
can have no factor in common with the numerator ; and if the denomi-
nator be exactly contained in the numerator with the 0s annexed, it can
only be from its being contained in that power of 10 by which the original
numerator was multiplied. Bnt since 10 contains only the factors 2 and 5,
:mg power of 10 can contain only the factors 2 and_5; and hence, in
order that the denominator may be exactly contained in the numerator
;v;flhEOS annexXed, it must contain only the factors 2 and 5, or powers of 2
Hence, when a vulgar fraction is reduced to its lowest
terms, if the denominator contain no factors other than 2
and 5, the corresponding decimal will be finite, but if the
denominator contain any other factor than 2 and 5, as 3,
7, 11, &c., the corresponding decimal will be infinite, i. e.,

will be a repetend.

ExamprLe 44.—Can 7, 34, 7 and 1Y; be exactly expressed as
decimals ?

16, the denominator of the first,=2X2X2X 2, (1. e. contains
no prime factor other than 2 or 5) therefore it can be exactly
expressed by a decimal.

25=5X5 (i. e. no prime factor other than 2 or 5) therefore
4} can be exactly expressed by a decimal.

12=2X%2X3 (i. e. does contain a factor other than 2 or 5)
therefore f; cannot be exactly decimated.

125=5X5X5 (i. e. no factor other than 2 therefore
can be exactly decimated. o 8) therefore 4
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EXERCISE.

Of the following fractions, which can and which cannot
be exactly decimated, i. e., reduced to equivalent decimals ?

45. ¢, '61216') ég, T4d7, 2nd é%%-

46. 1i5) &) o 500 b

47 H, fr, 1, §, and 15

78. We may determine the number of places in the
decimal or finite part of the decimal corresponding to a
vulgar fraction by the following :—

RULE.

Reduce the fraction to its lowest terms, and decompose the
denominator into its prime fuctors.

If the denominator contains no factors other than 2 or 5, or
powers of 2 or 5 the whkole decimal is finite.

If the denominator does not contain 2 or 5 as factor, the decimal
contains no finite part.

The highest exponent of 2 or 5 will indicate the number of deci-
mal places in the finite part of the corresponding decimal.

Exanrre 48.—How many decimal places will be required to
express 47 ?

Here, 8125 =5X5X5X5X5 =255, Therefore the equivalent decimal will
contain b places.

Exanrre 49.—How many decimal places will be required to
express yid ?

Here, 1800 = 2X2X2X2X2X2X5%X5 =26 %52, Hence ¢ is the highest
exponent, and the number of decimal places will therefore be 6,

EXERCISE.

50. How many decimal places will be required to express the
following fractions, viz :— {3, %, v'dds and %7

. Ans. 4, 3, 6 and 10.

51. How many places will there be in the finite part of the de-

cimals corresponding to 3 4315 and 287
ponding to 5, 44, v#ig 5,1, 4 and 11.

74. In decimating vulgar fractions where many places
are required in the decimal, the method of continually di-
viding becomes very tedious. In such cases we may some-
times shorten the work as follows : —

ExaurLr 52.—What decimal is equivalent to the vulgar frac-

tion 3y ?
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OPERATION.
29)1'gg(0'03m

130
116

140
118

240
233

8
2y =0'03448:8;. Therefore f; = 0-27586:% and substituting this
value for & we get:—
#5 = 0:03448275865%. Hence -fy = 0'206896551 7% and substi-
tuting this for ;% we get :—
3'g == 0:0344827586206896551 7% Hence ;/y=0-241379310344-
82758620%% and substituting this value for &y we get:—

g = 0-0344827586206896551724137931. Ans.

76. The number of places in a period cannot exceed the
units in the denominator minus one,

This is manifest from the fact that all the remainders that occur must
be less than the denominator, and their number cannot be greater than
the denominater, minus one; because we carry on the division by affixing
08., and it foilows that whencver we obtain a remainder like one that has
previously occurred, the digits of the decimal will begin to repeat,

451326
Thus § =0-857142, where the small figures above the line re-
present the successive remainders, none of which, of course,
can be as great as 7, the divisor,—the next remainder after
the 6 would be 4 and consequently the digits would com-
mence to repeat.

76. Those repetends that have as many places, minus
one, as there are units in the denominators of their equiva-
lent vulgar fractions are sometimes called perfect repetends.

The following are the only fractions having & denominator
less than 100 that give perfect repetends when decimated :—

Y s 3 7 P i ¢ and .

77. To reduce a pure repetend to an equivalent vulgar
fraction :—

RULE.

Put the period for numerolor and as many nines as there ars
places in the period for denominator.
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* . ..

Exaurie 53. What vulgar fractions are equivalent to -7, -93,
704 and +007043,
dns, T=7;-93 =33 =3}; 104 = §3§; 1007043 = y}34%s.

Beason %:'i therefore % g, § &c.,='2', 'é, '4', &ec., hence 'f, 2, 'é. &e., =

&) 3) g) &c.

Bimilarly gt = 01, therefore &= 075 = 23; 13="19; &

Hence 01=§\J, 07=§19-,23=§g 3 17 =1%; &c.

Boalso g} =001 ; g5 ="005; 483 ="167; &e.

Hence 001 = gy I = 243 &c.,, whence thereason of the rule is evident.

EXERCISE.
54, Reduce '8, -66, -::342, 7004 and 002003 to equivalent vulgar

fractions.
Ans. 8, 5, §13=1F;, $584 and 53§44s.

55. Reduce 19, 'iOG'}, '1.1115. and +704103 to equivalent vulgar
fractions. .

Ans. 43, 4585 = o F48 = 1PPFr and FE8E0E = 234584

86. Reduce -102, -0013, 100007103, -01020304 and 987654321 to
equivalent vulgar fractions.

Ans. 4 iy vl SRy and HHHTH.

78. To reduce a mixed repetend to an equivalent vulgar
fraction :— -

RULE.
Subtract the finite part from the whole and set down the differ-
ence for the numerator.
For denominator put as many 9s as there are places in the ¢ in-
Jinite' part followed by as many Os as there are places in the
¢ finite’ part.

Exaupir 57. Reduce '75, ‘1234 and 1132092 to their equivalent
vulgar fractions.

OPERATION,
19~ 7= 68 — numerator of firs? fraction.
1234— 12 = 1222= “ second
7182092~718 ==7181379 = “ third **

80 = 1st Denominator, since the repetend contains one place in the
finite, and one place in the infinite part.

9000 = 2nd Denominator, since the repetend contalns two places in
the finite part and two in the infinite part.
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9999000 = Srd Denominator, since the infinite part of the decimal,
contains four places and the finite part three places.

Hence, *13=4§=H}, -1234=3333=¢% and -7132092=F43}333.

Reason.—Let it be required to reduce -978734 to an equiva-
lent vulgar fraction.

Let z = 978734 @D
Then100r=978732  (II)

And 1000000x = 978734'8734 (III) ; subtracting (II) from (III)
gives 999900x = 978734—97
978734—97 . )
Whence z = 999900  — Whole repetend minus the finite part
for numerator ; and as many 9s as there are places in infinite
part, followed by as many Os as there are places in finite part
for denominator.

The rule may also be explained as follows: —

Taking the same example ‘978734 and multiplying it by 100, we get

978734 X 100= 978734 =97 87184 =97+ 134 (Art. 77.)

Now, since we multiplied by 100 this resnlt is 100 times too great. There-
fore '97é73;=’9016 + y3% 34y and to add these fractions we must reduce
them to a common denominator when they become :—

X 9999 8 .
9399900 + 'ng:—o' = (since 9999 = 10000—1)

97X (10000—1) 8734  97X10000—97 & 8784 _ 970000—97 8734

97%(;990097 + 999900 999900 999900 T 999900 + 999900
= om0 = Whole repetend minus finite part for numerator; and as
many 9s as there are places in infinite part, followed by as many 08 as
there are places in finite part, for denominator.

Whence the truth of the rule is manifest,

EXERCISE.

58, Reduce -8325, *147658, and 4320075 to their equivalent
vulgar fractions.

Ars. 5388 = 4434, 134834, and 4358543 = 143354
59. Reduce 875'4965 and 301'82’.75(.5 to their equivalent mixed
numbers. Ans. 8151232 and 301}434.

60. Reduce -083, ‘0714285, and ‘123456 to their equivalent
vulgar fractions. Ans, 1, 1, and yibtdy.

61. Reduce 7034, 96432, “00207, and '143271 to their equivalent
vulgar fractions. Ans. §333, 88%. 1oy and $35833.
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79. There are several properties helonging to repetends
which it is necessary to remember. They are as follows :
1st. Any finite decimal may be regarded as a repetend
if we make the Os recur:
Thus, 27 ="270=="2700 == 27000 = 2700000, &c.
2nd. A repetend having any number of places may he
reduced to one having firice, thrice, &e., that number of
places.
Thus a repetend having 2 places may be reduced to one having
4, 6,8, 10, 12, &c., places.
For example, 879 ="87273 = BTTETY, kel
232134 == 2351342134 = 2313421342134, &c.
3rd. Two or more repetends, having a different number
of places in each, may be reduced to others having the
same number of places in each, by the following :—

RULE.

Take the numbers indicating how many places there are in each
repetend, and find their leust common multiple. Reduce euch repe-
tend to that number of places.

Thus, let it be required to reduce '14"7, 'Béi, '8:11:7, to repetends
baving the same number of places.

Here the numbers of places are 1, 2 and 8, and the least common multiple
of 1, 2 and 3 is 6, and hence each new repetend must have 6 places.

Therefcre, 147 = T, ‘932 = *9323232, and "8417 ="8417417.

4th. Any repetend may be transformed into another
having a finite part and an infinite part containing as many
places as the original repetend, and heunce any two or more
repetends may be made similar,

Thus, ‘4123 ="41231 == 412312, &c.

7°654321 =7'6543216 = 7°65432165, &c.

5th. Having made two or more repetends similar by the
last article, they may be made coterminous by the preced-
ing one, and hence two or more repetends may always be
made similar and coterminous.

6th. If several repetends of equal places be added toge-
ther their sum will be a repetend of the same number of
places; since every set of periods will give the same sum,

N
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ADDITION OF CIRCULATING DECIMALS.
To add circulating decimals :—

RULE.

80. Make the repetends similar and coterminous and write them
under one anvlher, so as to have the units of the same order inthe
same vertical column.

Add, beginning at the right hand side and carrying what would
have been obtained if the decimals had been carried out two or three
places further.

ExampLE 62.—Add together ~78§, -9'2:7, -421 and 9-12545&.

Dissimilar, Similar. Similar and Coterminous.
78 = 783 = “78333333333333
‘937 = w7l = *92727272727273
‘g2l = Wi = *42149142142148
9125456 = 9126 = 9 '1234563456345f1i carriod.
Sum, =  11°25548382766204
EXERCISE.

63. Add together -9, 6-327, 19-43, 27-0278 and 0347123,

Ans. 53-8198638274,
64. AQd together T-427, 9-1234, 17-2987643 and 18-67.

JAns. 53-526228203901411.

65. Add together 4-&;5, 7'1.6;, 47123 and 97317,

Ans. 178092602138,
66. Add together 1'5, 99-083, ‘162, -814, 2-93, 3-769230, 9126

and 134:09. Ans. 339-626177443. _

SUBTRACTION OF CIRCULATING DECIMALS.\
To subtract one repetend from another ;—

RULE.
Make the repetends similar and coterminous, and write one bes
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nealh the other, so as to have units of the same order in the same
vertical column.

Sublract as in whole numbers, laking nolice whether one would
have been borrowed if the periods had been extended.

Examprs 67.—From 97-03429 take 11-03876.

Dissimilar. Similar, Similar and Coterminous.
9703429 9703429 97034292929
1103876 11038768 11:038768768

True difference, 85095524160
If the periods had been extended we would have had to borrow one from
the last figure of the minuend period, and bearing this in mind we say 8
from 8, 0, &c.

EXEROCISE. ‘
68. From 729-3427 take 93-126. Ans. 636-216742.
69. From 1-437291 take -00713. Ans. 1:4301600507824.
70. From 1-12754 take -47384. Ans, -65370016280907.

71. From 42-18%63 take 17-0000008432  ns. 251876324900,

MULTIPLICATION OF CIRCULATING DECIMALS.
81. To multiply one repetend by another or by a finite

decimal : —
RULE.

Change the decimals into their equivalent vulgar fractions
(Arts. 16 and 1), multiply these together, and reduce the product
to its equivalent decimal.

Exaxprp 72.—Multiply 3 by 78

'53:'3:% and '%é:—}&:—‘ 3%

Therefore, 3 X 18 =ix3f=35= 26 Ans.

Exauxrie 73.—Multiply 318 by 7432,

318 = & and 1433 =&5

Therefore 318 X '7432. =&KX 9%:-&%:-23(}46‘!.
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. EXERCISE.

74. Multiply 7-26 by 2-9. Ans. 21-75,
75. Multiply -297 by 7-72. s, 295515,
76, Multiply 818 by -171. Ans. +63.
77. Maultiply 1-735 by -47053. Ans. 81654168350,
%8. Multiply 4-722 by *198. Ans, -935.

-

DIVISION OF CIRCULATING DECIMALS.
82. To divide one repetend by another or by a finite

decimal :—
RULE.
Change the decimals into their equivalent wulgar fractions,
divide as in Art. 48, and reduce the result to its corresponding

decimal.
ExampLE 79.—Divide 427 by 818
'42.7'=]_4175 and ‘818 = S
Therefore, 427—— 8lg= HE ==t X =4 = 0'52..
. . EXERCISE.

80. Divide 082 by “123. Ans. 6.
81. Divide 389-185 by 151. Ans. 24°6.
82. Divide ‘81654168350 by -47053. Ans. 1135,
83. Divide -45 by '118881. JAns. 3-8235204117647058.

MISCELLANEOUS EXERCISE ON\ DECIMALS.
84. Reduce 1 of § of 1 of 14 to its equivalent decimal.

85. Multiply '67 by 2-13.
86. Find the value of ‘678125 of a week.

87. Reduce 92437 to its equivalent fraction.

88. Add together 67-234,98-713, and 9103471234, and from their

sum take 1001234561789,
89. Refiluce 5 fur, 36 rds. 2 yds. 2 ft. 9 in. to the decimal of &
mile,



AR .82.] EXAMINATOIN QUESTIONS, 197

90. Find the difference between 17428571 8q. ft. and 100-8 8q. in.
91. What is the value of 91789772 of two acres ?

92. Reduce 11-287 and 10428571 to vulgar fractions,

93. Divide 47-345 by 1-76.

94, From 85:62 take 13-76432.

95. Whatis the difference between 734 of a1b. and 198 of an oz.
avoirdupois ?

96, How many yards of carpet 2 ft. 53 in. wide will be required

to cover a floor 273 ft. long and 2016 ft. wide.

97. Multiply 3-145 by 4-29%.
98. How many finite places are there in the decimals correspond~
ing to &, o v ide o and A% 7
99. Add together 813, 61-12¢, 32933, and 5'624.
44283 ;68 of 3) 2-8 of 2:27
n . © e
1642629 2728 1'136

100. Reduce ( to asimple

quantity.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

qN(;;‘E.—Thc numbers after the questions rofer to the articles of the
seetwon., N
1. What is a decimal fraction ? (52)
2. What is the distinction between a decimal and its corresponding decimal
fraction ? (54 and Art. 47 Sect. L.)
8. How is a decimal reduced to its corresponding decimal fraction ? (55)
4. How is a vulgar fraction reduced to a decimal ? (56)
5. How would you reduce 4 oz. 17 dwt, 16 grs. to the decimal of a 1b ? (57)
6. How would you find the value of 71345 of a French ell ? (58)
7. What is meant by repeating or circulating decimals ? (60)
8. What is a repetend, period, or circle ? (61%
9. What is a single repetend, and how is it expressed ? (62 & 63)
10. What is a circulating decimal or compound repetend, and how is it
expressed ? (64 & 65)
11. What is a pure repetend ? (06)
12. What is a mixed repetend ? (67)
13. What are similar repetends ? Give an example. (68)
11. What arc dissimilar repetends P Give examples. (69)
15, What are coterminous repetends ? Give examples. (70)
16. When are repetends said to be both similar and coterminous P Give
examples. (71)
17. When can a vulgar fraction be exactly exprossed by a decimal ? (72)
18. Show that this must nccessarily be the case. (72
19, How can we ascertain the number of places in the finite part of the
decimal corresponding to any vulgar fraction ? (73
20, If the decimal corresponding t0 any vulgar fraction contain a repetend,
what is the greatest number of places that repetend can contain ® (75)
21. 8how that this must necessarily be tho case.
22, Whataro perfect repetends ¥ (76) .
3, How is a pure repetend reduced to a vulgar fraction? (77)
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24. How is a mixed repetend reduced toa vulgar fraction ? (78)

25, Show the truth of this rule, (77) .

26. Show that any finite decimal may be made into arepetend, (78)

27, Show that any repetend may be reduced to another having twice, thrice,
&c., asmany places. (79)

28, Show’ that any number of repetends may be made to have the same
number of places, and give the rule. (79) 5 X

29, Show that any pure repetend may be transformed into a mixed repe-

tend, (79 .

30. Show tha(t7tx;vo or more repetends may be made similar and cotermi-
nous. (79

31, How are circulating decimals added ? (80)

82. How are circulating decimals subtracted ? (81)

83. How do we multiply circulating decimals together ? (82)

34, How do we divide one circulating decimal by another f (83)

MISCELLANEOUS EXERCISE.
(On preceding Rules.)

1. Transform 4312131 guinary, into the nonary, ternary, and
octenary scales, and prove the results by reducing all four
numbers to the decimal scale.

2. Write down seven hundred and two trillions seven millions
thirty thousand and seventeen,and four millions and seventy-
six tenths of quadrillionths.

3. Divide 976'432 by -00000096.

(21+5625—1-5 1)

4. What is the value of + Tk

(148 X X 296 X hr=bL) 0472947
19

’ 6
5. Divide 97 1b. 3 0z, 4dr.1scr. 17 grs. by 91b. 7 oz. 7 dr. 2 ser.
6. A wall is to be built 15 yards long, 7 feet high, and 13 in.
thick, with a doorway 6 ft. high and 4 ft. wide ; how many
bricks will it require, the solid content of each being 108
cubic inches ?
7. Multiply 9 ft. 6/ 4 1/ by 11 ft. V' 9”7 117,

. 47+ 8 —y

8. Emd the value of% of 543 of 5.

9. Reduce 782436 pints to bushels, &c.

10. Find the least common multiple of T7, 42, 21, 21, 33, 14, 1,
11, 63, and 30. ,

11. Divide 36£87942 by 28e4 in the duodecimal scale. Also
change 3762814 from the nonary to the decimal scale.

12. How many divisors has the number 150528 ?

13. Find the value of *1234625 of 2 weeks and 2 days.

14. Multiply 27 1b. 4 oz. 3dr., avoirdupois, by 728%.

15. Add together $98°17, $42-29, £16 3s. 83d., $97-19,$127:874,
and from their sum subtract £6'7 17s. Tid.

16. Reduce '8, *76, 9123, and -003327 to their equivalent vulgar
fractions, i
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17. Take the number 704 and by removing the decimal point.
(1) Make it 10000 times greater; (2) make it 10000000
times less ; (3) make it billions; (4) make it hundredths of
billionths ; (5) make it tenths of millionths ; (6) make it
hundredths,

[{(23 X°5 of 1)+ T+ 0827} —111, -3+ of -16)+
[(-7632763x11) x4 of 4331X (} of 2 of 3 of *25 of 96)—3
18, Reduce PP
} of 6732467}

19, Divide £550 3s. 11d. among 4 men, 6 women, and 8 children,
giving to each man double of a woman's share; and to each
woman triple of a child’s.

20. Add together 16+, 19%, 23], and 129%.

21, Write down all the divisors of 8100.

22. Find the G. C. M. of 2691, 11817 and 9828.

23, Find the exact length of the lunar month which contains
2551443 seconds, and of the solar year, which contains
31556928 seconds.

24. How many times will a carriage wheel turn in going from
Toronto to Hamilton, a distance of 38 miles, the circumfer~
ence of the wheel being 14 feet 11 inches?

25. What is the weight of the water contained in a rectangular
cistern 11 feet wide, 13 feet long and 15 feet deep, and how
many gallons of water does it contain ?

NoTE.—A cubic foot of water weighs 62'5 1bs. and a gallon weighs 10 1bs,

26. Reduce £173 17s. 113d. to dollars and cents.

27. From 934 take 764% and divide the result 5%.

. 5§ +3% 1} of 4}

28. Find the value of T ofg <103 X 2o 137 of 53"

29. Transform 91342 undenary into the quinary, duodenary and
binary scales and prove the results by reducing all four
numbers to the decimal scale.

30. What are the prime factors of 7680 ?

31, Reduce 72 miles, 3 fur., 7 per., 2 yds., 1 ft.,, 7 in. to lines.

32. Find the price of 97 pairs of gloves at 47 cents per pair.

33. What is the worth of a pile of cord wood 73 feet long, 4
feet wide and 11 feet high, at $3-624 per cord ?

34. Divide 93723 by 294173,

35. How many bushels of oats are there in 73429 1bs.?

36, What is the worth of 719630 lbs. of wheat at $1-80 per
bushel ?

37. Add together $72-14 and $93-76 ; multiply the sum by 0-47
and divide the product equally among 11 persons.

38, Find the G. C. M. of 21389 and 180781.

* These questions though appareutly difficult are not so in reality—they
are designed for exerciss in canceling, and do not require much work,
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39. Reduce T, #, ¥, #f, 14, 75 and i to equivalent fractions,
having a common denominator.

40. Purchased 17 yards of cotton at 11 cents per yard, 19 yards
of ribbon at 37} cents a yard, 144 yards of silk at $2:17 a
yard, a parasol $4'75, a bonnet $11-50, 67 yards of sheeting
at 27 cents a yard, 15 yards of French merino at $1-37}
a yard, and trimmings $7-93. Require the amount of my
bill.

SECTION V.

RATIO AND PROPORTION.

1. Two numbers having the same unit may be compared
with one another in two ways:

1st. By considering /ow much greater or less one is than
the other; and

2nd. By considering how many times one contains the
other.

2. Ratio is the relation which one number hears to
another with respect to magnitude, when the numbers are
compared by considering, not how much greater or less
one is than the other, but Zow many times or parts of a
time one contains the other. Hence:

The ratio of two numbers is the quotient arising from the
division of one by the other.

Thus the ratio of 18 to 6 is 3, since 18 <6 =3, the ratio of 7 to 211is 1, since
7+a=¥r=1

3. The ratio of one number to snother, when measured with respect to
their difference,is sometimes called arithmetical ratio,to distinguish it
from the ratio considered as in (Art. 2), which is called geometrical ratio.

. In the following pages, whenever the term ratio is used, geometrical ratio
is meant ; we shall use the term difference in place of arithmetical ratio.

4. Since ratio simply expresses the quotient arising
from the division of one number by another, and since
(Art. 66,Sect. I1.) we have three ways of indicating division,
it follows that we have three ways of expressing the ratio
of one number to another,

Thus the ratio of 9 to 4 is expressed either by 94, or by %, or by 9:4.
The ratio of 7 to 13 is indicated either hy 7--13, or by Y3, or by 7:13.

. 5Ul Ratio can exist only between numbers of the same
ind.
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Thus it is obvious that no comparison with respect to magnitude can be
made between 8 hours and 11 pounds, or between 19 days and 16 miles, &e.
ie,, these numbers are not of the same kind, and thereforc no ratio can
exist between them,

8. Numbers are of the same kind when they are of the
same denomination, or when they have the same unit, or
when one can be multiplied so as to exceed the other.

7. The two given numbers which constitute the ratio
are called the terms of the ratio ; when spoken of together
they are called a couplet.

8. The first term of a couplet is called the wntecedent ;
the last term, the consequent.

Wher the ratio is expressed in the form of a fraction, the nu-
merator is the antecedent and the denominator the consequent.

9. Ratio is either direct or tnverse, simple or compound,

10. A Direct Ratio is that which arises from the division
of the antecedent by the consequent.

11. An Inverse or Inverted Ratio is that which arises
from the division of the consequent by the antecedent.

Thus the inverse ratio of 15 to 81is3:15, or -3, or 315, or 1.

12. An Inverse Ratio is sometimes called a reciprooal
ratio.

Tthuss tlie reciprocal ratio of 15to 3is3:15 or = } =inverse ratio of
15 . N

13. The reciprocal of a quantity is unity divided by
that quantity.

%Tl}l;s ;he reciprocal of 8 is §; of 11, 5 of %, 75 of £, 43 of §,9: of
13 &e.

14. When the direct ratio of two numbers is expressed by points,
the inverse or reciprocal ratio is expressed by inverting the order
of the terms ; when by a fraction, by inverting the fraction.

15. A Simple Ratio is one that has but one antecedent
and onc consequent.

Thus 9:3,7:11,18: 2, &c., are simple ratios.

16. A Compound Ratio is a ratio produced by com-
pounding or multiplying together the corresponding terms
of two or more simple ratios.

Thus, the simple ratioof ... ... .. .. 9:8is3.

the simple ratioof ... ... .. .. 24:2is12,
The ratio compouuded of these is 216: 6 =36,

17. It must be distinctly remembered that a compound ratio is of the
same nature as any other ratio, and, like a simple ratio, consists of one
antecedent and one consequent. The term compound ratio is used merely
to indicate the origin of the ratio in particular cases,
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18. Ratios are compounded by multiplying together all the an-
tecedents. for a new antecedent, and all the consequents for -a new
consequent.

Thus, the ratio compounded of 2:7,2:8,5:11, and 4:8iS2X 2 X 5 X 4:7
X3 X11 X 3or80:693.

EXERCISE.

1. What is the ratio of 27 to 3?
2. What is the ratio of 7 to 117
3. What is the ratio of 9 to 27?
4, What is the ratio of 42 to 5?
5. What is the ratio of 72 to 67

Required the ratio of the following numbers:—

13.
14.
15.
16.
17.
18.
19.

Ans. 9.
Ans. ¢,
Ans, 1.
Ans, 83,
Ans. 12,

Ans. 2.
Ans. 3.
Ans. 28.
JAns, 263.

$17 10 $8-50.
$93 to $31.

14 bus. to 2 pks.
40 m. to 12 fur,
24 1b. to 12 oz.
17 shillings to £51.
16 acres to 30 sq. per.

Required the inverse ratio of the following numbers :—

6. 5 to 25. Ans. +.
7. 49 to 1. Ans. 1.
8. 83to 1. Ans. 11%.
9. 187 to 11. Ans. 17,
10. 19 to 152.
11. 23 to 299.
12, 147 to 21.
20. 7 to 21. Ans. 3.
21. 12 to 2. Ans. 1.
22. 27 to 6. Ans. E.
23. 9 to 36. Ans. 4.
24, 19 to 57.
25, 81 to 9.
26. 187 to 17.

Required the reciprocal ratio
34. 7 to 42, Ans. 41z =6.
35. § to }. Ans. 8:2=¢.
36. 42 to 28. Jns. A ﬁ:%.
37. 17 to 68.

38. 19 to 17.

40
41
42
43

2.
28.
29.
30.
31.
32.
33.

of the following numbers ;:—
39.

6 days to 4 weeks. Jns. 43.
11 min. to 30 sec. .Ans. ;.
4 1bs. to 12 0z.  JAns. .
3 qts. to 43 gals. Jns, 574,
70 per. to 2 miles.

7 Flem. ells to 9 Eng. ells.
11 oz. {0 68 scruples.

Ans. 3.
Ans, §.
Ans, 45,

o to 3.
. 712 to 18.
. 512 to 32.
. 3 to 3.

. §to i

Required the ratios compounded of the following ratios i~

44,
45,
46.
417,
48.

2t03,5t0 7Tand 1to 7.
8 to 6 and 17 to 3.

91t08,Tto6,5t06,4 to3and 2 to 1.
1to7,1t03,3to1and5tol.
2t05,3t07 4t05,21 to 2and1 to 9.

19. Since the antecedent of a couplet is a dividend, the

Ans. 10 to 1417.
Ans. 136 to 18.
Ans. 2520 : 864.

Ans. 15: 21,
Ans. 504 : 3150.

consequent a divisor, and the ratio the quotient, it follows

from the

that ;—

principles established in Arts. 79-84, Sect. IT.,
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1st. Multiplying the antecedent of a couplet or divid-
ing the consequent by any number multiplies the ratio by

that number.

Thus the ratio of 28 to 112 =4,
The ratio of 28 X 3 to 112—=3 =} X 3 =three times the ratio of 28 to 112,

2nd. Dividing the antecedent of a couplet or multiply-
ing the consequent by any number divides the ratio by

that number.
Thus the ratio of 64 to 16 =4.
The ratio of 64 =2 to 16 =32:16 = 2 —4 -~ 2 =half the ratio of 64 to 16.

3rd. Multiplying or dividing both antecedent and con-
sequent of a couplet by the same number does not alter
the value of the ratio.

Thus the ratio of 18 to 6 is 3.
The ratio of 18 X 7:6 X 7=126:42 =3 =—=ratio of 18 -2:6=2=9:3.

20. Since any number of ratios to be compounded to-
gether may be expressed as fractions and then compound-
ed by the rule for multiplication of fractions (Art. 45,
Sect. IV.) it follows that :—

When several ratios are to be compounded together we may, be-

JSore multiplying the corresponding terms together, cancel any factor
that is common to an antecedent and a consequent.

ExampLe 49.—Compound together 4:17,34:55,11:2, 13:7,

and 21: 65.
OPERATION,
4 ;1% EXPLANATION.~17 cancels 17 and re-
] 5 duces 34 to 2 and this 2 cancels 2, the
third consequent; 11 reduces 55 to 5; 13
8% : §% reduces 65 to 5 and 7 reduces 21 to 3.
11 ¢ L\ =4%3:5%5 Theonlyantecedents now left are 4 and 3

which multiplied together make 12, and

180y ,,or the oan remaining consequentsare 5 and
3 5 12 : 25 Ans.5 whic multiplied together make 25,
21 : 8% The ratio 12 to 25 is therefore the ratio

compounded of all the given ratios.

Exampip 50.—Compound the | ExampLe 51.—Find the ratio

following ratios :— compounded of the following
OPERATION, ratios i(—
] OPERATIOX,

1§ 1: ¥
8 18 : 3%

2 37 YZSU Hx&

9 : 4y (=9 X 20:1_13 98 : By =1 4 Jdns.

18: 13 Jns. | 1} 4

1% : 11 : T %% &Y
2 .

%% : 13 |
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EXERCISE.
52. Find the ratio compounded of 9 : 186, 25 : 31, 341 : 18 and
48 : 100. Ans. 33:8,
53. Find the ratio compounded of 18:25, 7:9, 11:12, and
91 : 49, Ans. 143 : 150,
54. Find the ratio compounded of 1:2,2:3,3:4,4:5,6:6
and 7: 11. Ans. T : 66.
55. Find the ratio compounded of 2:5, 8:11, 14:17 and
187 : 112. Ans. 2 :5.
56. Find the ratio compounded of 3:5, 7:9, 11:13,15:17
and 19 : 21. Ans. 209 : 663.

21. If the antecedent of a couplet be equal to the con-
sequent, the ratio is equal to 1 and is called a ratio of
equality.

If the antecedent be greater than the consequent the
ratio is greater than 1 and is called a ratio of greater in-
equality.

If the antecedent be less than the consequent the ratio
is less than 1, and is called a ratio of less inequality.

Thus the ratio of 7 : 7 =1 is a ratio of equality.
The ratio of 7: 2 =3} is a ratioof greater inequality,
The ratio of 7: 14 = } is a ratio of less inequality.

EXERCISE.

In examples 1-43 of the foregoing Exercises point out which are
ratios of greater and which ratios of less inequality.

22. Ratios are compared with one another by expressing them in
the formn of fractions—reducing these to their equivalent fractions
having a common denominator and comparing the numerators.

Ratios may also be compared by actually dividing the aniecedent
by the consequent and thus uscertaining which gives the greatest
quolient.

Nore.—The latter method is usually the more convenient.

Examere 57.—Which is the greatest and which the least of
the following ratios, viz: 3:4, 7:8, and 9 : 10.

3:
By 1st Rule 7: least.

a—30
%; ;é 2 Hence 9 : 10 is greatestand 3: 4
) — 34

— 40U
Hence 9:10 is greatest

3:
By2ndRule7: 8=7+ 8=-
y2ndRule7: 8=T-- 8="g75, %" ¥ * &

9:10=9--10= -9
ExawpLe 58.—Gompare together the following ratios, 7:8,
%i3and 11:3and 5;6,

4=3 % 4= '752
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Hence 7:8 ig the greatest and

7:

9. 3
By Ist Rule ;752 2:3 is the least.

5:

Hence 7 :8 is the
greatestand 2:3
the least.

7: 8= T 8=87)

By 2nd Method 2° 3= 2+ 3=6
11:13=11--13="846153 |
5: 6= b=+ 6="83

EXERCISE.

59. Point out which is greatest and which least of the ratios
7:4,6:3,17:8,and 11:5.

JAns. 11:5 is greatest and 7: 4 least.

60. Point out which is greatest and which least of the ratios
16:9,10:3, 7:2, and 8: 3.

Ans. 7:2 is greatest and 16 : 9 least.

61. Point out which is greatest and which least of the ratios
7:33,11:49,16: 171, and 21 :106.
Ans, 16: 71 is the greatest and 21 : 106 least.

23. If the terms of two or morc couplets, having the
same ratio, be added together, the resulting couplet will
have the same ratio.

Thus, the ratio of 6 : 2=3, the ratio of 21:7=3,and the ratio of 33:11=3,
and the ratio 6+21433 to "+7+11 that is, of 60 ’to 20 s also 3.

That is, if 6:2 =21 : 7 =33 : 11, then 6-+21+33:2+7+11=6:2.

24. If from the terms of any couplet the terms of an-
other couplet having the same r«tio be subtracted, then the
resulting couplet will have the same ratio.

Thus, the ratio of 35 to 5is 7, and the ratio of 14 to 2is 7. So also the
ratio of 35—14: 5—2, that is, of 21:31s 7, or, if 3516 —=14:2, then 36—~14:5

—2==35:5.
25. A ratio of greater inequiddity is diminished by add-
ing the same number to both terms.

Thus, the ratio of 48:8=8.
The ratio of 48112 : 8412 or 60 : 20 == 3 which is less than ratio 48:8.

26. A ratio of less tnequality i8 increased by adding
the same number to both terms.

Thus, the ratioof 8: 48=1,
The ratio of 8+12:48 412 or 20160 =} which is greater than ratio of
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PROPORTION.

27. Proportion is an equality of ratios.
Thus, the ratios 15: 3 and 25: 5 constitute a proportion, since 15:3=5=
25 :5.

28. The terms of the two couplets are called propor-
tionals.

29. Proportion may be expressed in two ways,
1st. By placing =, the sign of equality, between the
ratios.
2nd. By placing four points, thus::, between the two
ratios.
Thus, we may express the proportion existing between 16, 3, 25, and 5 by
15:3=25:5,0r by 15:3::25:5. . N
‘We read either of them by saying the ratio of 15 to 8 equals the ratio of
25 to 5; or simply 15 isto 3 as 25 is to 5. X
NoTE.—The sign : : is supposed to be derived from ==, the sign of equality
the four points being merely the exéremities of the lines.
30. In every proportion there must be four terms, since
there must be two couplets, and each couplet consists of
two terms.

31. When three numbers constitute a proportion, one
of them is repeated so as to form two terms.
T]gug. it;; 18, 6, and 2 are proportionals.
18:6::6:2,
In this case the 6, i, e., the term repeated, is called the middle term or &
mean proportional between the other two numbers.

The 2 is called the ¢third term or a third proportional to the other two
numbers.

32. It is important to remember the distinction between ratio
and proportion.

A ratio consists of two terms, an antecedent and a consequent,

A proportion consists of two couplets or four terms.

One ratio may be greater or less than another.

One proportion cannot be greater or less than another, since
equality does not admit of degrees.

33. The outer terms of a proportion are called the ex-
tremes, and the two intermediate ones; the means

Thus, in the proportion 3 :17::21:119,
3 and 119 are the extremes.
17 and 21 are the means.

34. If four quantities be proportionals, the product of
the extremes is equal to the product of the means.
This, if6:11::18:33. Then 6 X 83==11 X 18,
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This may bo established in the following mauner :—6: 11=49§ and 18 : 33==
ﬂ,andsince 6:11::18:33,\G=L4(Art.27.) Now,since multiplying equals
by the same number does not destroy their equality, if we multiply these
fractions by 11 we get 6 = 53 and multiplying each of these by 33, we
have 8 X 83-=18 X 11; but 6 and 33 are the extremes and 18 and 11 are the
means, therefore in any geometrical proportion the product of the extremes
equals the product of the means.
The same fact may be established more generally as
follows :—

Let a, b,¢ and d be any four proportionals whatever.
Thena:b::c:d

a [
Buta.b_.—b—andc:d—g-

a

Therefore s =% — Multiplying each of these equals by ¢ X d, we have

aX d=0> ¢ But ¢ and d are the extremes and b and ¢ are the means.
Therefore, &c.

85, This principle then may be considered the fosf of a geometrical pro-
portion. 1f the product of the extremes equals the product of the means,
the four quantities are proportional; if t%e products are not egual, the
numbers are not proportionzﬁ.

38. It follows from Art. 34 that:—

1st. If the product of the means be divided by one extreme, the
quotient will be the other exireme,

2nd, If the product of the extremes be divided by one mean, the
quotient will be the other mean.

and hence,

8rd. If any three terms of a proportion be given, the fourth may
be found thus:

2nd term X 3rd term
4tk term,
1st term X 4th term
3rd term.
1st term X 4th term
T ondierm.
2nd term X 3rd term
1st term.
ExampLa 1.—What is the fourth proportional to 7,11 and 35 ?
2nd term X 3rd term  11Xx35

4th term = st term, = - =55 4ns.

ist term =

2nd term =

3rd term =

4th term=

Exampin 2.-~The first, second and fourth terms of a proportion
are 9, 16 and 128. Required the third term.
15t X 4th _ 9X128

ord term =—EIT __16— =172 Ans,
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EXERCISE.

3. The gecond, third and fourth terms of a proportion are 17,
11 and 93}. What is the first term ? JAns. 2.

4. The first, third, and fourth terms of a proportion are 21, 63
and 39. Required the second term. Ans. 13.

5. The first three terms of a proportion are 2, 3 and 7. What
ig the fourth term? JAns. 104,

6. The last three terms of a proportion are 91, 88 and 104,
Required the first term. Ans. 7.

Find the fourth proportional to

7. 4 yds. 18 yds. and $96. Ans. $432.
8. 51b. 2 1b. and $3-75. Ans. $1-50,
9. 1 cwt. 215 cwt. and $7-50. Ans. $1612°50.
10. 6 miles, 1 mile and 27 shillings. Ans. 4s. 6d,
11. 10 1b. 150 1b. and £6 3s. 9d. Ans. £92 16s. 3d..
12. 4days, 27 days and $100. Ans. $675.

37. It will be useful to remember the following properties of
a Geometrical proportion. As the proofs are given in every
common work on Algebra, it has not been thought advisable to
insert them here. e, b, c and d stand for any four proportionals
whatever.
Ifa:b::c:d Orif16:6::10
Alternately « :d 15:1
Inversely b:a::d:e 6: 0
By Composition @ +5:0::¢c+d:d 154 10+ 4:4,0r21:6::14:4
By Divisiona—0:4::¢—d:d 15—6:6::10—4:4,0r9:6::6:4
By Conversiona:a+b::e:c+d  15:15+6::10:10+4,0r15:21::10:14
Ora:a—b::c:ic—d 15:15—6::10:10—4, or15:9::10:8
88. Proportion in Arithmetic is usually divided into
simple, compound and conjoined.

o d
4

SIMPLE PROPORTION.

89. Simple Proportion is frequently called the Rule of
Three,because when t%ree terms ave given, by means of them
a fourth may be found. It is also sometimes called the
Golden Rule from its extensive utility.

40. ExanpLE 13.—If 16 barrels of flour cost $112, what will
129 barrels cost ?

In this and eve: other question in Simple Proportion there are two
ratios, one of which is perfect (i.e. has both terms given)and the other im-
perfect, and from the nature of proportion we know that these two ratios
must be both of the same kind, that is, they must be both ratios of greater
tnequality or both ratios of less inequality.

ow in the above example, tho ratio of $112 to the answer is a ratio of

isl-?ﬁ mgﬁétty sx’i‘xﬁe ltfls e\;ll(:lentt }tlhat, if 16 barrels cost $112, 129 barrels
5 re. erefore the other ratio i i inequali

and must be written 16:129, 018 also a ratio of less 4
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And since the ratios are equal,
arrels. dollars.
16:129::112: 4ns.
R
Also (Art. 36) Ans.—= ILIX_IZD____ 29003,
Proor.—Sct 903 in the fourth place, thus:
X 16:129::112:903
and see if the product of extremes = product of means (Art, 35.)
16X 903 = 14448 — 129X112,
From the preceding illustrations and principles we de-

duce for Simple Proportion the following general

RULE.

Sct the given term of the imperfect rutio in the third place, and
the letter x, to represent the answer, in the fourth.

Then, if, by the nature of the question, the ratio of the third
term to the answer is a ratio of greater inequality, make the re-
maining ratio @ ratio of greater inequality also ; but if the ratio
of the third term to the answer be a ratio of less inequulity, make
the other ratio a ratio of less inequalily also.

Lastly, (Art. 36,) multiply the sccond and third terms together,
divide the product by the first term, und the quotient will be the
answer in the same denomination as the third term.

Proor.—Multiply the first term and the answer together, and, if
the product is equal to the product of the second and third terms,
the work is correct. (Art. 35.)

ExaympLe 14.—If a man can walk 155 miles in 12 days, how
many miles can he walk in 60 days?

Here the imperfect ratio is 155 miles to r, and, in order to ascertain
whether it is a ratio of greater or less inequality, we have merely toask the
following simple question—° If a man can walk 155 miles in 12 days, can he
walk more or less in 60 days? Evidently more. Therefore the ratio of
155 : 2 is a ratio of less ineguality ; or, in other words, the autecedent must
be the least of the two numbers, and the statement is

days. miles.
12:60::155: 2,
Whence the answer ___60:(__215_5___ 775 miles.

41, Since the second and third terms multiplied together, con-
stitute a dividend, and the first term is a divisor, it is manifest,
from the principles of division (Arts. 79-84, Sect. IL.), that we
may cancel any factor that is common to the first term and either
of the other terms.

Thus in the last example we have 12:60::155:x and, dividing the first
and second by 12, we get 1:5::155: r and 156X5 =775 Aus.

ExampLe 15.—If 96 bushels of wheat cost $128, what will 15

bushels cost ?

to the question must be in dollars, the imperfect ratio is
Sléss:zl-teaﬁrclls‘g%;%he ngture of the question, we know that 15 bushels will

(o]
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t less than 96 bushels, we therefore place 15, the smaller of the remaining
gg:ms, in the second place, and the other term, 96, in the first place,
Hence, the statement is 96: 15 bushels:: $128: &

OPERATION,
bush, $ Here 32 reduces 96 to 3 and 128 {0 4,and 8
Y§:15::188:x cancels 3 and reduces 15 to 5.

B 5 4=520 Ans.
The teacher would do well to insist upon his pupils per-
forming all questions in Proportion by analysis.

Thus, to solve the last question, we begin as follows: If 96 bushels cost
§128, 1 bushel will cost J- of $128, or §1°33%. Then if 1 bushel cost $138},
15 bushels will cost 15 times as much, which is $20.

ExampLE 16.—If 27 men can mow 60 acres of grass in a day,
how many acres can 93 men mow ?

OPERATION. Here the imperfect ratio is 60:« acres, and
men. acres. since 93 men will evidently mow more than 27
Y8884z men, we _make 93 the second term and 27 the

° 31 20 first. Hence the statement is 27:93::60:z,
g 2 Then 3 reduces 27 to 9 and 93 to 31,and $ again

reduces 9 to 3 and 60 to 20, and the answer ia
31%20 equal to 31 multiplied by 20 and divided by 3,
=2063% acres.ns.

This question may be thus performed by analysis :

1f 27 men mow 60 acres a day, 1 man will mow 77 of 60 acres, or 2§ acres ;
93 men will therefore raow 93 times 23 acres = 2063 4na.

EXERCISE.

17. If 11 baskets of peaches cost $13-42, what will 87 baskets
cost ? Ans. $106°14,

18. If 28 cords of wood cost $266, what will 25 cords cost?
Ans. $237:50.
19. If a man receives $29-20 for 16 days’ work, for how many
days should he work for $83-60 ? Ans. 4543 days.
20. If 16 bags of potatoes are sold for $12:80, what will 156
bags bring? Ans. $124-80.

21. If a stick 7 feet long cast a shadow of 5 feet, what will be
the height of a tree which casts a shadow of 112 feet long?
Ans. 1564 feet.

22, If a stack of hay will feed 27 cows for 99 days, how long
will it feed 55 cows? Ans, 48% days.

23. If 9 bushels of peas sow 5 acres, how many bushels will be
required to sow 48 acres? JAns. 86 bushels.

24. If 3 men put up 73 perches of fencing in 2 days, how long
will they take to put up 803 perches ? Ans. 22 days.

25. If 176 pails of maple sap make 100 lbs. of sugar, how much
sugar will 1128 pails make ? Ans. 64044 lbs.

26. If it cost $20'88 to weave 108 yards of cloth, what will it
cost to weave 465 yards ? Ans. $89-90.
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27. If $16 pay for the carriage of 72 barrels of flour, for the car-
riage of how many barrels will 31278 pay? .4ns. 5751 barrels.
28. If 11 men plough 165 acres in a week, how many acres would
3 men plough in the same time ? Ans. 45 acres.
29. If 4 barrels of flour make 250 four-pound loaves of bread,
how many such loaves will 67 barrels make ?
Ans. 4187} loaves.
30. If 190 bushels of apples make 16 barrels of cider, how many
barrels of cider will 38 bushels of apples make ?

Ans. 3} barrels.
31. If 90 men can build a wall in 12 days, how many men could

build it in 15 days ? Ans. 72 men.
32. If 17 days’ work pay for 2 barrels of flour, for how many
barrels will 279 days’ work pay ? Ans. 3244 barrels,
33. If a train travel 27 miles per hour, how far will it travel in
24 hours? Ans. 648 miles.
34. If 7 cows make 30 lhs. of butter a week, how much may be
expected from 23 cows? Ans. 98% 1bs.

42. If any of the terms contain fractions or mized numbers,
apply the rules in Section IV.

ExawpLE 35.—If % of a basket of peaches cost % of a dollar,
how much will {%; of a basket of peaches cost ?

OPERATION,
tfpiad a:.t Therefore answer=—=§X %+ = $i X3 X§ =193
cents.

ExanrLe 36.—If % of a bushel cost - of a pound, what will
4} of a bushel cost ?

oo

OPERATION.
Y%l £4 1z, Therefore answer =4 X 1% =4 X 1§ x Lt =
£, =11s. 10%d.

NoTE—If the first term be a fraction, invert it and conuect it to the
others by the sign of multiplication.

EXERCISE.

37. If % of a ship cost $9750, what will 3} cost?  Ans. $42000.
38. How much will } of a yard come to if § of a yard cost § of
a shilling ? Ans. 24d.

39. If $7-49 pay for § of a ton of coals, what will 8} tons cost?
Ans. $80-25.

40. If 5} yards of broadcloth cost 2842, what will 4 of a yard

come to? Ans. $2-80.
41. If 1% of a dollar pay for } of a bag of apyples, for what part
of a bag will ;/; of a dollar pay ? Ans. -1; of a bag.

42. If $100 stock i3 worth $08%, what will] $47244 stock be
worth? Ans. $467-124.
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43. If 173 tons of hay last a certain number of horses 1077
days, how many days will 1114 tons last the same number
of horses ? Ans. 10145 days.

44, If 224 cords of wood last as long as 1574 tons of coal, how
many cords of wood will last as long as 11;% tons of coal ?

Ans. 164% cords of wood.

45. If } of # of 3} yards of broadcloth cost % of % of $4%, what

will 3 of 3 of & of a yard cost? Ans. $3f; or $0-0669.

43. When the first and second terms are not of the
same denomination or contain different denominations—

RULE.

Reduce both to the lowest denomination contained in either, and
then apply the rule in Art. 40.

ExampLE 46.—If 11 bushels 2 pks. 1 gal. cost $74, what will
76 bushels 1 pk. 1 gal, 1 gt. 1 pt. cost ?

OPERATION.

The Jowest denomination contained in either is pints. .

11 bush, 2 pks. 1 gal.: 76 bush. 1 pk. 1 gal.1 qt. 1 pt.:: $74: x ; this reduced
becomes 744:4891 :: $74-7: x.
1
s, SO0 _ g
In this example 11 bush, 2 pk. 1 gal. = 744 pints and 76 bush. 1 pk. 1 gal.
1 qt. 1 pt.=4891 pints,

EXERCISE.
47, What will 37 sq. yds. 4 ft. 120 in. of painting cost, if 9 sq.
yds. 2 ft. cost $3:50? Ans. $14-245.
48, How much will 12 1b. 10 oz, of silver come to at $1:25 per
0z. 17 Ans. $192-50.
49. If 10 yards of ribbon cost $3:40, what will 3 yds. 2 qrs.
cost ? Ans. $1°19.
50. If 15 oz. 12 dwt. 16 grs. cost $3-80, what will 13 oz. 14 grs.
cost ? Ans. $3°161.
51. What will 3 1b. 1 oz. 11 dwt. cost, if 12 1b, 6 oz. 4 dwt. cost
%600 ? Ans. $150.

52. If a man can pump 54 barrels of water in 2 hrs. 46 min. 30
sec., in what time will he pump 24 barrels ?

Ans. 1 h. 14 min.

53. What will 73 yds. 3 qrs. 2 na. 1 in. of velvet cost, if 3 Flem.

ells 2 qrs. 1 na cost £4 179, 84d.?7  Ans. £128 6s. 10§}d.

54. If 45 oz. avoirdupois cost 83 shillings, what will 844 1bs,

cost ? Ans, £13 98, 03d.

55. In the copy of a work containing 327 pages, a remarkable

passage commences at the end of the 156th page. On what

page might it be expected to begin in a copy containing

400 pages? Ans. On the 191st page.
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56. If the rent of 46 acres, 3 roods, and 14 perches be £100, what
will be the rent of 35 acres, 2 roods, and 10 perches?

Ans. £75 183. 633544,

57. When A had travelled 68 days at the rate of 12 miles a day,

B, who had travelled 48 days, overtook him. How many

miles a day did B travel, allowing both to have started

from the same place ? Ans. 17.
58. If 21} shillings pay for 161 Ibs. of prunes, how many pounds
can be bought for 324 shillings ? Ans. 2458 1bs.

59. A ton of coal yields about 9000 cubic feet of gas; a street
lamp consumes about 5, and an argand burner (one in
which the air passes through the centre of the flame) 4
cubic feet in an hour. How many tons of coal would be re-
quired to keep 17493 street lamps, and 192724 argand burn-
ers in shops, &c., lighted for 1000 hours? /ns. 95373¢.

60. The gas consumed in London requires about 50000 tons of
coal per annum. For how long a time would the gas this
quantity may be supposed to prcduce (at the rate of 9000
cubic feet per ton), keep one argand light, (consuming 4
cubic feet per hour) constantly burning ?

Ans. 12842 years and 170 days.

61. Suppose 11270 1bs. of beef for a ship’s use were to be cut up
in piecesof 4 1b., 3 1b,, 2 1b., 1 1b., and } lb.—there being
an equal number of each. How many pieces would there
be of each ? Ans. 1073; and 3} 1b. left.

62. The sloth does not advance more than 100 yards in a day.
How long would it take to crawl from Toronto to Kingston,
allowing the distance to be 180 miles ?

Ans. 3168 days, or about 8% years.

63. Supposethata greyhound makes 27 springswhile a hare makes
25, and that their springs are of equal length. How many
springs must the hound make to overtake the hare, if the
latter has a start of 50 springs ? Ans. 675.

COMPOUND PROPORTION.

44. Compound Proportion is an equality between a
compound ratio and a simple ratio.

Thus 7 : 11 compounded with 22:21 :: 34: 51, is a compound ratio.
X(‘i)r 7X22:11X21 :: 84: 51, and applying Art. 40 we have 7>22:X51==11X21
34,

45. Compound Proportion is also called the Double
Rule of Three. It enables us to obtain the answer by a
single statement, although two or more proportions are con-
tained in the question.
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48. In Compound Proportion there are three or miore

ratios, one of which is imperfect and all the others perfect.

47. Let it be required to solve the following question: It 18
men dig a trench 30 yards long, in 24 days, by working 8 l}0urs
a day, how many men will dig a trench 60 yards long, in 64
days, working 6 hours a day?

Let us suppose the time to be the same in both cases, and this question
becomes the same as the following : s

If 18 men dig 30 yards of trench, how many men will dig 60 yards?

Here it is evident the answer will be the same fraction of 18 that 6 yards

is of 30 yards; or, in other words, the required number of men = §§ of 18
men,

Next let us take into accouut the number of days; but suppose they
work the same number of hours per day in both cases. i

The question then becomes: If §3 of 18 men require 24 days to diga
trench, how many men will dig it in 64 days? N 50

In this case it is plain that thie answer will be the same fraction of 4§
of 18 men that 24 daysis of 64 days; that is, the required number of men=
%4 of £ of 18 men.

Lastly, let us take into consideration the time worked each day.

The question then becomes: If %4 of §9 of 18 men dig a trench in a cer-

tain number of days, working 8 hours per day, how many men will dig it
working 6 hours per day?

In this case the answeris obviously =4 of %} of -g% of 18 men, or dividing

these equal by 18. A"’:;"”: EXEXEE.
18

Or taking the reciprocals T = ExEEXEs.
That is the ratio compounded of &: 8, 64 : 24, and 30 : 60 = ratioof
1 60

. 30:
18 : Answer, Or,,64 : 24 » : : 18 ; Answer,
6:8

The answer is eq\ial to the continued product of the third term, and all

the second terms, divided by the continued product of all the first terras,

From the preceding principles and illustrations, we de-
duce the following general

RULE FOR COMPOUND PROPORTION.

Place that number which is of the same kind as the answer i
the third term, and the letter n to represent the answer in the fourtk'
term.

Then take the other mumbers in pairs, or two of a kind, and
arrange them as in simple proportion.

Finally, multiply together all the second terms and the third
term, divide the result by the product of the first term, and the
quotient will be the fourth term or answer required.

Nore.—Since the third term and second terms multiplied to-
gether constitute a dividend, and the first terms multiplied to-
gether, a divisor, we may (Arts. 79-84, Sect. 11) cancel any
factors that are common to any of the first terms and to the third
term or any of the second terms.
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€

Exampir 1.—If 5 compositors, in 16 days, 11 hours long, can
compose 25 sheets of 24 pages in each sheet, 44 lines in each
page, and 40 lettersin a line ; in how many days, each 10 hours
long, may 9 compositors compose a volume, to be printed in the
same letter, consisting of 36 sheets, 16 pages to a sheet, 50 lines
to a page, and 45 letters to a line ?

STATEMENT. SAME CANCELLED.
0 comp. : 5 comp. R0
10 hours : 11 hours. ,_{‘UQ (11, 4
25 gsheets : 36 sheets. | days. Som o BN
t Q'Z) &’-91 . mfi 1§ x.

44 lines : 50 lines.

. 1
Aggtt : Rz | ans. 3xa=12
40 letters : 45 letters. ?

443 Y ) days.

ExPrLANATION.—The imperfect ratio is that of 16 days to an unknown
number of days. We place this ratio to the right hand-side, as in Simple
Proportion. Now we compare each pair of terms with this ratio, in order
to decide whether they constitute n ratio of greater or less inequality.
Thus, if 5 compositors require 16 days, will 9 compositors require more or
less P Evidently less ; therefore it (s a ratio of greater ineguality, and we
must write it 9:5. Next,if 11 hours to the day require 16 days, will 10
hours to the day require more or less P—more ; therefore we must write
10:11. Next, if 25 shecets require 16 days, will 36 days require more or
less P—more ; therefore we write 25:36. Next, if 44 lines to a page require
16 days, will 50 lines to a page require more or less »—more ; therefore
we write 44:50. Lastly, if 40 letters to a line require 16 days, will 45 letters
to a line require more or less P—more ; therefore we write 40': 45.

The statement is now complete, and we cancel as follows ; 5 cancels 5,
the first consequent, and reduces 25, the third antecedent, to 5, and 5 can-
cels this 5, and reduces 50, the fifth consequent, to 10, and 10 cancels this
10 and 10, the second antecedent, Again, 9 cancels the first antecedent
and reduces 36, the third consequent, to 4, and 4 cancels this ¢ and reduces
44, the fifth antecedent, to 11, and 11 cancels this 11 and 11, the second_con-
sequent. Again, 8 reduces 24 to 3 and 16 to 2, 3 cancels this 3 and reduces
45t015. 2 cancels the 2 resulting from the 16 and reduces 40 to 20, and
5 reduces this 20 to 4 and the 15 resulting from 45 to 4. Lastly, 4 can-
cels this 4 and reduces 16, the third term, to 4. There fmain but 3
and 4 which multiplied together make 12. Ans.

24 pages : 16 pages. J rlex

ExamprLE 2.—If 24 men can saw 90 cords of wood in 6 days,
when the days are 9 hours long, how many cords can § men saw
in 36 days, when they are 12 hours long ?

STATEMENT. SAME CANCELLED.

24 men : 8 men. E cords. 42’1 : 82 .. «110 z

6 days :36days. 2 ::90: x. B 2% 104 —
: §: 88 [ Ans. 10 X2X12=

9 hours : 12 hours. y:lz | 240 cords.

Here the imperfect ratio is 80: Aus. 1f24 men saw 90 cords, will 8 men
saw more or less P—less ; therefore it is a ratio of greater inequality, and
we write 24: 8. Next, if 6 days saw 90 cordsof wood, will 36 days saw more
or less *—more; therefore it is a ratio of less inequality, and we write 6: 36.
Lastly, if 9 hours per day saw 80 cords, will 12 hours per day raw more or
lessP—more ; therefore it is a ratio of less inequality, and we write 9 : 12.
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Examprp 3.—If 248 men, in 5} days, of 11 hours each, dig a
trench of 7 degrees of hardness, 232} yards long, 3% wide, and
2} deep ; in how many days, of 9 hours long, will 24 men diga
trench of 4 degrees of hardness, 3374 yards long, 53 wide, and
31 deep?

STATEMENT,
24 : 248 men, 34248
9 :11 hours. g4k
7 :4 degrees. 1: % Wiy
0324:3374 yds. Jong, | 353 days: Ans. o, § 4¢n . p7s
33 :57 yds. wide. bh .28
2% 3} vds. deep. 1:%

The answer will be (242X} X $ X 538 X X B+t 1X]
X1§ex ' %E)
=B I EXOLEXIEXIX X A X IXIX (25 X A XE

CANCELLED.
1%
§ % 4
g 11 % RYR_R V11,111 % g L3
SIEX XX XXX = X=X =X X o X e X —
11 1 X §F X & B § YV #g 11 X
=4X3Xx11=132 days. ) 81
' EXERCISE.
4. If 120 bushels of corn last 14 horses 56 days, how many days
will 90 bushels last 6 horses 7 Ans. 98 days.

5. If a wall of 28 feet high were built in 15 days by 63 men,
how many men would build & wall 32 feet high in 8 days?
’ Ans, 135 men
6. If 118, of thread make 3 yards of linen of 1} yards wide,
how many pounds of thread would be required to make a
piece of linen of 45 yards long and 1 yard wide? Ans. 121b.
7. If 3 1b. of worsted make 10 yards of stuff of 1} yards broad,
how many pounds would make a piece 100 yards long and
1} broad? - Ans. 25 1b.
8. If 12 horses in 5 days draw 44 tons of stones, how many
horses would draw 132 tons the same distance in 18 days?
Ans. 10 horses.
9. If 27s. are the wages of 4 men for 7 days, what will be the
wages of 14 men for 10 days? Ans. £6 153,
10. 3 masters, who have each 8 apprentices, earn $144 in 5 weeks
—each consisting of 6 working days. How much would 5
magsters, each having 10 apprentices, earn in 8 weeks, work-
ing 53 days per week—the wages being in both cases the
same ? Ans, $440.
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11

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

If 6 shoemakers, in 4 weeks, make 36 pait of men’s and 24
pair of women's shoes, how many pair of each kind would
18 shoemakers make in 5 weeks ?
Ans. 135 pair of men’s and 90 pair of women’s shoes.
A wall is to be built of the height of 27 feet ; and 9 feet high
of it are built by 12 men in 6 days. How many mea must
be employed to finish the remainder in 4 days ? Ans. 36.
If a footman travels 130 miles in 3 days, when the days are
14 hours long, in how many days of 7 hours each will he
travel 390 miles ? Ans. 18.
If the price of 10 oz. of bread, when the flour is 1s 104d. per
stone, is 1d., what must be paid for 3 lb. 12 oz. when the
flour is 2s. 6d. per stone ? Ans. 8d.
If 5 compositors in 16 days of 14 hours long, can compose
20 sheets of 24 pages in each sheet, 50 lines in & page, and
40 letters in a line ; in how many days of 7 hours long may
10 compositors compose a volume tq be printed in the same
letter, containing 40 sheets, 16 pages in a sheet, 60 lines in
a page, and 50 lettersin a line? Ans. 32 days.
If 336 men, in 5 days of ten hours each, dig a trench of 5
degrees of hardness, 70 yards long, 3 wide, and 2 deep, what
length of trench of 6 degrees of hardness, 5 yards wide, and
3 deep, may be dug by 240 men in 9 days of 12 hours each?
Ans. 36 yards.
If a pasture of 16 acres will feed 6 horses for 4 months, how
many acres will feed 12 horses for 9 months ?
Ans. 72 acres.
If 25 persons consume 300 bushels of corn in 1 year, how
much will 139 persons consume in 7 years at the same rate ?
Ans. 116 ‘bushels.
If 32 men build a wall 36 feet long, 8 feet high, #ad 4 feet
wide, in 4 days; in what time will 48 men build a wall 864
feet long, 5 feet high, and 3 feet wide ?
Ans. 30 days.
If a regiment of 679 soldiers consume 702 bushels of wheat
in 336 days, how many bushels will an army of 22407
soldiers consume in 112 days?
Ans. 7722 bushels.

If 12 tailors in 27 days can finish 13 suits of clothes, how
many tailors in 19 days of the same length, can finish the
clothes of a regiment of soldiers consisting of 494 men ?
Ans. 648 tailors.
If 17 head of cattle consume 5 acres 2 roods 10 perches of
pasture in 30 days, how many acres would be consumed by

40 head in 51 days?
Ans. 22 acres 1 rood.



218 CONJOINED PROPORTION. [8Ecr. V.,

23. If 180 bricks, 8 inches long, and 2 inches wide, are required
for & walk 20 feet long, and 6 feet wide, how many bricks
will be required for a walk 100 feet long and 4 feet wide ?

Ans. 600 bricks.

CONJOINED PROPORTION.

48. Conjoined Proportion is a kind of Compound Pro-
portion, in which the ratio of one of the terms to its cor-
responding term is made to depend on equivalencies among
the intermediatc terms of the proportion.

49. Conjoined Proportion is sometimes called the Chain
Rule, from the peculiar manner in which the different
pairs of terms are linked, as it were, together. It relates
principally to exchanges between different countries, in
respect to specie, weights, and measures, but iz applicable
to common business transactions.

50. ExaMpLE 1.—Suppose 7 yards of velvet in Toronto cost
as much as 9 in Montreal, and 16 in Montreal as much as 24 in
Paris, how many yards in Toronto will cost as much as 54 in
Paris ?

ExrLaNATION,—This question may be stated asa problem in Compound
Proportion as follows :

The imperfect ratio is 7 yards Toronte to an unknown

9: 16} Y number of yards, Toronto. Then, if 9 yards, Montreal,
24:545 """ pay for 7 yards Toronto, will 16 yards pgry for more or
less P—more; therefore we write 9:16,  Next if 24 yards

Paris pay for a certain number (LG‘;(_Z yards Toronto, will 54 yards Paris

pay for more or less?—more; therefore we write the ratio 24:54. Now

(Art, 47) .(\ answer — .E::"*% ; and itis evident that we may consider all
) 2. 9X2

the factors of the n rator ag antecedents, and all the factors of the de

nominator as consé 1ts, andighen make the statement thus:

. STATEMERT.

7 yds. Toronto = 9 yds. Montreal.
16 ¢ DMontreal == 24 “ Paris.
‘4 *  Paris = =z *‘ Toronto.

Since the left-hand numbers constitute a dividend and the right-hand
numbers a divisor, we may cancel factors that are common. Merely writ-
ing the numbers and doing this we have—

SAME CANCELLED.
T=1 "
418 = 24
, AR =z=4X 7=128yds. Ans.
From the preceding principles and illustrations we de-
duce the following:
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RULE FOR CONJOINED PROPORTION.

Write the equivalent terms, as they occur, right and left of the
sign of equality, taking care that terms of the same name shall
always be on opposite sides,

Multiply all the terms on the same side as the odd term for a
dividend and all on the other side for a divisor. The quotient will
be the required term.

ExaspiLe 2.—If 25 sheep cat as much hay as 19 goats, and 33
goats as much as 10 cows, and 38 cows as much as 22 horses,
how many horses will eat as much as 60 sheep ?

STATEMENT. SAME CANCELLED.
25 sheep =19 goats ] Or writing the [} . =1y
33 goats =10 cows | numbers merely, | § 2 :1 2
38 cows =22 horses rcancelling and ap- | % e —_ 81 4
z horses=00 sheep | plying the rule.. | &8 :é?‘m

Ans. 1 X 2=8 horses.

Here, since the term 25 sheep is on the left hand-side,; we put the odd
term, 60 sheep, on the right-hand side.

NoTe.—The sign =in such questions, merely means equal in value, or
eqnial in time, or equal in effect, &c.

ExaupLE 3.—If 19 1bs. of tea in Guelph cost as much as 20 1bs.
in Hamilton, and 7 in Hamilton as much as 9} Ibs. in Quebec, and
30 lbs. in Quebec as much as 29% lbs. in Bostor, and 8} lbs. in
Boston as much as 5} lbs. in London, and 10 1bs. in London as
much as 57 1bs. in Hong Kong ; how many lbs. in Hong Kong
are worth 100 lbs. in Guelph?

STATEMENT. SAME CANCELLED,
19 Guelph == 20 Hamilton ) 1§ = 29 10
7 Hamilton = 91 Quebec "Z _ 91
30 Quebec —= 291 Boston g % _ 393 4
81 Boston = 5} London R B - 5.1 4
10 London = 57 Hong Kong 1R :5‘% 1%
z Hong Kong = 100 Guelph r — 1§ 18
Ans. 10X93 X 53=506% lbs.
EXERCISE.

4. If 17 cords of wood are equivalent to 116 lbs. of tea, and 87
1bs. of tea to 23 barrels of flour, and 19 barrels of flour to
34 days’ work, and 92 days’ work to 57 baskets of peaches,
and 31 baskets of peaches to 24 dollars, and 12 dollars to
2 tons of coal ; how many cords of wood may be purchased
for 35 tons of coal? Ans. 135%.
5. If 6 1lbs. of tea are worth 29 lbs. of sugar, and 17 lbs. of
sugar pay for 1 bushel of wheat, and 27 bushels of wheat
are equivalent to 4 tons of coal, and 34 tons of coal pur-

chage 15 cows, and 29 cows cost $1160; how many pounds
nf tea can ha nurrhacad far K20 ? Ans. 26583,
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6. If 11 bushels of barley pay for 21 bushels of potatoes, and
19 bushels of potatoes for 29 bushels of oats, and 115 bushels
of oats for 44 bushels of wheat, and 144 bushels of wheat
for 38 bushels of peas, and 60 bushels of peas for 55 bushels
of rye, and 75 busheis of rye for 113 bushels of cloverseed ;
for how many bushels of barley will 36 bushels of clover
seed pay? Ans. 814,

7. If 16 baskets of pears pay for 29 turkeys, and 17 turkeys for
7 days’ work, and 7} days’ work for 187 loaves of bread, and
31 loaves of bread cost as much as 4 1bs. of veal, and veal
is 11 cents per pound, and $7:92 pay for 63 lbs. of sugar;
how many pounds of sugar will 21 baskets of pears pur-
chage ? Ans, 404},

8. Suppose A can do as much work in 7 days as B can in 11
days, and B as much in 5 days as C can in 8 days, and C as
much in 15 days as D can in 21 days, and D as much in 11
days as E can in 5 days; in how many days would A doas
much work as E can do in 42 days? Ans. 264.

9. If 7 barrels of flour pay for 23 cords of wood, and 6 cords
of wood pay for 11 cwt. of beef, and 46 cwt. of beef cost £28,
and £77 pay for 9 sheep, and 5 sheep are worth as much as
8 tons of coal ; how many barrels of flour may be purchased
for 9 tons of coal ? Ans. 134,

10. If 15s. in N. England be the same in value as 20s in N. York,
and 24s. in N. York the same ag 22s. 6d. in N. Jersey, and
30s. in N. Jersey the same as 20s. in Canada; how many
pounds in N. England are the same in value as £240 7s. 6d.
in Canada? JAns, £288 93.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NoTE—The numbers following the questions refer to the numbered
articles of the section.
1. In how many ways may one number be compared with another with
respect to magnitude? (1)
2. What is ratio ? (2)
8. What is the difference between the Geometrical and the Arithmetical
ratio of numbers? (3)
. How many ways have we of expressing the ratio of one number to
another? (4)
. Between what kind of qnantities only can ratio exist ? (5)
. When are quantities said to be of the same kind ? (6)
. What isa couplet ? (57)
. What is the antecedent ?—the consequent ? (8)
. How many kinds of ratio are there? (9) -
. Vl{hat is a direct ratio? (10)
. \\'hat is an inverse ratio ? (11)
. What is the reciprocal of a quantity? (12)
. What is a reciprocal ratio ? (13)
. How is t,helx'ﬂeclproca,l ratio of two numbers expressed ? (14)
X St};?gstohgss) reciprocal ratio  and “inverse ratio " are interchangeable

=
SLRTOM

s
e

ot bt et
2]



SEcT. V.) EXAMINATION QUESTIONS, 221

16. What is a simple ratio ? (15)

17. What is a compound ratio? (16)

18, Since a compound ratio does not differ in nature from a simple ratio,
why is the term used ? (17)

19. How are ratios compounded together® (18)

20. How does multiplying the antecedent or dividing the consequent of a
couplet by any number, affect the ratio ? (19)

21. How does dividing the antecedent or multip %1Vng the consequent of
couplet by any number, affect the ratio? hy? (19

22, How does multiplying or dividing both antecedent and consequent of a
couplet by any number, affect the ratio? Why ? (19)

23, How does it happen that we may cancel any factors common to an an-
tecedent and a consequent, before compounding ratios together? (20)

24, When is a ratio called a ratio of equality 7 (21)

25. When is a ratio called a ratio of greater inequality 7 (21)

26. When is a ratio called a ratio of less inequality ? (21)

27, How are ratios compared with one another? (22)

28, When equal ratios are added together, what is the nature of the result-
ing ratio? (24)

29, W‘ha.t,i effect has adding the same number to both terms of a ratio? (25

and 26)
30. What is Proportion ? (27)
31. What are the terms of the two equal ratios called ? (28)
32. How many ways are there of expressing Proportion ? (29)
33. What is the supposed derivation of the sign ::? (20—Note)
34. How many Zerms must there be in every proportion ? (30)
85. When three numbers constitute a proportion, what is the repcated term
called P—What is the last term called ¥ (31) X
38. Point out the distinctions between ratio and proportion. (32)
87. What are * extremes” and “means ” 7 (33)
388. Prove that if four quantities are proportional, the product of the ex-
tremes is equal to the product of the meaus, (34)
89, What is the test of geometrical ratio ? (35)
40. Deduce ‘rom this principle a rule for finding any one of the terms when
the other three are given. (36.)
41, If 7 210 3 x : y, what does the proportion become? 1st, by composition,
%nd,( alternately ; 3rd, by conversion; 4th, by division; 5th, inverse.
y. (37)
. What arc the different kinds of Proportion? (38)
. What other names has Simple Proportion ?—Why so called ? (39)
. Give the rule for making the statement in Simple Proportion ? (40)
. Give t({le rule for finding the unknown auantitv after the statement is
made ? (40)
. Show thnt(we may cancel any factors that are comnmon to the first term
and either of the others, before applyiug the rule? (41)
41. If any of the terms contain fractions, what is done ? (42) X
48. If the first and second terms are not of the same denomination, what is

334
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the rule P (43) .

49. What is Compound Proportion ? (44) .

50. What other name has Compound Proportion? (45)

51. How many ratios are there in Compound Proportion, and how many of
them are perfect P (46) A

52, In stating a question in Compound Proportion, what do you make the
third term ? (47) . i

63. How do you know whether the other ratios are ratios of greater or less
inequality ? (47) . .

54. When the statement is made, how is the answer obtained P (47)

" 85, Show that before applying the rule we may cancel any factors that are

common to any OF the first terms, and to the second and third terms,

(47—Note)
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56. What is Conjoined Proportion ? (48)

57. Why is it sometimes called the Chain Rule? (49)

58. Give the rule for Con]omed Proportion ? (50)

59. In what sense is the sign == taken in these statements? (50)

—

[~
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10.
11,

12.

13.

14,
15.
16.

17.
18.

‘

MISCELLANEOUS EXERCISE.
(On preceding Rules).

. What is the ratio compounded of the ratios 7: 8,17:11, 23: 29,

319 : 119, and 16 : 69 7

. Reduce £119 16s. 61d. to dollars and cents.
. How many days are there from 12th March to the 17th of the

following February ?

. Compare together the following ratios, and point out which

is greatest and whichleast, 9: 13,21 : 27, 7:10,and 11: 15,

. From 7623478 take 19-1342291.
- Multiply 7132417 undenary by 23421 quinary and divide the

result by #4e7 duodenary. Give the answer in each scale.

. If 5:63 cubic inches of water weigh 3-254 ounces avoirdupois,

what will be the weight of 7-9 cubic inches of nitric acid
having a specific gravity of 12207

. Divide 63 yds. 3 qrs. 2 na. 1 in. of ribbon equally among 17

persons.

. What is the value of ‘913625 of an acre at 67 cents per &q.

yard?

Multiply 1 of 2 of & of 20 bushels by *5X- GXB

Of the ratios 6 : 7, 17 8, 23: 11, and 88: 176, pomt out (1)
which is the grcatest, (2) which is the Ieast, (3) which are
ratios of greater inequality, (4) which are ratios of less in-
equality, (5) what is the ratio compounded of these ratios.
The population in Canada in 1851 was 1842265, and in
1857 it was estimated at 2571437. What was the rate per
cent. of increase ?

From one-half of two-thirds of eighteen twenty-ninths sub-
tract one-eighth of two-thirds of five-gevenths.

Deduct 7 per cent. from 11 feet.

What is the value of 79 lbs. of tea at £:00163 per ounce ?

If 3 men in 24 days, working 12 hours a day, can cradle a
field of wheat containing 20 acres, in how many days can
4 men, working 10 hours a day, cradle a field of wheat con-
taining 35 acres ?

Find the value of (3 of Prx-02x" 4.;6) (34 of § of } of 51.)
A certain number is dlnded by 5, the result is dxvxded by %,
this result by 12, and thislast result by 4. The last quotient
is 2; what was the original number ?
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19.

20.
21.

22.
23.

24.
25.

26.
21.
28.

29.
30.

31,

32.
33.

34,

35

36.
37,
38.

If 50 barrels of flour in Toronto are worth 125 yards of cloth
in New York, and 80 yards of cloth in New York 6 bales of
cotton in Charleston, and 13 bales of cotton ia Charleston
3} hogsheads of sugar in New Orleans; how many hogs-
heads of sugar in New Orleans are worth 1000 barrels of
flour in Toronto ? ..
Multiply 73-47 by *0063, and divide the result by 17-2345.
Reduce 2 roods 7 per. 4 yds. 3 ft. 117 in. to the decimal of
7 acres.

Deduct -73 of 11 furlongs from § of § of 4 of 70 miles.
From 274312 nonary take 1101011010 binary, and multiply
the result by 5555 septenary. Give the answer in all three
scales.

Find the 1. ¢. m. of 44, 275, 18, 190, 209, and 225,

If 60 men in 6 weeks of 5 working days, of 10 hours each,
build an embankment 800 yards in length, 18 feet in mean
breadth and 11 fl. in mean height, how many men will
make an embankment 8742 feet long, 20 feet wide and 8 ft.
high, in 10 weeks, of 6 days each, and 11 working hours to
each day ?

How many divisors has the number 172000 7

Multiply 42-7 by 9-7123.

Deduct 27 per cent. from $73-42.

What are all the divisors of 63007

If 3 of § of 34 1bs. of coffee cost § of § of $9 of } of a dollar,
what will 2 of -7 of *6 of 3} of 90 lbs. cost ?

If $2739-18 be divided among 7 men, 2 women, and 11 chil-
dren, 30 that each child shall have % of a woman’s share,
and each woman % of a man's share, what will be the
amount received by each ?

What is the reciprocal ratio of 7 :1l; the direct ratio of
93:17; and the inverse ratio of # of [ ?

Add together 4 of 6} yards, } of 4 of 8] ft., and % of % of
7y’; inches.

What is the ratio compounded of 23:7, 4:11, 6: 5, 13: 11},
and 38} :3?

A pint contains 9000 grains of barley, and cach grain is one
third of an inch long. How far would the grains in 23 bush.
2 pks. 1 gal. 1 gt. 1 pt. reach if placed one after another?
Reduce yi}5% to its lowest terms.

Add together }, %, #, and % in the ocfenary scale.

If 17 sheep eat as much grassas 6 cows, and 26 cows require
27} acres, and 12 acres supply 13 horses, and 11 horses eat
as much as 28 goats, how many goats will eat as much as
68 sheep ?
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39. Suppose that 50 men, by working 5 hours each day, can dig,
in 54 days, 24 cellars, which are each 36 feet long, 21 feet
wide, and 10 feet deep, how many men would be required
to dig, in 27 days, 18 cellars, which are each 48 feet long,
28 feet wide, and 9 feet deep, provided they work only 3
hours each day ?

SECTION VI.

PRACTICE.

1. Practice is so called from its being the method of
calculation practised by mercantile men ; it is an abridged
mode of performing processes dependent on the Rule of
Three—particularly when one of the terms is unity.

The statement of a question in practice, in general terms, would be—
One quantity of goods: another quantity of goods :: price of former : price

of latter.

2. The simplification of the Rule of Three by means of
practice, is principally effected, either by dividing the given
quantity into “ parts,” and finding the sum of the prices of
these parts; or by dividing the price into ¢ parts,” and
finding the sum of the prices of each of these parts; in
either case, as is evident, we obtain the required price.

3. An Aliquot Part is an exact or even part.

Thus, 2 shillings is an aliquot part of 2 pound ; 12} cents is an aliguot
part of a dollar; 6 months, 4 months, 3 months, 2 months, 14 months are
aliquot parts of a year, &c.

TABLE OF ALIQUOT PARTS.

Parts of 81, r;}tga:f fggn;&r‘a Parts of £1.[F a,rll:. Of| Farteutaomt =
50cts. = }l6m’ths— }l15days—= il{i0s = pled = 556 b =1
33F — %41 :!‘10 = }ies8d = §4d=§281b =
3 = i3 =} = jiss = jjsd = jji6lb =14
20 = }2 =33 = }l4s = i2d = jl4lb =1
163 = 4 = |8 =l 3s4d = %14 = 1 8lb =
12 = In =42 =i ned= Lha=g|7b =
&% = 1 =gy 3 =44 Ty
8t = 6 1s 8d = ¢, of 28 1: -
5 =4 1s4d = gy b, =}
4 = 1s 3d = 7lb =}
: = . = b =}

b =L

* Although we allow but 100 lbs, to the cwt. in Canada, it is often neces-
sary to roake calculations with the old cwt., 0f 1121bs. This arises from the
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Examprr 1.—Find the price of 2783 yards of silk at 33-374
per yard.
OPERATION.
26 c.{ (2783 The cost of 2783 yards at §5°37) = cost at $; + cost at
3 37} cents.
— 2783 yds, at $3 comes to 3 times asmuch asat §1: ie.,
8349 to 3 times $2783, or $8349. 37} cts. equals 25 cts. + 12}
12} ¢.| 4| 69575 cents, hence, 2783 yds. at 374 cents = price at 25 cents -
347874 price at 124 cents.
Since 2783 yards at §1 comes to $2783, and 25 conts =1
Ans. $6392'62% of a dollar ; 2783 yards at 25 cents come to } of S
ie., to $695°75. Again, because 2753 vards at 2
come to $695'75 and 124 cents equals § of 25 cents, 2783 yards at 12! cents
will come to 4 of $695775 ; i.e., to $347°87%.
Then 2783 yards at $3:374 = price at $3 4 price at 25 cents + price at 124
cents = §8349 -+ $695'75 -+ $347°874 = $9392°623.
Exanmpire 2.—What is the cost of 972 oz. of gold dust at £3
14s. 84d. per 0z.?

OPERATION.
10s. | 972
£2016 =costat £3 0 0
3s.4d. i 486 =costat 010 0
10d. 162 =costat 0 3 4
5d. % 40 10s. =costat 0 0 10
13d. |3 20 5 =costat 0 0 5

5 13d. =costat 0 0 1}
£3629 16 3 =—costat £3 14 8}

ExampLE 3.—Find the price of 729 days work at £1 %s. 114
per day.

OPERATION.
6s.12| £729 0 0 =priccat£l 0 ©
1s,8d.[ %] 182 5 0 =priceat 0 5 0
sd.f 1 6015 0 =priceat 0 1 8
i, 310— 15 3 9 =priceat 0 0 5
16 3} =priceat 0 0 o}
£987 18 11} =priceat £1 7 1}

ExaupLe 4. —What is the cost of 624 bush. 1 pk. 1 gal. 3 qt.
of wheat at $2:87} per bushel ?

OPERATION,
60 cts. % 62;

$1248 = price of 632 bush. at $200
25 cts, i 312=price " “ at 60
12k cts, 166=price “ * at 25
78=price “ “ at 124

$1794 = price of 624 bush. at $2'874

fact that the latter is still in common use in Great Britain, several of the
States of the American Union, &c. The aliquot parts of the new cwt., of
100 Ibs. are the same as the aliquot parts of §1,

P
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1 pk. || $2'874 = price of 1 bush.

1
F;
1 gal. |3 ‘717 = price of 1 pk.
2qt. |y '35;%= price of 1 gal.
1qt.|3| '173%=price of 2 qt.
‘8§43 = price of 1 gt.
$1°3444 = priceof 1 pk. 1 gal. 3 gt.
Then $1794 =price of 624 bushels at $2'87} per bushel,
1344} = price of 1 pk. 1 gal. 8 qt. at $2'87} per bush,

817953449 = price of 624 bush. 1 pk. 1 gal. 3 qt. at $2'87} per bush,

ExaupLe 5.—What is the price of 96 acres 1 rood 14} per. at
£7 11s. 51d. per acre ?

10s.| % 96
7
£672 0 ==price of 96 acresat £7 0 0
1s.8d.] ¥ 48 0= *“ o “ at 010 O
B[ 6 0= “« «ogf 013
3d.| 12= “ “ at 0 0 L
6= « “« « a4t 00 O

£726 18 = price of 96 acres at £7 11 5}

1rood| 1 |£7 11 5%

117 103+24 = priceof 1 rood.
10per.| 3 9 5}+-f¢ = price of 10 perches.
4per.t s 3 9}+%3 = price of 4 perches.

iper. 3 5% + 5% = price of 4 perch,

£211 7 ‘3l f= price of 1 rd. 144. per.at £7 11s, 5}d. perac,
£726 18 . = price of 96 acres.

Ans. £729 95.7d. -+ 335 f.= price of 96 acres 1 rood 14} per.

ExamrLE 6.—What is the cost of 964}} square yards of plas-
tering at 22} cents per square yard ?

20 cts. 1 964
23 cta.l3 | $192:80 = cost of 964 yds. at 20 cts. 22} X 11 — 15} cents,
24'10 = cost of 964 yds.at 2} cts. 15

$218'00 = cost of 964 yds. at 22} cts.
“163 == cost of  of a yd, at 224 cts.

Ans.§217°06 = cost of 964 |1 yds. at 22/ cts. per yd.

EXERCISE.

7. Required the value of 92647 1bs. of tea at 35 cents per Ib.
] Ans. $32426+45,
8. What is the cost of 94937 pails at 1s. 5d. each?
Ans, £6724 14s. 1d.
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9.

10.
11.
12,
13.

14

15.

16.

What is the worth of 95972 hoxzes at 71 cents ?
Ans, ST1H7-00,
What is the cost of 62 acres at $28:80 per acre?
ns, 8178560,
Find the price of 2310 Ibs. at 32} cents per 1b. us. $750-75.
Find the price of 2117 bags at 37} cents each. Ans. 793-871.
Find the price of 7506 pair of shoes at 1s. 93d. a pair.
Ans. £680 4s. Tid.
What is the value of 1217 1bs. of coffee at 174 cents. perlb?
Ans. 2212071,
Find the price of 2103 cords of wood at $3:07} per cord ?
Ans. S6466-723.
What is the cost of 2096 oz. of gold dust at £3 18s. 101d.
per 0z.? Ans. £3266 2s, 0d.

. Required the value of 6 0z. 18 dwt. 20 grs. of silver at $1:35

per oz. ? Ans. $10°7534.

. What is the cost of 98 yds. 3 qrs. 1 na. of cloth at L1 13s.

per yard ? Ans. £172 18s. 53d.

. What is the rent of 344 acres 3 roods 15 per. at £4 1s. 1d.

per acre? Ans. £1398 1s. 0 }d.

. What is the price of 5 0z. ¢ dwt. 17 grs. of mercury at Js.

10d. per oz.? Ans. £1 11s. 153d.

Find the price of 4 yurds 2 qrs. 3 nails of satin at L1 2s. 4d.
per yard ? Ans. £5 4s. 81d.

. Find the price of 32 acres 1 rood 14 perches at £1 16s. per

acre ? dns. £58 4s. 14d.

. Find the price of 3 gals. 5 pts. of spirits of wine at Ts. 6d.

per gallon ? Ans. £1 Ts. 23d.

. How much will 724 bushels of apples come to at $1-674 per

bushel ? Ans. $1212:70,

. What i3 the cost of 721 bush. of wheat at $1:93} per bush ?

Ans. $1396:037%.

. What is the cost of 4514 rods of fencing at £2 175, 71d. per

rod ? Ans. £13005 19s. 3d.

. What is the price of 37492 acres at £3 15s. 6d. per acre?

Ans. £14153 17s. 934d.
Allowing 112 1bs. to the cwt., find the value of—

. 17 ewt. 1 gqr. 17 1bs. at £1 4s. 9d. per cwt.

Ane. £21 108, 837,d.

. 18 cwt. 3 qrs. 12 lbs. at $11-55 per cwt. Ans. $910-80.
. 20 tons 19 cwt. 3 qrs. 274 lbs. at £10 10s. per ton.

Ans, £220 9s. 114d. nearly,

. 219 tons 16 cwt. 3 qrs, at $45°50 per ton, .ns, $10002:60.
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BILLS OF PARCELS.

(No. 1)

Queeec, 16tk April, 1859,
Mr. Jorn Day,

Bought of RicHARD Jongs.
s. d. £ 8 d
15 yards of fine broadcloth, at...... 13 6 per yard, 10 2 6
24 yards of superfine ditto, at ...... 18 9 “ 2210 0
27 yards of yard wide ditto, at..... . 8 4 “ 11 5 0
16 yards of drugget, at............ 6 3 s 5 00
12 yards of serge, at...ccvuuennne, 2 10 b 114 0
32 yards of shalloon, at....ecen.... 1 8 ¢ 213 4
Ans, £53 410

(No. 2.)

MoNTREAL, 24th June, 1859.
Mr. Jaues Paur,
Bought of THoxMas NorToN,

9 pair of worsted stockings, at.... 4 6 per pair,

6 pair of silk ditto, at....... ceses 16 9 £
17 pair of thread ditto, at........ . 5 4 “
23 pair of cotton ditto, at......... 4 10 “
14 pair of yarn ditto, at .......... 2 4 ¢
18 pair of women's silk gloves, at.. 4 2 “
19 yards of flannel, at..... cveeees 1 T4 per yard,

o

Ans, £23 15 4§

(No. 3.)
ToroxTo, 10tk July, 1859,

Mr. W Fineert,
Bought of GeorgE Paics.

754 lbs. of sugar, at........ 7§ cents per Ib,,
63 lbs. of tea, at.......... 98 «

126 lbs. of butter, at....... 13 i
354 lbs. of raisins, at....... 183 “
17 1bs. of sago, at......... 15 “«
23 1bs. of rice, at ....... . 9 f
681 1bs. of starch, at....... ~ 22 «

—————

JAns, $10502§



AgT. 3.] PRACTICE, 229

(No. 4.)

Hamivrow, 12th August, 1859.

Mz. JorN JAMES,
Bought of James THoMAS,

3 ots,
198 Sangster’s National Arithmetic, at.......... 0-60
197 Robertson’s Philosophy of Grammar, at..... . 0-50
83 Hodgins' Geography, at..cecveeciesen veve. 1-00
57 Sangster’s Algebraic Formula, at........... 0-123
217 Strachan’s Canadian Penmanship, at........ 0-3734
143 Hodgins’' Geography of British Provinces, at.. 0-45
227 Sangster's Elementary Arithmetic, at....... 0-30

—_—

Ans. 352125

(No. 5.)

Niadara, 17th September, 1859.

Mg, ‘ALex, LEITE,
Bought of LawrENCE MERCER.

s. d.
9} yards of silk, at..... veesessness 12 9 per yard,
13 yards of flowered ditto, at....... 15 6 “
112 yards of lustring, at..... veranes 6 10 “
14 yards of brocade, at....o et o113
12} yards of satin, at......cocvitn 10 8 ¢
11} yards of velvet, at........coueen 18 0 «

Ans. £44 15 10

(No. 6)

Kingsron, 11tk July, 1859.

Dr. ALEX. HAMILTON,
Bought of TiMorEY PESTLE.

14 oz. ipecacuanha, at . ........ senseseees $067
23 ¢ laudanum, at..cecierenciiiniains . 089
17 ¢ emetic tartar, at..... Ceeiesesanenee 1-25
25 ¢ cantharides, at.cccceenvasneianaens 2-17
27 % gum mastic, at...vavriaeiiiienn 061
56 ¢ gum camphor, at.....c.viiiinanen 0-27

Ans. $136-94
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(No. 1)
Loxoox, C. W., 1st May, 1859,
Mg. Jas. Grey,
Bought of MicEAEL LEws,

s. d.

153 1bs. of currants, at..o.ovveuinnnn. . 0 4 perlb,
174 lbs. of Malaga raisins, at.......... 0 51 ¢
193 1bs. of sun raisins, at....... cieeeas 0 6 ¢
17 Ibs. of rice, at..ouue.n. cevesneress 033

83 1bs. of pepper, at...c coviiiainn. .1 86 ¢

3 loaves of sugar, weight 321 lbs., at.. 0 8} ¢
13 o0z.of cloves, at.....o0vievenase.e 0 9 peroz.

Ans, £3 13 5;

TARE AND TRET.

4. Tare and Tret is the name given to a rule by means
of which merchants calculate the amount of certain
allowances which were formerly made in buying and sell-
ing goods by weight in large quantities. They were as fol-
lows:

1. Tret, an allowance for waste in weighing.

2. Tare, an allowance for the actual or supposed
weight of the box, bag, barrel, &c., containing the
goods. And

3. Cloff, an allowance of 2 Ibs. in every 336 for the
turn of the scale in retailing goods.

Of these the only one known in Canada is Tare; and as
this is always set down in full in the invoice, Tare and Tret,
as a rule, has no existence in Canadian mercantile trans
actions, and has therefore been altogcther omitted.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

};QTE.— The numbers after the questions refer to the articles of tht

section.

‘What is Practice? (1)

‘Why is it so called ? (1)

Of what rule is Practice merely a modification ? (1)

. What would be the general statement of a question in Practice? (1)

. How is the process for finding the price of a number of articles simpli
fied by Practice? (2)

‘What is an aliguot part?® (3)

. What are the aliquot parts of a dollar? (3)

Np pmser
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8,
9.
10.
1.
12,

TN )

10.

11.

12,

13.

‘What are the aliquot parts of a year ? (3)

What are the aliquot parts of a month ¥ (3)

‘What are the aliquot parts of a £? (3)

What are the aliquot parts of a shilling ? (3)
‘What are the aliquot parts of a cwt. (112 1bs.) ? (3)

—

MISCELLANEOUS EXERCISE.
(On preceding Rules.)

. Take the number 70204, and, by removing the decimal point

(1) multiply it by 100000; (2) divide it by 10000; (3)
make it thousandths ; make it tenths of billionths ; (5) make
it tenths ; and (6) make it hundredths of billionths.

. Divide 4271 by -0000637.
. What will 19 tons 19 cwt. 3 qrs. 274 Ihs. of hops cost, at

£19 19s. 113d. per ton?

. Add together 73-723, 11-343, 16:713, 19-034, 713-213437, and

12-3456178.

. Of the ratios 5:7, 9:13, 12:17, and 7: 10, point out (1)

which is greatest, (2) which is least, (3) what is the ratio
compounded of these ?

. If 1 acre of land cost $80-50, what will 25 acres, 2 roods,

35 rods cost ?

. What is the G. C. M. of 144, 485, and 63.
. What is the price of 7439 cords of wood at $3'681 a cord ?
- Reduce 135115, §44385, 153304, and 4419} to their lowest

terms.
If 34} bushels of turnips are worth 17 bushels of potatoes,
and 9 bushels of potatoes 594 lbs. of tea, and 6 1bs. of tea 113
stone of flour, and 13 stone of flour $3:60, and 38 cents pay
for 12 1bs. of bread ; how many bushels of turnips are worth
119 lbs. of bread ?
If 27 men in 7 days, working 8 hours a day, paint 42 floors,
each 20 feet long and 16 feet wide, with 3 coats of paint to
each; in how many days, of 11 hours each, will 54 men
paint 77 floors, each 24 feet long and 22 feet wide, giving
each 5 coats of paint ?
Take the number 7449164 and by removing the decimal point,
make it (1) One bundred thousand times greater.

(2) One million times less.

(3) Hundredths of quadrillionths.

(4) Thousandths.

(5) Tenths of billionths.

(6) Tenths.
Reduce 72342 nonary to equivalent expressions in the duo-
denary, senary, and ternary scales, and prove the results by
reducing all four numbers to the decimal scale.



232 PERCENTAGE. [8Ecr, VII

14. Express in the decimal scale the greatest and least numbers
that can be formed with six digits in the binary, quaternary,
senary, octenary, and duodenary scales.

15. Write down all the divisors of 1728.

16. What is the 1. c. m. of the first fifteen even numbers, 2, 4, 6,
8, &c.?

17. From 97-91342 take 18-12345617.

18. What would be the cost of painting a ceiling 20 ft. 7 in.
long and 19 ft. 5 in. 7”7 wide, at $2'874 per square yard ?

19. Divide 916 acres, 3 roods, 17 per., 7 yards, by 43 agres, 1 rood,
3 per., 17 yds.

SECTION VIL

PERCENTAGE, COMMISSION, BROKERAGE,
STOCKS, INSURANCE, CUSTOM-HOUSE
BUSINESS, ASSESSMENT.

1. The term Per Cent. is derived from the Latin word
per, “by " or “for” and centum, “a hundred,” and means
“for a hundred.” The term is usually employed to indi-
cate the allowance paid for the use of money, but may also
be used to express so much the hundred units of any other
quantity.

Thus, the term 5 per cent.on so many dollars, gallons, miles, days, &c.,
signifies 35 on every $100, or 5 gallons on every 100 gallons, or 5 miles on
every 100 miles, or 5 days on every 100 days, &c.

2. When the rate per cent. is known, the rate per unit
is easily obtained by dividing the rate per cent. by 100.

Thus, 1 per cent. is equal to 1}y or 01 per unit,
2 per cent. is equal to 1§57 or 02 per unit.

7 per cent. is equal to 755 or 07 per unit.

9 per cent. is eqQal to yJ7 or 09 per unit.

10 per cent. is equal to & or 10 per unit.

18 per cent, is equal to {5 or ‘18 per unit,

39 per cent, is equal to s or 39 per unit.

95 per cent. is equal to 25_or °95 per unit,

125 per cent, is equal to 434 or 1'26 per unit.

378 per cent, is equal to §%8 or 378 per unit,
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%

 per cent. is equal to 06 or 005 per unit.

} per cent. is equal to l_(*)l) or ‘0025 per unit.
3
3 per cent. is equal to = or *0075 per unit,

100
1 per oent. is squal to 1%, or ‘00125 per unit,
6% per eent, is equal to 16_(?0 or ‘055 per unit, &c,
EXERCISE.

1. What rate per unit is equivalent to 1-6 per cent., 11 per cent.,
17 per cent., 63 per cent.?

. What rate per unit is equivalent to 6 per cent., 25 per cent.,
137 per cent.?

. What rate per unit is equivalent to 8} per cent., 9} per cent.,
2} per cent.?

4. What rate per unit is equivalent to § per cent., 7 per cent.,

83 per cent.?

[

W

5. At 6} per cent., how much is it for 1? Ans. 10625,
t. At 18} per cent., how much is it for 1? “ns. *186.
7. At 233 per cent., how much is it for 1? Ans, +23625.
8. At 2°734 per cent., how much is it for 1? cdns, (027340
9. .\t 827 per cent., how much is it for 1? “ns. -827.
10. At 19§ per cent., how much is it for 1? Ans. +193.

3. To find the pereentage of any given number—

RULE.

Multiply the given number by the rate per unit expressed deci-
mally, and point off the product as directed in .4rt. 53, Sec. II.

ExamprLe 11.—Wlat is 7 per cent. on $672:93 7

OTERATION,
$6T303-0T =47 1701 i .
EXPLANATION.—7 per cent. is cquivalent to 07 per unit: or, in other
words, the percentage on cach dollar is7 cents. It is obvious then that the
pereentage on the whole sum will be as many times 7 cents as the sum con-
tains dollars; that is ‘07 < 673'u3,

ExanmpLe 12.—What is 6} per cent. on 520547
Ans. 82934 X065 = 519071,
ExaurLg 13.—Whatis 47} per cent. on 7893 gallonsof molasses?
Ans. 7893 gal. X 4775 = 37689075 gallons.

EXERCISE. ;
14. What is 5 per cent. of 3742°10 7 ns. 337104,
15. What is 11 per cent. of $1000? Ans. $110.

16. How much is 10 per cent. of 3734197 Ans, 372419,
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17. How much is 87} per cent. of $1624:507 ns, $1421-4375.

18. What is 121 per cent. on $994:70 ? Ans. $124:3375.
19. What is 8% per cent. on $777-50 ? JAns. $68:034.
20. What is 2} per cent, of $7135-80 7 Ans. $160°5555,

21, A merchant imports 2740 boxes of oranges, and finds, upon
receiving them, that 20 per cent. of the whole quantity are
decayed. To how many boxes was his loss equivalent ?

Ans. 548 boxes.

22. A gentleman purchases a farm for $7490, agreeing to pay
10 per cent. down, 17 per cent. at the end of the first year,
27 per cent. at the end of the second year, and 46 per cent.
at the end of the third year. What is the amount of each
payment ? Ans. $749 down. '

$12%73-30 at the end of 1st year.
$2022-30 at the end of 2nd year.
$3445:40 at the end of 3rd year.

23, What is the difference between 4} per cent. of $740 and 2§
per cent. of $16807 Ans. $810.

24. If I purchase 729 gallons of brandy and lose 11 per cent, by
leakage, &c., how much have I remaining ?

Ans 648%}; gallons.

25, Add together 25 per cent. of $763-22, 16 per cent. of $847:I6,
and 6} per cent. of $1234°17. Ans. $403°486225.

26. A person dying leaves an estate worth $17429:40 to be
divided among his three sons. The eldest is to receive 43
per cent. of the whole, the second 37 per cent. of the
whole, and the youngest son the remainder; what is the
share of each ? ’

Ans. The eldest receives $7494-64}, the second $6448'874,
and the youngest $3485:88.

27. A merchant purchases vinegar to the amount of 68978 gallons
and finds, upon receiving it, that 36 per cent. had leaked
away. What was his loss ? Ans, 24832-08 gallons.

28. A brick kiln contains 29800 bricks, and it is found after
burning that 17 per cent. of the entire quantity are worth-
less; how many good bricks were there in the kiln ?

Ans, 24734,

—

COMMISSION.

4. Commission is the percentage charged by agents,
or commission merchants, for their services in purchasing
or selling goods, collecting bills, &e.

The person who buys or sells goods for another is called an Agent,a
Commission Merchant, a Factor, or a Correspondent,
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5. To find the commission or any sum at a given rate
per cent. is simply to find the percentage on that sum, and
the rule employed is the same as that in Art. 3, viz:

Multiply the given amount by the rate per unit expressed deci-
mally.

ExampLe 1.—What is the commission on $790-80 at 3 per cent, ?
Ans. $790'80 X -03 = $23-724.
ExAMPLE 2.—A commission merchant sells goods to the amount
of $7982+75; what is his commission at 2§ per cent.?
Ans. $7982°75 X 0275 = 3219:525625.
EXERCISE.
3. What is the cornmission on $1000 at 41 percent.? Jns, $45.
4. What is the commission on $1678-30 at 2} per cent ?
Ans. $37-76175,
5, What is the commission on $7531°19 at 3% per cent.?
Ans, $282:419625.
6. Find the commission on $508-60 at 1} per cent.?
Ans. $6:3575.
7. Find the commission on $7863-50 at 1§ per cent.?
Ans. $137-61125,
8. An agent collects debts to the amount of $878-30; what is
his commission at 24 per cent.? Ans, $21-9575.
9. A correspondent purchases teas for me to the amount of
$7193:16 ; what have I to pay him for commission at 3§ per
cent. ? Ans. $224°78625.
10. A commission merchant sells goods to the amount of
$6734:10; what is his commission at 17 per cent.?
Ans. S1144-797,

11. An agent sellg 718 barrels of flour at $£7:13 a barrel; what
is his commission at 4} per cent.? Ans. $21'1°57195.

12, A commission merchant digsposes of 8243 bushels of wheat
at $1:85 per bushel ; what is the amount of his commission
at 5% per cent. ? Ans. $857-78718'6.

BROKERAGE.

8. Brokerage is the percentage charged by money dealers,
called Brokers, for negotiating notes, mortgages, bills of
exchange, &c., or for buying or selling stocks, &e.

7. Brokerage is merely another name for commission,
and is computed by the same rule.
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EXERCISE.

13. What is the brokerage on $7893:87 at 2 per cent.?
Ans. $157-8714.

14. What is the brokerage on $8000 at ¥ per cent.? .4ns. $70.

15. What is the brokerage on $8643:22 at 1} per cent?.
Ans. $108-04025,

16. What is the brokerage on $78963:80 at [ per cent. ?
Ans. $690-93325.

17. What is the brokerage on $1987:27 at 3% per cent.?
JAns. $74:522625,

8. Commission and Brokerage should both be computed
on the amount of money collected or invested.

For example : If I receive $10000 to invest and charge 5 per
cent., my brokerage would be $500 if I invested the whole
$10000 ; but if, as is usually the case, I am requested to deduct,
from the amount sent, my brokerage or commission, and invest
the remainder, it would obviously be unjust to charge commis-
sion on the whole amount,—i. e., on the sum invested and also
on the sum I retain for commission. Hence, in all cases, the
sum actually expended is the proper basis upon which to com-
pute the commission, brokerage, &c.

9. To compute commission or brokerage when it is to
be deducted in advance from a given amount, and the
balance invested :—

RULE.

1. Divide the given amount by $1, plus the commission on $l,
and the result will be the sum to be invested.

2. Subtract the part to be invested from the given amount, and
the remainder will be the commission or brokerage.

ExampLE 18.—A correspondent receives $16782, with instrue-
tions to deduct his commission at 3} per cent., and invest the
balance in sugar at 9} cents per pound. How much sugar does
he ship to his employer, and what is his commission ?

OPERATION,

$16782 - 1035 = $16214°49275 = sum to be invested.

$16782 — $16214°49275 = $567°50725 = commission,

$16214°492756 - 9} cents = 170678°871 lbs. Ans.

E;{PLANATION.—The commission on $1, at the rate of 3} per cent, is

$0°035. Hence, for every time he receives $1'035, he keeps $0°035 for com-
mission and invests §1. It is plain, then, that if we divide the given
amount, $16782, by $1'035, or, in other words, find how often the latter
sum is contained in the former, we shall find how often he invests $1; i'.e.q
how many dollars he invests, o
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The work may be proved by finding the commission on the sum
invested (Art. 5), and comparing it with the commission as found
by deducting the sum invested from the whole sum sent.  If these
are equal, the work is correct.

EXERCISE.

19. Anagent receives $4000, with instructions to purchase Great
Western Railway stock. After deducting his brokerage at

14 per cent., how much money had he to invest and what
was his hrokerage ? Ans. Invested $3950-61728.
Commission $49-38271.

20. A merchant sends his agent 87500, with instructions to de-
duct his commission at 41 per cent., and purchase laces with

the remainder. What is the commission, and what sum was
expended in laces? Ans. Commission $322-96651.
Invested $7177-03349.

21, A commission merchant receives $8470, with instructions to
purchase the best brand of Canadian superfine flour at $6:40

per barrel. He is to receive out of this sum 5 per cent. on

the amount he invests. How many barrels of flour does he
purchase ? Ans. 1260+%; barrels.

22. A broker receives $11000, with instructions to invest it in
Bank stock—deducting his brokerage at } per cent. What
sum had he to invest? Ans. $310904-584882.

23. If I remit to my agent $13000, instructing him to purchase
broad cloth at $3:63 per yard, and he keeps 4} per cent. on

the sum invested, for commission; how much cloth does

he send me, and what is his commission ?
Ans. 3427-0499 yds. of cloth.
$559:8086 commission.

STOCK.

10. Stock is a term used to denote the Cupital of
moneyed institutions, as Banks, Railroad Companies, Gas
Companies, Insurance Companies, Manufactories, &e.

11. Stock is usually divided into portions of $100 or
£100 each, called shares, and the different individuals
owning these are called shareholders or stockholders.

12. The Association of Shareholders, is called a Com-
pany or Corporation ; and the Act of Parliament specify-
ing their corporate powers, rights, and privileges is called
a charter.

13. The nominal or par value of a share is its original
cost of valuation,
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14. The market or real value of a share is the sum
for which it can be sold.

15. The rise and fall in the value of stock is reckoned
at a certain per cent. on its nominal or par value.

16. When stocks sell for their original cost or valua-
tion, they are said to be a¢ par; when they sell for more
than their original valuation, they are said to be at a
‘premium or advance, or above par ; when they do not bring
their original cost or valuation, they are said to be at a
discount, or below par.

NOTE.~Par is a Latin word, and means equal or a state of equalily,
Stock is at par when a hundred-dollar share sells for $100 ; it is above par
when it brings more than $100, and below par when it will not bring as
much as $100.

17. Persons who deal in stocks are called stock-brokers
or stock-jobbers.
18. To find how much stock either above or below par
a given sum will purchase:—
RULE.

Divide the given amount by the worth of $1 stock, and the result
will be the stock required.

Examrre 1.—How much stock at 10 per cent. below par can
be purchased for $25000. Ans. $25000 <- 0-90 = $27777 17§

ExPLANATION.—When stock is 10 per cent. 'below par, each share of
$100 sells for only $90, i.e. $90 money will purchase $100 stock, therefore

$090 money will purchase $1 stock and the given sum will purchase $!
stock as often as it (the given sum) contains $0°90.

Examrie 2.—How much stock at 15 per cent. premium may

be purchased for $7000 ? Ans, $7000 = 1-15 = $6086-9565.

EXPLANATION.—When stock is 15 per cent. above par, it requires $115

money to purchase $100 stock, or $1'15 money to Burc}?ase $1stock. Hence
1

if we divide the whole sum to be invested by the value of $1 stock, it is
evident we must get the amount of stock produced.

Exampie 3.—I own $16400 stock of the Bank of Montreal,
and sell out at 13 per cent. premium. What do I receive?
Ans. $16400x1-13 = $18532.

ExpPLaNATION.—Each $100 stock bring me $113 money, or 81 stock
brings $1°13 money, therefore $16400 stock must bring $16400X1'13 money.

EXERCISE.

4. A person hag $9000 which he wishes to invest in Grand
Trunk Railway shares, then selling at 17 per cent. discount,
what amount of stock can he purchase? .4ns. $10843-313.

5. If 1 invest $8500 in Upper Canada Bank stock, which is sell-
ing 11 per cent, above par, what amount of stock do I receive?

JAns, $7657:6576.
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6. If I remit to my agent $17500, with instructions to deduct
his brokerage at 1§ per cent.,and invest the remainder in Great
Western Railroad stock, then selling at 7 per cent. premium,
what amount of stock do I receive? Ans, $16153-22.

7. If I receive $20000, with instructions to deduct my commis-
sion at 1} per cent., and invest the balance in stock, which
is then selling at 3 per cent. discount, what amount of
stock do I remit to my employer ? Ans. $20263-937.

8. Mr. A. owns 200 shares in the Canada Life Assurance Com-
pany. The par vaiueis $100 a share, the stock at a premium
of 53 per cent.; if I purchase it through a broker who charges
me % per cent. for the traunsaction; how much do my 200
shares cost me ? Ans, $21284-625,

INSURANCE.

19. Insuranceis a written agrecment by which an indi-
vidual or an incorporated company binds itself, in con-
sideration of a certain sum paid in advance, to exempt
the owners of certain kinds of property, as houses, house-
hold furniture, merchandise, ships, &e., from loss by fire,
shipwreck, or other calamity.

20. The Wiitten Instrument, or contract between the
parties, is called a Policy of Insurance.

21. The sum paid for the insurance is called the
Premium, and is usually a certain per cent. on the sum for
which the property is insured.

22. Houses, merchandise, furniture, &e., are usually in-
sured against risk of fire for the year, or other specified
time.

Norg,~The rate of insurance on dwelling houses, stores, goods, house-
hold furniture, &e., varies from 4 to 2_per cent. per annum, on the sum
insured, according to the character and position of the tenement ; vessels
are insured for the voyage or the year.

23. To compute the premium for insurance for 1 year,
or a specified time, we use the same rule as for Commission

or Brokerage.

Examrre 1.—If I insure my house and furniture for $7389, at
the rate of 1} per cent. per annum, what premium must I pay
yearly ? Ans. $7389 X 0125 = $92-3625.

EXPLANATION.—1} per cent., i.e, $1-25 per $100, is equal to $0125 per
dollar, The premium therefore will be as many times $0:0125 as the sum
jnsured contains §1 i. e, ,the premium will be §0:0125 X 7389,
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EXERCISE.

2. What is the premium for insurance on $7500, at 13 per cent.?
Ans. $131°25.

3. What is the premium for insurance on $8375, at § per cent.?
Ans. $62-8125.

4, What is the premium for insurance on $6000, at 17 per cent.?

Ans. $112-50.

5. What is the premium for insurance on $5000, at $1-17 per
cent. (i. e. per $100)? Ans. $58:50.

6. What is the premium for insurance on $6400, at $0:90 per
cent. ? Ans. $57-60.

7. What is the premium for insurance on $4500, at $0-35 per
cent ? Ans. $15°15.

8. What premium must I pay for insuring a cargo of flour worth
$36000, from Quebec to Liverpool, at $3 per cent.?

Ans. $1080.

9. A firm owning four steamers running on Lake Ontario, effect

an insurance with a company in Toronto on each, to the

amount of $27000, paying $4:82 per cent. (i. e. 4 &% per
cent.) What is the total premium on the four steamers ?

Ans. $5205-60.

10. What is the annual premium on an insurance for $39000,

at 21 per cent.? Ans. $868.

11. A farmer insures his barns and their contents to the amount
of $17800. What premium does he pay at } per cent.?

Ans. $89.

12. A vessel running between Hamilton and Oswego is insured

for $12350, at the rate of 1§ per cent. per month, Towhat

does the premium of insurance amount for 7 months, begin-

ning with the 10th of April and ending with the 10th of

November? JAns. $1235.

24. To find what sum must be insured on property so
that, if destroyed, its value and the premium may both be
recovered :—

RULE.

Divide the value of the property by 31, minus the premium on
B at the given rate per cent,

Exampre 13.—A ship-owner wishes to insure a vessel valued
at $17450, so that if it be wrecked he may recover both the
value of the vessel and the premium. In order to do so, for
what sum must he insure, at $4:60 per cent. ?

Ans. $17450 <- 954 =$18291-40461.
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EXPLANATION.—If I insure goods to the value of $100, at 4'6 per cent.,
and they are destroyed, I receive only $95°40 towards my loss, since 1
paid $4°60 for insuraace ; that is, for every $1 of my loss I receive $0°954.
Bince, then, the recovery of $0°954 requires $1 to be insured, the recovery
of $17450 will require as many dollars to be insured as $0°'954 is contained
times in $17450,

PROOP.—$18291°40481 X "048—=$811°40461=tl:c preminm, and $18291°40461
—$841°40461 = $17450 —value of the vessel.

ExaMPLE 14.—What sum must be insured on a house valued
at $6000, at 3 per cent., so that in case of fire the value of both
premium and property may be secured ?

Ans. $6000 =--97 = 36185567,

ExPLANATION.—For every dollar I lose (laking premium into account)
I receive 97 cents; that is, in arder to receive 97 cents, I must insure for
$1, and in order to receive $600v, without any loss, I must insure for
$6000 <97 = $6185°567,

EXERCISE.

15. For what sum must I insure a cargo valued at $17000, so
that in case the whole is lost I may recover both the value
of the property and the premium of 3} per cent. ?

Ans. 317616°58.

16, For what sum must I insure on 322750 in order to cover
both the premium of 6 per cent. and the value of the property
insured ? Ans, $24202-127.

17. What sum must be insured at 2} per cent. on property
worth $15000 so that the owner may be secured against all
loss ? Ans, $15345-2685.

18. A steamer worth $33000 is insured at 55 per cent. for such
a sum that in case of its becoming a total wreck, the
owners recover both the worth of the vessel and the pre-
mium of insurance. For what sum is it insured ?

Ans. $35013-2625.

CUSTOM HOUSE BUSINESS.

25. All goods coming into Canada from Foreign coun-
tries are required by law to be landed at certain places or
ports called Ports of Eutry.

28. At every Port of Entry in Canada the Government
has an establishment called a Custom House, with one or
more officers attached to it, called Custom Housc OQfficers.

27. A certain charge called a Duty, fixed by Act of
Parliament, is made upon nearly all goods entering ('anada
from Foreign countries.

28. Tt is the business of the Custom House Officers to
inspect the cargoes of all vessels entering at any of these

Q
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ports, to examine the invoice of goods, collect the duties,
&e., &e.

29. Besides the duties on merchandise, all vessels en-
gaged in commerce are required to pay certain charges for
the privilege of entering the port, &ec.; these charges are
called harbor dues.

30. The duties levied by law on goods imported into

Canada are of two kinds:
1st. Specific duties.
2nd. Ad Valorem duties.

31. A specific duty is a certain sum levied on the ton,
cwt., 1b., gallon, square yard, &c., of a particular kind of
merchandise, as 80 much per square yard on woollens,
flannels or cloths, so much per Ib. on tea, so much per gal-
lon on brandy, wine, &c.

32. An ad valorem duty is a certain percentage on
the actual cost of the goods in the country in which they
were purchased.

Thus an ad valorem duty of 10 per cent. on satin purchased in France
is a charge for duty of 10 per cent. of the sum the invoice of satin cost in
France.

NoTE 1.—The term ad valorem is from the Latin, and means according
to the value, i.e., upon the value,

NoTE 2.—An fnvoice is a written statement of the goods, showing the
guantity of each sort and its value or price.

83. In the United States Custom Houses certain legal
allowances are made for draft, tare, leakage, &c., before
specific duties are imposed. In Canada, however, as
before remarked, (Art. 4., Sect. V1.,) these are not known,
the tare being found by actually weighing one or more of
the boxes, &c., containing the goods, and the leakage by
gauging the cask.

NoTE.—At present (1859) the various kinds of spirits are the only articles
upon which specific duties are charged by the Canadian Tariff,

34. To calculate the specific duty on an invoice of
goods :—

RULE.
Deduct the tare, leakage, &c., and multiply the remdinder by
the given duty per gallon, lb., yard, &c.
ExaupLE 1.—At 4} cents per lb. what is the specific duty on

7 bags of coffee weighing 73 1bs, each, allowing 4 lbs. per 100
for tare.
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OPERATION.
73X 7T=0511 lbs,= gross weight.
511 % 04 = 205} 1bs. = tare,

49011 = net at 41 cents per lb,= 40u) 1 X 4] = $20°8463. _Las.
ExaxpLe 2.—What is the specific duty on 10 chests of tea,
the net weight 783 1bs., at 11 cents per 1b. ?
OPERATION.
783 X 11 — 8613 cents = S86°13. Ans.

EXERCISE.

3. What is the specific duty, at 34 cents per lb., on 5 hhds. of
sugar, each weighing 1347 lbs., allowing tare 6 1bs. per 100 ?
Ans. Z221°58.

4. What is the specific duty, at $1-20 per 100 1lbs., on 11 bugs
of rice, each weighing 127 lbs., allowing 3 ibs. per 100 for

tare ? Ans. 31626,
5. Whatis the specific duty, at 13 cents per gallon, on 129 gal-
lons of 0il ? Ans 216-77.

6. What is the specific duty, at 53 cents per Ib., on 207 drums
of figs, each weighing 31 1bs., allowing 2! lbs. a drum for

tare? Ans. 8312-1968.
7. What is the specific duty, nt 47 cents per yard, on 214 yards
of black silk velvet? Jns. $100-58.

35. To find the «d valorem duty on an invoice of mer-
chandise :—

RULE.

Multiply the value of the goods at the place in which they were
purchased by the per cent. charged, expressed decimally, and the
result will be the duty required.

Exampie 8.—What is the ad valorem duty, at 27 per cent., on
an invoice of brandy which cost $7493:70 7

OPERATION.
$7493°70 X 27T=52023-290. Ans.

ExamrLE 9.—What is the ad valorem duty, at 19 per cent., on

a quantity of broadcloth which cost 5411640 ?

OPERATION.
S1116°40 X 119 = 5782-116. Ans,
EXERCISE.
10. What is the ad valorem duty, at 21 per cent., on an invoice
of silks which cost $17429-80? Ans., $3660°2580,
11. What is the ad valorem duty, at 7} per cent., on 40 boxes
of tea which cost $2920°167? Ans. $219:012.

12. What is the ad valorem duty, at 25 per cent., on an invoice
of jewellery which cost 371342002 Ans, S17835-725.
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13. What is the ad valorem duty, at 20 per cent., on an invoice
of boots and shoes which cost $913:73? Ans. $182-146,
14, What is the ad valorem duty at 33 per cent., on an invoice
of French silks which cost $14713-19?  Ans. $4855-3521.

ASSESSMENT OF TAXES.

86. A tax is a certain sum required to be raised by a
municipality for local improvement, payment of officers,
and other general purposes. It is collected from each
citizen in proportion to the value of his property.

37. In levying taxes the first thing to be done is to
make a complete inventory of the value of all the property
in the city, town, township, &ec., in which the tax is to be
raised. This inventory is made by officers called Assessors,
appointed by the municipality.

88. To calculate the amount of taxes any one indivi-
dual has to pay :—

RULE.

Divide the whole sum to be levied by the whole value of rate-
able property in the town, township, &c.: the quotient will be the
sum to be paid on each dollar.

Multiply the rate per dollar by the amount of the person’s pro-
perty, and the product will be the amount of his tax.

Exampre 1.—A certain township requires to raise the sum
of $14729:00 for general purposes ; the whole amount of rateable
property in the municipality being set down at $2743500, what
proportion must I bear if my property is assessed at $7490-00.

OPERATION.

$14729 = $2743500 = $0'005368 = rate per dollar.

$0°005368 X 7490 = $40°20632. Ans.
EXERCISE.

2. The assessment rolls of a town show the value of the rateable
property to be $7142300. A tax of $23900 is to be levied
for general purposes, how much is my proportion, my prop-
erty being set down at $14729-50. JAns. $49-2878,

3. A tax of $100000 is.to be levied on a county having rateable
property to the value of $5793000, what is the amount
borne by A, whose property is valued at $18600 ?

Ans. $321-0732.

4. In the last example what would be the amount of B's tax,
the value of his property being $7500? oAns. $129-465.

5. In the same example what would be the amount of C's tax,
his property being assessed at $11400. Ans. $196°7868.
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QUESTIONS TO BE ANSWERED BY THE PUPIL,

Note.—The numerals after (he questions iefer to the numbered ar-
ticles of the section.
. What is the meaning and derivation of the term per cent.? (1)
. When the rate per cent. is known, how is the rate per unit obtained ? (2)
How do we ascertain the percentage on any given number ? (3)
What is commission ? (4)
What is the person who sells goods for another called ? (4)
How do we find the commission on auy given sum? (5)
‘What is brokerage? (6)
How is the brokerage on any sum computed ? (7)
. Upon what sum should comrmission and brokerage be computed? (S)
10. Explain this by an example.
11. How do we compute commission or brokerage when it is to be deducted
in advance from a given amount, and the balance invested? (0
12, How is this rule proved ? (9)
18. What is understood by the term Stock? (10)
14. How is stock usually divided? (11)
3. \’\'ha(t is msant)by the terms Shareholders, Corporation, and Charter ®
11 and 12
16. What do you understand by the nominal or par value of Stock ? (13)
17. What is meant by the market or real value of Stoek ? (14)
18. When is Stock said 10 be af par/ when at a premiuvm or above par?
and when at a disconat or below par? (16}
19. What is the meaning of the terin pary (16, note )
20, What are persons who deal in Stocks ealled s (17)
21, When Stock is ecither above or below par, how do we find how much
of it a riven swm will purchase ¥ (18)
2. What is Insurance ? (14)
23, What is a Policy of [nsuranee ? (2u)
. What is meant by the Premium of Insurance? (21)
25. For what length of time is property wsually insured ? (22)
. How do we compute the premium of insurance on any amount of goods,
property, &c.? (23)
27, How do we compute the amount for which we must insure in order to
cover both the value of the property and the premium paid? (24)
23, How may the truth of thix rule be proved ? (24)
24, Wiat are Ports of Entry ¢ (25)
30 What is the duty of Custom House Otlicers ® (28)
31. What are duties ? (27)
32, What are harbor dues? (29) .
. What different kinds of dutics are levied on goods in Canada? (30)
. What arc specific duties? (31)
35. What is an ad valorem duty? (32)
. What is the meaning of the term ad valorem ? (32)
. What is an invoice ? (32)
3% What is the rule for computing specific dutics? (34}
. What is the rule for caleulating ad valorem duties ? (35)
. What is a tax ? (36)
41, How are taxcs imposed? (  and 3~)

-

e S
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SECTION VIIL

INTEREST, DISCOUNT, EQUATION OF PAY.
MENTS, AND PARTNERSHIP.

1. Interest is the sum allowed for the use of money,
and is usually reckoned at a certain rate per cent. per
annum; that is, so many pounds for the use of £100 for
(gxe year, so many dollars for the use of $100 for one year,

ce.

NoTE.—The term per cent. means per hundred ; per annum means per
year,

2. Tnterest differs from Commission, Brokerage, &e., in
that the latter are computed at a certain per cent. without
regard to time, while interest is calculated at a certain
rate per cent. for one year, and consequently for longer
and shorter periods in like proportion.

3. The Principal is the sum lent.

4. The Rate per cent. is the sum paid for the use of
each hundred dollars, pounds, &c.

5. The Rate per unit is the sum paid for the use of
cach dollar, pound, &e.

6. The Interest is the whole sum received for the use
of the prineipal.

7. The Amount is the sum obtained by adding together
the principal and the interest.

Thus, if I lend $200 for a year, on the agreement that I am to reocive

interest at the rate of 7 per cent. (per annum, understood), at the end of
the year I receive back the $200, and in addition $14 for interest, Here,
820000 is the principal.
7°00 is the rate per cent.
0'07 is the rate per unit.
14700 is the interest.
214°00 is the amount = principal + interest.

8. Interest is either Simple or Compound.
9. Money is lent at Simple Interest when the interest
i not added to the principal so as to bear interest.

Thus, if $100 be lent at simple interest at 5 per cent., the principal re-

ﬁ?:‘?s“gg‘““ged' being always $100, and the interest for each succossive
Je
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10. Money is lent at Compound Interest when the in-
terest, as it fulls duc from time to time, is added to the
principal; the sum thus obtained constituting a new prin-
cipal for the cnsuing year, half year, quarter, &c., as the
case may be.

Thus, if $100 be lent at 5 (I)er cent. per annum compound interest, the
principal changes at the end of cach year; being $100 for the first year,
$105 (i. e. former principal 1 its interest) for the second, 311025 for the

third, &c¢. The interest is conseqaently $3 for the first year, 5 for the
second, $5°5125 for the third, &c.

SIMPLE INTEREST.

11. Questions in Interest are dependent on Proportion,
and may all readily be solved by one or more statements in
the Rule of Threce; hut in order to deduce special rules,
we shall represent the different (uantities by their initial
letters, and thus obtain a serics of algebraic formulas, which,
translated, hecome the common arithmetical rules for in-
terest.

It is to be presumed that the pupil has tnade sufficicnt progress in Ale
gehra hefore he arrives at this point, to readily umlcrstami) what follows,
The o%erations involved arc of the ximplest kind, and may without difli-
culty be comprehended, even by those wholly irnorant of Algzehra. The
only part, however, absolutely ucressary for working any problem in
interest, is the dnterprefation of the foroda, i e the ardiinetical rvle,
and this we have always appended. A glanee at the formulas and the
corresponding rules will show how much less labor is necessary to remem-
ber the former than the latter ;—and indeed the pupil should be required
to deduce froin time to tinue auy formula he may tind it necessary to use.

NoTe.—When two or more letters are written together thns,
prt.the meaning is that the values of these lctters are to be mui-
tiplied together. Thus, Prt means that the value of the P is to
be multiplied by the valuc of 7, and that by the value of £

A-P

When letters are written in the form of a fraction, thus B
the meaning is the same as in common arithmetical fractions;
i. e, that the part constituting the numerator is to he divided
by the part constituting the denominator.

Thus, P;r means that the value of P iz to be subtracted from

the value of .4, and this difference is to be divided by the value
of P multiplied by the value of 7.
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12, Let P = Principal, 1 = Interest, A = Amount, r = rate per unit,
and ¢ = time (i, e., number of years).

Then because 7 = intercst of $1 for 1 year, and

I—= Prt (I,) ¢ =number of years, »{ —interest of $1 for the
given time, and Pr¢ = interest of given principal
I for given time and at given rate, Therefore /=
P= —t-(II ) Prt and dividing each of these equals, 1st by 7,
T 2nd by P¢, and 3rd by Pr, we get formulas (IL),

1 (II1.) and (IV.) in the margin. i
= =(IIL) Again, because rf==interest of $1 at given rate
=P . and for given time, 14-r¢f — the amount of $1at
7 ;I:)iv(eln J:a te) and time, ém% P times 1+ .rt,]th:tt;lﬂn
r¢) = amount of given principal at the
t=5dV) given rate and time, Therefore A=% 14 71),
Pr which is formula (V.) in the margio, and dividing

A= P (+rt) (V)
A ol
szt(I )

each of their equals by 1 £, we get formula
(VL) in the margin. Taking (V.) and actually
multiplying as indicated, the part within the
brackets by P, we get 4 = P -+ Prt; and sub.
tracting P from each of these, we get A—P=Prt.
Dividing these equals, 1st by P¢ and 2nd by Pr,

A-P we get formulas (VIL) and (VIIL.) in the margin.
——(VIL) Lastly, if we are required to find in what time
prp Pt any sum of money will amount to any given
number of times itself at a given rate per cent.,
A-P . or, in other words, in what time any principal
= 'P—( VIIL) will amount to # times that principal where n
r simply stands for the req[uir‘ed number of times,

n—1 ~ we have in formula (VI1l.) in the margin.
=7 Ix) t="p =2 2, » becanse the amount s to be
Nl 2 P; and dividing both numerator and denomi-
r=—(X) nator of this fraction by P, we get formula (IX.)
- t in the margin, multiplying (IX.) by r weget tr=
— i X1) 2-1; and dividing these equils by ¢, we get for-
n=tr41 (&4 mula (X.); and again, adding 1 to each of these

same equnis, we get formula (X1.)
APPLICATIONS.

13. When the principal, rate per cent!, and time are
given, to find the interest—

RULE. I="Prt. (i)

INTERPRETATION.— The inferest is jfound by multiplying the
principal by the rate per unit, and the resulting product by the time.

ExanpLE 1.—What is the interest on $342-20 for 7 years at 8

per cent. ?

OPERATION,

Here P=8342'20, r="08, and £ =17,
Then I= Prt=$34220 X *08 X 7= §191'632. 4ns.

14. When the interest, rate per cent., and time are given
to find the principal—

I .
RULE. P = (ii)

IntERPRETATION.~The principal is found by dividing the intere
est by the product of the rate per unit and the time.
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ExaMpLE 2.—What principal will give $207-50 interest in 64
years at 43 per cent. ?

OPERATION,
Here I = 320750, # =65, and 7 ="0475.
aTes0 S20750
Then P =1z = 55770475 = Busr; — ~0r 20k Ans,

15. When the interest, principal, aud time are given to
find the rate per cont—

I
RULE. 7=, (iii.)

INTERPRETATION.— The rute per unit is found by dividing the
interest by the product of the principal and time, and the rate per
cent. is found from the rate per unit by multiplying the latter by 100.

ExaxpLE 3.— At what rate per cent. will 3720-18 give 3109°11
interest in 9 years?

OPERATION.
Here P == 3720018, I._ 310011, and £ == 9.
9°11 T 11
Then » = Bt = Sanison = pmmi & == 0"116i2 = rate per unit.
Therefore the mh 11( I ut — 01622 100 == 1062 = 13 nearly. Ans.

16. When the interest. principal, and rate per cent. are
given, to find the time—

I
RULE. t—_—I—,r (iv.)

INTERPRETATION.— The time is found by dividing the interest by
the product of the principal and rate per unit.

ExampLE 4.—In what time will $850 give $89-75 interest, at
13 per cent.?

Here P == I 75.and » ="13.
7 ROT5 RU7°5
Then ¢=- - - == —. = = e
WeR b= b v s s 1105
22 days,

17. When the principal, rate per cent., and time are
given, to find the amont—
RULE. A=P (1+rt) (v.)

INTERPETATION.— The amount is found by multiplying the prin-
cipal by the amount of S1 for the given rate and time.

== 0'812217 years = 9 montihs,

ExauprLe 5.—To what sum will $739-80 amount in 11 years,
at 3 per cent. ?
OPERATION.
Here P == 373986, » =03, and £ =11,
Then 4 = P (1-4+r2) = $780°50:11°33 = 1050434, Ans.
NoTE.—(1-4r¢) in this quostion = 143411 =1--33 = 1"3.
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18. When the amount, rate per cent., and time are
given, to find the principal—

4
RULE. P= Tt (vi.)

InTERPRETATION.~—The principal is found by dividing the
given amount by the amount of $1 for the given time at the given
rate.

ExaMpLE 6.—What principal put to interest at 7} per cent.
will amount to $2000 in 8 years?
OPERATION.

Here 4= 82000, 7 2 00" 50000
Then P = m = m: TG~=$1250. Ans.
19. When the amount, principal, and time are given, #o
Jind the rate per cent—

A—P
RULE. r= —pr (vil)

InTeERPRETATION.—The rale per wunit is found by subtracting
the principal from the amount, and dividing the difference by the
principal multiplied by the time. The rate per cent. is found by
multiplying the rate per unit by 100.

ExampLe 7.—At what rate per cent. will $730 amount to
$2783-80 in 23 years ?

OPERATION.
Here 4 =§27SI:’3'80, SP;;?; 3730 ;g(t)i ¢ $=202:§} o
—L 80— - $2053" . -
Pt &130x23 = 1223 = rate per unit.

Hence rate per cent, = 12-23 = 12} nearly.

20. When the amount, principal, and rate per cent. are
given, to find the time—

A—P
Pr (viii.)

InteRPRETATION.— The time is found by subtracting the princi-
pal from the amount, and dividing the difference by the principal
multiplied by the rate per unit.

ExampLe 8.—In what time will $666:33 amount to $983-73 at
12 per cent. ?

Then r =

RULE. t=

OPERATION.
Here A — $98373, P = $666'33 and » —"12
__A—P _ 983'73—666'33 _ " 81740 3174000
Then{ = "— = = =
Pr 666'33X"12 799596 799598
= 3 years 11 months 19 days, 4ns.

= 39695 years
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21. T find the time in which any sum will amount to
any given number of times itself at a civen rate per cent—

—1 .
(ix.)

INTERPRETATION.— T0 find the time in which a given sum will
amount to n times itself at a given rate per cent., subtract 1 from
n, and divide the renvinder by the rale per unit.

n
RULE. t=

ExampLe 9.—In what time will any sum of money amount to
eleven times itself at 8 per cent.?

OPERATION.

Here =11 and »="0%, N
— 11 —_ 1 lO 100
Then t= 2 1 =

o8 s s

ExaspLe 10.—In what time will 267-83 quadruple itself at 43
per cent.?

=125 years. Ans.

OPERATION.
Ilere n= 4, since the money is to guadruple itself, and » = 0175,
n—1 t—1 lmlln
Then ¢t = -3 = = oo - 68157 years, Ans.
0ETS 05T 415

22. To pind the vate per contf. at which any sum will
amount to a given number of times itself in a given time—

n—1

ISTERPRETATION. — The rate per unil is jound by subtracting 1
Srom n, the number of times itself to which the given principal is to
amount, and dividing the remainder by the given number of years.

ExampLe 11.—At what rate per cent. will a given sum amouunt
to 25 times itself in 72 years ?
OPERATION.
Heren:-250=
Then r= t
Hence rate per cent,
23. 7o find to how many times (sclf a given sum will
amount in a given time at a given rate per cent.—
RULE. a=(r4+1. (zi)

INTERPRETATION. — The number of limes, or n, is found by mul-
tiplying the time by the rate per unit, and adding 1 to the product.

=33} =rate per unit.

ExayrLe 12.—To how many times itself will fuwr cents
amount in 20 years at 17 per cent. ?
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OPERATION.
Here { =20 and r="17. )
Then n=t#r+41=20 /17 41=34+ 1 = 4+ =47 times itscll. Ans.

EXERCISE.
13. What is the interest on $723-19 for 7-32 years at 6:7 per cent.
JAns. $354:6813036.
14. To what sum will $857-19 amount in 6} yearsat 6} per cent?
Ans. $1219-352715,
15. To how many times itself will £2 19s. 9id. amount in 11

years at 724 per cent.? Ans. 8:975, or nearly 9 times.
16. In what time will $654:32 give $234-56 interest at 7 per
cent.? Ans. 512112, or 5 years 1 m. 13 days.
17. At what rate per cent. will $700 amount to $1200 in 5
years ? Ans. 14% per cent.
18. In what time will any sum of money quadruple itself at 23
per cent? Ans. 13 years 15 days.
19. Find the time in which $270 will give $87 interest, at 7 per
cent. Ans. 4 years Ty months.

20. To what sum will $680 amount in 11} years, at 11 per cent?
Ans. $1540-20.
21. What principal will amount to $2000 in 20 years, at 8 per
cent. ? Ans. $769:237%.
22. At what rate per cent. will any sum of money amount to 21
times itself in 24 years ? Ans. 83} per cent.
23. In what time will a given sum of money amount to 23 times
itself, at 16 per cent. ? Ans. 137} years.
24. Find the interest on $679-18 at 73 per cent., for 1173 years !
Ans. $617-4256.
25. At what rate per cent. will $950 amount to $1763-42 in 10
years ? Ans, 8:562 per cent., or rather over 8§ per cent.
26. In what time will $666 amount to $1347-50, at 6 per cent.?
Ans. 17-054 4 years, or 17 years 19 days.

217. In what time will 8273 give $100 interest, at 9 per cent.?
- Ans. 4 years 25 days.
28. At what rate per cent. will $476:30 amount to $500 in 2
years ? ° Ans. 21% per cent.
29. At what rate per cent. will $749-49 give $257 interest in 7
years? Ans. 4:898 per cent.
30. What principal will amount to $1111+11 in 11 years, at 11
per cent. ? Ans. $502-7647.

3L. Find the interest on £167-47, at 11 per cent. for 9 years.

JAns. £165 159, 10193d.

SPECIAL RULES.
24, The interest of $100 at 6 per cent., for one year, is $6; hence the in-

terest on $1 at 6 per cent., for one year, is $0°06, and for fwo months it s}
of $0°06 ; i.c., 1 cent.
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Hence, to find the interest of $1 for any number of
months, we deduce the following :—
RULE.
Divide the number of months by 2, and call the quotient cents.

ExaumrLe 32.—What is the interest of 31 at G per cent. for 7
vears and 9 months ?

OPERATION.

7 years and 9 months = 93 months, and Y3 +

ExavpLe 33.—Find the interest on ¢
months at 6 per cent.

G cents = 320403, dns.,

2:93 for 7 years and 8

OPERATION.
7 years 8 mo. = 92 months, half of 92 =46 cents=interest of §1 for given
rate and time,
Then §0°46 % 72'93 = 3535178, Aus.
EXERCISE.

34. Find the interest on 31 for 11 months at 6 per cent.
. Jlus. 5} cents.

35. Find the interest on 31 for 16 months at ¢ per cent.
Ans. $0°08, or 8 cents.
36. Find the interest on 31 for 9 ycars 8 monthz at 6 per cent,
Ans. $0°58.
37. Whatis the interest on 31 for 16 yrs. 3 months at ¢ per cent.?
Ans. 007,
38. What is the interest on 31 for 11 yrs. 7 months at 6 per cent.?
“Ans, 0605,
3. What is the interest on $1 for 12 yrs. 5 months at 6 per cent.?
Ans, $0-745.
40, Find the interest on $279-40 for 3 yrs. 2 mo's. at G per cent.
Ans. $53:086.
41, Find the interest on $189-70 for 6 yrs. 7 mo's. at 6 per cent.
Ans. $74-9315.
42, Find the interest on 81463 for 3 yrs. 11 mo's. at 6 per cent.
Ans. $343-805.
43. Find the interest on $28967-30 for 11 years 1 month at 6
per cent. “Ans, 2192633875,

25. Since in computing intcrest the month is taken as 30 days, two
months will contain 60 days, and, by Art. U4, the interest on $1at 6 per
cent. for 2 months or 60 days is one cent, 1he interest on $L ut 6 per cent.

per aunum, for 6 days, will thercfore be 2 of one cent; i e., onc¢ mill or
T of 81

Hence, to find the interest on $1 at 6 per cent. per an-
num for days, we have the following :—
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RULE.*

Call one-sixth of the number of days mills or thousandths of a
dollar.

ExaAMPLE 44.—What is the interest on $1 at 6 per cent. for
16 days?
OPERATION.

16 = 6 =2% mills = $0°0026, Ans.

EXERCISE.

45. What is the inlerest on $1 for 2 days at 6 per cent. ? .
Ans. $0-0003.
46. What is the interest on $1 for 7 days at 6 per cent.?
Ans. $0:0014.
47. What is the interest on $1 for 11 days at 6 per cent.?
Ans. $0-001%.
48. What is the interest on S1 for 27 days at 6 per cent.?
Ans. $0:0041,
49. What is the interest on $1 for 47 days at 6 per cent.?
Ans. $0-0074.
50. Required the interest on $1 for 8 months 12 days at 6 per
cent. Ans, $0:042,
51. Required the interest on $1 for 66 days at 6 per cent.
Ans. $0-011.
52. Required the interest on $1 for 2 years 2 months 19 days at
6 per cent. Ans. $0-133%.
53. Find the interest on §1 for 7 years 8 months 9 days at 6
per cent. JAns, $0-461%.
54, What is the interest on $1 for 17 years 11 months 23 days
at 6 per cent.? Ans. $1-078%.
55, Required the interest on $1 for 12 years 7 months 17 days
at 6 per cent, Ans. $0-757%.
R

26. To find the interest on any sum of money at 6 per
cent. per annum for any time :—
RULE.
Find the inierest on $1 for the given time, by Arts. 24 and 25,
and multiply this by the given principal.

ExaupLe 56.—~What is the interest on $763:20 at 6 per cent. .
for 6 years 7 months and 26 days?

* This is the method in common use for computing interest for days:
but, since it considers the year as containing only 360 days instead of 365,
the result is too large by 385, or 7y of itself. Hence, when perfect accn
racy is desired, the interest for the days when obtained by the rule must
be diminished by 75 part of itself.
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OPERATION.

Interest on $! for 6 years 7 months = $0°395
Interest on $1 for 26 days = 4%

Therefore interest on $1 for 6 yrs. 7 months 26 days = $0°300}
Then* $0°309% X 76320 = $30+7712, .1ns,

EXERCISE.
57. Find the interest on 3917-30 for 7 months 17 days at 6 per
cent. Ans. 334-704516.
58, Find the interest on $842:50 for 3 months 13 days at 6 per
cent, Ans, $14:462916,
59. Required the interest on 337325 at 6 per cent. for 2 years
11 months 10 days. Ans, $101-3766.
60. Required the interest on 3642:30 at 6 per cent. for ¢ years
9 months 19 days. Ans, $262-16545.
1. Required the interest on 21427-874 at 6 per cent. for 5 ycars
5 months T days. Ans. $465-7252.
2. Find the interest on 70063 for 4 years 7 wmonths 16 days
at 6 per cent. Ans. 3197040596,
63. Find the amount of 32463°20 at 6 per cent. for 7 years 7
months 22 days. Ans. $3592-98177.
64. What is the interest on $399-99 at G per cent. for 9 years 9
months 9 days ? Ans. 3586-494135.
65. What is the interest on 368-70 for 3 years 4 months 27 days
at 6 per cent. ? Ans. 514-04915.
66. Find the interest on $742'63 at 6 per cent. for 3 years 28
days. Ans. $137-139.
67. To what sum will $200 amount in 7 years 1 months 11 days
at 6 per cent.? Ans. $288:366.
68. To what sum will 274303 amount in 9 years 3 months 9
days at 6 per cent. ? Vns, 1157460095,

27. To find the interest on any sum at any other rate
per cent, for any given time—
RULE.

Find the interest on the given principal for the given time at 6
per cent, by Art. 26.

Then add to or subtract from this interest such a fractional
purt of itself as the given rute exceeds or falls short of 6 per cent.
per annum.

The amount is obtained by adding the intcrest and the principal
together,

* Inorder to obtain the correct answer, this fraction when it occurs must
be retained in the form of a vulgar fraction; and in that casc it is better
to make the interest of $1 for the given time the mulliplier,
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ExampLp 69.—What is the interest on $450 for 3 years 6
months 11 days at 8 per cent?

OPERATION.
Interest on $1 at 6 per cent, for given time = $0'211%-
Interest on $450 at 6 per cent, for given time = $0'211[.’§ X 450 = $95°325.
Hence interest on $450 at 8 per cent, for given time = $95'325 + one third
of $95°325 = $127°10. Ans.
NoTE.—Since 8=6-+2=6+30of 6 we find the interest at 6 per cent,
and iucrease it by one third of itself for the interest at 8 per cent.

So for interest at 9 per cent., we should find the interest at 6 per cent.,
and increase it by one-Lialf of itsclf ; for 7 per cent.,increase the interest at
6 per cent by one-sixcth ; at 14 per cent., double the interest at 6 per cent.,
and increase it by } of the interest at 6 per cent. ; at 5 per cent., find the

interest at 6 per ceut. and deduet one-sixth ; at 44 per cent., find the inters
est at 6 per cent, and deduct ene-fourth, &c., &c,

- EXERCISE.
70. Required the interest on $1234-56 for 8 years 9 months 10
days at 7 per cent. Ans. $7158:5685.
71. Required the interest on $9876'54 for 2 years 1 month 11
days at 3 per cent. Ans. $626:337245.
72. Required the interest on $715-30 for 3 years 7 monthg 10
days at 8 per cent. Ans., $206-6422.
73. To what sum will $555:55 amount in 2 years 4 months 8
days at 12 per cent. ? Ans. $712-58546.
74. To what sum will $7766:55 amount in 100 days at 5 per
cent, ? Ans. $7874-41875.
75. To what sum will $500 amount in 8 years 8 months 8 days
at 16 per cent. ? Ans. $1195°111.
76. What is the interest on $576 for 3 years 5 months 7 days
at 5 per cent. ? Ans. $98-96.
77. What is the interest on $2478'91 for 2 years 6 months 1l
days at 4} per cent. ? Ans. $282-285.
78. What is the interest on $780 from May 9, to December 11,
at 6 per cent. ? Ans. $28:08.

79. What is the interest on a note of $1830-63 from August 16,
1851, to June 19, 1852, at 7 per cent.?  .4ns. $109:63439.
80. What is the amount of a note of $6200 from Sept. 3, 1858,
to January 9, 1859, at 6 per cent.? Ans. $6332°266.

PARTIAL PAYMENTS.

28. To compute the interest on notes or bonds, when
partial payments have been made :—

RULE.
If the interest be paid by days :
Multiply the sum by the number of days which have elapsed before
any payment wasmade. Subtract the first payment, and multiply
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the remainder by (he number of dvys which pusscd betwceen the first
and second payments. Subtract the second payment, and multiply
this remainder by the number of days which passed befween the
second and third payments. Subtract the third payment, &c.

Add all the products together, and find the interest of their sum
for one day.

If the interest is to be paid by the week or month, substitute
weeks or months for days, in the above rule.

Exavere 81.—How much principal and interest have I to pay
on the following note on the 10th November, 1359 ?

ToroxTO, 18th Ocfober, 1838.
For value received, I promise to pay to Timothy Thomas, or
order, the sum of six hundred and twenty dollars, on demand,
with interest at 6 per cent.
THoMAS WiILLIANS.

The following endorsements were made on this note :

1858.—November 25th, there was endorsed 3 47:50
i« December 28th, « t « 10893
1859.—February 1l1th, o i« ¢ 216°18

o June 6th, 4 “ “ 60°10
s September 2nd, “ “ « 18325
ODPERATION.

From 18th ()ctober to 25th November there are 33 daye,
“ 25th Nov, to 28th December

“ 28th Dec. to 11th Fehruary “ 45 "
“ 11th February to 6th June « 115
“  gth June to 2nd September “ £y
“ 2nd Reptember to 10th Nov, “ 8y *
Whole sum 3620 for 38 days = 223300 for 1 day.
First endorsement 4730
Balance 357250 for 33 days = ¥18892 50 for 1 day.

Second endorsement 10593

Balance $463'57 for 45 days=—320%0u'G5 for 1 day,
Third endorsement 21618

Balance $247°39 for 116 days = 323449'85 for 1 day,
Fourth endorsement 6U'10

Balance $1x7'24 for %S days = 314451°52 for 1 day.

Fifth endorsement 15325
Balance $4+'04 for 69 days=— 27876 for 1day.

Whole interest == that of $10552:5°2x for 1 day.
Interest on $108523°2% at 6 per cent, for 1 year = $3511°3948
Heuce interest for 1 day = $i511°3968--365 = §17'8394
Then interest due ... = $17 5394

Balance on note =

Principal and intereat due == 218794
R
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EXERCISE.

82. What principal and interest was due on the following note
on the 7th October, 1860 ?
GueLeg, June 2nd, 1859,
For value received, I promise to pay, on demand, to James
George, or order, the sum of twelve hundred and seventeen dol-
lars and thirty cents, with interest from date at 6 per cent.
JosEPH JoENS.

On this note there were endorsed the following payments :
1859.—July 17th, received $207-80.
“ Oct. 6th, s 20960
“ Dec. 11th, “ 32090
1860.—March 29th, 421-83
Ans. $98-6816.

83. What principal and interest was due on the following note
on the 1st May, 18637 ) )
Port Hopw, June 17th, 1860.
Tor value received, I promise to pay, on demand, to Messrs.
Henly & Jobson, or order, the sum of seven thousand, three hun-
dred and forty-eight dollars and twenty-five cents, with interest

from date at 8 per cent.
HeNrY GoODPAY.

On this note there were endorsed the following payments:
1860.—September 5th, received $2463-80

i December 7th, “ 392-20
1861.—June 11th, “ 982-20
1862,—February 7th, “ 2842:90

“ December 19th, ¢ 317-23

Ans. $1003-1333.

COMPOUND INTEREST.

. 129. In the present article we shall merely take some of the simpler prob+
lems in Compound Interest, leaving the full discussion of the rule until
after the pupil is familiar with the use of Logarithms. (See Sect. XL)

30. We have seen (Art. 10) that when money islent at
compound interest, the interest is added to the principal at
the close of each period, and, with it, constitutes a new
principal for the next term.

Hence to find the compound interest of any sum for any
given time at a given rate per cent :—
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RULE.

Find the interest on the given principal for one period, i. e,
ONE YEAR, HALF YEAR, 07 QUARTER, as the cuse may be, and add it to
the principal.

Then find the interest on this amount for the NEXT PERIOD and
add it to the principal used for that period, as before.

Proceed in this manner with each successive year or period of
the proposed time.

Then the last result will be the amount of the givcn principal,
at the given rate, for the given time. Subtract the given principul
Sfrom this, and the remainder will be the Compound Interest
required.

ExampLe 1.—What iz the Compound Interest on 81000 for 4
years at 5 per cent. per annum ?
OPERATION

$1000 Principal.
50 Lnterest for 1st year.

$1050 Amount for 1 year = principal for 2nd year,
52750 Interest for 2nd year.

110230 Amount for 2 years = principal for 3rd year.
65'125 Interest for 3rd year.

$1157'625  Amount for 3 years = principal for 4th year
57584123 Interest for 4th year.

$1215°50625 Amount for 4 years.
1000 given Principal,

Ans, 321550525 = Compound Interest required.
EXERCISE.

2. What is the Compound Interest of $1800 for 5 years at ¢ per

cent. per annum ? “Ins. 8508806,

2. What i3 the Compound Interest of $700 for 3} years at 7 per

cent. half-yearly ? Ans. $424040,

NoTg.~Since the payments are made half-yeiln, and bear interest at

the rate of 7 per cent. per half year, we siiuply find the amount of the
given principal at 7 per cent. for 7 paymeuts,

4, What are the amount and Compound Interest of $573-40 for 2

years at 3 per cent. quarterly ?
Ans, 2853°04:9 = Amount. 31796429 = Interest.
5. What are the amount and Compound Interest of $860 for 2

years at 4 per cent. balf-yearly?
Ans, $1088:1745 = Amount, 3228'1743 = Interest.

31. Compound Interest is most expeditiously ealculated
by the fullowing—
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COMPOUND INTEREST.

TABLE

[8Ecr, VIIIL

SHEWING THE AMOUNTS OF $1 or £1 AT COMPOUND INTER-
EST, FOR ANY NUMBER OF PAYMENTS FROM 1 TO 50.

3 4 5 6 Yo. of 3 4 &
Noof! per | per | per | per |'p00| per per per

| mewtn.| cent. | cent. | cent. | cent. | menwa.| cent. | cent. | cent. [ ¢
1 |1°03000(1 *04000(1 0500010600t 26 (2 "15659]2 “77247| 3°65567| 4 °5anse
2 11°06080(1 "08160]1 '10250(1 1236(} 27 [2°22129(2 '88337| 3§ 73346 482235
3 [1709275|1°12486[1 "15762(1 '19102] 28 |2°287932 '99870! 3 "92013| 511169
4 [1°12551(1°16986(1 "21551{t "2624¢} 29 (2°35657(3 11865| 411614 541839
5 |1715927(1 °21665[1 27628(1 ‘338251 30 (27427263 "24340| 4°32194 574340
6 {1°19405(1 "26532|1 '34010|1 41855] 31 |2°50008|3 37313/ 453804} 6 08810
7 100 12987|1 °31593)1 4071011 °50362] 32 |2°57508(3 '50806 4°76494] 6 45339
8 (1266771 368571 '47745|1°5938:] 33 {2°65233|3 "64838 &°00319| 684059
9 |1°30477[1°42331|1 '55133(1 6894t 34 [2°73190[3 "79432| 5°26835( 7 25102
10 {1°34392|1 480241 '62889(1 "7908:] 35 |2°81386(3 "94609] 6 51601| 7 68609
11 |1°38425(1 53945(1 “71034(1 '8983G| 36 |2°8982814°10393 579182| 81472
12 1°4257¢]1°60103]1 "79586(2 "01220F 37 [2°98523[4 26809| 6°08141| 8 63609)
13 [1'45853(1°66507|1 '88565(2 13293 38 [3°'07478(4 "43881| 6 °38548] 915425
14 [1°51259/173168{1 9799312 °26090] 39 (3167034 "61637| 6 70475| 9 70351
15 {1°55797{1°80094[2 '07893(2 396563 40 (3262044 "80102| 7 '03999(10 28572
16 |1°60471|1°87298|2 "18287(2°54035] 41 |3 "35990(4 "99306! 7 '39169(10 90286
17 |1°65285]1°94790(2 29202|2 69277} 42 |3°46070{5 19278| 7 76159(11 55703
18 (17702432 025822 '40662(2 85434] 43 |3 °56452|5 40049 8°14967(12 26045
19 11°75351(2°10885(2 ‘526953 "02560] 44 |3 671455 "61651| 8 '55715(12 93548
20 [1°80611|2°19112]2 653303 "20713] 45 |3 781605 84118| 8§ 98501(13 76461
21 [1°86029)2 2787727559613 '39956] 46 |3°80504(6 07482 943426114 59049,
22 |1°91610(2 36992|2 0252613 '60354] 47 4°01190[6 '31782) 9 9U597]15 46592
23 |1°97359)2 45472(3 071523 ‘819751 48 (4 13225(6 "57053|10 4012716 ‘39387
24 |2°0327912°56330(3 "22510(4 "04893] 49 |4 256226 "83335(|10 "92133|17 ‘87700
25 (2 '0937S|'l 665843 °33635(4°29187) 50 (4°38391(7 '10668(11 4674018 42515

32. To Computc Compound Interest by the above

Table :—

RULE.

Find by the table the amount of $1 for the given time and at the

given rale.

Multiply the sum thus found by the given principal, and the result
will be the required amount.
Subtract the principal from this amount, and the remainder will
be the Compound Interest.
Exampre 6.—What are the amount and compound interest of
$3400 at 5 per cent. for 15 years?

OPERATION.

By the table the amount of §1 at 5 per cent. for 15 years = $207898. -
Then $2:07893 X 3100 = $7088'362 = Amount.
8400 Principal,

$3668°362 = Interest
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ExavpLe 7.—What is the amount and compound interest of

£47 10s. for 6 years, at 3 per cent. half-yearly ?
OPERATION,
£47 105, = £47°5.
\h lmvl hv the table that
576 is the amount of £1 for the given time and rate,

1, 3 1s the multiplier.
Los o
£67°7236 = 67 14 =} i~ the required amount.

47 10 ¢ 1is the given principal.

And £20 4 5%is the required interest,
EXERCISE.
2. What are the amount and compound interest on 3875 for 11
years at 6 per cent. ? Jns. Amount = $1601-0125.
Interest = 87860120,
9. What are the amount and compound interest on $643'98 for
13 years at 4 per cent. half-yearly ?
ns. Amount = J1785°41523.
Interest = $1141¢ 43523.
10. What are the amount and compound interest of 1 cent at 6
per cent. per annum for 45 years ? Ans. Amount = $-137646,
Interest = S-1276406.
11. What are the amount and compound intirest of $78-20 for 7
years at 3 per cent. quarterly ? ns. Amount= 3178916,
Tuterest = $100-716.
12. What are the amount and compound interest of 277777 for 9
vears at 5 per ceut. half-yearly ?
Ans. Amount = S1871-7968.
Interest = 81044-02638.
13. What are the amount and compound interest of £44 5s. 9d.
for 11 years at 6 per cent. per annum ?
.dns. Amount — £84 1s. 5d.
Intercst = £39 15s. 8d.
14. What are the amount and compound interest of £32 4s. 9:d.
for 3 vears at 4 per cent. half-yearly ?
Ans, Amount = £40 15s. 10}d. nearly.
Interest=L 8 11s. 1 d.

33. Giiven the umount, time, and rate—to find the
principal; that is, to find the present worth of any sum to
be due hereafter—a certain rate of interest being allowed
for the money now paid—

RULE.
Find by the Tuble the amount of 1 at the givea rule und for

the given time, and dicide it into the given amount, The quolivat
will be the principul.
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ExaMpLE 15.~What principal will amount to $10000 in 13
years at 6 per cent. compound interest?

OPERATION,
Amount of 31 for 12 years at six per ccnt. = $2'0122.
$10000--2+0122 = $4969°684. Ans.
EXERCISE.

16. What principal will amount to $7439-87 in 7 years at 4 per
cent. compound interest ? JAns. $5653:697.
17. What principal will amount to $9193-90 in 20 years at 5 per
cent. compound interest? " Ans. $3465'081,
18. What ready money ought to be paid for a debt of £595 10s,
2%d. to be due 3 years hence, allowing 6 per cent. per an-
num compound interest? Ans. £500.
19. What ready money ought to be paid for a debt of $7111-11,
to be due 7 years hence, allowing 6 per cent. compound

interest ? Ans. $4729°295.

20. What principal, put to interest for 6 years, would amount to

£268 0s. 44d., at 5 per cent. per annum ? JAns. £200.
DISCOUNT.

34. Discount is an allowance made for the payment of
a debt before it is due.

35. The present worth of a debt, payable at some future
time, without interest, is that sum of money which, being
put out at legal interest, will amount to the debt by the
time it becomes due.

Thus, if I owe aman $100 and give him a note for that amount,
payable one year hence, without interest, the present value of my
note is less than $100, since $100 being put out at interest for
1 year at 6 per cent. will amount to $106.

36. From Art. 18 it is evident that to find the present worth of a note,
payable at some future time, without interest, is simply to find what prin-
cipal, put to interest at the rate specified, will amount to the sum named
?in the face of the notein the given time i, e., by the time the note becomes

ue.
Hence, to find the present worth of any sum, to be paid
at some future time, without interest, we have (Art. 18)

the following :—

RULE. P= T

INTERPRETATION.— The present worth is found by dividing the
amount of the note, debt, &c., by the amount of $1, at the specified
rate per cent. for the given time,
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Nore.—The discount s found by deduriing the present? value
Jrom the note, debt, &c.

Exampre 1.—What is the present value of a note for S860
payable 3 years hence, allowing discount at the rate of ¢ per
cent. per annum ?

OPERATION,
Here 4 = 8860, » = Og, and { =3. Whence 1-rf = 1'18.

b1
Po= —— = = = 3793%12
Then Tt = T STeSRIZL, Ans,
Proor.—Interest on $72%°817 ) for 3 years at 6 per cent. = 31311
Added principal ... e = 728
Amount.,,........... e TP = $860°00

ExaupLE 2.—What is the discount on a note for $728:63 due
0 months hence, allowing discount at 7 per cent. per annum ?

OPERATION.
Here 4 = $72803, # =07, and 7 —= *75 yeur. Wheney 1406 = 10523,

A 728'63
T = = — goo2s58 rorth,
hen P Tt 1055 $692:2858 present worth
Then amount on facc of note......... $728'63
Present value 592235
Discount ... ... $ Suuit s,
EXERCISE.
3. What is the present worth of a note for %062, payable in one
year, at 4 per cent. discount ? Ans. $925.

4. What is the present worth of $2202, payable in 5 years and
9 months, at 6 per cent. per annum discount ?

Ans, S1637-1%4.

. What sum will discharge a debt of $1003:50, to be due in

8 months hence, allowing G per cent. per annum discount ?

Auns. $964:9028.

6. What ready money will now pay a debt of $71¢ due 7 months

hence, allowing discount at 8 per cent. ?  .7us. 86840764,

7. What ready money will now pay a debt of $13.12:50, due

125 days Lience, at 6} per cent. ? Ans. 81313266,

8. If a legacy of £2100 is left to me on the 3rd of May, to be

paid on the Christmas day following, what must I rcceive

as present payment, allowing 5 per cent. per annum discount?

} Ans, 237484,

9. Find the discount on a bill of 32202 ut 5 per cent., pavable

9 months hence. vns. 379:59036.

10, What is the present worth of a note for $4360, payable one

year and 5 months hence, at 6 per cent. 7 .as. 3401843317,

What is the present worth of a note for $1647, due 11 months

hence, at  per cent. ? Ans. $1561-13744,

(=]

11
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12. Required the present worth of a note for $2000, due 3 years
7 months hence, at 6 per cent. Ans, $1646:09063,

13. What is the discount on a note for $2070-90, payable 1 year
7 months hence, at 5 per cent.? Ans. $151-919,

14. What is the present worth of a note of $970-63, payable in
11 months, at 8 per cent. ? Ans. $904°313,

NoTE.—When the payments are to be made at different times, find the
present value of the sums separately ; their sum will be the present value
of the note, and, as before, this subtracted from the whole amount will
give the discount.

15. What is the discouni on $3024, the one-half payable in 6, and
the remainder in 12 months, 7 per cent. per annum being
allowed 7 Ans. $150°0464.

16. A merchant owes $440, payable in 20 months, and $896,
payable in 24 months; the first he pays in 5 months, and
the second in one month after that. What did he pay, al-
lowing 8 per cent. per annum ? Ans, $1200.

BANK DISCOUNT.

37. Bank Discount is a charge made by a bank for the
payment of money on a note before the note is due, and
differs materially from discount as commonly calculated.

88. Banks consider the discount to be the same as the
interest on the whole amount of the note, from the time it
is discounted until the time it becomes due. Bank Dis-
count is therefore greater than the true discount by the
interest on the discount.

39. The three days of grace which, by mercantile usage,
are allowed to elapse after a note falls due, before it is pay-
able, are always included by banks in the time for which
they calculate the discount.

40. Two kinds of notes are discounted at banks:

1st. Business notes, or business paper. These are notes actually given
by one individual to another for property sold or value received.

2nd. Accommodation notes, called also accommodation paper. These
are notes made for the purpose of borrowing money from the banks,

41, To find the bank discount on a note :—
RULE.

Add 3 days to the time which the note has to run before it becomes
due, and calculate the interest for thistime at the given rate per cent.

ExaupLe 17.——What is the bank discount on & note of $700,
payable in 70 days, allowing discount at 6 per cent. ?
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OPERATION.
Here the time the note has to run is 73 days =2 months 12 days.
Interest of $1 at 8 per cent. for 2 months 12 days, is $0°012,
Interest of $700 at 6 per cent. for 2 months 12 days.—= $0°012 X 700 -
x40, Ans.

EXERCISE.*

18. What is the bank discount ona note for $986, having 2 years
and 3 months to run, allowing discount at 7 per cent.?

Ans. 2155°8701.

19. If I have a note for 3040, payable in 100 days, and get it

discounted at the rate of 8 per cent. per annum, what dis-

count am I charged? cAns, $14-6488,

20. I sell a horse and carriage for 336380, and receive a note

for that sum, payable, without intercst, 91 duays hence.

Now if I get this discounted at the rutc of ¢ per

annum, what sum do [ receive ? oIns. 3554°9617.

42. Tt is often uccessary to make a note of which the
present value shall be a certain sum.

Thus, suppose I require to receive from the bank $1000, and
wish to give my note, payable in 7 months, at 4 per cent., what
amount must I put on the face of the note?

Nuw the interest on $1 at 6 per cent. for 7 months and 3 days (i. e, days
of grace) is £0°0353, and this will be the bank discount on 51 for 7 months

at & per cent, .
To get the present value of $1, we subtract $4:03535 from $1, which gives
us 3070045,
Henee, for every 09045 I receive, Tmust put 51 on the face of the note;
[

1 .
and therefore to receive $1000, [ must put Foas £1036'806 on the face
12 9]

of the note.

PRoOF.—Tace of note... o Lo SLO307506
Bank discount on $1036'506 ut 6 prr cent. per an. for 7 m. 36°806

Present VAIUC....ooivv i $1000°00
Henee to find the face of a note, duc at some future
time and discounted at a given rate per cent. per annum,
that shall huve a known present value. we have the follow-
1ne —
o

*These examples are worked by the rule giveuin Arts, 26 and 27, If the
absolutely correet answer is required, it wust be obtained hy deducting
from these results 44 of the interest for the duys used, as before explained.,

In examplc 19, this will be observed, it makes a differeice of 20 cents,
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RULE.

Find the present value of B1 for the same time (adding the three
days of grace) and at the same rate; divide the required present
value of the note by this, and the quotient will be the face of the
note.

ExamrLE 21.~TFor what sum must a note be drawn at 8 months
18 days, so that discounted immediately at 6 per cent. it shall
produce $670?

OPERATION.
Interest on $1 for 8 mouths 21 days at 6 per cent. = §0°0435, and this taken
from $1 gives us $0-9566 — present worth of $1,

Then __6r0 = $700°47. Ans.

0°9565
EXERCISE.*

22. What sum must I put on the face of a note payable in 90
days so that I may obtain $3755 when discounted at a bank
at 7T per cent.? JAns. $3824-15,

23. For what sum must a note be drawn payable in 6 months
in order that its proceeds at 5 per cent. bank discount may
be $1147-80°? JAns. $1177-734.

24. For what sum must a note be drawn payable in 45 days so
that its proceeds at 34 per cent. bank discount may be
$713-907? Ans, $T17-2471,

—_— v
EQUATION OF PAYMENTS. [

43. Equation of Payments is the process of finding the
equated or average time when two or more payments, due
at different times, may be made at once without loss to
cither party.

44. The average time for the payment of several sums
due at different times is called the mean time or equated
time.

46. To find the cquated time for any number of pay-
ments :—

RULE.}

First multiply each debt by the time before it becomes due ; then
divide the sum of the products thus obtained by the sum of the
payments, and the quotient will be the equated time required.

* Work by Arts. 26 and 27.

+ This rule is based upon the supposition that what is gained b; keeg;
ing certain payments after they become due is equal to what is Yost
paying other payments before they become due. This, however, is not
exactly true: for the gain is the interest, while the loss is equal only to the
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NoTe,—When there are both days and months, they must all be
reduced to the same unit; i.e., the payments must all be
reckoned for 5o many days, or so many months or parts of
a month. If one of the payments is due on the day from
which the equated time is reckoned, the corresponding pro-
duct will be nothing ; but in finding the sum of the debts,
this payment must be added with the others. (See Exam-
ple 3 below.)

ExaMpLE 1.—A merchant purchases a vessel for $7000, $2000
to be paid in 3 months, $2000 in 5 months, and the balance in
11 months. Now if he wishes to make the whole in one pay-
ment for what time must his note be drawn?

OPERATION,

82000 X 3=1% 6000 X 1 EXPLANATION.—The iuterest of
2000 X 5= 10000 X 1 oo for 3 months is equal to the
3000 X 11= 33000 X1 interest of $6000 for one month.,
—_— —_— Similarly, the interest of the second
7000) 240000(7 months. Ans. payment is equal to the interest of

210000 for onemont!li. and tae intor-

est of the third payment is equal to the interest of $:53000 for one month,
Hence, the interest of the several payments, at the given times, will e
equal to that of $49000 for one month ; and if we divide this $ 9000 by the
sum of the payments, $7000, we obtain 7 months for the cquated time.
SET0
That is, 700 : $49000 : :1 month : s, :l‘% =7 months.
$7

ExamMpLE 2.—A person owes another £20, payable in 6 months ;
£50, payable in 8 months; and £90, payable in 12 months. At

what time may all be paid together, without loss or gain to
either party ?

OPERATION,

L £

20 6= 120

5% 8= 400
90 X 12 =10~1

160 160)1600(10 mouths, Ans.
1650

discount, which (Art. 38) is always less than the intercst: but the discre-
pancy is so trifling as not to wak: any material ditference in the result.
With this exception, the rule is true, and may be demonstrated as fol-
lows :—Let p = first payment, and ¢=the time before it becomes due;
p'= other piyment, and #'=the time hefore it hecomes due;
r=ecquated time, and r =rate of interest per unit.
And since &, the equated time, lies between £ and ¢, the thme between [
and x ixz=.r—¢, and that between ¢/ and riis=='—ux.
The interest of p for the time o—¢ is (from Art. 13) pr (e—¥).
Also interest of ' for the tiwe ' —.r i3 o/ {P'—x).
Hence pr (a—t) - p/'r (4—0}

pt -+ o't A TR T
And r="—"=2 which i~ the rule, and may he similarly proved for

any number of payments,
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ExampLE 3.—A debt of $450 is to be paid thus: $100 imme-
diately, $300 in four, and the rest in 6 months, When should it
be paid altogether ?

OPERATION.
SWoX0= 0
300 X 4=1200
50 X 6= 300

450 450)1500(3% months, Ana,
1360

ISO}

PR QU §
=3
450

EXERCISE.

4. A owes B $600, of which $200 is payable in 3 months, $150
in 4 months, and the rest in 6 months; but it is agreed
that the whole sum shall be paid at one payment. When
should the payment be made ? Ans. In 4} months.

. A debt is to be discharged in the following manner: § at
present, and } every three months after until all is paid.
What is the equated time? -~ JAns, 41 months,

6. A debt of $120 will be due as follows: 350 in 2 months, $40

in 5, and the rest in 7 months. When may the whole be
paid together? Ans. In 4} months,

7. L owe $1000, to be paid down, $1500 in 1 month, $600 in 3

months, $700 in 5 months, and $1400 in 7 months. For
what time must my note be drawn so that the whole may
be paid in one payment? JAns. 347 months.

8. Bought of Messrs. Hendrie & Robarts, goods to the following

amounts, on a credit of six months:
15th of January, a bill of $3750,
10th of February, a bill of 3000,
6th of March, a bill of 2400,
8th of June, a bill of 2250,

I wish on 1st of July to give my note for the amount; at what

time must it be made payable ? Ans. 318t August.

PARTNERSHIP OR FELLOWSHIP.

46. Partnership or Fellowship is the joining -together
of two or more persons for the transaction of business,
agreeing to share the profits and losses in proportion to the
amount of money each invests in the business.

47. The persons thus associated are called Partners,
and the association itself a Company or Firm.

48. The money employed is called the Capital or Stock.

49. The gain or loss to be shared is called the Dividend.

w
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SIMPLE PARTNERSHID.

50. When the partuers employ their shares of the
capital for the sume period of time, the partnership is ealled
Simple Purtnership.

It is also called Single Partuership, or Partnership without Time,

51, It is evident that the whole stock which suffers the gain or loss must
hear the same proportion to the stock of cach pavtner that the whole viin
or loss bears to his share of the gain or loss.

Hence, for partnership without time, we have the fol-
lowing : —

RULE.

As the whole stock is to each man’s share of the stock, so is the
whole guin or loss to each mun’s share of the gain or loss.

ExaxrLE 1.—A and Benter into trade with a capital of 33700,
of which A contributes 52000 and B the remainder. They gaiu
$1200. What i1 each man’s share of the profits ?

OTERATION.

Whole stock : A's stock : : whole profit :
2
That is, $5700 : $2000 : : $1200 : 'll—m)T') =@t 6y = \'s share,

Again, whole stock : D’s stock : : whole profit : B’s profit.

That is, 3700 : $1700 : : $1200; ‘———‘",‘;;:""“"':%51‘3;1 = B's share,

bY)

NoTE =ATterr A's share has been found, B's share may be obtained by
subtracting \'s prolit from the whole profit.

EXERCISE.

2. Two merchants enter into partucership with a stock of 34300,
of which .\ contributes 33000. They gain $1117; how
should this be divided between them 7

.dns. A’s share = $779:302.
B's share = S337-697.

3. Three persons, A, B and C, agree to form a company for the
manufacture of woollen cloths. A puts in $6.170, B $3780,
and C 39360, By the end of the year they find that they
have gained $7500. What portion of this profit belongs to
each” .dns. A's share = $2538-452,

I¥'s share = 31483°053,
C’s share = 33264493,

4. Band C buy certain mercbandize, amounting to 3320, of

which B paya 5120, and C $200; and they gain $80. How

A’s prolil.

is it to be divided ? Ans. B $30 and C S50.
5. B and C gain by trade 3728, B put in SlZOp, and C 51600.
What ig the gain of each ? Ans. B 3312 and C $416.

6. Two persons are to share 2100 in the proportions of 2 to B

and 1 to C. What i3 the share of each?
Ang. B S66:66%3 and € 833:331,



270 COMPOUND PARTNERSHIP, (Sger.vIIr

7. A merchant failing, owes to B £500 and to C £900; but has
only £1100 to meet thesc demands. How much should
each creditor receive ? JAns. B £392% and C £707}.

8. Three merchants load a ship with butter; B gives 200 casks,
C 300, and D 400 ; but when they are at sea it is found
necessary to throw 180 casks overboard. How much of
this loss should fall to the share of each merchant?

Ans. B should lose 40 casks, C 60, and D 80.

9. Three persons are to pay a tax of $100, according tae their
estates. B's yearly property is $800, C’s $600, and D's
$400. How much is each person’s share ?

Ans. B's $44-44%, C's $33-334, and D’s $22:22}.

10. Divide 120 into three such parts as shall be to each other
as 1, 2, and 3. Ans. 20, 40, and 60.

11. A ship worth $900 is entirely lost; 4 of it belonged to B,
1 to C, and the rest to D. What should be the loss of each,
$540 being received as insurance ?

Ans. B $45, C $90 and D $225.

12. Three persons have gained $1320; if B were to take $6, C
ought to take $4, and D $2. What is each person’s share?

Ans. B's $660, C's $440, and D's $220.

13. Three persons join ; B and C put in a certain stock, and D
puts in £1090 ; they gain £110, of which B takes £35, and
C £29. How much did B and C put in; and D's share of
the gain ? Ans. B put in £829 6s. 11Hd.,

C  « £6873s biid,
and D's part of the profit is £46.

COMPOUND PARTNERSHIP.

52. When the partners employ their capital for different
periods of time, the partnership is called Compound Part-
nership or Compound Fellowship.

It is likewise called Double Partnership, or Partnership With Time.

For example : Suppose A puts in $200 for 3 years, and B $300 for 4 years
and they make a certain gain or loss. This would give acase of Compoum{
Partnership,

In such cases it is plain that each man’s share of the profits depends
upon two circumstances :

1st. The amount of his stock; and

2nd. The period for which it is continued in the business.

Also that when the times are equal, the shares of the gain or loss are a3
the stocks; when the stocks are equal, the shares are as the times; and
wlu&n nbeslther the times nor the stocks are equal, the shares are as their
products,

Hence, for Compound Partnership we have the following—

RULE.

Multiply each man's stock by the time he continues it in trade;
then say, asthe sum of the products is to each particular product,
s is the whole gain or loss to each man's share of the gain or loss.
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Examere 1.—A contributes $120 for 6 months, B $336 for
11 months, and C $384 fur 8 months ; and they lose $55. What
is C's share of the loss?

OPERATION.

%120 2~ 6= %720 for one month)
338 % 11 ; for one month ¢ = $74%3 for one month.
384 # 5= 3072 for one month

$7455 1 83072:: $36: s share; or

= $U0i L.

ExrravatiovN.—Itisclear that 120 contributed for 6 months are, as far
as the gain or loss i3 concerned, the same as 6 times 3120, or $720, contri-
buted for one month.  Henee A's contribution may be faken as $720 for 1
month; and, for the same reason, 13’s as 33696 for the sawme time; and (s
as §072, also for the same time, This reduces the question to oue in Siw-
ple Fellowship,

EXERCISE.

. Three merchants enter into partnership; B puts in $357 for
5 months, C 3371 for 7months, and D $154 for 11 months;
and they gain $347-20. Whatshould be each person’s share
of it? Aas. B's $102, C'3 $148-40, and D’s $96-80.

3. B, C, and D pay 3100 as the year's rent of a pasture. B juts

40 cows on it for 6 months, C 30 for 5 months, and DI 50 for
the rest of the time. How much of the rent should each
person pay? JAns. B 38727, C 83454 %, and D $18:183.

Three dealers, A, B, and (, enter into partnership, and in a

certain time make £291 13s. 4d. A's stock, £150, was in
trade 6 months; L's, £200, 3 months; and C's, £125, 15
months. What is each person’s share of the gain?
ns. A's is £75, B's, £50, and 'z, £166 13s. 4.
Three persons have received $665 interest; B bad put in
24000 for 12 months, C 33000 for 15 months, and D 35000
for 8 months. Mow much is each person’s part of the
interest ? Ans. B's $240, C's $225, and D's $200.

6. Three troops of horse rent a field, for which they pay S310;

the first sent into it 56 horses for 12 days, the sccond 64 for

15 days, and the third 80 for 18 days. What must each

[

-

(<

pay? Ans. The first must pay $ 70,
The second “ 100,
The third o150,

7. Three merchants are concerned in a steam-vessel; the first,
A, puts in 950 for 6 months ; the second, B, a sum unknown
for 12 months ; and the third, (', $640, for a time notknown
when the accounts were settled. A received $1200 for his
stock and profit, B $2400 fur his, and C $1040 for his: what
was B stuck, and (g time?  .4ns. B's stock was $1600

and C's time was 15 months.
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NoTe—If A zain 3240 in 6 months, he would gain 3480 in 12 months; that
is, A’s stock anmd profit at the end of 12 months would be $960 -+ $4%0

= 31440,

Then $1410 : $2400 : : $360: B’s stock; or 2—%) == $1600 B's stock
Again, B's stock : U's stock :: L's profit : C's profit for same time, viz:
12 months. That is $1600 : $640 : : $300 M} = %320 = C's pro-
fit for 12 wonths. 1600
Lastly, C's profit for 12 months: (s given profit :: 12 months: C’s

b e R
time; that is, $320 : $400 :: 12 mouths : w; 'l‘) L. 15 mo. = C’s time.
§. In the foregoing estion A's gain was $240 during 6 months,
B’s 3300 during 12 months, and C's $400 during 15 months ;

and the sum of the products of their stocks and times is

34560, What were their stocks ? Ans. A’s was $ 960,
Bs “ 1600,
Cs 640

9. In the same question the sum of the stocks is $3200; A's
stock was in trade 6 months, B's 12 months, and C's 15
months; and at the settling of accounts, A is paid $240 of
the gain, B $800, and C $400. What was each person's
stoek ? Ans, A's was 53960, B's $1600, and C’s $640.

QUENTIONS TO BE ANNWERED BY THE PUPIL.

Nore.—The nwmbers following the questions refer to the Articles of the
Section,

1. What is interest? (1)
2. What is the meaning of the terms per cenf. and per annum ? (1)
3. In what respect does interest ditfer from Commission and Brokerage?

(2
4. What is the principal ? (3)
5. What is meant by the rate per cent.? (4)
6. What is meant by the rate per unit? (5)
7. What is the interest ? (8)
¥. What is the amount ? (7)
9. Of how many kinds is interest? (8)
10. Explﬁin0 )bhe distinction between Simple and Compound Interest. (9
and 1 .
11. In using formulas for intcrest, what is the meaning of the letters P, A,
I, ¢t and »/ (12)
12, Deduce algebraically a full set of rules for Simple Interest. (12)
13. How is the interest found when the principal, rate per cent., and time
arc givent (13) X
Norg.—Answer this and succeeding similar questions by giving
the formula.
14. Interpret this formula. (13) -
15. Wheu the éinterest, rate per cent., and time are given, what is the rule
for finding the principal ? (14)
18. Interpret this formula. (14)
17. How is the rate per cent. found when the inferest, principal, andtine
are given ? (15)
18. Interpret this formula. (16)
18. When the interest, principal, and rafe are given, how is the time
found ? (16)
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20,
21

Interpret this formula. (16)

. When the principal, rate, and time arc given, how is the amount

found ? (17)
Interpret this formula. (17)

23, When the amount, rate, and tiine axe given, how do we find the prin-

24,
25,
26,

s

32,

55,

L8

cipal? (18)

Interpret this formula. (15)

When the amount, principal, and time are siven, how do we find the
rate? (19)

Interpret this formula. (19)

. When the amount, principal, and rafe are given, how do we fiud the

time ¥ (20)

24, Interpret this formula. (2i)
. How du we tind the time in which any sum of mouney will amount to

any given numher of times itself at a given rate ¥ (21)
Iuterpret this formula. (21)

. Howdo we flud the rate at which any sum will amount toa ziven num-

ber of times itselt in a given time  (22)
Interpret this formula. (22)

. When the time and rate arc given, how do we find to how many times

itself a given sum will amount ¥ (23)

. Interpret this formula. (23)
. How do we find the interest on $1 at ¢ per cent. per annum for any

number of months? (24)

. How do we find the intcrest on $1at 6 per cent. for any number of

days? (25)

. How do we find the interest of any sum for uny given time at ¢ per

cent. ¥ (26)

. How may we find the interest at any other rate than 6 per cont.? (27)

How do we compute interest on notes, &c., when partial payments are
made? (28)

. What is the rule for calculating Compound Interest? (30)
. How is Compound Interest calculated by the table given in Art, 317 (32)
. How do wu ascertain the present worth of a debt due some given time

hence, allowing Compound Interest at a given rate? (33)

. What is Discount (34)

. What is meant by the present worth of a delit, note, &e. P (35)

5. How do we compute the present worth of a deht or note? (36)

. What is Bank Discount ? (37) i

. What is the distinction betwcen Bank Dixcount and True Discount?®

(34 and 35)

. What are days of grace ? (39)

What are the two kinds of notes discounted at banks ¢ (40)

. How do we calculate the bank discount on uotes, &c. ¥ (41)
. How do we find what amount to put on tho face of a note so that its

present value shall be a certain stuny (12)

. What is meant by the Equation of Paymeuts? (43)
3. What i8 meant by the mean fimeor cquated time of pavment ? (41)
. How do we find the cquated time of payment? (43)

What is Partnership or Fellowship? (46)

5. What are the persons associated together in partnership called ? (47)
. What is the money employed in the business called ? (1)

. What is meant by the dividend ? (19)

. What is the distinction between Siwmple and Comnpound Fellowship ?

{50 and 52)

. By what other naines is Simple Partnership known? (50)
. What is tho rule for Simple Partnership ? (51)

What is the rule for Compound Partnership ¥ (52)

8
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SECTION IX,

PROFIT AND LOSR, BARTER, ALLIGATION,
CURRENCIES, EXCHANGE, &o.

PROFIT AND LOSS.

1. Profit and Loss is a rule by which we are enabled to
ascertain what we gain or lose in mercantile transactions.
It also instructs us how much we must increase or diminish
the price of our goods in order that our gain or loss may
be so much per cent,

CASE 1.

2. 7o find the total gain or loss on a certain uantity
of goods when the prime cost and selling price are given :
FIRST RULE.,

Find the price of the goods at prime cost and also at the selling
price. The difference will be the whole gain or loss.

Exaxpie 1.—What do I gain if I buy 207 cords of wood at
©3-78 per cord and sell it at $4:25?

OPERATION,
370°75 = whole sum for which goods were sold,
5 == whole cost.

207 cords @ $4'25 =
207 cords @ $3'78 =

Difference = $97°20 = whole gain = Ans.

ExanpLE 2.—If I purchase 900 bushels of wheat at $1:47 per
bushel and sell it at 8125, what do I lose upon the whole trans-

action ?

OPERATION.

'42 = $1323 = whole cost.

900 bushels !
5 == $1125 == whole sum received for wheat.

81
900 bushels @ $1°2
$198 = whole loss = Ans.

SECOND RULE.

Tind the difference between the buying and selling price of &
bushel, 1b., yard, &c.

Multiply the gain or loss per buskel, 1b., yard, &c., by the number
of bushels, Ibs., or yards, and the result will be the whole gain or loss.
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ExaypLE 3.—Bought 211 yards of flannel at 37} cents per
yard, and sold it at 45 cents ; required my total gain ?
OPERATION.
£0°375 = buying price.
$045 — selling price.

$0°075 — gain per y:\r(].
$0°075 X 211 = $16'825, .1ns.
Not.—This second rule affords the shorter method of finding the giin

or loss,
EXERCIRE.
1. Bought 317 lbs. of butter at 9 cents per lb., and sold it at 12
cents ; what was my gain on the whole ? Ans. $11-095,

5. Bought 2138 bushels of potatoes at 874 cents per bushel, and
sold them at %1:20 ; what was my gain on the whole ?

Ans. $694-85.

6. Bought 13 barrels of sugar, each weighing 317 lhs. net at 15

cents per lb., and sold the whole for 3735 ; how much did I

gain or lose on the transaction? Jns. Gained 2116-85.

7. Bought 17 kegs of wine, each coutaining 22 gallons, atS3-15

per gallon, and paid in addition 524-33 for carriage, &¢.,

and an ad valorem duty of 37. per cent. I sold the whole

for 21625 ; what was my gain or loss ? Ins. Loss $21-2175.

CANE I1.

3. Let it be required to find for what sum I must sell « house
which cost 32900 so that [ may gain 15 per cent.

Here for every $100 the house cost me I am to receive $113, or for every
$1 cost 1 am turcceive $1°15.

The selling price must evidently be as many times $1°15 as the by ing
price contains $1; . e, $1715 X 2000 30, Ans,

Awain: If a person huys a horse for ¢ antafterwards <ells it so as to
lose 11 per ce how much docs he receive tor it?

Here for $1 h< patiel tor the horse hie receives only $0°89 (since lie
loses 11 per cent , 11 cents on the $1.)

Then, the bL“ll]K pnu, will obviously be $07%9 X 930 - $20870, s,

Heneeo to gind wt what price an article must be sold so
as to gain or lose a specified per centage, the cost price
being given :—

RULE.

Find (Art. 2, Sect. VIL) how much nust be received for each
dollar of the buying price, and multiply this by the whole buying
price.  The result will be the selling price.

ExavpLe 8.—Bought a quantity of oatmeal for $1793:80, For
what must I zcll it so ag to gain 8 per cent.?

OPERATION.,

Here for cvery 81 1 expenid I desire to receive $1°0%; ; hence, the selling
price will be $1°08 X 1793'80 = $1937°304. Ans.
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ExaupLe 9.—Bought a Jot of sheep for $7000, and am willing
to lose 3 per cent. For what sum must I sell ?
OPERATION.
Here for every $1 1 expend T am willing to receive $0°97, and hence the
sclling price will be 50797 X 7000 = $6790. Ans,
EXERCISE.

10. Bought cordwood at $3:25 per cord ; at what rate per cord

must I sell it in order to gain 30 per cent.?  Ans. $4:224.

11. Bought a stock of goods for $13420 ; for how much must it

be sold in order to gain 5 per cent. ? Ans. $14091.

12. Bought a quantity of wool at 11 cts. a lb., and wish to sell

50 as to gain 15 per cent.; at what rate per 1b. must I gell

it? Ans. 1217 cents.

13. Bought axes at $15-25 a doz., and desire to sell them so a3
to guin 23 per cent.; at what rate per doz. must I sell ?

JAns, $18:753.

14. Bought a farm for 7890, and am willing to lose 11 per

cent. ; at what price must I sell ? Ans. $7022°10.

CARSE IIL

4. Let it be required to find what per cent. of profit a merchant
makes by buying tea at 43 cents per lb. and selling it at 67 cts.

Here the gain on each 1b, is 24 cents,
That is every +3 cents invested gives a gain of 24 cents.
Therefore every cent invested gains 25 of 24 cents = 24 cents.

Aud hence, the gain per cent. = 5% % 100= - 14 = 55'8 per cent,

Hence to find the vate per cent. of profit or loss when
the prime cost and sclling price are given, we have the fol-
lowing :—

RULE.

Find the difference belween the buying and selling price, and
hence the guin or loss per unit.

Multiply this by 100, and the result will be the gain or loss per
cent.

ExampLe 15.—A speculator invests $4.4400 in stocks, and sells
out for $50000 ; what per cent. does he make by the operation?
OPERATION.

Here the whole pain is $50000 — $44400 = $5600.
That is $44100 gain $5600, and therefore $1 gains £E&A% = 7 of adollar.
Hence gain per cent. = 794 % 100 = 1282 =126, dns.

NoTe.—The above and all similar questions may be solved by Proportion.
Thus this question is, if 844400 gain $5600, what will $100 gain P

Aud the statemnent is $44400 : $100 -« $5600: Ans = l~s§007—'mo:l‘.‘.“?-
: 44400
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EXERCISE.
16. Bought tea at 60 cents a lb., and sold it at 87} a lb.; how
much did I gain per cent.? Ans, 455,
17. Bought coffee at 13 cents and sold it at 11 cents a pound;
what was my loss per cent. ? Ans. 154,
18. Bought flour at $6-20 a barrel, and sold it at $7-80 ; what
was the per cent. of profit? Ans. 25% per cent.
19. Bought cloth at $2-75 per yard, and sold it at $3-10; what
was my gain per cent.? Ans. 1248 per cent.
20. Bought oats at $0°47 per bushel, and sold them at $0-56;
what was my gain per cent.? Ans. 195 per cent.

21, Bought meat at 12 cents per 1b., and sold it at 10 cents a
pound ; what was my loss per cent. ? Ans. 121 per cent.
22. Bought a horse for 303, and sold it for $127: what per cent.

of profit did I make ? Ans. 363%.
23. A man bought a farm for $6742.50, and sold it for $6000 ;
what was his loss per cent.? Ans. 11.Mds per cent.

24. If I purchase a house for 35700, a horse for $275, and pay
21987.32 for household furniture and a carriage, and then
sell the whole for 38750, what is my gain or loss per cent. ?

Ans. Gain 9-89 or nearly 10 per cent.

25. I purchase 723 yards of black silk velvet in Paris and pay
$4:25 a yard; I further pay 7 per cent. for insurance,
$23-70 for carriage, 32-70 for harbor dues, $3-16 for wharf-
age and storage, and an ad valorem duty of 22 per cent.,
and then sell the whole for $5270; what is my gain or loss
per cent. ? Ans. Gain 31°96749 or nearly 32 per cent.

CASE IV.

5. Let it be required to find the prime cost of cloth which I
sold for 34 and gained 10 per cent. thereby.

Here the gain on $1 was 10 cents, or what I sold for $1:10 cost me only

Therefore the cost price will contain §1 as many times as the selling price
contains $1°10.
That is the cost price = —4; = $3'636. Ans.

Hence, fo find the cost price, the selling price and the
gain or loss per cent. being given, we have the following : —

RULE.
Find the gain or loss per unit, and add it to unity if it be gain
but subtract it from unity if it be loss.
Divide the selling price by the quantity thus obfained, and the
result will be the cost price.
Or say as $100 4- gain per cent. (or as $100—loss per cent.) is
to S100 so is the selling price to the cost price
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Exaurie 26.—Sold a quantity of coal for $719, and lost 7 per
cent. by the transaction ; what was the prime cost?
OPERATION.

18T RULE.—Loss on $1 is 7 cents, or for every $1 paid I receive $093,
Hence cost = $113 = $773'117.

2ND RULE,—$93: $100:: $719: Aus. = lﬂgg = $773'118.
EXERCISE.
27. For what did [ buy a quantity of sugar which I sold for
$24'60, losing 4 per cent.? Ans. $25-625.

28. A gentleman sold hig library for $2360, which was 10 per
cent. less than cost ; what did he give for it? Ans. $2622-22.
29. A farmer sold his farm for $7400, gaining 11 per cent. on
the prime cost; what did he give for it? ns. $6666+666.
30. A merchant sold & quantity of silk velvet for $3789-40,
gaining 17 per cent. by the transaction; required the buy-
ing price? Ans. $3238:803.
31. Sold a lot of cattle for $2740, losing 13 per cent. by the
transaction ; what did I give for them?  /ns. $3149-425.

BARTER.

6. Barter signifies an exchange of goods or articles of
commerce at prices agreed upon so that neither party in
the transaction may sustain loss.

7. The principle of solution depends upon finding the value of
the commodity whose price and quantity are given, and thence the
equivalent quantity of a second commodity.of a given price, or the
equivalent price of a given quantity of a second commodity.

Exampre 1.—How much tea at $1:10 per 1b. ought to be given
for 712 1b. of sugar at 13 cents per 1b.?

OPERATION.

712 1bs. of sugar at 13 cents per b, = $92'56, and $92:56 = $1'10=584'1454
1bs. = 84 1bs. 2} 0z. Ans.

ExameLe 2.—I desire to barter 96 1lbs. of sugar, which cost
me 8 cents per lb., but which I sell at 13 cents, giving 9 months’
credit, for calico which another merchant sells for 17 cents per
yard, giving 6 months' credit. How much calico ought I to
receive ?

OPERATION.

I first find at what price I could sell my sugar, were I to give
the same credit as he does—

If 9 months give me 5 cents profit, what ought 6 months to give?
6X5
9:6::5: = — =3} cents,

Hence, were I to giv ? credi 1 =113 cent:
per Nexl;e— give 6 monthy’ credit, I should charge 8 4 3} =11} cents
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As my selling price is to my buying price, so ought his selling to be to his

buying price, both giving the same credit.

115:8: :17:8X17

The price of my sugar, therefore, is ’96 X 8 cents, or 37is: and of his
calico, 12 cents per yard.

Hence

==12 cents.

i =64, is the required number of yards.

EXERCISE.

3. A has coffee which he barters at 10 cents the Ib. more than
it cost him, against tea which stands B in 22, but which he
rates at $2-50 perlb. How much did the coffee cost at first ?

Ans. 40 cents.

4. A has silk which cost $2:80 per lb.; B has cloth at $250,
which cost only 32 the yard. How much must A charge
for his silk, to make hig profit equal to that of B?

Ans. $3-50.

I have cloth at 8 cents the yard, and in barter charge for it

13 cents, and give 9 months’ time for payment; another

merchant has goods which cost him 12 cents per lb., and

with which he gives ¢ months’ time for payment. How high
must he charge his goods to make an equal barter ?

Ans. At 17 cents.

6. K and L barter. K bas cloth worth $1-60 the yard, which
he barters at $1-85 with L, for linen cloth at 60 cents per
yard, which is worth only 55 cents. Who bhas the advan-
tage ; and how much linen does L give to K for 70 yards
of his cloth?  Ans. L gives K 215% yards; and K has the
advantage.

7. B has five tons of butter, at $102 per ton, and 10§ tons of
tallow, at $135 per ton, which he barters with C ; agreeing
to receive $600-30 in ready money, and the rest in beef at
3420 per barrel. How many barrels is he to receive?

Ans. 316.

ALLIGATION.

8. Alligation is the method of finding the value of a
mixture of inevedients of different values, or of forming a
compound which :hall have a given value,

_NorE.—The term alligation is derived from the Latin word alligo “ to
tic or bind,” the reference being to the manner of connecting or tying the
numbers together in a certain class of questions.

9. Alligation 1y divided into A/igution Medial and
Alligation Alternate.

10. Alligation Medial (Latin medius, ¢ mean or ave-
rage ') enables us to find the value of a mixture when the
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ingredients, of which it is composcd and their prices are
known.

11. Alligation Alternate enables us to find what pro-
portion must be taken of several ingredients, whose prices
are known, in order to form a compound of a given price.

ALLIGATION MEDIAL.

12, Let it be required to find the price per lb. of a mixture
containing 47 lbs. of sugar at 11 cents per lb., 29 1bs. at 13
cents, and 24 1bs. at 17 cents.

OPERATION.
47 lbs. at 11 cents =517 cents.

29 Ibs. at 13 cents = 377 cents.
24 Jbs. at 17 cents = 408 cents.

Theuﬁo Ibs.  cost 1302 cents and 11b, will cost },322==13,1; cents.
Heuce for Alligation Medial we deduce the following :—
RULE.

Divide the cntire cost of the whole mixture by the sum of the

ingredients, und the quotient will be the price per unit of the
mixture.

ExawmprLe 1.—What will be the price per 1b. of a mixture of

tea containing 7 lbs. at $0-50 per 1b., 11 1b. at $0-80, 19 at $1:06,
and 3 lbs. at $1-23?

OPERATION,

7lbs. @ 8050 — §3'50

11 ¢ @ $080 = 8880

19 « @ 106 = $2014

3¢ @ 8128 = $369

401bs, —=sum of ingre- $36'13= Total cost.

dients.
40)$36°13(80°90%8. Ans.
36'0
13
Exaxrie 2.—A goldsmith has 3 1bs. of gold 22 carats fine, and
2 Ibs. 21 carats fine. What will be the fineness of the mixture ?

In this case the value of cach kind of ingredient is represented by anum-
ber of carats—

OPERATION,

31bs. X 22 — 66 carats
2 Y X2l = 42 *

5 5)108

The mixture is 21% carats fine, .
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EXERCISE.

3. Having melted together 7 oz. of gold 22 carats fine, 12} oz.
21 carats fine, and 17 oz. 9 carats fine, I wish to know the
fineness of each ounce of the mixture?  Ans. 1544 carats.

4. A vintner mixed 2 gallons of wine, at 14s. per gallon, with 1
gallon at 12s., 2 gallons at 9s, and 4 gallonsat 8. What
is one gallon of the mixture worth? Ans. 10s.

5. A farmer mixes 15 bushels of wheat worth $1-20 with 30
bushels worth $1:50, and 60 bushels worth 31:10 and 83
bushels worth $1°75. What is one bushel of the mixture
worth ? Ans. $1-458.

6. A grocer mixes together 12 1bs. of tea at 50 cents, 16 1bs. at
72 cents, 22 lbs. at 65 cents, 18 lbs. at 85 cents, and 100
1bs. at 42 cents. How much per lb. is the mixture worth?

Ans, 534; cents.

ALLIGATION ALTERNATE.

13. Alligation Alternate is the reverse of Alligation
Medial, and may be proved by it.

CASE I

14. Given the prices of the ingredients, to find the pro-
portion in which they must be mixed in order that the
compound may be worth a given price :—

RULE.

Set down the prices of the ingredicnts in two columns, placing
those greater than the price of the compound to the left, and those
less than it to the right.

Between these columns form two others composed of the differences
between the prices of the several ingredients and of the compound ;
writing each difference next to the number by which it was obtained.

Link, by means of a line, the left-hand differences lo the right-
hand differences in any order.

Then each difference will express how much of the quantity with
whose difference it is connected, should be taken to form the required
mizture.

If any difference is connected with more than one other difference,
it is o be considered as repeated for each of the differences with
whick it is connected ; and the sum of the differences with which it
is connected is to be taken as the required amount of the quuntity
whose difference it is.

Exampre 7.—How many pounds of tea at 5s. and 8s. per Ib.,
would form a mixture worth 7s. per 1h.?
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OPERATION.
Prices. Differences. Prices.

7T=8—-1 245=17

1 is counected with 2s., the difference between the 7, the required price,
and 54.: hence there must be 1 1b. at 5s. 2 is connected with 1, the differ-
ence between 8s. and the required price ; hence there must be 2 1bs. at 8s.
Then 1 1b. of tea at 5s. and 2 lbs. at 8s, per lb,, will form a mixture worth
7s. per 1b.—as may be proved by the last rule.

It is evident that any equimultiples of these quantities would answer
equailzly as well ; hence a great number of answers may be given to sucha
question,

ExampLe 8.—How much sugar at 9d., 7d., 5d., and 10d., will
produce sugar at 8d. per 1b.?

OPERATION.
Prices. Differences. Prices.
9—1 147
s= {102 3455 =8

1 is connected with 1, the difference between 7d. and the mean, 8; hence
there is to be 1 Ib, of sugar at 7d. per Ib. 2 is connected with 3, the differ-
ence between 5d. and the mean; hence there is to be 2 1bs. at 5d. 1 is con-
nected with 1, the difference between 8d. and the mean ; hence there is to
be11b.at 9d. And $ is connected with 2, the difference between 10d. and
the mean; hence there are to be 3 lbs. at 10d. per lb.

Consequently we are to take 1 1b. at 7d. and 2 1bs. at 5d., 1 1b. 2t 9d. and
S 1bs. at 10d. 1f we examine the price of the mixture these will give (Art.
12), we shall find it to be the given mean.

ExampLe 9.—~What quantities of tea at 4s., 63., 83., and 9s.
per 1b., will produce a mixture worth 5s.?
OPERATION.
Prices. Differences. Prices.

8—3 1+ 4=35
6=146—1—=
9—4

3,1,and 4 are connected with 1s., the difference betwcen 4s. and the
mean ; therefore we are to take 31bs, -1 Ib. 44 1bs. of tea, at 4s. per lb.
1 is connected with 3s., 1s., and 4s., the differences between 8s., 6s,, and 9s.,
and the mean; therefore we are to take 1 1b. of tea at 8s., 1 1b, of tea at 6s.,
and 1 1b. at 9s. per lb.

Exampre 10.—How much of any thing at 3s., 4s,, 5s., Ts., 8s,,

9s., 11s., and 12s. per 1b., would form a mixture worth 6s. perlb.?

OPERATION.
Prices. Differences. Prices.

A,

7—1——-343

8§—Q 2 {4

== e
18—

11b, at 8s., 2 1bs. at 4s., 8 1bs, at 7s., 2 1bs. at 89., 346 6; i.e., 141bs. 8t

58, 11hb. at 9y, 1 1b, at 11s,, and 1 Ib, at 129, per 1b, will form the required
mixture,
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Norte~Tle principle upon which this rule proceeds is that the cxcess
of one ingredient above the mean is made to counterbalance what the
other wants of being equal to the mean. Thus in example 7, 1 1b. at 5s.
per lb. gives a deflciency of 28.; but this is corrected by 2s, excess in the
2 1bs. at 8s. per b, i

Inexample 8, 1 1b. at 7d. gives a deficiency of 1d.. 1 1b. at 9d. gives an c.v-
cess of 1d.; but the excess of 1d. and the deficiency of 1d. exactly neutralize
each other. .

Again, it is evident that 2 1bs. at 5d. and 3 1bs. at 10d. are worth just as
much as 5 1bs, at 8d.—that is, 8d. will be the average price if we mix 2 lbs.

at 5d, with 3 1bs. at 10d.
EXERCISE.

11. How much wheat at $1°60, $1:40, $1-10, and $1 per bushel
must be mixed together in order to form a mixture worth
$1-25 per bushel ?  Give at least fwo sets of answers.

Ans. 35 bushels at §1°10, 15 at $1°60, 15 af $1°00,and 25 at S140.
35 bushels at $1°00, 15 at 51'40, 15at 110, and 25 at S1°60.

12. How much wine at 60 cents, 50 cents, 42 cents, 38 cents, and
30 cents per quart, will make a mixture worth 45 cents a
quart? ns. 15 qts. at 42 ¢, 5 gts. at 30 ¢., 3 qts. at 60 c.
and 22 gts. at 50 c.

13. A merchant has sugar worth 10 cents, 12 cents, 14 cents,
15 cents, 16 cents, 17 cents, and 18 cents per pound, and
wishes to form a mixture worth 12} cents alb. How many
pounds of each must he use? Ans. 24 1bs. at 14 ¢., 14 Ibs.
at 10 c., 16 lbs. at 12 c¢. and 4 1b. at each other price.

14. A grocer has sugar at 5d., 7d., 12d., and 13d. per Ib. How
much of each kind will form a mixture worth 10d. per 1b ?
Ans. 21bs.at 6d., 3 1bs. at 7d,, 51bs. at 12d., and 3 1bs. at 13d.

CASE II.

156. When a given quantity of one of the ingredients is
to be taken :—

I Find the proportional quantilies of the ingredients asin Case I.

I1. Then say, as the amount of the ingredient as thus found is
to the given amount of the sume ingredient, so is the amount of any
other ingredient (found by Case L) to the required quantity of that
other.

Exasprg 15.—29 1bs. of tea at 4s. per 1b., is to be mixed with
teas at 6s., 8s., and 9s. per lb,, so as to produce what will be
worth 5s. per 1b. What quantities must be used ?

OPERATION.

By Case I we find that 8 1bs. of tea at 4s., and 1 1b, at 6s., 1 lb. at 8s,,and
11b. at 9s., will make a mixture worth §3. per 1b,

Therefore 8 lbs. (the quantity of tea at 4s. per 1b,, as found by the rule) :
29 lbs, (the given quantity of the same tea) :: 11b. (the quantity of tea at

683, per 1b , as found by the rule;) or 1_x8_29 1b. = 3% 1bs. Ans.

We may in the same manner find what quantitios of ten at Ss, and es,
per Ih,, correspond with 29 1b. of tea at 4. per b,
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Exavpre 16.—A refiner has 10 oz. of gold 20 carats fine, and
melts it with 16 oz. 18 caruts fine. What must be added to
make the mixture 22 carats fine ?

10 oz. of 20 carats fine=10 X 20
16 oz. of 18 carats fine =16 X 18

200 carats,
288

26: 1::488:1819 carats, the fine-
ness of the mixture.
2422 -=2 earals haser metal, in a mixture 22 carats fine.
. 24—18}2= ; carats baser metal in a mixture 1819 carats fine.
Then 2 carats: " 53 :577137 carats of purelgold—required to

carats :: 5
change 5-3; carats baser metal into a mixture 22 carats fine. But there are
already in the mixture1844 carats gold ; therefore 5747;—184§==38112 carats
gold are to be added tocvery ounce. There are 26 0z.; therefore 26X 3812
—1008 carats of gold are wanting. There are 24 carats in every 0z ; there-
fore L4928 carats = 42 oz. of gold must be added. There will then be a mix-
ture containing

0Z. cAar. car,
10 > 20— 200
16 7 18= 5%
42 X 24= 103

68 : 102 :: 1406 : 22 carats, the required fineness.
EXERCISE.

17. How much molasses at 16 cents, at 19 cents, and at 23 cents
per quart must be mixed with 87 quarts at 31 cents in order
that the mixture may be worth 25 cents per quart?

Ans. 3043 qts. at each price.

18. How much oats at 37 cents per bushel and barley at 68 cts.
per bushel must be mixed with 70 bushels of peas at 80 cts.
a bushel so that the mixture may be worth 75 cents per
bushel ? Ans. 1% bush. at each price.

19. How much brass at 14d. per lb.,, and pewter at 104d. per
1b., must I melt with 50 1bs. of copper at 16d. per lb., so as
to make the mixture worth 1s. per 1b.?

Ans. 50 lbs. of brass, and 200 lbs. of pewter.

20. How much gold of 21 and 23 carats fine must be mixed with
30 oz, of 20 caratsfine, so that the mixture may be 22 carats
fine ? Ans. 30 of 21, and 90 of 23.

CASE IIIL

18. When the quantity of the compound is given as
well as the price—

1. Find the proportional quantities as in Cuse I.
IL. Then say, as the sum of the proportional quantities is to each

proportional quantity, so is the given quantity to the corresponding
part of each,
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ExaupLE 21.—What must be the amount of tea at 4s. per lb.
in 736 1b. of a mixture worth 5s. per lb., and containing tea at
6s., 8s., and 9s., per 1b. ?

To produce a mixture worth 3s. per 1b., we require § 1b. at 45,1 at 8s,, 1
at 6s., and1 at 9s. per Ib. (Art. 14), But all of these added together, willmake
11 lbs, in which there are 8 1bs, at 4s. Therefore

lbs. Ibs, lbs.  1lbs. 1bs. oz.
11:8::736: 8%;”@- =585 44, the required quantity of tea at 4s.

That s, in 736 1bs. of the mixture there will be 535 1bs. 44 0z. at 4s. per
Ib. The amount of each of the other ingredients may he found in the

same way.
EXERCISE.

22. A druggist is desirous of producing, from medicine at $1-00,
$1-20, $1-60, and $1:80 per lb., 168 1bs. of a mixture worth
$1-40 per 1b.; how much of each kind must he use for the
purpose? Jns. 28 lbs. at 31:00, 56 1bs. at $1-20, 56 1bs. at
$1-60, and 28 lbs. at $1-80 per 1b.

23. 27 1bs. of a mixture worth 4s. 4d. per 1lb. are required. It
is to contain tea at 5s. and at 3s. 6d. per lb; how much of
each must be used ? .4ns. 15 lbs. at 6s., and 12 1bs. at 3s. 6d.

24. How much brandy at $2-40, $2-60, 32:80, and $2-90, per
gallon, must there be in one hogshead of a mixture worth
$2:70, per gallon? Ans. 18 gals. at $2-40, 9 gals. at $2-68,
9 gals. at $2-80, and 27 gals, at $2-90 per gallon.

EXCHANGE OF CURRENCIES.

17. Exchange of ('urrencies is the process of changing
asum of money expressed in the denominations of onc
country to an cquivalent sum expressed in the denomina-
tions of another country.

18. By the currcncy of « country is meant the coins,
or moncy, or clreulating nedinm of trade of that eountry.

19. The (utrinsic value of a coin is determined by the
kind, purity, and quantity of metal it contuins.

20. The re'atice value or commercial value of a coin is
its market value, and is fixed by law and commercial
usage,
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FOREIGN MONEYS OF ACCOUNT,

WITH THE PAR VALUE OF THE UNIT, A8 FIXED BY COMMERCIAL
USAGE, EXPRESSED IN DOLLARS AND CENTS.

AUsTRIA.—60 kreutzers=1 florin; 1 florin (silver)=........... . §0485

BELGTUM.—100 cents—1 guilder or florin; 1 guilder (silver)= 40
BRAZIL—1000 recs==1 Milree=............ccccvsverrrarrrrrrrerarnns *828
BRrEMEN,—5 schwares=1 grote; 72 grotes—1 rix-dollar (silver) 187

BRITISH INDIA.—12 pice=—1 anna; 16 annas=1 Company’s* rupee=—= ‘445

BUENOS AYRES.—S8 rials=1 dollar currency (variable), mean value= 93

CANToz]«_—-—lO cash =1 candarines; 10 c:md =1 mace, 10 mace=1
1

148

. 813

CEYLON.—4 pice=1 fanam ; 12 fanams—1 rix dollar— 40

CuB4, COLOMBIA, AND CHILI.—8 rials=1 dollar—=., . 100
DENMARK.—12 pfouning=—1 skilling ; 16 skillings—1 marc ; 6 marcs—

LTIE dOUArT.....coiiiiiiieieirnnne i nerres s sesarecssnne s s scanansasarens *52
E~NGLAND,—4farthings=1 penny ; 12 pence=1shilling ; 20 shil=£1= 4868
FRANCE.—10 centimes=—1 decime ; 10 decimes=1 franc=—.; W 186
GREECE.—100 lepta—1 drachme; 1 drachme (silver)—... *166
HoLLaND.—100 cents=1 florin or guilder; 1 florin (sxlver) 40

HaMBURGH.—12 pfenning=—1 schiling ; 16 schil—1 marc; 3 mares
==1 FiXeQONAIT= ..o ciiirieiirecriir et snsns e s s ren e saa . 84

MALTA.—20 grains=1 taro; 12 tari=1 scudo 2} scudi=1 pezza—.
MIraN.—12 denari=1 soldo 20 soldi=1 lira—=..
MEXICO.—3 rials==1 dollar=...............cccuerun,
MoNTE VIDEO.—100 centesimos—1 rial , 8 rials=1 dollar—,
NAPLES.—~10 grani—1 carlino; 10 carlini=1 ducat (silver)__
NorwaY.—120 skillings—1 rix-dollar specie (silver)=... RN
PAPAL STATES.—10 bajocchi=1 paolo ; 10 paoli=1 scudo orcrown= 100
PERU.—S rials=1 dollar (silver)=.............
PORTUGAL.—400 rees=1 cruzado; 1000 rees=—=1 milree or crown=... 112
thassl{:r:lz pfennings=1 grosch (silver); 30 groschen==1 thaler or

T PR P PV ORI PR POV ‘69
RUss14.—100 copecks—1 ruble (silver)= ‘78
SARDINIA.—100 centesimi=] lira—....,, ‘186
SWEDEN.—48 skillings—1 rix-dollar specie=..,. 106
S1CILY.~20 grani=1 taro; 30 tari=1 oncia (gold)=— 240
SPAIN.—34 maravedis——1 real of old platet—= ‘10
8 reals—1 piastre; 4 piastres=l pistole of exchange.
20 reals vellon=I Spanish dollar —....................... R 100

* The current silver rupee of Bombay, Madras, and Bengal, is worth
$0°444. In India also they use cowries for coin. 'These aressmall shells
found in the Maldives and elsewhere; 2560 cowries make a rupee, and 100000
rupees make 8

+The cash,made of copper and lead, is said to be the only money coined
in China,

1 The old plate real is not
exchanges are usually made, a coin, but is the denomination in which
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8T. DoMINGO.~100 centimes =1 dollar== ......cocvivvnineanininienn. $0°333
TuscANY.—12 denari di pezza =1 soldi di pezza; 2 soldidi pezza=
pezza of 8 rials, 1 pezza (Bilver) =............ccoiiviniiiiiiicniericinnnn, 90
TURKEY.—3 aspers—1 para; 40 paras =1 piastre (variable) about... 096
VENICE.—100 centesimi=11lra==_......cccccccccivrrnrrimnnercsririirirensens 186
UNITBD STATES OF AMERICA.—10 mills =1 cent; 10 cents =1 dime;
10dimes =1 dollar=.......cccocerrvveernurrann et e 100

21. The jfollowing table exhibits the commercial value
of the Foreign coins most frequently met with :

GUINEA
SOVEREIGK of Great Britain
Crowx of England............
HavLp-CrowN of England
SHILLING of England ...
DorLAR of the United States..
FraNc of France..,.................
F1vE FRANC P1ECE of France
Livee TourNoIs of France.....
For1Y-FRAXC PIECE of France
CrowX of France.........
Lou1e-D'Or of France.
FLoRIN of the Netherlands
GUILDER of the Netherlands
FLoRIN of Bouthern Germany

$5°00
+867
1216
*608

THALER or Rix-Dollar of Prussia and Northern Germany. 69
RIX-DOLLAR of Bremen “78%
FLoRrIN of Prussia. ........... 223
Marc-BaNco of Hamburg ........ ‘35
FLorIN of Austria and city of Augsburg.. 483
FLORIN of Saxony, Bohemia, and Trieste .... 48
TFLoRIN of Nuremburg, Frankfort, and Creveld.. *40
RIx-DoLLAR of Denmark, 100

SPECIE-DOLLAR of Denmark.,

DovLLaR of Sweden and Norway.... 106
MILREE of Portugal .. 112
MILREE of Madeira ... . .. 100
MILBEE Of AZOTES. covuirerirnesseisisnessmsnionssimsimsarisiesenseesssssconinnssassros *83%
REAL-VELLOX of Spain.. *05
REAL-PLATE of Spain 10
P1sTOLE of Spain.. 397
RIAL of Spain ..... ‘12
PISTEREEN.............. ‘18
CRoss PISTAREEN . ., ‘18
RUBLE (silver) of Russia 76

IMPERIAL Of RUBSIA. ,vevuevcereeirreersresmrverseannesssssesssosssissessosensssnsesssons 1°89
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DOUBLOON of MeSICO.. 0ottt e $15°60
HALF-JOE of Portugal ...... 853
LiraA of Tuscany and Lombardy. .... 18
Liras of Sardinia.... ‘183
OUNCE of Sicily... 2'40
DvucaT of Naples. 80
Crows of Tuscany. 105
Florence LIVRE. . .......... . 1
Genoa “ oo L. 182
Geneva | ‘21
Leghorn DoLLAR 90
Swiss LIVRE 27
Scrpo of Malta 40
Turkish P1ASTRE, 05
PacoDa of India. 184
RUPEE of India.. 44}
TAEL of China, ., PSRN 148

22, In Canada all accounts were kept in pounds, shillings, pence, and
farthings, previous to the adoption of the decimal coinage by Act of Pro-
viucial Parliament in 1558, In the United States also accounts were simi-
larly kept prior to the adoption of Federal Money in 1786. In the States,
at the time Federal money was adopted, the Colunial currency or bills of
credit had become more or less depreciated in value, i, e., a colonial shilling
was worth less than a shilling sterling, &e., and the depreciation in value
being greater in the currencies of some colonies than in others gave rise to
the different values of the present old currencies of the ditferent States.

TABLE OF CURRENCIES
IN CANADA AND THE UNITED STATES.
In Canada, Nova Scotia, New Brunswick, &c.,$1=5s.  or£}.

In N. Y, N. C,, Ohio, and Mich., S1=8s. or£:
In N. Eng., Va, Ky., Ten., Ia., Ill, Miss,

Missouri, Bl=6s. orLd.
In Penn., New Jer., Del,, and Md,, $1="7s.6d.or £}
In Georgia and S. C., 81 =4s.8d. or £;.

Note.—The remaining States use the Federal money exclu-
sively.

23. To reduce dollars and cents to old Canadian Cur-
rency, or to any State (‘urrency : —

RULE.

Multiply the given sum by the value of $1 in the required cur-
rency expressed as a fraction of ¢ pound. The product will be
pounds and decimals of a pound.

Reduce (Art. 58, Scct. IV.) the decimal to shillings, pence, and
Sfuarthings. '
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Exaurce 1.—Reduce $493-72 to 0ld Canedian Currency.

OPERATION.
#0372 X | = £12348 = £123 88, T4 Aus.
Exaxpre 2.—Reduce $749-80 to New England Currency.

OPERATION.
TAYSU X T == £224°04 = £222 185, 9. % Ana,
ExaupLE 3.—Reduce $1111-11 to New York Currency.

OPERATION,
TUTIY K § = L6400 == £444 88,2014, Aus.

EXERCISE.

4. Reduce $1974-80 to New Jersey Currency. Jns. £740 11s.
5. Reduce $765°43 to Michigan Currency. ns. £306 3s. 5%d.
6. Reduce $8172-19 to Old Canadian Currency.

Ans. £2043 0s. 112d.

24, To Reduce Old Canadian Currency or any State
Currency to dollars and cents :—

RULE.

Ezxpress the given sum decimally and divide it by the value of a

dollar expressed as a fraction of a pound ; the quotient will be
dollars, cents, &c.

Exaueie 7.—Reduce £179 18s. 43d., 01d Canadian Currency,
to dollars and cents. :
OPERATION,
£179 18s. 43d. = £1799197916 and 179'9197916 -3 = $719°67916. Aus.

NoTE.—~0ld Canadian Currency may be most expeditiously reduced to
dollars and cents by the rule given in Art, 80, Sect. L

Examrie 8. Reduce £234 18s. 93d., Ohio Currency, to dollars
and cents,

OPERATION.
£234 188, 94d. = £234'1385416 and 2549385416 - 3 = $5387-34635416. Ans,
EXERCISE.
- 9. Reduce £743 18s. 11d., New England Currency, to dollars
and cents. Ans. $2479-8194.
10. Reduce £119 9s. 8}d., Maryland Currency, to dollars and
cents, Ans. $318:625.
11. Reduce £473 17s. 13d., Georgia Currency, to dollars and
cents. Ans. $2030°816964.

T
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25. To reduce dollars and cents to sterling money : —

RULE.

Divide the given sum by the value of £1 sterling ($4-867), the
quotient will be pounds sterling and decimal of ¢ pound,

Reduce the decimal part (Art. 58, Sect. IV) to shillings & pence,

ExamrLe 12.—Reduce $749-83 to sterling money,

OTLRATION.
TEISS 4967 = £154°0641 = L£154 1s. 3.d. Any.
EXERCISE.
13. Reduce $1006-90 to sterling moncy.  dus. £206 17s. Tid.
14. Reduce $916°87 to sterling money. Ans. £188 T3, 84d.

15. Reduce $S2114-81 to sterling money. Ans. £434 10s. 43d.

28. To reduce sterling money to dollars and conts :—
RULE.
Express the civen sum decimally and multiply by the legal value
uf £1 sterling (54-867).
ExampLe 16.—Reduce £78 11s. 43d. to dollars and cents,
OPERATION.
78 115, 4]d. = £78°3697016, and 785697916 X 4367 — $332:309. Lus,

EXERCISE.

17. Reduce £2043 11s. 3d. sterling to dollars and cents.

Ans. $9946:01868.
18. Reduce £777 7s. 7d. sterling to dollars and cents.

Ans. $3783-50437,
19. Reduce £557 19s. 5.d. sterling to dollars and cents.

Ans. 3271565418,

EXCHANCE.

27. Exchange is a commercial term, denoting the pay-
ment of money by a person residing in one place to a per
son residing in another, by draft or bill of exchange.

28. A Bill of Exchange is a written order addressed to
a person dirceting him to pay, at a specified time and
place, a certain sum of money to another person or his
order.

29.7 The person who signs the bill of exchange is called,
the drcacer or maker of the hill,
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30. The person on whom it is drawn is called the
drawee, and, after he has accepted it, the acceptor.

31. The person to whom the money is directed to be
paid is called the payee.

32. The person who purchases the bill of exchange,
i. e, the person in whose favor it is drawn, is called the
buyer or remitter.

33. The person who has legal possession of the hill is
called the kolder. :

84. The acceptance of a bill or draft is u promise on the
part of the drawee to pay it at maturity or the specitied
time. The usual mode of accepting a bill is for the drawee
to attach his signature to the word * accepted,” written
either across the face of the note or on its back.

NOTE.—A draft or bill of exchange should bo presented to the drawce,
for his acceptance, immediately on its receipt.

85. If the payee or holder of a bill or draft wishes to
sell it or transfer it, he endorses it; i. c., he writes his
name on the back.

Nore.—If the endorser directs the bill Lo be paid to a particular person,
the endorsement is called a special endorsement, and the person therein
named is called the endorsee.

If the endorser simply writes his name on the back of the bill, the
endorsement is called a blank endorsement.

‘When the endorsement is blank, or when the bill is made payable to
bearer, it may be transferred from one to another at pleasure, and the
drawee is hound to pay it to the holder at maturity. If the drawee or ac-
ceptor of a bill fail to pay it, the endorsers are responsible for the payment.

. When the drawee of a bill refuses acceptauce, or, having accepted,
{ailtsgo make payment when it becomes due, the bill isimmediately pro-
ested,

37. A protest is a formal declaration in writing, made by a public officer
called a Notary Public, at the request of the loliders of the bill, notirying
the drawer, endorsers, &c., of its non-acceptance or non-payment.

NotE.—If the drawer and endorsers are not notified within a reasonable
time of the non-acceptance or non-payment of the bill, they are not res-
ponsible for its payment,

_ When a bill is protested for non-acceptance, the drawer must pay it
immediately, even though the specificd timne has not arrived.

88. The time specified for the payment of a bill varies, and is a matter of
agreemeut between the drawer and buyer.  Some are payable at sight, some
at a certain number of days or months after sight or atter date. ~In both
cases it is customary to allow three days of grace. . . ;

39, Bills of Exchange are divided into inland and furcign bills. When
both drawer and drawee reside in the same country, they are called inland
bills or drafts ; when in different countries, fureiyn bills.

Norg.—Three bills are commonly drawn for the same amouut, &c., and
are called respectively the First, Second, and Third of Exchange, and to-
gether constitute a set. These are sent by difierent ships or conveyances ;
and when the first that arrivesis accepted or paid, the others become void.
This plan is adopted in order to avoid the delays which might arise from
accidents, miscarriage, &c.
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FORM OF AN INLAND BILL OR LRAFT.
3000, ToroxTo, Ist July, 1859.

Ten duys after sight, pay to the order of George McCallum,
Esq., Three Thousand Dollers, value received, and charge the
same to

Ripour & STEVEN,

Messrs. Hardmuan & Morris,

Bankerz, Hamilton.

FORM OF A FOREIGN BILL u¥ EXCHANGE.
Toroxro, 17¢h July, 1330,

Lxchauge 8000 franc

At sixty days sight of this tirst ot exchange (the second and
third of the sawme dute and tenor unpaid) pay to Edward Atkin-
son, Esi.. or order, the sum of Eiglit Thousand Francs, with or
without turiher advice.

Joux Hexprusos,

Mersrs. Dubamel & Beauharnais)

Bankery Paris.

40. The porr of cechnye 1s that amount of the woney
of one country uctually equal to a given sum of the money
of another, and is cither (ntrinsic ov vommereial.

41, The ntrinsic par of cechange is the vewd calue of
the money ol different countries, ag determined by the
weizht and purity of their standard coins.

Phus, the Doedisly sovereing is intrinsically wortl £rs61 of the gold coin
of the United States.

42, The comnutercid? pur of eechange is @ comparison of
the coins of different countries, accordine to their nominal
or market value.

Thus, the Lnglish sovereign varies in market value from $4'83 tu $4:85.

Norte~—The infrinsic par is always the same as long as the standard coiny
are of the sane kind, quantity, and quality of metal ; the commercial par is
Jdetermiued by commercial usage, and fluctuates, being different at different
times.

43. The Cvurse of Kachunye signifies the current price
paid in one country for bills of exchange drawn on another.

NoTs.—'The conrse of exchange is constantly fluctuating from varions
causes. \When the exportsor acountry just equal its imports, the exchange
will be at par; when the halance of trade is against a place, i. e. when its
noaneorts eaxceed its exports, bills on foreign conutries will be above par,
pecntse tiere will he agreater demand for thein to pay the bills due abroad;
wlhen the balauee of trade is in favor of a country, i. e. when its exports
exceed its iimports, bills of exchange on foreign countries will be below par
since fewer of them witl he roquired.
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The course of cxchange can never very greatly excced the in/rinsic par
value, because when the premium on bills of exchange becomes great it is
less expensive to importers to pay for the insurance and transportation of
bullion or coin to meet their payments than to transmit bills of exchange.

44, By an old act of Proviucial Parliament it was enacted that £100 ster-
ling or 100 sovereigns should be cquivalent to £1115 Canadian money, i. e. to
844443 or £1 sterling = $4444. It was found however that this was
very much below the real or intrinsic value of the sterling pound, accord-
ingly, while its legal value was only $#44%, the market or commercial
valuc varicd from $4'83 to $4'86. By an act recently passed by the Provin-
cial Parliament, the value of the pound sterling was fized at § FSA.

Now the new par is equal to the old par plus nine and a-half per cent. of
the old par, that is, $1'444 + 93 per cent. of 54'44;4, which is*422, make S4866=
the new par, Consequently the rate of exchange hetween Canada and
Great Britain must reach the nominal premium of 9% per cent. hefare it
isat par, according to the new standard.

45. Rates of exchange between Canada and Great Britain
are commonly reckoned at a certain per cent. on the old
par of exchange, instead of on the new par.

ExasxpLe 1.—A merchant in Hamilton wishes to remit to
London £749 3s. 6d. sterling; exchange being at 10 per cent.
premium ; how mnch must he pay for the hill of exchange ?

OPERATION.
Old comnmercial par of £1 sterling .- $+411
To which add 10 per cent, of itself = ‘433

Giives price of £1— 4858
Then £74939.6d.= £740. 175 X 4'888 = $3662'63}. Ans.
ExampLe 2.—A merchant in Toronto wishes to remit 144479

francs to Paris, exchange being at a premium of 2 per cent.
What will be the cost of his bill in dollars and cents?

OPERATION.
Commercial value of the franc =186 cents,
Add 2 per cent. 37

Gives value for remitting
Then 18972 X 144479 = 327410753588, Ans.,
ExampLE 3.—What sum in dollars and cents will purchase o
bill of exchange on Hamburg for 14667 marcs banco, exchange
being at 14 per cent. discount?

OPERATION.
Commercial value of the marc banco =35 co‘t‘lts.
Deduct 13 per cent, = 52
Gives value for remitting = 34475 ¢

Then 34°475 centa ¥, 14467 == 85056°4M8, 4 s,
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EXERCISE.
4. 1L wish to remit 316785:25 to Paris, for how many francs
and centimes can I obtain a bill—exchange being 5 francs
4 centimes to the dollar?
Ans. 84597 francs 66 centimes.
5. What is the cost of a bill of exchange for 4000 marcs banco

at one per cent. above par? Ans. $1414.
6. How much must I give for a draft on New York for $35678
at 27 per cent. premium ? Ans. $36480°755.

7. What will a bill of exchange on St. Petersburg for 2560
rubles cost in dollars and cents, at 2 per cent. discount,
the par being 75 cents per ruble ? JAns. $1881°60.

. What will be the cost of a bill of exchange on Great Britain
for £800 sterling at 8 per cent. premium ?

Ans. $3840-00,

ke

ARBITRATION OF EXCHANGE.

46. Arbitration of exchangeis the process of changing a
given amount of the moncy of one country into an equiva-
lent sum of the money of another, through the medium of
one or more intervening curreneies with which the first and
last are compared.

NOTE.—Arbitration cnables a y}m‘wn to_ascertain whether it is more

advantageous to draw or remit a hill of exchange dircet from one country
to another or indirectly through other places.

47. When there is but one intervening country, the ope-
ration is termed simple arbitration ; when there are two or
more intervening countries, compound arbitration.

48. All questions in arbitration of exchange may be solved
by one or more statements in simple proportion ; it is more
convenient, however, to consider them as problems in Con-
joined Proportion, and work them by the rule givenin Art.
50, Sec. V.

Note.—Carc must be taken to reduce ull the money of the same
country fo the same denomination before linking them as directed
in the rule.

ExaxrrLe 1.—A merchant in Toronto wishes to remit 2000
marcs banco to Hamburg, and the exchange between Toronto
and Hamburg is 35 cents for one marc banco. He finds, however,
that the exchange between Toronto and Lisbon is $1-08 for 1
milree, that betwcen Lisbon and Parisis 6 milrees for 38 francs,
and that between Paris and Hamburg is 19 francs for 10 marcs
banco. How much will he gain by the circuitons exchange ?



ARTS, 46-48.]  ARBITRATION OF EXCHANGE. 295

OPERATION.
STATEMENT. SAME CANCELLED.
108 cents = 1 milrec. 108=<1,
¢ milreeg = 38 francs. % §= BR""
19 francs = 10 marcs banco. R =
2000 marcs banco = z. QR = r

= 200X 3 X 108 =648,
200035 =$700-00 = what he has to pay by direct exchange.
648'00 =what he has to pay by circuitous exchange.

Difference =$ 52:00 = What he gains by the latter mode.

ExampLe 2—£824 Flemish being due to me at Amsterdam, it
is remitted to France at 16d. Flemish per franc; from France
to Venice at 300 francs per 60 ducats; from Venice to Bamburg
at 100d. per ducat ; from Hamburg to Lisbon at 50d. per 400
rees; from Lisbon to England at 5s. 8d. sterling per milree;
and from England to Canada at $4-867 per £1 sterling. Shall
I gain or lose, and how much, the exchange between Canada
and Amsterdam being 7s. 1d. Flemish per dollar ?

OPERATION.
STATEMENT. SA\IE CANCELLED.
16d. Flemigh == 1 franc. lS =1
300 francs =60 ducats. QQQ =&
1 ducat = 100d. Flemish. 1= I&Q

650d. Flemish == 400 recs. 10 Ry = 4QQ

1000 rees = 68d. British. IQQQ =&] 17
240d. British = $4-867. ¥y = 4867 3296
z = 197%60d. Flemish. x = 1{YY&] IRVRR

x =17X—;—867xi96—~ $2727°07 i = amount remitted.

Then since exchange between Canada and Amsterdam is 7s. 1d, Flemish
per dollar we have
85d Flemish =100 cents,
== 1977sud, Flemish,
197760 X 100

Here o~ =&2526:47 = sum I should have received had it

been transmitted direct from Amsterdam to Canada.
Hence by the circuitous exchungo I gain the difference between 32727074
and $2326'47 that is $400°603.
EXERCISE.

3. If London would remit £1000 sterling to Spain, the direct
exchange being 421d. per piastre of 272 maravedis; it is
agsked whether it will be more profitable to remit directly,
or to remit first to Holland at 35s. per pound ; thence to
France at 194d. per franc ; thence to Venice at 300 francs
per 60 ducats ; and thence to Spain at 360 maravedis per
ducat? .Ans, The circular exchange is more advantageous

by 103 piastres, 3 reals, 20 maravedis.
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4. A merchant wishes to remit $4888:'40 from Montreal to
London, and the exchange is 10 per cent. He finds that he
can remit to Paris at 5 franes 15 centimes to the dollar,
and to Hamburg at 35 cents per marc banco. Now, the
exchange between Paris and London is 25 francs 80 centimes
for £1 sterling, and between Hamburg and London 133
marcs banco for £1 sterling. How had he hetter remit ?

JAns, If he remits direct to London he will obtain a

bill for £1000.

If he remits through Paris he will obtain a
bill for only £975 15s8. 84d.

Jf he remits through Hamburg he will obtain
a bill for £1015 15s. 5d.

Hence the best way to remit is through Ham-
burg, and the next hest way is direct to
London.

5. A merchant in Quebec wishes to remit 1200 marcs banco
to Hamburg, and the exchange of Quebec on Hamburg is
35 cents for 1 marc. He finds the exchange of Quebec
on Paris is 18 cents for 1 franc ; that of Paris on London,
is 25 francs for £1 sterling ; that of London on Lisbon, is
180 pence for 3 milrees; that of Lisbon on Hamburg, is 5
milrees for 18 marcs banco. How much will he gain by
the circuitous exchange ?

Ans. Direct exchange $420; circuitous exchange
$375; gain $45.

QUESTIONS TO BE ANSWLRED BY THE PUPIL.

NOTE.~The numbers after the questions refer to the numbered articles
of the section.
1. What is profit and loss ? (1) -
2. How do we find the total gain or loss on a quantity of goods when the
cost price and selling price are given ? (‘5 .
3. How do we find at what price an article must be sold so as to gain or
lose a specified percentage, the cost price being given? (3)
4. How do we find the rate per cent. of profit or lossf (4)
5. How do we find the cost price when the selling price and the gain or
loss per cent. are given? (5)
6. What is barter ? (6}
7. What is alligation ? (7)
8. Into what rules is alligation subdivided ? (%)
9 What is alligation medial ? (10)
10, What is alligation alternate ? (11)
11. How is alligation alternate proved ? (13)
12. Give the different rules for alligation. (12, 14-16)
13. What is meant by the exchange of currencies? (17)
14. What is meant by the currency of a country? (18)
. 15, How is the intrinsic value of a coin determined ? (19)
16. What fixes the commercial value of a coin ? (20)
17. How do you account for the fact that the § is of different values in the
_American States P (22)
18. Give the value of the pound currency in Canada, and in the different

ates,
19. How do we reduce dollars and centy to old Canadian currency or to
any state ourrenocy ? (23)
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20. How do wo reduce old Canadian currency or any state currency to
dollars and cents? (2¢)

21. How do we reduce dollars and cents to sterling money ? (23)

22, How do we reduce sterling money to dollars and cents ? ()

23, What is a bill of Exchange? (28)

2. Explain the terms drawer, drawce, acceptor, payee, holder, endoiser
and endorsee. {29-35)

25. How is a bill accepted ? (33)

26. What iy the difference between a blank endorsement and a speeial

endorscment ? (35)
7. What is meant by protesting a bHill ? (36.57)
2%, Explain what is mcant by the First, Secomd, and Third of Dxeclange.

12

(39)

29, What is the par of Exchange? (4)

30, Explain the difference hetween the intrinsic par and the commercial
par of Exchange. (41, 42)

81, What is the course of Exchange. (43}

32. Kxplain what is meant by saying the par of Exchanre hetween Canada
and Britain is 9} per eent.  (44)

33, Upon what is the rate of Exchange between Canada and Britain
reckoned P (45)

34, What is arbitration of Exchange? (46)

36. What is the difference betweensimple and compouad arbitration ? (47)

36. By what rule are questions in arbitration of Exchange worked * (44)

SECTION X.

INVOLUTION, EVOLUTION, LOGARITHMS. AND
LOGARITHMIC ARITHMETIC.

1. A power of any number is the product obtained hy
multiplying that number by itself one or more times.

Thus 25 =735 is a power of 3: 81 =173/3"3.<3 is 2 power of 3, &c. -
2. The number which, being multiplied once or oftener
by itself, produces the power, is called the roof of that

power. .
Thus 5 is tha root of 23, sinee 575 =-25: 3is the root of 81, sines 5,735
3X3 =Sl
8. The powers of a number are called the first, second,
third, fourth, fifth, &e., according a= the root is taken onee.
tivice, thrice, four times, five times, &e., as factor.

Thus, 81 is called the fourth power of 3, because 3 is taken ¢ times as
factor, in order to produce 81.

4. The second power of a number is also called its square,
because a square surface, the length of one of whose sides
is expressed by a given number, will have its area expressed
by the second power of that number. (Sce Art. 62, See. I.)
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5. The third power of a number is also called its cube ;
heeause if the length of one side of' a cube be expressed by
a uiven number, the solid contents of the cube will be ex-
pressed by the third power of that number. (Nee Art. 64
\\r' ].’)

The tadex or erponcnt of a power is a small figure
Writtcn to the right, indicatin: liow often the root has to
be taken as factor in order to produce the given power.

E - =Tirst power of 2.
== ~econd power of 2.
Third power of 2.

Fourth power of 2.
=2 1= 32=rifth po“erof..

So also §7 means tho scventh power of 8: i, ¢, 2 number produced by
111]\i11" 8 seven times as factor, &c.

7. (54%) 2 weans that the sum of 5 and 8 is to be squared as one number
and i 1\ 'wm-\ ditlerent thing from 5242, which means the sum of the squares
of 5 and
Thus (34-8)? =132 == 160, while 524" = 25--6: = 89.

Therefore (34902 =25-280-b04 =15t part squitired, plus twice product
ol 1st part by ._,ul prpd, ]:/u\ 2nd port squared,

8. The process of finding a power of a given number
by multiplying it into itself is culled Involution,
9. To involve a number to any required power :—

RULE

Take the wiven number as fuctor as many times as there are
unitsin the index of the required power and find the continued
product of these faclors.

NoTe.—Fractions are involved by multiplying both numerators
and denominutors as above, and mixed numbers should be reduced
to fractions before applying the rule.

Exampre 1.—What ig the fifth power of 7?

OTERATION,
Here the index of the required power is 5 and hence tie given number
7 must be taken 5 tines ax fact.or.
TATTVTRKT = 10807 Ans.

FXAMPLE 2.~What is the third power of § ?

:

Thus, 21 =2

*‘l:-i-w

)
}

[

b

Auns. (0 )q =3iX3ixXi= a1 Ans.
EXERCISE.
3. Find the fifth power of 3. Jns. 243.
4. Required the tenth power of 20. Ans. 10240000000000.
5. Required the sixth power of 1-05. Ans. 1-340095640625.
t.. Find the seventh power of 3, Ans. FA¢ts.
7. Find the fifth power of &, Ans. &éis.
8. Required the third power of 11§. Ans, LaFA23 = 14817F.
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10. Let it be required to find the product of 4* hy 4°.
43 =4 X 4 X tand 47 =4 X 1, Therefore 43 X 42= (4 X + ¥ 1) X (4 ¥ 1}
=IX 44X EX 445 =43 + 2,
Hence two or morc powers of the same number are
multiplied together by adding their indices or exponents.
Thus, 67 ¥ 62 X 63 =85 +2+3 =610
5MEEX I XET =5l F2+8 T=514, &e, &e.
11. Let it be required to divide 3" by 32.
36=5%3/38%3x 'z"n)l(d'ii > )5(
[y 2 5 X3, B
Therefore 35 — 32 =R 3v3
Hence, to divide one power of a number by another
power of the same number, we subtract the index of the
divisor from the index of the dividend.

Thus, 75 =73 = 75—
311234 =311

=3 X3 ¥ 3=33 —30-2,

;.37, &e., &c.
12. Let it be required to find the third power of 7.
(72)8 =72 X TIX T TR IV IX T A TR T 16="73x3
Hence to find any recuired power of a given power, we
multiply the index of the given power by the index of the
required power.

Thus, (24)5 =24 % 5==220, (32)7 =582 % 7 =34, &ec,, &e.

EXERCISE.

9. Multiply together 42, 44, 4°, and 47, Ans. 418,
10. Divide 13'1 by 132. Ans, 139,
11. Find the fifth power of 33. ] Ans. 315,
12. Find the value of { (7% X 7%) =~ (7'1><7-'))’» 6 Ans, 118,
13. Find the value of § (375! X5 X5%)-(53X5TX57xE8) | %

Ans. 53",
EVOLUTION.

13. Evolution is the process of finding any required root
of a given power.

NoTe.—Evolution is the reverse of involution ; the latter teaches how to
find a power of a number by muitiplying it into itself; the former, how to
find the root of a power by resolving it into equal factors. 1t follows that
powers and roots are correlative terms.—If one uumber is a power of
another the latter is a root of the former.

14. A root of a number may be indicated by either of
two methods.
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1st. By ueing ¢/, called the radical sign (Lat. radir, a
reot).
2nd. By using a fractional index having unity for its
numerator, und the number expressing the degree of the
root for denominator.
Thus, The square root of 7 is expressed eithor by A 7or by 7!
The cubetoot of §is ¢ “ Veorvye
The seventh root of 2is “ 7\/ 2Zorby 2t

NoTE- -The fizure placed in the radical sign, or as denominator of the
fractional index denotes the roct,

A tractional index with wenerator greater than one is sometimes nsed.
In such ca~es the dennminator denotes the root, and the numerator the
power to be taken.

Thus, 23 means cither the cube root of the quare of 2 or the square of
the cube root of 2.

The radical sign v/ a corrupted form of the letter », the initial letter of
the Latm word »adir,  a root.”

EXERCISE.
1. Express the square root of 17 and the cube root of 11.

— 1 — 1
Ans, /17 or 17% and §/11 or 11°°

p— 3

2. Express the fifth root of 4. Ans. /4 or 4
3. Express the fourth root of 53. Ans. %/33 or B
— 4 2

4. Express the sixth root of 7+, Ans. §/7+ or 1O =14
3

5. Express the third power of the fifth root of 2. Ans. (§/2)? or 27
6. Express the eleventh power of the tenth root of 161.

Ans. (1%/161)"! or 161“".

15, Let it be required {o extract the fifth root of 3t 5.
The fifth root of 315 is expressed cither by {'/ 315, or by 31‘9'
Taking the latter mode, we have 3151:33 =315,
Hence, to extract any root of a iven power of a number,
we divide theindex of the power by the index of the root.

Thus, The seventh root of 214 jg 214 7 — 22
The fourth rootof 212 js 212 - 4 =223, &c., &e.

EXTRACTION OF THE SQUARE ROOT.
16. To extract the square root of a number, is to find 2

number which, being multiplied once by itself, will produce
the given nnmber,
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RULE.

L. Point off the given number into periods of two figures euch,
beginning at the decimal point.

I1. Find the highest square contuined in the left-hand period and
place its root to the right of the number, in the pluce occupied by
the quotient in division.

III. Subtract the square of the digit, put in the root from lhe
left-hand period, and to the remuinder bring down the next period,
to the right, for a new dividend.

1V. Double the part of the root vlreudy found for @ TRIAL DIVISOR.

V. Find how many times the triul divisor is contlained in the divi-
dend, exclusive of the right-hand dizit, and place the figure thus
obtained both in the root and also to the right of the trial divisor.

VI, Multiply the divisor thus completed by the digit lust put
in the root ; subtract the product from the dividend, und to the
remainder bring down the next period for a new dividend.

VI Aguin, double the part of the ruot ulreudy found for a new
TRIAL DIVIBOR ; proceed as in V. and V1., and continue the process
until all the periods are brought duvwn.

NoTE,—If the given number is not a perfect square, its exuct square rout
cannot be found ; but by annexing periods of e¢iphers, we can obtain any
required approximation to it.

ExaypLe 1.—What is the square root of 224202257

e EXPLANATION. —Here 22 s the
22420225(4735, is the required root. left hand period, and the highest
4 square in 22 is 14, of which the
square root is 4 We place 4
in theroot and subtract 16 trom 220
This leaves a remainder 6, o which
we bring dowu the next period, 12,
and thus obtain 642 for the new
dividend.  Our next steys is to tind
the 7iial divizvr, which we obtain
Ly doubling the part of the root
already fonnd, Lhis gives us s,
(=4 doulled) and we ask how
many times § will go into 64 (the dividend exelusive of the rizht hand digit).
Bearing in mind that we are to put the dizil thsobtaived both inthe root
and in the divisor, and that the completed divisor will be over 80, we find
that the required digit is 7, which we accordinely place both in the root
and in the divisor, The complete divisor is 57, which 1anltiplied by 7,
gives 609, and this subtracted from 642, gives a rewainder 33, to which we
bring down the next period, 02, and thus gt 8302 for the next dividend.

Again, doubling the part of the root already found, we obtain 94 (=47
doubled) for a trial divisor, and as this will go iato 330 (the dividend
excl}l:si;e of the right hand digit) 3 times; we place 3 both iu the root and
in the divisor. i

Multiplying the 943 thus obtained by 3 ; subtracting and bringing down
the next period, we get 47325 for the next dividend., ‘The next trial divisor
i3 946 (=478 doubled) which will go into 1732 (the dividend exclusive of
the right hand figure) 5 times; aud we therefore place 5 both iu the root
and in the divisor, Multiplying and subtracting, we find no remainder.
473 is thereforo the square root of 22420225,

PROOF.—4735 4735 = 22420225.
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EXPLANATION AND REABON.

17. We may cousider every number as consisting of its Zens plusits units ;
thaz; ig,if the);ens berepresented by the letter @ and the units by the letter 5,
Number —aXxb; and
Number squared = (¢Xb)? = a24-2ab+b2

Hence, the square of a number i3 equal to the square of
the tens, plus twice the product of the tens by the units,
plus the square of the units,

Thus, 63 = 604-9
An‘&s(69)2 = (6-0‘_+9)2= (60)24-2< 60X 9-+-92== 3600-}-1080--81 = 4761.

18. Let it now be required to extract the square root of 4761,

I. It is evident that the square of 2 number consisting of a single digit can
never contain more than two digits or less than one; conversely the square
root of a number of one or two digits must be a number of one digit, Again
the square of a number consisting of two digits can never contain more
than four or less than three digits; conversely the squareroot of anumber
of three or four digits must be a number consisting of two digits, Similarly,
the square of a number consisting of three digits can contain neither more
than six nor less than five digits, and conversely, the square root of a num-
ber consisting of five or six digits, must be a number of three digits, &c.;
that is, one digit in the root is equivalent to two digits in the square or
conversely, two digits in the square are equivalent to one digit in the root.

Hence, if we divide the given number into perieds of two figures
each beginning at the decimal point, the number of periods will
indicate the number of digits in the root.

1I. Taking the number 4761, we divide it into periods, thus, 4761, and
since there are two periods in the square there must be two digits in the root.
‘We thus learn that 4761 is the square of a certain number of tens, plus a
certain number of units, Now it is manifest that the square of the tens
can only be found in the second period, 47, since tens squared can give no
digit of a lower order thau hundreds. Also, that no part of the square of
the units can be frund in the sccond period, 47, since any single unit squared
can give no digit of a higher order than tens,

Therefore the square of the units is found only in the first or
lowest period, the square of the tens only in the second period,
the square of the hundreds only in the third period, &ec.

OPERATION.

4761(69 = square root.
36 = highest square in 2nd period.

6 tens X 2 =12 tens+ Yunits =129) 1161 — remainder which coutains, 1st,
twice product of tens by
units, 2ud, the square of

. the units,
1161 = twice 6 tensx 9492,

L11. In extracting the square root of this number, we look first for the digit
occupying the place of tensin the root. 'We know (IL) that the square of
tens 13 contained in the second period, 47. and the highest square contained
in 47 must be the square of the highest digit that can possibly stand in the
place of tens in the root. But the highest square in 47 is 36, the square
root of which is 6. Placing 36 under the 47,6 in the root, we subtract and
bring down the next period, 61, and thus get a total remainder o£1161, Now
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(Art. 17) the whole number 4761 consists of the s%ua.re of the tens, plus
twice the product of the tens by the units, plus the square of the units ;
and, since we have subtracted from it 36, (orif the ciphers be annexed
3600) the sqnare of the tens, the remainder, 1161, must contain twice the
product of the tens by the units, plus the square of the units; that is,
twice 6 tens X by a certain number of units, plus the square of that num-
ber of units; and because we do not know as yet what the units’ figure of
the root is, we use twice the tens for a trial divisor.

1V. Since we are now seeking the units’ digit of the root, and since tens
multiplicd by units can give no digit of a lower order than tens, the right
hand digit of the dividend can form no part of twice the product of the
tens by the units, and we have simply to ascertain how often 12 tens
(=twice 6 tens) will go in 116 tens. Evidently 9 times.

V. Lastly, we place the digit thus found in the root, because it is a figure
of the root, and in the divisor, because the dividend contains not ouly
twice the product of the tens by the units, but also the square of the units.
Now when we multiply the 9 hy 9 we get the square of the units, and when
we multiply the 12 tens by 9 units, we get twice the product of the tens of
the root by the nuits.

Exayere 3.—Extract the square root of 127449,

OPERATION.
127449(357
9
65)374
326
707)4949
4949

EXPLANATION AND REAsSoN.—From the pointing off we lcarn that the
given mrmber is the square of a certain number of hundreds, plusa certain
number of tens, plus a certain number of units.

1. We are first then to look for the digit in the place of hundreds, and
since hundreds squared can give no digit of a lower order than fens of
thousards or of a higher order thau huudreds of thousands, we see that the
square of the hundreds can be found only in the leit haud period. The
highest square contained in the left hand period is 9, the square root of
which is the left hand digit of the entire roof. .

11. After subtracting, we bring down the next period vily, because we
are now looking for the digit in the place of tens in_the root. And since
tens squared can give no digit of 2 lower order than hundreds, the lowest
period cannot enter into any part of the square of tens, much less can it
enter into any part of twice the product of the hundreds by the tens, and
therefore when looking for the tens of the root, we pay no attention to the

right haud period of the square. =~ | .
111, The remainder of the process is similar and the reason for the various

steps the same as in examples 1 and 2.
19. To extract the square root of a decimal :—

RULE.

I. Annex one cipher, if necessary, in order that Lhe number of
decimal places may be even. o

II. Point off into periods of two figures each, beginning at the
decimal point, and extract the square rool as in whole numbers
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remembering that the number of decimal places in the root will be
equal to the number of periods in the square.

EXERCISE.
4, Extract the square root of 195364. Aus, 442,
5. Extract the square root of -0676. Ans, +26.
6. Extract the square root of 984064. Ans. 992, +

7. Extract the square root of 5, true to five decimal places.
Ans. 2-23606.
8. Extract the square root of -3, true to six decimal places.
Ans, -707108,
9. Extract the square root of 60-487129. Ans. 1171,
10. Extract the square root of 79792266297612001.
Ans. 282475249,

11. Extract the square root of 0:0000012321. Ans, 0-00111,
20. To cxtract the square root of a fraction : —
RULE.

1, Reduce mived numbers to improper fractions, and compound
and complex fractions to simple ones, und the resulting fraction to
its lowest terms.

II. Extract the square root of both numerator and denominator
separately, if they have exact roots ; but if they have not both exact
roots, reduce the fraction to its corresponding decimal, by Art. 56,
Sec. IV., and then extract the root as in Art. 19.

ExaueLe 12,—Exiract the square root of 23.

OPERATION.

Ans, 23 = fand fff = — =} = 14.

Examprup 13.—Extract the square root of 34.

OPERATION.
3% = “4= 3:42857142 and 1/3 42857142 = 1-8516.
EXERCISE.
14. Find the square root of 1. Ans. §.
15. Find the square root of v}. Ans. .
16. Find the square root of 51. Ans. 2:2671786.
17. Find the square root of 47. Ans. +63509.
18. Tind the square root of 13} Ans. 3-63318.

21. Let it be required to extract the square root of 63513-423
septenary,
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OPERATION.
63518'4230(286'155 +-
4

43)235
162

466) 4313
4161

5051)122 42
50°51
505 '25)41 6130
343564
505°335) 4223300
3436344
‘453623
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LEXPLANATION.—We {:oiub off into periods of
two places each, as in the decimal or common
scale. Then the highest square in 6, the first
period, is 4, of which the squarerootis 2. Sub-
tracting 4 from the 6 and bringing down the
next period, 35, we get 235 for the dividend.
Next doubling the 2 we obtain 4, and we find
that this will go into 23, the dividend exclusive
of the right hand figure, 3 times. Placing this
3 in both root and divisor, multiplying (bearing
in mind that 7 is the common ratio of the sys-
ter) and subtracting, we obtain a remainder
of 43, to which we bring down the next period,
13, and thus get 4313 for the next dividend, &c.

ExauriLe 19.—Extract the square root of 4731392 undenary
true to two places to the right of the separating point.

OPERATION.

A731502(218200, Aws,

4

41)

428

4352

435¢°

4355

20. Extract the square root of 11333311 septenary.
21. Extract the square root of 33233344 senary.

73

41
)3213

3069

11502
) S6/k
9) 3992 00
35941

40700

79) 4
3060 6744

535867
EXERCISE.
Ans, 2626,
Ans, 4344,

22. Extract the square root of 4234-10123 quinary. Ans. 43-412,

23. Extract the square root of 88888888 nonary.

Ans. 288-88.

24, Extract the square root of 248664e£69 duodenary. ns. 54373,

—

APPLICATION OF SQUARE ROOT.

22. A triangle is a figure having three sides, and con-

sequently three angles.

angle, like the corner
right angled triangle.

When onc of the angles is a right
of a siuare, the triangle is called o

U
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23. In aright angled triangle the side opposite the right
angle is called the hypothenuse, and the sides containing
the right angle, are called the buse and the perpendicular,

24. It is shown by elementary geometry that the square
described on the hypothenuse of a right angled triangle is
equal to the sum of the squares described on the other two
sides.

Or if & be the hypothenuse, b the base, and » the perpendicular; then
2 = 5% 4 p2, and hence
n =vb2 -+ p?
y =T —pt
p =Ahz —02

That is—to flnd the hypothenuse of a right angled triangle when
the other sides are given we add the square of the base to the square
of the perpendicular and extract the square root of the sum.

To find the length of the base we sublract the square of the per-
pendicular from the square of the hypothenuse and extract the
square root of the remainder.

To find the length of the perpendicular we subtract the square
of the base from the square of the hypothenuse and extract the
square root of the remainder.

25. The following principles are also estabiished by
geometry :—

Circles are to each other as the squares of their diameters.

If the diameter of a circle be multiplied by 3-1416, the product
is the circumference.

If the square of half the diameter of a circle be multiplied by
3:14186, the product is the areu.

If the square root of half the square of the diameter of a circle
be extracted, it is the side of an inscribed square.

If the area of a circle be divided by 3:1416, the quotient is the
square of half lhe diameter,

Exampre 25.—1If the hypothenuse of a right angled triangle is
12 feet long and the base 10 feet, how long is the perpendicular?

OPERATION.
122 =144
102 =100

difference = 4+ andV/ i3 = 6:63324. Ans.

Exanpie 26.—If the foot of a ladder be placed 20 feet from
the side of a house, how long must it be in order to reach to the
top of the houge, the latter heing 46 feet high?
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OPERATION.

462 = 2116

202 = 400

sum = 2516 and V2516 = 50°15. Ans,
EXERCISE.

2%, Suppose a ladder 100 feet long be placed 60 feet from the
foot of a tree ; how far up the tree will the top of the
ladder reach? Ans. 80 feet.

28. Two persons start from the same place, and go, the one due
north 50 miles, the other due west 80 miles. How far
apart are they ? Ans. 9434 miles, nearly.

29. How large a square stick of timber can be bewn from a round
stick 24 inches in diameter?  /ns. 16:97 in. to the side.

30. A man has a ladder 36 feet long, which, when put on the

- outside of a ditch 20 feet wide, exactly reaches the top of
the wall. Required the height of the wall. /ns. 29-933.

31. A ladder 40 feet long is placed against a wall 14 feet high,
and just reaches the top; it is then turned over and touches
the top of another wall 26 feet high. Required the breadth
of the street. Ans. 22:622 yds.

32. If the area of a circle be 1760 yards, how many feet must
there be in the side of a square to contain that quantity ?

Ans. 125°857.

33, A certain general has an army of 141376 men. How many

must he place in rank and file to form them into a square ?

Ans. 376.
34, What is the distance through the opposite corners of a square
yard ? Ans. 4:24264 feet.

35. The distance between the lower ends of two equal rafters, in
/  the different sides of a roof, is 32 feet, and the height of
the ridge above the foot of the rafters is 12 feet. What
is the length of a rafter ? Ans. 20 feet.
36, What is the distance measured through the centre of a cube
from one corner to its opposite corner, the cube being 3
feet, or 1 yard, on a gide? Ans, 57196 feet.
37. If an iron wire yi; inch in diameter will sustain a weight of
450 pounds, what weight might be sustained by a wire an
inch in diameter ? Ans. 45000 1bs.
38. What length of rope must be tied to a horse's neck, in order
that he may feed over an acre?  /ns. T-136 + perches.
39. Four men, A, B, C, D, bought a grindstone, the diameter of
which was 4 feet; they agreed that A should grind off his
share first, and that each man should have it alternately
until he had worn off bis share ; how much did each man

grind off?

Nore.—In this question we disregard the thickuess’of the grindstone,
After the first has ground off his portion, there will remain { of the stone
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Then the whole stoue : part rewaining:: square of diameter of whole
stone : square of diameter of part remaining. (ﬁ't. )
That is,1: 1::47 : v, and hence x =4 X V=1 x V7 =506 X 4=
3461 = dinnicter of stone atter the first has ground off his portion.
Similarly, after the second has ground off his portion there will remain }
of the stone, and after the third has taken h_ls portion, } of the stone.
Henee 100042 : 22, whence v =4 X \/ E= 2525 ft. = diameter after
2nd has tuken his portion. _
1:3}::4%2 22, whencer=14X ’\/ 4 = 2 ft,=diaweter afler 3rd has taken
off his portion.
Hencee A takes off <56 £t == 6432 inches.
B “ 34 ‘636 ft. == 7°632 inches.
[§ “ 2 2 28 ft. = 9'936 inches.
D “ remaining 2 f6. = 24 inches.

CUBE ROOT.

26. To extract the cube root of a number is to find a
number which taken ¢/ire ¢imes as factor will produce the
given number :—

RULE.

1. Point off the number into periods of three figures each begin-
ning «at the decimal point.

11. Find the hizhes! cube contained in the left hand period and
place its root to the right of the number, in the place occupied by
the quoticat in division.

1II. Subtract the cube of the dizit put in the root from the left
hand period, and to the remainder bring down the next period to
the right for a new dividend.

IV. Multiply the square of the part of the root already found
by 300 for @ TRIAL DIVISOR.

V. Find how muany times the {ricl divisor is contained in the
dividend and put the figure thus obtained in the root.

VI. Complcte the TRIAL DIVISOR by adding to it :

1st. The part of the root previously found X the lust digit
pul in the root X 30 and
2nd. The square of the last digit put in the root.

VII. Multiply the divisor thus completed by the digit last put in
the root ; subtract the product from the dividend, and to the re«
mainder bring down the next period for a new dividend.

VIIL. Again multiply (ke square of the part of the root already
JSound by 300 for a new TRIAL DIVISOR, find what digit {o place
next in the root as in V, complete the divisor by making the two
additions to the triul divisor described in 17, multiply, subtract
and bring down as directed in VII, and continue the process until
all the periods are brought down.
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ExaxrLe 1.—What is the cube root of 429172932007 ?

OPERATION.
429172032007 [ 7543 dns.
343
1st trial divisor =72 X 300= 14700 86172 = 1st dividend,
Ist increment =7X5X30 = 1050
2nd " = 52= 25
1st complete divisor = 13775 8875 = p);oduct of comp, div
by 5.
2nd trial divisor =752 X 300= 1087500 7207032 == 2nd dividend,
1st increment = 75 4430 = 9000
2nd ¢ = 42 = 16
2ud complete divisor = 1696516 0786064 = product of comp.
div. by 4.
3d trial divisor =7542 X 800 = 170552800 511564007 = 3rd dividend,
1st increment = 754X3X%30= 67860
2nd © = 32 = 9

511868007 = product of comp,
div, hy 3,

ExXPLANATION.—After pointing off we find that the hichest cube number
contained in the left hand period is 313 of which the cube root is 7. We
therefore place 7 in the root and subtract 343 from the first period.
This gives us a remainder of 86 to which we briug down the next period
172, and thus obtain 86172 for a new dividend.

Next we take 7, the part of the root already found, square it and multiply
the 49 thus ohtained by 300, this gives the first trial divisor 14700 which
we find will go into the dividend 86172 (making due allowance for tho
increase of the divisor) 5 times.

Next we complete the divisor by adding to it.

1st, 7X5X 30 =1050, and 2nd, 52 =25 which gives us
15775 for a complete divisor. This we multi{»]y by 5, the dirit last put in
the root, subtract the product 78875 for the Ist dividend, and to the
remajuder 7297 bring down the next period 932, &c., &u.

27, EXPLANATION AND REAsoN.—We have seen (Art, 17) that we may
consider every number as consisting of its £-us plus its uxifs, or if a=—tens
and d=units, then

Number =a-+b; and
Number cubed = (a + )3 = a3+43a26+3al2-+03.
Hence the cube of a number is equal to the cube of the
tens, plus three times the product of the tens squared
multiplicd by the units, plus three times the product of
the tens multiplied by the square of the units, plus the
cube of the units. :
Thus 69 ==(60--9): and
693=(60-1-9) 3=603+-3X 602 X 94-3X 60,442 +03
=216000+97200+14580-+729
=328509,

28. Let it now be required to extract the cube root of 328509,

3rd complete divisor
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L. It is manifest that the cube of a single digit can never contain more
than three digits or less than oune digit, and hence the cube root of a num~
ber (i. e., perfect cube) of one, two or three digits must be a number of one
digit. Again the cube of a number consisting of two digits can never con«
tain raore than six or less than four digits, and conversely the cube root if
a perfeet cube consisting of four, five or six digits must be a number of
two digits. Similarly the cube root of a perfect cube consisting of seven,
eight or nine digits must be a number of three digits, &e.

Hence, one digitin the root is equivalent to three digits in the
cube, and conversely three digits in the cube are equivalent to
one digit in the root, and therefore if wé divide the given num-
ber into periods of three digits each, beginning at the decimal
point, the number of periods will indicate the number of digits
in the root.

IL. The cube of the units can be found only in the period immediately
+0 the left of the decimal point, since any unit cubed can give no digit of a
higher order than hundreds. Also the cube of the tens can be found only
in the second period to the left of the decimal point, since tens cubed can
give no digit of a higher order thanu hundreds of thousands, or of a lower
order than thousands. Similarly the cube of the hundreds can be found
only in the third period to the left of the decimal point, &e.

Hence, counting from the decimal point towards the left, the
cube of the units can be found only in the first period, the cube

of the tens only in the second period, the cube of the hundreds
only in the third period, &c.

IIL Taking the number 328509 we divide it into periods, thus 328509, and
siuce there are two periods in the cube there must be two digits in the
root. We thus learn that $28509 is

OPERATION. the cube of a certain number of tens

.. plus a certain number of units. We

328509(69 first then look for the digit in the place

216 of tensin theroot. We know (I1.) that

the cube of the tensis contained in the

62 = 36X 300 == 10800/112509 second period,328,and the highest cube
6X9=54X30= 1620 contained in 328 must evidently be the
92= 81 cube of the highest digit that can occu-

—— py the place of tens in the root—which

12501 112509 digit we are seeking. The highest cube

contained in 328 is 216, of which the cube root is 6. We then subtract 218
from 328 and to the remainder bring down 509, the next period, which
givesus 112509 for a new dividend. 3 .

1V. From the given number we have only subtracted 216 (or if the ciphers
be atfixed, 216000) the remainder, 112509, therefore consists (Art. 27) of 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; that is, 112509 consists of (6 tens)2 X3Xa certain number of units
(6 tens) X3x (that number of units)2--(that number of units)3 ; an
because we do not know as yet what the units’ figure is, we use (6 tens)2 X3
for a trial divisor.
. But (6 tens)2X3=(60)2X3 = (6X10)2X3=62X102X3=62X300; or,
in other words, any number of tens squared, multiplied ﬁy 3, isequal to that
same number of units squared and multiplied by 300. Hence we obtain the
constant multiplier, 300. . .

V. 62 =36, and this multiplied by 300 gives us 10800, In asking how
often this is contained in 112509 we have to bear in mind that we must ins
crease the trial divisor bfr the two additions indicated in the sixth section
of the rule. Making allowance for these additions, we find the wuits'
figure of the root to be 9. V
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VL If we were to multiﬁly the 10800 we Lave obtained as a trial divisor
by 9, the units’ figure of the root, we should only get three times the pro-
duct of the square of the tens by the units ; but we requirealso three times
the product of the tens by the square of the units and lastly the cube of
the units. Our complete divisor must therefore evidently consist of—

1st, Three times the square of tens,

2nd. Three times the tens multiplied by the units.

3rd. The square of the units ; or representing the tens by @ and the units

bﬁ] b, the divisor must =3a2 —E 8a b+ 52, and this multiplied by b,
the digit in the units’ place will give
(3a24-3ab+b2)b—=3a2b - 3ab? -+ &3 = the dividend.

Now (6 tens) X 3 = (80) X 3=6 X 10 X 3=6 X 30 i.e. the product of any
number of fens multiplied by 3, is equal to the product of that same num-
ber of units multiplied by 30.

Hence we obtain the constant multiplier 30.

The additions we make then are 6 X 30 X 9 =1620, and 92 = 81, and thug
we obtain the complete divisor 12501 = (60)2 X 3-}+60 % 33X 8+92, and
multplying this by 9, we get
{602 x34+60+3x9+92 }9=602203 % 9+ 60 X 3 X 92 +98 = three
times the square of the tens multiplied by the units, plus three times the
tens multiplied by the square of the units, plus the cube of the nnits.

NoTe.—When there are more than two periods, the reasons arc analogous,
since we never have to do with more than Zens and units of the root at one
time ; i.e., when we are seeking the second digit of the root, we call the first
digit tens and the second, units ; when we are seeking the third digit of the
root we consider the first two as so many tens, and the third as units, &c.

The reason for bringing down only one pericd at a time is similar to the
reason for the same step in the extraction of the square root (for which see
Art. 18, Example 3).

29. To extract the cube root of a decimal :—

RULE.

1. Annex two ciphers, if necessary, in order to make the last
period complete, ~

IL. Point off into periods of three places each, beginning at the
decimal point, and extract the cube root as in whole numbers, re-
membering that the number of decimal places in the root will be
equal to the number of periods in the cube.

EXERCISE.
2. What i3 the cube root of 627127283177 Ans. 3973.
3. Extract the cube root of 1953125. Ans. 125.
4, Extract the cube root of 1076890625. Ans. 1025.
5. What is the cube root of 697864103 ? Ans. *887.
6. What is the cube root of 102503232 ? Ans. 46°8.
7. Find the cube root of 179597-069288. Ans, 56°42.
8. Find the cube root of 483:736625. Ans. 7:85.
9. Find the cube root of -636056. Ans. *86.

30. To extract the cube root of a mixed number or a
vulgar fraction :—
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RULE.

I. Reduce mized numbers to improper fractions, and compound
or complex fractions to simple ones, and the resulling fraction to
its lowest terms.

1I. Extract the cube root of both numerator and denominator
separately, if they have exuct roots; but if they have not both
exact roots, reduce the fraction to its corresponding decimal by Art,
56, Sect. 1V, and then extract the root as in Art. 30,

ExampLe 10.—What is the cube root of 33 ?

OPERATION.
35—
V==Y sy s,
oK)
ExaMrLE 11.—Extract the cube root of 17¢.
OPERATION,
173 = 17125, and /17125 = 2577, nearly.
EXERCISE.
12. Extract the cube root of -%. Ans. 4121,
13. Extract the cube root of -%;. Ans, “5609.
14. Extract the cube root of § of 23. Ans. -941.
15. Extract the cube root of 283. Ans. 3:063.
16. Extract the cube root of 32 Ans. 3:198.

31. In extracting the cube root of a number in any
scale, other than the decimal, we proceed in the same man-
ner, pointing off into periods of three figures each, finding
a trial divisor and afterwards completing it as in the pre-

ceding examples.

NoTE.—In all scales having a radix higher than 3, the constant multi-
pliers arc 300 and 30 ; but as in the dinary and ternary scale we cannot
use a digit so hizh as 3, these multipliers become respectively 1100 and 110
for the binary scale, and 1000 and 100 for the Zernary scale.

ExampLe 17.—Extract the cube root of 613412-132 septenary.

OPERATION.

613412132 ( 6504
426

62 == 51 X 300 = 21300(154412
6 X 30=240 X 5= 1560
5t = 34
23224152456
652 ==6304 X 300 = 2521500 1623'132
6502 = 630400 X 300 = 252150000| 1623132000
650 X 30 =26100 X 4= . 143400
42 = 22
252323422| 1402°630321

220°201346
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EXERCISE.

18. Express one million in the senary scale and then extract

its cube root. Ans. 244.

19. Extract the cube root of 6131271 octenary. Ans. 165:32.

20. Extract the cube root of 10221012-102 fernary.

Ans, 112-012.

21. Extract the cube root of lefeet in the duodenary scale true
to two places to the right of the separating point.

vns. €712,

22. Extract the cube root of 4210304412 gquinary true to two

places to the right of the separating point.  Jns. 44-004.

32, Since many teachers prefer Horner’s method of extracting the cube
root to the common method, we shall give it here. TUpon closcly examin-
ing it the student will find that the reasons for the several steps of the pro-
cess arc identical with those given in Arts. 27 and 28. The constant multi-
plicrs 300 and 30 are still used, but in a disguiscd form.

RULE.
I. Point off as in the common method.

II. Find the greatest cube in the first period on the left hand;
place its root on the right of the number for the first figure of the
root, and also in col. I. on the left of the number. Then multi-
Plying this figure into itself, set the product for the first term in
col. 11, ; and multiplying this term by the sume figure again, sub-
tract this product from the period, and to the remainder bring
down the next period for a dividend.

1II. Adding the figurepluced in the root to the first term in col. -
L, multiply the sum by the same figure, add the product to the
Sirst term in col. I1., and to this sum anncx two ciphers, for a di-
visor ; also add the figure of the root to the second term of col. I,

IV. Find how many times the divisor is contained in the diri-
dend, and place the result in the root, and also on the right of the
third term of col. I.  Next multiply the third term thus increased
by the figure last placed in the root, and add the product to the
divisor ; then multiply this sum by the same figure, and subtract
the product from the dividend. To the remainder bring down the
next period for a new dividend.

V. Find a new divisor in the same manner that the last divisor
was found, then divide, §c., as before; thus continue the operation
till the root of all the periods is found.

Exaurie 23.—What is the cube root of 783146, true to two
decimal places.



314 APPLICATION OF THE CUBE ROOT. [SEcr, X.

OPERATION,
- ter(igl;l. 16(53’. L '28;1314‘606 (4278 4,
2nd “ E M 1st divisor ) IELi
srd * 122 504X2 = 10088
ath * 124 529200, 2d divisor ) 4226600
sth % 1287 5380697 = 3766483
6th * 1274 54608700, 3d divisor) 460117000

7th *« 12818 5480124448 = 438409952

ExXPLANATION.—The cube root of the greatest cube in 78 is 4 which is
placed in the root and also in columnn I, then multiplying thig 4 by itself
gives us 16 which is the 1st term in column II, and again multiplying this
16 byd47gives us 64, the number which we are to subtract from the first
period 78.

Subtracting and bringing down the next period 314 we get 14314 for the
next dividend.

Now adding 4, the figure placed in the root, to 4 the 1st term in col. 1,
gives us 8, the 2nd-term in col. I, multiplying this 8 by the 4,1, e., the figure
in the root, gives us 32 which we add to the 1st term of col. II, and affix
two ciphers.” We thus obtain 4800 the second term of col. 11, which is our
trial divisor.

‘We then find that 4800 goes 2 times in the dividend. This2 we place in
the root and also to the right of the sum of the 15t and 2nd termsof col. I.
The 1st and 2nd terms of col. I, added together make 12 and the 2 of the
root affixed makes 122, the third term of col. I. Then we multiply this 122
by 2, the last digit ]put in the root, this gives ns 244 which we add to 4800,
the 2nd term of col. IL. and thus obtain 5044, the 3rd term. Lastly this
third term multiplied by 2, gives us the number to subtract, &c.

& Nore—~For examples in this method work any of the preceding ques-
ions,

APPLICATION OF THE CUBE ROOT.

33. Principles Assumed.—1. Spheres are tv one another as the
cubes of their diameters.
II. Cubes and all other regular solids are to one another as the
cubes of their like dimensions.
EXERCISE.

24. If a cannon ball 3 inches in diameter weighs 8 1bs., what
will be the weight of a ball of the same metal 4 inches in
diameter ? 33:43::8 lbs.; Ans.=182%% lbs.

25. If a ball 3 inches in diameter weighs 4 Ibs., what will be the
weight of a ball that is 6 inches in diameter ? .Ans. 32 1bs.

26. If a globe of gold one inch in diameter be worth $120, what
is the value of a globe 34 inches in diameter? Jns. $5145,

2. If the weight of a well proportioned man, 5 feet 10 inches in
height be 180 pounds, what must have been the weight of
Goliath of Gath, who was 10 feet 4} inches in height ?

Ans. 1015°1 1bs,



ARTS, 33, 34.] ROOTS OF HIGIIER ORDERS. 315

28, A person has a cube of clay whose sidesare 973 ft. long ; he
wishes to take out of the same 5 cubes whose sides are 45
feet, 62 feet, 30 feet, 80 feet, and 20 feet. He requires to
know the length of the side of the cube that can be formed
out of the remaining clay. Ans, 972-69 ft.

29. What is the side of a cube which will contain as much as a

L chest 8 feet 3 inches long, 3 feet wide, and 2 feet 7 inches
deep ? Ans. 479843 inches.

30. Four ladies purchased a ball of exceeding fine thread, 3 in.

/ in diameter. What portion of the diameter must each
wind off so as to share off the thread equally ?
JAns. 1st lady must wind off -27432 inches.

2nd “ o -34458 ¢
3rd “ o -49122 ¢
4th “ ‘0 1-88988 ¢

Note.—This question is solved by a method similar to that adopted in
Example 39 of the Square Root.

EXTRACTION OF THE ROOTS OF HIGHER
ORDERS.

34. When the index of the root isa power of 2 or 3, or
a multiple of any power of 2 by any power of 3—

RULE.

Resolve the given index into its prime factors.

Ezxtract the root denoted by one of these factors, then of this root,
extract the root denoted by another factor, and so on till all the
prime factors be used.

Thus, for the 4th root extract the square root of the square root.

for the 6th root extract the cube root of the square root.

for the 8th root extract the square root of the square root of the
square root.

for the 12th root extract the cube root of the square root of the
square root.

for the 16th root extract the square root four times.

for the 18th root extract the cube root of the cube root of the
square root, &c., &c.

EXERCISE.

1. What is the fourth root of 199871733767 Ans. 376.
2. What is the sixth root of 308915776 ? Ans. 26.
3. Extract the ninth root of 40353607. Ans. 7.
4. Extract the eighteenth root of 387420489. Ans. 3.
5. Extract the twenty-seventh root of 134217728, Ans, 3,



316 LOGARITHMS. [Secr. X.

LOGARITHMS.

85. The Logarithm of a number is the index of the
power to which it is necessary to raise a given root or
base, in order to produce the given number.

36. The Base of a system of logarithms is the fixed
number to which all the logarithms of that system belong ag
indices.

Thus 103 == 1000 ; here 3 is called the logarithm of 1000, fo the base 10.
So also 26 = 32 ; here 5 is called the logarithm of 32, to the base 2, &c., &c.

37. A System of Logarithms is a collection of the
logarithms of a series of numbers corresponding to the
same base.

Any number whatever may be taken as the base of the system ; but it is
obvious that some numbers are much more convenient than others.

38. Two system of logarithms have been constructed
and tables calculated with great care. They are,—
1st. The Common System or Briggean System, whose
base is 10.
2nd. Napierian System, whose base is 271828,

The Napierian System was invented by Baron Napier, aud the peculiar
base, 2:71828, was adopted chiefly hecause the logariths having that base
are more simply expressed and more easily calculated than any other. It
has hence been called the Natural System of Logarithms. These logarithms
were also formerly called Hyperbolic logarithms, from certain relations
found to exist between them and the asymptotic spaces of the hyperbola,
and which were erroncously helieved to be peeuliar to them.

The Common System was shortly afterwards invented by Briggs and
adopted by Baron Napier, and is the system now universally employed for
the purposes of calculation.

39. The Characteristic of a logarithm is the part which
stands to the left of the decimal point.

40. The Mantissa (handful) is that part of the logar-
ithm which stands to the right of the decimal point.

41. Since 10 is the base of the common system of
logarithms and at the same time the radix of our system of
notation, we have—

100000 — 10%; whence log. 100000 = b
10000 = 104; whence log. 10000 = 4
1000 = 10%; whence log. 1000 = 3
100 = 102; whence log. 100 = 2
10 = 10!; whence log. 10 = 1

1 = 10%; whence log. 1 = 0

1 = 10-1; whence log. ‘1 = -1
01 = 10-2; whence log, ‘01 -2
001 = 10-3; whence log, 001 -3
0001 = 10-4; whence log. 0001 = -4
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49, From this it appears that the logarithm of any nwmber hetween and
10 will be more than ¢and lessthan 15 i. ¢, willbe a fractionora decimal 4
80 also the logarithm of any number between 10 aid 100 will be greater than
1 and less than 2; i. e, will be 1and a fraction, or a decimal; so also the
logarithm of any number between 100 and 1ovo will be 2 and a decimal, &c.

Hence, the characteristic of any number containing dig-
its to the left of the decimal point is positive and nu-
merically one less than the number of such digits.

Thus, the characteristic of 7842 is 3; of 97526 it is 2: of 813426789 it is S;
of 300429 it is 0 ; of 26789°426789 it is 4, &c.

43, It also appears, from Art. 41, that the logarithm of cvery number
between 1 and °1 will be less than 0 and greater than —1 ; that is, it will be
equal to —1, plus some decimal ; the logarithm of every numnber between °1
and *01 will be less than —1 and greater than —2; or, in other words, will
be —2 plus some decimal ; so also the logarithm of every number between
+01 and 001 will be —8 plus some decimal, &e., &e.

Hence, the characteristic of the logarithm of a decimal
1s negative and numerically one grecter than the number of
0s which come between the decimal point and the first
significant figure.

Thus, the characteristic of thelogarithin of 1000001 is &; the characteristic
of the logarithm of “00C000000U2347 i511 ; the chiaracteristic of the logarithm
of '000278926345 is 4, &c., &c.

Nore.—The negative sign affects only the characteristic—ihe
mantissa or decimal portion of alogarithm is always positive. To
indicate this it is customary to write the negutive sign over the
characteristic, as in the above examples, and not before it.

EXERCISE.
What are the characteristics of the logarithms of the following
numbers :
1. 723, 9126-4, 81234'567, 912678-9612:4567, 23-912342.
Ans. 2, 3,4,5,and 1
2. -027, 1002134, -00000098, 8126714, -000000000213 £
Ans. 2, 3,7, 1, and 10,
3. 1-1111111,111111-11,1000000000,°0000000021¢2, 7, 12-78.
Ans. 0, 6, 9, 9,0, and 1.

44, Since (Art. 11), to divide one power of a number by another power

of the same we subtract the index of the divisor from the index of the di-

vidend, and since common logarithms are indices to the base 10,let ustake
the number 47280 and successively dividing it by 10,examine the results,
Numbers. Logarithms,
47280 L.
4728
4728
47724
4728

4728 L.

01728 ..,

004728 ..ivs civene
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Here we have simply gerformed the same opeiaﬁon By two different
methods, 1st. dividing the numbers by 10, and 2nd, from the logarithms
corresponding to the numbers, subtracting 1, the logarithm of 10.

From this illustration it is evident that,—

1st. The characteristic of the logarithm of a number is
dependent wholly upon the position of the decimal pointin
that number, and is not at all affected by the sequence of
the digits that compose that number ; and

2nd. The Mantissa or decimal part of the logarithm of
a number is dependent wholly upon the sequence of the
digits that compose that number, and is not at all affected
by the position of the decimal point.

NoTE.—It is only common logarithms (i.e., those having 10 for their
base) that possess the important property of having the same mantissa for
the same figures, whether integral or decimal, or both, and it was this pro-
gerty é*.hat )iucluced Briggs toadopt that base in preference to the Napierian

ase, 271828,

45, Since the characteristic of the logarithm of any number does not
depend upon the value of the digits composing that number, and is so
easily found by atteution to the rules found in Arts. 42, 43, it is customary
to omit it altogether in logarithmic tables, and merely give.the mantissa.

The annexed tables contain the logarithms of all numbers from 1 to 10000
calculated to 6 decimal places. When greater accuracy is required, tables
calculated to a greater number of places are used. By means of the pro-
portional parts and difference given in the tables, the logarithm corres-
ponding to all numbers whatever, may be found with sufficient accuracy
for all practical purposes.

46. To find the logarithm of any number not greater
than 100 :-——
RULE.
Find on the first page of the table of logarithms, the given num-
ber in the column marked No., and directly opposite to it,—in the
olumn marked log., will be found the logarithm.
ExampLe 1.—What is the logarithm of 47 ? Ans. 1-672098,

NoTE.—By saying that 1'672008 is the logarithm of 47, we simply mean
thftsﬁhzen g):;,se 107, raised to the power 1672098, is equal to 47, or briefly
101-67z =47.

ExamprLe 2.—What is the logarithm of 93 ? Ans. 1968483,

47. To find the logarithn of any number consisting of
not more than four digits :—
RULE.
Find, in the column marked N, the first three digits of the given
number.
Then the mantissa will be found in the intersection of the hori

contal line containing these three digits and the vertical column at
the head of which stands the fourth digit.

To this mantissa attach the characteristic as found by the rules
in Art. 42,



AzTs, 45-43.) LOGARITHMS., 319

ExampLe 3.—What is the logarithm of 79837

Looking in the column marked N, we find the first three digits 793,
on page 393 in the fourth horizontal division, counting from the top of the
page and in the last line but one of that division, Carrying the eye along
this horizontal line till we come to the vertical column, at the head of
which stands the remaining digit, 3, we obtain for the mantissa of the
required logarithm 902166, to which we prefix the characteristic 3 (since
there are four digits to the left of the decimal point in the given number),
and thus obtain the required logarithmn 3:902166.

ExampLE 4.—What is the logarithm of -0000001234 ?

The first three digits, viz: 123, are found in the fourth line of the third
horizontal division on page 382, and at the intersection of thisline with the
column headed 4, is found *091315. To this we attach the characteristic7,
(since there are six 09, between the decimal point and the first significant
figure) and thus obtain the required logarithun, 7:091315.

EXERCISE.
5. What are the logarithms of 5794, 5'7-94, 5794000, and *0005795?

Ans. 3-762978, 1-762978, 6-762978, and 4762978,
6. What are the logarithms of 1-169, 11690, and o'/’ ?

L

Ans. 0-067815, 4-067815, and 3-067815.
1. What are the logs. of 734, 7340000000, and -00000000734 ?

Ans. 1:865696, 9-865696, and 9-865696.
8. What are the logarithms of 978-4, 9:784, 978400, and ‘97347

Ans, 2-990516, 0-990516, 5:990516, and 1-990316.

48. To find the logarithm of a number containing more
than four digits:—

RULE.

Firsr MeTHOD.— Find the mantissa corresponding to the loga-
rithm of the first four digits by the last rule. Subtract this mun-
tissa from the next following mantissa in the tables. Multiply
the difference thus obtained by the remuining digits of the given
number, and cut off from the product as many digits as there were
in the multiplier (but at the same time adding unity if the highest
cut off be not less than 5).

Add the number thus obtained to the mantissa of the logarithm
corresponding to the first four digits, and the result will be the man-
tissa of the given number.

Lastly, attach the characteristic to this mantissa.

ExaMpLe 9.—What is the logarithm of 53803-2 7

OPERATION. .
The mantissa of the logarithm of 5380 ;(the first four digits) is ‘730782,
and the next following mantigsa is "730863.
Then from *730863
Subtract 730732

Difference 81; and 81 X 32 (remaining digits of given number)
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— 9592, from which we cut off Zwo digits, since we multiplied by a number
of two digits, and since the highest digit cut off is not less than 5, we add
unity to the part retained, which gives us 26.

Then mantissa of logarithm of first ‘{(():(L(lll‘ digits '73073%

Mantissa of logarithm of given number 730808
To which attach the characteristic 4 and required logarithm — 4'730808.
Note.—Except at the beginning of the tables, where the mantissas
increase rapidly in magnitude, the difference may be takeu from the right
hand column, (headed D) and opposite the first three digits of the given
numger, where the mean difference of the mantissas in that line will be
found.

ExawpLE 10.—What is the logarithm of 832:172427

OPERATION.
Mantissa of Jogarithm of 8321 .............coooeiieinveenereecinnns teereeenges s *920176
Diflcrence from column D —=52; and 52 % 7242 = 376584 from which
we cut off four digits and add..........ccoccinnrereicirennans [STPT

920214
To which we attach the characteristic 2 and required logarithm == 2920214
49, The difference given in the column headed D in the tables, is that
due to an increment of one unit in the fourth figure of natural number, thus
Logarithm of 5738 3758761
Logarithw of 5739 . 3°768836

Difference of natural numbers==1; difference of logarithms=175

And since it is shown in common works on Algebra that, with small
increments in the natural numbers the loga,rithms corresponding to them
increase in arithmetical progression, in order to find the logarithm of any
number between those given above, we cousider that the increment of the
logarithm to be added to 3758761, bears the same proportion to 75 (the
increment for 1), that the increment of the natural number does to 1,

For example.—Let it be required to find the logarithm of 5738:47.

Here the increment of the %ven number being “47,we form the proportion
1:°47::75:°47 X 75=255"25, the incremeut to be added to 3758761, and this
addition having been made, we get 3'758796 for the logarithm of 5738°47.

Similarly, if the increment of the natural number had been ‘047 or *0047.
the corresponding increment of the log. would have been 8'625 or *3525.

These illustrations sutliciently explain the reasons of the last rule.

50. Taking the same number as in the last article and dividing the differ-

ence 75 by 10, we obtain 7°5 the difference corresponding to an increase of
oneunit in the fifth place of the natural number ; the double of this, or 15
for two units, the treble or 22'5 for the three units, and so on; and each of
the numbers thus obtained will be the increment of the logarithm corres-
ponding to an increase of that number of units in the ﬁﬁh place of the
natural number. The increments thus obtaincd, and corresponding to each
of the nine digits, are inscrted in the left hand column of the tables,
headed P. P. (Proportional Parts.)
. 5. The numbers in the column headed P.P., as already explained, are the
increments in the logarithm for an increase in the fif¢h place of the natural
numbers. They express also the increments for the gigits in the sizth,
seventh, eighth, ninth, &c., places of the natural number, when they are
divided by 10, 100, 1000, &c., as the case may be.

52. Hence, to find the logarithm of any number con-
taining more than four digits :—
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RULE.

Secoxp MeTHOD.—Find the mantissa of the logarithm corres-
ponding to the first four digits of the ziven number,

Find in the same horizontal division as that in which the mantissa
is found, the proportional part in the column headed P. P., corres-
ponding to the digit in the fifth place of the given number, and set
it down beneath the part of the mantissa already found, so that their
right hand digits may be in the same vertical line. Find the P. P.
corresponding to the digit in the sixth place of the given number,
and set it down so that its right hand figure may be one place to the
right of the last. Find the P. P. corresponding to the digif in the
seventh place of the given number and set it down one place to the
right of the last, and so on till all the digits of the given number
be used.

Add the part of the mantissa already found, and the P. Ps. as
written, together, and reject from the result all but the first six
digits to the left, adding one to the last retained, if the highest of
the rejected digits be not less than 5—the result will be the mantissa
of the logarithm of given number.

Lastly, attach the proper characteristic tothis mantissa, und the
result will be the required logarithm.

ExaupLE 11,—What is the logarithm of 8372468 ?
OPERATION.

Mantissa of logarithm of 8372 = 92.’.8’9
P. P. correspondmg to 4 =

P.P. to 06 = 31
P.P. “ to 2008 = 42

Sum == *922853]52
Therefore required mantissa = ‘922854 and required log, — 3'922854.
ExaurLE 12.—What is the logarithm of 403567 ?

OPERATION.
Mantissa of logarithm of 403500 — 605844
P.P. correspnndmg to 60 = 64
P. to 7= 75

) Sum == 60591556
Therefore required logarithm is 5:605916.
EXERCISE.

FIND THE LOGARITHMS OF THE FOLLOWING NUMBERS BY THE FIRST
METHOD—-OBTAINING THE DIFFERENCES BY BUBTRACTION.

13. What are the logarithms corresponding to 8193217, 73°9245,
and 8437427 Ans. 6-913456, 1-868789, and 1-926210.
14, Find the logarithms corresponding to ‘000234564 and

1001007013, Ans. 4-370261 and 3-003033.
v
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USING THE TABULAR DIFFERENCES.
15. Find the logarithms corresponding to 52:376 and 129-476.
Ans. 1-719133 and 2:112189.

USING THE PROPORTIONAL PARTS.
16. Find the logarithms corresponding to -000471398 and
9136712. Ans. 7613387 and 6960790,

17. Find the logarithms corresponding to 4-23429 and 763-129817.
Ans, 0:626780 and 2-882598.

53. To find the logarithm of a vulgar fraction :—

RULE.
Subtract the logurithm of the denominator from the logarithm
of the numerator.

54. To find the logarithm of a mixed number:—

RULE.
Either reduce the mixed number to a fraction and proceed as in
Art. 53, or reduce the fractional part to a decimal, attach it tothe
whole number and proceed as in Arts. 48-52.

55. To find the natural number corresponding to any
given logarithm :—

RULE.

Fsr MeTnop.—Find that logarithm in the table which is next
lower than the given one and the four digits corresponding to it
will be the first four digits of the required number.

I1. Subtract this logarithm from the given logarithm, to the
remainder annex one cipher and divide by the tabular difference
corresponding to the four digits already obtained, the quotient
will be the fifth digit.

III. To the remainder attach another cipher and again divide
by the tabular difference, the quotient will be the sizth digit and
thus proceed till a sufficient number of digits has been obtained.

IV. The characteristic of the logarithm shows where to place the
decimal point

NoTE.—The number cannot be carried with accuracy to more places
than the logarithm has deciroal places. (See Art. 56.) .

Exampip 18.—Find the number corresponding to the loga-
rithm 4-923267,
OPERATION,

Given log. 023267
Next lower in tables. '923244 = log. of 8380.

Difference = 23 Tabular difference == 62.
Then 28000 = 52 gives 442 for digits in sth, 6th and 7th places.
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Hence the digits of the naturi.l number are 8350442 ; and since the char-
acteristio is 4, i.¢. one less than the number of digits to the left of the
decimal point, the required number is 82804'42.

Seconp MerHOD.—Find the first four digits of the required
number and also the difference between the given logarithm and
the next lower in the table as in the last rule.

1I. Find in the same horizontal division of the tuble the highest
P, P. that does not exceed this difference. Opposite to it in the
column headed N. will be found the digit of the fifth place.

III. Subtract this P. P. from the difference, to the remainder
annex one cipher and find the highest P. P. not exceeding the
number thus formed. Opposite to it in column N. will be found
the sixth digit.

IV. Continue this process by the addition of ciphers till the
required number of digits be found.

Exampre 19.—Find the natural number corresponding to the
logarithm 3-553259.

OPERATION,

Given log. 553259
Next lower in table 553155 = log. of 5374

Difference = 104 [place.

Highest P. P. not greater than 104:== 98  corresponds to 8 for fifth
i 60 [place.
Highest P. P. not greater than 60 == 49  corresponds to 4 in_sixth

— [place.
Highest P. P. not greater than 110 = 11(()) corresponds to 9 in seventh
11

Therefore digits of required number are 3574849 ; and since the character-
istie is 8, there must be four digits to the left of the decimal point.
Hence required number is 3574'849.

EXERCISE.
BY FIRST METHOD.
20, Find the natural numbers corresponding to the logarithms

4-137139, 0-718134 and 4-635421.
Ans. 13713227, 52252178 and 0004319376,

21. Of what numbers are 2-921686 and 1-922165 the logarithms ?
Ans. 835 and '8359211.

BY BECOND METHOD.

22. Of what numbers are 5-407968, 7-408386 and 3:416369 the
logarithms ? Ans. 2558394, 25608588 and ‘0026083,

23. What are the natural numbers corresponding to the loga-
rithms 4877777 and 0:565555 7
Ans, 15470-65168 and 3-5938,
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56. In order to ascertain how many figures of these results way bo relied
upon as correct, let us take from the tables any logarithm, as 4'235685.

Now the real value of this logarithm if carried 10 2 greater number of
places might be anything between 4'235¢335 and 4°2356345, and might there-
fore differ from the given logarithm by very nearly ‘0000005, which is there-
fore the extreme limit of the error attached to tables of six places; i. e. any
difference less than 0000005 might occur without producing any chavge in
the logarithm as given in the table. X

Now it is demonstrated in works treating of the theory of logarithms
that the difference between the logarithms of numbers, which differ only
by unity, ig less than the modulus of the system divided by the smaller
number. The modulus of the common system of logarithms is ‘4342045,
and if we lct % represent the smaller number, the difference between the
logarithms of # and of # -4 1 is less than 4342945 =+ n.

Now we have shown that the difference between the true logarithm and
that given in the table to six places, may be nearly equal to "0000005, which

. . - 4342945, 4342045
. 420, . odoteditoid

is therefore less than 4322945 + », or u is less than 000005 2™t Goon00s

—=868580. That is, unless the number whose logarithm is given be less than

868589 its value caunot be found accurately beyond the first five digits, but

i]fit be leis than 868589, then the first six figures found from the table will

e correct.

If tables of seven or eight places are used, the result can be depended on
t0 seven or eight places, if the number be less than 868589 or if the man-
tissa be less than *9378 ; but if greater, then the result can be relied on only
to one less number of figures than the decimals of the logarithm.

LOGARITHMIC ARITHMETIC.

57, The Arithmetical Complement of a logarithm is the
remainder obtained by subtracting the logarithm from 10.

Thus the arithmetical complement of 2713426 is 10—2'713426 = 7°285574.
EXERCISE.

Find the arithmetical complements of 5:631642 and 0-714000.
Ans. 4-368358 and 9-286000.

2. Find the arithmetical complements of 3-123456 and '7-213149.
Ans. 12876544 and 16-786851,

3. Find the arithmetical complements of 6:12435%7 and 2-000837.
Ans. 3875643 and 11-999163.

58. To multiply two or more numbers together by
means of logarithms :— ’
RULE.
1. Add their logarithms and the sum will be the logarithm of
their product.
II. Find the natural number corresponding to this logarithm,
NoTE 1.~For reason see Art. 10.

NoTE 2.—The following exercises are all wor! i nd
not by the proportional garts : Ked by the difference o
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Exaurie 4.—Multiply 5631 by 47.
Logarithm of 5631 = 3750586
¥ 47 =1672098
5422684
6'422590 = logarithm of 264600
94 = 57
Ans, 264657
EXERCISE.
5. Multiply 61, 22, and 65 together. Ans. 87230.
6. Multiply 52, 734, and 6 together. Ans. 229008,

7. Multiply together 35-86, 2:1046, ‘8372 and -00294.

Ans. -185761,
8. Multiply 00008764 by -86359. Ans. -000015685.

69. To divide numbers by means of their logarithms:—
RULE.

L. Subtract the logarithm of the divisor from the logarithm of
the dividend: the result will be the logarithm of the required
quotient.

II. Find the natural number corresponding to this.
NoTE.~For reason see Art.11.
Exaupre 9.—Divide 6732'7 by 478.

OPERATION.

Logarithm of 67327 = 3826189
Logarithm of 478 ——=2679428

Difference = 1'148761
1148603 = logarithm of 140800

158 = 51

Ans, 140851
ExampeLe 10.—Divide -036584 by 00078593,

OPERATION,

Logarithm of 036584 = 2563291
Logarithm of "00078593 — 4°895384

Difference = 1667907 .
1667826 = logarithm of 46°5400

81= 87
Ans. 465487
80. Instead of subtracting the logarithm of the divisor, we may
add its arithmetical complement—the result, with 10 subtracted
from the characteristic, will be the logurithm of the quotient.
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Thus, in the last emmpl_g the arithmetical complement of 4895384 is
13'104616, and this added to 2563291 gives 11'667907,and subtracting 10 from
this }(:h;racteristiu, gives us 1'667907, the same as obtained by the other
method.

NoTtE.—This method of using the arithmetical complement is very con-
venient when we have to divide one number by the product of several

others,

EXERCISE.
11. Divide *6734 by *0009278. Ans, 725-8033.
12. Divide 437-89 by 62-135. Ans. 6:98.,
13, Divide 93-217 by -0007132. Ans. 130702-4.

14. Divide 9835267 by the product of 23, 189 and 2-748.
Ans, 823:339.

61. To raise a quantity to any power by means of
logarithms :—
RULE.

1. Multiply the logarithm of the given number by the index of
the required power, the result will be the logarithm of the required
power.

1I. Find the natural number corresponding to this logarithm.

NoTE.~—For reason see Art. 12.

ExaxpLe 15.—Find the 10th power of 2.

OPERATION.
Logarithm of 2=0.301030.

0301030 X 10=3"010300 = logarithm of 1024. Aus,
ExaxpLE 16.—Find the 7th power of 2:71.

OPERATION,
Logarithm of 271 =0°432969.
Then 0'432969 X 7 == 3'030783 =logarithm of 1073'45. 4ns.
NoTE.—In order to obtain the correct result when the characterestic
happens to be negative, it must be recollected that the mantissa is always

positive.

EXERCISE.
17. What is the 5th power of 57 Ans. 3125.
18. What is the 6th power of 1:073 7 Ans. 15261,
19. What is the 4th power of -0279? Ans, -00000060529,

20. What is the 11th power of 1-111? - JAns. 31831,

62, To extract any root of a given number by means
of logarithms : —
RULE.

1. Find the logarithm of the given number and divide it by the

inde;r: of the required root, the result will be the logarithm of the
r00t,
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I1. Find the natural number corresponding to this logarithm,

Nore.—For reason see Art. 15. :

ExampLE 21.—What is the cube root of 12345 ?
OPERATION.

Logarithm of 12345 — 4-091491.
Then 4091491 -3 —1'363830 =logarithm of 23:11159. A4ns.

63. To extract any root when the characteristic of the
logarithm of the given number is negative :—

RULE.

L. If the characteristic is exactly divisible by the divisor, divide
in the ordinary way, but make the characteristic of the quotient
negative,

II. If the negative characteristic is not exactly divisible add
what will make it so, both to it and to the decimal part of the
logarithm. Then proceed with the division.

Exampre 22.—Extract the fourth root of *0076542.

OPERATION.

Logarithm of ‘0076542 = 3'883399.

Now since 3 is not exactly divisible by 4 we add—1 to the characteristio
and +- 1 to the mantissa which gives us4 - 1883899 and this is evidently =
883899,

Then 4 - 1'883899 - 4 — 1°4709747 = logarithm of ‘29578¢. Ans,

EXERCISE.
23. Extract the 7th root of 913426000, Ans. 19°0588,
24, Extract the 11th root of 1-61342. Ans. 104444
25. Extract the 5th root of -000007139. Ans, *0934817.
26. Extract the Tth root of -002147. Ans. ~41575.

84. When the logarithms of two or more prime num-
bers are given, the logarithm of any multiples of these
factors by each other can be easily obtained by attention
to the foregoing rules.

Thus if the logarithm of 2 and 3 be given :—

1st. We can obtain the logarithm of any power of 2 or 3 by Art. 61, anc
any root of 2 or 3 by Art. 62.

2nd, We know the logarithm of 10, to be 1 and hence we can obtain the
logarithm of 5 since 10 - 2—=5 and also of §'3 since 10<-3=4'3, hence we
can also obtain the logarithm of any power or root of 5 or 33.

3rd. By Arts. 53, 59, we can obtain the logarithm of any power or root of
2,3, 5 and 33 multiplied by any power or root of 2, 3, 5 or 3'3.

Exanpre 27.—Given the logarithm of 2=10.301030 and the
logarithm of 3 = 0-477121. Find the logarithms of 500, 24, 54,
120, 75000, 1631, 1, and 13'5.
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OPERATION,

Since 5==10 =2 the logzmthm ofs—log 10—log. 2 =1--0'30103() = 0'698970.
Then logarithm of 5¢0 = 2698970,
24=8 X 3 =23 X 3. log. ’L_(log 2) X 8- (log. 3.)
log. 2 == ("301030 X 8= (903000
log. 3 = 477121

Sum =1'350211-=log. 24,

SE=27 K 2=33 X2 . log. 54 =(log. 8) X 3+ (log. 2.)
log. 3=1477121 X 3 =1'431363
log. 2 = 0301030

Sum =1732393 =log. 5

I20=4 X3 K10.-22 2 33410,°, log. 120 = (log. 2) '~ 2+ (log 3)+(log.10)
log 2= 0301030 > 2 == 0"6!
log. 3= 0417121
1

Sum = 2079181 —=1og. 120.

75000 =25 X 3 X 1000 =52 X 3 £ 1000.", log. 75000 =(log. 5) X 2 4 (log. 3)
4+ (log. 1000.)

log. = 0698970 X 2=1"397010
log. 3= 0477121
log. 1000= 3

Sum = 4-875061 = log. 75000.
163 =33 % 5.". logarithm of 16} = (log. 3'3) + (log.5.) -

Sinece 103 = 3':}-, log. 8'3:10;;. 10—log. 3 =1—0'477121=0"5
logarithm 5 = 0°GY

Qum_l 221849 =log. 16 G5.
. by changing only thie characteristic == 1-698970 = logarithm !.
36=="5 ¥ 27 =5 % 33.". logzarithm 1% (log. 3) X 34 (log.'5.)
Togarithm 3 =0477121 3¢ 3=1"431363
logarithm *5 —= 1698970
Sun1 = 1-130333=1log, 13'3.

EXERCISE.
28. Given logarithm 2 = 0-301030 and log. 7= 0-845098,find the

logarithms of 14000, 4-9, ‘00196, 1750, 1428:571428,
00000112 and 3-0625.

Ans. Log. 14000 = 4-146128.

Log. 49 = 0:690196.

Log. 100196 = 3-292256.
Log. 1750 = 3-243038.
Log. 1428571428 = 3-154902.

Log. 00000112 = 6-049218.
Log. 3:0625 = 0-486076.
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Exaupie 29.—Given logarithm I — 1-698970
logarithm 3 = 0-477121
logarithm 11 = 1-041393

Find the logarithms of 493, 362, 4.6&;, 2'4, 392-'%2., 2933331 and
19-965.

“Ans. Logarithm of 49} = 1:694605.

Logarithm of 363 = 2-559907.

Logarithm of  4-09 = 0-611819.
Logarithm of  2-4 = 0-388181.
Logarithm of 39272 = 2-594090.

Logarithm of 293333} = 5-467362.
Logarithm of 19-965 = 1:300270.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NOTR.—The numbers after the questions rcfer to the numbered articles
of the section.

1. What is the power of a number ? (1)
2. What is a root of a number ? (2)
3. Why is the second power of a number called its square ? (4)
4. Why ig the third power of 2 number called its cube ? (5)
6. What is the index or exponent of a power? (6)
6. What is involution ? (8)
7. How do we multiply two or more different powers of the same number
together ? (10)
8. How do we divide any power of o number by another power of the
same number ? (11) N
9. How do we find any required power of 2 given power? (12)
10. What is evolution ¢ (13)
11, ﬁy what methods do we indicate a root of a number? (14)
12. How do we extract any root of a given power of a number? (15)
13, What is meant by extracting the square root of a number? (16)
14. What is the first step in extracting the square root of a number ? (16)
15. Why do we point off into periods of two figures each? (18-I) .
18. What is the sccond step in the process of extracting the square root ?

16) )

17. How do we know that the square root of the highest sqnare in the left
hand period is the highest digit of the root ? (18-11)

18. What is the third step in the process of extracting the square root?

(16) . . .
19. Why do we bring down ouly the next period to the right? (18-II in
X.3 -
20. What is the fourth part of the process for extracting the square roo_t?

1 . P
21. Why do we double the part of the root already found for a trial divi-
sor? (18-I1I) .
22. What is the next step in extracting the square root of a number ? (16)
23. Why do we not iuclude the right hand figure of the dividend when
seeking how many times the trial divisor is contained init ? (1s-1V)
24. Why do we place the digit thus found in both the divisor and the
root ? (18-V{] X .
25. What are the other steps used in extracting t.he(s unare rant? (16) -
26, How do we extract the square root of a decimal ¥ (19)
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27, How do we extract the square root of 2 fraction or mixed number ? (20)

28. What is a triangle? (22) 'What is a right-angled triangle ? &23)

29. How may any one side of a right-angled triangle be found when the
other two are given ? (24)

30, What proportion exists between different circles? (2z)

31, How may the area of a circle be found when its diameter is known ?

(25)

32. What is meant by extracting the cube root of 2 number ? (268}

33. Give the different steps of the process of extracting the cube root. (28)

34 Ifa m?mber consist of a certain number of tens, plus a certain number
of units, of what does its cube consist ? (27)

35. Why do we divide off into periods of three figures each ? (28, 1.)

36, How do we know that the cube root of the highest cube contained in
the left hand period is the highest digit of the root f (28, 11.)

37, Whence do we obtain, in the cube root, the constant multipliers 300
and 30. Illustrate by an example, (28, V. and VI1.)

38. Why do we make the two additious, indicated in the rule, to the trial
divisor ? (28, V1.)

39. How do wo extract the cube root of a decimal ? (29)

40, How do we extract the cube root of a fraction or mized number® (30)

41, In extracting the cube root of a number in any other scale, what
changes must we make in the rule ? (31)

42, Give ths different steps of Horner’s method of extracting the cube
root. .

43. What proportion exists between the magnitude of similar solids? (33)

44, How do we extract the higher roots when the index is a power of 2 or 8
or a multiple of 2 by 8P (84)

45, What is a logarithm ? (35)

46, What is the base of a system of logarithms ? (36)

47. What is a system of logarithms ? (37)

48, What systems of logarithms have been constructed and how do they
differ from oue another ? (38)

49, What is the characteristic of a logarithm ? (392

50. What i8 the decimal ﬁart of the logarithm called P (40)

51. How do we find the characteristic of a logarithm ? (42 and 43)

52. Why is the negative sign written over the characteristic of the loga-
rithm of a decimal ? (43, Note.)

63, Show that the characteristic of the logarithm of a number depends only
on the position of the decimal point in the number, and the man-
tissa only in the sequence of figures, (44)

o Exp]tailr)x] clea-:l’gv what is meant by the numbers in column D of the

ables,

55. Explain how the proportional parts in column P, P. are obtained. (50)

56, Explain how the numbers in the column headed P, P. become the incre-
ments to be added to the logarithms for an increase in the sixth,
seventh, eighth, &o., place in the natural number. (51)

57. How do we find the logarithm of a vulgar fraction? (53

58, Explain to how many figures we may rely upon the accuracy of the
results obtained by logarithmie tables, (56)

59. What is the arithmetical complement of a logarithm ? (57)

60, How do we multiply numbers by means of their logarithms ? (58)

61, How do we divide numbers by means of their logarithms? (59, 60)

2. How( éilo Gwzve 6:i;)lvolve and evolve quantities by means of logarithms?
» 62,
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SECTION XI.

PROGRESSION, POSITION, COMPOUND INTEREST,
AND ANNUITIES.

PROGRESSION.

1. Quantities are said to be in Arithmetical Progression
when they increase or decrease by a common difference.
Thus, 2, 5, 8, 11, 14, &c., are in arithmetical progression, the common dif-
ference being 3

bcl.Z, lg, 8, 6, &c., are in arithmetical progression, the common difference
ing 2.

2. In every progression the first and last terms are
called the extremes, and the intermediate terms the nicans.

ARITHMETICAL PROGRESSION.

8. In arithmetical progression there are five things to
be considered :
1. The first terni,
2. The last terin.
3. The common difference.
4. The number of terms.
5. The sum of the series.

These_quantities are so related to one another that any three of them
being given the other two can be found, and hence there are 20 distinet
cases arising from these combinations.

4, If we represent these five quantities by letters, thus:

a=the first term.

l=the last term.

d = the common difference.

n=the number of terms.

s=the sum of the series. .
We shall be able easily to deduce algebraic formulas which, being inter.
preted, become the common arithmetical rules for arithmetical progression.

5, The general expression for an arithmetical series then become

a+(a+d)+(a+2d) 4 (a+3d) +(a--4d)+ (at+5d)+, &e.
where the coefficient of d is always 1 less than the number of the term
Thus in the third term the coctficient of d is 2, which is 1 less than the
number of the term ; in the fifth term the coefficient of 4 is 4, which is 1
less than the number of the term, &c. . . L

Hence I==ga-+(n—1) d ; that is, the last ferm of an arithmetical series is
equal to the first term added to the product of the common difference by
one less than the number of terms.

. 8, Bince the sum of the series is equal to the sum of all the terms taken
in any order whatever, we have
8= a-tlat+d+ at2d41a-+3d+... l—3d+| 1—2d+| 1—ad-+ 2

Also 8= 14h l—d4 1—2d+i 1—3d+...a43d+ at2d+latd+Ha
Hence 2s = (a-+1) +(a-+)+(a+D)+ (@D +......to n terms,

But (a+)+(a+)......to nterms = (a-ri) n.
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Therefore 2s= (a-+?)#, and dividing these equals by 2, we have s = (a+l)1;
That is, ¢he sum of the series is found by adding together the first and last
terms and nltiplying their sum by half the number of terms.

Nore.—In adding the corresponding terms of the foregoing series to-
gether the d's cancel out, thus adding the second terms of the right hand
members together we have e +d-+i—d, where the d’s cancel, and the sum
becomes d--!: s0 also in the third terms we have a+2d4-1—2d =a+1, &c.

7. From the formula obtained in Art. 5, “;e [ﬁnd by transposing the terms

l=a+(n—1

a=I1—(n-1)d
_l—a
=1

n== 1_70 -1

and substituting these values of 7, @, 4, and # in the formula obtained in
Art. 8, we find

s={2atm—1)a} %
§= {21—(n—1) al 7—;
s_(l—ﬂ) (4-a) + ta-
a3
We thus obtain the five fundamental formulas from which the other

fifteen are derived by transposing the terms, &c. Thus
I =a+(n—1) d gives formulas for 2, a, n, d=4

s=(a+1) Lﬁ « “« s,a, L, n=+4
s:{iu—l—(;z—l) (1}'7.—]:- « s,a,n,d=4
s;:{-zl—(w—]) atl o« 5,10, d=?
_(4a) —a) + I4a ¢ s,a,l,d=4
$="g o =
Total 20
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8. THE FOLLOWING TABLE GIVES THE 20 FORMULAS FOR
ARITHMETICAL PROGRESSION WITH THEIR RELATIONS, &e.

No. |Given|Required, Formulas. {Whence derived
1 |a,d,n l=a+ (n—1)d fundamental.
1L a,d, s l=—}d+V3ds T (a—3d)? VL
S -
L —_ - |
1. (a4, 2, 8 4 12 - (u ) | V.
s n—1)d ) .
IV.|d,n, 8 Z_F+—2_ ) !. VIL.
Va2, n = (a4-1) 2- . fundamental.
N Vila,dn b= § 2a+ (v—1)d }—z”— V.and L.
k3
VIL|d,Z, n s= {20—(r—1)d } ;i V.and XVIL
VIIL la,d,2 s— Ytald—a), the  y gpaxin
| 2d 2
IX 2,2 d== L
n—a
X.la,n,s — 28~—2an VL
a i
Lvrati—a VIIIL
X1 |a, 1, s d = 2f-L_“
__2ni—2s vIIL.
XIL|, #,s d = 1)
XIIL |a,d,1 n="L+1 L
—d=fa 42, (2a—d\2 VI
XIV.|2,d,s n= > +1/_E-+( 5 )
n -
XV.]a,l, s ne=_25__ v.
l+a —
__ol+ad ;\/ 2AU4-d\ 2 23 VI
=21 e B = .
XVL|4,7, & ot (w ) - -
XVIL ld,n, ¢ o = I—(n—1)d . 1
XVIIL |d, 7,5 L VL
[/ -
XIX. !, n,8 « =‘._!§_ 1 V.
7 .
XXl 8 2= 4d + (-—d) 2—2ds VIIL

9. The following examples will enable the student to
understand clearly the interpretation and appplication of
these formulas:
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10. To find the last term of an arithmetical series when
the first term, the common difference, and the number of
terms are given :—

RULE.
l=a+4 (n—1)d. ()
INTERPRETATION.— The last term of a series is found by adding

the first term to the product of the common difference by 1 less
than the number of terms. :
ExaupLE 1.—What is the tenth term of the arithmetical series
1, 3, 5, &e.
OPERATION.

Here we have given the first term 1,the common difference 2 and the
number of terms 10 to find the tenth or last term.

Then i=a+ (n—1)d=1+4 (10—1) X 2=1+4+9 X 2=1418==19. Aans.
11. To find the common difference of an arithmetical
series when the first term, the last term, and the number
of terms are given :—
RULE.

l—a
== (x.)

InTERPRETATION.— T0 find the common difference of en orith-
metical series,—Subtract the first term from the last term and
divide the difference thus obtained by one less than the number of
terms.

ExampLE 2.—The first term of an arithmetical series is 3, the
13th term 55 ; find the common difference.
OPERATIOR.

Here wo have given the first term 3, the last term 33, and the number of
terms 13, to find the common difference,

l—a 55—3 62
_ . "
..l‘hend—.n T = 1 = 8=

12. 7o find the sum of an arithmetical series when the
first term, the last term, and the number of terms are
given :—

RULE.
s=(a+1D % (v.)

INTERPRETATION.~—~Add the first and last terms fogether and
multiply their sum by half the number of terms.

Exampre 3.—Find the sum of an arithmetical series whose
first term is 2, last term 50 and number of terms 17.
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OPERATION.
Hero we have given the first term 2, the last term 50 and the number of
terms 17 to find 8, the sum of the series,
(3 17 17
Then s = (@ + 1) — = (24 50) X — = 52 + —r =2 X 17 = 442, Ans.

13. 7o find the common Jifirence when the last term,
the number of terms, and the sw of the series are given :(—

RULE.
2nl—2s
d= A=)’ (x11.)

InTERPRETATION.—TUke {wice the product of the number of
terms by the last term, and from it subtract twice the sum of the
series. Divide the resulting difference by the product of the
number of terms by 1 less than the number of terms und the quoticnt
will be the common difference.

Exampre 4.—In an arithmetical series the last term is 80, the
number of terms 11 and the sum of the series 746, required the
common difference.

OPERATION.

Here wi have given 7, », and s to find d and since /=$0, #=11and S =
T45 we have -
g2 (X LX 80— (2T AT 28 ey

Tam—1) 114 (11—1) T o1 mg T

14. To find the number of terms of an arithmetical seriex
when the first term, the common difference, and the sum

of the series are given:—

RULE.
_ d—2a 125 (‘311—]‘)—:
"= VT I

INTBRPRETATION.—I. Subtract the common diffcrence from
twice the first term, divide the remainder by twice the common
difference, square the quotient, add the result to the quotient ob-
tained by dividing twice the sum of the scrics by the common diffe-
rence and extract the square root of this sum.

II. Next, from the common differcnce subtract twice the first
term, divide the remainder by twice the common difference, and to
the quotient add the square root obtained in I.  The sum will be
the number of terms.

Exaxpre 5.—The first term of an arithmetical progression is
%, the common difference 4, and the sum of all the terms 142.
What is the number of terms?



336 ARITHMETICAL PROGRESSION. [8Ecr. X.

OPERATION.

Here we have given a, d, and 8, to find » and since =7, d =1, and
$ = 142, we have

R 5 (2a—d) . b v'wx P) (2x 7—})_2

2l 2x 4 2 X}
-—14. *734. 14—1\ 2 132 133
( n ) -+ '\/11 ( 1 ) =274+
1/113o+ (@752 = — 274 + V1186 + 7661 = — 27} + /18923 = — 273 + 43}
=16. .n
" EXEROCISE.

6. In an arithmetical series the first term is 4, the number of
terms 17 and the sum of the series 884. What is the last

term ? Ans. 100,

7. The extremes of an arithmetical series are 21 and 497, and
the number of terms is 41. What is the common differ-
ence? Ans. 11%.

8. In an arithmetical series, the first term is 12, the last term
96 and the common difference is 6. Requlred the num-

ber of terms ? Ans. 15.

9. In an arithmetical series the last term is 14, the common
difference 1 and the sum of the series 105. Required the
number of terms ? Ans. 15.

10. The first term of an arithmetical series is 2, the common
difference % and the sum of the series 1180. What is the

last term ? Ans. 39}.

11. If the extremes of.an arithmetical series are 8 and 170 and
the sum of the series 4895, what is the common differ-
ence? Ans, 3.

12. If the extremes of an arithmetical series are 5 and 2Y}.and
the common difference 2}, what ig the number of terms ? ?

Ans. 11,

13. If the first term of a series is 2, the last term 478 and the

number of terms 86, what is the sum of the series ?

Ans. 20640,

14. In an arithmetical series the last term is 998, the first term
2 and the common differenee 6, What is the sum of the

series ? Ans. 83500.
15. In an arithmetical series the first term is 5, the mumber of
terms 11 and the common difference 2% What is the

last term ? Ans. 273,

16. In an arithmetical series the last term is 199, the common
difference is 11 and the number of terms 19. Required

the sum of the series? Ans. 1900,

17. The sum of an arithmetical series is 39840, and the extremes
are 2 and 478, What is the number of terms? Ans, 166.

18. The sum of an arithmetical series is 83500 and the extremes
are 998 and 2, Required the common difference ? J/ns. 6,
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19. A snail crawls up a flag staff 130 feet high and upon reach-
ing the top begins to descend. In what time will he
again reach the ground if he goes 2 feet the first day, 4
feet the second, 6 feet the third, and so on.

Ans. 15 days, 15 hours, 10 min. 27-264 sec.

20. The sum of an arithmetical series is 83500, the first term is
2 and the common difference 6, what is the last term ?

Ans. 998.

21. A person wishes to discharge a debt of $1125 in 18 annual
payments which shall increase in arithmetical progres-

. sion. How much must his first payment be in order that
the last may be $120? Ans. §5.

22. In an arithmetical series the extremes are 5 and 274 and the
number of terms is 11. What is the common difference ?

JAns. 23,

23. 220 stones are placed in a straight line exactly 2} yards
apart, the first being 24 yards from a basket, how far will a
person go whilst picking up the stones, returning with
one at & time and depositing it in the basket ?

Ans. 694 miles.

24. The sum of an arithmetical series is 39840, the number of
terms 13 166 and the last term igs 478. What is the first
term ? Ans. 2,

25. A person travelled from Toronto to Kingston,in 12 days,
walking 4 miles the first day, 6 miles the second, 8 miles

the third, and so on. How far is Toronto from Kingston?

JAns. 180 miles.

The clocks of Venice strike from 1 to 24. How many

strokes does one of these clocks msake in the day?

Ans. 300,

26

GEOMETRICAL PROGRESSION.

15. Quantities are said to be in Geometrical Progression
when they increase or decrease by a common multiplier.
Thus 3, 12, 48, 192, &c., are in geometrical progression, the common ratio
or common muftipher being 4.

100,20, 4, #, o, &c., are In g trical progressi the common ratio
being },

16. In geometrical progression there are five things to
be considered :

1. The first term.

2, The last term.

3. The common ratio.

4. The number of terms.
5. The sum of the series.

w
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As in arithmetical progression, these five quantities are so related that
any three of them being given the other two can be found, and hence there
are 20 distinet cases arising from their combinations,

17. Representing these five quantities by letters, thus,

a==the first term.
1 =the last term.
r=the common ratio.
n =the number of terms.
S=the sum of the series.
the general expression for a geometrical series becomes
) atartar?tardtfartitarst, &e.,
where the index of r is always one l¢ss than the number of the term,
Thus in the third term the index of » is 2, which is one less than the

number of the term; in the fifth term the index of » is 4, which i8 one less
than the number of the term, &e,

Hencol=ar*1 ; that is, the last term is equal to the first term multiplied
by the common ratio raised to that power which is indicated by one less
than the number of terms.

18. Since the sum of the series is equal to the sum of
all the terms.
8 =atartart-tard+...... ar*—3-tar—24-gr—1, multiplying by », we get
Sr=+ar+ar2+ar3+ ...... ar—3tar—24ar—1tars PymEby T, gl)
a(r—

Hence sr—s=ar"—a; or s (r—1) =a (1), and therefore s = _(r_—_l—

That is, the sum of the series is found by finding that power of the com-
mon ratio which is expressed by the number of terms—subtracting 1 from
this, dividing the remainder by one less than the common ratio and mul-
Liplying the quotient by the first term.

Note.—The second of the above series is found from the first by multi-
plying both sides of the equation by », and in subtracting we take the
terms of the upper series from the corresponding terms of the lower, Only
the first three or four and the last three or four terms are written and
between ar? and ar~2 there may be any number of intermediate terms.
The arm—3 in the lower series is obtained by multiplying the term before
ar~3 in the upper series, which is ar—¢, by »,

19. From the formula obtained in Art. 17 we get by
transposing the terms, &e.
l=ar—1
!

prmyy

=(L)=
a
__Jog. l—log. a.
‘ log.r

a=

-+ 1.
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And substituting these values of 7, &, #, » in the formula obtained in Art.
18 we find

rl—a
s=
r—1
_ Urm—1)
T (r—=1)rn-1
_ Z':—arl-
=TT
P dle—gr 1

nd these togethor with the two formulas obtained in Arts. 17 and 18,
__a(r~—1)
T o

t=aqrn.1

arc the fundamental formulas of geometrical progression from whichthe
other fifteen are derived by reduction, Thus,

rl—a .
§ == —. gives formulas for s, 1, ,and ¢« =%

r—1
L’
:(T(’l)r"l-)lrz “ “osnlandn=4
In=1 n—1
= 1—“ i @ s L aada =4
Pt _gnt
:a(*‘"—l.l) “ v a,andn=4
—
I=ar-1 * “ L, rand =4
Total 20

20. The following table cives the 20 formulas for
geometrical progression, with their relations, &e. It Yw111
be observed that questions involving formulas III, X1I,
XIV, and X VI cannot be solved by common arithnietic,
but require the aid of the higher mathematics. All the
formulas for » involve the use of logarithms.
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No. | Given. |Required. Formulas, Whence
derived,
1. o [ = arn-1 fundamental
a+(r—1)s
H'Ja" », 8, = i(_._). ) VI
7 r
11 ', #n, s, {{s—)*—1—a(s—a)"=1 =0 VII.
! y (r=1)srn-1 R
IV o = VIII
l [
V.la, », n, ‘s:‘—l-(';——” ‘ fundamental,
{ r—1
. l__rl—a,
VI e, #, 1, ST ; V.and L
s -1 -1 ’
Vil.le, #n, 1, s=1 ~a ! V. and XIII.
3 3
ln—]_anTl
_ 1)
VIIL |7, n, 1, I“'—(,._l)ru_l ‘ V. and IX,
7 1
IX.|n, =, 1, a= pora 1. !
_ (r—Ds |
X.|r, m, s, @ a=> "0 V. ’
XY.j», I, s a=1r{l—1)s VI. I
XTiL.(n, 1, s, a(s—a)r-1—l(s—l)—1 =y VIIL }‘
141
XIIL|a, 2, 7, - (— = L
a /"= |
|
S 8 =it i
XIV.ia, n, s, Pr— 7r+ —= 3 R
r— | |
vl s oo |
XV o, f, 8, 1—3_1 : . |
Vv S OIS Lo l I ‘
XV (e, {, s L s_l_oﬁ VIIIL |
log.l —log.a |
T —t e |
XVIL o, » ¢ = Tog. 7 +1 1. )
XVIIL e, », s, o= 1o Lat G s)log. o v,
log. » ‘
3
e . log. I—log. @ .
NIX Lo, 4, s O s o e VI |
‘ XX. |, 1 s, ,L=l°_‘ﬂ'_w)i]+ 1 Vil i
log. »
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APPLICATIONS.

21. Given the first term, the common ratio, and the

number of terms, to find the last term :—
RULE.

l=ar-'. (1)

InTERPRETATION.—Multiply the firsi lerm by the common ratio
raised to that power which is indicated by one less than the number
of terms. The result will be the last term.

Exaupre 1.—~What is the 9th term of the series 7, 21, 63, &e¢.?

OPERATION,
Herea =7,r=38,and n =9,
ThenI=ar-1 =7 X 3%-1 =7 X 38 =17 X 6561 = 45927. Ans.
22. Given the first term, the common ratio, and the
last term, o find the sum of the series :—
RULE.

rl—a
r—1"

s = (v1.)

INTERPRETATION.—Subtract the flrst term from the product of
the cominon ratio by the last term and divide the remainder by one
less than the common ratio.

ExamprE 2.—The first term of a geometrical series is 5, the
common ratio 4, and the last term 1000000. What is the sum
of all the terms?

OPERATION.

Here a = 5, r = 4, and { = 1000000.

ri—a __ 4 X 1000000 — 5 __ 3999995

hen s = —— = = = 133 $. Ans.
Then s 1 1 3 1333381%

28. Given the first term, the common ratio and the
number of terms, fo find the sum of the series :—

. RULE.
s=a (77- : i) (v.)

INTERPRETATION.—Find that power of the common ratio which
is indicated by the number of terms, subtract one from it, and
divide the remainder by one less than the common ratio.

Lastly, multiply the quotient thus obtained by the first term of
the series, and the result will be the sum of all the terms.

Exaurrr 3.—The first term of a geometrical series is 3, the
common ratio is 4, and the number of terms 9. Required the
sum of the geries.
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OPERATION
Herca=38,#=4,audn=29,
=1y 49 —1 262144 —1 _
Then s =a (F=3) =8 % L= =8 X == = 262148, dns.

24. Tv find the common ratio when the first term, the
last term, and the sum of the terms are given :—

RULE.
s§s—a
r=:—"7 xv)

InTERPRETATION.—Divide the difference betwcen the first term
and the sum by the difference between the last term and the sum:
the quoticnt will be the common ratio.

Exampre 4.—The first term of a geometrical series is 1, the
last term 19683, and the sum of all the terms 29524, What is
the common ratio ?

OPERATION,
Here @ =1, 7 = 19683, and s = 20524,
s—a 29524 —1 29523
Then © =7 = 9528 — 1068~ osat > 4"
EXERCISE.

ot

. A nobleman dying left 11 sons, to whom he begueathed his
property as follows: to the youngest he gave £1024; to
the next, as much and a half: to the next, 1{ of the pre-
ceding son’s share; and so on. What was the eldest
son’s fortune ; and what was the amount of the noble-
man’s property ? ns. The eldest son received £59049,
and the father was worth £175099.

6. The first term of a geometrical progression is 7, the last
term is 1240029, and the sum of all the terms i3 1860040.
‘What is the ratio ? Ans. 3.

7. What debt can be discharged in a year by monthly payments
in geometrical progression, the first term being £1, and
the last £2048; and what will be the common ratio ?

Ans. The debt will be £4095; and the ratio 2.

8. The ratio of the terms of a geometrical progression is }, the
number of terms is 8, and the last term is 106442, What
is the sum of all the terms ? Ans. 30741L.

9. In a geometrical progression the first term is 1, the number

of terms 7, and the common ratio 3, what is the sum
of the series 7 Ans. 1093.
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10. The first term of a geometrical progression is 1, the last

11.

15,

16.

17.

18.

19,

term is 10077696, and the number of terms is 10. What
is the sum of all the terms? Ans. 12093235.
The first term of a geometrical progression is 6, the last
term is 3072, and the sum of all the terms is 6138. What
is the ratio ? Ans. 2.

. The ratio of the terms of a geometrical progression is 2, the

number of terms is 11, and the snm of all the terms is
20470. What is the last term ? Ans. 10240.

. A gentleman married his daughter on New Year's day, and

gave her husband 1 shilling towards her portion, and was
to double it on the first day of every month during the
year. What was her portion ? Ans. £204 15s.

. What will be the price of a horse sold for 1 farthing for the

first nail in his shoes, 2 farthings for the second, 4 for the
third, &c., allowing 8 nails in each shoe ?

Ans. £44'73924 5s. 33d.

The first term of a geometrical progression is 4, the last

term is 78732, and the number of terms is 10. What is

the ratio ? Ans. 3.

A person travelling, goes 5 miles the first day, 10 miles the
second day, 20 miles the third day, and so on, increasing
in geometrical progression. If he continue to travel in

this way for 7 days, how far will be go the last day ?
Ans. 320 miles.

The first term of & geometrical progression is 5, the last
term is 327680, and the ratio is 4. What is the sum of
all the terms ? Ans. 436905,

A king in India, named Sheran, wished (according to the
Arabic author Asephad,) that Sessa, the inventor of
chess, should himself choose a reward. He requested the
kiog to give him 1 grain of wheat for the first square, 2
grains for the second square, 4 grains for the third square,
and 80 on ; reckoning for each of the 64 squares of. the
board twice as many graing as for the preceding. Sheran
was angry at a demand apparently so insignificant; but
when it was calculated, to his astonishment it was found
to be an enormous quantity. What was the number of
grains of wheat and what was its worth at $1-50 per
bushel, reckoning 7680 grains to a pint? .

Ans. 1844(744073709551615 grains.
37529996894754 bushels.
$56294995342131.

The ratio of the terms of a geometrical progression is 3, the
number of terms is 10, and the sum of all the terms is
295240. What is the last term? Ans, 196830.
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20. The first term of a geometrical progression is 1, the last

term is 2048, and the number of terms is 12. What is

the sum of all the terms? Ans. 4095,

21. The first term of a geometrical progression is 5, the ratio is
4, and the number of terms 9. What is the last term ?

Ans. 327680.

. 25, When the common ratio of a geometrical series is a proper fraction,
i. e, less than 1, the series is a descending onec, and when the number of
terms becomes very large rn becomes very small.  Inan infigite descending
series r» becomes infinitely small, i. . its value becomes = 0, and therefore
ars may be neglecteq and the formula for finding the sum becomes
arn—aq —a 2 X . ,
promn _{1( = I_L) Hence for finding the sum of avy nfinite
series when 7 is less than1:—

s =

RULE.
a .
S=1—, (xxi)
INTERPRETATION.~—The sum of an infinile series is found by
dividing the first term by unity minus the common ralio.

ExanpLr 22.—What is the sum of the infinite series 1+ -
#+ s &e.?

OPERATION.
Herea=1and r—=7%
a 1 1
Thens:l——r=1——é=.§_='} —14. das,

EXAMPLE 23.-—What is the sum of the infinite series *7347

OPERATION.
Here a = Fi%% and r = 175-
Thens:&:i:ﬁﬁ: 138, Ans,
1— il Ty
EXERCISE.
24, What is the sum of the infinite series 2, +f, 1%, &c.-?ﬂ .
ns. %.
25. What is the sum of the infinite series 4, 2, 1, 4, §, &(i.q? .
. ns. 8.
26. What is the sum of the infinite series -79? Ans. §3.

9%. What is the sum of the infinite series 12347 Jns. }§34.

26, To insert any number of means between two given
extremes :
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RULE.

If the series is un arithmetical one, find the common difference
by formula IX. Art. 8. Then add this common difference to the
first term and the result will be the second term ; add the common
difference to the second and the result will be the third term, &e.

If the series is @ geometrical one, find the common ratio by for-
mule XIII. ArT. 20. Then multiply the first term by the common
ratio and the product will be the second term ; multiply the second
term by the common ratio and the result will be the third, &c.

ExampLE 1.—Ingert 7 arithmetical means between 3 and 517

OPERATION.

8ince there are 7 means and 2 extremes the number of terms is 9.
l—a 51—3 48
Then d = = =" =28,
T iT e =18 ~ ©
18t term =3; nd=34+6=9; 3rd—=9-4-6=15; Hth=154+6=21:
fth =21 4 6 =27 ; 6th—=27 + 6=233, and so on.
And series is 8, 9, 15, 21, 27, 33, 39, 45, 51.

ExaypLe 2.—Insert 6 geometrical means between 1 and 128 ?

OPERATION.
Since there are 6 means and 2 extremes the number of terms is 8.
(Ve ()T — op =
= ()7 ()= oot =
Hence 2nd term=1x2=2; 3rd term=—=2 X 2=1: 44h=4X 2=8,&c*
And serjes is 1,2, 4,816, 32, 64, 123,
EXERCISE.
3, Insert 9 arithmetical means between 2 and 92.
Ans. 2, 11, 20, 29, 38, 47, 56, 65, T4, 83, 92,
4, Insert 4 arithmetical means between 7 and 50. .
Ans. 7, 153, 24}, 324, 41}, 50,
5. Find 8 geometrical means between 4096 and 8.
Ans. 2048, 1024, 512, 256, 128, 64, 32, and 16.
6. Find 7 geometrical means between 14 and 23514624,
Ans, 84, 504, 3024, 18144, 108304, 653184, and 3919104.

POSITION.

27, Position is a rule which enables us to solve, by
means of assumed numbers, a class of problems which we
could not otherwise solve without the aid of algebra.

Nore.—Position is also called the Rule of False, or the Rule of Trial and
rror,
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28. Position is divided into :—

Ist. Single Position—when only one assumed num-
ber is used. .

2nd. Double Position—when two assumed numbers
are used.

29. Single Position is employed in the solution of those
problems in which the required number is increased or
decreased in any given ratio, 1. e., when it is increased or
diminished by any poert of itself, or when it is multiplied
or divided by cuy gieen number.

30. Double Po-ition is employed in the solution of
those problems in which the result found by increasing or
decreasing the required number in any given ratio, is itself
increased or diminished by some other number which is
no known part or multiple of" the required number.

SINGLE POSITION.

31. Single Position proceeds upon the prineiple that
the results are proportional to the numbers used, and is
employed in all cases when the problem can be stated
algebraically in the form of «x =10, where = — the re-
quired number, a the given multiplier, integral or frac-
tional, and b the given result.

32. Let it be required to find a valuc of # such that ax =5. Suppose '
to be this value, and instead of b we obtain &' for tlvxe resu’lt. 'I"heu we have
ar=>5and ax' =1', and dividing we get ?]—?— =g or ? =z whence &':

b::m':.ror.r:%, X &,
Hence for single position we deduce the following :—

RULE.

Assume a number, and perform with it the operations described
in the question; then say, as the result obtained is to the number
used, so is the true or given result to the number required.

ExampLe 1.—What number is that which being increased by
its fourth part and diminished by its fifth part gives 63 for the
result ?

OPERATION.

_Asssume any number, 40.* Then one<fourth of numbor == 10, and one-fifth

* For the sake of convenience we assume a nwmber of which we can take
the required parts without using fractions.
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40 410 — 8 =42, which by the question should have becn 63.
Then—Result obtained: Result required:: Number used : Number re-

quired. s
Or,42: 63::40: ‘%ﬂz 60 Ans.
PROOP.—60 +- 1 of 60—} of 60=63.

ExamrLe 2.—A teacher being asked how many pupils he had,
replied, if you add 4, 4, and } of the number together, the sum
will be 18 ; what was their number ?

OPERATION.

Assume 60 to be the number of pupils,
Then one-third of 60 =20
one-fourth of 60 —15
one-sixth of 60 =10

Sum = 45, but it should, by question, equal 18.
'l'he'nd.5:18::60:18 X 60 =24 Ans.
PrOOF.—} of 24 - 4 of 24 - $of24—=1s.

EXERCISE.*

3. A gentleman distributed 78 pence among a number of poor
persons, consisting of men, women, and children; to each
man he gave 6d., to each woman 4d., to each child 2d.;
there were twice as many women as men, and three
times as many children as women. How many were there
of each ? Ans. 3 men, 6 women, and 18 children.

4. A person bought a chaise, horse, and harness, for £60 ; the
horse came to twice the price of the harness, and the
chaise to twice the price of the horse and harness. What
did he gife for each? .ns. He gave for the harness, £6
-1€35. 4d.; for the horse, £13 6s. 8d.; and for the chaise,

40, .

3. A's age is double that of B's; B's is treble that of C's; and

the sum of all their ages is 140. What is the age of each ?
Ans. A’g is 84, B's 42, and C’s 14.
.. After paying away } of my money, and then } of the re-

mainder, I had 72 guineas left. What had I at first?
Ans. 120 guineas.

* All questions in position may be solved by simple analysis, and very
‘equently this is the better method, and indeed the teacher should insist
pon the pupil thus solving each problem. The following will serve as
tamples of the mode of solution. +o iB
EXAMPLE 5.~S8ince 140 is equal to A’s age, + B’s age, ’s age, and B's
10 is equal to three times C's?and A’s to§ times C’s, it follows that_1;40 is
[ual t0 1+ 3 4- 6 = 10 times C’s agc, and hence C’s age is i 0f 140 =14 ;
BT X3=42; and A's =14 X 6 =84
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7. A can do a piece of work in seven days ; B can do the same in
5 days; and C in 6 days. In what time will all of them
execute it ? . Ans. In 1443 days.

8. A and B can do a piece of work in 10 days; A by himself
can do it in 15 days. In what time will B do it?

Ans. In 30 days.

9. A cistern has three pipes; when the first iz opened all the
water runs out in one hour ; when the second is opened,
it runs out in two hours; and when the third is opened,
in three hours. In what time will it run out, if all the

pipes are kept open together ? Ans. In ¥ hours.
10. Whatis that number whose }, {, and } parts, taken together,
make 272 Ans. 42.

11. There are 5 mills ; the first grinds 7 bushels of corn in 1 hour,
the second 5 in the same time, the third 4, the fourth 3,
and the fifth 1. In what time will the five grind 500
bushels, if they work together ? Ans. In 25 hours.

12. There is a cistern which can be filled by a pipe in 12 hours;
it has another pipe in the bottom, by which it can be
emptied in 18 hours. In what time will it be filled, if
both are left open ? Ans. In 36 hours.

DOUBLE POSITION.

33. When the number sought is to be incrcased or
diminished by some absolute number, which is not a known
multiple, or part of it—or when #wo propositions, neither
of which can be banished, are contained in the problem,
we use double position, assuming #iwo numbers. If the
number sought is, during the process indicated by the
«juestion, to be involved or evolved, we obtain only an ap-
proximation to the quantity required. In other words
double position is employed in all cases in which the pro-
blem stated algebraically would take the form of

ax+b=c \
where @ is the number sought, @ the given multiplier,
integral or fractional, b the given increment, and ¢ the given
result.

ExAMPLE 7. BY ANALYSIS.—Since A can do the whole work in 7 days, in
1 day he will do } of the whole work, similarly in1 day B will do },and [
& of the whole work. Therefore working together they willdo } + 1 4}
=147 of the whole work, and they will require as many days to do the
whole work as 197 is contained timesin 1,1, e.,1 -+ 3185 =14# days 4ns.
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34. Letit berequired to find a value for x such as to satisfy the equation,
artb=c.

In such a case assume any two known numbers » and #' and perform on
these the operations indicated in the question, and let the errors in the
result be ¢ and ¢’ both, suppose in excess.

Then an-é—b:c—l—a (I) and an' +b=c- ¢ (II) and, by the question,
ar+b=c (III).

Subtracting I1I from I we get an—ax —=e¢, or a (n—zx)=-¢ (1V).
Subtracting III from II we get an'—ax=¢, or a (n'—x) =¢' (V).

Divi ling IV by V we get an—r) e wox e

S =L o 28 .
a{n'—x) ¢ T -z el
n'e—ne'

e—¢

And reducing this we.get x =

Hence for double position we deduce the following :—
RULE.

1. Assume two convenient numbers, and perform upon them the
processes supposed by the question, marking the error derived from
each with+-or—, according as it is an error of excess, or of defect.

II. Muitiply each assumed number into the crror which belongs
to the other ; amd, if the errors are both plus, or both minus, divide
the difference of the products by the difference of the errors. But,
if one 18 a plus, and the other is a minus error, divide the sum of
the products by the sum of the errors. In either case, the result
will be the number sought, or un upproximalion to it.

Exampie 1.—There is a fish whose head is 8 feet long, his tail
is a3 long as his head and half his body, and his body is as long
as his head and tail ; what is the whole length of the fish ?

OPERATION.

Assume 24 ft. as the length of body. | Assume 28 feet for length of body.
Then tail =8--1 of 24 —=8-+12=20 Then tail =843 of 28 =84-14 =22
Body = head + tail —=84-20=28 | Body = head + tail=28-+22=30

Assumed length of body =24 Assumed length of body =28

Error=-4 Error=+4-2
Errors, Agsumed numbers. Products.
4 X 28 = 12
2 X 24 = 48
Difference of errors —2 difference of products =64

Then 64 - 2 = 32 == length of %)og}y
] =8 =Uu= “ ail
S+iof32=8--16 2: . Lo

64— length of fish.

ExaMpLE 2.— A laborer contracted to work 80 days for 75 cents
per day, and to forfeit 50 cents for every day he should be xdl.e
during that time. He received $25: now how many days did
be work, and how many days was be idle?
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OPERATION.
Suppose he workead 50 days; then he was idle 30 days.

Sum earned = 50 X 75=$37'50 True result = $25'00
Sum forfeited =30 X 50 = 1500 Result obtained = 2250
Sum received == 2250 Error = 250

Again suppose he worked 40 days; then he Jost 40 days.

Sum earned = 40 X 75=§30'00 Result required ==§25'00
Sum forfeited =40 X 50 = 20°00 Result obtained == 1000
Sum received = 1000 Error = 1500
Errors, Assumed numbers. Products,
—15 x 50 = 750
—2% X 40 = 100

Difference of errors =12}, Difference of products = 650
Therefore result required == 650 = 123 =52 days.
Number of idle days = 80—52=—=28. 4ns.

PRrROOF.—Sum earned =352 X 75= 233900
Sum forfeited =23 X 50 = 14'00

Sum received = $25°00.

ExaypLE 3.—What number is that which, being multiplied by
3, the product increased by 4, and that sum divided by 8, the
quotient shall be 327

OPERATION.
Assume 40 to be thie number.
Then 40 X 3 =120 4 4=124 <+ 8 =15} == result obtained,
32 —=result required.
Error = —164
Again: assume 100 to be the number.
Then 100 X 8 = 300 4 4 = 304 -~ 8 = 33 ==result obtained.
32 =result required.

Error—=+6
Errors. Assumed numbers,
—16% x 100 =1650
—+ 6 X 4« = 240

Sum of error — 223. Sum of products == 1890

Required number — 12%0 = 84, Ans.
PROOF.~84 X 3 =252 + 4 —=256--8 =33.

Not1e.—In this example we take the sum of the errors for a divisor and

the sum of the products for a dividend, because the errors are not both plus
or both minus.,
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ExamrLe 4.—What ig that number which is equal to 4 times
its square root 4- 21?7

OPERATION.
Assume 64 Assume 81

Voa= 8 Vsi=9
4 4
:‘;3 36
21 21

53, result obtained. 57, result obtained.,

64, result required. 81, result required.

—11, difference. —24, difference,

81 64
891 1536

&91

13)645
The first approximation is 49'6154.

It is evident that 11 and 24 are not the errors in the assumed numbers
multiplied or divided by the same quantity, and, therefore, as the reason
upon which the rule is founded, does not apply, we obtain only an approxi-
mation. Substituting this, however, for one of the assumed numbers, wo
obtain a still nearer approximation,

SECOND RULE.

Find the errors by the last rule ; then divide their difference (if
they are both of the same kind), or their sum (if they are of differ-
ent kinds), into the product of the difference of the numbers and
one of the errors. The quotient will be the correction of that error
which has been used as multiplier.

Notr.—This rule depends upon the principle that the difference between
the assumed numbers and the true numbers are_ proportional to the differ-
cnces of the results obtained using the assumed numbers and that given
in the problem. Asin the last rule, when the question could not by algebra
be resolved by an equation of the first degree, the rule gives only an ap-
proximation to the correct result.

ExanpLE 5.—If to four times the price of my horse £10 be
added the result will be £100. What is the price of my horse ?

OPERATION.
Assume £19, and secondly £25 as the price of the horse—
Then 19 25
4
7_6 100
10 10
;f-i, the result obtained, 110, the result obtained.
100, the result required, 100, the result required.

—14 is an error of defect. -+10 is an error of excess.
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The errors are of different kinds: and their swi is 14410 =24 ; and the
difference of the assumed numbers is 25—19=—=46. Therefore

14, one of the errors,
is multiplied by 6, the difference of the numbers, Then divide by

24)84

and 8'5 is the correction fur 19, the number which gave an

error of 14,
194 (the error being one of defect, the correction is to be added) 35=22'5
= £22 10s. is the required quantity.

EXERCISE.

6. A son asked his father how old he was, and received the
following answer. Your age is now } of mine, but 5
years ago it was only }. What are their ages?

Ans, 80 and 20.

7. Required what number it is from which, if 34 be taken, 3 times
the remainder will exceed it by ! of itself? Ans, 58%.

8. A and B go out of a town by the same road. A goes 8 miles
each day; B goes 1 mile the first day, 2 the second, 3 the
third, &c. When will B overtake A ?

. Al B. A. B.
Suppose 5 1 Suppose 7 1
8 2 8 2
— 3 — 3
10 4 66 4
15 5 28 5
ox = — [
5)25 15 7)28 7
—5 —_ 28
7 3
35 )
20
o= 5—4=1=difference of errors.
115

We divide the eutire crror by the number of days in each case, which gives
the error in one day.
9. What are thosc numbers which, when added, make 25; but
when one i3 halved aund the other doubled, give equal
results ? Aus. 20 and 5.

10. Two contractors, A and B, are each to build a wall of equal
dimensions ; A employs as many men as finish 224 perches
in a day ; B employs the first day as many as finish 6 per.,
the secoud as many as finish 9, the third as many as finish
12, &c.  In what time will they have built an equal num-
ber of perches ? Ans. 12 days.

11. What is the number whose 4, , and $ multiplied together,
make 24 ?
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Suppose 12 Suppose 4
=86 =2
=3 =1
Product =18 Product = 2
1= 4 $=1
81, result obtained. 8, result obtained.
24, result required, 24, result required,
+57, error. —21, error.
64, the cube of 4. 1728, the cube of 12,
3648, product. 36288 to this product,
3648 is added.
57421=18 ——
78)38936 is tho sum.

And 512 the quotient,
{/512: 8, is the required number.

We multiply the alternato error by the cube of the supposed number,
because the error belongs to ;. part of the cube of the assumed numbers
and not to the numbers themselves: for in reality it is the cube of somo
number that is required—since 8 being assumed, according te the question

wo hiave = x—x3Z8 —o4; or 3 xge=ay,

12

13,

14,

15.

16.

274 8 64

. What number is it whose 3}, i, }, and §, multiplied together,
will produce 6998% ? Ans. 36.

A said to B give me one of your shillings and I shall have
twice as many as you will have left. B answered, if you
give me one shilling I shall have as many as you. How
many had each? JAns. A T and B 5.

There are two numbers which, when added together, make
30 ; but the 3, §, and } of the greater are equal to }, 3,
1 of the lesser. What are they ? Ans. 12 and 18.

A gentleman has 2 horses and a saddle worth £50, The
saddle, if set on the back of the first horse, will make his
value double that of the second; but if set on the back
of the second horse, will make his value treble that of the
first. What is the value of cach horse? .Ans. £30 and £40,

A gentleman finding several beggars at his door, gave to
each 4d. and had 64. left, but if he had given 6d. to each
he would bave 12d. too little. How many beggars were
there ? Ans. 9.

X
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COMPOUND INTEREST.

35, Let P—the principal, J—the interest, A ==the amount, { =the
number of payments, and »=the rate per unit for one payment.

Then since 7 is the interest of $1 for oue payment, the amount of $1 for
one payment is 1-+», and since the principal is always proportional to the
amount.

1:14+r 2 P:P (4r)= Amount of P at end of 1st period,

1: 147 = P (14r) : P (14)2 =Amount of P at end of 2nd period.

1:147» 2 P (14+r)2: P (1+r)3 = Amount of P at end of 3rd period,

1:147r 1 P (147)3: P (1+r)* = Amount of P at end of 4th period,

And so on; hence at the end of the ¢ period A=P (1 7)¢ which is
formula (I) in the margin.

A=PQ+nD Dividing each side of (I) by (1+r)* we get
formula (II) in the margin.
Dividing each side of (I) by P we get (1-4r)*

p=—2_ an
a+r) =—- extracting the #*root, and transposing
| the 1, we get formula (I1I).
A P —_— .
r:tx/ + —1 (III) | Obtaining as before (1-+r)* =3 and applying

the principle of logarithms we get log. (1-+7)
X t=1Iog. A—log. P, and dividing each side
- __log. A—log. P

by log. (1-+r) we get £ = Tog. (TFr)

Which is (IV) of the margin. -

Lastly, to find the time in which any sum of
money will amount to n times itself at a given
rate per cent. compouna interest we substitute
nP for A in formula (I,,) which gives us nP
= P (1-+r)*and dividing each of these by
P we get #=(14r)* whence log. n==log.

= _EEI'_"_)(V) (14r) X £ or = which is for-

log. @7 mula (V.)

APPLICATIONS.
When the principal, rate per cent., and time are given
to find the amount :—

log. A—log. P
log. (1-7)

(Iv)

i=

og. #
log. (1-+r)

RULE.

A=P Q47 orlog. A=log. Pt log. 1 +7r) X t.

INTERPRETATION.—Multiply the logarithm of the emount of $1
for one payment, by the number of payments, and to the product
add the logarithm of the principal ; the result will be the logarithm
of the amount.

11. Find the natural number corresponding to this logarithm and
the result will be the answer.

Exampie 1.—To what sum will $750 amount in 3 years, at 2
per cents quarterly compound interest ?

OPERATION.

Here P="750, »=02and ¢ =12, since there are 12 quarters in 3 years.

Then A==P (1+)* or log. A=log. P+log. (1+7) X ¢=2875061+
0"008600 %, 13==2'978201 =log, of Answer. Henco amount= $951'17.
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36. When the amount, rate, and time are given to find
the principal :—
RULE.

A
P:m ; or log. P=log. A —log. (1+71) X1.

INTERPRETATION.— Take the number expressing the amount of
S1 for one payment, and raise it to the power indicated by the
aumber of payments.

II. Divide the given amount by the number thus obtained and
the quotient will be the required principal.

BY LOGARITHMS.

Teke the logarithm of the amount of S1 for one payment, and
multiply it by the number of payments.

Subtract the logarithm thus obtained from the logarithm of the
given amount ; the remainder will be the logarithm of the required
principal.

Examere 2.—What principal put out at compound interest,
at the rate of 3} per cent. half yearly, will amount to $8764-00
in 11 years ?

OPERATION.
Here A ==8764, 7 =035 and { = 22.
Then P= ——=rorlog. P==log. A —log. 1 +7) X ¢.

1+7)
log. P == 13942702 — 0°014940 X 22 = 3042702 — 0"328080 = 3614022,
Hence P=$4111'70. Ans,
87. When the amount, principal, and time are given
to find the rate per cent.:—

RULE.
vy log. A —log. P
r:t‘/l (%) —1; 0rlog. 1+7) =
INTERPRETATION.—Divide the amount by the principul and ex-
tract that root of the quotient which is indicated by the number of

payments. .
1I. Subtract 1 from the root thus obtained and the remainder

will be the rute per unil, multiply this by 100 and the result will
be the rate per cent.
BY LOGARITIMS.

Subtract the logarithm of the principal from the logarithm of
the given amount, and divide the difference by the number of pay-
ments ; the result will be the logarithm of the amount of $1 for
one payment.

Find the natural number corresponding to this, a(zd fron.t it sub-
tract 1, the result will be the rate per unit, and this multiplied by
100 gives the rale per cent.
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Exaxrie 3.—At what rate per cent. compound interest, pay-
able half-yearly, will $278 amount to #5742 in 27 years ?
OPERATION,
Here A = 6742, P=278 and ¢ = 54.
oz A =log. P 3823780 — 2444045 _ 1384744
Thculog.(l—}—r):——t——: oL = 54
= 0256431, Hence 1 4 » == 106, » = '06, and rate per cent. = 6. Ans.
38. When the amount, principal and rate are given fo

Jind the time ;—

RULE.
log. A—log. P
— log.(1+7) T
INTERPRETATION.—Subtract the logarithm of the principal from
the logarithm of the given amount, and divide the remainder. by
the logarithm of the amount of 31 for one payment ; the quotient
will be the number of the payments.

ExaMpLE 4.—In what time will 3729 amount to $7143 at 21
per cent. compound interest, quarterly ?

OPERATION,
Here A = 703, P == 729 and » = 023,
loz. A—log P 3853881 — 2862728 _ 0°991153
log. A+7r) 0010724 0010724
ments =23'105 years = I3 years, 1 month, 7'Sdays. dns, .
39. To find in what time any sum of money will
amount to n times itsclf at any given rate per cent. com-
pound interest ;—

Then ¢ = —= 0242 pay-

RULE.
log. n.
= dog (140
IntERrRETATION.—Find the logarithm of the number cxpressing
Lo how muny times itself the civen sum is to amount, und divide it

by the logarithm of the amount of 31 for one payment ; the result
will be the required time.

t

Exaurie 5.—In what time will any sum of money amount to
five times itself at 5 per cent. per annum, compound interest ?

OPERATION,
Here 7= 5 and » ="05.
log. » 0°GOR070
hen ¢ is  —— o
Then (= 0T~ o0l
days. Adns.
_Exampre 6.—In what time will any sum of money amount to
nine times itself at 3} per cent. quarterly, compound interest ?

32087 yrs. == 32 years 11 months 25
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OPERATION.

Heren=19 :}nd r= '0350.
Then £ = og.n  __ 0954243

log. (147) ~ 0014940
years 11 months 18 days. 4ns.
EXERCISE.

7. What is the amount and compound interest of $713:29 for 7
years at 43 per cent. half yearly ?
Ans. Amount = $1320 96.
Compound interest =% 607-67.
8. In what time will any sum of money amount to seven times
itself at 1} per cent. quarterly, compound intcrest ?
Ans. 32 years 8 months 2 days.
9. In what time will $111-11 amount to $1111-11 at 8 per cent.
per apnum, compound interest? .Ans. 29 years 11 mos.
10. At what rate per cent. quarterly will $222-22 amount to
$3333:33 in 30 years, compound interest being allowed ?
Ans. 2%
11. In what time will any sum of money double itself at 7 per
cent. per annum, compound interest ?
Ans. 10 years 2 months 28 days.
12. What principal put out at compound interest at the rate of
2} per cent. quarterly will amount to $100 in 7 years?
Ans. $53-63.
13. To what sum will $2468:13 amount in 13 years at compound
interest 33 per cent. half yearly ? Ans. $6427-705.
14. What principal will amount to $7137-40 in 11 years, com-
pound interest at the rate of 44 per cent. half yearly being
allowed ? Ans. $2856:723.
15. In what time will any sum of money amount to 19 times
itself at 5} per cent. half yearly, compound interest?
Ans. 28 years 9 months 8 days.

== $3°8716 payments = 159679 years =15

ANNUITIES.

40. An Annuity is any periodical income payable at
cqual intervals, as yearly, half yearly, quarterly, &e.

41. An Annuity in possession is one that is entered
upon already.

42. An Annuity in reversion or a deferred annuity is
one whose first payment is not to be made until after the
expiration of a given time or until the occurrence of a
specified event.

43. An Annuity cerfain is one that is to continue for a
fized number of years,
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44. An Annuity contingent or a lifc annuily is onc
that is to continue to he paid only so long as one or more
individuals shall live.

45. A Perpetuity is an annuity that is to continue for
ever.

46. An Annuity is in «rrears when one or more pay-
ments are retained after they have become due.

47, The amount of an annuity is the sum of the pay-
ments forborne (i.e. in arrears) and the whole interest due
upon them.

48. The present worth of an annwity is that sum which,
being put out at intcrest until the annuity ceases, would
produce a sum equal to what would have been accumulated
had the annuity been left unpaid until that time.

49. Annuities are caleulated at both simple and com-
pound interest.

ANNUITIES AT SIMPLE INTEREST.

50, Let a=a single payment of the annuity, £ = number of payments,
#* = rate per unit for one period, and A = amount of the annuity.

Then when the annuity is forborne any number of paymeunts, the last
{naymout being made at the time it falls due, is equal to a ; last payment
but one =g -+ interest on a for one period =a -+ ar; last but two=a +
interest on @ for two payments = a -- 2ar ; last but three =ga +- 3ar; last
hut four = @ 4- 4ar, &c.; and hence the last payment==a - interest on a
for one less than the number of payments = a 4 (¢~—1) ar.

Hence the payments forborne, with their interest, constitute a series in
arithmetical progression where the first term is , the last term a - (£-1)
;u-, thctcommon difference ar, the sum of the series A, and the number of

orms ?.
2

Then (Art. 5.) A=a+(at-ar)+(a+2ar)+(a+3ar), &et {a-}-(l—l)ar,
! — a+ 22" 44 which
Whence (Art. 6) A = {a+(a+(t—Dar) } = O+ =)@ ¥

is formula I. in the margin.

A= ai(1+£:2ﬂ’:.) 1)
2A

tt ey W
2(A—at) Formulas 11, II1,, and IV., are
r= T (IIL.) derived from formula I, by trans-
a (S—;) position, &c.
r
{¥2 @2 J—e-n av)
i= —_—e .

2r
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No general formula has yet been discovered for the summation of a
series for finding the present value of an annuity at simple interest, Tho
rule generally adopted for finding the present valuc of an annuity at
simple interest is the following :—

Find the present worth of each payment by ilself, discounting
Jrom the time it fulls due—the sum of the present worth of all the
payments will be the present worth of the annuity.

NoTE.—The absolute absurdity of purchasing annuities by simple inter-
est is evident from the fact that the interest of the sum required to pur-
chase an aunuity, discountingat 5 per cent. simple interest, actually exceeds
the annnity ; i. ¢, to purchase an annuity to continue only a limited mun-
ber of years, requires a sum_which will yield a larger yearly interest for

ever, ence the various rules given for finding the prescut value of an-
nuitics at simple interest are, in effect, valueless.
APPLICATIONS.

51. When the annuity, number of payments forborne,
and the rate per cent. of interest are given, to find the
amount :—

t—1)r
A=at g(l-‘-g B )1§

INTERPRETATION.—Multiply the rale per unit by one less than the
number of payments and to half the result add 1.

- Multiply the number thus obtained by the product of the annuity
by the number of payments and the result will be the required
amount.

Exawere 1.—If a pension of $600 per annum be forborne 5
years, to whatsum will it amount at 4 per cent. simple interest ?
OPERATION.

Here a = 600, £ = 5, 1 = *04.
(t—1)r (5—1) >0t
Then 4 = at {1+ 3 }:600x5{1+—2——} ==3000 X (1+
*08) == 3000 X 1°08 == $3240. Ans,

52. When the amount of the annuity forborne, the
number of payments forborne, and the rate per cent. of
interest allowed, are given, to find the annuity :—

RULE.

RULE.

24
g=——
t{z + (¢ — 1)r}

INTERPRETATION.—Multiply the rale per unit by one less than
the number of payments and to the product add 2. . )

Multiply this sum by the nm(tber of payments, and divide twice
the given amount of the anmuty by the product thus obtained ;
the result will be the annuity required.
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Exampre 2.—What annuity payable quarterly, will amount
to $3625:25 in 7 years, at 4 per cent. per annum, simple
interest ?

OPERATION.

Here since the rafe is 4} per cent. per annum or ‘045 per unit per annum,
the rate per quarter = *045 + 4 = 01125,

Then ¢ == 28, 4 = $322525 and » = 01125,
. 24 _ 322595 X 2 615050
t{ete—1r} s{ztEs—pxous} BXEE W)

__645050 645050 == $100 = quarterly payment, and hence annual

28X 230375 64505
annuity = $400. 4ns.

53. The application and interpretation of the remaining
formulas will be readily understood from the foregoing ex-
amples.

EXERCISE.

3. In what time will an annuity of $1000 per annum, payable
half-yearly, amount to $8365, allowing simple interest,
at the rate of 6 per cent. per annum ? /ns. 14 payments,
or 7 years.

N{;gg}:.-—ln this question we use formula IV, » being equal to *03 and &

4. If a rent of $450 per annum, payable quarterly, be forborne
for 11 years, to what does it amount, allowing 6 per cent.
per annum simple interest? Ans. $6546-374.

NoTE—Take a = $112'50, + — 015 and ¢ = 44.

5. At what rate per cent. per annum, simple interest, will an
annuity of $300, payable yearly, amount to $1680 in 5
years? Ans. 6 per cent.

6. The rent of & farm is forborne for 8 years, and then amounts
to $2080. Now assuming the rent to be paid half-yearly,
and simple interest at the rate of 8 per cent. per annum
allowed, what was the rent of the farm? Ans. $200,

ANNUITIES AT COMPQOUND INTEREST.

54, Let 4, a, », # = same quantities as in last articles and also let v==
present value of the annuity.

Then, as before, the last payment of a forborne annuity being paid when
due, = ; last payment but one, = a +interest of a for one payment =a
+ ar—=a (1 -+ ) so also last payment but two,=<a (1 -+ 7)?; last but
three = a (1 4- )3 &c., and last payment = a (1 + 7)*—1.

Hence 4, the amount of the annuity —a¢ +-a(1+7)+a{l1+72+a
(1+r)3+ &e4+a(1+r)'—1 which is a geometrical series and is equal (Art. 18.)
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toa { (1+ r)r—l}

, which is for-

”
mula I of margin.

Formulas 1I, III, and IV arc ob-
tained from formula I by trans-
position, &e.

Since the present value of an an-
nuity at compound interest is
that principal which put out at
compound interest for the given
time, would produce the amount
of the annuity we have from Art,
36, formula I, », 1+ »r)t=4=
a §a+r—}
- whence by di-

»
viding by (14 7)*, we get formula
V in the margin.

TFormnlas VI and VII are derived
from V.

To find the present value of an an-
nuity which is to commence after
? years and then continue for s
years, we bave from formula V, v
for s - ¢ years, =

st
; (1(-]‘-:_)?)—17]} and for ¢ years

_a (14—
alone, v = U
Therefore for £ years to commence
after s years. v =
af(ltr)tt—~1 (147r)—17)
a+n )
1

r L (1 + r)’“
oro="0§_1 __ 1
A T N (S
which is formula VIII in the
margin.
When an aunuity lasts for ever as
in the case of landed property,
1+ 7)¢in formula V becomes in-
initely great, and therefore
1

#H—r) . = - = 0 and the formula

or finding the present valuc of
a perpetuity is_reduced to the
form given in IX.

Formulas X and XI are derived from IX. o

The present value of a freehold estate to a person to whom it will revert
after s years and then continue for ever, is found from formula VIII and is
represented by formula X1I in the margin.

5§5. To facilitate the calculation of annnities the following tables are
given, the first showing the amount of an annuity of $1 at compound in-
terest, and the second, the present value of an annuity of $1 at compound

interest,
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TABLE OF TIIE AMOUNTS OF AN ANNUITY
OF $1 OR £1.

|
No. of
Pay- | 3 per cent. | 4 per cent. | 5 per cent. | 6 per cent.
ments.
1 100000 100000 1 00000 1°00000 !
2 203000 2:0 1004 206000
; 3 3ro0 312160 318360 ||
4 - 3 T ur‘u, 4372 |
5 8
6
7 780829 '
S 027433 |
9 10758279 .
12'00611
5 i

10418375
111743478
11412087
2TIESIT |
0420
KIbLET
SETH106 "
STOLT0S

TUs05 L
".»()75'3

14 73 19843666

16566708 | 20v3iTe0 | 20035500 r
|
|
!
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ANNUITIES.

TABLE OF PRESENT VALUES OF AN ANNUITY
OF §1 OR £1.

No. of

payments.| 3 Per cent.

4 per cent.

5 per cent.

6 per cent.

097007
1 91047

€D U0 =T =3 T M- T3 0O =

49 2559166
50 2572077

06154
184019
277519

12° ]h..r,,
1276549 H)
1371330t
1350032
14028

]\ 141!;&
IN4II1D
1IN GO IGL

2172077

1 l‘bm.,

1637 H'u
16564685
1671128
16586784
17°01704
17°15008
I "“li;h

1766277
177707
17788006
1798101
1407714
1516872
18725592

G340
: il

169
i "(.nu(;

- mm,
1204158

li m«l\;
*fmq

14 St

j RETINON)
1462000
147
11->~4|,m
14007
157650
l.) 1 \01

1576186

363
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APPLICATIONS.

56. To find the amount of an annuity forborne for any
number of years at compound interest:

RULE.
_af@4r—1}
T

A

INTERPRETATION.—From the amount raised to the power indi-
cated by the number of payments subtract 1 and multiply the
remainder by the annuity. Lastly: divide the sum thus obtained
by the rate per unit and the quotient will be the required amount.

By THE TABLE.—Find from the table the amount of $1 for the
given number of payments and at the given rate, multiply it by the
given annuity and the quotient will be the amount.

Exampie 1.—If a yearly rent of 2400 be forborne for 23 years,
to what sum will it amount at 5 per cent. compound interest?

OPERATION.
Here a = 400, £ = 23, +» = *05.
a { (1+7)e—1 } 400 { (1'05) 2 3—1} 400X 2:071475__ 828590
Then 4= = 5 = —r: 5

= $16571°90, Ans.

BY TOE TABLE. —Amount of $1 at the given rate and time = $41'43047.

Then $41°43047 X 400 = $16572'188,

NoTE.—These two methods give results slightly different. This arises
from the fact that the table shows only an approximation to the correct
amount of the annuit&y for $1; all the figures except the first five of its
deeimal being rejected.

57. Tofind the present value of an annuity at compound
interest :—

r=5 (i~

INTERPRETATION.—Divide 1 by that power of the amount of $1
whick is indicated by the number of payments and subtract the
result from 1.

Multiply the remainder by the quotient arising from the division
of the given annuity by the rate per unit and the result will be the
required present value.

By tnE TaBLE.—Find the present value of an annuily of $1 for
the given number of payments and at the given rate, and multiply
this by the given annuity.

RULE.
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Exanpie 2.—What is the present value of an annuity at $10,
to continue 5 years, allowing 5 per cent. compound interest ?

OPERATION,
Here a = 40, t = 5, and » = *05.

=8 1 r_4# ¢ 13 _w00, . .,
Then 7= 4 {1~} = 8% {n o) =5 X a=7ss)
= 8002165 = $17320. Auns.

Or BY THE TABLE.—Prosent value of an annuity of $1 for given rate and
time =—$4732048 and $4:32948X 40 == 8173'179, Aus,

58. To find the present worth of a perpetuity :—

V=
.

INTERPRETATION.—Divide the annuity by the rale por unit and
the quotient will be the value of the perpetuily.

Exawmprp 3.—What is the present value of a frechold cstate of
$15—allowing the purchaser 6 per cent. compound interest for
his money ?

OPERATION,
Here @ = 75, and » == 06.
@ 65 7500
=== = $1250. Ans.
Then ¥V Pt s $1250. Ans

59. To find the present worth of a perpetuity in
reversion :—

RULE.

a
V= r(14-r)*

INTERPRETATION.—Find that power of the amount of 31 for one
payment that is indicated by the number of payments that have to
elapse before the annuity reverts, multiply this by the ralc per unit
and divide the given annuity by the product—the result will be the
present value.

ExaMpLE 4.—What is the present value of the reversion of a
perpetuity of $79-20 per annum, to commence 7 years hence—
allowing the buyer 43 per cent. for his money ?

OPERATION.
a="7920,s =7, and r =045,
Hero 79720 7920 79°20
Then V=

$1293°297. Ans.

a — = = —
7A47r) T 054 (1—=045)7 (045X 17360862 06123879
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60. With due attention to the foregoing interpretations
and cxamples, the pupil will not experience any difficulty
in applying the remaining formulas.

EXERCISE.

5. What is the annual rental of a freehold estate purchased for
$3000 when the rate of interest is at 4 per cent. ?
Ans, 3120.
6. If a perpetuity of $563 can be purchased for $11260 ready
money, what is the rate of interest allowed ?
JAns. b per cent.

7. A freehold estate producing $75 per annum, is mortgaged
for the period of 14 years; what is its present value,
reckoning compound interest at 5 per cent. per annum ?

Ans. 3757608,

8. Required the present value of a deferred annuity of $90, to
be entered upon at the expiration of 12 years, and then
to be continued for seven years at 4 per cent. compound
interest ? Ans. $337-39,

9. What is the present value of an estate whose rental is $1500,
allowing 5 per cent. compound interest ?

. Ans. $30000, or 20 years’ purchase.
10. For hofr many years may an annuity of £22 be purchased
for £308 12s. 10d., allowing compound interest at 4 per

cent. ? Ans. 21 years.
11. What is the present value of an annuity of $154 for 19 years
at 5 per cent. compound interest ? Ans. 31861-13.

12, What annuity, accumulating at 3} per cent. compound
interest, will amount to £600 in 40 years?

Ans. £6 13s. 114d.

13. In how many years will an annuity of 38 per annum amount
to $187-315625 at 3 per cent. compound interest ?

Jdns. 18 years.

14, What will an annuity of $74 amount to in 30 years at 4 per

cent. compound interest ? Ans. $4150-28,

QUESTIONS TO BE ANSWERED BY THE PUPIL,

NoTE.—The numbers after the questions refer to the numbered articles
of the section.

1, When are quantities said to be in arithmetical progression? (1)

2, What are the extremes® What the means? (2)

3. What five quantitics are to be considered in arithmetical progression? (3)
4. How are these related to each other? (8)

6, How many cases arise from these combinations ® (3)
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6. Deduce the fundamental formulas for arithmetical progression, (4—7)
7. When are quantities said to be in geometrical progression? (15)
8, What five quantities are to be considered in geometrical progression? (16)
9, How are these related and how many cases arise from their combi-
nations ? (16) i
10. Deduce the fundamental formulas for geometrical progression. (17—19)
11, What rule do you use when finding the sum of any infinite serics when
the ratio is less than 1? (235)
12, Prove this rule. (25) . R
13. How do we insert any number of arithmetical means between two
given extremes? (26) .
14, How do we insert any number of geometrical means between two
extremes? (26)
15, What is position ? (27)
16. Into what rules is position divided ? (28)
\7. When is a single position used? (29) .
8. What class of questions require the use of double position? (30)
9, vae and prove the common rule for single position. (32
0. Give and prove the common rule for double positiow. (34)
1. Deduce algebraically a complete set of rules for compound interest. (36)
2. What is an annuity ? (41) ’
3. When is an annuity said to be in possession ? (42)
4. What is a deferrcd annuity or an annuity in reversion ? (43)
5. What is a contingent anuuity ® (45)
‘What is a perpetuity ? (46)
7. When is an annuity said to be in arrcars? (47)
. What is the amount of an annuity ® (48)
What is the present worth of an annuity ? (49)
Deduce a set of rules for computing annuities at simple interest.
Illustrate the absurdity and injustice of computing the present value of
annuities at sil&\lple interest. (51)
Deduce @ set of rules for annuities at compound intercst. (35)

>

rew®

EXAMINATION PROBLEMS.

FIRST SERIES.

1. Write down asone number seven trillions and ninety millions,
and nineteen and four million two hundred thousand
and six hundredths of trillionths.

Deduct 19 per cent. from $7580 and divide the remainder
among A, B, C, and D, so that A mayhave $111'11 more
than B; B $90-00 more than C, and D one-third as much
as A, B and C together.

. A and B can perform a piece of work in 8 days, when the
days are 12 hours long; A, by himself, can do it in 13
days, of 16 hours each. In how many days of 14 hours
long will B do it ? ’

. Reduce £179 14s. 83d. to dollars and cents, and divide the

result by *00000048.

i. What is the 1, ¢. m. of 44, 18, 30, 77, 56 and 277
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=)

. In what time will any sum of money amount to 20 times

itself at 5} per cent. simple interest ?

. Divide 7342163 octenary by 61351 nonary, and give the

answer in the duodenary scale true to two places to the
right of the separating point.

8. Multiply 43 1bs. 3 oz. 17 dwt. 11 grs. by 7834.
9. Find the sum of the series 1+§+;’;-H, and ad infinitum.

10.

13.

14,

15.

16.

1%,

18.

23
3

Divide § of 3 of 192 by
41

2

3
. Extract the 17th root of 129140163.
. There is a number consisting of two places of figures,

which is equal to four times the sum of its digits, and if
18 be added to it, its digits will be inverted. What is
the number ?

SECOND SERIES.

Divide $897:43 among A, B and C, so that B may have
$93-40 less than A, and $69-18 more than C.

If 7 lbs. of wheat contain as much nutritive matter as 9 1lbs.
of rye, and 5 1bs. of rye as much as 8 1lbs. of oats, and 13
1bs. of oats as much as 21 lbs. of buckwheat, and 27 lbs.
of buckwheat as much as 20 1bs. of barley, and 24 lbs. of
barley as much as 26 lbs. of peas, and 11 1bs. of peas as
much as 35 1bs. of potatoes; how many pounds of po-
tatoes contain as much nourishment as 16 lbs. of wheat ?

9
Reduce § of 41 of 7} of 191 of & of 3 0z. 4 drs. 2 scr. 5
2

grains to the decimal of & of -63 of 23% of -3; of 61 times
7 lbs. 3 oz., Apothecaries Weight.

From 62342793 take 93'4267192; mark distinctly the re-
sulting repeténd.

If I own a vessel valued at $7493 and wish to insure it at a
premium of 4% per cent. so as to recover, in case of the
destruction of the vessel, both the premium paid and the
value of the vessel, for what sum must I insure?

If 18 men in 20 weeks, of 5 working days each, working 11
hours a day, dig 11 cellars, each 20 feet long, 16 feet wide
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20.
21,
22.

23.

24,

25.
26.

27.

28,

29.
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and 5 feet deep; how many men will bz required to dig
24 cellars, each 22 feet square and 4 feet deep, in 56 weeks
of 6 days each, working 9 hours per day ?

A certain number is divided by 9 and the quotient multiplied
by 17; the product is then divided by 300 and 33 is added
to the quotient ; the result is next divided by 3, and from
this quotient 31 is subtracted, and the resulting difference
divided by 124. XNow { of 2 of # of this last quotient is
2:%. Required the original number.

What is the 1. ¢. m. of 480, 763, 348, and 1176 ?

What is the ;. C. M. of 17308, 46090, and 1713477

In a certain adventure A put in $12000 for 4 months, then
adding $3000, he coutinued the whole 2 months longer;
B put in 325000, and after 3 months took out 310000, and
continued the rest for 3 months longer; € putin $35000
for 2 months, then withdrawing % of his stoclk, continued
ibe remainder for 4 months longer; they gained $15000 :
what was the share of each ?

Three merchants traffic in company, and their stock is £400;
the money of A continued in trade 5 months, that of B
6 months, and that of C 9 months; and they gained
£375, which they divide equally. What stock did each
putin?

A fountain has 4 pipes, A, B, C, and D, and under it stands
a cistern, which can be filled by A in 6, by Bin 8, by C
in 10, and by D in 12 hours; the cistern has 4 pipes, E,
T, G, and H; and can be emptied by E in 6, by F in 5, by
G in 4, and by H in 3 hours. Suppose the cistern is full
of water, and that 8 pipes are all open, in what time will
it be emptied ?

THIRD SERIES.

Express 74938 and 17498679 in Roman Numerals.

2310 loaves of bread are divided among charitable institu-~
tions in the following manner : as often as the first receives
4 the second receives 3, and as often as the first reccives
6 the third gets 7; how many will each have ?

How much sugar at 4, 5, and 9 cents a pound, must be mixed
with 72 pounds at 12 cents a pound, so that the mixture
may be worth 8 cents a pound?

What principal put out at interest will amount to $4444-44
in 4 years, 4 months, 4 days, at 4-44 per cent.?

For what sum must a ship valued at $23470 be insured so
ag, in case of its destruction, 10 recover both the value of
the vessel and the premium of 2} per cent. ?

Y
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30,

31.

32.

33.

34.

35,

36.

37.

38.
39.
40.
41.
42,

43.

What principal will amount to $7493-47 in 8 years, allowing
simple interest at 7 per cent.?

I send to my agent in Manchester $17460 and instruct him
to deduct his commission at 3} per cent,, and invest the
balance in broadcloths at $2-95 per yard. When I receive
the goods I have to pay in addition $1347-90 for carriage,
$479-40 for insurance, $169-83 for storage, wharfage, and
harbour dues, and an ad valorem duty at 2} per cent. on
the invoice of goods. Required how many yards of cloth
my agent ships to me and what I gain or lose per cent. on
the whole transaction if I sell the goods for $25000.

Transpose 134234 quinary into the tfernary, octenary, and
duodenary scales, and prove the results by reducing all
four numkbers to the denary scale.

9

#

£4318s.114d.,and 3% ofl-vlﬁof-56 of 1-750f 63 times $97-18?
2
Given the logarithm of 2 = 0301030
3=10477121
13 =1-113943
Find the logarithms of 1&;, 19-5, 1125, 28:16, 65000, 0005,
152-1, and 8°112.

Extract the cube root of 871tet'72 duodenary true to two
places to the right of the separating point.

A person passed % of his age in childhood, ; of it in youth,
1 of it 4 5 years in matrimony ; he had then a son whom
he survived 4 years, and who reached only } the age of
his father. At what age did this person die ?

What is the difference between % of 41 of 7 of {f of § of

FOURTH SERIES.

Divide 63 miles 3 fur. 7 per. 3 yds. 2 ft. 7 in. by 7 fur. 23
per. 3} yds.

Divide 6:3 by *000000274.

If % yards of cloth cost $!2, how much will 6.3 yards cost?

Find the interest on $4237-71 at 6} per cent. for 1'67 years.

In what time will $674'30 amount to $1000 at 8} per cent?

What are the amount and compound interest of $813-71 for
T years at 4 per cent. half-yearly ?

A owes B $4300 to be paid as follows, viz.: $300 down,
$700 at the end of 4 months, $750 at the end of 7 months,
$860 at the end of 9 months, $400 at the end of 13 months,
and the balance at the end of 19 months. Required the
equated time for the whole debt.
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Deduct 23 per cent. from $4200 and divide the remainder
between A, B, C, D, and E, so that A may have $17-10
more than B, C $19-23 less than B, D $42-11 less than C,
and E half as much as A, B, C, and D together.

What principal put out at interest at 16 per cent. will
amount to $3786:80 in 11 years?

Find the value of

{(33—271) %462 of 142857} 28} times (3414+1—27,)

2310,
{(-73x -12345+-?zg)+§+9g+171‘1-}+27~4922077
Add together 312312302 and 2312132 quaternary ; multiply
the sum by twenty-three thousand and eleven times 4234
quinary ; from the product subtract 55544444-3334-222
+111 senary; divide the remainder by 6542 septenary,
and give the answer in the ocfenary scale. :

What is the square of 1 and also of -1 ?

FIFTH SERIES.

Read the following numbers :
1000300050006000:000700080009.
7600290034007:000000067400209.

Find the 1. ¢. m. of 2, 9, 16, 27, 48, and 81.

In what time will any sum of money amount to 7 times

itself at 6 per cent. per annum compound interest ?

How often will a coach wheel turn in going from Toronto
to Brampton, a distance of 20 miles ; the wheel being 14
ft. 10 in. in circumference ?

How many divisors has the number 1749600 ?

. 96 }of 7

Divide 3 of 3 by 3

2

A can do a piece of work in 12 days, and A and B together
can do it in 5 days; in what time can B alone do it?

What principal will amount to $8899-77 in 11 years at ¢
per cent. half yearly, compound interest ?

Divide the number 10 into three such parts, that if the first
be multiplied by 2, the second by. 3, and the third by 4,
the threc products will be equal.

There are three fishermen, A, B, and C, who have each
caught a certain number of fish; when A's fish and B's
are put together, they make 110 ; when B's and C’s are
pat together they make 130 and when A’s ?.nd C’s are
put together they mdke 120. If the fish be divided equally
among them, what will be each man’s share; and how
many fish did each of them catch ?
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What is the forty-seventh term and also the sum of the first
93 terms of the series 7, 11, 15, 19, &c. ?

In what time will any sum of money amount to 21 times
itself at 7 per cent. compound interest?

SIXTH SERIES.

. Divide $3700 among three persons, A, B, and C, so that B

may have $387 less than A and $106°87 more than C.

2. What are all the divisors of 57167
. What is the value of

(=108 — (4 I }) § (83781 of 31)

6329632 X 4 of 23-= (& of 4} of 'y of 8542--101)

Divide 37200 among 3 men, 4+ women, and 17 children,

giving each man twice as muchas a woman, and each

woman three times as much as a child. What is the

share of each ?

How many divisors has the number 25400 ?
9

What ig the difference between 3 of 41 of,r—i- of § of £3 16a.

191 1 R
111d. and % of 43 of—%iofﬁf;- of 1} of 85 ofIﬂ of 17837
T

iy

7. Compare together the ratios 7:13, 9:16, 8:15 and 10:19 and

point out which is the greatest, which the least and what
the ratio compounded of these given ratios.

. Divide 67-432 by 79036,
;9. Reduce 9 per. 9 yds. 7 ft. 120 in. to the decimal of ] of } of

2 of 35 acres 2 roods.

. Add together 170347, 2706237, 098-123456, 8290423

986:12:4298, 9876242, and 8130864224367,

. In the ruins of Persepolis there are two columns left stand-

ing upright. The one is 64 feet above the plain and the
other 50. In a straight line between these stands a
small statue the head of which is 97 feet from the top of
the higher column and 86 fect from the top of the lower,
the base of which is 76 feet from the base of the statue.
Required the distance between the tops of the columnas.

. In a mixture of spirits and water, 4 of the whole plus 25

gallons was spirits, but 3 of the whole minus 5 gallons
was water. How many gallons were there of each ?
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SEVENTH SERIES.
73. Extract the square root of 401241-3424 in the quinary scale.
74, A father being asked by his son how old he was, replied,
your age is now § of mine; but 4 years ago it was only

% of what mine is now : what is the age of each ?

75. Divide 72347 by -0032.

76. Extract the 11th root of 97294764-372.

71. Find two numbers, the difference of which is 30, and the
relation between them as 74 is to 31 ?

78. What is the 1. ¢. m. of 35, 16, 18, 28, 62, 63 and 40 ?

79. Sum the series 14-7+13+194&c., to 101 term.

80. What is the ratio compounded of 19:7, 11:56, 35:121,
11§:29, 8:43 and 4}:3.

81. Find two numbers whose sum and product are equal, zeither
of them being 2 ?

Note.—In this question take any number for the first of the two, as for
example 7. Then 74 some other number =<7 » that other number,

Assume for this second number any other, as 3.

Then 7+ 3=10==7 X 3, gives an error of—11.
Assume some other for the second as 5.

Then 7 4-5=12-=7 X 5 gives an error of—23

Then 23 X 3=69 __ 14 1
11X 5="55 Whence sccond number = 3= 16_,

82. Find the value of
(§(or413431—1624) x 51t =14 ) X35 times 142857,

{07248 % (1t x40 ) § x (a0—2:4 ).
83. The hour and minute hands of a watch are together at 12
when will they be together again ?
84. Given the logarithm of 2 =10-301030
logarithm of 7=0-845098
logarithm of 11 = 1-041393

Find the logarithms of 3850000, 318181, ‘0000154, ¢,

1'571428 and 93-17.

EIGHTH BERIES.

85, Find the difference between the simple and compound inter-
est of $700 in 3 years at 4} per cent. per annum.

86. X, Y, and Z, form & company. X's s‘fock is in trade 3
months, and he claims 4; of the gain; Y's stock is 9
months in trade ; and Z advanced $3024 for 4 months,
and claims half the profit. How much did X and Y con-

tribute ?
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87. There is a fraction which multiplied by the cube of 1} and
divided by the square root of 1%, produces 3, find it.

88. Find the cube root of 80677568161.

89. How much sugar, at 4d., 6d., and 8d. per 1b. must there be
in 112 lbs. of 2 mixture worth 7d. per 1b.

90, Find three such numbers ag that the first and { the sum of
the other two, the second and J the sum of the other
two, the third and } the sum of the other two will make
34.

NoTE.—Assume 40 as the sum of the three numbers.

Then 1st+2nd-3rd =40 and 1st+4 (2nd 4-3rd) ==34 , *. } (20d +3rd)
=6and 2nd+3r = 12
2nd+-} élst-}-srd) = lst+"nd) =6 and 1st-+3rd =9.
Srd-+1 (1st 4 2nd) = + 2nd) =6 and 1st + 2nd =8.
Then adding these together, wace (lst+2ud+ 3rd) =29, .°. 1st-+2nd
3rd = 14} = sum.
But should equal 40—therefore error = — 254,

Similarly assume some other number and apply the rule and the true
sum, 58 will be found, from which the numbers may be easily obtained.

91. Insert 4 arithmetical means between 1 and 40.

92. The sum of all the terms of a geometrical progression is
1860040, the last term is 1240029, and the ratio is 3.
What is the first term ?

93. If 6 apples and 7 pears cost 33 pence, and 10 apples and 8
pears 44 pence, what is the price of one apple and one
pear?

28
94. Multiply 3 of § of § of-?§~ by % of £ of §.

95, From a sum of money, 350 more than the half of it is firgt
taken away ; from the remainder, $30 more than its fifth
part; and again, from the second remainder, $20 more
than its fourth part. At last there remained only $10.
What was the original sum ?

96. A gentleman hires a servant, and promises him, for the first
year, only $60 in wages, but for each following year $4
more than the preceding. How much will the servant
receive for the 17th year of his engagement, and how
much for all 17 years together?

NINTH SERIES.

97. Write down as one number eleven trillions and eleven, and
eleven tenths of billionths.

98. Reduce £749 16s. 53d. sterling to dollars and cents.
99. What are the prime factors of 177408 ?

100. At what rate per cent. per annum will $704 amount to
$11111'11 in 11 years st compound interest?
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. How many scholars are there in a school to which if 9 be

added the number will be augmented by one-thirteenth.

Three different kinds of wine were mixed together insuch a

way that for every 3 gallons of one kind there were 4 of
another, and 7 of a third: what quantity of each kind
was there in a mixture of 292 gallons?

Divide £500 among four persons, so that when A has £1
B shall have £4,C },and D .

What is the present worth of an annuity of $100 to continue
23 years, at 6 per cent. compound interest ?

Twenty-five workmen have agreed to labor 12 hours a day

for 24 days, to pay an advance made to them of $900;
but having each lost an hour per day, five of them engage
to fulfil the agreement by working 12 days: how many
hours per day must these labor ?

A man hag several sons, whose ages are in arithmetical
progression ; the age of the youngest is 5 years, the
common difference of their ages is 6 years, and the sum
of all their ages is 161. What is the age of the eldest ?

If a man dig a small square cellar, which will measure 6
feet each way, in one day, how long will it take him to
dig a similar one that shall measure 10 feet each way ?

A servant agreed to live with his master for £8 a yean
and a suit of clothes, But being turned out at the end of
7 montbs, he received ounly £2 13s. 4d. and the suit of
clothes : what was it value?

TENTH SERIES.

What number is that of which }, 4, and } added together
will make 487

If an ox, whose girth is 6 feet, weighs 600 1bs., what is the
weight of an ox whose girth is 8 feet ?

Four women own & ball of butter, 5 inches in diameter. 1t
is agreed that each shall take her share separately from
the surface of the ball, How many inches of its diameter
shall each take?

Divide 7121343 by 12-342 in the nonary scale and extract
the square root of the quotient true to three places to the
right of the separating point.

Five merchants were in partnership for four years; the
first put in $60, then, 5 months after, $800, and at length
$1500, 4 months before the end of the partnership; the
second put in at first $600, and 6 months after $1800;
the third put in $400, and every six months after he
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added 8500 ; the fourth did not contribute till 8 months
after the commencement of the partnership; he then put
in $000, and repeated this sum every 6 months; the fifth
put in no capital, but kept the accounts, for which the
others agreed to pay him $1-25 a day. What is each
one’s share of the gain, which was $2000 7

114. In what time will any sum of money amount to 16 times
itself at 5 per cent. per annum. 1st, at simple interest ?

2nd. at compound interest ?

115. Three persons purchased a house for 39202 ; the first gave
a certain sum ; the second three times as much; and the
third onz and a half times as much as the two others
together ; what did each pay ?

116. A piece of land of 1G5 acres was cleared by two companies
of workmen ; the first numbered 25 men and the second
22; how many acres did each company clear, and what
did the clearing cost per acre, knowing that the first
company received H3¢ more than the second ?

117. The greatest of two numbers is 15 and the sum of their
squares is 346 : what are the two numbers ?

118, To what sum will Z1200 amount to in 10 "years at 93 per
cent?

119. If 496 men, in 5} days of 11 hours each, dig a trench of 7
degrees of hardness 465 feet long, 3% wide, 2} deep, in
how many days of 9 hours long will 24 men dig a trench
of 4 degrees of hardness 337} feet long, 51 wide, and 3}
deep ?

120. Four men, A, B, C, and D, took a prize of 20213, which
they are 1o divide in proportion to the following frac-
tions : {/ possible, A, B, and C, are to have §}; B, C, and
D, {7; A, C, «nd D, y; and A, B, and D, } of the
prize. What does each receive?

ELEVENTH SERIES.

121, Reduce 7, '83, 727, 91325 and 8:671347 to their equi-
valent vulgar fractions.

122. Reduce 71334} undenary, and 12123 ,\723; quaternary to
equivalent expressions in the denary scale.

123. Add together 3} of 21 of T4} of a £, 07 of 3% of a shilling,
and 8} of 4] of o penny, and divide the sum by }} of ¢
of ¢ of 31d.

24. If 24 pioneers, in 2} days of 12§ hourslong, can diga trench
139.75 yds. long, 44 yds. wide, and 2} yds. deep, what
length of trench will 90 pioneers dig in 4} days of 9%
l(]lours? long, the trench being 4} yds. wide and 3} yds,

eep



125,

129,
130.
131.

133.

136.

137.

138.
139.

140,

EXAMINATION PROBLEMS. 377

A person, by disposing of goods for $182, loses at the rate
of 9 per cent.; what ought they to have been sold for to
realize a profit of 7 per cent.?

. In what time will any sum of money amount to 114 times

itself at 6 per cent. per annum.

1t At simple interest?
20d At compound interest?

. It is desired to cut off an acre of land from a field 15}

perches in breadth; what length must be taken?

. Express a degree (69,'; miles) in metres, when 32 metres

are equal to 35 yds.

Find 7 geometrical means between 3 and 19683,

Sum the infinite series 74 13 + -Z;, &ec.

Four men bought a grindstone of 60 inches diameter. Now
how much of the diameter must be ground off by each
man, one grinding his part first, then another, and so on,
that each may have an equal share of the stone, no allow-
ance being made for the axle?

. Divide 100 guineas into an equal number of guineas, half-

guineas, crowns, half-crowns, shillings, and sixpences,
and reduce the remainder to a fraction of a pound.

TWELFTH SERIES. _
The owner of i, of a ship sold %, of % of his share for
91

S124; what would f of  cost at the same rate?
g

. At what rate per cent. per annum will $700-90 amount to

$1679°40 in 5 years, compound interest being allowed ?

. A person paid a tax of 10 per cent. on his income; what

must his income have been, when, after he had paid the
tax, there was 51250 remaining ?

The sum of £3 13s. 6d. is to be divided among 21 men, 21
women, and 21 children, so that a woman may have as
much as two children, and a man as much as a woman
and a child: what will each man, woman and child
receive ?

Distribute 3200 among -\, B, C, and D, so that B may
receive as much as A; C as much as A and B together,
and D as much as A, B, and C, together.

Find the difference between 4/ 3 and §/ 3.

Reduce Tf‘:w?:‘y 1715?[ + '|au’+ 144%}7' 2‘1“5—' 1,7y % Of? X ’1‘6
of 14 of 4}, and 6347 —+ 2}, to their simplest forms.

Find the cube root of 884736, and the fourth root of 95951
1
8t




378 ARITHMETCIAL RECREATIONS.

141. A general levied a contribution of $520 on four villages,
containing 250, 300, 400 and 500 inhabitants respective-
ly ; what must they each pay?

142, A person had a salary of $520 a year, and let it remain
unpaid for 17 years. How much had he to receive at the
end of that time, allowing 6 per cent. per annum com-
pound interest, payable half-yearly ?

143. Insert four arithmetical means between 2 and 79; also
find the 9th term and the sum of the first 207 term of the
series 3, 7, 11, 15, &c:

144. A, B, and C, start at the same time, from the same point,
and in the same direction, round an island 73 miles in
circumference; A goes at the rate of 6, B at the rate of
10, and C at the rate of 16 miles per day. In what time
will they be all together again ?

ARITHMETICAL RECREATIONS.

1. If the third of 6 be 3 what must the fourth of 20 be?

2, If the half of 5 be 7 whkat part of 9 will be 119

3. Place four uines so that their sum shall be 100.

4. What part of three pence is the third of two pence ?

5. If a herring and a half cost 14d. how much will eleven herrings cost?

6. If 12 apples are worth 21 pears and 3 pears cost a cent, what will be the
price of 100 apples ?

7. Find a number such that 5 shall be the three-sevenths of it ®

8. A hundred hurdles are so placed as to inclose 200 sheep, and with two

HurdLes more the field may be made to hold 400; how is this to be
one?

in the form of a square, desired to keep 100 acres,

also in the form of a square in one corner, and

divide the remainder e b c d e f, egually among his

four sons, so that each son, should have his lot of

ahe sz;me shape as his brothers, How may this be
one

[
9. A gentleman who owned four hundred acres of land P
\ d

c

10. Place four threes so as to make 34.

11. Write down 13 in such a way that rubbing half of it out 8 shall remain,

12. Two thirsty persons cast away on a desert island, find an 8-gallon cask
of water. They wish to divide it e(}ua.lly between them but have no
other measures than the eight-gallon cask, a five-gallon cask and a
three-gallon cask. How can they divide it?

13. How must & board 16 inches long and 9 inches wide be cut into two
such parts, that when they are joined together they may form a
square ?

14. Place the 9 digits in_the accompanying figure, one digit to
each cell, in such a way that when added vertically,

horizontally or diagonally, the sum shall always be the
same,
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15, Three persons bought a quantity of sugar weighing 51 1bs., and wish to
partit equally between them. They haveno weightsbut a 41bs. weight
and a 7 1bs. weight. How can they divide it ?

16. Suppose 26 hurdles can be placed in a rectangular form so as to inclose
40 square yards of ground ; how can they be placed when two of them
are taken away, so as to inclose 120 square yards?

17, A person has a fox, a goose and a peck of oats to carry over a river, but
on account of the smallness of the boat he can only carry over one
at a time. How can this be done so as not to leave the fox with the
goose, nor the goose with the oats?

18, The sleeping apartments of a certain boarding school consisted of nine
rooms of which the centre one was occupied by a blind porter and
therest lay the boys. The good porter to assurc himself that all were
in, visited all the rooms and finding 3 boys in each which made 9 iu
each row, retired to rest. Four boys however went out, and the
porter returning to count them, still found nine in each row, and
therefore retired as before. The four boys then came back, bringing
each another boy with him, and the porter upon paying them another
visit, counted them as before, and cutertained no suspicion of what
had taken place. After this four more strange boys were introduced
and the porter still found the number apparently the same,i.e.,
nine in each row. Again four more were introduced, making the
number of strange boys twelve, and still the porter was satisfied.
Finally tho twelve strange boys went away, taking with them six of

the school boys, and the porter again counting them, retired in the
full persuasion that no one had gone out or come in. How was all
this possible ¢

19. Three jealous husbands and their wives having to cross a river, find a
boat without its owner, which can only carry two persons ata time; in
what manner then, can these six persons transport theraselves over
by pairs, so that none of the women shall be left in company with
any of the men except when her husbaud is present ?

'0. Place the first 25 numbers 1, 2, 3, 4, 5, &c., in the cells of
the accompanying figure, so that the columns added
inany order, i.e., vertically, horizontally or diagonally,
may amount to the same sum,

'l. What is the difference between half-a-dozen dozen and six dozen

dozen?

2, If a cross be made of 13 counters as in the margin, nine 0
may be reckoned in three ways, i. e., by counting from octeo
the bottom up to the top of the perpendicular line; I
from the bottom up to the crossand then to theright; "
or from the bottom up to the cross and then to the .0
left. Now take away two of the couuters and with 0
the others form a cross which shall possess the same 3
property of counting nine when thus reckoned.

]

13, Seven out of 21 bottles being full of wine, 7 half full and 7 empty—
it is required to distribute them among 3 persons, so that each may
have the same quantity of wine and the same number of bottles.

'4. Two travellers, one of whom had with him 5 bottles of wine and the
other 3, were joined by a third person, who, after the wine was drunk
left 8 shillings for his just share of it; how is this to be divided be-
tween the other two ? fered s .

15. A person havin® by accident broken a basket of eggs, offered to pay for
]tjhem on theEpo)I; if the owner could tell how many he had ; to which
he replied that he only knew there was between 50 and 100, and that
when he counted them by 2's and 3’s at a time uoue remained ; but
when he counted them by 5 at a time, there werc 3 remaining ; how
many eggs had he?
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26. It isrequired to find ¢ such weights that they may weigh any number of
pounds from 1 to 40,

27, In the accompanying figure it is P 2
required to fill seven out of the
eight points with counters in
the following manner, i. e, the
counter has to start from an
wnoccupied point, pass along
the line and be deposited at §
the other extremity. Thus,in
commencing, the counter may
start from any point since all
aro unoccupied, starting from /\
1 the counter may be carried
either to 6 or to 4 and there 7
deposited, suppose it be depo-
sited at 6, theu the next counter
may start from any point except
¢ and 50 on.

©

o S
28. A brazen lion, placed in the middle of a reservoir, throws out water
from its mouth, its eyes and its right foot, When the water flows
from its mouth alone, it fills the reservoir in 6 hours; from the right
eye it fills it in 2 days; from the left eye in 3 days, and from the foot
in 4 days. In what time will the basin be filied by the water flowing

from all thesc apertures at once ?

29, Desire a person to think of any threec numbers, cach less than 10, and
thea tell him the numbers thought of.

30. Three men, Joues, Brown, and Smith, with their sons Harry, Tom and
Ned, had each a picce of 1land in the form of a square. Joues’ piece
was 23 rods longer on each side than Tom’s, and Brown’s piece was
11 rods longer on each side than Harry’s, Each man possessed 63
square rods of land more than his son. Which of the persons were
father and son respectively.

31. A sea-captain,on a voyage had a crew of 50 men, half of whom were
blacks. Being becalmed on the passage for a long time, their pro-
visions began to fail, and the captain became satisfied that, unless
the number of men were greatly diminished, all would perish of
hunger before they could reach any friendly port. He therefore pro-
posed to the sailors that they should stand in 2 row on deck, and
that every ninth man should be thrown over-hoard, until one-half of
the crew were thus destroyed. To this they all agreed.  How should
they stand so as to save the whites ®

32, Dircet a person to multiply together two numbers, one of which you
select, and, unseen by you, to rub out one of the digits of the pro-
duct—itis required to tell, upon his reading the remaining digits of
the product, what figure was rubbed out.

33, It is required to write down Dbeforehand the answer to a question in
addition of a given number of lines, you writing the second, fourth,
siyth, &c., addends, and some other person the intermediate ones,



MATHEMATICAL TABLES.

LOGARITHMS OF NUMBERS FRoM 1 10 10,000, wiTH
DIFFERENCES AND I'ROPORTIONAL PARTS.

Numbers from 1 to 100.

‘No. Log. {No.| Leg. |No. No.| Leg.

Log. |N I Log.

0000000
0-301026
0477121

1 41 | 1-612754) 61 1705330 81 | 1-9us455
2 42§ 1623249 2 | 1-792392] 82 | 1913314
2 43 | 163346%] 63| 17 1] 83| 1-9190%:
4| 0602000) 2 TS0l 44 | 16434530 64 1~uGl=u] 54 1924279
6| 0:698970} 25 Sshrudo] 45 1 1-653213| 65 | 1-31212| 83 ¢ 1920419
6
7
8

86 | 1-934493
KT | 1-939519
831 1044433

0778151 | 25 1-114973) 46
0-845098 | 27 | 1431364 47
0903090 24 I-aminz]| 48 ) DGs12el] 6S

9’ 0954243 29 49 | 1oomoch e ! 89 | 1949300
10 | 1000000 30 | 1477121] 50 | 1603070 70 | 90 | 1954243
11 | 10003 | 31, 1401362 51| 1orsTe] 71, 91 | 1-050041
12 107018 32y 1505150 52 | 1Tle00z] 2 w2 | 1963738
370 13043 33 1518514 53 el 03 | 1968483
14 | 11sI2s] 34 15314791 54 T ({3 Py
15 | 117001 35| 1:544068| 53 75 \ a5 | 1977724
—_— — — e

16 | 1oo4120| 36 | 1:536303] 56 | 1'TISINS| 76, 18N0314 96 | 1982271
17 1563202 57 SUOFT D Lsssdol | 97 | 1-986772
13 1579734 58 78 93 | 1901226
19 1691065 59 | 1770552 79 99 1 1995635
20 1-602060| 60 { 1775151 80 100 ¢ 2:000000
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382 LOGARITHMS.

PI’IN.| O 1 2 3 I 4 ’ 5 ‘ 7 8 ‘ 9 |D.

100 ouonuo oonm umwﬁs 001301001734 002165] 0025 93 0030291 003461}003891 | 432

1 21| 47510 5600 03! sm;| 6594 7321| 7748| 8174|428

2 78 omm RUETUNEY 011570] 011993012415 | 424

5 1940( 5360|5779 6197| 6616|420

4 9116| 9532| 9947|020361,020775 | 416

5 1 ozsm 0..30(4 024075 me( 4896 | 412

i 7 8164| 8571| 8978403

7 2032216, 0326191033021 | 404

~ i o .;430 5330 6230| 6629] 70281400

9 9u17| 9414] 9311(040207 040602, 040998 | 397

10 51044540, 044932 393

23 1 133 B442| 88301390

b 052309052694 | 336

3 6142 6524 [383

4 9942 060320 | 379

5 6:3533,063709| 4083 | 376

[ .).4 7071} 7443 7815|373

T 707776 0'1m 071514 370

8 4451 5182 | 366

9 &m 8457 8819|363

2 543, 079004 050266 uxnn_n 080987 | 081347 081707 1082067 | 082426 | 360

1 033143 USG3  3m0l ‘ 4219) 45761 4934|5291 5647|6004 | 357

2 6716|7071 72| 7is1] 81361 8190 Rs45| 9198| 9552)355

3 < 000511 09053 91315( 091667 092018 092570 0027 21 1093071 {352

1|0 4122 4m 4320 5169| 5518|6366 165621319

5 7| 7604 7951| 8203] 8644) £990| 9335 9(331 100026 { 346

G 51101059 101403 101147 102091102434 | 1027771103119, 3462 343

7 4146 44\7} 4231 5169] 55101 BRI GlOL| 6531} 6871)341

8 7To40| 7S83) 8227|503 ; 9916.110253 | 338

) 110590, 1109261 111263 111559, 111034 1 13275, 3609|335

130 113043'114.77 114611 114 1116608 116040 | 333

1|7 7603| 79: 9015 120243 | 380

2 12: 3525 328

3 MSG 6781 | 325

1 63| 9690130012 | 323

5 25801320001 3219 | $21

i 9| 6036 6403|318

v 9249 9564 | 316

X 142339142702 | 314

9 5507’ 5818|311

14041 Q147367 1147676 14798511482941148603' 148911 | 309

s 1 12150440, 150756 151063 151370 151676151982 307

ool 2 51 351 sl 4723, 5032|305

wl i §| i3 7759' R0 | 303

] 53(160469| 160769 161068 | 301

JEI10 S 34600 37581 4055(209

Mol 6 2 sil6430] 6726 7022]297

210 7 7] NTO21 00860 03801 9674 9963 [ 295

20|~ 1717261 172019172311 | 172603 172895 | 203

ol Y 4641‘ 4932 5222| 5512 56802{291

150 7248:177536 1778251178113 178401 | 178689 { 289

23 261 1304131180690 180986181272 181558 | 287

[ 3270|3555 3839| 4123 4407|285

4] 3 5 6108 63911 GG74| 6956] 7239 288

RIS It 66| 8647| %928 9200| 9490| 9771|190051 | 281

ol 5 2 1914511191730 1920101192230 192567 | 2846 | 279

18 6 250 3403, 361 4237| 4514|4792 9 "5346| 5623)278

6| 71 Swo0| 6176 6453| 6729 7005 7281 7556 mz‘ 8107 8382|276

2241 8| 8657| wu32) 9206) 9M31|  9755(200029 | 200303( 200577 200350 201124 | 274

52| o 201397|201670|201943'202216 202488 2761‘ 3033 330.) 3577 | 3848 [ 272




LOGARITHMS. 383
PPN.0123‘45 6\7‘8|9D.
160 204+ "1\»1711205746‘ 206016 2 s 271
2] 1 w0l 8173 8MI| =710
8] 2 210:k8 211121 210385 2 267
791 3 3| 3783| 266
105] 4 a0t 264
1321 5 UG 26
1581 6 e
184 7] 2716
210] 8 s GO BG5S,
7] 9] T887 Sl Jhm 04261
170 [230449 | 230704 -
251 1] 2996( 32m) 4011
50] 2| 5528] o57st 6337 |
74| 3] 8046| 8297 §799|  go4
99] 4240549 71241546 2
124 5 4”}51”
149] 6 [y
174 7 851
1981 8
2231 9
180 [255273| 255514 256237 256477 ZoG7lR 5
24) 1] 7679| 7918 637| 8377 116 $
47 2 1(260310 261025 261263 261501 39 261976
7t 3| 2451 2688 33991 3036 3] dlo) a3y
94l 4| 4818 5054 5996 GI67| G702
nsl 5| 7172 7406 83441 HS12) 9046
141 6] 9513| 9746 270579 27 271141 27
185} 7 |271842 272074 3] 3168 3096
1881 8] 4158 4389 .ml' 57721 6002
212 9| 6462 6692 8067| 8296
190 | 278754 | 278982 276 9347
22| 1 [281033{281261| 281488 2
4] 2] & 44311 4636
7] 3 5 66311 6905
89} 4 8920
12| s)2 291147 201369
134] ¢ 63
16| 7 5567 57
178] & 7761] 7979! 819:
wi| 9 9943 30011,1{ 300378 2
200 | 301030 S 302114 302331 302547 Loy
) 1 276 4191
2| 2 1 (54 2
64] 3 351 1| 9204 b
85] 4| 9. 18T 310 s 3113301311542} 212
106} 5|311754 311964 ; 2 32341 3445] 3656 211
1271 6| 3367 4078 47100 49200 5130, 5 1\ b760] 210
148] 7| 5970| 61N0 sl FolR) 7207 To46) 7854 209
170} 8] w63] 8272 RSSOl | 9.514 47301 9938) 208
191 9]320146: 320354 320077 32118 321391 321 21805 322012] 207
210 3"2"19 322142 ¥43
| 1 2 8 g
] 2 g
6] 3 H.m
8] 4
101 5
121] 6 . .
{z; g Galr U=4w 340047 3
9

8456
340444 344!04. ‘J 10541

|

3410&“|34l

7 3111 l ’I AIUJ.')'G

H&JII| ‘lUZ{'Sl 2225




384 LOGARITHMS.
PP|N. 2 } 3 4 5 6 ! 7 8 ) 9 |D.
[

220 [ i20'342817 | 343014! 34312343100 243006 | 343302 343090 344106 197
19| 1 9, 4785 4981) 5178| 5374 5570) 5766 5962] 6157|196
3] 2 ﬁ,m[ ‘o743 6039) 7135 7330| 7525 7720( 7915) 8110195
g3 3| s’ s songl gese| 9 92731 9472| 9666] 9360350054 | 194
77| 4]350248 350442 3506 351216351410/351603 351796 1989 | 193
s7| Al 2y 3147|3339 3532( 3724, 3916]193
usf ¢ qs 5088 5260 6452| 5643 5334)192
1] 7 5 6981| 7172| 7363| 7554| 77441191
154 8 8336 9076/ 9266] 9456/ 9646)190

1|9 360783, 360972| 3611611361350 3615:30 | 189

230 21362671 352850 | 363048 363236 363424] 189
1] 1 4551 4739|4925 5113] 5301[Ix8
kvl B 6 6 7169} 187

Y 5| 9o30]1s6
Y 3703831185
RS I B 71008 37 2723|184
afo6] 202 4565 184
BET 4 BT 6394 183
sl sl sy | 8216)182
167 o] 8393 9349‘380030 181

240 b 331476331656 331837( 181
18] 1 3277| 3456] 3636 150
35| 2 so70l 549 s428] 170
531 3 6356 7034| 7212] 175
71| 4 702 HUX % 86341 8311 78
8] 5 Gl AT 3000 ,1 w 13001405, 390582 300759 177
106 63 ?0] iy ."’l 4 ,‘l]hll‘ ] 1701993 2169 15‘ 25214 176
124 7 B SOdY 322 3 K ! 02 2
12| 8 27| asn2| 977 | 3
159 o 65740 6548] 6722 1

I

250 |: 308114398287 | 398461 | 303634, 395
1771|9674 T 0%17 ! 400020 00192 400365 4003
34 21101401 NI ST3) 1745|1017 2089
sl 3| 3121 a2 3164] 3635 37| 378
68| 4 434 50 5176 53460 5517| 68| A3
85| 5| csin el e3s1] 70s1| 7E21| mer| 7am |
102] 6] 82! <i0| 8579 8740 8918 Qus7l 92571 ¢
nsef 71 9 n unmz 4w>71 410440410609 410777 | 410936 | 4 9
136 84k ’ 1738] 1956] 2124 2203 2461} 2629| > 2064 3132|168
13| of aun| 17| 35| 3003| 3970| 4137] 4305 _4633] 4305}167

260 | 414973 1151404 415641 1415308 415974 | 416141 416308 416474] 167
16] 1] eot1l w7 7306 7472| 7633| 7S04] 7970| 8135] 166
33 2| sl 8wy 8964) 91291 9205| 94601 9625| 9791]165
401 31 99560420121 4206161420731 1420945 421110 | 421275 421430 165
65 4142160, 1768 Il 5 2918| 3082|164
K2 5 324(: 3410 4392| 4555 4718|164
il 6 B G045 6023] 6136! 6349]163
i 7 (g’ 78111 7973]162
IR I s207| sl seol 3| ool 0501162

BEN] ] 9914430075 4302 431042‘431203 161
27 54] 4315251431655 531432649 432300] 161
1 3130 3200 3 90| 4249 4109] 160
2 4729] 4338 o207| a7 5326|5685 5%44) 6vvs]se
3 63 6322| 6481 6749 6057 7116 7275 7433 7502|158
1| ¥ gl S0s7 fadd] Rod, Sl RS9 017| 9175] 158
5| es331 um| ee4s 5, 04" 440122/ 430279 440437 | 440394 4407520 158
6 | 140009 4410661 441224 441331 4415331 1605 1352 2009 2166, 2323] 157
7| 2480| 2637| 2793) 2950| 3106 3263| 3419| 3576 3732 3wse]1s7
8| 4045 Il 4357| 45131 4660) 4225 49811 5137 5293, s59)156
9| s00s| 5760} 5915) 607l G226| 6352| 6537| 6692 6348| 7rve3|liss
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SQUARES, CUBES, AND RuOTs.
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11.1.41
16400

jux'u;m
40460mH)

SR
Juliig

g%nnnn
71

<l
)

[

£
%
6
6

3 OO LTY)
10115

(119




SQUARES, CUBES, AND ROOTS. 399

-

INo.|Square.| Cube. | Sq.Root. | CubeRoot|No.|Siquare, Cube. | Sq. Root. | CubeRoot
1253 16194277 15-9059737 3161 09356 .1"!4‘16 17 7763883 6811284
254 16387064 |15-9373775 317 100483 3 78 6818462
255 16581375(15-9687194 101124 6825624
1256 16777216 16-000000) 76l 6832771
1257 169745931 16-0312195 102400 6839904
258 17173512| 16 I
1259 17373979 3
260 17576000

1 17779581

2 17934728
263
(264
265 116-2782200
1266 16-3095064
267 19034163 16:3401346

19248832 16-3707035
19465109 164012195
16+ 431h707

T2tH0)
121104
121~

2906
23149125
23393651
23639903

0§
GOGIG

4
360
M 3nL

Sl
LT
U601
91204
91809

FOE TS5y
7l

o7 1
3026431 19-416
.’)wlolf}z‘u 42

Ju6nLyT
30001441
dl”'s:al

R e i I ENEN ER IR ENER BN B BN 71\3\]-.l-_v‘_x-l\|~_1\x~_|~.r~x~|-l
s I =S
5 3
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8QUARES, CULLS, AND ROOTS.

. | Square.

Cube.

8q. Root.

Cube. Sq. Root.

CubeRoot|

143641

1‘»1041
1=4006
1

LEUW

31201 ' 20-0249844

b

I'Mnl ’
l"IN)‘

.,,{(Hﬂﬂ

24700 !
24 mm
249001 ;
250000
251001

86%0888‘21 *0237960
5633307 | 21-0475652
&S \3\4 21 0713%0

[

sS4 ’141\%-“1

(. 21-2132034

51]21-2367606

121~ 26{]2916
e ;

21-3775583
21-4009346
21-4242853
214476106

3|21

101194696} 21587053
101547563 216101823
102503232 21-6:
103161709
T0E=230001 2
104157111

5

7 617412




SQUARES, CUBES, AND ROOTS.

401

531

CEEFEEEER PRI ST TS T S S ]

8025| 17095357 \

130798359 22-7815715
140608000| 22-8035085
141420761 | 228254244
142236648 22/8473193
143055667 |22-8691933
143877824 |22-8910463
144703125/ 22-9123785
145531576 | 22-9346599
146363183 229564806
147197952 | 22:9782500
148035889 23-0000000
148377000{23-0217259
149721291 |23-0431372
150568768123-0651252
151419437 |23-0867928
1522733041 231084400
153130375 231300670
153990656 | 231516738
154854153 123-1732605
155720872 | 231943270
156590319 | 23-2163735
157464000 | 23-2379001
158340421 | 23259067
159220038 23-2303035
160103007 | 23-3023604
160989184 | 233238076
161878625 | 233452351
162771336 233666429
163667323 233830311
16 23-4093008
165469149 234307490
166375000 | 23-4520783
167281151 | 234733802
163196608, 234946502
169112377 |23-5159520
ITosLd64 23 537G

171879616 6522
172608093 i l-i 6003474
173741112, 23-6220236
174676879 | 23-6431808
175616000 236643191
176558431 | 23-6854336
1775043281 237065392
178453547 (23:7276210
179406144 | 23-7486842

=

180362125 | 23-7697286
181321496 23:7907545
182284243 | 23-8117618

8102539 i
8107913
8112080

2, B 'HM‘M

5\441 1]
340641,

238328000
239483061
240641848
24140436

T
tv 242970624

244140625
245314376
246491883
247673152
248858189
250047000

50
25+0199920
250399681
250599282
25-0798724
25.0998008|

No.|Square.| Cube. | 8q. Root. | CubeRoot] No.|Square.| Cube. | 8q. Root. |CubeRoot
505) 255025| 128787625(22-4722051( 7-963374 | 5AR| 322624! 183250432 3%27'»06 8-218635)
506 256036| 129554216 22-4944438| 7-968627 | 569| 323761 | 1342200092 8-286443]
507| 257049| 130323843 |22-5166605| 7-9738731570| 324900| 1851930001 2. 8-291344]
508 131096512 22-5388553 < i 186169411 2 8296190
809( 259081 131872229122-5610283 3 1R714‘0’4% 2 8:301030]
510| 260100| 13265100022-5831796 712 B-3055065
511( 261121 133432831122:6053091 2 8310604
612] 2621441 13421772822-6274170 23-97¢

513| 263169 135005697 22-5495033 24|mnnnuo

3 22 6715681 2400205243

5122:69: 4 240416308

194104‘)39 2406241853

273763 19511200024 31402

138991832 22 7596134 9612204 94

*522432

527019,

8 5726191




402 SQUARES, CUBES, AND ROOTS.

No.|Square.] Cuabe,

Sq. Root.

CubeRoot)

. [Square,

Cube.

8q. Root.

252435968

254840104
250047875
257259456
253474853
94072

2144000
265374721

27716708
273445077
279726264
231M1375
282300416

283593393
234890312

=3
=
=3
@
=

28880:
290117528
291434247
292754994
295408296
296740963
293077632
299418309
300763000
302111711

304821217

31 5040%9
31+

315821241
317214568
318611987
320013504

)
S

471969 324242703
688 473341( 325660672
690| 476100

691| 477481 329939371
692( 478<64| 331373888,

631} 398161 251239591""51197134

J.Jl;llf)'

286}91179 2

294079625 25

303464448 |2
306182024 25:96

05 4
0| 260768096

5 2‘31419125 26-1725047

GS8( 474721| 827082769 (262485095
328509000 | 262678511

693 450249| 332812557 |26

251396102

253636137 25-1534913 |, &

25-3771551
25°3968502
254165301
25°4361947
25'4558441
254754784
25-4950976
25-5147016
25-5342907
25:5538647
25'5734237
25-5929678
6256

25-7203607
257487864
257681975

260959767

26-1916017
26+2106848
26-2297541

P L1

577152
+581681
586205
590724
8

8
'604252
608753
*613248
+617739
g

8
8

+635655/
640123
644585
649044
+653497
657946
662391

595238
599747

622225
626706
631183

484416
485809
487204
483601
450000
491401
49280;

481636( 33425538426
483025

*3438797

263628527
337153536 26-3818119
338608873 | 26-4007576
340068392 22'419689(15

26-438608]
343000000 264575131
344472101  26-4764046

52826

148408 [ 26-49:
4289271 26+ 01-114%

9,
3548949121 26-6082694
356400829/ 26-6270539
357911000 | 26-6458252

62937
26-9814751
27-0000000
27-0185122
27- 0370117

359425431 | 26-6645833
60944128 1266833281

27-1293199

401“47272 27-1661554
403533419{27-1845544

405224000 27-2029410| 9-045041,

406869021 | 27-2213152
8518488 27-2396769

413493625/ 27-2946881

415160936
416832723

420189749
421875000

27

27
418508992 | 27-349:

27

27

-3861279
423564751 | 27-4043792

425259008 127-4226184 9

426957777 1274408455
428661064 | 274590604

430368875
432081216 27-4954542




SQUARES, CUBES, AND ROOTS.

403

Square.

Cube. Sq. Root.

CubeRoot]

|
No. \\‘annre.| Cube. Sq. Ront.

CubeRoot!

43’&798()93 27-5136330
435519512 27531

437245479
438976000
440711081
442450728
4194047
44.194374-1

317998
27-5499546
27-5630975
27-5862284
276043475
276224546
276405499

447697125! 27-6536334
449455096 276767051}
451217663 27-694761%
45t -sszwv 7128129

v
470910952274
4727291391 27-91
474552000 | 27-9254501

4782117683 | 27-9642629
450048687 | 27-9321372
431800304 240000000
483736625 24-

a31441(l(b0
5633411731 .;
387

';
54734343,

476379541 (27°94G3772

5!9303159‘.5 olsl.w 9

9113781

9 125505

EIOERVERPODODPBVODE

20! 672100
310 674

ln sy
GO y(;l

sl
p(NIOT
AIHUI‘

l;n‘mllll
hll'wnu_!

)
746G
748225
TG

| 1T

3
9546403
TUAL! 55005

9590094

9 30‘000"

9 517(] l
Q520730
9524406
9523079,
9531749
9535417
9-539032:
9542744

9°557.

9561011
9564650
9-568295)

+571938)
9575574
9579208
9582340
9-586403
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SQUARES, CUBES, AND ROOTS.

No.|Square.| Cube. | 8q. Root. |CubeRoot [No. |Squarc.| Cube. | Sq. Root. |CubeRoot|
R83( 779639 698465.%7[ 835896883 30-6920185| 9-802804]
884 7814561 6Y0R0T 1042 -597347 834561807 307083051 9806271
885 783225692154125 9 GOU‘I.):: g G| 841232384130-7245830| 9-809736]
7684996 6‘)5506456 29 76J7a21 9-604570 | 946 “u)"' 843903625 30-7408523| 9-813199
786769 29-7825452| 9-6051-21 946 %94916( 846590536 |30 7571130 9816659
TRS544 2979932391 9-G117911 947 896309| 84927812330 7733 9820117
790321 h '. 29 8161030 96153981 94]( 898704] 851971392 307896086 9'823572)
792100 704%9001) 29°8428678| 9-619002| Y49( 900601| 854670349 (30-8058436| 9-827025
707347071 p. 9-622613 | 950 902500| 857375000)30-8220700] 9-830476)
0752253 9-626201 9511 904401| S60085351)30-8382879| 9'833924
9:G297471 952| 906304 308544972 | 9837369
9633390| 953 908209 30°8706981| 9840813
29-9165506| 9-636981| 954/ 910116 30-8868904| 9! 54
719323136|29-9332591| 9-G405(69| 955| 912025 30°9030743} 9°847692
7217342731290404533 - 9-644154] 956 913936 309192497 | 9851128
724150792 29-9666451" 86 9354166 9 2
7265726499 YR33287 ) 309515751 9°857993|
729000000 | 30-0001000 3096772511 9°861422,
731431701 300166620 039838668 9864848
733870808130°0333148 | 1131-0000000( 9-868272|
736314327 30-0499584 ! 31'0161248| 9-871694
738763264 30°0665928 59 31'0322413] 9875113
741217625|30°0832179 ¢ 31'0483494| 9-878530
743677416 30°0998339 5 (310644491 9-881945
491 746142643 301164407 310805405 9885357
74861331230°1330383 904231063 |31-0966236| 9-888767
751059420 [ 30-1496269 907039232 1311126984 | 9-892175
753571000 (30-1662063| 9 909853209 | 311287648 9-895580)
301827765 912673000 311448230 9-898983
513019933771 915498611(31°1608729 9-902383
918330043 311769145 9-905782
921167317 | 31°1929479| 9-909178|
924010424|31-2039731| 9-912571
056 | 768575296 | 3 926859375)31-2249300] 9-
771095213 N 929714176
773620632 30- 932574833 2 ¥
776151559 30 935441352 2
30, 33!5!11\ 938313739 3
30-347us1%) 941192000 -9,
X 20 $44076141 2
9469661658 ¥
949862087 -
952763904 9946330}
955671625)31-3847097 | 9-049748
53585256 31-4006369| 9-953114
961504303 (31-4165561 | 9956477
96443027231-4324673| 9-959839
967361669 31-4483704| 9-963198
9'3342271 i 4801525 9.329909
d 73 31-4801525| 9- |
,1216b237 30 54."»01\7 976191448/31-4960315| 9-973262)
814780504 | 30-5614136 979146657 |31-5119025] 9-976612
25| 817400375 | 30-5777697 982107784131-5277655| 9-979960)
6 | 820025856 | 30-5041171 935074875|31-5436206| 9-983305|
822656953 | 30-6104557 984047936131-5594677| 9-986649)
825293672 306267857 991026973 (31-5753068| 9-959990)
827936019 30-6431069 994011992]31-5911380| 9-993329)
830584000 | 30-6594194 999 2999131-6069613| 9-996666]~
833237621 { 30-6757233 9- 799334 1000| 1000000 | 1 31-6227766 | 10-000000




ANSWERS TO MIRCELLANEOUS EXERCISES.

[

Paces 58, 50,

Sixty-seven trillions eight hundred and forty-five billions
three hundred and ninety-eight millions six hundred and
seventy-eight thousand nine hundred and four.

Five quadrillions nine hundred trillions seven hundred and
four billions sixty millions forty thousands, and sixty
thousand six hundred and four hundredths of millionths.

MVDCOLXIX.

420850000,

. S67-31%.

77901,
605000070016 -000000.

. 46978900.

69-800462.
+8439.

. 678900000.

604322860000000.

. 1000001000001001-000000000001.

+0007609.

. Ninety trillions eight hundred and scven billions sixty

millions five hundred and four thousand and thirty.

Four quintillions four quadrillions forty trillions four bundred

18.

19

20.

21.
25.

billions sixty thousand four hundred and -thirty-two, and
one trillion ter billion two hundred and three million
forty thousand five hundred and six kundredths of tril-
Lionths.

77! cords.

. T17 cords 01 cubic feet.

DCCXVIIL, DOXIV, CDNCIX, CMXCLX, VMMMDCXLII,
XOVMCOXLIX, CLXMMMCMLXXXVI, CDXLMVCDXLIV.
333, 1989, and 1000001.

S3-75.f7, $24-58!, and STOT4TLL.

Paces 100, 101,

. 818029304, 74. 92438 lbs, 8 oz. 2 dr. 1 scr.
. R13099090°73. 13 grs.

. 864017318, 75. 1695723602536,

. 35857536. 76. '18990 bushels.

L 27424500, 77. S6497.

. 271633, 78. 9032 yds. 3 qrs. 2 na.

. 9504000. 79. 10379570015,

, 327040000, 80, B1614.0:9607,



406

Paces 116,
61, $34736-3421. 70.
62. F30634-9200. 71.
63. 3308 dys. or 9 yrs. 20} dys.
64. 832, 73.
65. 2137, 74.
66. $108.
67. S0, 175,
68. 329, l76.
69. 4205 '
Pages 118, 119,
1. 789041420714. 14,
2. Sixty-seven milliong cight 15.

hundred and thirteen thou-: 18,
and ! 17.
twenty-one 18.

thousand 19.
i 20.
and 1 21.
| 22,
One billion one million and | 23.
24,
lion ten mllllOll and one j 25.

sand four hundred
twenty, and
million thirty
and forty-six billionths.
Seventy-two millions,
seventy-two billionths.

one hundred, and ten tril-:

ANSWERS TO MISCELLANEOUS EXERCISES.

117.

*578 oz.
503.

2. 250 lbs,

10-157.

2 bush. 1 pk. 1 gal. 2 qts.
175 pts.
180830,
267 days 7535%% hours.

and 120.

*0331632

4757 hhds..

S6750.

1144,

58 acres,

=0-501.

331,

3 lbs. 0 oz. 14 dwt. 13} grs.
29 acres 0 roods 21 per.
14 yds.

151bs. 4 0z. 1 dwt. 14 grs.
$3890-383.

tenths of quadrxlhonths ‘ . 1032694,

3. DCOIX, MVCCCLXXVI, o7 gﬁ%%ois
MXCMXNCIN, LXXXVMIV, 29. 2247-95
MMMCMXLVMMDXCVI. |30, 2122087

4.53973 lbs. 31. 16949 times

5. £3 18s. 113d. 32. $79-997;

6. 10837 yrs. 119 days 2 hours. | 33, $59-85.

7. 229105055, 34. 8532-121,

8. Q123-77. == _ _

9. S200060U20-43000000005010. 35. CCCCUCDCOIX

10. 1 acre 1 rood 3 per, 4 yds.|36. 50218+

5ft. 11 in, o
11. $12268-30. 37. 18G969G9G9-69.
12, 54 years 19 weeks, 3 days|38. $1713-34.

16 hours 33 minutes. 39. 321-1433.
13. 741000000, 00741, 741000000, ! 40, 2364035,

ooz, *000000000741, “0v741, |

and 7§ .

Paces 149, 150.

1. $4688:16%. 4. 500313 octenary and

2. 27536 miles 1 fur, 21 per. 20222133 quinary.
0 yds. 1 ft, 6 in, 5. 1243994'98275, i

3. 96.




ANSWERS TO MISCELLANEOUS EXERCISES.

8. LXXMXCDXXIII and

CCXXXMVDLXVIL
7. 277200.

407

10, —

11. See Table,. page 125.
12, $2689-51%.

8. See XLVIII Recapitulation |13. 27.

Sec. 1., page 57.

9. 642762977065601-1.
15.
16. Seventy-one trillions three
hundred billions one hun-
dred millions two hundred
thousand four hundred and
one, and seventy thousand
four hundred and two tril-
lionths.

One hundred and thirty-four
quadrillions nine hundred
trillions one hundred and
one billions one hundred
thousand and one hundred,
and two hundred million
twenty thousand and two
trillionths.

Four quadrillions seven hun-
dred trillion twenty thou-
sand and seven, and two
hundred and seventy-eight
hundredths of trillionths,

. £2272 0s. 31d.

-
~3

Paces 1
2, Yo #o ¥ and 17
5
$4'5
a6

Gave away
l’v X

32 1‘7 9913,
Longer part 72 feet and
shorter part 64 feet.
105843 acres ; $13219-68%.

&

“32’

4

22 and kept }).

® .m.\".c”."‘!“?’.‘\"!"

14. See Recapitulation XLVIII
age 57.

742000000905000078014-0000087200011.

18, 2° X 53X3X23.
19. 87 ft. 17 1”7 3 0" 10"
8/((/// 10/////// 10”//////

20. -011436.

21. 16383.

22. 4096.

23. 1lacres 3rds. 7per. 19 yds.

0 ft. 130 in.
24. 336960.
25. Child’s share, $179 413 T
woman's, $35882 f ; man’s

S1794°12%.
1023 and 512,
99457 .
48359:8979694.
72248%7-0873859.
65 Ibs. 7 0z. 0 drs. 1 ser.
1,2, 4, 7, 8, 14, 19, 28, 38,
56, 16, 133, 152, 266, 532,
1064.

32, 824% yards.

80, 181,

10. 1485 and .
11, S134-158,

12. $28387-06}.
13. 311%7 bushels.
14. 1 and 138%.
15. 217 bushels,
16. 4.

17. 453.

18. 5+ and 237.
19.

$1333-33} or 4l of the whole

28.
27.
28.
29,
30.
31.

Paces 196, 197.

'8.
. 1-4445566'7788. .
. 4 days 17 hours 55 min.

88. 156-85931270091.
89. ‘739157196 of a mile.

30 sec.

- 1.

90. 16 sq. ft. 104%%;inches.
91. lacre 3 roods13per.22 yds.



408  ANSWERS TO

92, 11}% and 145

03. 26-7837428571.

a7.
28.

MISCELLANEOUS EXERCISES.

135169533.
3,3,1,4,1,and 9,

94. 71-86193. 99. 476:65028119,
95. 11'546 oz. 100. O.
96. 15} yards.
Paces 198, 199, and 200.
2. 702000007030017-0000000004000076.
3. 1017116666°6. 10. 20790.
4. 23. 11. 1375¢:12 and 2049151
5. 104537, 12. 66,
6. 5044 bricks. 13. 1day 23 hours24 min. 34;3
7. 111 sq. ft. O/ 97 17 477 5" seconds,
51 14. 19860 1bs. 2 oz. 9. drs.
8. glazs, 15. $158-75.
9. 12225 bush 2pks 0 gal 2 gts. |16, §, 3§, 3248, and 531l
17. 7040000, -0000704, 704000000000 00000000704 0000704
704
18. 3000 |124. 134501§Q
19. Man’s share—=£66 0s. 41d., |25. 134062 11bs. or 13406} gals.
woman’s —£33 0s8. 24d., |26. $295'591f
child’s =£1i1 0s. 03d. |27. L.
20. 1900, 28,
2. 1,2,3, 4, 5, 6, 9,10, 12, 15, | 29.
18, 20, 35, 27, 30, 36, 45, |30. 29 X 3X5.
50, 54, 60, 75, 81, 90, 100, |31. 55045684 lines.
108, 135, 150, 162, 180, |32. $4559.
225, 2170, 300, 324,405, 450, | 33. $90-961L
540, €75, 810, 900, 1350, |34. 3:1R598%.
1620, 2025, 2700, 4050,(35. 21593%.
8100, 36. $21588-90.
22, 117. 37. $142-8248.
28. Lunar month=29 days 12 38. 293.
hours 44 min. 3 seconds.|39. }419, 4515, %38, A%,
Solar year—365 days 5 2305 5T, 4.
hours 48 min. 48 seconds. |40. 3103:353.
Pages 222,223
2:3. 4. Greatest 21:27; least 9:13.
$479-302,

7600 ol undenary.

1257t

53‘7‘3377 duodenary, 1201431355550

5.

57 100555661872493

410042
1033830 J%inary,

and



o

24,
25.
28.

27.
28.

30.

31.

32.
33.
34.
35.

Foomxa

. 39 per cent.,
13. A8
23.

ANSWERS TO MISCELLANEOQUS

5-5'7052 oz.

3 yds. 3 qrs. O na. 0} in.
$2962:70.

1 bush. 2 pk. 0 gal. 1 gt.
17:8; 88:176; 17:8 and
23:11; 6:7 and 88:176;
1173:616.

‘234%)#

764876837 nonary; 10011
nary ; 11146453021 septena
188100.
8033%.
48,

415471137804,

EXEROISES. 409
14. 1383
15. £2 1s. 23d. nearly.
18.
17. =
18.
19. .
20. 0268565000804,
21, -0778.
22, 4:32958 miles.

1101010000110601111010000 bi-

ry.

20.1,2,3, 4,56, 7,9,10, 12,
14,15, 18, 20, 21, ;
35, 86, 42, 45, 50, 60, 63,
T, 75, €1, 00, 100, 105,

353:5960.

$5-04.

Each man’s share, $325-09133
2s
At

each child’s, $25-40)
128, 5%, 29,

3 yds. 2 ft. 8 in.

104: 5.

71 miles 5 fur. 54 per. 3

yards.

Paces 231, 2
. 7020400000, 7-0204, 70°204,

0000070204, 70204, and
*00000070204.

. 6704866561,
. £399 19s.

5l
Y171y

)d.

. 846372005703,

. 744916400000 ; 7-449164;

0007449164 ; 7410161,

. Binary 63 and 32, Quater-

nary 4095 and 1024, Se-
nary 46655 and 7776, Oc-
tenary 262143 and 32768,
Duodenary 2085033 and
248832.

126, 140, 150, 175, 180,
; 210, 225, 252, 300, 315,
| 350, 420, 450, 525, 630,
| 700, 900, 1050, 1260, 1575,
3100, 3150, 6300.

%)
[+

34 et

|

FREm_—s
N

11. 1'_"'1“:i:l_\'\‘.
000000000074111164 5 7449-164;

15. 1,2, 3,4, 6,8,9,12, 16, 18,
24, 2%, 32, 3¢, 1%, 54, 64,
72, 96, 108, 144, 102, 216,

1]

1 ?
238, 432, 076, Su4, 1728,

16. .
17.

18.
19,
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ANSWERS TO EXAMINATION PROBLEMS.

PaceEs 3

67-318.

ANSWERS TO EXAMINATION PROBLEMS.

1. (0000ML206005. 20, 5456640.

2. i B,51528°21} ; 21, They have none.

) 1: D, $1534:95. 22, A, $319206 ; B, 34761:91 ;

3. 137, C, $0746:03.

4. S1107303810-4444. 123, A, £167}%; B, £1393%;

5. 83160. X C, £93:.

6. 361 y'rs. 10 m’ths. 25 days. |24. 2, hours.

7. 40-38. 1925, LXNMVCMXNXVII and

8. 339431bs.40z.8dwt.14igrs. | ——

9. X VMMCDXCVMMMDCLXYXIX,
10. 26. 1st gets 792 loaves; 2nd,
11. 594 ; 3rd, 924.

12. 27. 72, 18 and 54 1bs., or 24, 96,
13. 7; B, $291:07; and 96 lbs. respectively.

128, 33725-764.
14. 29, 24010-23.
15. 30. $4803-5064.
16. 530-00121864500. 31. 573929 yds. Gain 253}
17. 8785429, per cent.
18. 26§. 32,
19. 81000. 33. Q126°12.
34. 2°886057; 1-200035; 3:051153; 1-449703; 4:812013;
4°G03070; 2-182129; 0-909128.
35. 1812, 40. $460°0034.
36. 84 years. 41. 5 yrs. 8 mos. 5 days.
37. 66:80578 times. 42, Amount 31409-07. Com-
38. 22002700-72002700. pound Int. 559536,
39. R5-482, 43. 10 months 18 days.
44. A, $571-0075; B, $554°8675 ; C, $535-6375 ; D, S193-5275 ;

45,
40.
47.
48.
19,

and E, 31078,
S1372-02898.

1.

117042%23743537 octenary.
01 and *012345679.

One quadrillion  three

hundred billions fifty mil-
lion and six thousand,
and seven hundred mil-
lion eighty thousand and

nine trillionths,

Seven trillions six hundred
billions two hundred and
ninety millions thirty-
four thousand and seven,
and sixty-seven millions
four hundred thousand
two hundred and nine
quadrillionths.

50. 1296.
51. 33:395 years,
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52. 7119—39—. G68. 8:5318.452,
53, 144, 69, '019156118,
54, 3531, . .
55. 87 days. 70. 2731:85071403775007308358,
58. Q’%D 71, 71. 157036 feet.
57. 4%, 3¢, and 24%. 72. 85 spirits, 33 water.
68. Eachmanhad 60; A caught | 73. 42252,
50, B 60, G 170. 74. 70 and 14.
59. 191 and 117763. ..
60. 44:907 year 75. 223:32450580.
61. A,81550:05]; B,$1169-053 ; | 76, 5-22341.
C, $915-087%. 77. 58 and 28.
62. 1, ‘l, 4, 1429, 2838, 5716. 78. 156240,
63. 2%, 79. 30401,
64. Man's share = $919-1- L‘ ', 180, 2284 : 1617,
81. 3and 14, or tand 1}, 0r 5
and 1}, &c
85. 24, 82. 4L,
66. $21-03. 83. 5“ ‘minutes past 1 o’clock.
67. Greatest9:1¢; least 10:19;
comp. ratio 21 : 247,
84. 6'585461; 3-502675; 5187521 ; 2113509 ; 0-19G295 ;
1'969276
85. Q4314 91. 1, 8%, 167, 243, 321, 40,
868. X 2672 and Y 31120, - 92 1.
87. . \1 ple 2d., pear 3d.
88. 4321. 94
89. 187% lbs.at 4d.; 185 1bs. at 95 b.! R
6d. ; and 74; lbs, at 8d. . 8124 and 31564,
90. 10, 22, 26.
97. 11000000000011-0000000011.
98. 836.19:2032. 101, 117.
99. 28 X 3% X TX 11. 102. 621 gal., 833 gal,, and 146
100. 28}. gal.
103, A, £194 163 1334, B, £129 17s. 494d. ; ¢, £97 35, 045d.
D, £77 18s. 531d.
104. 81230-338. 111, 1st, 47 inches; 2nd, ‘57
105. 10 hours. in. ; 3rd, -82 in. ; 4th,
106. 41 years. 3-149 in.
207. 4'629 days. 112, TI1IT. .
108. £4 10s. 113, $2019:651 5 SI8TI-803
109. 44 2815°805 ;5 Su40T-739
110, 14242 Ibs. 51825,
114. 1°t300 yrs; 20155327 yrs.
115. 1st, $920-20 ; 2nd, $2760°60 ; 3rd, §5511°20.
116, Paid each worleman <2 b",; 15t company cleared 8735

acres; 2d company, T7}} acres; cost of clearing,

per acre.

38
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117.

118.

119,

120.

121
122.
123.

124

125.

126.
127.
128.
129.

ANSWERS TO EXAMINATION PROBLEMS.

15 and 11.

$2340-00.

132 days.

A, ®2180; B, 81635 C,
81508 3 D, $1000.

1, 64, 588, 14840, 8100t

86127 and 41135

Sum i58 0s. 8-3%.d.; quo-
tient 32414-50.

491, };‘g de.

S214.

14175 yrs.; 201 41-014 yrs,

1049 perches.

111104,

9, 27, 81, 243, 729,
6561.

2187,

.9l

131.

132.
133.
134.
135.
136.
137.

138. -
139.

140. 9
141.

142.
143.

144.

THE END.

804 in. 9534 in. 12-426
in. and 30 inches.

51 of each, rem. £1%§

$200.

11 per cent. nearly.

$1388-888.

1s.9d., 1s. 2d., and 7d.

A, 9‘15; B, SZD, C, §50;

Adry 162875 1435 5 iy
2308
HEYET
5891,};; S10717 ; S1431%

and 5179‘:35

$15009-84.

172, 524, 48) and 63} ;
35 and 85003.

364 days.



LOVELL’S SERIES OF SCHOOL BOOKS.

Opinions of the Press on the National Arithmetic.

This isone of Lovell’s series of School books, a series which we hope some
day to see introduced into all our Canadian Schools. Ithas been prepared
expressly for these schiools by the Mathematical Master of the Upper Canada
Normal School. From the brief examination we have been enabled to
give it, we are inclined to think it will give a more thorough knowledge
of the science of numbers than any other Arithmetic we remember, and
we hope Canadian teachers will give it a trinl.— Vontreal Gazette.

It is the production of one of our most usefnl and enecrgetic teachers,
and it shows a thorough knowledge of the subject and adaptation to the
wants of the country. Mr, Sangster, by this volume, has supplied a want
long felt; and it augurs well for the future teachers of our children that
the author of such a work as this is Mathematical Master in our National
Normal 8chool.—OQttawa Citizen.

. We think it is adinirably adapted for, and should be speedily introduced
into, all our Canadian schools.—Carleton Place, (. W,, Herald.

This arithmetic is not only infinitely better adapted to the wants of this
country than any other in use, but the simplicity of its rules, the practical
illustrations of the theory and practice of arithmetic in the many ori-
ginal problems, give it a stamp of nationality highly creditable to the
author. 1t 1is divested of all the useless, lumbering material to be found
to a greater or less extent in those heretofore in use in this country.
The problems posscss an eminently practical character—and by that very
adaptation to our wants, they are the more interesting. The learner,
instead of covering his slate with figures, with a vague and confused notion
as to what they all mcan, works a problem in this arithmetic fecling at
once that he is doing a useful and interesting work, and watches the result
with a degrec of interest that must help to make his schoolboy days
cheerful and pleasant.— Mavkham, C. WV.,, Economist,

‘We hail with much satisfaction the appearance of this work, rendered
absolutcly necessary by the recent introduction of the Decimal Currency
into Canada. For a long time the want of 2 Canadian Treatise on Arith-
metic, combining the above mentioned system with the application of
the Modern Scientific methods of analysis and formulee, to the elucida-
tion of the various rules, was felt, Dr. Ryerson, conscious that such a
work was needed, requested the Author to adapt the Arithmetic published
by the Irish Board of Education, to the Decimal Currency of Canada, and
to abbreviate some of the tedious reasons for the rules there given. Mr.
Sangster in complying with the request of the Chief Superintendent of
Education, transcribed ten or fifteen pages from the commencement of the
original work, but finding so many ‘' alterations and improvements” neces-
sary, *“ abandoned ” the design and determined to write a new Treatise on
the subject. The admirable volume which now lics hefore us is the result
of that determination.—From what fame says of Mr. Sangster’s capabilities
as an excellent Teacher, and an accomplished Mathematician, the volume
before us has not exceciled our expectations, though it surpasses every
TPreatise on the subject which has yet cowe into our hands in three essen-
tial requisites, nanely: Methodical arrangement of matter; conciseness
yet comprehensiveness in the demonstration of the various rules; and
the immense practical utility which it possesses by the number of examin-
ation questions given at the end of each section to test the knowledge of
the student as he progresses. These advantages must inevitably canse
it to supersede in a_very short time those spuricus Lreatises on the sub-
ject at present in existence throughout the Province: for this reason we
are glad the work is entitled the “ NATIONAL ARITHMETIC."—Brant,C.W.

d. . :
C‘i’ﬁ’_t”s{,f&ér’s Book is the best going—has no competitor—canuot be
matched—positively overflowing with matter. We highly recommend it.
It combines beautitul printing, stout binding, with all that is wanted to
make a young person have a complete storehouse of matlﬁtiasmataic:l knogcl'-
ledge at his fingers ends. INo book we have yet seen, on & o t'peln sable
braach of knowledge, can compare with it.—Cayuga, C. W., Sentinel,



_LOVELL’S SERIES GF SCHOOL BOOKS.

In the Press:
T“EY TO THENATIONAT ARITITMETIC, containing the Solutions
of all the ore Bidicult Problews, By JonN HERBERT SANGSTER,
Tosep., Mathematieal Master and Lecturer in Chemistry and Natural Phil-
mnph\ in the Noral School for Tpper Canada, Sold by R. & AL MILLER,
S Erancols Xovier Street, Montre aud 87 Yonre Street, Toronto.
JOHN LU\'ELL, Publisher.

Montreal, Apri), 1860,

In Preparation:
ELE\H“‘ CTARY TREATISE ON ALGEDRTL, designed for the use of
Canadinn CGrammar  awld (“ommon Schools., By JoAN HERBERT
3via Mathematieal Master and Lecturer in Chemistry and
\ atur: tl llnlmu]»h) in the Normal Schao for Upper Canada,
JOIN LOVE LL, Publisher.

Montreal, April, 1800,

Just: Published :
’r‘] JMENTARY ARITHMETIC, in DECIMAL CVRRENCY ; designed
4 for the use of Canadion Sehaots, By Jouyx HERBERT SANGSTER,
Fxig., Mathematien) Master and Leeturer in Chemnistey and Natural Phil-
lebl SN Hm Nornal Rehiools tfor Upper nada, Sold by R, & AL MILLER,
Se Franeois Xavier Street, Montreal: and 87 Yonge Street, Toronto.
JOHN LOVELL, Lullisher.

Montreal, April, 1560,

Jnst Published :
OOK-KTEPING BY SINGLE AND DOUBLE ENTRY, for the use
of Schinols. Exemplified in three sets of hooks, and adapted to the use
of the Farmer, Mechanie, Rol‘ul’lmdx sman, and the Merchant: with a
variety of useful Commercial Forms, 1y JoEN G, DINNTN ., Sold hy R.
& \. MILLER, St. Franeois Xavier Street, Montreal ; and 87 Yonge Street,

Toronto.
JOHYN LOVELL, Publisher,
Montreal, April, 1860,

Just Published :
OTES AND ENERCTSES IN NATURAL PHILOSOPHY, including
Staties, Hyhosi Pnenmaties, .1)\umm<\ auld ]{\tllnd\llllnl(‘\
desigael for the use of Normal and Grammar wols and the 111;.]1(‘1
classes in Common Schools. By JouN HERBURT SANGSTER, Esq., Mathe-
matical Master and Leeturer o Chemistry amd Natural l’l]l\t)\]nh\ in the
Normal School for b pper Cianada,

My ngster’s hich reputation as a ieacher and :cho]ar, will ensure for
the \ saud Exercise m Natural Philosophy a place in all our Canadian
Nehools,— 1 /r:/mw'u/l I Rerican,

Nold by R & AL ML th», st. Francois Xavier Strect, Montreal; and 87

Youge Street, Toronto.
JOIIN LOVELL, Publisher.

Montreal, April, 1860.

- In Preparation:
SCTTOOT, MISTORY OF CANADA & OF TIE OTHTR BRITISH
PROVINCES. With Ilustrations, By J. GEonGE HongIiNs, M.A,
JOHN LOVELL, Publisher.
Montreal, April, 1860.

In Preparation.
INRONN TN GENERAL GROGRAPITY, for the use of Yonnger
brine Iutrodnetory to nr\(]l\ General Geography, To be
¥ lnlu]h\hul with Mapsand Mastrations, By J. Gro. HODGINS, M.A.
Maontrenl, April, 1860 JONN VOVETLL, Publisher.




LOVELL’S SERIES OF SCHOOL BOOKS

In the Press:
To be published in the Winter of 1860-61.
LOVELL’S GENERAL GEOGRAPHY, by J. GEorcE HoDrINS, JLA.,
I3 Embellished with about 40 SUPERIOR MAYS, AND 100 BEAUTIFUL

NGRAVINGS.

'his Geography, while it is designed to furnish a satisfactory réswiné of
geographical knowledge of all parts of the world, will give cqual promni-
nence to the BRITISH COLONILES, concerning which such meagre infor-
mation is generally found in works of this kind. Tt is designed and will
be a suitable Text Book for children in CANADA, NOVA SCOTIA, NEW
BRUNSWICK, NEWFOUNDLAND, PRINCE EDWALL'S ISLANI
the EAST and WEST INDIES, AUNTRALILA, Xe.

R. & A. MILLER will be tl weneral Agents for the sale of this Book
Tu-oughout CANADA,

The Geography will also be on Sale at the Bookstores in the prineipal
Citics in ENGLAND, IRELAN D, and SCOTLAND—In NOVA RCOTPIA—
NEW BRUNSWICK — NEWFOUNDLAND — PRINCE EDWARDS
ISLAND—The EAST and WLEST INDIES—AUSTRALLA, &c. Price 81,

JOIN LOVELL, Dublisher,

Montreal, April, 1860,

Just Published :

HE ELEMENTS OF ELOCUTION, designed for the Use of Schools.
By JoNATHAN BARBER, Member of the Royal College of Surgeons,
London; Professor of Oratory in the University of M‘Gill College, Mon-

treal.
JONIN LOVELL, I’vhlisher,
Montreal, April, 1860.

" Just Published :
TUTLINES OF CHRONOLOGY . for the Use of Schools. Edited by

MEzs. GORDON. )
JOUN LOVELL, Dullisher.
Montreal, April, 1860.

T have carefully looked through your “QOutlines of ‘hronalocy,” and 1
have no doubt that its uscfulness will soon be acknowledged zenerally,
and especially by those engaged in {caching. 1t is quite a ma/fum o0
parvo. I shall have much pleasure in reconmending it.

J. HELLMUTH, D.D.

Just Published :
HE CLASSICAL ENGLISIL SPELLING BOOK; in which the
hitherto ditficult art of Orihozraphy is rendered easy and pleasant,
and speedily acquired. Comprising all the important root-words from the
Anglo-Saxon, the Latin and the Greck: and several hundred Excreises in
Derivation and Verbal Distinctions. By GEoRrGE (1, VASEY.
Sold by R. & A. MILLER, St. Fraucois Xavier Strect, Montreal: and 87

Yonge Street, Toronto.
JORN LOVELL, Pullisher,

The following is from an eminent Professor in Monireal:—

1 have looked carefully over the * Classical Lnglish Spelling Book, hy
George G. Vasey,” and can speak in the highest terms of the plan upon
whicﬁ it is constructed.

To Teachers it will be invaluable; and even to those who are not direct-
ly engaged in teaching, it will be acceptable on account of the information
connected with the origin of the words of our language which it contains,
1 shall do all I can to recommend it, and trust it may have a wide circula-

tion. i
WAL HICKS,
Professor, MeCill Normal Sehiool.
Montreal, January, 140
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Just Published :
HE GENERAL PRINCIPLES OF LANGUAGE; or the Philosophy
T of Grammar, By T. JAFFRAT ROBERTSON, Esq., M. A., Head Master

of the Normal School, Upper Canada. .
Sold by R. & A. MILLER, St. Francois Xavier Street, Montreal; and 87

Street, Toronto.
Yonge Stree JOHN LOVELL, Publisher.
Montreal, April, 1860.

- Just Published :
ENGLTSH GRAMMAR MADE EASY, and adapted to the capacity of
Children. In which English Accidence and Etymological Parsing are
rendered simple and attractive. By GEORGE G. VABEY. e
Sold by R. & A. MILLER, St. Francois Xavier Street, Montreal ; and 87

Yonge Street, Toronto. .
JOHN LOVELL, Publisher.
Montreal, April, 1860.

HE PRINCIPLES OF ENGLISH GRAMMAR : comprising the sub-
stance of all the most approved English Grammars extant, briefly
defined, and neatly arranged : with copious Exercises in Parsing and Syn-
tax. By WILLiaM LENNIE, .
Sold by R. & A. MILLER, St. Francois Xavier Street, Montreal ; and 87

Yonge Street, Toronto.
JOHN LOVELL, Publisher.

IRKHAM'S GRAMMAR,—ENGLISH GRAMMAR in Familiar Lec-

tures; accompanied by a Compendium, embracing a systematic order

of Parsing, a new system of Punctuation, Exercises in False Syntax, and

a system of Philosophical Grammar, in notes, to which are added an Ap-

pendix and a ey to the Exercises ; designated for the use of Schools and
private learncrs. By SAMUEL KxrREHAM. First Canadian Edition.

Sold by R. & A. MILLER, St. Francois Xavier Street, Montreal ; and 87

Yonge Street, Toronto.
JOUN LOVELL, Publisher.

Just Published :
RITISH AMERICAN READER. By J. DorGLAS BORTEWICE, au-
thor of Cyclopelie of History and Geography.
Sold by R. & A. MILLER, St. Franc¢ois Xavier Strcet, Montreal; and 87
Yonge Street, Toronto.

INNOCK'S improved edition of DR. GOLDSMITH’S HISTORY OF
ENGLAND, from the invasion of Julius Casar to the death of George
11 with a continuation to the year 1858; with Questions for Examination
at the end of each section, besides a variety of valuable information added
throughout the work, consisting of Tables of Contemporary Sovereigns
and ot Eminent Persons; Copious Explanatory Notes, Remarks on the
Politics, Manners, and Literature of the Awe, an Qutline of the Constitu-
tion, &c., &c. Illustrated with numerous Engravings. By Wu. C. T.iy-
LOR, LL.D,, of Trinity College. Dublin, Author of Manual of Ancient and
Modern History, &c., &c. First Canadian Edition,
Sold by R. & A. MILLER, St. Frangois Xavier Street, Montreal; and 87

Yonge Street, Toronto.
> JOHN LOVELL, Publisher.
Montreal, April, 1860.

RENCH WITHOUT A MASTER: a Course of Lessons in the French
Language. First Canadian Edition. Price 25 cents. 'For sale at the

Bookstores,
JOHN LOVELL, Pubdlisher,






