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PREFACE.

L J Kr^P?T^ *V^
following work (undertaken at the suggestion

kf the Chiet bupermtendent of Education for Upper Canada) it hasNen the constant aim of the Author to present it to danadlan
eachera and students as a thoroughly reliable Treatise on the Theoryni Practice of Numbers, and as an Arithmetic, in some degreeammensurate With the higher qualifications of teachers and^the
Dproved methods of instruction now generaUy found in our schools.

L.5J V r aZ""
"'''^ ''^^''^*^ ^ *^e P«Wic is based upon the

a «Vnr Sf ^T'f'ir'!! ^""*' '' ^^« ^' ^-^t intended^nerely

13/ *!••'''' ^"^ *^^ ^''''''^^^ currency, and to abbreviate the

Z7^u 'f-^'*'"' 'f^^"'
**^''« g'^*^" ^^' the various rules. So

K^h. . •'°''^^",'^ jrnpro.-ments suggested them.^lves, however,
^at the original design wa. speedily abandoned, and, with the

ulTwtf?n'"* T '^
l^^'^r P^»^«' "^^^h ^- taken enUre

fora the work in question, the treatise, as at present issued is
h afl essential respects, an entire^ uev^ book. Neverthde^' !k

ri (.he subject of Arithmetic, he has not hesitated to adopt whateverconsidered good either in the Irish National or in the numerousjther excellent works on the subject.
numerous

Fy far the greater number of the problems areoriffinaJ- and it
h( ped that the practical manner in which many of tC 'are dU

^ flSn?tZr;h*'f r'^
of. Arithmetic mo're interestLrandK If 1 • '^^'f^

^^^''' ^^ ^'" »>e observed, that a thorough

Kclns rtoTt'' 1' ^'f
Siven at the close of eacH?

If the book ^Thi f« rrfl' *"'*. * ^^^y ^^^^'^^^^^ ««* «' the end

Vork ^^n <.nut J "?^. ^.'^ '"POrtant feature in the present

K'h^ ieenXrnff? "T'°« "P^^ *hat careful revi^on of& at t^e pid nf ?h T ,''"^
l^

^'™^' ^^thout which, the pupil

KunL with on/«n .1?''^^ "".'^^ *".**^" ^"^«« '^"d principles so

CureSr '
'' " '"^^'' ^' ^""'^^^'^^^ '^ ^ S^^»'

er8^b'thl^%?«^^
'^'^^''°''

^^'T'^ «>™P^« ^»»d denominate num-
Ften- U^® P"® '''<'''®'^« *nd decrease according to the scale

Hy the rules relatine to them flhnnld h« ao«-J».^. ^Ja 1 ^^
lU. fgUowiog pages no diitmgtU.n-«"„«3r^T;^rSiii^^^^^^^

'^i
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compound rules. A eoniewhat extended experience has convincedl
the Author that, except to the merest beginners, the science of
Arithmetic is more, successfully presented by this than by the ordi*
hary method of making the pupil learn one set of rules for feimple
immbera^a1ld a completely different 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 was not adopted
until after careful deliberation and consultation with many of the
most successful teachers of Aiithnaetic in the Province. It is gen-
erally conceded that a pupil should commence, in some sort, the
study of Algebra as soon as he has progressed through Proportion
in Arithmetic. In schools in which thia view is adopted by the
teacher, no difficulty can be experienced, as, even in the deducffon
of the rules, the algebraic principles used are of the simplest possibUi
character. .

As some teachers, however, prefi r 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 forraulsp; it may be furth'^r
remarked, that an algebraic formula is pimply the most abbreviated
forrn in which it is possible to expresd b rule or principle. Once the
pupil is properly taught their use, he is in a manner independent
of mere memory, since from a very few general principles he is able,
without any reference to a t^xt-book, to deduce for himself the
whole series of rules for Simple and Compound 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 formula; than in long worded paragraphs. Let
any one, for instance, compare the work necessary for committing
the eleven rules for vSimple Interest with that required to commit the
corresponding formulae, and the regult will be a thorough conviction
of the superiority of the latter mode of gi^'tng the rules. In short,
every experienced teacher will admit, that even while the pupil re-
mains at school it is next to impossible to make him remember all
the different rules for Interest, Progression, and Annuities ; and tliat

directly he leaves the school to enter upon the business of life, these
rules are either altogether forgotten or aie so confounded with one
another as to become mere useless mental lumber. After many
years' trial, the Author is persuaded that the only successful mode
of treating the rules in question, is to enable the pupil to deduce
them algebraically, and then to interpret and apply the resulting
formulee.

The attention of the teacher is respectfully directed to the Re-
capitulation at the end of the first section, where, it is thought, the
viv»»jUvfi sM,d OisCutial priuvi|ilci of ^ouitiua sod f>um«i'Aiiiv& AMi^
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concisely worded that they may be advantageously oommitted tomemory by the pupil.
' ^

The examination queationa throughout the work have been care-
fully prepared, and me designed both to enable the seir-taught stu-
dent to test at each section, the extent and thoroughness of hisknowledge of the principles therein contained, and also to cuide
the pupil as to what principles and definitions are of such im-
portance that they rcciuiro to bo committed to memory. This latter
object IS furtlicr secured by the urrangemcut of type-all the defi-
nitions and leading principles being printed in large tvpc, the expla-
nations, reasons, and rctuarlcs, In small type, and the problems in a size
mterracdiate to the two.

«"=muBiiie

Great pains have been taken to render the wording of the rulesM perfect as possible
; and it will be observed that, in order to

printedt Scs"''"
^^"^""^ '"^ "^^ ^'^'^ '^^^ -^^ '---"y

It is believe.; that the sections on Proportion, Fractions, Interest&c, contain a larger amount of information, and a better selection ofexamples, than are commonly given; and that the section on theProperties of Numbers and the different scales of Notation wil tendvery materially to enlarge the pupil's acquaintance with thegeueml
principles of the science of Arithmetic.

^

mottlT'fe\^\^'"^^T- ^' ^-P* *^^ P'^P^' P^'^ce for discussing

Zll u-^?,?«
A"th"^etic, the Author Lmot refrain fromiir-mg upon his fellow-teachers the following points :

Ist. The pupil should be thoroughly drilled upon the use of the

Sen"l?'"'t'^^""^"^^*^^' ""''^^'^ '^''^ LstUute the lit .guage proper to the subject.

2d He should be required to commit to memory all the essentialdefinitions, and also the tables of money, weights, and me^ures
I LceTmt'thT 1'" '^"- '' -fr"^ ^^ P"P"^ «" theseTble;K rf u? v.?^''"®''.'

'"'''*' '^ ^'^^ P"Pil ^^ to turn back to hisbook for each table as it is required, it is not to be expected thith.s progress will be very rapid oV thorough. It marbrfeirly auestoned whether more than half the difficulty and rbseurty E
of nSon!

'

*^' '^^'"'' '^' *^^^^^' ^°^ '^^ P™«'P^««

tionfnf'^h'jL*®^''^^' f^^"!-^
^^^^ ^'^ *^^^^^' from time to time, ques-tions of his own construction, either to solve at home or as ordinarv

owi71Z':'tr' ^^^P-P^^^-'^W be encouraged and reqSreJ

exerciseTd „o t'T "^'^
i^'"^''

""^^^
r^'' '^^^'^ ^" ^^^P^rtantexercise, and no teacher who once adopts it will ever throw it

4th. In all operations m which there are both multiplication and
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divWon, the pupil should be taught to first Indicate the proceasea by
their appropriate signs, and then cancel as far as possible.

6th. The teacher is respectfully reminded, that without frequent
and thorough reviews there can be no real progress. Experience
has shown that from one-third to one-half of the time devoted to
AriUimetic 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 mwchief to the pupil, as it encourages a habit of such careless-
ness m hia operations, that no confidence can be placed on his results
It 18 not enough that the pupil understands the principles—although
this of course is important. It is possible so to train the pupil £t
hia operations m Arithmetic shall be at once rapid and accurate, and
this should be the aim of the teacher.

Toronto, December^ 1869.

\
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PREFACE TO THE SECOND EDmoiT.

The Author embraces the opportunity afforded by the issue of a
Second Edition, both to thank his 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 Arith-
metic, that a pupil must know the Simple Rules before he can work
problems in Reduction or in the Compound Rules. Now this iv
andoubtedly true, and would be a fatal objection to any such ar-
rangement in an Elementary or Primary Arithmetic. The National
«, however, an advarmd or secmd book on Arithmetic, and the
pupil 18 assumed to have progressed through an elementary text-
Oook before he enters it. If the National Arithmetic were designed
for beginners, where would be the necessity for a First or Elementary
book on Arithmetic? The objections have arisen altogether from a
|nisoouception 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 commences 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 rela-
tions of the several rules. In the Elementary he is taught how to
multiply au abstract by an abstract number, or an applicate by an
abstract number.^ lu the National he is shown that these operations,
thQXigh difTermp: m detail, are essentially the same in principle

; and
0<*l« thus enahlfiH t.n o.^t»«i-oi;r,o, «».-i «i- -_•/•_ *^

'

^*
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Another objection urged is, that if the National Arithmetic b«
designed for a second boolt on the science, the simple problems
given at the commencement of each rufe, and indeed the earlier

rules themsslves, should not bo inserted. This Is also a mistake.
The object has been to exhibit a gradual progression from the simple
to the more diflScult—to show that the most simple and the most
complicated problems depend essentially upon the same prindplesi
Indeed, were the National Arithmetic intended merely as a second
practical work on arithmetic, three-fourths of It might have been
omitted, and notbmg given but the few rules omitted in the £Io.>

menlliry.

r

»

\
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SIGNS trsED IN this' theatise.

+ the sign of addition
; as 5+ 7, or 6 to be added to 7

trocTedtri. "' ™''*^'""""
' "^ '-'' " 3 to be sul

mulled bTa
"' """"'!'"''*"-' »» «X9. or 8 to be

^^
+ the sign of division ; as 18-6, or 18 to be di-ided

hv VJ}'1''^
"

""""^i"
'1'°'' *"' ''U ""« quantities uHted^ It are.to be considered as but one. Thus U+3^r\ vfimeans 4 to be added to 3, 7 to be taken frnm ti7 ^

^
and6toben,„UipHedintothe remahlt ^0*^

• ^ -thfs^n';rf
»/«"^ quantity within the brackets

"
'

is e^uaUoTl"
°''^"*'"^' »» 5+6=11, or 5 added to 6

thaff fs'll^M^*'.'"**"
""'•

• '^ greater than
i, and

the ^a^opVLTLd irre^dfIfr i,

*^™' ^ ^ ^' --
mea^'S^rtKrliltfat • i^fen ^lilio'^between 7 and 14 ; and is read 5 is to 10 as 7 is to 4V the radical sign. By itself, it is the sign of the
>gmre root

;
as 4/0, which is the same a, 5* the ^juare

root of 5. V3, is the cube root of 3, or 3^ |/4 is the
7th root of 4, or 4^, &a.

7 ^ 1 ^?.:-*''-'"''y •»« read thus
: take 3 from 8 add

it add qi *K
,*'« square root of the quotient and to

I nASO ainrna n-y* ^..11.. t • . -
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ARITHMETIC-

SECTION I.

DEFINITIONS.

1. Science is a collection of the general principles or
htAfYmg 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
perfoj mance of certain o{jprations. The rules of Art are
based upon the principles of Science.

3. Arithmetic is both a Science and an Art.

4. As a Science, Arithmetic treats of the nature and
properties of numbers ; as an Art, it teaches the mode of

[

applying tkk knowledge to practical purposes. The for-

j

mer may lit called Theoretical, and the latter Practical
I
Arithmetic. To Practical Arithmetic belong all the opera-
\iions we pei-fi^rm 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 unit or one.

6. Numbers are expressions for one or more units,
Ibus, the words one, two, ffirec, four, Jive, &c., or the char-

^acters 1, 2, 3, 4, 5, (fee, are expresFions by which we in-
^licate how many single things or units are to be taken.

7. Numi-ers are divided into two classes :

1. Ai stract riinjliprs

2. Applicate, Concrete, or Denominate numbers
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called an al/SfJlLZ '
'^^^'' "'"^ '''^*^-'' *«•' it is

«/r«c^ number ^ ''^' ^'^ ^^^'' ^^^ ^^ ^«"ed «i aj.

NOTATION AND NUMERATION.

to others by spokeT an? by writTenZ ''' '"^
J" '^"^^^ ^^'^' W«a

and by characters. ^ ""^"^ language-that is, by the voice

bear the same relatiou k- each o(Jur;« ?^'''^'
""S*^

"umerution,
thotigh often oonfm,„de.;jfey tet re^wrnl^T ««<i,.»-^frf%. and

10. It is ohvi<y«« !, f .f ^ perfectly disUnct.

the power of (iesSS^^tinT'.[rpolCTu^T^
°' ^ "'^^

^' ^^'i""*

jn^ko a li„,it«d s;«tem of Znis tf^^^^^^Iimit«d aoiount of numeiical miff?*-
.^'^ns ?uiRce to exprees an un-

eatly.
ejected, we shall better understand pres-

system of notatiofl by ndorkZlh^^-' • ,^^ J'''"""^ simplified their

numbers by the sa,n^ oharS. ^ *^' expression of many
*

"uinbers was o.i^ndTy ^JS'"^^^^ "". '^/^^ ^^ considerable
cc^scJ0Q,4y we fftill ar«ii ^i! .'

^^ ^^ '*'^'^^' "'^^^^d, alihoueh un-

howmethoVof^ilnflnr^^^^^^^ ""' ^ha" sec, at (be s«me^ime,
«r«lly wr.^e8fr4 ^^ both numeration and notation were natl

T «« •»„



Aim »-17.] AND NUMERATION.
Id

which the raind always uses when it desires to grasp what, taken as awhole, 13 too great tor its powers. If we examine an extonHive la^dscape, as the eye cannot talce it all in at one view, we look succes-
fliyely a^ Its d.tterent portions, and form ou, judgn.eJt on them rde-
tad. We niust act s.nularly with reference to Targe nnrnbers ; sincewe cannot comprehend them at a siuglo gh.nce, v.e nu.st divi,i; tl"mmto a suJficien number of parts, and, examining those in s.u .r.sioacqun-e an indirect, but accurate idea of the whole. This n.^ess

I
becomes by habit so rapid, that it seems, if carelessly obsci u.rbJ^.one act, though .t ,s made np of many; it is indispensable, whenevewe desire to have a clear idea of numbers-which is not, ho«"mT

i

every time they are mentioned. * '
"'"**'* '^

'

'

13. Had we, then, to form ourselves a numerical avsterr woshould naturally divide the individuals to be reckoned in^^n,ra'groups each group consisting of some number quite within theInn.t of our comprehension
; if the groups were few, our object wouldbe attained without any fvirther elfort, since we should hav^ acnTdredan accurate knowledge of the number of groups, and of the nm berpi md.v.duals meach group, and therefore a sitisfactoiy, a iXh[uuhiect estimate of the whole ^' '"inougn

!»*•*
\^' ^^' "^

^^l"
*^^ **'''^*^'' «^ individuals that we choose to con-nT \r''^' *^'
'i'""'

'' "^ ^^''*^«»' that the larger the ra b

X

|retm£:;fi:?:;;!^'-^"p^'
^^' ^^^«-"- «--*-, tnei^:^

lr>.J^' F '^®
?r?"P''' '"*^ ""^^^^ ^e have divided the objects to bereckoned, exceed in amount that number of which we ha4 a nerfect

bfv^r ""^TTT^ the process, and, considering tL "roups them^

rrder 'V^^'^'^.^t'
"'"''

^T' ""''^ *hem new |roups%f a hfgher

fl^tffieie'J^trsSir
'""'' ""'' *'^ """^^^^ ofourVst gfou"

i wonl<f nT.!f 1?^'? "^^^ ^""^ groups of the second and higher orders
I Telfwl'J^^t ^' h" ,»5>t necessarily, be the same as that adopted S
orlirre hould'nVoh^^^^^^^^ '"f"''"'^'^

^^"«*''"^« « g^«"P ^' '^e &?

haveIVl^si iri'i':."!-'
''""'.'' !!«pp«"- 'h" « -i'oM -ot

vuUlt! exactly form a certain number offfrounq nf f l.o' k;„v. * i
'

^-^ttctty lurm a cerium number of
Ti?„ f tl'e highest order—some of the next lower might be left

We might, for example, m reckouiug a heap of pebbles7have "wp
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groups of the fourth order, three of the third, none of the second fireot the first, and seven individuals or simple nnita.
*

18. If we hud made each o. the first order of irrouDs connisf nften pebbles, and each of the second order consist often o^hefir^t

:fhaTsIcfedlLT-''J^"
^'*'^

''T'^ -•^ so on\?^'tt re"
;we had selected the decimal system, or that which is not only used atpresent but wh.ch was adopted by the Hebrews, Greeks RomansAc. It 19 remarkable that the languaire of ev»>rv , !vii!,J « ?•
'

g ves nan.es to the different groups^olThis^ buT no't Vo hotTZ
a^H hr.""'"''' '^'T\ ^'' ^«'-y general diffusion, even among rSdoand barbarous people, has most probably arisen from the habilnfeoum.ng on the fingers, which i's not altogether Tandonede^^

.«/.'^?' ^l,r^
""* indispensable that we should have used the sameratio for the groups of all the different orders. We St for pT

St'XsoflL'Zt^T" '^"" ' ^^^"P of\s:tk'ZaeX

n"un"S thrr ^ r"^ ^i
"'^ ^"'

^^'- ^^ ^^^'^^^ tw^t7shm «.«
1! ?fi

"" *'"^^'" ""^ Z'^""^" ^Vhilc it must be admitted tlm the

^ eauVs^rnXf: T^'^'-lr ''""^'r''^
'' ^«'' abstract numbe^w^uS

s:;s^ bi^r^s^s ^^^^ ^^^^ « ^'- variety^:5^:^^rL:s

wo ii^'
^^^^" "^^ "^^^ the.same ratio for the groups of all th« orders

It IS neither so low as unnecessarily to incLe he numbe,' oftde".
Vh^T' "T '" '"^'.' '' *« ^^^^^^ *^^« ccmceptlon of any one fov,hom the system was intended. (See Section III.)

^

wf^* ^ ^^^^^"^ of numbers is called Aman/, ternary o^.a/m^m',/

dec,„,,Uys.e™a. Ours is .h.reiore . ,ieci,.,at or "s;:!'"'

« wU. ke perceived l./a,r"^bte hereK SJirrrre;:^^:
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meDt of arcs and angles, and of time. A duodecimal Bystem would
[have twelve for its "common ratio"; a vigeaimal, twenty, &c.

22. A little reflection will show that it was useless to give differ-

jeiit names and characters to any numbers except to those which are
|le88 than that which constitutes tlie lowest group, and to the different
mkrs of groups; because all possible numbers must consist of iiidi-

/iduiils, or of groups, or of both individuals and groups. In neither
unso would it bo required to specify more than the number of indi-

ndiials, ami the number of each species of group, none of which
lumbers—as is evident—can be greater than the common ratio.

I'his is precisely what we have done in our numerical system, except
that we have formed the name of some of the groups by combuiing
Ihose already used. Thus, "tens of thousands," the group next
nigher than thousands, is designated by a combination of words
iheady applied to express other groups—which tends still further to
bimplification.

23. Arabic aystem of Notation

:

—

Jnii9 of compariaoD, or simple units,

j'irsf, {jroup, or units of the socond order,
It'cond group, or units ()f the third order,
plilnl group, or unita of the fourth order,
Fourth group, or uiiitu of the fifth order,
rifth (jroup, or unita of the sixth order,
pixth group, or units of the seventh order.

One . ,

Two
Three
Four .

Five . .

Six . '
.

Seven . ,

Eiiiht

Nino
Ten
Hundred
Thousiind .

Ten Th(.usand .

Hundred Thousand
Million

CharaeUr».

8
4
S
6
T
8
9
10
100

1,000
10.000
100,000

1,000,000

24. The characters which express the first nine numbers are the
)nly ones used. They are called digits, from the custom of counting
them on the fingers, already noticed,—"digitus" meaning in Latin
a finger; and they have also been called significant figures, to dis-
tinguish them from the cipher, or 0, which has no value when stand-
ing alone, and which is used merely to give tlie digits their proper
position with reference to the decimal point.

26. The decimal point is a point or dot used to indicate the posi-
tion of the simple units.

The pupil will distinctly remember that the place where the

I J*"".P^® units" are to be fou;ui h liiat immediately to the left-hand
iof this pohit, wiiieh. If not expresstMl, js supposed to stand at the
right-hand side of all the digits. Thus, in 468'?6 the 8 expreaees
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oxpn.88 ita respective number of ,mv»ffh ^ "^"^ ^'^ "^*'*^ *<>

sglSH3:S£!iiii^Will bo qniu. ?"Hid..nrfvirvh;:-r;;;n;;;:;:^.f
•^xphl^^h.^'il''::^;!;^^ i'li^ll'r'"^*

iH'o, to armncre a n.m.bcr of I,^^hI.v« »..
,1

' .' . ""..R"
''' ""»?i!rnSj,';;>^t!Jt;;m;; to a^s a'nS;x.r'rSbb!;v;f"""^*''

tho-=',i;^

by the te. ti... .er orlwffl b^o «Sl rr« r^^ "^"^ trouble V-stowed
Hblch the learner «• 1 2r vSs alvai/ '-^^^^ ""^ *'!5'^'"'.'^ ^P <^"y ^ »»
to recollect that in()8t of /S rVroaS^M « i S"Tl!i'^ ''f

/''*«' ''« »»«» ""J^

Peebles wi|l answer well for exainnloB_lnd««/! ti,„i- ,.„„ . ..
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ROMAN STST12M OF I^OTATION.

2fl. Our ordinary numerical chnractors iiave not boon always or
levciywhere, uaed to express immbors; tlie letters of tlie aljAabei
InutuiAlly presented tlioiuselves ior i: • purpose, m being already
llan;Jh*r, and, accordingly, were verv fjenorally adopted—for ex-
bimpla, by the irebrewa, Greeks, Ro.i iis, &c., each, of coujho
kising their own alphabet. Tlie pupil s iould he acquainted with
Ihe Roman notation on account of its ^oautiful siiuplicity, and its
^eing k«till ciTiployed in inacriptions, &c. : it la found in the following

Characters. Numbers expressed.

If ... One.
11, . . . Two.
HI, . . . Three.

Lntkipatcd change nil, or IV, Four.
Change . . . V, .

VI, .

vn,
VIII,

Lntioipated change IX, .

^M&nge X,
XI, . .

XII, .

XIII, .

XIV, .

XV,. .

XVI, .

XVII, .

XVIII,

.

XIX, .

XX,

Five.

Six.

Seven.

Eight.

Nine.

Ten.

Eleven,

Twelve.

Thirteen.

Fourteen.

Fifteen.

Sixteen.

Seventeen.

Eighteen.

Nineteen.

Twenty.
XXX, &c., Thirty, (fee.

I
has gl. en rise to the term culculcUion "mlonln*" hnjn'™ i„ t ..i

but while the teacher IllustratesXt he Sys by ^m'^^o nart cI!U*. ff\*

'

I he must take care to ii<iH<'« thof i.ia ,^^/i ^ feroups or particular ol3;1e<»tS;
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i !l

Anticipated change XL,;
Cihange

. . . L, . .

Anticipated change XC, . .

Change
. . . C, . .

. ... CO, &c.,
Anticipated change CD
Change

. . . D, ;; I3,
Anticipated change CM
Change . .

~- '

NOTATION

Characters. Numbers expressed.

iSiORt

Forty.

Fifty.

Sixty, <fec.

Ninety.

One hundred.
Two hundred, <fec.

Four hundred.
Five hundred, &c.
Nine hundred. '

M,orCIo, One thousand, (^c,
V, orlQQ, Five thousand.

X,orCCIoo, Ten thousand, etc.
JfppOO,

. Fifty thousand, &c.
^^^^000, One hundred thousand,<fec.

fewfrVdl"^,:;La'tt* ato^TZ Tf ^^^^ ^^^ "^^^^
and effective from oui anDlS^^^^ '" ^tiH more simple
known to them.

^'^^'"^ *^^ P""^^P^e of "position," im-

bina?o?s :fThemV^Trc%^^^ ^f^l?^ sAl.or com.
structing their system, they evidomlv hnd ?' •

*"- ^.'^^' -^^ ««"-
w, as we have said, one in wS, fiJ A qu'nary in view; that
for we find that thev ch^.^d Ifr

.'''^"^'^ ^^^ the common mio ;
times ten, &e.

; but ^^^te^n ^^^^t:: T' "i^>
'' *«»' ^en

mal system would suggest a change oZJ?' t""' ^ P"''*'^^^' ^^^i-
a purely quinary, only at five fivftiml^ fit. ?' ^^^*""^« *«»' *C-

^

tion was concerned, what the; adonfiS ' *f'
"^^ ^^'^ »« "ota-

quinary system, nor eVen a comS- Tu n^tl^er a decimal nOr a
supposed '^,.0 primary groups o^^^^^^^^^

to have
comparison"; and to I^Z^ fb^ed i IC n..''*^"'

^^ '^^ """'*« of
by u-ing te. as the common /S o'f ethtSfee'I '"" *'^^"'

it wfuJIll^atlit'.'ihS^^^^^^ -t before
of the units under consideratl '

In Z n '• T?*"-
"'"*'" ^»* one

un t before five
; forty, one unH bpfnrp «?.

"^^^ ''"^'' ^^"^ « one
units under cons derat in four hm?d?p^

Afty-tens being now the

d«d~hundi.dshavingreioSrth'"SoremXe'^^^ ^^ ^-
.tJkrj
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as !m huT '^I'V^'^l'

P^^ '' ^^" ^' '''"^ '^^' «« often

peate l. Ihus I standing alone, denotes ofie, 11 denotestwo, &c. So X denotes ten, XX ^^^-m/y, &c.

c wLn Xdl/^^^^^^^ u :r
'^ " '"" *^^ ^^^^^- ^

rnL ,r ^ ' " ""^** its own value to fhagreater Thus V denotes/.., IV denotes /a^ and VIs^x; so X denotes ten, IX .^m., and XI elevei,&c
A lineor bar placed over any letter increases its value a

.Ao«W/o/^. Thus V denotes Jive, V denotes >. ,/.o..
;

sand
; X denotes ten, X denotes ^m .^Ao«,a.irf, <fec.

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

io^on that character, ZailZltl cTf^.'^
'"'' f "'*'

i^^^ '

**'

lvalue from the qiven number £1^1 i. i-'l
"'"'^ *"' «"^^ ^^^'^ ^^^

hhe remainder irZZTLn^Z, ?* ^'^^''^ ^"'"*^'' ^''' '^'««

P'^./ that cha.j^:^^xiS:>^u:f'"- z " ^^^^^/'«^--";

hA«s w«<i/ nothing is left.

''''^"'/'^'^* '^'^ ^^'^ remainder: proceed

<n the gn-en one, indieateU by one officii' i^b'^r.^gSfi'V,^^^^^^^^^^^^^

. M,

(ana t\VSr*'"^fvTt^^^^^^ eight hundred

I?*S'- (eight hundred aSdStr^f^Oexn^S nnmber within%he last re-
ticipation "; we set down D to Se right hEfV^ """^ character, or an "an-

MD,

Sd S5 t;^t^Tnffi's\Jrh1Sirn' ^*-^-^^"^' -^'^^ '--« threehun.
ter or an " anticipation "

is onphnJ !,*
number expressed by a single charac-«nd for the same feaS;^"'two oUhe? c\"^'
"''^''"'*"^ ^^ ^ > ^^Wch we^s^t down,

MDCCC

|forwa7r««-^ »>)^ IV, still remains; which, being aUo added, the whole U aa

MDCCCXLIY.
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EXEROISE 1.

tScOT. t

33. Express the following numbers iu the Romaq uotatioo :—
1. Twentj-five.

2. Forty-three.

3. Sixty-seven.

4. Eighty-nine.

6. Ninety-eight. '

6. One hundred and thirty-seven.
1. Three hundred and seventy-one.
8. Four hundred and two.
9. Six hundred and seventeen.

10. Nine hundred and ninety-nine.
11. One thousand four hundred and forty-six.
1 2. Three thousand eight hundred and five.
13. Eight thousand six hundred and seventy.
14. Twelve thousand one hundred and sixty-nine.
15. Four hundred and ninety-seven thousand,' six hundred and

eignty-two.

1. XXV.
4. LXXXIX.
1. CCCLXXI.

10. CMXCIX.

13. VMMMDCLXX.

Answers.

2. XLIII.
6. XCVIII.
8. CDII.

11. MCDXLVr.
14. XMMCLXIX.

8. LXVII.
6. CXXXVII.
9. DCXVII.

12. MMMDCCCV.

16. CDXCVMMDCLXXXII.

Exercise 2.

34. Read the following expressions:

—

1. XCVII. 2. CCLXXIl. 3. DCLXVIII.
4. CMIX. 6. XV^ 6. VMMMXXXIII,
1. XVDCCCLXXXVIII. 8. DCXLVMCMIV. 9. XXVXXV.
1. Ninety-seven.

2. Two hundred and pcventy-two.
3. Fix hundred and sixty-eight.
4. Nine hundred and nine.

^,

6. Fifteen thousand.

6. Eight thousand and thirty-three.

V. Fifteen thousand eight hundred and eighty-eight.
8. Six hundred and forty-six thousand nine Imndred and four.
V. iwenty-five ihousuud and twenty-five.
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with referenito the fS ;;t ^TofnfrS
*'' ^'''^^

'-^ ^^'^'^^

the simple unita. This is the ^Ldple i^ ^oSIoT
"""' ''"^''^ *"

maytI^^i:ZSl1^T^ ''^ ^^-t orde. (23),

,

the decimal point, expressed' oi Z ! ? .'
''"*' ^'^^"^ *« ^^e left of

I

dreds, three places,^! '
""' understood; tens, two places ; hud-

Ihave'Lrd'To' puTt^nThe^^^^^^^^^^^
to write any number, we

different units in their proDernI«?.f»PT'"^ *^^ ^"^«"n*« of the
.•nch belongs. If in the fivil ,

' T'^'^u^ '^ *''« ^''d^'' *« ^hieh
which there\ no digit a ciXiZ^^^^^^^^ .

/'' '• ^^^ "P'^««" '«

required to keep ano her diJ T i ^ " " '^^'^ P'^"''

^

produces no effect, wCilt^notVLr'" P^'^'^'^-^^t a cipher
decimal point; thus, SV 536-0 1^ afw T,"'"'

digits and the
jthing-the first is, however incorrect Mfl 7rl!?^*" *^^ ^'^'"^

fen the latter case the cipher affects thpvi ""1
^'^^^ ^''*' different;

jpo«7*o« of the digits.
the value, because it alters the

|n„sfbe^TSfeTlI^^d;a„^,f IffS f„" Sefr 1^ '•"^'^''^'^ ""'^ t^«- The six

M^^^crSS,^^;^^,1::^^^^^^^ highest ^ler,
bider. ' '*""S ^"® number which belongs to each

placl^tfpS\7thfdiff:l to divide the

,

certain distance, the L^uZmd fZII ""f .^"^^ Periods. For a
the English billion is how^vpr Z ""^ "^f^oda of division agree-
Mench' This discrepiTSt of n^IIt^^^

'^"'"^ ^''^''^ '^^^
'»'«

parely obliged to useWlXh a nulrr
'"»P<>';^n<^e. since we are

method. To give some Idea of ?i^
'""^^ '^.*" P^'^^^'" *'>« *>ench

Inecessary to rinark th!f „ I '^ *'™''"°*^ ^^ « W"ion, it is only
fcon, the?e hi^ not 'been' onTbliliSnV'' ""'f'"'

"^^'^«^ «^^"-
I'nist. Indeed, to rcckou even i ^nr

'^''"'^' •^^'^^^ ^'^^ birth of
Ij'-ee per second for e'S.Z.n.i"''"'.."''""*^"^' «" *» «^«^ag«
the followinr. a... "L irJ' ..'''"^' '}

^^a)'. would require nearlv 12 dava_
r ;5 "'t- ttru iiictnociji;

' *"^

/



id IfOtAftdlf
tBaoc. 1

8 3 3 3 3 8 3 3 3l-JJJLZl^ ^11^^ 5J 8 3 3 3 8 3 3 8 3 8 sTsl

O
O

m ; ' •

o • : !

.2 • • •

jS aj • •

S fl • •

»-• o •

"0:2 •

S i2 •' '

^-3 „• •

O 3 5 a
»3 0'.2 =

h4

^ * 5 s w-c

<0
s

if- .2

:*^ : : : :

'j f_( . • • •

. s<« Q 22 • •

• «l ® 2 5 •
•

: 2 c 'E ^ * •

r^ M "" 1^

to
a

ri o S C C8
>-' 1) — =3 i; B

* J2 r- -^ " Ph :

SaScgS

• c • .

; » • • •

.*r3 "j ;
',

:S;2 •
:

.^M :
.

i'Sa *
\ fj „ n O
: c^^_o

^5cS;2
„ .a cft " :;2

^ ^ Efi c; 'C „, . C

•^ o

ecSS • •

• 5 c <= «

S S g a S s S c S £5
•- a),a^ 4,"

39. mc of Penodi.—Tor the purpose of readitiff or writino. n.,mbers, we divide them by separating points into moHoI fn «
separating point being tlie decimal%ointexneLdo"'~^^^^

^''^

and the other separating points being plaVS' aftei ovev£ r'*'or place, to the right and iWt of the decLdpoint TaehtHodSthree places-of which one or more may be oceupie-l V digUs iCoyest place m every period-or that to the nW./ jS Js tleJT \^'\^T^-'Y
period: and the highest, t^^u 'Kd eds-

pie units. The first period to the left of the nmis^ period cont ik^sthe //,o.^W.
; and the first period to the right of it, the Z^usZdZ

third to the right of it, the ^XS. Xf^utb p 1Jto'lJe leftOf the unite' period, contains ihp /w/«.«. ..." .r"^ *^. ^'^^ '?"

right on, ^.triiiioru,,, TheiifthpSod 'tribe i:;^:;?^;; ':£
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i^d

^wrt;ss:y ,:^^^«fi^,{« ^^.^^ of ., the

/^•o«;A.. ke seventh Sd to thf Ift 5 .k"^^^ ''f
*'» '*^^^ y"*«'*'^-

the «e.r^e%e>«. ; and th etnt^^^^^^^ f S^ ?»''«' Period, contains

The eighth per od to the .Ift of .hi •! '^^^•''i
'*' *'^^ >*^=^tillionths.

lions ;\nA the eighth o he ri^'^^nrl^'^^.'^^/'n"^"^ ^J^^
*^^'^'^-

period to the left of thrunit/ norinri i!^-''Pf
months. The ninth

ninth to the right of it the «1F/A- ?i S^k""
^'^^'''"'^^^^'o"* / and the

of the units' period contain^^
tenth period to the left-

right of it, the'niSS ''''''"'''''' «»d the tenth to the

and S^t^Att'eXatr^^^^^^^ f^rnenom, periods
tion to name the peri«,l aLd i ace to whU-h „nl i'- if k**,"'

*''® s"?htest hesita-
ought to be put When he ^?i read or wHf^^^nl^^^^ ^^\TP^^\ *°t" ^^hich it
period and place, he shonld brt"uX tn Z^i i^ ^?* *^'^**' belonging to any
two, three, four &c., dig S whethft th^v „I """i*

^'"'}^ ^ ^""^e"- consfsting of
any number of ciphers

^'^ether they are close together, or separatetf by

.tten't^VSSi^dfraT^r o'f^'o'^
^^^^'-^ -ore evident from an

^03^1 7 4,5 6 2,8 8 7,4 6 8, 5 1 2,8 6 4, r 3

8 2 t)

8,2 9
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tln.8 into pnrts, showsato'ncoliu'nVrin'^;,?'/! -'''r'^f-
"V'i^'i"^ tl)e number

-tliat is. in the //«,„^"..7^' ?l.'',''i'lr. 'JL^^'' ^'V^ I'"'"'*' "f the second ..ori„d
iUxprfisses live hundred thoi'mnds'"tiiat''thrf iL/r''-"'

i^^^ therefore, that
tl^ same perio.l Indicates tenrof thousands- «"'! Z^- u

.^^^^«cond placo. of
-tea thousand. The 9, Wing^^^X^'^t^J'S ^£iflS^
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hundrerls of units
: the 8, bping in the second place of the same period, Indi

cates tens <»f units; and the 4, being in tbo flrbt, indictites units ("of comimri-
Bon, or "simple units"). The numb«'r, tlifroforo, may be read as ft.llows-
Bvo iiundrods of thousands, seven tens of thousands, and six thousands; nine

hundreds of m.\t», throe tens of units, and fniir units"; or more briefly, '-five
hundred and seventy-six thousand nine hundred and tliiriy-four."

41. To prevent the separating point or that which divides into periods,
from boinf,' mistalien for tlie dcciuif.l point, the former sliould be a eommn (

)—
the latter a full stop (.) Without this dist netion, two numbers wliieh are very
different miglit be oonfoiuided : thus, 41)8.108, and 41»!s,763, one of which is a
thousand times greater than tlie other. After a wldle we may dispense with
the separnting point, though it is convenient to retain it with large numbers
as tliey are then read with greater ease.

42. To ivrite 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 diyit or
cipher. The one, two, or three diyits, belonginy to the highest period
are first written in their appropriate places; then the next lower period
is filed with the digits, or ciphers belonging to it ; afterivards the
next ; and so on, till the whole number is set down.

Example.— Let it be required to write the number seventy-three trillions
Jwo hundred und nine billi«.ns eighteen thousand and six. The highest pi-riod
here mentioned is that of trillion.-^, which we know to be the liiili to tl.e left of
the decimal ))<>int (40) We thenftuv set down llie digits 73, bearii g in mi, d
that we are to put in four couiplete periods, or twelve places between the Sand
the decimal point The next period we have is that of billions, which we fill
with digits 209 (two hundred and n ne). Tlie next period, that of n illions, has
no significant figures, and we accordingly fill it thus, 000. We now come t<t the
penod of tliouf-ands, in which we have the diirita 18, but, inasmuch as the third
place of this period must also be filled, we insert there a cipher, and tJie full
period becomes 018. Lastly, the lowest period, or that of utdts, is to contain
only the digit 0,—the other two places being filled with ciphers, the complete
period is written 006. Now setting these jieriods one after the other in their
proper order, we obtain for the entire number th<i expression 73,209,000,018,006.

43. To write down any decimal number we proceed very much in

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 ; '401S is read four thousand and seventy-eight
tenths of thousandths, &c.

Now, when we wish to ivrite any decimal, we first ascertain how
many places the proposed denomiriation or order is to the right of the
decimal point : and then, if the given digits will not bring the num-
ber to its proper position, we insert between these digits and tlue deci-

mal point the requisite number of ciphers.

ExAMrLR. 1.—Let it be required to write the number, seven hundred and
sixteen thousand a d eighty-nine biilionths. Now we know (40) that biiliontlis
occupy the 9th jdace to the right of the decimal poii t. Were we to place tlie
decimal point immerdotely before the digits theuisclves, flius, ^Kjosl), thev
(V(mld expr»'ss not so numy biilionths but .so mauy niillionths : since miUioi thV.
Jccupy the «th and biilionths the 9th place. It is ol>vious, then, that to give
the digits their proper value, we must Insert three ciphers between tliem and
4Jie decimal point, and thu number is then correctly written 000,716,089.
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occury tlio 14th place. ThfR voaTliJ^^ s<r2nJ> h^^^^^^^ ""K
*' ""onths

require the aid often clphnrsln ordefto flTfJ^^
"""'^

^""''I I" number,
jstlius written, 000,000,000,062 0? ^ **'^^' *"** ''^^ number

Example 3—"Write the i

epvon thoiisaitd and twelve
are only secen in number, wuiie tli
iniphry that ten places must be filled 'Wo"havn"Th^l'«.r""? '^ o*''»"»»/Aa

l>e. On the other hand mnvin,^ !?' •. '

'^'"^*^«—^^ the case may
Ihe >e.A^ divk ea it bv ten th«f

' ^'"1*' "•". * ^"^"^'^^ ''"^ P^^^^^ t^t

K partly at ?L% And^L^ "?f^
P^"^'

'
O'' P^^fv at the right

Jtie^ inLL"tentoI dt^to ThfirZ^d *'^' *'^.^"'"-

iarae degree to the right wherever the deoimJ 'n"- .^'"'"l'^
'"^ '^^

i)e. ^ We therefore nut nnVnMZ! ! ^
ecima ponit may happen to

one place to the rio-ht o? h.,^!
' .'" *"''^' '"''^ *^«« simple units

times less ZXS'^Jl^^^^^Z ^"7' r'-'^^' ^^'^'^^^''^ *^n
Quantities to the left of tit rK ^

^''^ ^"^ '^'^ ""*^* of hundreds, &c.

l.k™ eo5ot£ hlL„f h"
''"?' ""^ " ""= *-«»*».<7 -series:-

l.,.„.„l;.;.'""'. """"l^' 'l"^y constitute buto,M s^rip, ihi^l, i. ..

wt of-ftSm Mn:rri;t° "sn't'"'^ "' ' -„-<i"fro™'rightio
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indicated even by the similarity of their names; the onl^ diftferencabeing m the tennmations (40). We have seen also, that when wodiv.de integer into periods (40), the fir«t separating 'point must beput to the right of the thousands. In dividing decimals into Sdsthe first point must be put to the right of the thousandths also

47. Care must be taken not to confound what we now call "de.cimals," with what we shall hereafter de-^ignate ''decimal fractions"'
for they express equal, but not identically the same quaSes~thedecima s being what shall be termed the " quotients" of he cor!respondmg decimal fractions. This remark is made here to anticipate

48. There is no reason for treating integers and decimals by dif-ferent rules, and at different times, since they follow precisely thesame laws, and constitute parts of the very same series of numbevs
(46). Besides, any quantity may, as far as the decimal point is con-cerned, be expressed in different ways; for this purpL we iLvemei-ely to change the uut of comparison.' Thus, let it be requLdIo
JAhr^'-fK""™^'''

indicating five hundred and seventy-four men*he unit be one man, the quantity would stand as follows, 574 Ifa band of ten men, it would become 67-4—for as each man wouldthen constitute only the tenth part of the " unit of comparison,^?onrmen would be only four tenths, or 0-4 ; and since tei men wouldform but one unit, seventy men would be merely seven simple units,or 7, &c. Again if it were a band of one hundred wen, the number

would be 0-574. Should the " unit » be a band of a dozen, or a score

fiT"V ''^"^I
'^'''" "* ^? '*'" "'^'^ complicated

;
as, not only

Iltered
'*'''

*
^'''"*' "^"^ ^^"^ ""^'^ "^'^'^ ''^'''' ""^"^^ "^^

49. It is not necessary to remark that moving the decimal point
so many places to the left, or the digits an equal number of places tothe right, amounts to the same thing.

^
Sometimes in changing the decimal point, one or more ciphers

are to be added
;

thus, when we move 42-6 three places to the left

O-OOolT&c
^^ "^""^^ ^^ ^''^ P^'''''^^ *"*^^ "S^^ •* '^

'no=^?K
^*

^"P^"^^
^'''^™ "^^^^ ^® ^^® «^^d' t^at a decimal, though

xess than what constitutes the unit of comparison, may itself
consist of not only one, but several individuals. Of course it
will often be n^.essary to indicate the nature of the "simple

'

units
;

as 3 score
, 6 dozen, 6 men, 7 companies, 8 regiments.

r lu ^"' ^}^ '^''''^ ^oes j^ affect the abstract propeities of
uuiiiuura; ,s true to uy that seven and five," when added
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3d

ogether, m..ke twelre, whatever the unit of comparison may bo -
rovidcd, however, that the ««/«« standard be applied to both: thus

neither 12 ...en nor 12 horses; 7 men and 5 dozen men are neith!
6r 12 men nor 12 dozen men. When, therefore, numbers are to ba

twhnMi «h •*'
^^f^."'"'';

^'""''^
Hi>«

«^e "»it or comparison :-orhrithout altering their value, thermust be reduced to those which

. uf' „\^"».Yl'"^^
coasider 5 tern of men to become 50 induidnal

'?K " ^^''"^ '"''^'''^^ *^'"™ '^^* *"«" to ««« "»«^*, without the
alue ot the quantity bemg changed. This principle must be kept in

riouXieaV^'"^
commencemeut, but its utility will become more

Exercise 8.

51. Write down the following Numbers:—
ll. One hundred and ninety-four.
*i. One thousand and seventy-six.
B. Twenty thousand five hundred and eight.
t- Two hundred and one thousand and three.

Eighty millions four thousand and thirty-three
bixteep quadrillions Hve hundred and ninety-seven triUions threobullous forty.four millions and ninety-oue
Ninety-seven hundredths.
Six hundred and forty-three thousandths.

Thi'rtv^lpl^?;!
*^,?"*y:t^« thousand and eighty-nine milliontha

l>. imrty-nme tenths of millionths.
Sixty-three hundredths of trillionths.

'"sht" vefb^iJntr
'^"""' *"' ^"^' ^"^ -- ^-^-^ -«i

^' s^ud'S
'11''°'''

^"r^^"^ ?^ *^^ ^'"'^"^ twenty-three thou-

U P-
?^"^,"""<''«d and one, nnd one triUionth

anrf fm. h "f "r^^.^^^
trillions and two, and nine hundrea

f ana four hundredths of millionths.

\

jl. n4.
K. 201003.

|7. -tfV.

10.

11.

^2.

13.

li.

n.

2050S.

lG597OO30440000»L
•122089.

Answers.

2. 107fi. 3
5. 80004(»33. 6.

8. -643. 9.

•0000039,

•00000000000003.
17000004001 -000000967.
7^0200 023.)1 ] -000009999.
1 00 loo 1 ( ,0L )tU 1 1 M M »0» ){ (0000001.
89«000000O0OO02'00O0O9O4.
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Exercise 4.

[Scot. I

1.

2.

C9. Read the follom„g„u,„i,e,3.1.

7000004080.

Voo'u:>\jouooo4oo,

I- Nine hundred and fou

Ansioera.

1. 604 03.

8. 907G7-004003.
jr 9001.00070806.

10. Iii«7-9l3467i 842913
11. ;001 00100100 J (,1.
12. 100-2008004006006007

S. N
Seven thousand ami ..,
inety thousand and fb

sixtv.

ur.

one.

«and and three nn'limhf '^ '^^ «^-ty-seven, and four

id ancl

8.

9 NinTih
"""'?"« """ionlljs.

•-'j'-»«ren, and four tliou-

O-V TflE m-OMLVATION OF KUMBEBS.

^ai.ffob7o;thr:™^'S„™ •'''"'? "'^ "'""« "»" thev are
not the same, thev are saT.? '""^ j'"'" "'^ ""its are
tion,. For exam,iToS 111

'"»/„'''«'•«*« denomina
".mbers of the same denom "f '""'u^^

''"""'^'' "'« »«
three ferthings are not of .hi '" ',

""" ^^ sln-]Ji»gs aL

one>../,,,-„/ ^;," -«
:;'fr-

7^ of three farthing
nommatior '" v '" "'""y* expresses the d«-

.1
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(918.

06007.

»nd one.

lousaiid aniiJ

four thou

indred and

le trillion,

d seventy-
fiine hun-

thousand

illion five

ley are
'its are

omina-
ire two
rs and
le unit

hings,
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[«X8. 6»^.] MONET, WEIGHTS. AND MEA8UKE8.

Even in abstract or simple numbers, different names
re given to the units as we proceed to the right or left of
^e decimal point, viz, simple units, or units of the first

hits of the third order, &c. Considered in this relation

imbers '
""'^' ""^^ ^^ regarded as denominate

The following Tables show the various kinds of denom-

\i^rm:z fnTs"^
""' ^"' ^^^^ *^« -^^^- -^-«

lbles op money, weights, and measures.
STERLING MONEY.

nttWngs.'^'"""''"**'"'''
^'' ^''"^^'' '^^"'^S"' P^°^«»

TABLE.

4 farthings (qr.) make 1 penny, marked ef.

12 pence " l shilling, « ,.

20 shillings « 1 pound, " £

48 = 12 = 1 £
960 = 240 = 20 = 1

Other English coins, some of them now out of use—
'^^'"' = 27s. Noble = 6s. 8d,'Mnea = -21s.
stole = I6g.
»rk or Merk = ISs.

lOd.

4d.

Crown =
Angel =
Groat =

6s.

10s.

4d.

AK^afcfgiS^alf, w'hich'rirnS'tL'r 'V^ ^/"^ ^"'•''»' «»'•«' *"«•

f ^h lling8 and pencef s a corn.Dtion of t^e [^^'^^
.8<)metime8 separata,

y with which it is mj^e
'"^"P""" "*^ ^'^^ '""g/ (s). arising from the rapid-

iJ^epSnTfrfyta^J^qr^'"^ « ^-tions of a penny, as Jd. *d.

,

The pound is s.. Si! becaLI iZnoW « *"
^^r^

'''^^" '^'"^^ «"«"^'^-

rSlT «"':' ^'•"»fi'^>^«i^"'G«Vne^' on th^
being originally
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»>lrer and 8 porta of copper. In copper coin 24

[»IIOT. L

ponce weigh a poiin<1 avolrrln-

FEDERAL MONEY.

The denominations are eauhn d. JlL;
^"'"'

mills.
*^^^'*' '^''"*'^«' ^^n^ea, cents, and

TABLE.

10 mills (m.) make 1 cent, marked ct.10 cents

10 dimes
10 dollars

a

u

m.
10 =

100 =
1000 =

10000 =

ct.

1

10
100

1000

dime,

dollar,

eagle,

d.

$

E.

d.

1

10 =
100 =

I
1

10
E.

1.

the 8T5.^nM\S.Ve^^ "/« -'«• On one .Mo of-on the^ piece of eitJht reals t re . "r^ verrf ^h."'^''' "I'l'l^""!"*? the world

^OOvn^XZlZ]^^^^^^^^^ in the United Stated,^. of .Lh not .ore thai^haKS bl^^/l^- ^J^:^:^'^
}n<j S^la^ta Quarter E„.|..

SE/^s:?::^S;--sa^^^^ ''' copp^^S.:2'lt^t£'S;r^tj^;^^

OLD CANADIAN MONEY,

penfe!Jd LrtZS"*"™' "" '""''' '""""' ^'"""S^

TABLE.

4 farthings make 1 penny, marked d.\A nortrta It t .1 -ii-12 pence
5 shillin<

4 dollars

qr.

4 =
48 =

240 =

d.

1

12

60
O.IA

i V '

1 shilling,

1 dollar,

1 pound,

n
S.

8.

J

6 =
ctr»
&3 SB

fi

4 « 1
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Note -Every 8d. of the old coinage Is equal to 8 cents of the

orlo 1 2i ccn"^ ^ ^"^ '" '^""' '" '^^ ''^'''^ ^"^* «*" ^ «• ^^ ^ H^'

NEW CANADIAN OR DECIMAL MONEY.
57. The denominations are dollars and cents.
The coins are cents, five-cent pieces, ton-cent pieces, mid

*,uenty-cent pieces.

100 cents (c) make I dollar, marked $

AVOIRDUPOIS WEIGHT
58, Is used in wei^^hing heavy articles. Its name is

derived from French—and ultimately from Latin woids
8.-nifyin- "to have weight." Its denominations are tons,
hundredweights, quarters, poundj, ounces, and dratas

d.

16
2.-)6

6400
26600

512000

TABLE.

'16 drams make 1 ounce,
16 ounces *' 1 pound,
25 pounds " 1 quarter,

4 quarters " 1 hundredweight, **

20 cwt. « 1 ton,

marked oz.

" lb.

qr.

cwt.
" t.

oz.

1

16
400
1600

3:>000

lb.

1

25
100

2000

qr.

1

4
80

cwt.

1

liO

t.

= 1.

tumlr:dfvethTSl*2yo"toThirn"" T^^^^
*" the quarter, 112 lb.,, to the

amon- inerdmnten Canada th^nr nJ '*
^t'^.

"'"^ '^^'''*-'" ^"'" ^''^"S'': "if*
as respectlveWeaiml t^S lbs l^M;'ihT'-''*'l'L*.'j;j i\!"«

""'versally considered

.ei^hod by thi old c^trbj-frrS'a^'dytii^^-; '^:''s^^:^:\s^^
TROY WEIGHT.

59. The denominations of Troy Weight are pounds,
ounces, penpyweights, aud grains.

' ^ 1^ "«»

TABLE.

2j c^rair.s (grs.) make 1 pennyweight, marked dwt.

12 ouuceg « 1 <(

oz.

lb.
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gra.

24
480
6760

dwt
1

20
240 =

oz.

1

12 =
lb.

1.

pby, in weighing gold, precious Btones &c.
^' ** "***<* '^ philoeo.

g-ains wa« called a /^^/mi^M^^^K nTequart th'e w'J&*'*',"'''
^^.^'-^ «'»»'«'««

then in use; 20 of these pennyweights consti /.,/«,? T*^'^^*
**' * 8"^«'" Pe""/

12th part of a pound (Lat. 'uncia;' a ?^th nSt"VL " *"-*' ?'**'=** '^^*''«

mixture is said to be " 2./caratrflne '' • if M "fP^ft^onie other inaterial, the
"22 carats flue." &c. The whole mass is in ^.^1'*'' ""* "'^ *•>« ^4 are gold, It la
24 parts, of which the nutnZr SZtsH^cr nf ! .f,**^"''?^*^^
22 casats fine

;
pure gold beina very sJftfwm,??i .i'/''^"'^*'''-

<^'"- '^^l*' «"«» 1»
of fineness of gold articles is miirkiH „ ^?i ' *"" *.""" ^«'a>" o«t. The degrea
we generally ^er2e?ve MS" o^the ca?;sV'^;«M"l''l\®"'^'«i"*»h8' Hall?K
th«y are '' 18 carats fine "-thelotsrSee S'^ulS^wlA^eT *'**

A Troy ounce contains ^?nAn Avoirdupois ounce AohiA Troy pound ;;;; 5 ;ll*An Avoirdupois pound '..;;;;; 5 000

r/J'^rr""'^ "5
^"^"^^ ^"^ ^^2^6^ ^'•«"<^h grammes.'

175 Troy pounds are equal to 144 avoirdur^ni. • ttk t
equal to 192 avoirdupois ounces.

^^^"dupois, 176 Troy

APOTHECiRIES' WEIGHT.

60. The denomin£.;xons of Apothecaries' Weight arepoands, ounces, drams, scruples, and grains.
^

i
TABLE.

20 grains (grs.) make I scruple, marked sc. or 3o Hcruniea «« i ^u3 scruples

8 drams
12 ounces

grs. 3
20 = 1

60 = 3

. 480 = 24
K'7aC\ — ooo

((

(t

((

1 dram,

1 ounce,

1 pound,

2

1

6 = 5
1

lie

u

((

ti

lb.

dr. or 3
oz. or ?

lb„

= i.
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make
a
it

u

u
a

ti

a

TABLE.

^^^
Apothecaries ml. their medicines by this weight, but buy and sell by avolr-
The pound and ounce of this weight are the same as in Troy weight.

LONG MEASURE.
61. The tienominations of Long Measure are lea-ueamiles, furlongs, rods, yards, feet, inches, and lines.

°'

12 lines (1.)

12 inches

3 feet

5^ yards

40 rods or perches

8 furlongs

3 miles

69| miles (nearly)

1

1

1

1

1

1

inch, marked in.

foot, «
ft.

yard «< y^j.

rod, pole, or perch, rd. or p.
furlong « fur.

mile, « Tn.

m.
12

86
198

7920
63360

ft.

1

8m
660

6280

1 league, « lea.

1 degree or 880th part of the
earth's circumference.

fur.

1

8 =

yd.

1 rd.

6^ = 1

220 = 40 =
1760 = 320 = o -

100 links, 4 rods, or 22 yards, make 1 Guuter's chaintherefore is equal to 1-^„%. inches.
''^'*'''

equal to'l2^?oJ iZST- 'u
^^ ^"^^''^' ^"««- ^he Paris foot la

Ses Ld^E PW^h'^ ?'^''' *^'^ ^°'^^» f««* to 11-604 Englishmcnes, and the f reuch metre to 39-383 English inches
*'"S"'=»"

'

3 iS^r?" J Sf ("-^ "' --'-S horses).

m.
1.

Each link

3 inches

18 inches

8 feet

6 feet

6 feet

120 fathoms

(i

1 pahu.
1 cubit.

a common pace.
a Roman pace.
a fathom.

a cable's length.

SQUARE MEASURE.

such '^a.
J^^^^^^'^^l^^i"^ "se^^ foi^ estimating artificers' work,

sho t anv ZP f'^'T^^ P^'«"»g^ paving, <fec., and, ia

?. -f'^illL!^"!"! ^^'•^. ^^^«^« «^»f«<^e alo„e°is concerned.
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A square is a four sided
ngme having all of its
eided equal and perpeudi-
cular one to another. If
the length of each side be
an inch, a foot or a yard,
&c,, tlie square is called a
square inch, a square foot,
or a square yard, &c. It
will be observed from the
adjacent figure that a
square foot contains 12 x
12 or 144 square inches,
and similarly a square
yar<J may be shown to
contain 3x3 or 9 square
feet.

05

o
a

O

1 foot=:l2 inches.

i

"

1

—

L

1

1

r

—
"

1

--

1

i_

es r Kis square perches, square yards. SQua?e fc«t .J
acres

square inches
square yards^ square feet, and

TABLE.

'1 sr::ri""f^ ' .t- ''-s
»»*«<» =q- «.9 square feet

301 square yards
40 square rods
4 roods

640 acres

a

t(

a
tf

n

sq. in.

144
1296

89204
1568100
6272640

sq. ft.

1

9 =
272^ =

10890 =
43660 =

1 square yard,

1 square rod,

1 rood,

1 acre,

1 square raile,

a

ii

tt

u

(i

sq. yd*

sq. rd.

r.

8. m.

aq. yd.

1

804 =
1210 =
4840 =

sq- rd.

1

40 =
160 =

r.

1

4
acre

= 1

aividtd IlToo tlJ*'"'
^""'"'' "'"^'^ ^ "-^- I' »

inI#/°^^®^ ™^^^e 1 link,
100 Jinks or 4 rods " 1

80 chains « j

10000 square links « 1

1

marked
chain, <«

mile, «
square chain, **

aur« ((

1.

0.

m.
Bq. c.

a.
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SOLID OR CUBIC MfiAStJilB.

64. This measure is used for findin- the solid contents
of timber stone, &c. A cube is a solid bounded by six
equal surfaces or squares, and having eight equal edges.
It IS called a cubic inch, a cubic foot, or a cubic yard, ac-
cording as each of these edges is an inch, a foot, or a y^u\
in length. '

being 3 feet in length. The top
which ia equal to the base, contams
3 X 3 or 9 square feet ; hence, if it
were only one foot in height it would
contain 9 cubic feet ; but it is 3 feet
in height, and must therefore contain
9 X 3 or 27 cubic feet. A cubic yard
then contains 3 x 3 x 3 or 27 cubic
feet.

8 feet.

CO

12X12X 12 or 1728 cubic inches.
The denominations of Cubic Measure are cords, tons,

cubic feet, and cubic inches.
'

TABLE.

make 1 c. ft. marked c. ft.

" 1 cubic yd. '< c. yd.

1728 cubic inches

27 cubic feet

*40 c. ft. of round timber, or )
^

50 c ft.of sq. or hewn timber j

" ^ *^"» " ton.

1 28 cubic feet make I cord of firewood, marked c.

c. in. c. ft.

1728 = 1 c.yd.
46666 = 27 = 1

t^^nflfRolTftT''^ ^ *'^''
^JS^' * *'^«* ^^d^' and 8 feet long, con-

^oiiLf.tr,.}::, \Terud to^raoiidV"/^"^^'-^'
^"^^' ^'^

equivalent to thVdghth part'o? a cold.
""'' '"' '' consequently

CLOTH MEASURE.

65. The denominations of Cloth Measure are Frenrh
ells, E n glish ells, Flemish ells, quarters, nails an.l i: .1., g.



42 MONEY, WEIGHTS,
[Skot. I

2i inches (id.) make
4 nails

3 quarters

4 quarters
•'5 quarters

G quarters

TABLE.

1 nail, marked na.

m.

27
3G
45
64

na.

1

4
12

16

20
24

1 quarter,

1 Flemish ell,

1 yard,

1 English tU,

1 French ell,

n
it

((

((

qr.

Fl. e.

yd.

E.e,
F. e.

qr,

1

8

4
5

6

Fl. e.

1 - yd. /
No«,-Tho Scotch ell contatas 4 tuijJ^lacli'

Fr. e.

1.

fifi R .1

.

^^^ MEASURE.
DO. Ky this are measured a]] .i^„

beans, coal, oysters, <fec.
^"^^ '^^''^^' »s grain.

The denominations of Drv \t«
bushels, pecks, ga.lo™! quar^^and pTn"'

"" ''"'''™"'

TABLE.

l(

i(

«

«

2 pints (pt.) make
4 quarts

2 gallons

4 pecks

3G bushels
pt- qt.

2 = I

8 = 4
16 = 8
64 = 82

2S04 =1152

quart,

gallon,

peck,

bushel,

chaldron.

marked qt.

gal.

pk.

bu.

ch.

u

it

ti

n

gal.

1

2
8

288

pk.

1

4
= 144

bu.

1

86

^
ch.

I.



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 gUls.

TABLE. •

g-

4
8

32
1008
2016
4032
8064

4 gills (g.) make 1 piut, marked pt.
2 pints cc -, . f

4 quarts

31^ gallons

2 barrels

2 hogsheads
2 pipes

pt.

((

1 quart,

1 gallon,

1 barrel,

1 hogshead,

1 pipe,

1 tun;

«

a

<(

«

qt.

gal.

bar.

hhd.

pi-

tun.

1

= 2
= 8
= 252
= 504
= 1008
= 2016

qt.

1

4 =:

126 =
252 =
504 =
1008 =

gal.

1

3H =
63 =
126 =
252 =

bar.

1

2 :

4 :

8 :

hhd.

1

2

4

pi.

1

2
tun.

1

a baromeuio preSurfofSoKeif * temperaiuro of 62° Fahr. und under

beer^S»li:,V28°2'c1b^o'^^c'hel' Th^ SI"" 7">*"» ^Sl cubic Inche,, and the
equal to 1-2 gaUons UnlteXtli^wSi Me^alLu?;'"'

^'^"^^'^ '' '^^'•*^"" »^""'

cnbl^fnJhet'was a^ojK^KrvTif' ^"^^'^ .l^P^rlf,^ K^Hon of 277-274
both liquid and dry inSa*uiS ^ * '°' *°^ ** therefore the standard for

loPr2tt«A'"Th'e\^t^^^^ ^?r^-- •" ««^« 0^5 gal,.,

gallons.
^"^ •**"" contains 86 gallons, and the hogshead 6^

-^ TIME MEASURE.

th.^®*
'^'"'^ '' naturally divided into days and years-

fxl anT.^Tr^^•^ '!"' ^^^«^^^^"» «^ ^^« earth on its

the sun
^^ ^ revolution of the earth round

The denominations of Time Mfiasnr«oro ,,««.« *r._

weeks, days, hours, minutes, and's^conds: ^

'^"^°' ^"""^""
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«A .
TABLE.

24 hours

7 days

4 weeks
^'^ lunar months or

u

marked min.

h.
((1 hour,

1 day,

1 week,

_ ^^
-^ ^unarmonth, _^

12 calendar months or i matp i •
-i36o^ days (nearly) |

^^^^ ^ ^^^^^ ^^ar, marked yr.

d.

wk
mo.

sec.
njin,

60 —
1

3600 = 60 =
86400 = 1440 -

604800 = 10080
"

81507600 = 5-5960

h.

= 1

= 24 =
= 168 =
= 8766 =

da.

3651 = 62A = ^:

First mo.ith, Ja-uarr

The twelve calendar ,« .u •

~ ^ "^ ^^^ = ^'

has 81 davB.
" 28 "

81
80
81
80
81

8eco!i(i

Thfrd
Fourth "

Fifth "

Sixth
Sevf'nth «'

Eighth "

Ninth "
Tenth "

Eleventh "

Twelfth "

Eebruary
March
April,
May,
June,
July,
August,
September,
October. '•

November, "

December,

t(

l(

<t

(t

«1
81
80
81
80
81

ti

<(

u
n
u
ti

(1

(»

u
m. ^ ,

" iJecember. ." «i »The numherofdavsfn !,

Inrri^r''"^'
''»" September

spaces); S^ptembLr in C' ^"»"'" «" fl^«t flrier l|J:.r.V -^""^ «° third
months havineSl .ILi o

^* "P''"®' *c- Now whii ^^ **'*""« a>-« no m ra
-pace. '"^ «1 '"^y« come on the A gera,t.d'aU fclS^n.^V'f.^''"

*^'

soI^Jir: '»'-.^«?'-
'« the time elan,.n. ..„.- ... _

* '' '"^^ '''' '"^'^ '^^

^<

ne 8(>iar vpfti- la fv>« *i •

TI... si 'er;"il ..„ . "ir''''" * '' '« <'q'

«un ujrhsiir.,^' . ""^^tOe tim*. be'wp». ,„ ." '". tom. 4s^f.p

•qual to 86* day.AZ lVarr..?^:2.'?«"_««eJS .liffere«. .„.
,a.iui
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to insert; and tlm year was c Hod hi^><tirt;/P fL,, vhi , ,,
^""" "'"*''•''•"'«,

{«/., sixth (i. e., «-^fA cah^cl, tSlu^Sfw'n. S'calTU fe;^^^^^^^^
it leaps a day mi.re than a common year This « rrl„, ,.

' \ "i
hecanse

llin. & teas tb»n 365d. «h. Ai dins 1 day ov«Tv iiSi^i. ' *?'"• ''^- "'

of c.x«™, of 44,n. 4ai., or .bout 8 dfys S^ JvJ^^^io'S '''™4;^^''1rVr'

tiiiies called the Gregorian e^lendar.
^*°'^ *^*' ^*'*'''*^'" *« «««>«

Enjfland till 1752, when the
This correction was not adonted In

M.rcll, we miM. add 1 to tho }("r In New Styl.!
'''•'""'«'7 "1 ""e 25tll oi

.moS'to l"!^""""'
*""• '^°"""S «« Old Style,

of January and the 25th oi

The difference now

69. To ascertain whether a year is Leap Year.

llm.
To
'^'^tlLA^lXL'^^^^^^^^^ -fP that a solar year 1,

«im.„int8 to about 3 days-^ooL^u, n iv Vf n^
^"^ ."

^h's error, in 40aVar8,
that Is. if wo have lOo L^ ^yearsTfllo vLr.V^ • "'H^^'^^^'^T^

./o«rf/ry<.an
Uio r^ckonin? w.miJ f, U 3 d ivs hliml ^h« w^l'^'^'"'^

t^,*^« '^"""^^ calendar
the winmencemHnt of tha Ohrl^H n I

^^^ *o^«r t'™"- Thin rookonire from
Julian time. It waS jlf/i?y?j;i*;;';,:™^,S

tl^^^^^^
'^'^''"'^'-^ ^'^^^ ^*^Vby thS

expressin.z the ci-ntury is „ot divi^tbl« f>v J^«
^^.^'^'^^^"^ J^^ar, or the number

the other centenr.ial yoa^4 are Thus f t's m' T^^'"/.'* "f «J^^P y^a"-- "'hile
are w«# d/visi'de by 4 coLemiPntl ?»„: ' ' ^9* <lPnoting 1700, 1800, and 1900,
to thn rnlA ,.ho.-.. "d...:: r.'*."*',^3\''^'>"y

they are not K-an vcars. thou.rh o^«n„n«i
ami 2000:are'dioiMe b v

4
'and'are the«f«r«"L

I*""' ^"^ ''^^ ^0, d'cnoTing I'cl
-^u:, but U i. « .:.,u ^4t -in^ii'y^^l^^T^::?/^^^^ * ^'^'l*'
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IBiot. £
VO. TABLB SHOWINQ TBE vrT«»

J'rom any
day of

January..

February
March ...

April

May
June

,

July

August ,^g„ jg.
September hoo uq

J;^^^'"l>er el 92

69: 90
I 28, 59
3661 31
884 866
804 836
273 304
243 2V4
212 LM8
181 212
161 182
120 161
90 121

243 278 804'384
'212 242 27S|80S
184 214|246 276
,163 1831214 244
128|l68 1841214

92jl22|l68il83
62 92 128 163

,

31 61 92 122

i366 30 61 91
,336 366 31 61
304,384,366 30
l^i304|336'365|7%. .7

—
^^^^^^-:i^ilii[f!l274i304l336'36fil

^f the end of febninl, I ".""^""M tabl, of myl.
tiplication. jj the end nf v.k "" "" "' « ^^^

EX*MT»T.B 1 ^ IT^
«« ,n leap yeara.

EXA3IPLES.

^Ho..anydaysrro.May3r.tothe4thofnextJ„Iy.

•

Ho. .any .ays .o. July .b to tbe 26tb ofne1;Vee^£%
temb^rP

"^ """"^ ^^^« ^^«» M»^.b 21st to th. oo... _^'^^-- 1^4 days.— "v.uui Uiu next Sep.
-<4««. 186 dayi.
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,„
*„ f"" """^ ^y- f™-" September 23rd .0 the 21„ of the „e«

|e,l"™
""^ '''' '""^ ^"^ ^l^' '» '"= 22n<f*oT,h'e'LTDe.

^^^
«.^ How many days from Deeember 22„d u> thelTs-. if '«,t^;,.

7. How many days from March 21st to the 21st ot^heZtZl .

^M- 248 days.

Mir£.r4.T.'u;?tans;'4ffieS,S"i,SK^^^^^

^ London see^ndn-pendulum Is fhnt wv^ioK v .ti.

,ose.l effect of Its own Ki^vitywcmllmakeSiS ""wsisted and unop.k or 861(J309 in a natural aldereal dSJ?
^ vibrations in an artificial solSr

CIRCULAR MEASURE.

Ir."^?'
?'"«"''*'* Measure, sometimes called Angular Meaa-jre, ,s chiefly used by astronomers, navio-atorf and !nr

The denominations of Circular Measure are si^ns d«
frees, minutes, and seconds. ^ '

^°"

TABLE.

60 seconds (") make 1 minute, marked '

60 minutes « i degree, " -

30 degrees « i ^ign
Iz signs or 360 dog. 1 circle

II

60 = 1 •

108000 = 1800 ~ 30 -
1 296000 « 9,1600 m 860 ^

8.

1

12

4(

((
s.

c.

0.

1.
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The drcnmforpnce of every drvU

ilil- eiicle. it IH ».1)V,<.1I8 timt. its |..,l,rlh
•«."«t depend .„...,. tl,. .size f t olffe

nf fl^*' 1^'"^ "':•" "^ tf'e circumferenceof the circle into a60 .-qiml parts took

Ihlff'?
"""' *'.>« '^"«-th ..fS yearwhich, in roiinri numbers was si

m

posj-d to contain 86o ,la- "or U LnT'"i 80 days enoh Thl io •
'"^nths

«por.d t,ffhrit monfhs '' "''''" '"'"'•

MISCELLANEOUS TABLE

12 dozen it

12 gross

20 individual things
24 sheets of paper..
20 quires

[

112 pounds
200 "
196 «
14 '

gross.

great gross.
score.

quire.

ream.

quintal.

barrel of pork or beef,
barrel of flour,

stone.

«(

t(

BOOKS.
A sheet folded into two leaves is called afoliololded into foui- leaves i« ^oiu^ "^

folded into eight leaves isS/ ^""'*'''' '**"•

folded into twelve leayfcallus fr/'"'^^-I2mo. caiiea a duodecimo, or
folded into eighteen leaves is called an 18mo.

thu?-
When figures are written b, the side of each other,

2587931272.
the language implies that the ?/w// in «o i i •

lent to ten units of the place next to tl- F^^""
'' '^"^^*-

unitfi of any particular ,,W Trl •
'? "^^'^

^ ^^ ^^'^^ ^^n
tile place imLd/r^t .11 .k! VI ^^"^vale^t to one unit of

« *



iti. lurj kEDuciTioji. a
76. When figures are written tlmil,

$ d. c. m.
14 6 5

[the language implies that 10 units of the lowest denomina-
tion make one of the second : ten of the second, one of tho

[third ; aad ten of the third, oae of the fourth.

76. When figures are writ'en thus,

T. cwt. 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 numhers are formed on the same
principle ; and in all of them we pass from a lower to the

next higher denomination by considering how many units

of the one make one unit of the other.

REDUCTION.

77. Reduction is 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 hundreds 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 mul-
tiply the tens by ten, and this gives us 700 of the Jirst
order or simple units, which are just equal to 70 tens or 7
hundreds.

If, on the contrary, we wish to reduce 900 of the ^rst
order or simple units, to units of the third order or hun^
dreds, 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 order or hundreds.
Hence reduction of denominate numbers is divided into

two parts :

—

lat. To reduce a number from a higher denomination t9
ft lower : this is called Reduction Descending.
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REDUCTION DESCENDING.
EXAMPLE.

78. Reduce £6 16s. 0^(1. to farthings.

£ 9. d.

6 16 (U
20

*

136 shillings = £6 ICs.

1632 pence = £6 I6s. Od.
4 t

6529 farthings =r £6 Ifis (Ud

question. "«""«»• """ '» tb. rea.,!. .-.U tho*™ £'Sg"|JeSW."

foIbZg-'^
'^^' ''^''"P'^ ""-l ^-'-tion we deduce the

"
»r .

RULE.

""dadd to the r'^ZtL71^::;T"'\ ?
""'

"/ •" «S.*

1. How
2. How
8. How
4. How
6. How
6. How
1. How
8. How
9. IJow

ir. tT__

Exercise 6. ' '

many farthings in 28328 pence »
many shillings in £848 ^
many pence in £38 10s «

many pence in £58 18«
"?

many farthings in £68 is* 9
many farthings in £69 18«! 'eirfmany pence in £63 Os. 9d ?many pounds in 16 cwt, 2"qrs. 16 Ih ?»"«ny pounds in 14 cwt.,' 8 T^ i « t ^

maii^ ijiaias m 3 Ih., 8 oz., 12 dwtfl
^
16 graina ?

^w«. 93312.
Ans. 6960.
-4n«. 9240.
^ws, 14076.
Ans. 66304.
-4n«. 67291.
Ans. 15129.
-4«s. 1666.
^«*. 1491,

i' • ^n», ;i9m

' )'

I



Arts. 78, ftf.j ftfibtJctioi*.
^i

11. How many grains In 1 lb., 11 oz., 15 dwt., 14 grnins *

i|: jfr=^ ;™rn;^ ^„;i,ir'"™"
^-- ^r

S

15. How many sq.uire yards in 74 sqnaro perchesf
^^-'^*^'^^«-

1A TT ^"•''' 22;{8-6 (2288 and a half \16. How many square yards In 46 acres, 8 roods, 12 percl^esr
^'

n. How many sqnare acre., in 7fi7 s<,uare miles? An^ 490880
.8. ow many cubic inches in 767 cubic feet ? A7\ 3253769. How nm,.y (,ua.tH in 767 peclis

y

Ans fv^^20. How many pints in 797 pecks? uinri2752;

REDUCTION ASCENDING,
79. ExAMPLR.-Rednce 856347 farthings to pounds, Ac

4)866?H7 ° f
» •

12)214086}d.

20]17840s. 6Jd,

£892 0^ 6Jd. = 856347 farthings.

roar farthings aaofto.Ia^ possiblft fro , ^f, "f
' f ''^malns aftor takinji ^way

thus obtainW47 fartl^SrenTal to 2lif.H/f
\*^^ T^) *''' furthiiiKs.^ We

divide tho pence by 12, Le«,MTeverv li^.^r.r'^''*
"""•^ fartliings. fhen we

and what remaliiH after talchS 12 neL,? ^T?X
"""^ ''<l»>^al"'t to one shilling,

tnnst be po .CH. Wo thusTceftain thaf 91^^a"^" "* P'T'J^'^ ^""^ *»»« Pe"ce
to 17840 shillings and 6 r ei^^ee^S farthini t ^'IP*'^ ?"'' ^ Earthings are eqna'.
20, became eveVy 20 shiffiSSs are ea,m/^?;» n^'"^ "^f

*"^'<^« "'^0 shillings by
/educed 866347 farthing!!toS ^X\

"^ ^^ ^*'*' P'*'*'*^ '^^ ''»"«

folbwTg^'
^^''' example and solution we deduce the

RULE.

Exercise 6.

1. Reduce 32756 farthings to nnnnric «h;ii,v"~ aiixx

2. Reduce 23547 troy grains to pounds, &c.

puucu.
Ans. £34 2s. 6d.

Am, 4 lb. 1 02, 1 dTn. 8 gro,
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8. Reduce 897024 yards to miles, furlongs, &c.

^ rr _ ,
-^ns. 226 m, 4 fur 26 r I vA

4. How many hours are there in 28635 seconds ? '
^" "^^ ' y^'

. 5. How many cwt, qrs., and pounds in^reee^'oundsf
"* '' ''"'

6. How many cwt., &c. in 1491 pounds
T' ^' "''''' ' ^'^^ ^' ^*'-

1 How many pounds troy in 115200 gl^^s J'
^"*' '

''^nl'lo8. How many pounds in 107520 02. avoirdupois? J^ 67209. How many cubic feet, &c. in 1674674 cubic inches^

10. How many yards in V67 Flemish elfsf
''' '''*'• '*' "^^^^•

11. How many leagues in 183810 feet?^'*'*
"'^^ ^"'^'' ^

**"'''*"'''

12. How many cuo. yards in 1382l?ULtches"- ' '"• '' '''

13. How many cords of wood are therein •67'893ic feet
'^ '"

14 TnqKftiaoQo^ j r.
-^w.«f. 530 cords, 63 cub. ft.14. m 3561829 seconds, how many weeks'

15. In 1597 quar^ how mtny bustls^
''" ' '^ '' "'"• '' -«

^6. In 1000 cord-feet of woodt'h^^Inytrl ?
^'^^ ' '''- ' ^'

Vr In 10,000" how many degrees ? iZ rl^'Zl^'
!8. In 70,000 square links, how many square chats?

^

.^. In 11521 grains apothecaries' weight, hot manyTu'd's'?'"*

PO. In 26025 square feet, how many^"oU
r^" ^^ ^ ^ 03 1 gr.

Ans. 2 r. 15 sq. p. 17 sq. yds. 8 sq. ft. 86 sq. in.

REDUCTION OF THE OLD CANADIAN CURRENCY TO THFNEW OR DECIMAL C[JRRENCy

80. Example.—Reduce £76 14s. lOfd. to cents.

£76x400 =
14s. X 20 =

10fd.=43 far. x 5+12=

80400 cents.

280 "

17H
"

f^cK^^n.^'^i^^- ~ ^« multiply
±70 by 400, bfcause each pound is
equal to 4 dollars or 400 cents; nextwe muitlplv 14, the number of shil-
lings, by 20, because each ahlllinir
kS flOUa tn 20 panto. ln=»I "IP£76 14s. lOfd. = 80697H cts. I -IJ'^J/,

20 became each «hn¥ng
tiply the number of farthln™ i,, th"n-n„J.^?,"^?il^*_"J9 ««"'«;Ja^^^^

Thftt wh forthing 13 equal to ^ of » cVnt U evWent %om th« fact th»t

! !

i

i i
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S JnetS^g eTa'l^'otenr''^
'' '' ''''''' '' '' ^^^^^"^8 equal 5 cents.

From the above example and solution we deduce the
following

—

nULE.

Mftiph/ the pmmds hy 400, the shminqs by 20, and take five-
tmlftliH of the number exprcssiaq how vumy fnrthinas there are ht the
gtven pence m,d farfUngs. Add the three results together and theirsum will be the number of cents required.

Consider the last twofigures as cents, and the result will be doUars
[ ana cents.

[end l^^^^Xr'^L^:tX^t "' '"' '"''"^^ '^ """'^'^^''"^ ^^^^^ ^>^ «^«

Exercise 7.

cents are there in £3 7s. IJd. ? Ans. 1842A cents,
dollars are there in £29 18s. 3^(1. ?

Ans. 11965^ cents, or $119-65^ cents,
cents are there in 1 l^d. ? Ans. isf cents,
dollars and cents are there in £69 15s. 6d. ?

Ans. 27910 cents, or $279-10.

1. How many
2. How many

3. How many
4. How many

6. How many
6. How many

7. How many
8. How many
9. How many

10. Reduce £2

dollars and cents in 18s. 8|d. ?

dollars and cents in £17 16s. 6|d

dollars and cents in £87 ?

dollars and cents in 15s. llfd. ?
dollars and cents in £16 6s. 2d. ?
9s. lid. to dollars and cents.

Ans. $3-74^.

Ans. 171 -29-,^.

Ans. $348-00.
Ans. $8 19fj5.
A71S. $65-23i.
Ans. $9-98|.

RECAPITULATION.
I. Science is a collection of the general principles or

arran'^ed''"
^°^ ^'"^"''^ ""^ knowledge systematically

II. Art is a collection of rules serving to facilitate the
performance of certain operations,

III. The rules of art are based upon the principles of

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.

A .]/' '^"^ *c«fc/ice of ariihmeiic is called- Theoretical
Arithmetic.

yjl, Tb^ artof arithmetic is called Practical ArithmQtio,
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as the solution of problems.T
^^"""^ P"?"^'-

theLfrn'r
"""' ''P'^'^'™^ '"' ""^ »'»»'« tWngs of

X. ?7mVy, or the «^n^7 of a number is onp nf ih^ i
things which the number expressed '

" '^ '^' '^'^"^

Al. JN umbers are divided into two classps v,v •
ior abstract numbers- and pnXoV '

^^" ^'°*P^«

nate nmnbers
^PP^^^^ate, concrete, or denomi-

chafaclrf
""""^ ""^ "« «^P'-««' -"^» by .ords or by

JV'bMoI'''
'''"''^"" "' ""'"'^™ •'y «taracte« is callca

Eo™o<It'ir^^"'™" "^ "'""'^^" •'y '^*- - called

Arab^'ir""'"" "' °™'^"^ •'^ -^^-^ - called

XXU. All other numberrs are exnresspfl liv rnr>«*;*-
and combinations of these letteis.

^ •«Petit.0Ds

XXIII. In combinations of these numerical lettersevery time a letter is repeated its value is rewated aWwhen a letter of a lower value stands A./o.^ oTof a hi^WIts value is to be mblracM ; but wheraltiLr If , f '

»m^es directly af.r one of 'a higher'Xtvl:IZ
•t-f'^i
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XXIV. A bar or dash written over a letter or combina-
tion of letters, multiplies the value by one thousand. As
we have already a character for one thousand, viz., M, and
can, by repeating it, express two or three thousand, we do
not dash the I, or combinations into which it enters

. -^^^^rV
^"^J^^tly, IV was written IIII ; IX was writ-

ten Villi
;
XL was written XXXX, <fec. ; D was written

lO, and M was written CIo. Affixing C to Iq increases
Its value ten times—thus Io=:500; Ioo=5000 : W^.^
=50000, &o Prefixing C and affixing o to CIq increased
Its value also ten times, thus CIn=1000; CCI^^-
10000; CCCIooo= 100,000, &c. ^ ' ^^W--

XXVI. The figures or characters used in the Arabic orcommon system of notation are 1, 2, 3, 4, 5 6 7 8 9

""""^vv'TT^mf' ^T^ ^""^^ '^^ '^^^°' ^'S^'^' ^i"e, zero. '

'

'.
.} /^ "^^'^ nine of these characters are called

significantfigures, because each one has always some value
or denotes some number. They are also called digits
(Lat. digitus, '*a finger"), from the almost universal habit
of counting on the fingers.

XXVIII. The last or zero is called a cipher or naught
because it is valueless, that is, stands for nothing. It is
not, however, useless, since it serves to give the significant
figures their appropriate places. .

XXIX. When the stands to the left of an integral
number or to the right of a decimal, i. e. when it d.)es notcome between the decimal point and some significant fi^r-
ure, it is both valueless and useless.

ihJ^^^'f^u^ f^-^^ h ^' ^' ^^- «*anding immediately tothe lett of the decimal point expressed or understood, are
called simple units, or units of the first order.

XXXI. The</mma/^om^isasmalldotorpoint used
to mditate the position of the simple units

'

thp Wf^Vn^^^ "^f
^*'

?' ^' ^' ^"' '^^^^^'^S one place to
the le t of the simple units, are called tens, or units of the
second .rder to the

^ left When they stand one place tothe right of the simple unit, they are called tenth., or
wu^r-i? 01 liie iiiiCQnd order to the right, '

"

A,



66 EfcOAPITULATION.
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XXXIir. The digits 1, 2, 3, <fec. when standing two

or units of the ihird order ,^ tJie left. When standing!

units ot the third order to the right, Ac.

.=„V^I^.u^"'^T°'''°« "' t""* ''"Ple units urd pro-ceeding to the left, we have unit, of the >.< o,*r

^

,ryle ««'»/ next, units of the *«o»rf order or tens-next, units of the <A«rrf order or A«Wr.& ; next, unite ofthe fourth order ot thousands; next, units otthT^m
order or te», of thousands, &o.

* •'^-^'*

• ^?^J' .^""""eooing «t the simple units and proceed.K n^'unitro^Th
""""

"S*"^'
>'' o^*. or"S«»««», next, units of the second order or tenths- nexfunit, of the third order or A«.„rf„rfM,; next, nnft^ o?Thefourth ord^ or <Ao«M«rf<A, ; next, units of the fiMorZOT tenths of thousandths, &c.

••"'JVI- oraet

.y..^{^^\ Each digit has two values, viz. : a simple or

AAAVll. The stmple or c6sofo* rofoe 6f a dieit is thevalue It expresses when simply considered as representing

V^'yvit?'''^'",
"^^^P^ti'io"^ of th« digit o„/ """^

AAAVIU. Ihe local or rf/«i(e»« value of a dip^t is thevalue It expresses when considered as occupying ?certato
yo.s;,^>o» with reference to the decimal point.^

^ °

?»/ k- il ^'•V''"
ofone number to another is the re-fao» which one bears to the other with respect to ma.n .

lo^JvTT <'°"'P*"»" i« ^0^^ by considering, nofbyAoj ».«<A the one IS greater or less than the other butwhat W.. „/ ,,„,, it ,„„t,;„^ it_ ^^, .^ „<,„tained in it

one another as the first and second, and the tliiBd andouvth the same ratio as the second a'nd third, &^."ey

10 ^bvJ"^* ""'Tf '''*'° °^ °'"" ^y^'<"n of nnmbers is4U—by saying which we merjlr mean ih„i .i.. .i.-ff, .

/

ill
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orders increase or decrease from one another in a ten-fold
proportion, i. e. that 10 units of any one order make one
unit of the next higher, and vice versd.

XLII. A system of numbers is called a binary^ ternary
quaternary^ quinary, senary, septenary, octenary, nonary,
denary, &c, system, according as two, three, four,Jive, six,
seven, eight, nine, 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, <fec. The
periods to the right of the decimal point are thousandths,
millionths, billionthsy trillionths, <fec.

XLV. The lowest order used in any reading, whether
it be thousands, units, himdredths, tenths of thousand js,
hundredths of millionths, &c., gives the name or denomina-
tion to the part or whole of the number used in the read-
mg.

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

XLVII. 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 two, four, or sia
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 hundredths.

i^A l/Weven tens, six units, two tenths, and four hundredths.

aI^' i<>
^""ored «nd seventy-six units, two tenths, and four hundredths.

A.A:h thousand, seven hundred and sixty-two tenths, and four hun-

6tb. yiftjr.8ev0tt thouaftnd, six huodred and twenty-four hun4redt|j5.
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MISCELLANEOUS PKOBLEMS.

dredS ^'''' ^""'^'^d ««d «e.en thousand s.x hnn.. .
7th. Pifty-soven tens .nH . .

"^ ""'^ twenty-four hud-

'^ ''^'^-^"'^ 1*^"'^ aad four hua-

ExfiRCISE 8.

MISCELLANEOUS
PliOBLEMS.

1. Reduce CV89634 links m oresult to links.
'^"^^ ^« ^-''es, and prove by reducing the

6. Koad LXXYMMCMXCI.
^. Write down, in Arabic numenk «;. », ,

a M.Ue 469,89 „„o h„„j,ed .,-„es greater
'^

0- Read tlie .mmbor 0798 m all fl

Eecapituktion XLyill.)
'""*' " ""^ "" ""A (S«e

10. Divide 09800403 by „„.,„,-%.^
11- Divide 84S9 by ten tl,o„sand

.2 «p,,e,89 by one hundred thousana

,,•
''"'""'^ «««2980 by ten million,

anU ™etrr "" """*" ™^ *»- '""-d and on.

.i,tr '" *™ -- *"-^ «i. hundred and nine tent.. „f
2G. Read 9O80V060504O30 and

'*»»)( to inph« " ""^"*' '"« P™« b^edudng the

;:;<
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md twenty.four hufl-

50

18. Reduce 61*7 cord-feet of wood to cords.

J 9 ^^educe 91867 cubic feet of wood to cords.

20. Write down 718, 614, 499, 999, 8643, 96149, 163986, and
^44444 in Roman numerals.

21. Read CCCXXXIII, MCMT.XXXIX, 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 19-689.

25 Reduce 18s. 9^d. ; £6 28. lid. ; 3s. 7d. ; and £189 1b. iM.
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, 867, .444, 1600, and
927, leap years or not?
year ?

If not, how many years after or before leap

29. How many days from this to the 17th of next March?
30. Answer the following questions : What is the meaning of the

symbols £ s. d. and q.? In the expression " '«/ '» what does the
ong mark (/) represent? What is the derivation of the word ster-
hng? Why are the pound and guinea so called? What is the
derivation 01 the sign $? What is the derivation of the words

u^'''^'^„«
'pennyweight," "ounce,'' and "inch"? What is a

carat ? What is a square? Show that a square yard contains 9
square teet. hhow that a cubic yard contains 27 cubic feet What
13 a cubic yard ? What is meant by a ton of round timber ? What
""

?o
the dmiensions of a pile of wood in order that it shall contain

a cord ? What is meant by a cord-fooi ? What are the dimensions of
the Lnpenal-bushd .?—of the Winchester-bushel ? Which of these is
our standaru ? Which that of the United States ? How many pounds
of wheat go to the bushel ?-of rye ?-of oats ?-of barley v_of peas ?-of be^ns?-of buckwheat ?-of Indian corn? What is our stand-
ard for liquid 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? Expkin why a day is
added to every fourth year. What is the origin of the divisions of the
cucle into degrees and signs ? What is the derivation of the terms
minute and second " ? How many sheets of paper are there iu

a quire ? How many quires in a ream ? How many pounds are
there in a barrel of flour ? What is the meaning of folio ?--of 4to or
quarto ?—of Bvo or octavo ?--of 12mo or duodecimo ?~-of 16mo ?--nf
ibOiyf

" "

X



60 EXAMINATION QUESTIONS.

«™STms TO BK ..SW.KED BV THE Pumon.— Numbers i.. j>

[SlOT. I

9.

11.

18.

*'''« recapitulation ih^ •"^'^'^^^^^nerals th-it> rirr .

'
"'

'
*^^^^ ^ the fiumberea

I. What is science f n \
Upon w!„.t are tfie rulesbased y (III., "^ ^'^^^^

w hat are numbers? rrv xhow many cJasses ..f . ^"^v
fiiero ? (XI )^^ "^ numbers are

3.

a

6,

16.

Ja
17.

18.

19.

20.

21.

22.

28.

24.

It"^r(lWr^'*'>«t'actnum

2. What is art •(in
4.Isa^hmeticL4nceoranartf

fvili'?
^''"^"''"^ arithmetics

wSr^SSa--bery(X.)
numbers? (XII )

^^''""^"nate
bers? (AiJi.)

What is Notation ? (XV\

32.

33.

84.

86.

8«.

37.

88.

89.

40.

41.

42.

48.

44.

46.

46.

47.

48.

49.

Is the cipher of any value? lo'Tr^J"- ' (-XXVIII )'Whon IS the cipher or L/A !f ^/ "/ ""^ "se? (XxVlTr ^

"l«e?,T/''""?'«'«bew,, w, .
"''"'"'•-''""'"•e right.

7 y '"vjf^
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60.

61.

62.

68.

64.

66.

66.

67.

68.

69.

60.

61.

62.

63.

64.

66.

60.

6T.

68.

70

71.

72.

78.

74.

76.

What nttme Is given to a system having 10 for its common ratio ?-to one

^(jEun r''*"*'*
^^^^ ^^^ "*"^ ^^'^^^^ "'^® *^°'*® *° ^'^^ period?

Naino tlio periods risfht and left of the decimal point. (XLIV.)What order ^ivos tho name or donouiination to the number read? (XLV)Wh&tar^ in (egerf)? What nre dechn'tlH? {X1.VI)How does it affect a number to remove the decimal point to the right?How to remove R to the loft ? (XLVII.) ^
How may a number be read in several ways ? (XLVIII )When flKures are written thus, 678-82 what does the notation Imply? (74 )

ti^n k"?y%TT5Tnd m)
"'^^^^^ ^^^- ^^ '"'°- ^' ''*'' ''^''^ ^^'"^ ^^^ °***-

What is kcdu'ction ? (77.)
Into what two parts is Reduction divided ? (77.)What is Reduction Descending? Give an example. (77.)What is Reduction Ascending? Give an example. (77.)Give the rule for Reduction Descending (78 )Give the Rule for Reduction Ascending. (79 )What are the denominations of Sterling mo.ey ? Give the table (M >

^^Z<,f„'n?iT^'' ''^'"V""^
"'^^» P«"'=« reduced to farlhings ? QiVffi pre

f.Tl,^
*''* ^^^2^ '^'' ^^''^ «^^P- {^ a"*l "78.) (Answer this and similarsucceeding questions after the following modet.^ We multiplythe

£. f^'ln^ K-m"*^' ^""t"^'^ *" *•>« «h"»°«« *^««««« each pmmdls equalto twenty shillings. We multiply the shillings by twelve and add in the

Kf^ttr*" '"'l '1J*"'"S 'f
^'l"'^' totwelve pence And Stly/wS

Siqffii'iL^r ?:.:i,lSr^
""' "''' "' *'^ ^•^'•^^*"^^' *^'"*^*^ -«»» P-"3r

Stnf ^r! Sf ;|<^°<™!"ation8 of Federal money? Give the table. (65.)

tobla (66 )

'^*'°**"'"''*'«"'' «f Canadian money, old currency? Give the

^table'°(.5T )
'^^"'^'^'^^^on^ of Canadian money, new currency ? Give thetable (57.)

is Old
Give the process and

76.

77.

78.

79.

80.

81.

82.

88.
ftj

85.

86.

How is Old Canadian Currency reduced to New ?
reasons for each step. (80.)

What aro the denominations of Avoirdupois weight? Give the table ^68 ^How many pounds are there in the new'cwt. ? flow many in theS'ffi
How are tons reduced to drams? (53 and 78.)W hat are the denominations of Troy weight ? Give the table dO ^

^ZZ.f1SJ'%'l^r},''rd''^ izy' f- ttIt'cVsaVd reason

nlSwefJS'hJVtf *^ *^"« pennyweight. We^divide WVesTt?n|pennyweights by 20, because every 20 pennyweights are eoual to on«

What are the denominations of Apothecaries' weight? Give the table ^60 )

reVand^sT'^i'n"""''''.*""
^'P"thee'vries' weight Induced to ^affi'f(OU and 78.) Answer as in qnestiou 66.

*^

W hat are the denominations of Long nieasure ? Give the table (Ri \

q^eXn^ "'^''''^ '" leagues ?%61 and k)""^Answei^after^So^del In

What are the denominations of Square measure ? Give the table (di \

modd.'*^""'
"'"'' ''^""''^ '" ^'l"^^'^ inches?VS 78?) AL4e;lfter

WhVIL'lu'^V®^"*'?'' *? ^"^^^l"^
^^^ ""^^ '9.) Answer after model.

w.,r„*'^® V. 'Jf"ojnmations of Solid measure ? Give the table. (64.)...... „re vitpic inciica rcuuced to cubic feet? (64 and 79 )
' '

Hjw are cubic feet of wood reduced to cords ? (64 anf* 79.)What is a oord-foot t (64.)
\w« «»ui.

«

v.f

/••



6§ i^UxVDAMENTAL
RULISS.

ISect. it

07
08.

99.

reduced tos.ooul%'\;5t;;V-'"g™o

iiinss or
riMsilr,.p GIvotiK, 1,1,1, ,;„,
<l>l>™dMT2.) IlowSicli

SECTION II.

m-DAMENTAL RtJlES.

treat, of , propenrofeS^r ''^^^' °' '"'" ""-»

other and to the u/.it 1 '
'"'^«™' "' '""^"owl, to each

"-ful p^Xy""''"" "' ^""""^'^ to practical and •

Evolution, <fec.
-Piicatiou, Division, Involution

two%Ts:i""""^«« of F-tions may be divided intj

of nu".be;stith"e1;:cftffr
"'^'^^^ ^ «=« -"P-ison

Proportion and Pr^So^ '^'" 1"""-«'ts, and emVace"

oalW l:'''^.''"',S"btractio„, M„ltiDlic»t;„„ n......
"^ /^naemaniai rute^ nr ^ "/"' -^'^^^^^on, are

'',^'*' ^^ ^^^^^^ rw/e^ Of Arith,



im. i46.] Afeftlftoi^.
6$

«n(l Us length ?—

metic, because all the other operations of Arithmetic are
performed by means of them.

6. Whatever operations we may perform upon a num.
ber, we can only eithc increase it or diminish it. If we
increase it, the process belongs to addition ; if wo diminish
it, to subtraction. All the rules of Arithmetic are there-
fore 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
subtractton, i which the same quantity is to be taken
away from a given number as often as possible.

When any number of quantities, either di^erent, or repetitions of
the same, are united together so as to form but one, we term the
process, simply, "Addition." When the quantities to bo added are
flie sam^ but we may have as many of them as we plerise, it is called
Multiplication; " when they are not only the mme, but their num.

ber IS indicated hy one of them, the process belongs to "Involution."
1 hat 18, addition restricts us neither as to the kind, nor the number
ot the quantities to be added ; multiplication restr.cts us as to the
kind, but not the number ; involution restricts us both as to the kind
and number. AH, however, are really comprehended under the same
rmQ'-'dddition.

ADDITION".

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

8. Addition is the process of finding the sum of two or
more numbers.

• 9. The quantities to be added together are called ad-
dends and the result of the addition is called the sum of
tne addends.

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

+>,.T^"l'*
is evident that 6 days and Y miles cannot be added, since

the result would neither.be 13 days nor 13 miles; nor can 5 shillingsana 6 pence be added, as thp rpanif w/miIh ««:ti,^,. k^ ..u:n: __

hS ^'"^'^^y^y^ ^e cannot add units and tens, or tenths and hun,
dredtbs, or units and sevenths, &q.

'



M ibhmoit.
tSiot. li.

nomination in the same vertical c^,2 ''"'•''"*'''

Appleg.

(2
Addends

-J
8

(2

JSXERCISE 9.

Sum of Addends 1

(2)
Bhillingi.

Addends

l!

Sum of Addends 24

i

Addends

(4)
owt
9
6
9
8

89

12.

(8)
pence.

4
7
8
9
6

84

Sum of Addends 80

(8)
sereutbs.

6

6

4
8

boraeft

1

9

8

4

(8)
tens.

7
S
9

6

6

28 80

(9)
llion

86

mUIionths.

6

9
8

8

2

28
Let it be required to add together 98<r and 689.

*'• III. IV

6l» "f W689 689

(10)
*

9

8

1

2
8

28

milea

7
1

2
8

4

17

987
689

1600
leo
16

1000
600
70
6

1676

160
1600
16

70
600

6

1000

1676

16
160

1600

6
70

600
1000

1676

689

16
16

15

1676

V.
987
689

1676

^i

l\

I

X««1y.^



t8«ot. ti.

preparatory
the same de-
units under
is,&c.; shil-

miles under
if <fec.

(2)
Bhilliagi.

enils •{ 8

h
ends 24

kuH. 1M5.J ibDtttOA 6h

8
1

2
S

mile&

7
1

2
8

4

17

i*

1676

ri

ExpLahatioH.—Wo plncB tli« rIvoh htitniors, 98t anci <{fid, under each
other, iiccordliiK to (11) and draw n linu to Rfparatu th(< addends from the ruui.

It Ib mauituttt that so lon^ as wu add the uiiits of the several orders it la

(|atte iminati-rhil whether we uuuiincnco al the highest, at the lowest, or at an
intermedlato donoininatloii.

In the first of the above operationn wo have commenced continually at
the highest or left*liand ortler. The hundredn addod make 15 hundreds or
one thousand and five hundred, which wo sot down ; the tens added malcu
16 tei'.s, equal to 1 hundred and tons, and the units added, make 10 units,
»qual to 1 t«n and tt units, all of which we set down in their appropriate
ooluniiis.

Next considering the partial sums 1600. 160, and 16, as so man<i' new
•idends, wo proeoed siinilnrly with them and obtain ti new set of partial sums,
vi/.; KMM), 600, 70, and 6. But, from tho pripciplcs of notation (Sec. 1.), these
last numbers (/. e. 1000, 600, 70, and 6) niny be written in ono line, thus, 1676,
which therefore is tho sum of the addends 087 and 689.

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

In (II) we have commenced at the tens, and in (III). (IV), ami (V), at the
units or lowost ordor. (IV) is .simply (III) with the unnecessary O's omitLeiL

(V)iH('V) somewhat modiiled as follows:—9 tinits and 7 units make Id
units, equal to a unitA, which we .set down, and one (fn wldch we carry to the
next column or column of tens; 1 ten and 8 tens make 9 tens, and 8 tens make
17 tens, equul to 7 tens, whicli wc set down, and 1 hundred, which we carry to
the column of hundreds; 1 huidred and 6 hundrfids make 7 hundreds, and 9
hundreds m ike 16 hundreds, equal to 6 hundreds and I thousand, both of which
we set down.

13. From (I), (II), and (III), it is manifest that it is

as legitimate to oomnionce at the lowest denomination as
at the hi:,'hest : and from (IV) and (V), that it is moat
convenient to coiiiraence 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 de«omination, and setting down the remainder
tinder the coluiwi added, carry the units of the next higher
^lenomination ho their proper column.

IB. The reasoning in (12), (13), and (14) applies

to any numbers whatever, whether abstract or denomi-
nate, and from ii, for addition, we deduce the following
general

—

RULE.
Write dotm the numbers so that imits of the same denomination

ihallfall in the same column {Artn. 10 and 11).

Draw a line beneath the addends {Art. 12).

Add up the units of the lowest denomination and divide their sum
by so many as make one of the denomination next higher {Arts. 18
and 14)-

Set down the remainder and carry tke quotient to the next higher
denomination {Art. 14).



Aftfemoif.
[sicT. a

,„/-^ '•" "^ -« """- ..<... .. .. ._,,,„, ;;;^;

16. We coiatnehce at the I

ItXAMPLB.

6989649
84-76
9-896

98-4612

9899

1881-9829

«XAMPI,B.

•69-89
11-56
78-42

91-S9

124676

* 8. d

f.

J2
17 8*1

am IT 0*

r ?
—

"J- Slier



hm. iU^ it>bm6% 61

£ 8. d.

tiCAMPLl'*

57 14 2- . • ;;

82 16 4 £ 8. d.
•1

19 17 6 = 151 7 11
8 14 2 ^'- •

82 5 9; £ s. d.
» .-

•

47 6 41
= 404 11 10

83 17 2
56 8
27 4

9
2
= 263 8 11.

52 4 4
'

87 8 2

Or, la adding each column, we may put down an asterisk, thus* as often as
Iwe come to a quantity wliich is at least equal to that number of the denomlna-
[Mon added which is required to make one of the next—carrying forward whafHs above this number, if anythinvf, and putting the last remainder, or-when
Ithere la nothing left at the end-a cypher under the column;—we carrv to the
Inext >lumn one for every asterisk. Using the same example.

£ 8. d
67 *14 2
82 16 4
19 17 *6
8 14 2

82 6 •9
47 *6 4
82 17 2
66 *3 *9
87 4 2
62 4 4
87 8 2

404 11 10

2 pence and 4 are 6, and 2 are 8, and 9 a.e 17 pence-equal to 1 shilling and 6pence
;
we put down a dot or an asterisk and carry 5. 6 and 2 are 7, and 4 are 11and 9 are 20 pence-equal to 1 shilling and 8 ponce ; we put down a dot or anasterisk and carry 8. 8 and 2 are 10 and 6 are U pence-equal to 1"hill ng and

4 pence
;
we put down a dot and carry 4. 4 and 4 are 8 and 2 are 10-whio Ibeing less than 1 shilling wo set down under column of peSce to whkhTt be-longs, Ac. We find on adding them up, that there are ttree dots! we theJe-forecarryS to the c.>lumn of shillings. 3 shillings and 8 are 11, and 4 are 15and 4 are 19, and 3 are 22 shillings-equal to 1 ^und and 2 shil lugs • we outdown a dot and carry 2. 2 and 17 are 19, &c.

snuiiugs
.

we put

Care is necessary, Test the dots, not being distinctly marked, may be con-

PROOF OF ADDITION.

19. First Method.— G^o through the process again, heginninq at
the top and adding downwards.

o
^

i, y

r Jl'*^^^®*^^'^
^^ P^^^^ '^^ "merely doing the same ytovk twice, in a

slightly different manner.
Second UEtaoi>.—Separate the addends into two parts. Add

each part separately, in the usual way, and then add their sums Jf
trie tast sum is the same as that found by the first addition, the workmay be presumed to be correct.

TbJs method of proof is founded on the axion that ''the 'vhole ia
equal to the sum of ail its parts."



^tbtmk
l^m. 11

609267 ^^^"^ ^^ ""

286809
^2910

First partial 8um....74507« ^^'^
Second partial summZ

83925

Sum 901911

«„^ ' --"iVj ana h

236809
llg'^g^

^0)
BolJars.

16

26
18
61

120

Bushels.

76
48
69
81

264

^••Oof. 901911
EXERCIBB 10

J3> (4)
Days. Acrea.
^66 392
881 44g
872 872
815 969

DoJlare.

6832
8907
4671
6789

"ounds.

98764
8768

76
9889

26199 117482
2333 2679

I ": TABLE.

|ff^|n62 2952 792 2592
'—'—

' ' '

'«'

^(3348Jn88 2988fcj^J

S6 2282 4032 1872 367211^7;

72J2268 4068 190813708jTsr-r—;— l_Z '^i^^^»^<J«8 19083708

Hi76|i62ol88i6li2m>L^«j^r:ir— I— I—

I

l!iri

• Tk/;T-^ i r_ZT'"'l -Wp096j
640127361 I80.'2^7«i

V^HHfifci.umb«r» |„ the ^.^^^^^;;;^ '^^^



?29l0j and 83928.
ND METHOD.

72910
63926

166836
r6

16

rounds.

98764
8763

76
•

9889

1^7482

'g table, whether
arner. is 84166.
•ditions.-

Art. 19.3 ADDITION. 69

(81) (82) (83) (84) (85) (86)

74564 6676 76746 67674 42-37 0-87
7674 1667 71207 76670 56-84 6-273
376 68 100 36 27-92 8127

6 • 6767 66 77 62-41 25-6a

82620

(87) (88) (89) (40)

3-785 86-742 0-00007 6471 -»

20-766 6034-82 0-06236 663 -4'i

0-263 67-8663 0-572 21-502
10-004 712-52 0-21 0-0007

84-808

(41) (42) • (48) (44)

81-0235 0-0007 8456-5 576-34
57603 6000-0 0-37 4000-006

4712-6 427-0 8456-302 213-5
6-63712 37-12 0-007 2763-0

6376-09062

MOJfEY.

0|2876

I

(46)

£ & d.

4567 14 6A

776 15 7i
76 17 Of
51 lOj
44 6 6

5516 14 3f

m
ewt. .qrs. lb.

76 3 14

37 2 15

14 1 11

lOQ IK

(46)

£ 8.

76 14

667 13

67 15
5 4

3

d.

7

6

7
2

4

(47)

£ 8. d.

3767 13 11

4678 14 10
767 12 9
10 11 5
3 4 11

AVOIRDUPOIS WEIGHT.

(50)

cwt. qrs. lb.

476 1 24^
756 3 2l|
767 1 16

567 2 15

^ijjn » I

I

I nuwri'

(51)

cwt. qrs. lb.

447 1 7

576 1 6

467 1 7i
663 1 6
* — — j'\ j~^ t4^0

(48)

£ 8. d.

5674 17 6i
4767 16 Hi
3466 17 lOJ
5984 2 2}
8762 9 9

(52)

cwt. qrs. lb.

14 2 12
8 3 7

2 15
7 8

14



Vd

21 11 18

ADDITION.

TROY WEIGHT.

lb.

(54)

07 9 12 J4
67 9 11 il
66 8 10 6
14 e
12 3

6
6

S

4

lb.

87

f«0T. II.

(86)

8 7 12
11 12 3

44 12 10 It
67 8 9 10

(56)

^9 3% r ??•

J? 8 67
77 120 7 49

266 116 2 42

TIME.

(57)

60 90 60
6 76 1 67

8 68
6 12

(58)

60 127 7 60
^. ^20 9 44
76 121 II 4J

« ^I 3 41
® » 11 n

(69)

yda. qre. nJs.

667 3 2
476 1

^2 3 3
6 2 1

1122 2 2

(88)

1978-63
492-29
83-43

729-47
9-00

i|229?-a3

CLOTH MEASURE.

(60)

yfJa. qrs. nis.

147 3 8
173 1

U8 2 1

92 3 2

(61)

ycla. qrs nIs.

157 2 1

148 3 2

1 2
64 3

CANADIAX JfONEF.

(64)

$69-42
189-87

674-29

86-43

082-78

(68)

6719-43
912-99

68-68
50-00

9-73

(62)

yds. qrs. ^nls.

166 1 1

176 3 1

64 1

673 2 8

(66)

3-47

986-10
91-89

7-46

-98

I,

%



A2T. 19.] ADDITION. H

lb.

87

(«8)

if ^ ^2

16 14

it
12 10 IS

(68)

;•
-'Jf-

iJrs. ms.
27 7 60

120 9 44
' 121 11 44

47 3 41
9 11 17

(62)

yds. qrs. ^Is.
156 1 1

176 3 1

64 1

673 2 8

67.

68.

69.

70.

71.

72.

0-4-1- 74-474-37'007+75-05-|-747'077=934'004.
• i

66-06-|-4'78-h0-007-f36-144-4-672=101-619. '

?i

0-76-|-0-0076-l-76-t-0-5-|-5-|-0-05=82-8l76. '

.
' ^1

0-5-|-0005-f-5+ 50-f-500=555-505. ' ••

0-367+56-7-1-762+97-6-f471= 1387-667.
Add eight hundred and fifty-six thousand, nine hundred an<!

thnty-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.' /

ho AAA^i. -11. J
^«s. 2067295444

73. Add three millions, and seventy-one thousand ; four millionsi^
and eignty-six thousand; two millions, and fifty-one thousand- one
million; twenty-five millions, and six; seventeen millions and'one-
ten millions, and two; twelve millions, and twenty-three • 'four hun-
dred and seventy-two thousand, nine hundred and twenty-three • one
hundred and forty-three thousand ; one hundred and forty-three mil-

^^^"L A 1^ 1 ^ ^ . , .
^'^«- 217823955.

H. Add one hundred and thirty-three thousand
; seven hundred

and seventy thousand
; thirty-seven thousand ; eight hundred and

forty-seven thousand; thirty-three thousand; eight hundred and
seventy-six thousand

; four hundred and ninety-one thousand.

hK HAA * ^r, , , ,
Ans. 3187000.

u l\ f
together one hundred and sixty-seven thousand; *,hree

hundred and sixty-seven thousand
; nine hundred and six thousand

two hundred and forty-seven thousand; ten thousand
; seven hundred

thousand
;
nine hundred and seventy-six thousand

; one hundred and
mnety-five thousand

; ninety-seven thousand. Ans. 3666000.

APPLICATIONS.

*i n ^,o^.*»fny railes is it from the lower end of Lake Huron to
the Gulf of St. Lawrence, passing through the River St. Clair, 26
miles ong; Lake St. Clair, 20 miles; River Detroit, 23 miles; Lake

a\ Z^'^'^V
^»agara River, 34 miles; Lake Ontario, 180 miles;

and the River St Lawrence 750 miles long ? Ans. 1 282 miles!

* \^^\^^%. Toronto has a population of about 50000 ; Hamil-
ton, 2o(>)0; Kingston, 15000; London, 10000; Ottawa, 10000-
Montreal, 75000

;
and Quebec, 45000. What is the population of

these seven cities taken together ? Am. 230000.

ftifir^AH l^^""
1856 Canada exported .—Produce of the mine,

I nSin^'''^-'',''^ *^/ f^'
$500000; produce of th,^ forest

flOOOOOoO; animals and the;r produce, $2500000; ae..cultural
products, IISOOOOUO; manuia-ures and slaps, $1600000; and vari-
ous other products to the amount of $2286000. What was the total
value of Cwiadian exports for that year ? An. |32000000.

1. .-v yitji^iiMQ raereimut sells, uuring the year, goods to the
*fR0'aut of fllOBO in Toronto; ^9427 iH G^ltf ^n^ iu BerUn •



72
•EDITION.

[Skot. h,

in Chatham -^id^iLf!^?^ !? ^^"elph
; |6429 in w ^

year's sales. ' "^ ^^^^« '« Goderich. ReS "d^A^?^'^' ««29Y
5. Thp n^ 1 ^

- "e*,'«gate length and cost ft^ P'
"'^^ cost

*? Chioi I

circulation 9

1 d«'t ti .

'"pctner 2 dwt. 16 gn, ns fh^ r ," , ^''•*- ^5*71 2s

649006 of ITmi'n ° P"!'"'"'!™. of Lower P^i 5 "\'"""'" » North
Nova ,4oUa3f'/»"';*'• ''8M«1

; of Ket R ',

°''°- ^"'"K '""od at

82292 ?,'w^ Capelireton, 14 Ms „f u • ""™"'''. 13216a of

JO 4
^""" 18 tne entire

9

« cwi. 2 oTfn"' 12* ""^ *« following ouai?-' ^l''^
«'• S**

J*. A
.....chamreceiveMl.ofoIlowi.,g<,„a„ul:V,!?,™'- '»l*^'

i
f



Woodstock
; 1629V

tae amount of the
^ns. $66376.

f
/ong, and cost

' ^^'}g, and cost
5 miles long, and
Jles Jong, and cost
f these four roads V
i cost |79300000'
o»i' weeks ending
^;;|'^'""d> about
£4980000

; Joint
»" the banks of
'; all the other
ulation ?

ins. £88466000.

J

of the world
*«; the call of
^ %jpt, 1491 ;

.

>t t.;e captivity
:e each of these

dclnge, 4207:
pat lure of the
pie, 2871

; and i

I

jalue of the
^reek obolus

;

'7c!-, the Jew-
A»s. £5*71 2s.
'a

; 1 lb. 1 02.

wt. 10 grains,
ces in Korth
•n^ stated at
352166; of

^'d's Island,
««• 1287462.
•

; and to D
^i 128. 8|d.
e« los. 7d. •

?

f^'2 5s. 8Jd.
f" butter :—
qrs. 20 lb.

^wt. 10 lb.

Arts. 19-20.} ADDITION.

roib.IScwt. Iqr. 61b. ;• lOcwt. 3 qrs.

How much has he received in all ?

15. A silversmith has 71b. Soz. IGdwts.
4 lb. 1 dwt. What quantity has he ?

73

and 9cwt. Iqr. 161b.
Ans. 33cwt. 2 qrs. 61b,

;
9 lb. 7 oz. 3 dwts. ; and

la A u X '
11 /" r~~..

—

•^'*»- 211b. 4oz.
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 ? Ans. 357 yards 3 quarters 2 nails.
17. A merchant m Toronto sells goods to the following amountsdurmg the week, VIZ. :—Monday, |;429-38; Tuesday SI711-43- WpH

12498 91. Required the whole amount of the week's sales.

,Q T^ . .
, .. A71S. $6444.66

18 Looking over my last month's expenditure, I find that I have

KoQ « ''-"^ 'ri'/'';.=~:^^''^'"'«
bill, $5-78; Butcher's bill,

120-91; Groceries, $12-75; Fruit, $3-29; Rent, $16-26 • Servants'
wages, 110; Tailor's account, $17-87; Slu;emake;'s bill, $i res landsundries $9-47. Required how much I paid in all. Am $107-90

*19JL
''^'*^'''^^^^'^^' ^2^^"^''

5 l'789-87; $1723-10; and

OA A e „ ,
^«-«- $3542-13.

ih« L «o "!?'TTi' fr^^J^^'^'
""^ "^^^^^^ *h« fi'-s^^ containing 1768

1 'fi5fi,^«S^,J^lV^'-.' *^ *'"'"^ ^329 ^b«M the fourth 1901 Ibs.^^e hfth 1666 lbs., the sixth 1879 lbs., and the seventh 1185 lbsWhat was the aggregate weight of the seven loads, and how many
bushels did they contain ? Ans. 1 1550 lbs. or 192^ busS
the wrght";ToL'ru«bel."'

'"""' '^ "'''''"^ *^« "8«'-«g'^'« ^«'«ht by 60 lbs.,

21. Having effected an insurance on my household furniture. &c
I am required to make a detailed statement of its value I find this
to be as follows :--Carpets, $25000, table and bed linen $90-88 beds

*"o^;«^ hn^l ^'2fS.l""V'"^^'
^^'''^^^ Pi^^"'-^^ and engraving

$20^ 8 books, $1649-19, plate and plated ware, $307-18. RequirS

rriu! AnZ i ''' ^ population of 45000, Hamilton, 20000, Brock-

rh,A I'Jd^^Tb .^?^^' ^•"-^*«°' 16000, Ottawa City foSSoChatham, 4000, Goderich, 2000, London, 10000, Port Hope 3Cobourg, 5000, Montreal, 70000, and Quebec, 50000. What is theentire population of these 13 cities and towns ? ^1 241600

can r?;Jnn^tlf ^^''^ ""t
^^ f^'''^^ ^^ ^^'^^^ ^^^'^^^ until hecan read up the column without hesitation. For instance, in the

ra r",^-.'^"''*r'l ''^'?^ ""'' ^"^^••^^^ f«^ *^« «*ke of practice in

shm?M L ' ""f.
* "''^.

^t'
^"^^ ^ ^^"^ !«' ^"^ 5 are 23, &c., butshould be required to read them, i. e., simply touch each digit with

his ncncil and nnmp fl.o aiim fl'"" - fit a i/^o «« <>, „>.!_..
^3, 44, 49, 53, &^,"&c;

' ~^' *"' ^'' '°' '"' '^^» "^^^ "^. *^,

A-
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r.

2446fi8

492827
686426
821465
^32849
87678

J

936746
847963
V46143
234661
^46874
934746
872346
034766
842346
873466
864680
234672
826871
479234
846646
823456
246734
872476
896731
466841
814667
814563
427831
932768
466346
846634
^34734
^34664
834756

RECAPITULATION.

II.

276634
886731
087654
821456
989123
466789
123466
^89123
466789
123456
^89128
466789
123459
^89123
456789
123466
789128
466789
246842
867931
642248
756139
246842
657931
642248
763139
246842
857931
642248
763913

.

375913
426428
573931
624824
735813

f8«0T. II

III.

135790
246824
136790
864212
679246
886792
468357

763246
836792
468367
924683
579246
8S6798
642876
334688
679864
297631
136796
246834
824248
867964
872278
876946
624862
375937
872469
837645
644875
4729G3
876847
864314
734661
273475
845675

IV.

328466
786128
466789
128460
788123
469789
i284!ie

789123
466789
12.S466

789123
466789
128466
789123
466789
123466
789123
466789
871178
936639
248842
526266
736376
875678
473468
934679
894646
123876
767457
875345
874668
375634
937566
876734
698946

BECAriTULATlOJ^

--.>*»



B«OT. II.] QtTE8TI0N».
75

IV. In writing numbers down preparatory to addinethem, we write units under units, tens under tens, &c bl!cause It IS more convenient, since only ///Ir quantities */
t

I quantities of the same name, can be added together
' '*

v. We dr»w a line under the addends in order to sepa-
rate tliem from the mim, ^

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 curry, from\hecolumn added, the number of units of the next hic.I™r denommation i contains, to their appropriate column! andthus perform the work by one addition, which would other-wise require two or more.

"tuer-

VII. We divide the sum of the units of any one denomjnation by the number required to make one^ of theTexi
nfxt\\"ef" '' '""^ '^^^ ^^^^ - - t« --? to tt

oI}}\ ^^
A^^r'^.^''''

""^ '^"'P^^ ""°^bers was formerly
called Simple Addition

; and the addition of compound ordenominate numbers, Compound Addition. As the same

r'L'^v^hrinV'' 'f^'" ^*" ^" ""™^-«' *^-^"o
dJn!^n J ^' \ '^5^V^

''^"''^' ^« «^^«"1^ treat of the ad.dition of simple and denominate numbers separately.

QUESTIONS.

'^"

prml^cSf
""'"^ ^** '^^ *^« "P«''-'^««°« of Arithmetic ultimately de.

I?" wll'^i !** ^'^'^, *"'"' of two numbers? (7)
14. What IS Addition? (8 or I.)

'

i« wi '* '"" «^<'«nf'8 ? (9 or 11.

1

17 wKil'?.'^
"f qna.itities only can be added ? (10)17. What 18 the rule for Addition ? ( 15)

'

'"
CPJumu r^rv.f

"'''''' """"^ "' ^"^ §ftWe«*e)iomJnation jn the same ver^c^}



7« SUBTRACTION.
ISbot. II,

19. Why do we dra; i lino under the addenda t (V.)

S' w\7 1" "^^^"i'i' ^fi
"''^ »* ^^' '"West denomiuatJon f (VI )21. Why do wo divide the Bum of the unit* of any one denomlnatJon k.as many as mako one of the nexf higher t ( VllT

^^"oinlnatlon by
M. How do woprov«» addition ? ('M. Upon what axiom 1h the "^nd nu od of prooffounded J (m

36. When the ndde ids are very numerouH wlmf ninnomo., . j i.

S' I. fh.* •i'.'^""'*^"/;
'^*'» w^''« formerly made in n..li ion?mil I

^

29. Is this distinctio I necessary ? Wl not ' (VIU
VJH)

««. Illustrate the lifferoQce between sj^e/Hng uHd reading In addiUon. (80^

SUBTRACTION.

22. The greater of the two given numbers or fhaf

24 Oi.ly quar.tities of the same denomination (\ p^^. the sai.e unit) can be subtracted "hfolL:

4-6. In tl.e J no- case 1 r;i v^^ '' ""' ^^'^ ««"^« ^«

(winch means + 's o?^- , "i 11' ^^r'^'*'
'' '^'' ^''^'''^ ^'"^ ^

greater, and-1, or oU ^b^s lltS '%'''^^'\'^' ^I""»tifcy is the
yet further the use and naL re of t^^^^^^

•
"

r'""'"*^-
'^'

'
"^"''t^'^te

I'ave five pounds arfd o" e ^,m --ul fit/'^"''
'' "' '"^' '^^^ ^^^^ ^^«

resented by 5, and ou, debtv 1 t^l • ^T"''
'
"
^""' ^'" ^e rep>

have 1 poind
(+ ])l.ma nh^r ^Noxt Tf " ' ''"™ '^'' ^^ ^««J^-»

only four pounds aid o^ffi e^' if we 'f k « nl?f "^'^ ?'^' '^« ''«'^^

if we pay a.s far as we can) u debt of nn« ^ ^'°"' *'^*'' ^ ''''^^ '«.

IvilUtm remain; consequeitM^<lr;\TJ^r='!!t ^^"''

wmm



[SaoT. II,

(VI.)
omlnation by

(19)
nee where w«

hand 8ide, or

e adopt f (IS]
Beed » (19)
(Vlli.)

i,ddltion. (20^

iifferenoe

I, or that

Minuen-
!i is to he

" to be

action, it

^n (i. e.

)ne from

linus, or

ir equal
y' is left.

en, indif-

? same as
21-, and 1

itv iH the
illustrate

i that we
I be rep>

we shall

'*e have
( that i8,

ifta ^i-4r.i 6tJBtRAC¥tOii. f?

H6, When several numberfl, conn«^ctod by the signs -|-and— are

!)laccd within braokets, thus, (7+4— fi— 3 h'.),) the whole expression

3 to be considered as one quantity. The negative sign before such

an exprctssion indicates that the value of the whole expression within

the brackets, \n to be subtracted, or, what amounts to the same thing,

that the numbers having the sign 4- 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 brjfckets, when the brackets are renioved. So, also, when
we desire to place a quantity within brackets, wo must change its

sign, if the sign preceding the first bracket be miims.

The following examples will show how the brackets affect num-
bers, according as we make them include un additive, or a subtractive

quantity :

—

27—4 + 7-3=:27
27—(4-1-7—8) = 10

-'+8)=27.

flrstr]

But27—(4—7- [changing all the t<\gna of the original quantities, but the

\gain 48 f7—3-8 +7—2=49.
48 + (7-8-8 + 7-2)=49; what Is l7i tho bracketa being addltlvo, it id not

n('(!<'Hsiiry to cimiige any siffns.

48 + 7—(3 + 8—7 i-2)=4»; it ia now necessary to change all tho signs iti the
brackets.

48 + 7—8—(8—7 + 2)=49 ; it is necessary in this case, also, to rt'ango the
signs.

48 + 7—8-8 + (7-2)=49; it is not necewaary in this case.

27. When the numbers arc small they can be subtracted
mentally, thus : from (3 shiliiugs take 4 shillings, and the
result is evidently 2 shillings ; from 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 reraainder is <) sixtediths, &c.

When the numbers are too largo to be conveniently re-

tained in the mind, they may bo written as in addition.

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

OPERATION.
BO + 7 (T l>7=Minuen(l. Explanation.—3 units from 7 nnits loaves 4
to +8 or 43=8ubtralien(l. nnits, and 40 unltrt or 4 tens from 90 units or 9 tens,

leave .00 \iiiitrt or 5 tens.
50 +4 or 54=Remain(ler.

Example 2.— F-et it be required to subtract 746 from 978, or
from 9004-70+8 to take 700 | 40+6

OPKRATioN. '*='*§ Explanation.—6 units from 8 units, and 2 units

700 -\- 4) -)- G or 7 4 6 30 unitH or 3 tons romain ; and 7U0 units or 7 liun-

2 drods, from 900 units or 9 hundreds, and 200 units,

00^304-2 or 2 3 2 or 2 hundreds remain.

, ,~<^.>iji.



I

M
^ttftTtlAcTfdir.

\

i^io*. a
Example 3.-From 842 tuko 661.

*"rSol,'" '""•='"« t,. ..M,,hend „n.W the ..Inu.nd ,„ ...
II. i|i "'"I'lu. w« flnri that. whil. w„ '' '" **»> ex.

842 or 800 + 4oVa or 7mhdnj.o
e6n.r«0(UjMM.. JS

."I'"", w« nnri that. whil.. .«, ' *"'Bex'
tho units from th« unlll w„T *"*" ""^^rnct
lI'etonH fro,,, the (""„•/""""","' ""''^'""t

units or « hu,,,Jr!.<ls iw, i
7!''=* V '^ ^«"^ «"«» HO , ts , r L .' ""'' r<"»miri«;

r«u.a....
"'*'»»' '™- TOO unit, or 7 hundred,

a.!d*i,;;^u\?tror",'"^L"
'dr^i'

from 9 ovt. 1 .,r. 8 iL:'
« '''•'•"•ed to subtract s owt. 2 „r,. , lb,.

OPKRATION,
«wt. qrs. lb. cwt. gr.s. Jb.

^ « = 8 5 8
2 7 = 8 27

9
3 subtract the 8 <v^t 2 Ls '7 iV"" '^.m"'"

"'"' <""">' it
S lbs. a„d • lb. ro,,uri,T"2 '

: ^
'-'^ ^^'^ ^'""'

rcnialri.
" " ^-wi. iioiij 8 «wt. and 5 owt.

each diijit in the mhtrahend frZ, fhJ ^'' remamder. Subtract

lent unus of the required deno^ Ja^^'^Tv "'"^T
' '" ''' ^9'^»'«-

denonnaatioH aiven in the vnnnndZdf 7f ^ ^^'' "'"'^'^ «/'^'«'
-«^« oj that ^enorninaHou .i^^tSt^i"* ^""^ ^^^'-^ ^Z-

in sTb'Jetf:""^"^^ '' '''' '^^'^^''^'^ --^ of a question

ibs-^^'^^^^S^^^Ii."^^' ' ^^- ' ^-^- ^ ^^^« «- take 987

OPERATION,

II
24- 9 9 9

»3UL»triiiierj(i.

(10)9 9 11

i^^ lbs. oz.
^J 8 7 3

54 12
^•^ G 5 7 Kemaiader.



km. ^ki.j SlttiftlACTloif. H
ft-otn «J tciitlm of thoiiMttn.lths of a gnilii, wo borrow ono jrraln there b*liiff 1 1,

c<lulvaUMit to toM of tlu) order of toiitlis of graliia. Borrow oiio tenth aiwlfh«r«
roirmln 9 tenths, and tho one tenth wo bcrrrowed r'mml to 10 hundredthsBorrow I hundredth there re.nuln 9 hundredths anc The o e L, Zdt w^^borrowed i^ emml to 10 thoumindths. Borrow I thouHundth, there mialnO and
t'w. .TlTw

*'' ""*''""
^? '?"f''»"«rder.,f tenths of thouHandthsTheoVder

for whioh it was necessary to borrow. 10 of the order of tenths <.f thousandths
u^..rh'?V"; M^ ^''•'

?''H''^
^""^'^'* '••' tl"'>««<in.lths of grains, nuil^^n « fro

m

wM I h take 9 of tl,o order of tenUis of thoimundlhs ..f urai.ts, and tl ere remah r

Again as we cannot taite 22 i,Mains from « grains, we borrow ft-oni the nextavailable higher order, which, in this case, Is luit..lre.is of [.ounds 1 of thl

the minuend. In this ciwewralL^r the form k,,^ ?tt
*"' *?*" '*'?'*"'' "'""^"^^y ''^

.viiich, in the oxampio grvorbSiow, w^SrbecomS-*'"
"'**"" «f the minuend

;

hundreds, tens, units.

4 o ^? = I^?'
*^« minuend.A ^ T = 427, the subtrahend.

8 6„ ,,
f^ = 865, the difference.

hundreds, tons, units.

I
~l-—^1fl±}9' t'le subtrahend + 10.

In this mode of proceeding wo do not"^ TZ !'•"'" "^T
'"«'^'^°«*-

but others which producK same rLi.'uder.'''''''*
"'^""""^ """^ subtrahend.

P800F OP SUBTRACTION.

the SuiTSKl'^hSr th^e 5e.iri"'
the subtrahend is smaller than

n equal to the miuuSud; thusr'
'^^"*'*'°^^'' to the subtrahend, should make

8754 mittuend.
6889 subtrahend. >

fl ,^,« J^^S difference, f
Sum of difference and subtrahend, "STM = minuend, ^ . . ,



Sti^tfiAO^IOM.
£gfa*, ii

8(S34 Diinuetid.

i?85 subtrahend.

649 remaluder.

Pbooi^: 8684 ttilauejid..
649 remalndar,

»'"' remainder, 7986 = .ublrehea*
I. P«o«o., it I. sufflceut .0 «e d.w. ..e ,„.„„„», „.« , .,„,

^634 minuend.
J»qo subtrahend.

B.ee..c H.we. „„.,,r.„, „,„e„a,^ irr..

mm 1 1000000
Take 9919919

Exercise 11.

(2) (8)

3000001 8000800
2199077 377776

From
Take

1080081

(6)

85-73

4216

43-57

(8)

694-763
85-6

(4)

8000000
62358

(9)

47-680
0-078

(8)

404005

S

220202

(10)

62-137
20-006

T

From 0-00063
Take 0-00048

0-00015

16. 7465676-
IV. 566789-
iS. 941000-
19. 97001-
20. 76734-
21. 66400—
22. 700000-
28. 5700-
24. 9777-
25, 7<?00a

86. 9C017~

(12)

874-32

5-68705

(18)

67-004
2-3

667466=
75674=
5007=
60077=
977=
100=
99=
600=
89x=

8=

6898220.
491115.
985993.

46924.

75757.

56300.

699901.

5200.

9688.
j

75999. i

90014.
j

27.

28.

29.

30.

31.

32.

33.

34.

35.

86.

37.

(14)

476320
0-845003

97777-
60000-

75477-
7-97-

1-75-

97-07-

7 05-
10-761-
•10009-
176-1-
1506-

4-
1 =

- 76.-.

- 105=
-0-074=
-4-769=
•4-776=
•9-001 =
7-!9!l r=r

007=
7-868=

'16)

400-3270
0-006

97773.

69999.

75-101.

6-92.

1*676.

: 92-301.

2-274.
i

1-76.

176-098,

V'179.



J minuendj and

'^e >ubt»h«n/t:

lindar,

>trahend.

A»« 81.]

(88)

From $98T6-48
Tako 987-49

$8888-94

»3U»TEACTI0N.

MONEY.

(89)

$427-63
197-21

$230-42

(40)

$721-73
91-00

$

81

(41)

$10-26
9-75

md.

er.

(42)

From $1234-60
Take 999-96

$234-54

m
$671-98

99-67

$572-31

(44)

$286-29
611-89

(46)

$7.19
1-86

. 4040058
220202

(46)

» a. d.

From 1098 12 6
Take 434 15 8

£663 16 la

(47)

£ 8. d.

767 14 8
486 13 9

(48)

£ 6. d.

76 15 6

14 5

(49)

£ 8. d.

47 16 7
39 17 4

(50)

£ 8. d.

97 14 6

6 15 7

(10)

62-137
20-006

^8)

400-3270
0-006

97773.

61)999.

75'JOl.

6-92.

1-676.

92-801.

2-274.

1-76.

176'093,

(61)

£ 8. d.

From 98 14 2
Take 77 15 3

(56)

cwt. qrs. lb.

From 200 2 24
lake 99 3 15

100 S 9

(52)

£ 8. d.

47 14 6
38 19 9

(68)

£ 8. d.

97 16 6
88 17 7

(54)

£ 8. d.

147 14 4
120 10 8

AVOIRDUPOIS WEIGHT.

(57)

cwt. qrs. lb.

176 2 15
27 2 7

(6S)

cwt. qra, lb.

9664 2 23
9073 24

(60)

lb. oz. dwt, grs.
From 654 9 19 4
Tuko an n

IV

TROY WEIGHT.

(61)

lb. oz. dwt. gT».

946 10

J 7 26

(55)

£ 8. d.

660 15 6
477 17 7

m
cwt qrs. lb.

55*
476 3 5

(C2)

lb. oz. dwt. grs.

917 14 9

798 18 17

*W 9 2 18



82 SUBTBACTION.
tSBCT. IL

(«3)

yrs ds. hrs. ms.
From 167 131 6 30
Take 476 110 14 13

TIME.

(64)

yrs. ds. hrs. ms,
4V5 14 18 16
160 16 13 17

291 20 16 17

(65)

yrs. ds. hrs. ms.
567 126 14 12
400 16

APPLICATIONS.

has he left, and rtat have theyCt h.m ?
'
'""' ""^ 5""*

2. A merchant hra.^hA"i ,'

"
'""!?

'

'"'' *"'J' ""s' ''''" ^6 158.

»oId 1« S^8 ?8 c'r' qua;tcr2;,l''.lJ ""r^"'"."'-
"""^

sold 9 '
^qu'iitus 24ib.

; how much remained un>

^ Tn ifiK« *v,
Ans. 86 tons, 18 cwt. 2 org 2i Ih

^i^ation, |i50,mof^d^&S^^^-| /^--^ f^^^'^^^

$380000; collection of revenue JP^q^OOon ^'r T '
^^'^"^'af'On,

000. How much did the U/t"rrevem?P n^ S i^'"
'''^'^'' *"•' ^l'^^«'

expenditure?
^"""^ °^ *^"** >'^*'' exceed the total

4. The cenmi"? nf ifiKO „;„ ** ,
-^ns. $620* 00.

pop„la«o„ of the b.mer exceed thaTof ftfhtj
f '""

7»? "n«6. Upper Canada contains 147832 sauarP milpa- r
^'**-/^'*^-

209990 square miles; Nova ScotTa LdTaL I^^^S^n ^46 h'o^^^mi es; New Brunswick, 27620 square milesfpH .c Edward^ I a^^^^2173 square miles; Newfoundland, 36000 square n,ilct and HudrntBay Territory, 2436000 square mi es. liyC nmch dop. fv! n

many casks ha« he left
; and what & tl"e1r weig?,tV

' ^'''

7 Tf frn,., a ^"t ?^ ^^^^'^^^^ w<^!shing 186 cwt. Sn»<R 1.5 lb

3j^^^:,,a^r2tt^^5^'';s,rLrie;^^;>ic;t
8. A fieid contains 769 neve. « "::,!'^i^''S^. ^/^"«''*«^!. ^ "a^'"

57H acres, 2 roods. 23 uerchcs arPtfll ui "T'
-''

»"=^V"^"'
<>' **'"»»

tUled
percnts, me tllJ id

; how much rem,.lii8 un-
.
ln«. 198 acres, 87 perches.



Abtb. 81, 82.

1

RECAPITULATION. 83

former containing

9. I owed my friend a bill of £76 16s. 9id., out of which I paid
£59 17s. 10|. ; how much remained due ? Ans. £16 18s. lOfd.

10. The population of London is 2363141, and that of Paris is

1053262. How much does the population of London exceed that of
i'aris? Am. 130987H.

11. The population of Liverpool is 384265, and that of New York
516547. How much does the population of New York exceed that
of Liverpool? ^ns.^ 131282.

12. Lake Huron contains 20000 square miles : by how much does
it exceed the area of Lakes Erie and Ontario—the fbi

|11000 square miles, and the latter 7000 square miles?
Ans. 2000 square miles.

13. A merchant has $6947-87 in bank ; $4789-63 in stock

;

||9491-11 in property; and $14167-93 on his books against his cus-
Itoraers: his debts amount to ,119178-25. How much is he worth
[after paying what he owes ? Ans. $15918-29.

14. What is the value of 6—3+ 15—4? Ans 14
15. Of43-f-(7-3-14)? Ans. SZ.
16. Of 47-6-(2 + l-24+ 16-0-84? Ans. 52-94.
17. What is the difference between 154-13—6—81 and 15+ 13-

1(6-81+ 62)? Ans. 100.

32. Before the pupil leaves subtraction he should be able to take
[any of the nine digits, continually, from a given number, without
Istoppmg or hesitating, thus, in subtracting 7 continually from 94, he
Ishould say, 94, 87, 80, 73, 66, 59, &c. In the following examples
Iwhich 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 fol-
[lows:-6, 9..3; 4, 12. .8; 9, 13. .4; 10, 11..1; 10, 18..8, &c.

(18)

9800046043019181697800041081329
191347813191681473199916199846

(19)

74321913047123098706540456007139
134234567P91 2345678912345678912

RECAPITULATION.

I 8nl traction is the process of finding the difference be*
twp.on two tuirrslsfira

II. The greater of (ji# two numbers is called the mi-
nuend.



84 QUESTIONS. [Sect, li

I

III. The smaller of the two numbers is called the svb-
trahend.

IV. What is left after making the subtraction is called
the remainder or difference.

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

yi Subtraction is indicated by the sign -, which is
called minus, or the negative sign.

VII. AVhen several numbers are inclosed in bracl;etH
they are to be considered as constituting only one quantitv'

• A- :' V''"?,"^^''^'''^''^"l"'^^^^^«^^^efi"st bracket It
indicates that all the quantities within the brackets are to
have their signs changed when the brackets are removed

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

A. VVe begin subtraction at the lowest denomination, be-
cause 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 tlie next higher denominationm the subtrahend. This is merely adding the eame quan-
tity under different forms to both minuend and subtrahend
and consequently cannot affect the value of the remainder'
(30.)

QUESTIONS TO BE ANSWERED BY THE PUPIL.

#y
Note.—JVyMwfter/» in Roman numffnds, thus (V), refer to the ReeaMh,/,,U<m; those in Ar>.f ic mcmerals, thus {^h);refer to the artidTo/Zil^^^^^^
1. What is Subtraction ? (I.)
2, W'hat is the rninuen;] ? (II.)

What is the deri\ iition i)f the word minuend t m^WhatiH the suhtraheiid? (in.)
What is iht) (l,Tiv..ti„ii „f tilt, word fiiibtrahendt (22)What is the reniciiidcr:^ (IV.)
What kind of qiiaiititi<s cm l,« .subtracted* (V )How is subtraction indicated? (VI)

&cn7Jvn' aml'^'r
'"''"'"'' '"*'''^'' '" •"'""'''"' ''"'' "'' '^^' ^'

What eifcct^ ha.s a n. arative sit;n procedintr brack, ta ? i vn ^ auil 2fi^
.-.:.. r,rT... .-.. ...... .j ;„.,, i,ra«ketM)ii-ccdcd"by the eign--, wh&X

8.

4.

6.

6.

7.

8.

9.

0.

*« Sil'^'^
'"* *'**"'^ ^^''^^^ *''*'"' * (IX and 26)

ISt Wliat is the rul« for gubtrggtioa 'i (28)



Lrm. 8d-d9.3 ilTTLTIPLiCAflON. 86

8 called the sud-

'actiori is called

liiiation can be

gn — , which h

inoininatioii, be-

rom tlie higher

!.s, 'loy/ are thej to

13. Why must we put unite of the same detiomlnatlon in tha some vertical

column? (24)
_,, ^, ,^

U. When a (lij?it in the subtrahend Is greater tnan tne corresponding digit

in the minuend, wh.-it is done? (27 Example 3, or 29)

16. What other jjlan may be adoptid ? («0)

16. Upon what pri; ciplc does this plan proceed? (XI.)

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

18. How do we prove subtraction ? (81)

19. Upon what principles are these methods of proof founded? (81)

20 Illustrate the difference between spelling and reading in subtraction.

(82)

MULTIPLICATION.

33. iVIultiplication is a short process of taking one num-
jr as many times as there are units in another. Hence
uiltiplication is a short method of performing addition.

34. The number to be taken or multiplied is called he

Multiplicand, and in addition would be called an addend.

35. The number denoting how many times the multi-

licand is to be taken, or, in other words, that by which

\e multiply, is called the multiplier.

3S. The number arising from taking the multiplicand

many times as there are units in the multiplier, is called

le product, and corresponds to the sum of the addends in

Idition.

The multiplicand and multiplier are called the factors

the product because they make or produce it, (Lat.

factor, "a maker, agent, or producer.")

37. A prime number is one which cannot be exactly

[ividedby any ivhole number, except the unit one and itself.

38. A "omposite number is the product of two or more
[ntegral ftictors, neither of which is unity. Thus IG is a

poraposite number, and it3 factors are 8 and 2, or 4 and 4.

39. Since the product is the result which arises froin

taking the multiplicand as many times as there are units

jln the multiplier, it follows

:

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

[be equal to the multiplicand.

2nd. If the multiplier be greater than unit/, the product

[will be as many times greatci- tliun the multiplicand as the
-- i-l.

ht itAti xXit i

3d. If the multipliei bu ieas than unity, that is, if ft be
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86 MULTIDLICATION;
[fltot. It

rhanT/'"''/.-''?-'
^^^« P^«'^"«t will be as many times less

8 X 3=a24
24

X 3=s24
-5

x2=48 *» 6

6=45.

8 X 2=16
16x8=48

But we may consider tliu V. Iinn« w oV I Vo ,.'" "" ^"" ""''S.

8 Jines th..re av.^ 8 . 3=24 t Us Th^l^V^l'Vl T^l\
'^"'^ ''^ '"** ««^< "^

units. Again wo nmv<c.nM-,i...fiV«- >
*^"*^ ^ "'^^^ ^''t^re are 24x2—48

set „f 2 Finos tL e^re 8 x 2Jl(^' S^jl'f
"«

«,f
^s of 2 lines each, and in elch

16x3=48 units.
^x^-io units. Tlicrofore m 8 such sets there are

Hence 8 x C=48
8 X 8=24 and 24 x 2=48=8 x 6
t< X 2= 16 and It) X 3=48=8 x 6

Tor 6^w] Say 'c<:Slo'tLt
''"^" '"^ ^"^ ^^^^'^ ^'^'"Po-te number as well «,

When the multiplier is a composite number we m^v

TUi.. 4.,.i,i ..... O - •

ora; , „
Christ.

^<S^ cH^;:.l 0^1^^J1|!;"P""" ^^^^'-^^^^ m^ calculated bvP
>t1 o

CO ii &i„ c, 4 HP.l 4 are 8-twice 4 are 8,'"ic.

lefiire

4—twice

muw^^



[Awt. It

nany times less

less Mian unity.

y two numbers

f
Abv& 4(Md.j

************* tn****#*•**#**
> as 6 stars taken 7

as multiplier

he composite mini-

8 X 2=16
16 X 8=48

ich ?ines, we shaJl
lines.

and in ^ncih set of
ere are 24x2=48
each, and in each
ich seta there are

lumber as well a?

iber we rauy
and the last

»»7be resolved
il should make

lated bv Pythftjr-
>"0 yeiits before

J 8, Ace

MULTIPI^iCATION TABLE.

8t

Twice 8 times 4 tint a 5 times times 1 7 times
1 are 2 1 are 3

1
i are 4 1 are 5 1 are 6 1 are 72—4 2—6 2—8 2 — 10 2 — 12 2 — li

?, — 6 3—9 St — 12 3 — 15 3—18 8 — 214—8 4 — 12 4 — 16 4 — 20 4 — 24 •4 — 28
5 — 10 5 — 15 5 — 20 6 — 25 6 — 30 5 — 86

1
6 — 12 6 — 18 6 — 24 6 — 30 6 — 3B 6 — 42

1

!-^^ 7 — 21 7 — 2H 7 — 35 7 — 42 7 — 49
8 — 16 8 — 24 8 — 32 8 — 40 8 — 48 8 — 569—18 9 — 27 9 — 80 9 — 45 9 — 54 9 — 63

10 — 20 10 — 30 10 — i(> 10 — 50 10 — 60 10 — 70
11 - 22 11 — 33 11 — 'A 11 — 55 11 — 66 11 — 77
12 — 24 12 — 36 12 — 48 12 — 60 12 — 72 12 — 84
8 times 9 times 1) times 11 times 12 times
1 aio 8 1 are 9 1 are 10 1 are 11 1 are 12
2 — 16 2—18 2—20 2—22 2 24
8 — 24 3—27 3 — 30 3—33 8 — 36
4 — 32 4—36 4—40 4—44 4 48
5 — 40 6—45 5—50 5—55 6 60
6 — 48 6—54 6—60 6—66 6—72
7 — 56 7—63 7—70 7—77 7 — 84
8 — 64 8—72 8 — 80* 8—88 8 — 96
9 — 72 9—81 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 — 108 12 — 120 12 — 132 12 — 144
It appears from this table, tuat the multiplication of the same two

Inumbers m whatever order taken, produce the same product.

L..
.^^^'J^J^-^'i^^ug'-i *he part of the multiplication table given above is enouj^b

Ifor the onpi to coramii to memorv at flrit- vot aft.^^ k„ i, i
»^

Iflrieni'vln aiithmotJ<. }L tI,„, fl V-. i^ '
y***» *"«^r be has made some pro«

13 timea
|

2 are 2<)

8 - 89
4 — 52
5 — 65
6 -- 78
7 - 91-<
b -104 1^

9 - 117

14 times
2 are 28

42
56
70
84
98
112
126

15 times 16 times
2 are 80 2 are 828—45 8—484—60 4—645-75 ? — 80
6 — 90 6—96
7 — 105 7 - 112
8 — 120 8 — 128
9 — 185 f — 144

17 times
2 are 84
3—51
4 — 68
6—85
6 — 102
7 - ll9
8 — 136
9 — 158

18 times 19 times
2 are 86 2 nre 883—54 S - 574—72 4—76
5 ^ 90 5—95
6 — 108 6 — 114
7 — 126 6 — 183
8 — 144 7 -152
9 — 162 9 -- 171

43. The multiplication of one quantity bv another is
expressed by x ; thus 7x^= ^3-

by 9 is equal to 63.

4-1-. » 4- 7 jj,,,Ui-_ii_

J
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MULTlPLtCATlOlJ.
tSEOT. n.

number
;

thi (9 x 10
'x 2) x 27=?x'lo7nTl 'i

*'!/"^'"'^ ^'^ "'«*

>|
we miatiply the factor 2 or thifnctir 10 .'v 9';

"^ ^^ ' ^
I'

*^^* '«'

tiply the whole number (9 x 10 x 2 by 27 ^ '
''^' '" ^^^''*' '""J"

each of Its parts or teriris must h.^^nh' 1!^" ^'P^jf^^
l>y any number,

fact that wl consider Z "everal t^r^«'''-!>'^.- l^''
«"««^ ^'"O"' «»e

stituting but one ouanti/v IZ ? ^^'^^"^^W'thm the bracket as con-

and(8+7-6) x (18-2) moZ 1^.^!^ y^^
= '7x 3 + 8 x 3-3 x 8

;

nier bracket i. to be multiXAv iL? r ?£
''^^^ terms within the for-

or by their difference ^ ^ '^''^ ""^^^^ '^"^« ^^^thin the latter,

46. Let it be required to muUipIj 1G8 by 9

est denoininatS! " ^^ commeuce at the high-

6912
^ 6912

lowo8rdem).St£n' '^' ''""' '^"««"«" ««d commence at the right-hand or
OPKRATION.

7CS
9

(iSOO

540
72

OPEIiATlON.
wl.ich may
be thus ab-
breviated.

768
9

68~

64
72

I.

768
9

72
640
«mo

6913

which may
bo thus ab-
breviated.

11.

768
9

72
64

63

6912

8/id thus still III
farther abbre- 768
viated. 9

6912

^Explanation.—No. IT dif-
fers frou, No. I. only in liavinj
tho unnecessary O's omitted. In

tng is taken advantatfc of, thus

~f umts, multiplied by 9, arelj units, equal to 2 units and 7tens t<. ci.rn-6 tons, multipliedby 9, arc o4 tens, and T ten"

^^i'^^'H^Tlt'i^ten^and

Biultiplier, not exee«uing i:i, (or 20 if thTable be used) we deduce the Sowl!,g:f
BULK.

beginning^th2 >Zt: t^^^U^J^^ ^»nlHplieand in ,nc....inn
••P**rr, mid divide each product]



A«t& U-Al] MULriPtiCATloJT.

the right-hand or

B9

OPKOATION

II

IS686U-73

«o>W Ay/A^ nnmher of thai ilenominalion which maken one nmtof the next higher; wnte down each ren.aivdcr under umts of its Znorder, and carry the ijnottent to the next product,
"^

Example 1.—Multiply $7896-43 by 11

n.ako 99 tens, an-l 7 ton.s, make 106 tons .n?,^l u. T ^ ' ^
Y'^.^; '""'^'P''"'! l^y 1 1,

8 hundreds and 9 tbousan.ls • 7 thous-ii K ,»mUi <

"ia'ii\''^y hand reds, eqmd to

Example 2.—Multiply 8 cwt. 2 qra. u lbs. 7 oz. 6 drs by 7

i Alu^os
3 cwt. are 21 owt^'aAdl' cJ^f^ male 25 cwt.'

'"' ""'* ' '''' '" ^'^''•y
^
^

OPB RATION.
owt. qrs. lbs. oz. dr.

8 2 11 7

7

86 1 6 3 10

Multiply

By

(1)
489fj0

5

Exercise

.(^^
754C0

9

12.

(3)

678000
8

(4)
57800

6

Multiply

By

244800

6-2736

2

(6)
8-7563

4
0-21375

6

$789-76

6

(15)
4716375

11

0-0067

8

Multiply

By

10-5472

(9)
$767-62

2
1672-56

2

(12)
$573-46

6

Multiply

By

$1585-24

(13)
866342

11

(14)
738579

12

(16)
8429763

12

IT Tir, u:^
!V jiOi: C3H. D*a~ 1- ••• itjiijj

10 TU..1..-
. by 5. Am?. £\P,9. 9fl i

Multiply £43 lis. 4^(1. by 8 8Jd.
-4ns. £348 lis. 2d.



00
MtrtTW-i.fOAttoN.

tSao*. h
10. MllUilllv nog I3g Qlj ,

20. Multiply 10 cwrt. 8 qrl r, Ib^ ht q j ^J" ^^807 IGa 8d
21. Mult ply 7 yds. 8 qta 1 naf /f ^"'^^ ^^ cwt. i ,^,. „ ,i,^;
22. Multiply 11 02. 10 dwt. H gi^ by n ^^ ^^''- ^ ^J-^- ^ »»•

. OPBRATION.
8^" "'"•

^f*'
X64=8X8

8

1 67 52
8

which we amiln mniti i„Y ^o^"' ^^ '^<n- 52 s..c

Tmin. 14aec.. by s'tSS 8 or 64
'''''*'^'' ^'^ ^' ^"•

8 7 43 66 ^n*.

EXAMPLK 2.-MultipIy 796-437 by 132
OPERATfON

796437xl32=nvi2 .
^^^^'I-a nation.—Wo n-o* ^ ,.. .

tnke it II time? *L h,' '\'1 ^^^'«'" "'•"•ds,

8760-b07=n times muUir^u ^ ^^ *'"'««- >vhich 'is eviWi ^"'''' ^^'"^ '•^•«"'»

106129-684=,2ti,nea litmus multiplicand.

^=XAMP..3.-^Multiplyi6c.m.8qrs.ll,bs.by270

4662 20

Exercise 13.
^ultipIy$l69-V8by36.
Multiply 1796342-3 by 121Mu tfply 133460 by 144

-- Multiply 735 by 648.
'

6. Multiply £3 78. 6d. by 18»

2.

3.

4

Ans. |61 12-08.
dns. 96357418-.?.
Ans. 14818240.'

Atis. 476280.
Ans. £60 16a Od.
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8. Multiply 11 cwt. 3qr/l41b. 7 o^ by 54.^"'' '^-'^^ ^=^«- «d-

9. Multiply 26bu.h. SpkH. 1 ,al.1;t. I'pt!^!;-
'j" '"'''- ''''-

10. Multiply 2 ydH. 2 qrs. ^^ 2 Jl^^^t; ' '''" ' ^*'- ^ '"'- ' ^'^

11. Multiply 8 days 171„k 33 n.in.^I Ue^bj-s/
^'''' ^""' ^^°-

^««. 1650 days, 15 hrs.'ie min. 48sec

R ULE.

«~«fe- z.< ;«,, ,„. greater ,/,„„ ' ke'^l^enrnZfLr
'^ "'"'""*"

Example l._Multiply «2 12s. 6d. 1,,. 76.
«><»KRATION
£ 8. (1.

62 12 6
8

001

45(>9

250

£4T59

10 0- '^|*!™«sm"l"plicand.
-^'"-J' — * times multiplicand.
10 = 76 times multiplicand.

8 +f .Yn* "'*''—^^' ^''J^'' 76=9 X

inultip! oand, uikI to ltafl(linit4 tim««the multiplicand, obtain tho^d..sirod

|nor/^:i;TL^^i;lf^C;n^iresX^Stff ^ V^« -'""P"«^ by 7 and 10 andb>
.
una 11, and decreed ^^^ ^^.^:^;r^tt:.Z^^^fe m^u^pffl

EX..P.. 2.^MuUiply l„ba 3o. , d. 2 scr. 16grs. by .89.

lbs.

17
or.

8
dr.

7

12132
1886

155_

MC76

10 1

7 2
11 7

6 8

OPKKATION.
sen ^rs.

JJ
X 9 = 9 times multiplicand.

^0
X 8 = 80 times multiplicand.

- ^2.^ h'™^^ m'lltiplicand.

4= ^^t*'"<^s multiplicand.

^ - v.mes muifcipiioaud.

* — 789 tim«8 multiplicand.
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' ^

d2 MtrtTlPtlCA^tON-.
tS^. It

"^^'^^i^i^'^.'^il-^C^:-St^*^l,.^.^

^J.«P.. 8._M„,«pIv 8,U , ,, ,n™. 2I„i„. 12 sec b,

,
OPKBATIO

wka. dft h. mil ^ik. „i,„ j
8 6 17 21- "1^x6= '^St S^^'^^.'L

10 . — 6 times multiplicand

80 times multiplicnnd.

69 li ^ 478b times multiplicand.

2960 8 T

Example ^.-.Multiply £47 iGs 2d. by 6783.

578S = 6x1000 + 7x100+8x10+8.

s> &. a.

7 16 2x8 =
10

& 8. d.
148 S 6

OPBBATION.

product by units of the mulilpllcand.

^^8^8x8= 8S24 13 4 = product by tens of the multiplicand.*

^30^8 X T= 83465 16 's = P-duct by hundreds of the multiplicanct

Exercise 14.

1. Multiply £12 2s. 4d hv 9,^
2. Multiply £963 Oa Ofd by 999 f""''

^^^^^ 13s. 8d.
8. Multiply £3 (3s. S^d by 3178

/"•^•,962040 2s. 6|d.

4. Multipl^ 16bush. 3pkl Igal by 678.
^'^''' '^^' ^^^•

6. Multiply 23 m. 6 fur. 33rds. 4yds'^ bv 2^7 ^^ ^"'^- ^ P^" ^S^'"

6. Multiply 3 S. 16» 30' 45" bytsi. '^1^; '^^^.I'^^f'^)^^:

P*'?« have bee,, taken to I ovvSt Is Vll^^)^''^''''^' NeveVelSf,Sthat the product will be either 8M Mr 5^ o^'^T ^?r "'"^"P»ed by 2s. 6d andtaken 2* times, and the result wiflh«fi^fl^^''-
'

' F"^««btedly, /s 6d c^/- be

£:
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in. 12 sec. by

'8 niulUpHcand

>smultij)licnii(1,

smiilMpJicnnd.

8 mnkiplicanrt

s niuUiplicund.

•pHcand. \t

[>licand.

aultfplican(L

multiplicand.

05 13s. 8d.
40 28. 6jd.
6 18s. 4id.

ds. 3| yds.
i° SO' 45".

ml attempt
is merely a
' a quantity
f^s as tiicre
nultiplylng
f repeat fne
el ess, great
28. 6d.,Hn<l
6d. can be
one-eighth
tbiiig n„Ui
ot takitijr

28. 6d, 28. 6d. times as \t would be to telk of taking 6 Iba. ot beef 6 lbs of beef
f 'TihTh i^"*™ °^H°'"'^*' L^""^."'

'""«i« "'n*^' *«• Duodecimal rauufpliS-
tlon, which b sometimes adduced, as a proof that one denominate number am

51. Let it be required to multiply 729 by 478.

478

5103
i916

848462

OPBEATiOK. ExPtANATioN.-Pronfi the preceding exami.les it is evident
729 that when units are multiplied into any order whatever, thf product will always be of that order. H< re, then, we first mult plyby the 8 units, a.s in (47). Next we multiply by the 7 to »tbus:-9 units, multiplied by 7 tens^giye 63 tens, equal to « tons'which we set down in the column of tons, and 6 hundreds whichwe carrv

; 2 tens, multiplied by 7 tens, give 14 hundreds", antl 6hundreds which we carried, make twenty bundreds, equal to
hundreds to set down and 2 thousands to cany, Ac. Next we

V J J _,
™"y}P'y»yt'ie* hundreds as follows:—9 units multiolied bv 4hnndreds, ^rive 36 hundreds, equal to six hundreds to set down in the hundreds

dicte ?i|e"ther.
^ '''"^' **'• ^'""•^' ^« *^^ *^« ''^^"«' partialP

Hence, when the multiplicand is an abstract number
the multiplier being greater than 12 and not a composite
number, we hrve the following :—

RULE.

Multiply the multiplicand by each figure of the multirAer sem-
fately beammng with th^ lowest, and write the partial products in
separate lines, placing the first figure of each line directly under ths
figure by which you multiply, and, lastly, add the several parHal
products together.

/'«*'v.i*c

Example.—Multiply 7423 by 6709.

OPaSATION.
7423
6709

66807
619610
44588

49800907

^F^^^uu^^"~^^'.\'^ *,'^®'® »'« "" *<*n8 in the multiplier,we may either proceed directly to the hundreds after multiplying

«^.u„ ,i^"'^'
**,' ^« may set down a under the tens, and thenwrite the product by the hundreds in the same line, Always re-membering to place the first di^it of the partial producT^nderthe figure by which we are multiplying in order that all the dlXof the same order may come la the same vertical column.

ExKRCISE 16.

0)
Multiply 325
By 95

(2)

765
765

(8)

732
456

6. Multiply 7071 by 656.
Multin'v 1 r.Ra'7 ^^T. oao>i

8. Multiply 39948123 by 6007.
0. Multiply 27^8688 by 8dd?*

Am. 393147«
Aus. 48288058

Ans. 23996837486'
Jk^«- 37416327790.
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H MULTIPLICATION.

63. Let it be required to multiply 63-6 by 97

•97

4-445

6715

61-695

?'!"."'« to «";ry; « teas, mulUpli,.™tV? JmS. J.'i"''''';'''''«'»»etdo»-i>,m,l

„. .*^
.

**"' ™a''e '4 tenths eminl *,VJ V .u '
»'*'*^ *^ tenths, and 2tenths, niult{;>liod by 9 tenths, give 45I. .ndf- liti

^^'"'''^ ""'' ^ ""its. Apair 5down and 4 tenths io^arry, Acf
^""dr^'dths, oquai to 5 hundredths toVt

of d^iml'lLrtrolled "r'*'^-'"
""'"jl"!-tion

RULE.

dectmals tn both the multiplicand anLLmuU^ltl. ^ "* '''''' '''''

Example 1.—Multiply 5-68 by 0-00005.

6 Places in the multipher and /li'i'J: tie m.inn.."" /'^f
'^^'^l™*'

--- have taken a number a h.mdred tim^ !**^"*'*""' *'"»* *8, we
. 2815 thousand tluioa too often RnH thf ^** **"* ^^^'^^ a hundred
^«*. -0002815 million times to^greatind to .^ii'i*'^^^^^

'""''''•••'''>'•« '^n
divide it by ten mfllions" or in^S '* ""'^"^ ** **''««><' be, wemal point sevren places to the left.

' '
'° ^^^"^^ ^^'"'"'Js, remove the deci-

ExAMPLE 2.—Multiply 2-073 by 512.
D A mvj^«v T^l—OPIBATIOK.
2-0T8
6-12

4146
2078

10865

iO^Wfll

be?."I^r.^rt^T;Fj«de"ca'^s.^*\?^^ ^«*^^-« -hole num.
plicaad and two in tt?muTujSieT "" "'^ ^^'* *° *^^« ">"lti.

I

%
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lied by units, will
will give tenths.

Jnths will give the
tenths, uiiiltiplie,!
sr again, or tiiou<
proceed thus.—5

JfMiiulths, equal to
o carry; 8 unit,

8, and three hun'
18 to set down iind
42 tenths, and 2
units. Apain, 5

hundredths to set

Hiltiplication

the above
'easohings in

t of the pro-
ils, must- al-

the decimal
'es, in both

er, or botlC

n remove the
t as there are

move the ded-
re#?;e decimal
and, that is, we
^«t a hundred
s therefore ten
should be, we
uiove the deci-

"e whole nun:-
! in the multj*

EXERCISB 16.

Multiply

By

(1)

•003296
6''782

Product 019067472

4. Multiply 8-2517 by -023.

6. Multiply 64001 by 840.
6. Multiply 482000- by -87.

7. Multiply 3782-4 by -00917.
8. Multiply 87-96 by 220.

(2)

41-78

-0629

2-627962

(8)

861284
2*0006

Ana. -0747891.
Ans. 21760-34.
Am. 178340.

Ans. 84-68460a
Ana. 19851 -a

PROOF OP MULTIPLICATION.

64. iy* thf multiplier is not greater than 12, mulliplu the multi-pheand by the multiplier, minus one, and add the multiplicand to
theprodiict. pusum should be the same as th^ product of the mul-
itphcand by the whole multiplier.

r j »*

If the multiplier be greater than 12 and the multipli-
cand an abstract number :

—

First METHOJ>.--Multiply the mrJ^^^er by the mxdtiplieand,
and if the product thus obtained agree with the other, the work mai
be considered correct.

i * "wy

fwn «?,f.w"!"1u**' P'""' depends upon the principle (40) that the Droduct oftwo numbers is the same whichever is taken L multiplier
proauct or

Second Method.-. i>e«^«?e the product by one of the factors, and
if the quotient thus obtained is equal to the other factor; the w^hia

its foTtore!"
"'""^'^ "versing the operation, 1. e., breaking up the product into

Third Method.—i)e«iflfe the sum of the digits of the multiplicand
by 9 and set down the remaxi^er ; divide also the axvm of the Iqits of
the multipher by 9 avd set dx>wn the remainder; multiply time tLremainders together, divide the sum of the digits in their moduct by 9
a«rfe//A€ remainder thus obtained is equal to the remainder obtained
by dividing the mm of the digits in the product of the multiplicaiuiand the multiplier Ay 9, the work is gemrally correct : if these tm
last remainders are different, it must be torong.

Example 1.—Let the quantities multiplied be 9426 and 8785.
Taking the ninos ft-om 9i2fi, we got 3 as remainder

And from 37S5, wo get 5.

47130

65982^
^ '^ ^ = 1^ fron» which » being taB«>. 6 are lelk

28278

TakiD'^ the hiaes from 85677410, 6 are vilk



06 MULTIPLICATION.
[8soT. XL

Jlsplaoed^di^Its, added or "mltt^/Sy hers or fwL^^**
"**' *^"" *' ^« had

eou^nteractecf each other; but. with SnTV^^irt'tnltf J^rar^t^'fo

^T^r,'"''!^*"'^^*
*^® ""^"^*''« ^« ^6542 and 8436

tSSS « ® "'?*^ ^**'° '«^2, tbe remainder is flLTaking them from 8486, it la 3.
*

460252

g2298|6 6 X 9 = 18, the remainder from which is ft

612836

Taking the nines from^^m also, the remainder is 0.

eorre'S.^
^'^™'*"»^''" ^^'"^ '^^ «-e. tbe multiplication may be considered

poinfi?!iI^Ir'oftrgiv?n'nrmb?rf"'' "''^ '^^ *^« ^'^'^onof the decimal

Example 8.—Let the numbers be 4-63 and 5-4.
From 4-68, the remainder is 4

'
^

From 5-4, ItisO.
i

^852 4 X = 0, from which the remainder is a
*

From 25-002 the remainder is

Thus taking the number 7825, wo have

:

= 7 X i^-e + 8 X 152 + 2 X a^o + I

'

= 7 X (111 + I) + 8 X (11 + 1) + 2 X (1 + i) + I

= 777 + 88 + 2 + 1 + 1 + 2 + 1

= 777 + 88 + 2 + 7 + 8 + g + fl

9
Hence the remainder arising from the division nf '7S9k k,, o •

eviden ly the same as that arising frL diviS ?4?«Iti^*'^ ll"
M'hieh is the sum of its digits by 9

^ 7+8+2+6 or 22,

Thus, let the factors bo 573 and 464.

^1



'•f

[SlOT. II.

mitjpllcatlon is cor-
ed even If we had
errors which had
these are likely to

J6.

from which is 0.

lay be considered

ioQ of the decioud

knftSUU mtJtlPttOAfl6% or

der IsQL

I is, that if anj
be divided bj

+ i) + |

1825 by 9 ia

+2+5 or 22,
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We can show that 3 will bo the remaiftder, also, if we cast the nines fi-om
the product of the factors ;—which is eflTected by setting down this product, and
taking, in succession, quantities that arn equalJb it—as follows:—-

678 X 464=:(the product of the factors).

s=l6 X 100 + 7 X 10+8) X (4x100+ 6x10 + 4)

=|6x (99+l)+7x(9+l)+8
J

X ]4x(9&+l)+6x(9xl)+4}
=(6x99 +8+7x9 + 7+8)x(4x99+4+6x9 + 6+4.)
6 X 99 expresses a number of nines it will continue to do so when multi-

plied by all the quantities within the second brackets, and is, therefore, to be
cast out; and. for a similar reason, 7 x 9. Again 4x99 expresses a number of
nines ;

it will continue to do so when multipled by the quantities within the
first brackets, and is, therefore, to be cast out; and for a similar retison, 6x9.
There will then be left only (5 + 7 +8) x (4 + 6+4)—from which the nines are aiili
to be cast out, the remainderH to bo m-iltiplied together, and the nines to be
cast from their product;—but we have done all this already, and obtained 8 as
remainder.

CONTRACTIONS IN MULTIPLICATION.

57. I. To multiply by 5 :

Affix aO to the multiplicand and divide the restUt by 2.

Reason 5= J/
U,. To multiply by 15 :

Affix aOto the multiplicand and to the result add half of itself.

Reason 16=10-|-«^.

III. To multiply by 25 :

Affix two Os to the multiplicand and divide the result by 4.

Reason 25=J^fl^.

IV. To multiply by 125

:

Affix three Os to the multiplicand and divide the result by 8.

Reason 125=J-«y»Jt.

V. To multiply by 75:
Affix two Os to the multiplicand and from the result take one-

fourth of itself

Reason 75=100— J-^-".
.

i

VI. To multiply by 175

:

'

^

Affix two Os—multiply the result by 1 and divide by 4.

Reason 175=^^^.

VII. To multiply by 275

:

Affix two Os

—

multiply the result by 11 and divide by 4.

Reason 275=^"-^.

VIII. To multiply by 13, 14, 15, &c.s or by 1 with either
of the other digits affixed to it

;
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1 and znul-

09

neverse the multiplier, putting its units' place under the place
oj that denomtnation tn tfte multiplicand, which is the lowest of the
required^p'oduct.

Multiply by each digit of the multiplier hcginnin<f with the de-
nomination wer tt in the multiplicand: but adding what would have
been obtained on nmltiplying the preceding digit of the multiplicand— unity, if the number obtained would be between 5 and 16 : 2 if be-
tween 15 and 25 ; 3, if between 25 and 35, d'c.

'

Let the lowest denmninations of the products, arising from the
different digits of th^ multiplicand, stand in the same vertical
column.

Add up all the products for the total product ; from which cut off
the reqtiired number of decimal places.

'"

Example l.--Multiply 56784 by 9-7324, so as to have four deci-
mals m the product.

Short method.
66784
42379

511056
89749
1703
113
22

66-2648

Ordinary method.
6-6784
9-7824

113
1703

S9748
611056

65-2644 6016

7186
56P
52
8

^.M^'?]^?®
niultlplier expresses unite; It is therefbre put under the f(mrth

.1.^
'" m»It|plyn)e by each succeeding digit of the multiplier we neelect an ad-dJional digit of tje multiplicand; because, as thrmuSrr S^er f^^^

s;'„":Sa^tK iUrthtTe^r?,e^;ft' t^o^rifiV/thT^^^^^^^^
tion of the multiplicand by7;we shm.td Jt (SuJesffii thl^^^^^
riKht of the decii^al pointfw'hichra de^lffitKSpVosed't^-^e fX^nre'^s!
m.u"fn^"h ''

too inconsWerable for notice-since we are to havS only/o«r deci*mals in the product But we add unity for every ten that would ar^e fromthe multiplication of an additional dipit of the multinlicand- since ev«;v/^^constitutes one in the lowest denomination of the reqXd ;rod2ct When th«
?1W*Vk" of an additional digit of the multiplicand wSklptve morl^xt^
or S. *

»„*5*rh^^' f'
''

T,""^^^
^"^ t'^^ *™'^ »" 8«PPo«« we have ten tSn either

?f i« I'l
1"*^ therefore it is more correct to add 1 than either or 2 WhenIt would give more tlian 16 and less than 26, it is nearer to the truth to «.m

£Sd%"hanY;r I'- A?" W?*™U'
""'

f.'
and therefore it is rnVrrcirJec'To

OT 20; Si ^ consider 5 either as or 10; 16 eifhw as 10

1,- ^" *°8pectlng the results obtained by the abridged, and ordinary method..
ifjlJ'l^i'^S''* 5

perceived to be inconsiderable. Wlen greater Sa?v Is di5Blred, we sh^ould proceed as if we Intended to have more^dS^ ?nX*'J«:
uttvv, voM w»orw»ras rejepi thuse that are UQndovHftiT,

" *""'

n-"

^ <(\ .

'•;
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842

466
~

98

1 Thon 1 .
Exercise 17.

4. France contains 20,S'7'ift «
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. 9. Multiply 123 lb«. 4 oa. 1 drs. 2 scr. 17 er bv 749

10. Multiply 1698732 by 999998 ^ ^ ^ **

11. Multiply 123 bush. 1 pk. 1 gal. 1 qt. 1 pt. by 64O

.3 cendbt ^'^ *'^ ^°^' ^^ ^ ^'-' '^' tea'couUSg 89 lbs. at

menror"jairlttug"l\^3t^^^^^^ ^- ^ -«-
qrs. 2 na. 1 in. ?

^ ''"' **

^^J*^^

«"»' "-cquires V yda. 3
14. Multiply 1634-6789 by 636000

threlfsot.^ToVe^^;?u^;^^^^^^^^^^^ ^t^l 'f f^^^'^
^ »'^«

times as much as the youSt lml2 th . f }H ^^\^ ^«*'°'^. - ^

as to the second. ReSle rl^Vt^tiLrtJ/'^ " ""*^

QUESTIONS TO BE ANSWERED BY THE PUPIL.

sectSr-^'''
""^*^* «^ ^ ^^*ioni> refer to tHe artidee of (A,

i ^ha' *8 raultipllcatlon ? (88)-"
r? (85)

10.

11.

8. What is rhe'm'ilitrpTor? Jss^ J wS^J !*' n® ""'*'P»cand ? (84)

6. What is a prlnae number? (87)
7. What is a composite number? (38)

the m;mli:ll2i„*Sr(?9r
''*" """^' ^"'^ ^'" »»>« product compare with

'• "SalSSlS '(^39?""* *•* ""'^^' ^"^ ^^" tl»« product compare with the

" '^SulSSl ? 'sir
'''*" "''"^* •*•"" ^'" *^« P«x»'«'t ^'"'Paro with the

^^
''tTe vaMS^p^r^X"'*^ '' ""' " ""'"P"- -*^^-' '^^-ing

J5: SJwtrit^Sc*;rasr/#'""^^^^^^^^
^'^^

3«i'.»«tli'^lM." fa'."'}?"-
'» • «<'">P«ite number, „„„, „f ,„

another. (50)
^ *** attemptmg to multiply one denon.inute number by

\ul"{''(5S"'''^'""*"*'
"'• "'"'^'i'"*"-. «-• »'olh. contSll deciS. what is the

n^^ ^^ nc j,ryV, muiti^u«atioa wijea the muUi|,Uer i, lew tl.^ 13 ? ^54)

21.

22.

26,

26.
0.7
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81. Prove that ca«U. g the nines from the factors muHlnlvinff n.«ma ndorfl, and tasting tUe nlncB from the nroTofi^rf *^ resulting re-
mainder w If the nines were cast fVon .1.^. hJ'i ' .•*!' r"^** ^^^ ««"ie re-

82. What short methods hrv«re for nuKvin.,'h?'f!'^^^^^^ (W)
8a WhaUhort methods of muUlnlJln^b" 8^^^^ (AT)'

^

84. How may we mu tiply by n6/ ifow'by 275 ? (wf^

declmito ( (57)
'°° wo nxiiiinj ooiy « lUnitod munber of

DIVISION.

68. Division is tho process of finding how many time,one number IS contained in another
"" m»ny times

divlt
'^^'' '""^^' ^' ""^^ "« '^•"'J* i» «»lled the

60. The number to be dividedls called the dividend61. The number obtained by division that ,•» th.nnmW which shows ,o. nany LTZ'i^^, u'cln

^"o^^iSr tt^'^-t
^ -^'^^ '^^ *-'-' (I-"- ?-^;

U^n^Vl^a'Sr tha^tt^ ""' '''"^-•^' '"^ <1-

wiU be VaY''^"nt.''"'''
'" *' ""'""' ^"^ <1™«-'

*ii?l"tha"ntC *"" "" '"'""'' *^ *»"-«""'

t^inffh". ? '• '""^'^^^ '«™'J "'at the dividend does not con-

^anlt iXT frl''""'''"^
"f «"«« i in suchcaSquantity left after the dmsio.i is called the renuAinder.

couTse nfT'"''*''
J^""^." l""" "^ ^J-^ <«vidend, is ofcourse, ot the same denomination.

fh« J- •'"^""''"l^''
°'™' *•« '«»» than the divisor—otherwi™the dmsor ^ould be contained once more in the d vide,^^

...5 . r-'",°"
'* ""-'"'y » ^''ort methodof perforSaparticular kind of subtraction (Art. 6, Sec. 11.^ ThTdWdeod wrresponds to the piinuend,' the d lor tt"

..

i

r
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subtrahend, and the remainder to the difference. The
guottent has no corresponding quantity in subtraction-
since It simply tolls bow many times the divisor can besubtracted from the dividend.

» * i-»u o©

lubtruotlnx It-how oftc,n f Is oont^ o iJ fi^ 40^?o^*'*
<1 jcovor-by actimll^

tha S.UU. thing cun bo ollcctcVby SSlll^n'krS'a'.Silrut"
'"' "'*" ^"^^

6o. Since the quotient shows how many times the divi-dead contains the divisor, it follows that fhe divisor andauotient are the factors of the dividend. Hence [f thedivisor and quotient be multiplied together, and the re!

eTuafL\heafnr
""

''' ^'^'"^'^^^ '^^^ ^^^ ^•

^
J^st. By the sign -j- written between them; thus, 15^
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, ^=5.

^""^^^^ ^'

oxprIS2rrSr«.^!rr?r ^^ '"""^'''^'^ '^^^^ •- «'^^««» » fraction, and the

th« remainder. 2, 3 StLn above the llnraSri.S?*^ 2 as a remainder.' Now
whole quotienUeingexpressed thus sV/r-t'/S,

divisor 8 below the lino; the '

of whicl is, that 8 l/conSffd ia^"^6*tSS;s\"ad^"ofaTim?^^^^
'"^ ''"^''«

67. When a quantity consisting of several terms con-nected by the s^n of multiplication is to be d v ded dTvidmg any one of the factors^iU be the saL ^^Wd

W

the product ; thus 5 X 10 X 25^ 'i

—

a v in s7or^
uiviuing

equal to 250.
^^'"^^^"^^-fX 10X25, for each is

necf^'h^lif" •

quantity consisting of several terms con-

rsTttiv1?.H'^r- + *°^ -' ^^°*^^"«^ ^i*^i^ brackets,

nut fh. H? •
'
'^ ^^^^^^sf'-y. on removing the bracketsto put the divisor under each of the terms of the quantity

;

thus (6+3-7+9H3, or !l!l!l!=V-.!,!,,,,

^''^1%"^^t:^!^^^ \^ divide «'^ i?s parts.
;^^- ,v ,,„, ,,v p^^u hum ^o8) mat tile 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, therefce, when the quantity to be
divided 18 subtractivo, it will sometimes be necessary to
change the signs, as already directed (26) ; thus :

6 13—3 6 + 13-3 27 15—6 + 9 27—15+ 6-9-+ = ' but =
3 2 2 8^8 8
Example 1. Let it be required to divide 798 by 8.

**'^<n7qs°"' ^
ExPLANATioN.-Place the divisor a little to the left of the divl.^^ *iih?» separate them by a short curve line Ako draw n— straight line beneath the dividend.

Now

266
798_ 700+90+8 600+190+8 600+180+18

8 8

600 180 18—+—+— = aoa
8 8 8

8 8
+ 60+6=266 (See 68)

«rn«I^5^®***^?,^
going through this long operation it is evident that we ma»proceed as follows

: 8 units into 7 hundreds will go 2 (hundreds) times ^m^
iftTn*

r«mainder 1. which being of the order of Li/dreiriS equal to W tens10 tens and 9 tens make 19 tens! and 8 into 19 goes 6 (tens) times and l^^vfl-

f,nIfi"«lH*^1f
1, which being of the order of tenuis eSl to 10 inite- 10umte and 8 units make 18 units, and 8 units Into 18 Uits goes 6 (unitlc.

Example 2. Let it be required to divide 917 lb. 18 oz. 12 <U

OPERATION. ExPLANATiON.—PlaclrB the dividend and divisor as. before,we proceed thns : 4 in 9, 2 (hundreds) times and 1 over; 1 hi li-'dred, equal to 10 tens, and 1 ten make 11 tens ; 4 in 11, 2 (teurt

,, J^fo^*i?"? ^«?^o'*i ® *«"»' «<!"«! to 80 uD'ts, and 7 units make 87units, 4 in 87, 9 timers and 1 over, which is 1 lb. because the &17

1. ««„ If 1/. y*
^^' ^ "5°f5 ?"** ^ <'''«''' ^^^^<^*» *8 1 «z-i since the 29 are oz. : 1 otIs equal to 16 drams and 12 drams make 28 drams ; 4 in 28, 7 times

Observe that any order divided by units gives that order in the quotient.

lb. 03. dr.

4)917 18 12

229 7 7

Example 3. Let it be required to divide 9789 by 26.

OPKBATION.
26)9789(876

78

Explanation.—Placing the dividend and divisor as be-
fore, we say 26 in 9 (thousands) no times; 26 in 07 (hun-

if»h?^' f it"".f??^^ f^'^^l-
"^® P'"«« **»« 8 (hundreds) to the

?°io V *^? dividend and multiplying the divisor vG bv Itget 78 hundred, which we subtract from the 97 hundc^d andobtam a remainder 19 hundreds. 19 hundreds are equal to
190 tens, and 8 tens, make 198 tens ; 26 in 198. 7 (ten^.) times.
J^dtlnlyinK the 26 by the 7 tens, we get 182 te.s wliihStracted ffomlGS tens, leaves a remainder of 10 tens. 16 tons
are equal to 160 units and 9 units make 169 units; 2T in 169
5^J*®.^^" > V ^5%"?^ '®*^^' * remainder 13. This 18 si ould bedivided by 26, but since 13 does not contain 26, th' Ivislo!

K • . X,. „-
<^"oot be effected, a 'd we can only indicate it wLicti wftdllby placing the 26 under tiie 18, as is explained in (Art. 66)

'

Tbecoinr)I<^to niiot,l«>nf;l«thorpforp vr«is i-ao«i QT* ».>j .i.i_i x . ..

orm ftflu iyuivia«a ty geT
~ " """ """ '"^ ""^ ^v^us:v«.iv. cnc^-wifnip

398
182

Iw
156

18 rem.
Ane. 876|}

i

T
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71. From the preceding illustration and example we
deduce, for the division of numbers, the following general

RULK.

Beginning with the highest order of units in the dividend, pass on
to the lower orders until the fewest number of figures he found thai
mil contain the dtvtsor; divide these figures by it, for the first fiqurt
of the quotient ; this figure will be of the same order as that of th*
lowest usedm the partial dividend.

^

Multiply the divisor by the quotient figure sofmind, and subtract
the productfrom 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 f<mnd in tk
dividend: this milfurnish a new dividend,

be ^d^^ded^^^
* similar manner until units of every order shall havK

Example 1.—Divide 98766 by 7.

OPIBATIOK,
7)98765

141099

EzpLAMATiON.-Here we say 7 in 9, 1 and 2 over • in 9fL dandOover; in 7,1 and Oover; in 6,0 times and 6 oveV ; i?66

ISi nl ??' o^® I^'^y^
liowever, carry on the division by ©on-

becomes 14109-2S"*
'^' ^ ""*'* '^'^"^^ *« *«°*^ *«•• "-^ *»»« quotteJt

Thus 2 units, equal to 20 tenths. 7 in 20 2 and A n^or • a t^^n.^ ,

t*hoSSa5!ittt&1 *
5V fi""«^*"/t

^^«'
r* J»«»tJs*t;eX«alT&

SSdtS ic '
*"""' '^ thousandths are equal to 80 tenths ^

Example 2.—Divide 124789 by 12.

OPEBATIOK.
12)124789

10899 -\
or

12)124789

.n^ S-i^tr^**-"?•"? *8*^ ^* ™ay either stop at the unitsand write the remamder 1 over the diviior 12, or we may teduSthe 1 unit to tenths, &c., as in the second operation!

10B99-088 +

Example S.—Divide £1986 14s. 7id. by 9.

OPBRATION.
9) JE1986 14 7i

Explanation.—9 in 19, 2 and 1 over- in is 9 »^a a

.« .S.,
,. e., oneniA% 'Z^ZT.'S^^^^'^T.T^V'J^^^^'

«P P'^-^^'^TP^m,.^' ^® ^'"®' ^" ^^^^»*y' required to find one-ninth

that £220 ill 1 fiH J« i'- "-^^K
'*'"««' ^hich would be nonsense, butthat £220 148. ll^d. is the ninth part of £1986 Ua. 74d. : so al«o in

jui simuar questions.
"

JiotwithsUoding this, aU such examples are reducible to » spegi?^
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of subtraction. Thus, in the above e'camnlp wa ft^.. tu^ ^

f^)£!^^ ^Zr? '''^'' ^\ ^'"' so into (i. e., can bfsut

S

T^d y^
^''*.l

** ^ ''''"^*' 220 times, and a remainder of £6Then we argue, from the principles already establishod fw !f h
IS contained m £1986 220 times, with a reltder ^contained m £1986 9 times, with a remainder of^fi^ ^Lt- .7 ?u^
ninth part of £1986 is £220, with a Snder ofto' N.vf' '^T

'^'

this £6 to shillings, and addiu- in the 14« wl nU •
' .f\

^"educing

and we find that 9s. is coSd in 134^ lit"
^" ?/°'^ ^^ ^^4«-'

of 8s., whence we concTul" ttat T4s 1s\.onta2 in m/T?-"'"with a rema nder of 8s., that is, that the nS parV l^s iX''
.^^0 HrwTh^:L^XiJS:^^ ^^^' protteUia

Example 4.—Divide 9Y8964 by 3429

obtain aa reuminHor 90«i ,;,i.; u , ™ »io^\ and29316
27432

18844
17145

1699

Example 5.—Divide 6421284 by 642.
OPEUATION.

642)6421284(10002
042

1284
1284

no rSnXf"S\7n^'nrcSwr?hi'^i"r,f"f '^^^

(Uvtor t«,ce, and elv« „„ remolndc^-rpit 2 irihlTu'^Uoni.
''°°'"'°' "'

^•»^/%er, must be put in the Quotkni,""'
~ '""' "

"^"''^''''"'' J^if'^'^'^i ^r ^

d

tl

ri

fi

tl

Q
d
d

V*w
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Example 6. Divide 796847 by 847, and the result by 7234.
OPEBATION.

847)796847(940-197166, &0.
-
N 7628

8404
83S8

1670
847

8280
7623 !

6070
0929

6680
6082

i

_ 398, &c.
t284)940-197166(0129969. &a

7284

216-79
144-68

72117
65-106

7-0111
6-5106

60056
•48404

66526
65106

1420, &a
76. When the divisor is large, the pupil will find aasistance in

determinmg 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 two 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 mto the quotient figure. After multiplying the divisor by the
Quotient fisrure. if the nroductis nrflatpr than tha r,n^„ac^^^^: __x:_i

dividend, this shows the quotient was taken too great, and must be
diminished. If the remainder, after subtraction, is greater than tbe
0ivisor, the quotient was taken too small, and must ^e increas^^j
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ExA>fPLE 7.—Divide 279

OPBRATIOV.

"21

4=qr8. In cwt.

87=qr8.
26=11)8. in qr.

449
174

2189=lb8.
129

899
774

126

16=oz.lnlh.

125

2009=ioz.
129

"719

646

"74

16=drams in 08.

444
74

1184=dram8.
3116

DIVISION.
[SwjT.lv.

cwt. 8. qrs. 14 lb. 9 oz. by 129.

oz. dr.

15 9^"^

*»,^^nnA'^^"<*'^—i29fn279 1 ethe 129th part of 279cwt 'is 2

Th V
2"?**^ ?

remainder of 21' cwtrhis 21 cwt. we reduce to nuait

dinAThl"^«'^'"« K"" ««3"ad:

part of 87 qra Ts equal to orand we therefore place a in tie

we next reduce qrs. to lbs hv

the 14 lbs. of the dividend Vethus obtain 2189 lbs. of whi«hthe 129th part is 16 lb wiTh »S
undivided' remainder ofmCJeducinK 126 lbs. to oz!, and iS^<llng In the 9 oz., we obtain anno
oz., of which th; r29th Srt U^
01 i* oz. Beducing the 74 oz todrams, we obtain fl84 drams ofwhich the 129th part is 9 dram.Lwith an undivideS reiSilnd *r oJ^ drams, under whichwe ulaSe

iilol,*'''Th^^^ *« indicateiK
OnoHanfT^K* ^^ fl"<* th« total

28 remainder.

div,lfoa dtnT:;:':!""''''''^'
°" ^W^h the operations fe

tients arising fiom the diW^fnl c ?i,
^^ """ "^ '^e quo-

dividend by the d" isor (68)
''''™' J""** "^^ ""<>

vidend.'S "'""'"' """ ^'"'"«°' "« *; factors of the di-

i. It, *?f.?'!*^"<"."f."'« divisor, by th« entire „.,„..-™.

several p«ts of the quoWenn^f ' '""" ""^ *'



[Sbot. iv.

129.

129in279,l.e.,
279cwt., Is 2
iderof21 cwt
duce to quar-
f by 4 and ad-
. The 129th
fqual to or.
«co a in the
the quotient,
rs. to lbs. by
^nd adding In
vidend. We
>»., of which
lb., with an

ir of 126 lbs.
* oz., and ad-
obtain 2009

>th part is 15
>d remainder
the 74 oz. to
W drams, of
t is 9 drams,
imainder of
* we place
licate its dl-
d the total
Oqr. 161b.

Aafa. ftf^taj
t>tVl8l6Jr.

tions in

B whole
le quo-
I of the

the di-

^y th^

loo

tod Ihus"'? pS??tL"To«e5? fit;U'.?b^S 'V P"^'^^
*^« ^•'''>«"«'.

bart is taken from thrdl vidend showing L^i^t^™.,*'"^*..^^ \^^ <'*^'«>'' by this
aivlded; thenapartofthereraiiDin^dividamn.Tov^ '*"*.' '«°""»« ««-

dividend is di.idett«irtr.^;Sr^^^^^^^^

rnia^Ti^ \^\ ** ^}'^ ^^^^'^^^^ «i^«» because what re-mains of the higher denomination may still give a quo-

ini tfkent
^' dividend-its different denominations b^

^fnl r.rr^u'^'''*''®'''^"*^^^- We cannot know howmany of the higher we shall have to add to the lowerT
nominations, unless we begin with the higher.

PROOF OF DIVISION.

Example 8.~Divide £5681 ISs. 4d. by 700. "

£> b. d. je
700)5681 13 4 (8

6600

81

1638
1400 <«•

288
12

s. d.

2 4
PROOF.
£> s. d.

8 2 4
10

81 8 4
10

811 18 4
7

2800
2800

6681 18 4=jES 2s. 4d. x 700=dividend.

Tm. Is merelj- doing the mnne work bj- , different method

.r.^?K"''.?,.*l'f._^l^i«"r,«n'i quotient -,«r to the mnlHnlw o..^ ^.,,«_.,--__.

tt.^ WU. .pply ,0 the WH^iVKntlJeraSthKafefe""

-k'V
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ttvistoij^.

t^MT. tt

^/ ^f^'Zo^TtTeZi^^tJ^^^^ '^^f
'^^' '''P^'^i^' products

equal to the dividenZhelorll ^J^l
^^^^"

'
''''^ '^ '^ *^^ "

Utp l^llZfltlllt iFalTifJ'^artl^' P''°«'P>« '^^' ^^^ ^^l^ of a guan^

Example Q.—Divide 147866 by 97.

97)147856(1524
97*

608
486*

285
194*

416
888*

28»

147856
lfom~The asteriBks show the lines to be added.

(1)

12)876967

78080tV 127289

*<^) (6)
f eta. ft Q^

9)6789^ ll)4298-76

^764-40
|890-79ilf

9. Divide
10. Divide
11. Divide
12. Divide
13. Divide
14. Divide
16. Divide
16. Divide
17. Divide

Exercise 18.

'?)891023 9)763467

84828f

£ 8. d.

4)^9 6 4

4 16 7

(4)
8)66482-978

8179-12226

wcs. ds. hrs. min.
9)69 4 19 80

18. Divide

19. Divide
20. Divide
21. Divide

798966 by 6423.
^176 14s. 6d. by 12.
66789 by 741.
6785158 by 7894.

f4728 168. 2d. by 317.
$97896-64 by 429.
970763 by 6.

712.S4 by 9.

977076 by 47600.
7289 lbs. 6 02. 4 drs. 2 scr

£157 168. 7d. blltW
''•

7867674 by 9712.
422 m. 8 fur. 88 tAk hv n^

^ ^ »

.

7 6 4 60

Am. £14 148. 6id.
Ans. 76fJf.Am. 859ffiJ.

£14 188. 4^v"d.
Am. $22819fi*.

Am.
161793-8333-f-.
Am. 79141.

Am. 20jml
IS grs. by 498.

*^^^^

7 02. 6 dr. scr. 12Jf |- gr.
Am. 68. 6|d. -^.



ttive products
if the sum ia

oU of a quan^

AftTC. tU^.i Biviaiok
Hi

978

12226

[8)
I. hrs. min.

19 30

4 60

t 14s. 6^(1.

M. 76f|fmm
88. 4-3^7(1.

I28l9fif.
'3-8333+.

«. 79141.

mU gr.

eiOj^/s^r.

r. I4rd0.

GENERAL PRINCIPLES.

dividend t.ice ^'rZy^Zs'^^ \^^^^^ «^ that

many times, &c. Hence,
dividend thrice as

.IV
Y^^?!*^'' '^'''''^' ""^^^^"^ t^e same, multiplying thedividend by any number has the effect of mult ply nf thequotient by the same number

"luiupiying tlie

Thus 9^=3; 9x2ori8+3=6=3x2,9x5or 45+3=15=3.5, Ac.

tient by the same number.
"luing tne quo-

quotient by that number.
i^iuiupiymg tne

Thus 48^6=8; 48+S or 48+8=16=8 x 2 ; 48+| or 48+2=24=8 x 8 Ac

dividend only half as manv timlv\h .-
cbntamed m the same

third as manySs &r Cn^J
'^''' *""^^ '^^' ^^'^^^r only one-

When the dividend remains the same, multiDlv?ro. th*.

^^::^^ii^^ ''^ effector dij:?.^i

the same number oTtTmes thrZ\h
^«".*^'°ed^»

^r''
^^^^ ^'^^^end

the same number of S, It Heifee
"" '° '^"" **^^^ '^^'^^^^

When the divisor and dividend are both multiplied bvthe same number, the quotient will rpm^in np.ilT^'*
^^

thrlc?S:8!'£?='' ^ °' *-^- ^2+8 or twice 4=8; 72 ;rthri;e"^+24 or

; 14, Jf ft given diviior i« contaiwa in ^ ^fiven dividend a certain

* .1-
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119 blVfslo^.
t^M&t. It

dividend the san,e numbTof'2:.lt:t:%etr " "^"'**^'^ '^•'

fiAmT^" ?® ^T^"" *°^ dividend are both divided bv tb«

TL;r^; '^' ^""'^^"^ ^^" '^«»*in unchangedThua 48+24=tJ!
; 24 or half of 48^12 or half of 24=2, 4a

TO DIVIDE BY A COMPOSITE NUMBER.
__ RULE.

then 'r3tf;fSllrtt^^^^^^^^ ""^ '''^'^--'•

rma«n<ii.r.
-^ '^''^^ffc^ «/ any

; the result will be the true

Example.—Divide 718 lbs. by 12.

8)719

4)289-1

«)50-3

T-5

OPERATION.
let remaioder = 1 lb.

»9 1b.
2nd rem8inder=:8x8

8rd remalnder=6x4x8=60
lb.

trne remainder ^ lb. Ane.^^,mu remainaer 70 H) Amo o»o

fif ^JJ^s- «acb, and leaves a reinaYnder of'lTh "*^^ i^f
'^° 'os- into 239 parcel*

reason of the rule for finding the true remainder.
"^' P*'*^'"- ^^''c* «!»«

, ^ Exercise 19.
1. Divide 8766 by 26.
2. Divide 26406 by 42.
8. Divide 26431 by 96.
4. Divide £24 Ha. 6d. by 24
6. Divide £740 ISs. 4d. by 49
6. Divide £647 12s. 4d. by 66.'

7. Divide 6789486 by 36
2- SS?^ ?i3293 by 147 (=7 x 7 x 3).

. i/iviuu ivy«> ioa. 6 oz. 11 dwt. 9

Ans. 150^^.
Am.

628|J.
-4na. 264|l.

-4w«. £1 Os. Sfd,
Ans. £16 28. Sdf.j
Ans. £9 168. 6d}.

Ans. 1989831
A,

gra. by 81

KtCiA KK

4n?, 28 Ib9, 2 Qz, 9 dwt, Off gn,

oft

del

K> t^'h-

-*--«v. : -\.{'l^-_
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that diyidend
me-third that

ded by the

fed.

the divisor;
1 till all the

•>•» and add
yemainder.

actors, the

pressed

—

id to their

be the true

• 9^.

qaotiont u
239 puree]*
distributes
mailer or 8
sis, each of
'Ijlbs. each,
Hence the

OS. 8fd.
3df,
6d|.^

>3983i

86. When both the divisor and the dividend are deno-

minate numbers

—

RULE.

Reduce both the divisor and the dividend to the lowest denomina-

Hon contained in either^ and then proceed as in Art. 71.

BxAMFLE 1.—Divide £37 5s. 9id. by 8s. 6^d.

s. d.

8 6i
12

£ 8. d.

87 6 9i
20

42
4

. 746
12

170 farthings. 8949
4

170)85797(210/,^ times
840

17»
170

97

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 contained in, or can be subtracted from, the divi-

dend, and the quotient must necessarily be an abstract number.

Example 2.—Divide 729 cwt. 3 qrs. 16 lb. by 3 qrs. 9 lb. '? oz.

qrs. lbs.

8 9
25

oz.

7
cwt qrs. lbs.

729 8 16
4

84
16

2919
25

611
84

14611
5888

moz. 72991
16

4:iT946

72991

1851)11 37856 oz. (S64^||f times,

10S08

8T05
8 1 08

>»'

G996
^,404

692
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, _. .^ ^
EXERCISK 20.

I-

i^iW,,. ^, I, '„',;,•.'^^y^ - 5 fur. 21 rd,.

rsBOT. n.

-4.v.». 68.

^'n». 8.

An-i. 486.
-<4w». 26.

contains (la imals it W,, ' ^"' ''''^'' ""e divisor

„ RULE.

p»w«^flf as 2„ Art. 71.
"'^ ''^ '^"*«^« ^'^ i^ie divisor, ati4 then

Example 2.~Divide -oe.by 8-934.
''^^'*'-

•06^8-934=60-^8984
M84)60aja(0006T, &a

'

6-8960
6-2688

r> 1422

ExAAfPLJs 3.—Prenare 9^ rm/ n. 7'.
<^''"»««n'^th8) times, &ax-repare 93 004-- -0000069 for divisionAm. 93-004 -0000069=930640000+69.

1 Ao ^^^ Exercise 21
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B. •0Ol-r674-93'7=l-f-6'74937.

6. Divide 47-665 by 4-5. Am. 10-BO.

7. Divide 756-08 by 76-73612. Ana. 9-864+.

8. Divide 47-5782975 by 26-175. Ans. 1-8177.

9. Divide 1 by 7-6846. Ana. 0-1809-f-.

10. Divide 75-347 by 0-3829. Ana. 196-7798-f.

11. Divide -0002 by -000000008. Ana. 26000.

CONTRACTIONS IN DIVISION.

89. To divide by 10, 100, 1000, &c.

Remove the decimal point as manyplacea to the left in the dividend

as there are Os in the divisor.

90. To divide by 25.

Multiply h}i 4, and divide by 100.

EBA80N.—25=iS2. *

91. To divide by 15, 35, 45, or 55.

Double the dividend^ and divide the product by 30, 70, 90, or 110,

%s the case may be.

Reabow.—This method Is simply iloubling both the divisor and dividend.

We must therefore divide the romnioder, If any, by 2, for the tvue remainder.

92. To divide by 125.

Multiply the dividend by 8, and divide the product by 1000.

Reason.—This contraction is mnltiplylnfi; both the dividend and divisor by 8.

For the true 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 1 100, as the case may be.

Reason.—76=5f2, 176=^2-. *c- For the true remainder, divide the re-

mainder, 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 abbre-

viate the division by the following

—

RULK.

Proceed as in Art. 71 (ill the decimal point is placed in the quo-

tient, and then cut off a digit to the right hand of the divisor, at each

new digit of the quotient ; rc7nembering to carry what would have been

obtained Sy the midtiplicaiion of the digit neglected—unity if this

multiplication would have produced more than 5 and less tjian 15 ; 2

if more than 16 and Uss than 2o, &a.
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DIVISION.

ExAiiPLK.^D,>ido 754VSS7385 by 61 347
«nCr\'li"f7 Method.

RISiATI ^ "

[8lOT.II,

61847

88'2-76a
8flj80S2

6lJ47)7M}{87885(l2
2i>«

61847

I40fi67-

12'26U4-

181T3-
12269-

6004*

6621 •

' 888-
868-

1I46780

Exercise 22.
'

What was the average cost per mUe v
' '" '''"S*''' ^^ ^^^st |;^86000().

^- The distance of the earth f.m« *.How long would it take a cannon h^^^^
''' ^^270400 rnilo,

"••les per day, to reach tlie s^n? ^'"' ^"'"^ «^ ^he rate of 28b'
4. Ihe niitional dpi if r,e v.^

number of inhabitant is 36781«2r 'vv/ V-'^'l^^^^
"dollars, and theness of each individual ?

^^- ^^ ^^* '« the amount of indcbted-

^r^^ft?!^ doHars, and

i^'^^vf
'-^ ^•'^h individual / ^^^^' ^« t^e amount of in-

6. What IS the ninth part of |972 •?

-V n " """ ""• "'
*''^ "^ -'^^^^ '^-"^-„g ,os

*1. now mnnw Cnki,..i.i. J .
."

a
«~^"' Vi"" "^"^"y pounds jf f .ittera cow, the price of which ks ^47:50?
13. Dmde 978-634 by 96-34762.
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' smftll, thofr pro.
c<'n8i(leiabl(>, nnd
ilt'nd from which
•'trrteri from the
loi' aenomlnution

ii'Ies in lerifjth,

Jost $;i860000.

270400 r/iiJps,

mte of 28800

"ars, and tho
t of iudcbted-

7 dollars, and
mount of iu-

y among 108

sons.

I ui tu^ Jevv-

Ks English?
Id purchaae

14. Divide 729 l.nsh. 1 pk. 1 gnl. 1 qt. 1 pt. by 297.
Ifi. Divide 179 cwt. 8 qr. 4 Ih. 1(1 oz. by 9 lb. 7 oz. 8 dra.
1«. Tho circumference of the earth is" al.out 25(K>U miles • If a

vessel snila 93 m. 4 fur. 7 ids. a day, how long will it requiie to sail
jound the earth ?

QUESTIONS TO BE ANSWERED BY TIIE PUPIL.
Note.- 7^7. numhfr>* uftrr the quedlona refer to ths artielen o/thv n>etioiu
1. What is division? (SS)
2. VVlmt Is tho Mlvbor? (M)
8. What l.s tho dlvld-nd ? (do)

f. T'n.r V I, of ,.l„,'. ...„,..„ .1*. ,Ii!it •ircuiiistiinces doos a. romulnd(-r arise in division? ^68)
vj hat Is tho denoinliiation of the roujalndor? (fiJJ)
V h V can It nover bo as irroat as tho divisor? («i8)

JIm.'?\i ''"''' w'.'""',l'"l^®
botwoon the iniiinon.l and the subtrahend in

8 ibtnu'tion and tho divisor and tho dividond in division ? (C4)
" ""'°

>y
Hat may wo considor as tho factors of tho dividend? (65)

"•
"anothorY WrtStiry?'(r.or""'"'^

'"' "''""" '' "" '^"•*""*>^ '^^

^''"

TtohV,V.?n'^\
"""''**' ''^"/'^''"'*^ terms, connected by tho sign v,

Give the general rule for division. (71)
In tho question "Divide 11 m. 7 liir. 20 nor. 8 vrds bv 270 " A-enlnin

'^S:^'^t^^^.S^:^ bringing down the next

18 Wlmt"ar«TL''t/J
'•'""^'"'l'";' ''^v Is it to bo written ? (71, Example 1)

^bn dopelld f'*;?^^''"'""'^!
principles upon which the oporatlonl of divl-

Why do we begin di vldii-g at tho loft-hand side ? (77)How may division bo proved ? (78)
^ '

&!n^i;"Tmt'F?"(75)'"^°''
^"^* '''''' """' multiplying the divi-

^"
'^by alyZmbort\"

V"'*"""^"'^' ''^"^ '^'"* ^"^ '^^^''^'"^ *^' ^'^'^'""^

^^'
'^by .iny muilborTlsii^

unchanged, what effect has dividing the divisor

"^di^lso;' brHl/nuinK."? "(S'l)'""^^''
"^'^^ '''''' ^«« multiplying the

^JnVffi''" '"u-^'/'Pv" •^t"
qii<>tiont when the divisor and the dividendare both multiplied by the same niunber ? (88)

uiviuenu

are both .nvSlfl K^fh'^'"
*»"""''"\ ^^^"^ ">« '"^'««^ a"^ ^^^ dividend

„ ^ ,''" *"^"''^'' hy tho same number V (84)

OQ w."^ "" ^'®, '''.^,'*'" ^^ " composite number? (85)

fil"f7'' '^'""'^l
''-^ *''^ ',"^'««'"'^ "f a composite divisor, how do we ob-tain tho correct remainder? (85)

"«*wui, now uo we od-

^.I'/lfJ'u -^'^Hr
*^ ^^'P'^'^ted into only two factors, how may the rulefor obtaininn: the correct remainder be worded « (85)

^ the Jule?''(8'67"*^
*^"' '"''*'^''"'' "'^ '"'*'' denominate numbers, what

Wlson ore d. iifrtiihiatc number is divided by another, what kind of anumber must the quotient always be ? C8T)
"'"'"*"^' ^"»' '''"" ®f »

10.

18.

14.

16.

16.

17.

19.

20.

31.

24

25,

26

29

80,
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82. In the question "Divide 87 lb. 2 oz 15 dr bvl Ih 'i^, ii ^ d i. x„ wo in reality required to do? (87)
^

'
"^ ''''• " ^'^ ^'"** *™

When the divisor containa decinmls, how do we oroceodv /f5R^ tt,.„„
Q^ '^l^at principle do we do this » (8y)

proceed y (88) Upon
84. How do we divide by 1, followed by any number of Oh ? rsfl^
''•

^r^&TVroT ''^ -'•^-^-<^-din"gtyl5t^H?.^y 15.85.

8?: h:,w ,t ^e' atbr^vlSe'fhe .^Jl^XM''^ '^' "^ '''' <»2, 98)

dividend and butS^arl'^e^Sit'ih^^q^uXnS"?^^^ ^ *^«

Exercise 23.

MISCELLANEOUS,EXERCISE.

(On preceding rules.)

1. Multiply 789643 by 999998.
2. Read the following numbers

: 67813420-021080046
72000000 OOO0OOOV2, 10010001000010000010000001

serais
P''"'" ^''' ^'^'' ''''' '''^*' ^"^ ^^^^^^^ '" Roman nu-

4. Multiply 749 lb. 10 oz. avoirdupois by 72.
6. What is the price of 17 pairs of gloves at 4s. 7|^. per pair*
6 The planet Neptune is 2850 millions of miles from tie sunHow long would it take a locomotive to travel from the smx to Nep-tune, at the rate of 30 miles an hour ?

^
7. Reduce £729 178. 6^d. to dollara and cents
8. From $10000 subtract $9876-28.
9. Write down five hundred and twenty billions six millions twn

10. Reduce 79(»4327 mches to acres, roods, &c.
11. Add together the following quantities- ^'72Q-49 «ifl.>rA

f976-81, $9987-17, $429-00, 1129-19
*^^ ^ ^^' ^^^ ^^»

12. Multiply 6 weeks 4 days 3 hours 17 minutes by 429.

/n u- ,
®. *?'' ""™^^'' ^^^' '^"^' ^y r<;moving the decimal point •

(1) multiply It by 1000000
; (2) divide it by 100000

; (8) make it mil^lions; (4) make it billionths
; (6).makeit tiillionths 6) make it hZ-dredths of thousandths

; (7) make it tenths.
14. Multiply 78 96 by -00042. '

15. How many hogsheads of sugar, each containing 13 cwt. 2ar814 lbs., may be put on board a ship of 324 tons burden v

16. A farmer's yearly income was 9237 dollars. He paid for re-paning lus house 186 dollars, for hired help on his farm 4 times asmuch lacknig 96 dollars, and for other expenses 1902 dollars Howmuch '^oes he save yearly?
17. How many suits of clothes can be made from a piece of cloth

2 nls ?
'' '""' ~ '^" ""

*
^'"'" """ ^^•quiriKg a yras. l qr.

18. There is a farm consisting of 732 acres ; 25 acres of which is
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^729-43, $16'70,

ores of which 10

planted with corn and potatoefl ; 197 acres sown with rye ; 166 with

oats ; 97 with wheat ; 199 is pastured ; and the remainder is meadow.
How many acres of meadow ?

19. Bought 96 acres 3 rood'? lY perches of land, for which 1 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

doUara; how much had she remaining'?

21. A silversmith received 36lb. 8 oz. 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, consisting

of three ditferent kinds ; the first at 5 dollars a yard ; the second at 7

dollars ; and the third at 9 dollars a yard. He had as 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 lb. 9 oz.

8 dwt. ; a tea-pot weighing 3 lb. 2 oz. 16 dwt. 16 grs. ; two pair of

eilvei candlesticks, weighing 4 lb. 6 oz. 17 dwt. ; a dozen silver forks,

weighing 1 lb. 8 oz. 19 dwt. 22 gi'S. ; what was the weight of all ths

articlos?

25. Reduce £972 lis. lljd. to dollars and cents.

2^^. Reduce 179 lbs. 3 oz. 3 dr. 1 scr, 14 gi-s, to grains.

21. 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. i- qr. 11 lb. ; the second, 5 cwt. 3 qr. 16 lb.; the third, 8 cwt.

(jr. 7 lb. ; the fourth, 3 cwt. 1 qr. 17 lb. He sold the whole at 15
cents a pound ; wliat did it amount to ?

29. A merchant has 29 bales of cotton cloth, each bale containing

67 yu ds; what is the value of the whole at 16 cents a yard ?

30. A man willed an estate of |370129 to his two children and
wife, as follows : to his son, |1C9468 ; to his daughter, $98579 ; and
to his wife the remainder. How much did he will to his wife ?

31. Divide £1694 16s. O^d. by £9 19s. IPJd.
32. Reduce £19 19s. lljd. to dollars and cents.

38. A merchant having purchased 12 cwt. of sugar, sold at one
time 3 cwt. 2 qrs. 11 lb., and at another time he sold 4 cwt. 1 qr. 15

lb. ; what is the remainder worth, at ] 5 cents per pound ?

84. Bought 4 chests of hyson tea ; the weight of the first was 2
cwt. qr. 17 lb. ; the second, 3 cwt. 2 qrs. 15 lb. ; the third, 2 cwt.

i qr. i:v lo, : live iuurin, v ev.i. ^ qi-. i < ID. ; wiiai is inc vuiue Ui lay

whole at 37^ cents a pound ?

86. Express 100200300709 in Roman numeraJs,
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86. Divide 48 -2 by 76-8437.

"« ^^''''^''Ji^"^ ^y 000000066.
o8. Irom $2789-27 take 17 times $(;3-29

and o.hc'"C.l1jC;lr:nf,^,l^!^r
- fte C„„n,o„ School

and t;,o number of libraiiea at 20M H ™ estimated ut 4aJ644
upon an areroge to each library?

"""^ volumes were there

SECTTOlTiII.

COMMON M...™., liir CoMMo™S,P^^t™''' ''"'^™«'

2. A multiple of InumlJr- "*","«^ no remainder,

given number Ta divLr " '""'''^' "^ *'"'^'' t^e

5. An Iven Numb': is'^StoTSI'S a^H
"•

"^"•

ly, ^d, 29, &c., are primes.
' ''^ '> ai, i^j, 17^

prim;;l'i:?n"umwThi:h b
'^

IT''^' «'^'<='> '« ""
beside, unity andtVtts 4 ifiVW 1'^^
23, <fec., are composite numbers ' ' '

^"^^ ^*» 1^> ^6,

pies' » avXrtr^""" ^''"<''' ™»--. ^t--"'';-

dor
;

thus 7 i. a comm™ ^asufe o T4;35'rdVr'"-
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Hence all pviraa nnmbera ftre prime to each other; but composite numbers

may or may not be prime to one another.

13. Commensurable Numbers are those which have

some common divisor.

Thup 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 incomraensurablo.

15. A Square Number is one which m composed of

two equal factors.

Tlius 25=5 X 5 is a square number ; so also C4=S x 8, &c.

16. A Cube Number is one which m composed of three

equal factors.

Thus 34:3=7 X 7 X 7 is a cube number ; so also 27=3 x 3 x 8. &c.

17. A perfect Number is one which is exactly equal to

the sum of all its divisors.

Thus 6=1 + 2 + 3 is a perfect number; so also 28=1 + 2 + 4+7+14 is a perfect

number.
All the numbers known to which this property really bolonsa, are tho

eight foliowins : 6; 28; 496; 8128; 385503JJ6; 85S98C905G; 1374CS091G2S; and
280584:3008139952128.

Note.— All perfect numbers terminate with G, or 28.

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 2S4 ore amicable; for, 220=1 +2 + 4+71 + 142, which are all

thedivisorsof'i84, and 284=1 +2 + 5+11 + 4+10+22 + 20+44 +55 + 110, whicli are

all divisors of 220.

Other amiciible numbers are 17296 and 1S416; also 93C3583 and 9437(i56.

19. By the term properties of numbers, is Ricaiit those

qualities or elements which arc inseparable from them.

Some of the most important properties of numbers are the

following—

I. The sum of two or more even numbers is an even

number.

II. The difference of two even numbers is an even

number. •

III. The sum or difference of two odd numbers is an

even number.

IV. Tile sum of three, five, seven, &c., odd numbers, is

an odd number.



anLJtX'' '"""' ^'"' ^^"' ^^^^*' *-' «<id -ambers, is

VI. The sum or difference of an even anri o« ^^
ber, is an odd number ^ *^ ^^^ ^«"»-

if onf-of^f^eSot be
,7„--^--^W» will be even

XI. n^e'^lTc^J' ""' *"''?« ''y "^y ''^«» """-ber.

they are all odd
""^ """''^'- "^ S"'"'™ i» odd if

alJiwd'e haVonr"'"' *"'^ "" ''''' """''^^ ^^ will

into mi, te,r?,^*jTr,i;;ro "SJ'it"^
"*'• « "" -id,„.,y ,„

Hsdigi.L^a:^V;rtsrrjr5:'r^^^

of'tb'. "r'»«f^»'i>i".»»?^^^^^^^ property of ,„c „„„.

the «i'oft£Vret"c,L'^ ""''i?''*'"^
^^ ™y «V^ digit,

./• .. "• " ."« take any two nmnlwro «,!,.„..„, . ,.
"» mem, or their mm or t'l^ir ,//rf^"

"'",'.'"
' "'^" <"'«sum, or t leir difference, is divisible by 3
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21, or 11 times 21,

Thus, take 11 and 17; th«»ugh neither the numbers themselves, nor their

eum, is divisible by 8, yet their difference is, for it Is 6.

XVIII. Any number divided lijy 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

altirnate digits in the odd places, increased by 11, if

necessary.

Take any number as 88405603, and mark the alternate flgares. Now the

sura of those uiurked, viz • 8 + + 6 + 3=^17. Th(^ sum of the others, viz : 8+4+
5 + 0=12. And 17—12=5, the remainder sought. That is, 88405608 divided by
11, will leave 5 remainder.

Again, take 5847362, the sum of the marked fitrures is 14 ; the sum of those

not marked is 21. Now 21 taken iroin 25. (t. e. 14 increased by 11) leaves 4, the

remainder sought=remain(ler 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 is divisible by 5.

XXI. Any number ending in is divisible by 10.

XXII. When 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.

XXIV. When the sum of the digits of a number is di-

visible ])y 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 16, the last two digits, ia

divisible by 4.

is divisible by 8, because 416, its last three digits, is

divisible by 8.

is divisible by 9, because the sum of its digits, 7+4+1
+ 6-18, is "divisible by 9.

is divisible by 3, because the sum of its digits, 7+4+1
+ 6=18, is divisible by 8.

Po also the nnmbeV 4567821 is divisible bv 11, since the snm of the digits in

the odd places, 1 + 3 + 6 + 4=14=2 + 7 + 5, the sum of the digits in the even places.

XXVll. Every co7nposite number may be resolved into

prime factors.

For since a composite number is produced by multiplying two or more fao-

tors together, it may evidently be resolved into those factors; and if these

footers themselyes are composite, they also may be resolved into other factors,

ttud thus the analysis luuy bo continued uutil all the factors are prime numbers,
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numb™- ^'^ '^^^^ ^^--^ -f -^'y number is a prime

g£nS2r'^S^U^SSa^f^^ <^^r*- ^); but a co™.tlivisor 01 any number must bo a prime „um*2; ^^ '^""^oquently, the /««««

,.
-^^^-^^ Every prime number exppnt 9 if;^,

dim.mshed by 1 L divisible by 4 Xe^a^^^^^^^^numbers on next pao-e )
^ "^^^^ ^^ P"^«e

.1, T^ -^^^'^^y P^"^»e number excenf 9 ic n
therefore terminates in an odd diuif ^

' '
"'^'^

'
^^^™ ' -«e not bo inferred from tbistbat al, ... „„n.ber. are prin..

minafe witif 1 TT o"f"p' ""^^^ ^^"^^ ^' ^"^^ ^er.

any otber dic.it than' 1% 7 ^T^ "'^^^'^ *^'«^ ^"^« in

Forn.,
' ' '

""' ^' '^' ^ ^on^posite number
numbo^:,Sl^?„--^<;iS,:-y>t;,^nst end in an odd digit <XXX), and a„

XXXri Every prime number, excent o .^^ o -r •

creased or diminished by 1, is divisiblety 6.'"' '' '^ ^"

j.^20. To hnu the prime numbers between any given

RULE.

third frem 3 w7Ve 3 . ^^^^ i/>/>'/' ' J' '.^^' ^^^^ ^^^n
seventh from 1 vn-ite h; me, ILf J:::i' / '""^ ^'^^^ ^<^'y
so on. ' ^' ^^^^y eleventh from 11 W27e 1 1 ; and

EXAMPLE.
Find all the prime numbers less than 100.

1

19

87
6-11

55

73
7-1.S

91

3
8-7

21
813
39

3-19

57
3-5

75
0,01

93

6

23

41

69
7-11

77
o.ia

95

7
5

25

43

61

79

97

8

9
S

27
36
45
3-7

63
8

81
811
99

11

29

47
613
65

83

13

31
7

49

67
6-17
an

15
311
33

817
51

3-23

69
8 -29

17
5'7

35

53

71

89
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irt. 4); butacom-
L'quently, the least

f increased or
ible of prime A

nberg are prime.

5, must ter-

tliat ends in

lite number.

t (XXX), and all

orite 1 1 ; and

"upOKitc ; and

the numbers

8-5

15 17
in 6-7

m 35
HI
51 63
•23

69 11
29

Hence rejecting all the numbers which have superiors, the primes
leas thanlOO are 1, 3, 6, 7, 11, 13, 17, 19, 23, 29, 81, 37, 41 43 47 53
69, 61, 67, 71, 73, 79, 83, 89, 97, together with ihe number 2. ' ' '

r>.iJ''''*\'"'f'''*'i""*^ ^K
«xt«"'^<'^ Indefinitely, and is the method by whichprimes are found even by iriodorn comi.utators. It was invented b/Emtus-thenes, a learned librarian at Alexandria (Born B. C. 275) ll" insSbcd theeonesof odd numbers unon parchment, then cutting out such nmXrs as e

f< und to be composite, his parchment with its holes somewhat iLsombll a
tieve; hence, thia method is called '' I^ratoothenes' SkvlT

i^^cmblcJ a

TABLE OF PRIME NUMBERS FROM 1 TO 3407.

1

2
8
5
7

11

13

17
19

28
29
31

37
41

48
47
63
59
61

07
71

78
79
83
89
97

101

103
107

109
113
1-27

181

187

(89

149

151

!57
ifj8

i()7

178
179
181
191

198
197
199
211
223
227
229
253
289
241
251

2.)7

263
209
271
277
281
283
293
807
811

409
419
421
431
483
489
443
449
457
461
463
467
479
487
491
4<)9

508
509
.521

528
.541

547
557
503
509

8.3 571
817 577
881 587
887 593
847 5^/9

849 001

853 007
859 013
807 017
878 019
879 0;J1

8S8 041
889 018
897 017
iOl 058

659
601
673
677
683
691
701
709
7!9
727
733
789
748
751
757
701
709
773
787
797
809
811
821
823
827
829
839
858
857 I

859

;

803
I

877 I

831 I

833 !

887
907
911
9(9
9.;9

987

941
947
963
967
971
977
933
991
997
1009
1013
1019
1021
1031
1038
1089
1049
1051
1001
10(>3

1009
1037
1091
1093
1097
1103
1109
1117
1123
1129
1151
1158
1108
1171

11S1
1187
1198
1201

1218
1217

1223 1511
1229 1523
1231 1581
1287 154;3

1249 1549
1259 1553
1277 ' 1559
1279 1507
1283

i

1571
1289 1579
1291 1583
1297

: 1597
1801 1601
1303 1007
1307 1609
1319 1013
182i» 1619
1827 1021
1801 1627
1807 1687
1873 1057
1881 1003
1399 1007
1409 1009
1428 1098
1497 1097
1429 1099
1438 1709
1489 1721
1447 1723
1451 1783
1453 1741
1459 1747
1471 1753
1481 1759
1483 1777
14-<7 1788
US9 1787

1

1498
i

1739
i

1499
I 1801 :

ISU
1823
1881
1847
1861
1807
1871
1873
1877
1879
1889
1901
1907
1913
1981
1938
1919
li)51

' 1978
1979
1987
1993
1997
1999
2003
2011
2017
2027
2.)29

2039
2058
2063
2039
2081
S0S8
2087
2039
20 )9

2111
2118

2129
2131
2187
2141
2143.

2158
2161
2179

I 2203
' 2207
2213
2321
2287
2239
2243
22 J

1

2207
2209
2273
2281
22^7
22M
2297
2809
2811
238:3

2889
2841
2847
2851
2857
2871
2877
2881
2838
2839
2808
2899
2411

211

7

2423
2437
2441
2447
2459
2407
2473
2477
2503
2521
2531
2539
2543
2549
2551
2557
2579
2591
2598
2009
2017
2021
2083
2047
2657
2059
2008
2671
2077
2083
2087
2G39
2098
2099
'2707

2711
2718
27 10

2729
2T81

2741
2749
275:3

2767
2777
2789
2791
2797
2301
2803
2819
2388
2887
2343
2851
2857
2861
2879
2887
2897
2903
2909
2917
29'?7

2939
2958
2957
2903
2969
2971
2999
3001

I

8011
I

3019
I

8023 ,

8087
I

8041 ;

8049
8001
8067

8079
8083
8089
8109
3119
8121
8137
3168
8167
3169
3181
3187
8191
3203
8209
8217
3221
8229
3251
8253
8257
8259
3271
3299
8301
3807
8313
3319
8823
8829
8881
3848
3347
3859
8301
8871
8873
S8S0
8891
8407

When it is required to determine whether a given number is i Di-ime wa
W ifcoinV "to •"bliuJ'ft

"^'"•'" \ '' M' •""^'•^'"^ f™m""a 7 o'r 9,'t.l"num!

fle;;von:T,r:H!S'o ^\1\^ ^;,:''V".'?f« 7! »
""•^/'f the abovo_«lidt.s, we must en-

Qencinrr with<i Th IVl'L
"'^''

• 'L'"
Pr=="eS' is roiiad in tiie tabie. com-

Bven "fmbers If w^ ,1.^'.
no necessity for trying- 2, for 2 will divide only tho

R^e ?eaT.i m-tme I Ti

l"^«ci'ed to try ail the successive primes of the table until

KSa di?ko^ wl ,ni' ""VT '^-"l!
*'"* squ'vre-voot of the number, withoutaudliig a divisor, we may conclude with certainty that the number is a pHm«,
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21. To Resolvk a Composite Numuku into its Prime Factors.
RULE.

J)ivide the given number by the smallest number which will divideU mtJtout a remainder: then divide the quotient in the Tame lavand thus cont^nnc the operatiou till a qJtient i, obta cdwhieheinbeMd by no number greater than 1. The .everJ^Z^ymZ
last quotient, will be the prime factors required. {Id-XXVH)

in every case, arc tL^snuXTmntr. ^hat ^H i hi.U?.'h'r '^f'^
^"^

^"
V«^"-«.

the snccesi-ive niioienfs wifhont .i. ,.mu,,r „
t"vi(U' tlic plvcii iinmbiM- or

numbers. (iy-l\ VHI ) Am I •. /i^^^
cons.q.uMmy thoy ure all p, in,e

obtained, wluch cu.notii. .ii le by my u nCt ' !' ^^'^'l^T''^
that the la,t quotient must also be a »)^-/

"
nun lu r • n ^

^ '"' '/''""' '^
**J-""^«

Example 1.—Resolve 210 into its prime factors.

i„ y ® ''t* *^'y'^*^ ^^^ R'^'*"" number by 2. which is fh«

5t „?"?*'' "'"•' ^"' '''^"''^ «t ^vitbo„tA rem! nder andV huh ,s alho a prime number. We next divide by 8 thJnby 5. The several divisors and the last quo iW are theprime factors required.
4"""»-m- are me

OPERATION.
2)210

8)105

6)86

7
PEOOK.

2x8x6x7=210
Ans. 2, 8, 5, and 7.

Example 2.—Resolve 728 into its prime factors.

'KRATH
2)728

2>364

OPKRATION.
2)728

2)182

7)91

19

_,%i"ffore, 2x2x2x7x13,01-

f rao^ ' "^ ^^*' prime factor*
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rs Prime Factors.

Exercise 24.

1. Resolve 11368 into its prime factors.

2. What are the prime factors of 29SI ?

3. What i.re the prime factors of 1011 ?

4. What are the prime factors of 1000?
6. What are the prime factors of 1024?
6. What are the prime factors of 82320?
7. What are the prime factors of 707 ?

8. What are the prime factors of 1118?

Ans* 2' X 7' X 29.

Ans. 2x3'xl63.
Ans. 3 X 337.

Ans. 2» x 6».

Ans. 2'".

Ana. 2"x5x 101,

Ans. 7x 101.

Ans. 2x 13x4«;<.

DIVISORS.

22. From Art. 21, Note, for finding all the divisers of
any number, we deduce the following

rule.

Resolve the number into its prime factors; fv -m as many series
of terms as there are prime factors, by making 1 th. first term of each
series, the first pomr of one of the prim^ 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 decomposition. Then mnltiplu
these series together, and the partial products thus obtained mil be the
divisors sought.

Example 1.—What are the divisors of 48?
Here we find 48=2* x a Therefore our series of terms will ha 1

• 16 and 1 • -8 ; multiplying these together.
1-2 -4 "8 "16
1-8

2--4--8

1 •• 2 • 4 •• 8 •• 16 •• 8 •• 6 •• 12 • 24 "43
Therefore the divisore of43 are 1, 2, 8, 4, 6, 8, 12 16 24 and 4fl.

..^L'h'^:^ *"'? series with 1, becWse,' were we'not'^; d„ sfthe different

pro7u"t^
^ * ""'^"''^ ""*' themselves appear among the partial

Example 2.--What are the divisors of 360.

" sJ'^-Tilnd"?-"
"^ ^^ "^ 2»X3»X6 and therefore the series are 1 "3 -4

1-2-4-8
1-3-9

OPERATION.

l|"4-8 •3-6"12-24-9-18"86"72=product8 of Ist and 2nd series

1 2-4-\v-3--6"12-24"9-18--36-v2--5-10"20--40-15-30--60"120"45--90"180-860
Thficforp tho divisors of SCO are t, 2, 8 i 5 6 8 » 10 12 in l^ 9n oa an

3i
, 40, 4fl, 60, 72, !>(>. 120, IfeO SCO ' ' ' ' ' ' ' ^' ^^' ^®' ^*' ^^'

* Pf s"'"''! flsui-e3 written to the rigrh^. of tho factors and above tho Unai^^ called exDonents. and «how h.,ar «ft^.r»K* ^ih" 4" -"-- n-^--- *
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1. What are the divisora of 100 ? Ans. 1, 2, 4, 5, 10, 20, 26, 60, 100.
2. What are the divisors of 810? >

' > »
i

^"*-
I

^'

27M05^'s!b
^^' ^^' ^^' ^'^' ^^' ^'^' ^^' ®^' ^^' ^^''' ^^2,

8. What are the divisors of 920 ?

A iS'!' !' ^'
.1' ^'r^'-

^^' -?' ^^' **^' ^«' »2, 116, 184, 280, 460, 920.
4. What are the divisors of 25000? i *"•

^ns. \
''

f:J,\
^' ^' ^'^' 2^' ^^ 40, 60, 100, 126, 200, 250, 500, 626.

} 1000, 1250, 2600, 3125, 5000, 6250, 12500, 25000.

NUMBER OF DIVISORS.

23. Since the series of terms which we multiplied to-
gether, by the last rule, to obtain the divisors of any num-
ber commenced with 1, it follows that the number of term«»
in each series will be one more than the units in the exno-
nent of the factors used.

^

^
Hence, to find the number of divisors of any number

without actually setting them down, we have the following-,"

RULE.

Hesolve the number into its prhne factors and express them as in.«fes 3 4, «nrf 6 ^•« Art. 21. iLease each e^pZn T,nnZ

Example.—How many divisors hfts 4320 1>

Exercise 26.
1. How many divisors has 88200?
2. How many divisors has 8600 ?
8. How many divisors has 6336 ?
4. How many divisors has 824 ?
5. How many divisors has 49000?
6. How many divisors has 81000?
7. How many divisors has 75600 ?
8. How many divisors has 25600 ?

Ans. 108.

Ans. 24.

Ans. 42.

Ans. 8.

Ans. 48.

Ans. 80.

Ans. 120.

Ans. y3.

GREATEST COMMON MEASURE

mn^Hi.-^''^ fT^^^
''''"''™'*'' "measure, or greatest com.mon divisor of two or more numbprs ,•« fi,. ,%...„„. ^.„„

ber that will divide each of them without ^ reminder
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20, 26, 60, 100.

90, 186, 162,

280, 460, 920.

250, 600, 626,
25000.

hn. OftfiAtfiBf COMMOI^ MfiAdtmS. m

ultipli^ lied to-

of any num-
ber of terms
in the expo-

any number
following-.

ss them as in

^cnt hi/ unity
uct will be the

of which bcinp
ct of wliicli is

Ans. 108.

Ans. 24.

Ans. 42,

Aiffi. 8.

Ans. 48.

Ans. 80.

Ans. ]2(>,

Ans, '63.

itest com-
UGSt lii

binder.

UeSt iiuiii-

25. To find a common divisor or common measure of

two or more numbers—
Rr .B.

Resolvi the given nutuhers intv their prime factor.<t, then if any
factor be common to all^ it would i -; a common measure.

If tne given numbers have not ^ common factor they cannot have

a common measure greater than unity, and consequently are either

prime uumber.3 or are prime to eacu other. (Arts. 7 and 12.)

Example.—Find a common diviior of 14, 35, and 63.

14=2X'; 35=5x7, find «.3=3x3xT. The factor 7 Is common to all tha

given numbers, and Ja therefore a (omuri jn incasuro of them.

EXERCKSE 27.

1. Find a common divisor of 21, 1^, 27 and 86.

2. Find a common divisor of 21, 77, 42 and 35.

3. Find a common divisor of 26, 62, 91 and 143.

4. Find a common divisor of 82, 118 and 146.

Ans. 3.

Ans. 7.

Ans. 13.

Ans. 2.

26. To find the greatest common measure of two
quantities

—

RULK.

Divide the larger by the smaller ; then the divisor by the remain-
der; next the preceding divisor by the new remc'^ider:—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.

ExAMPLB.—-Find the greatest eommon measure of 8262 and 4248.

8262)4248(1
8262

996)8262(8
2988

264)996(8
792

204)264(1
204

60)204(8
_.:,. . 180

24)60(2
48

12)24(2
ATT

^9^ the first remainder, becomes tbe second divisor; 264^ the second t^
i
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12, the last divisor, Is the Required

tnalmler, hocomes tho third divlflftr *«grea 08t common monsuro "'' *"•
•- - ^«» ...juirer

niomb"oMTo7xni.t„Vxrvt!lml
!f on^^nJl

*'''^ """• '* " "--"-r ^o ro-wise nu'ftNure nny Intt^'ra ,„ Ht n o .,f m,„/
' '^''' ""^««..re nnothor it wlil like-

tiros 12und nl.ols ^t^i "
tfr"'!r,1^'il "?"''"*'" «*' '''•; iXLT telt

12 measures 82.V2, and al.o m,lt inf; ue t uir'
"'"'

"."."I'
'''^^

'' «"'< bocaL
fi>re, measures eacij of tho given i'u,beir„S' ' *"""' "''''''' '« 42^8. 12. tlioT
their flm,^-«,f common measure

"""'^«'^«' «"<• '« "common moaaurc; next U Is

lop ofThe^rcolr) CL,:;;'T| Sol'su'r:/«^';S"- 7'^,-' ^^-^"""'"'^ ->- at tho

Sfcan'H h
'"^"' '^^'*"^ ''^'C 'U.'^' 18 . asSfXi'i'/'r"

'''-'^- 't moa.„roH tl" rot »»6, and because 13 mo/iNiiroa aoko i , " ''• '^ "lonsuros 2 »88 a niiilfii.i..
•nee, which l« 204

: bocrso^TmS/^ol^M '.?T
'' '"'^" '"'"asures the 'r it

«?ilh'."'o^»*i*''*'.'««
^8 measures 792 and alsiflLf'ir

"'•'"^''''es 702 a mulliple ofwhich Is 2()4; bocause 18 mcasnros 9«2 ^i ? . "'
L' "'esisuros their difte onceonce which Is 6(.

, becaSsria'Ssules 60 1?'^!:
^"'*' *^ '?"^«'"-^« theiV !?&and beeauHO 13 measures 180, and also loJl/

-'"'"''' .'^'''^' " multiple of <!()
Is 24; because 13 measures 24 it ml„.' Jo

*""""" ''^^ """'> dUr.r.
i oo xvliirh

nioastires 60, and alsoSI ntoasiror ut*^;,?
""""P'".-f2»: and h .ca^Ve 1measures or divides 12—a er'ntJir.., l

'^ f'iff<ronco. whivU is ]2. Thai s

Exercise 28.

4i i;irk«i. • xi-
e"-'"'*^*"' common measure of 74 anH rav a X* Wl-'-^ the greateatcommon measure „fl82?an?2565f^'"'

'•

6. What ia .he greatest common measure of 556 and 672 f^"!™'"^

than Ltmters^* ^'""*°' "'""""'' ""«'«"« "^ more

RULE.

andl?*"''''^
''"^'"'^ "* ««"«" «<"»»<"' measure of fi'jo koa,
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Isor, is the fequlrfd

151

fiy the 1a«i rule* wo And that 7 In th«» tfr<>atfl«t common mi»a«iirfl of fl7» and
R901 ; and liy tlio Hariio rnlo that it Is tho Kr iittHt common moasuro of 7 and
f)7'J4 (tho rotiiulnin< niimbor), for tt784-»-7=yfl2, with no romaindpr. Thorefor*
7 Is tho re(|uii-c(l niimbor.

Example 2.—Find tho greatest common measure of 936. 73d.
and 142.

The trroitcflt common mcasnro of 080 an<l 780 is R, and tho gfoatost common
mcftsiiro of S and 14'i Is 'i; therefore 2 la tho greatest common measnre of tho
given iinmlxTs.

This rul<! mav bo shown to bo correct in the same way as tho last; except
that In provinkt tho iiiiinber found to bo a cnmmon luonsiire, wo aro to beirin at
tho end of nil the nrof-osHOs, and (jo through all of them In Huccession; and in
provlni; Hiat it, U tho pmlfent cnnvnan iiif isifc. we iiro to be^ln at the com-
moiicement of the (Irst process, or thit iisod to (Ind tho common measure of tbo
two lli'st numbers, and proceod 8uc(!e8.ilvcly throiiglj all.

EXKRC'ISE 49.

1. What 18 the greatest common measure of 110, 140, and 080?
Aris. 10.

2. What is the greatest common measure of 1326, 3094, and 4420?

. ,
^"^' 442.

3. What IS the greatest common measure of 468, 922, and 875 ?

Ans. They have none.
4. What is the greatest common measure of 204, 1190, 1446. and

2006? Ans\ 17.

SECOND METHOD.

28. It is manifest that the greatest common measure
or gieatest common divisor of two or more numbers, must
be their greatest common factor, and that this greatest
common 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 factors ; and the
product of those factors, which are common to all, toill be the greatest
common measure.

Example l.—What is the greatest common measure of 1365 and
1995?

8)19958)1865

6)455

7)91

18
Henoe, 8, 6, 7, aod 18 are the prime

factors.

6)665

7)188

Hence, 8, 5, 7, and 19 are the priiUQ
factors.
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and^mT"*^
2.-What is the greatest common measure o >8, 126,

V^ZV^^V^^^^^^'^^^ "''•I 162=2X8*.

inea8u?eSx8'=ia " '^^' ^'^ «""'">"« ">•« 2 and S', and the greates' common

Exercise 80.

2 wZrX^ai' "^^^f
""^^ ^^' P''''"^'''9 examples.

2. What's the greatest common measure of66, 84, 140 168 <• Am 28

103680;
^"'*''* "°"""" '"^'^^"^^ «f 241920,' 880160 69120;

4. What^jB the greatest common measure of 10800,18040.^ and
Ans. 40.

LEAST COMMON MULTIPLE.
29. One number is a common multiple of two or more

^
30. One number is tbe least common multiple (1. c m.^of two or more others when it is the least number that canbe divided by each ot them without a remainder.
31. It is evident that a dividend will contain a divisoran exact number of times, when it contains as faclorsevery factor of that divisor; and hence, the qu stTon offinding the least common multiple of several numbers isreduced to finding a number which shall contaralT theprime factors of each number and 7ione others. If thenumbers have no common prime factor, their product willbe their least common multiple.

The faotors of £'1.0="*'^ ^ """^^ enter into the least common mult^pl?^
°

^
^ygt-iuer, give ^•X8''X5x7=5040= least common multiple.

llence, to find the least common multiple of two ormore numbers, we have the following—

RULB.
Hesolve the numbers into iht>iY *,w»... j?^^* / * _.

the iig^ f^.M <^;o^.rZ^:;i^^-^>):^^

>- -v^^^,
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[reates '^^nunon

different powem^ to take the highest pmiier. 77u>, continuedproduct of

the factors thus selected will be the least common multiple.

Exercise 31.

1. What is the least common multiple of 8, 9, 10, 12, 26, 32, 75,

and 80?

Here 8=2^ 9=3^ 10=2 x 5, 12=2" x 8, 25=5", 82=2*. 75=5" x S,

80=2* X 5. Therefore the least commou multiple=2* x 3" x 6*

= 70200.

2 What is the least common multiple of 6, 7, 42, 9, 10, and 630?
Ans. 2 x3"x 5x7=630.

!?. What is the least common multiple of the nine digits ?

.4ns. 2=" x3"x 5x7=2520.
4. What is the least common multiple of 6, 9, 12, 16, 18, 21, and 30?

Ans. 1260.

5. What is the least common multiple of 670, 100, 335, and 25?
Ans. 6700.

6. What is the least common multiple of 8, 10, 18, 27, 36, 44, and

396? 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 without a remainder^ and set the quo'Mnts 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.

Tlie continued product of the divisors and the numbers in the last

line will be the least common multiple sought.

Example 1.—What is the least common multiple of 16, 48, and

108?
2)16 . . 48 . . 108

2)8. . 24 •• 64 .

2)4. .12.. 27

2)2. .
6-- 21

8)1. . 8.. 27

1. . 1.. 9
An«. 2x2x?x2x8x 9=432=kast common multiple.

The least common multiple of 1, 1, and 9, Is 9, and the least common multi-

ple of 1, 1, ai^d 9x8, will bo too least couiwon multiple of 1, 8, and 27, tUe nma«
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£rcoSmo?n/u\u,;,e"S2'"VST TheT,!;^ ''
h'.^ '?' 'I '^ 2, will be the

common multiple of\ 6 and̂ fx 2 ^111^^ f )^^ ll«f '^^ ^''"'^^ "."^ = *^° '«"«*
and 27, the nuiiibers iA the third HnV.^ !!.« i I

'^''''* *^«°»"'0" multiple of 'J, 12.

27, X 2 will be lie leas? com on m ti, ^'jfli'^.Tr/n/V.'^"'''^ "( ^' ^2. 'an^
second line; and the leaat comnion Sini^of h 9^ o i% ^'o

""'"bers in the
common multiple of 16, 48, andToM^Sven ^1.^'^^^^^^

^*' "^ 2, will be the least

the IttTormontiSlJ-Twot 'n.T"'^ T" *^^ P"'^^^^^^ ^^at

all tUe^njne factoTXefZ: nuEs^01^11 ^ff"^V'.««m6.. of times it is found iS either of theVve„ numbers
^'''''''''

saryt^SRTdlV""JS^^^^ ^7^f-,
-etbod, it is neces-

without a remainder, because the divi«'o7 nmvTfl ^^''l^^^^o «r wore of them
ber (Art. 21), and have a factor ec,;S?ftof/„l^^"^^^ composite num-
ast line. Consequently the conthS nroduof nt^ T^?^- ^^" fl«'>tients in the

^oZiz "i^s;^ --^- ^^ ^^^ '-tCToSdterSarft;^tS^a
numSf'rnSrnii^'Se^yc't^rt'rir.IoXrt':;^

Ef^ f-^'^r « ^« ^ --P«"te

be resolved-'into the" ;?h"„^;teS«at the"^
iine,i« that all of them may

glance the factors that'^^ompotS leasfcorro^fSSftiSreq^^ira"""^ "^^

»

Example 2.-What is the least common multiple of 12,'l8, 36?
2)12,

I.

.18 ,86

2)6 •

9. .18

8)3. . 9. . 9

8)1. . 8. . 3

12)12
IL

. 18 86 2)12
III.

. 18. ,86

8)1 . . 18 . . 3

1.. 6.. 1

12 X 8 X 6=216

„ 1.. 1.. 1

2x2x8x8=86=1.0. m.

?)6.. 9.. 18

9)S., 9TI
8.. 1.. 1

2x2x9x3=108.

ExKRCISE 32.
1. Find the least common muhinlM nf 19 o/v » ^ o,.
2. Find the least common itpt if 11] l'] XVL es.^""

'''*

3. Find the least common multiple of 18, 12. 89, 21G, and^T
^^^'

4. Find the least common multiple of 8, 18, 15, 20, aid ^f'''^^''^'

6. Find the least common multiple of 24, 16, 18,'and 20.''"
^'^^•

6. Find the least common multiple of 60, 60, 144. .5, and ll"'
^''•

7. Find the least common multini. «f o^ r. o. ,. ^'3 25200.
f"~ •-» "', "--I; ci, i4, ana oa.

4m, mi,
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27, X 2, will be the
"th line ; tho leiist

1 multiple ofi, 12,
tlple of 4, 12. and
i numbers in ibe
!, will be ibe least

e principle that
s composed of
m the greatest
)ers.

ithod, it is neces-
or wore of them
composite num-
quotients in the

I and these quo-
at for the least

9 is a composite
' quotient ; con-
ul operation the
nmon to it, and

all of them may
to preseut at a

Liired.

'12, 18, 36?
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III.

J . 18. .86

>. . 9. . 18

. . 9. . 9

t.. 1.. 1
: 9x8=108.

Ans. 120.
3.

Ans. 126.
id 234.

Am. 2808.
10.

Ans. 2620.
20.

Ans. 720.
d 18.

ins. 25200.

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 divf/-

sor, and strike out of each of the given numbers all the factors that ure

common to it and the assumed number.

Arrange the uncancelledfactors of the given numbers, and the un-

cancelled 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 num'

bers in the second line which are common to any of them and the sec

ond assumed number.

Proceed thus until the assumed members cancel all the factors of

the given numbers.
Multiply all the assumed numbers together for the least common

multiple of the given members.

Example 1.—What la the least common multiple of 16, 27, 46,

60, 88, 96, 100 ?

.88..^^..;0P

n
Assume 100 ;^. .27. .^^. .^0.

Assume 24 4..;2?.. 9.. 3.

Assume 99 ^.. 3.-

100 X 24 X 99=237600=1. c. m.

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, reduces

60 to 3 The numbers in the second line then are 4, 27. 9, 8. 22, and 24. We
assume 24, of which a factor, 4, cancels 4 ; another factor, 2, reduces 22 to 11 : anC

another factor, 3, reduces 27 to 9 and 9 to 8. The numbers in the third lino

then ara 9, 3, and 11. For this line we assumed 99, of which a factor, 8, can-

cels 3 ; another factor, 9, cancels 9 ; and a third, 11, cancels 11.

Now since the least common multiple of a series of numbers is a 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 tho given numbers and 100 were struck out.

Similarly, the least common multiple of 100, 24, and 9, 8, and 11, will be the

same as tho least common multiple of 100, aud the numbers in tho second line,

since only those factors which were common to 24 and the numbers of the sec-

ond line are struck out,
„ ,„^ „, ,„„ . , X i.1, 1 *

Finally the least common multiple of 100, 24, and 99, is equal to the least

common multiple of tho given numbers.

Example 2.—What is the least common multiple of 120, 40, 39,

65, 88, aud 16 ?

Assume 120 ;^0. .^p. .3^. .0^. .88. .16

Assume 13 I3.J3..11.. 2

Assume 22 XX.. %
120 X 13 X 22=84820=1. c. ra.

w:i_._- ^.. . —.'-.s "''e f.-st. 5viR!i!n" 120. Now this cancels 120 and 40. Also

8, a foctor"of 120, reduces 89 to 13, and 6, another factor, reduces 65 to 18.

Also 8, .motliLT factor, red uces 88 to 1 1 and 16 to 2. Next assume 13 ;
this can-

cols 13 and 13. Next assume 22, of which 11, one factor, cancels the 11, om
pother J'ltctor, 2, cancels 2,
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, 80, fiXancfel^^^
'^' ^'''' ^^«»«»<»« ^'^^^P^^ of 12, 16, 20, 24,

Assume 96
Assume 70

96x70=6720=1. cm.
^

EXBRCISE 88.

and^i2r?*'**
'' ^''^ ^'''* '''*™°'^"

"^"^*'P'« of 300, 200, 160, 50, 60. 76.

and'27^'^*
"^ ''^ ''^' ^^'""- -"^«P^« <^f 20, 60, 16, ict210,'68;

^/i,^f - the least common multiple of 12, 182.1S; 60%'?;

DIFFERENT SCALES OF NOTATION-

ma^t'J^'' '^u'"' ^' *"*' ''^
*

''^^« «^ ««*at^'«« is its com-mon ratio Thus m our system the radix is 10 ; in theduodecimal system the radix is 12 <fec

fh.!n
-^^ *^® fsession 12345 represents a number inthe common or decimal scale of notation we read TtZ]Jl

thousand three hundred and forty-fiveTCt ifIt exp7e e^

t\rn"ame7T^
''"^'^

T'^J I'T''^ -read itXa" etne names thousands, hundreds, &c., belong only to the

scirW:^^^^^^^
order to read it properly^n iV^the

oers In place, however, of doing this, we simply read overthe digits and indicate the scale.'' Fo example if the Ixpression 24678 be a number in the nonary seal we readIt thus~.^o,/o^., si., seven, eight in thel^a,^ scale
??• We may express the number 4578 (decimal scaledby writing the order of each digit beneath it, thus

^

4 5 7 8
10 10 10

and then read it 8 units, 7 o:'* the order of teus, 5 of the

4 nf tl. ^i^^'f'^i
"^*^"^ ^^'^^^^^' ^' «^^o°d order ot^tens

4 of the third order of tens, Ac. Similarly if 4578 expressa Dumber in the nonary scale, we may write it,
^

4 5^8
9 9 d
8 8
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and read it 8 units, 7 nineSi 5 of the second order of nines,

4 of the third order of nines, &c.

37. The expression 10 always represents the radix of

the scale. In the decimal scale 10 is equal ten ; in the

binanj scale 10 is equal two; in the undenary scale 10 is

equal eleven, &c.

38. It is obvious that, in any scale, the highest digit

used must be one less than the radix. Thus, in the deci-

mal scale, the highest digit is 9 ; in the ternary^ 2 ; in the

octenary, 7, &c. In writing numbers in the duodenary

scale we use the letter t to represent ten, and c, eleven

;

and in the undenary scale t likewise represents ten,

39. Let it be required to reduce SS*? from the decimal to the

octenary scale.

OPERATIOW.
8)337

8)42-1

"6-2

Explanation.-If we divide 887 by 8, we distribute it into

42 groups of 8 each, and have a remainder of 1 unit. If now
we divide these groups of 8 ty 8, we obtain 6 groups of a still

higher order, each containing 8 of the former groups, with a

remainder of2 of these groups.

387 in the decimal scale, is therefore equal ^21Jln*he^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 scale to another,

we have the following

—

RULE.

Divide the number continually by the radix of the proposed scale,

till the quotient is less than the radix.

Write all the remainders, thus obtained, in regular order from

left to right, beginning with the last, and placing 0» where there are

no remainders. The result will be the required number.

Example 1.—Reduce 7342 from the common to the quinary

scale.

OPBRATION.
6)7342

6)1468-2

6)293-8

8)68-8
Therefore 7342 de»ary=218882 quinary.

8-1
-^

.f»'
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r^f<^z!-^^^z.z^ ^^ri:^:^:'^ -^ ^"'•'^-o

OPERATION.
12)9;34202r

12)778502-3

12)64875-2

12)5406-3

12)460-6

12)37-6

1-1

mreforo 9842027 cleuar^^SiGm^. auo<ienury.

Exercise 34.

1. Change 592836 from the decimal to the duodenary scale.

2. Express the common number 3700 in the guinary sctC
''^'''•

3. Express 10000 in the undenary scale
"*'*^-

^^i^^^^'4. Express a million in the senary scale a ^oo*-
^^'^1-

5. Express 10000 in the octenaryj^l' ^''^ 83238344.
6. Transform 12345664321 into the duodenary scale.

'^ '''^^•

7. Express 10000 in the nonary scale.
^'''' '248664.^69.

8. Transform 300 from the common to the binary scale.
'
''''''

Ans. 100101100.

nar^^cd"-''
•-T™-f-'™ 2313042 f«,ra .h„ ,„,„,^ ^ .^^ ^,^.

OPKRATIOW.
V.

8)2313042

8)131810-7

8)10100-5

8)311-2

in.^fn^^^r„riS;V7vY; ^!?t^^^ ^^fo-5 boar,
ten, but J^;, We rieed thn« s '

o
"" ^''"^^^

twice five (the radix> k tJn n? hT^ '", 2. '<> "mes;
8 in 18, 1 and 5 Jver ; 5 times 6^^ T^' ^J^""^*^'"
26; 8 in 26, 8 Mini sand 'Iovf.v- /J^i^'V"*^ ^ '""^e

8 mko 13.'8 in 18, one' and 5 ovcT-lc'
"'' '"' ''"^

Therefore 2818042 j^mary.=i2l25T octenary.

8)20-1

1-2

.^.^.""I^—^^ Ionian Numeral written over th. k.. .._...

j
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Example 2.—Transform 378a3 from the undAuary to the duo^k-

^'''"^ ^"^^ ^'

Observe the first two figures here are ""t thirty-

seven, but 8x11 + 7=40. We say 12 into 40. 3

tfmes aud 4 over ; next, 12 into 4x11 + 8=or 52, &c.

OPHRATION.
XI.

12)37S«13

8T8«13 wftdeMar2/=:249948, duodenary. Ant.

12)34456—8

12)3182-4

12)294-9

12)26-9

12)2-4

Example 3.—Transform M23< from the duodenary to the nonary

Observe, here we say 9 into t ten 1 and 1 over

;

9 into 16 (1 X 12 + 4) 1 and 7 over ; 9 into Stt, (Tx

laSiitmlftover-g into68, (5x12+3) 7; 9 into^

*'

Ami we7r««eed in the othev lines in the eamo

manner.

OPBRATION.
xir.

9)«2:«

9)11971-1

9)1649-4

9)206-8

9)28-6

1-5

mu {«tto(fenary =856341 nonary.

Exercise 35.

1 Transform 37704 from the nonary to the octenary scale.

Ans. 61416.

2 Transform 444 and 4321 from the quinary to the septenary scale.

Ans. 235 and 1465.

3. 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 ne: t figure. , ij t * a'

Then multiply this sum by the radix and add the j*«^* A</'*J«-

Continue this process until all the figures have been used. Jhen the

last product will be the number in the decimal scale.

Note.—Both this and the preceding rule are the same in princi-

_i^ »« >^.i.w.:„n- iioti/miinsito nnmh«rs4 from one denominatioft to 9^'
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^Ejamp^. ,._Rod„ce ,6345 fron. the ocUnari, ade to the <fe„ma/

OPERATIOIf.
vrri.
76345
8

62 of the fourth order,
o

499 of the third order.
o

8996 of the second order.

81978 unll.=reiiulred nambor In decimal scale

or iS'SJo"''"""''''""
'"'" '">"' «» '''^""^ to the coBuoon

* OPBRATION.
XII.
ettete

12

142=number of fifth order.
12

l'^J4=nmnber of fourth order.

205T9=number of third order.
12

246958=number of second order.
1«

2963507=unit6=reqoired number in decimal scale.

Exercise 86. •

1. Change 20212331 from the guat^ary into the deanal scale.

2. Change 101202220 from the ternary into the decimaltae.""^'^-

3. T«nsfonn 1622366 from the nonar, into the decimal s^^e':

""•

4. T™.sfo™ 83233344 f,om u>e «„a^ i„.o the decij'':;,^^"'-
Ans. 1000000.

four nn/hoJ^ *Aur'T^.''''*.'3 «»^ prove the results bv rednr-inc oil
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VIII.
11)2784

11)210-4

11)14-4

1

VIII.
?)2784

7)826—2

7)86-4

1,-t

Tin.
6)2784

6)454-0

6)74-0

6)14-0

~2-2

Therefore 2784 oct&nary—\14A undenary^=A2i2 ««pfenary=22000 (i^winary.

8 11 7 6

28
8

187
8

13
11

186
11

814
T

6

60
25

1600 denary. IbW denarf/. 1600 denary. 1000 denary.

Since the results all agree when rednced to the denary scale, we concmde

the work is correct.

6. Transform 132713 nonary, into the ternary, du 'nary, and

octenary scales, and prove the results by reducing all foui ambers to

the denary scale.

7. Transform t2t290 duodenary, into the nonary, senary, guater-

nary, and binary scales, and prove the result by reducmg all five

numbers to the decimal scale.

FUNDAMENTAL RULES.

41. The fundamental rules of arithmetic are carried on

in the difFereYit scales as with numbers in the ordinary or de-

cimal scale ; observing that, when we wish to find what to

carri/ in addition, subtraction, multiplication, &c., we divide,

not by (en, but by the radix of the particular scale used.

Example l.—Add together 34120, 3121, 18102, 31410, 12314,

11224:3 and 444444 in the senary scale.

OPERATION. Observe the sum of tho first line is 14, which, divided by 6, the

VI. radix of the scale, gives us 2 to set down and 2 to carry ; the sum
84120 of the second line is 16, which, divided by the radix, 6, gives us 4
8121 to set down and 2 to carry, &c.

18102
81410
12814
112243
AAAAJA

1144042 Ana.

Example 2.—From 48<76 take 9^09, in the undenary scale.

OPBBATioir. Observe, here we say 9 ft-om 6, we cannot, but 9 from 17 (1 bot»

XI. rowed=:ll and 6) and 8 remains, &&

99m

'. < '•*' - '>
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VIII.
8426

cquul to 8 to 8et down and 2 to carry, &c
'^''^^ ^ '""'^" ^'^•

84)682

25./!()4

21556

2460472 Am.
Example 4.~Divicle 671384 bv 787fi In fhn ^
opEEATioN. ^ '

^" *'^® ^<^''«>'y scale.

62424
48828

7601

givoa a r....,ain lor .W to ite^'"'^
the npYt .liJ if J „ '

"* which we brliL' down

n>ay placo a point, and ^„exL^ o/lt« ' M." 'J'"!'P'« 29, or we
following example

*""""« 0^, continue the division as in the

the t.111 ^^teS:""!!: t^yXtrf "'. ^"""^ 'O'"' ""'^ »
name from the systfm-thu^Z It^l ?''' ""^ ""'»""" " takes its

it i, called the Sl^o 101,1"S SI t'h'*"""'
^^'''"'

the «««ary point, &c.
»«"««^«wa^ point, m the senary system,

__ OPKBATrOH.
XII. XII.
«478)n34567(m- Ic, <ba

86/06
'

768e6
67821»

'>

9789T
96W6 ;

1^91 -0

«47-3

«45-90
*

i

<52-79

Exercise 37.

\ ^-fV^}.}^ 2^2, in the miaty scale.

4. M„ tiply 67264 by 675, in the octenai^lT'- ^.. .„ 7;::-

^ the binary scale. ' '

^^"' '^^^^' "^^' '^^ ^^lOl, in

^n«. 122024.
-4««. 62<e.

^ws. 21212.
VlAio K 1 1 1 Hn J 4

" »,
'".*.
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A Divide 142613 by 2143, in the.w/)/<?n«r^/ scale. j4w«. 60-6264-f-.

?: AdTtoge^^^^^^ 43210, 144^, 65001, and 5432^^m i^e^sep-

8. From ^/348 take fieGH, in the duodenary scale.
J^^^" J^^^J'

9 Multiply 34^7 by 6666, in the duodenary scale. Ans. imeZW.

lo' Divide 1010100001 by 100101, in the ^i^i^^-yfa^^- _,„ , ,, .

Ans. lOUlU
"i (TbYirr*

42 All the methods of proof given in Sec. TI., for the

fundamental rules in the common scale, apply to the various

other scales ; but it must be remembered that, m using the

principle of the proof by nines for multiplication and (iivi-

Hion, we use, not nine, but a number one less than the radix

of the scale.
, ^ ...

Thus In nnplyine this principle to tlio proof in Example 4, aevem cast out

of STiMsveu remainder 8; sevens cast out of 675, g ^e a remah.der 4,4x8

Zalevem cast out, give a remainder 8 : sevens cast out of 61117844, give a re

"""'TfTiie radix bS 12, we cast out the lis ; if the radix be 6, we cast out the

^' *43 Numbers containing digits to the right of the sep-

arating point, are dealt with according to the rules given

in Arts. 53 and 88, Sec. II.

Example.—Multiply 37-14<3 by 6-lc/, in the duodenary scale.

. .• i! .^nin* Jn fha nrnilnni. an an t<fl

OPEBATION.
XII

8714<8
6Ut

auiiipiy oritto fjj " ^^<-> •" "•" ""— f

We place the separating point in the product 8o m t^^havo

seven digits to the right of it, because t'here are four to the

right of the point In tlie mi.ltiplicand and three In the mulU-

pHor, and 4+8=7. (Art. 68, Sect. II.)

2ee'i066

8868649
|

8714« .!

1968516

lft-W8eS86 •
.

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, &c.
TABLE.

12 fourths"" make 1 third, marked"'

12 thirds " 1 second, " "

12 seconds " 1 prime, " *

12 primes ,
<* 1 foot, « ft, ,

^
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nl>;??" '^I'f
'"'"' " '""''•" sometimes used in this table ia

and 1 ,nch w„le
,
when the unit is a c^bic foot tt prim!

A b d B

a>

y\*\n

^h\f^m}'&U^(^u^Sll'^^^^^ ftnrf«oo of « rectangular
divided Into four Iqv^XtlmTAnu^^^^ ^"^^'"A ^^
each of these paitsVfi 7> . ^ *« m I.'^"/!)''''® 'I""' P"rta,

and lines tn to thrm.^h ?i. i
/^" ^^ '

"'"^ ^' Pm-allel to ^ iK

>bo<, so likewise iseach of S,1tlzll.^' ^/'''' '^ " **«'"•« --^-^—

J

e4\u!rai:rto^iT-nr tttVof'a^^^"^,•
'»' "

side of which is 43 feet ' 4" 10'" and1 -' ^^'{ Tother 6 ft. 1' 11" 10"' ln„„ i5i„ !„1 long and thoother 6 ft. 1' 11" 10'" Inn^ nd.
""" " '""S, anu tfio

lated 265 oq. ft. 10' C' S^^ll'^'l^^^^^a^?.^' rje'^"''"""

obvlcs that.sSS^'thS or^e^rnZes'to ,dr\t^\""i '^^' obtaiUlos Yt Isbers descending in a n-foh\ SP^rii^^A Vft'l^*''-'
form a series of nuin!

dlgite to the right of the poln?KmaTn ^s^'hey 2re'
"'^^'^ ^" ""«* «"«^ t"«

by 2oTn ' •i^'^wfde!''
*''" ""^ ' rectangular cefling 43 ft. 4' 7" long

we SSr^ce'^thert'oZdrd'e^n'T '° *^«<'r«'on «cale.
Ing th^ by the poi^t to the nS«?*'^!*^'^ '¥**»^« ""a^^"
]re thTs okain for the fffirsJ^LW ^V^« """»^«'-«-
After multiplying and nointinrofr?^

^''^*^^ ««<'<*'"'. 18-

jowb,e^,...«oMt„r'?r«nK»tesss

OPERATIOW.
XII.
8T-47
iSet

mm
88926

8747

teft502M»lOflq.ft.6'O"2' W 4fif
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48. The common arithraetical rule for duodecimal mul'
tiplicatiun is as foiluws :—

•

HIT LB.

Write the mu!tiplier under the multiplicand having quantities of
the same devominalion under each other.

Multiplji each term of tho multiplicand by each term of the multi'
plier separately.

Write the partial pn> li'cts under one anofhe^, so as to hare qnan-
titles of the same name in the same veiileal column, and add th«

seoeral partial products toijcilur.

Note.—('oiisidering the foot to liave no in(l(>x, tlio denomination
of the product of any two factors is found by adding their indices.

Tims, 8" X 2' KlvoO ; 4ft.x7 give 28""; 2 ft. x 8 ft f^ive 6 ft. ; 9' xll
give 1>9 , Ac.

This Is commonly exprcs3o<1, for tlio .siiko of brevity, by soyinsr—feet into
f«pt produce feet, fcot Into priiiiM product* primes, &c., [irliifs into feel produce
primes, primes liito primes produce secoiKls, Ac, seconds into seconds produce
fourtiis, seconds into thirds produce fiftiis, Ac,

Example 1,—Multiply 43 ft. 4' 7" by 20 ft. 11' 10".

Here 7 tind 10. ttinllipliid to;rethor, give us 70, and
adding their Indices, we see that the product is so
many fourths—70 '", are equal to 10 ' to set down
and 5 " to carry. Next 4 x 10 =40 " and 6" make
46'=3 • 9 •, &c

910 5' 0" a" 10
""

49. In comparing this example with the previous num-
ber it will btt seen that the two methods very closely agree—the only difference being that, in the latter method, upon
reaching the units or feet, we drop the duodecimal scale and
carry on the process in the decimal scale, while, in the for-

mer, 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 midtiply every part of the multipli-
cand by every part of the multiplier, it is perfectly imma-
terial 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 mul.iplier
and multiplicand, but with the Iiighest of tho multiplier
and the lowest of the multiplicand. Hence duodecim.'d
multiplication is fretjuently called Gross MuUi'i; ;i':ja.

OPERATION.
43 4 T
20 n 10

8 1 9 10
"

89 9 2 6
«67 7 8
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Example 2.—Multiply 8 ft. 2' 1" 4'" by 1' 3" T"
OPEBATION.

8 2 7 4""
9 7 10 0'""

1 to 6 8 4'""

t^Aoit. til

* a" 1'" 8'" 8 4 An9.

Exercise 38.

1. Multiply 4 ft. r 6" 10'" by 9 ft. 1' 11" 11'".

Ans. 44 sq. ft. 9' 1" 8"' 0' " 6""' 2"""
2. Multiply 19 ft. 10' 3" by 11 ft. 2' 1", Ans. 222 sq. ft. 8' 0" 5'" 9'"'.

8. Multiply 9'; T" 4" " by 1'" 3"" n'"".
^TiS. 5"" 10""' 4""" 11'""" a"""" o""'iti>

4. How many square inches, &c., are there in a sheet of paper 9* inches

K nru""**.^
inches 7" 4'" wide? Ans^ 4' 6" 8"' 6'"' or 54^ J sq. inches.

5. What 18 the superficial contents of a sheet of glass whose length is 7
ft. 4' 11" and breadth 3 ft 2' 2" ? Aits. 23 sq. ft. 6' 9" 1'" 10""»

51. The solid contents are found by multiplying to-
gether the length, breadth, and thickness.

^
Example.—How many cords of wood are there in a pile 19 ft. 8

inches long, 4 ft. 2 inches wide, and 1 ft. 11 inches high?

OPERATION.
FIRST METBOD.

67-8
4-2

1184
2268

" 287^
7'e

214848
141774

Ko. of ft in cord =f8)162e-«88(18 64469 duodenary
to z=

rr 'O^Tffll com. scale.
76a
714

8E00ND METHOD.
79 8'

4 2

18 8' 4"
818 8-

881 11' 4"
7 11'

804 8, 4" 8

"

232a i' 4"

2627 10' 8" 8'-4-128.
(nurnberof ft. incord)
=20ifft|| cords. Ans.

»' •» f-^^H/f?^.̂ foot.

•MMMM

"irifiiipfniir I
.
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a pile 19 ft. 8

8 4"
8'

11' 4"

ir

Uf
EXKIICISE 8S.

1. Multiply together 16 ft., 1 ft.^ 1 ft. 2\ and 8*.

ft ^r 1,- 1 * .u iTr ^^ c"bic ft. 8'=ll cubid ft. 1162 cubic in.
2. Multiply togethor 63 ft. 6 in., 10 ft. 3 in., and 2 ft.

. tr ^ ^ . . .
^^^- ''^^e cubic ft. 9'.

8. How many cords of wood in a pile lO ft. long, 5 ft. high, and 7 ft.
wide? ^«.v. 2cords'9i cubicft.

4. How many cords of wood are there in a pile 4 ft. wide. 6 ft 3 in
high, and 70 ft. long

?

*^

^,,^, \\,1'
6. What are the exact cubic contents of a block of marble 4 ft T 8''

long by 9 ft. 6' wide and 2 ft. 11' thick ?

. „ ^ .
, „ . ,

• ^««- 128 cubic ft. 6' 5" 2'".

6. 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 ? ^,^, J'g^g^ j,,.jgk8.

62. It is sometimes asked h »w we can multiply feet inchps Arc hv feaf
inchos, &c while we cannot multiply pounds, shilfiifgsl^d pence by' Zmd^!
8hillin>.'s ind pence. Tiie answer is very simple

^ ^ Pounds,

Ist. When we suy that feet multiplied by feet give square feet we moreliruse, as we have seen, (Art. 46), an abbreviated form ofexprSon for Ihe foKins, VIZ. that " the number of square fe.'t contained in any Sn-ular s ,•£
s equal to the product of tsvo numbers, one of which renrLerta thl, nnmW nf
linear feet in one side

; and the other the number of uSrZl iJ'ti?eTdja^St

2nd. When we are multiplying together nrimes seoonda */. m^ a.^
merely multiplyins: together a set <.f factors hav^n??2^r Swera

*
IsTorTnominators; and when we say that seconds multiplied b/CX give «S« •

prnnes multiplied by secmds, give tMrd.% &c.. we simply Lan that the nro'dure of any wo of these fractions is a fraction having foVKnominator a i.ow^^er of 12 which power is indicated bv the sun, of the indices of th^ factors
'

It «s hence obvious that duodecimal multiplication affords no suDoorfwhat,ever to the idea that money may be multiplied by mouey
""^"Pl'"'* "^'»'-

1,

2.

8.

4.

6.

6.

7;

8.

9
10.

11.

12.

18.

14.

15.

QUESTIONS TO BE ANSWERED BY THE PUPIL.
NoTE.-rA« mmhem after the (jueMons refer to the artules qfthe Sectim.
What is the measure of a number ? (1)What is the inaUipU of a num'oer' (2) •

Wliat is an integt'r f (3)
01 how many kinds are integers? (4)W hat Is an even number ? (5)
What is an odd number ? (C)
What is & prime number ? (T)
What is a composite number ? (8)What are the factors of a number? (9)

w^u^ .
"''''®'" "*™08 are fact<»rs known? (10)

«^hat is a common meamre of two or mnri* nn»v,Kn«. « /ii\
VV hen are two or more numbers prime to each other f \n\Are a I prime numbers prima to each other? (12)Are all composite numbers prime to each other ? (19)What are c(w»me«#wrflW< numbers? ^18)

'
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16. What are incommenmraote numoei-Si v**)
17. What ts a square number? (15)
18. Wliat isaetifce number? (16)
19. What, is a perfect number? (17)
20. Mention some perfect numbers, llow do all perfect numbers terminate?

(17)
21. What are amicable numbers? Mention some amicable numbers. (18)
22. w^liat is meant by the properties ofvumhers t (19)
28. What Is the sum of two or more even numbers ? (19-1.)
24. Wjiat is the difference of two even numbers ? (19-11.)
2o. Whi't Is the sum of 3, 5, 7, Ac, odd numbers? (19-1 V.)
2«. What is the sum of 2. 4, 6. 8, &c , odd numbers? (19-V,)
27 What is the sum or difference of an odd ami an even number? (19-VI

)

25. When is the product of any number of fiictora even ? (19-IX,)
29. When is the product of any number of factors odd? (19-XI,)
80. When will a rnunber measure the mm, difference and product of two nam'

bers? (ID-XIII.)

If tlie number 9 be multiplied by any si: gle digit to what is the sum of the
dijiits in the product equal ? (19-XVI.)

By what is any number ending in divisible? 19-XIX, &c.)
By what is any number endi: g in- 5 divisible ? (19-XXJ
By what is any number ending in 2 divisible ? (19-XIX.)
When is a number divisible bjr-4y (19-XXII.)
When is a number divisible by 8? (19-XXIII.) *>

Wlien is a number divisible by 9? (19-XXlV.)
When is a number divisible by 3? (19-XXV.)
When is a number divisible by 11 ? (19-XXVI.)
Show that every composite number may be resolved into prime factors. (19-
XXVII.)

Show that the /«««« divisor of any number is a prime number. (19-XXVni.)
With wliat digits must all prime numbers except 2 and 5 terminate ? (19-

TIow do you find the prime numbers between any limits? (20)
44. What is this process called and why? (20)
46, When it is required to ascertain whether a given number is prime or not

what is tlie first thint> we do? (20)
46. When we try the primes of the table as divisors, which is the highest we

need use ? (20)
47. Wliy is it unnecessary to try any divisor greater than the square root of tho

nu tuber? (20)
48. IIow do wo resolve a compo.site number into its prime factors? ('21)

49. IJv what numbers can a composite number be divided ? (21-Note )
50. What is tlie ruJe for finding all the divisors of a number? (22)
51. Hmw do we find simply hxywmiany divisors a number has? (28)
52. What is the greatest common measure of two or more numbers? (24)
B-'^. IIow do we find a common mea.^ure of two or more numbers? (25)
f4. How do we find tlie greatest common measure of two numbers? (26)

I'love tiic rule in Art. 26.

81.

82.

88.

84.

35,

86.

87.

88.

89.

40.

41,

42,

48.

f.(i.

r;7.

58.

m.
6!,

62,

68,

64,

65.

66.

How do we find the G. C, M, of tliree or more numbers? (27)
Wlirit is the ,seco; d nu'thod of fi ding the G. C, M. ? (2e^
ITjioii what priMcij.le does this method rest? (2S)
W iuU, i.s a common multiple of two or ir;oro numbers? (i:9)

What i'T tlie h-a-st common multiple of two or more numbers? (30)
Give tlie first rule for finding the 1, c, m, of two or more numbers.
Give the second rule. (:W) W'hat Is the reason of this rule? (82)

(31)

Give the mo.st couverHont and expeditious rule for finding the 1. c. m. of
several numbers. (33)

What is meant by the radix mhamt of a system of notation ? (84)
ij'iNy do we read numi)ers in dilTerent scales? (Ho)
F.\i)ress the number 2-34213 quinary as in Art. 36.

67. 'N'^hat docs the expression 10 always represent? (37)

\ ^;i
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OS.

09.

70.

71.

7t.

l.\

Ti).

77
7S.

7;).

80
81.

What is the highest digit used in aiy scale? (38)
How (1(» we reduco a number from one scale to tinothei? (39)
W!mt i.s tiie rule for transl'orming a number from uny scale into the decU

in-il y (40)

TTdw (lie tlie fundamental operations carried on in tlie (Jifferont scales ? (41)
Ho.v is tile se|mnitin« point named in tlio ditterent scales? (41-Noto.)
i(o\v are operations in ilie difturout scuies proved? (42)
Willi! are dnodeoiirnil.s? (44)
Oive the table of duodecimals. (44)
VVliat is a jirime? (45)
Mow ia the area of a rectangular surface found ? (46)
Wh.it is tlie rule h>r <hiodeclmal imiltiplication y (IS)
How may the rule for finding the denomi. ation of the product be concisely
worded? (48)

^

How nre .soiid contents found ? (.51)
Sliou' that dii(»deoim;d miilti{)li(! ition affords no support to the idea that

uiouey may be multiplied by money, &c. (52)

prime factors. (19-

ExERCISE 40.

MISCELLANEOUS EXERCISE.

On preceding rides.

Add together $729-18, fYlO-SO, $166-'r8, £93 Us. VAd., £276 19s.
10,Ui, $497-81, and £275 4s. 1 1 |d.

Multiply 47 railes (i fur 17 per. 4 yds. 2 ft. 7 in. by 576.
How many divLsors has tho number 243000?
Fiviin 713427 octenary take 4234434 quinary and give the answer

in loth scales.

Divide 79-342 by -00006378.
Express 70423 and 234567 in Koman numerals.
What is the 1. c. m. of 5, 7, 9, 11, 15, 18, 20, 21, 22, 24, 28, 30. 38.

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 quinary and undcnary scales

and prove the results by reducing all the numbers to the sep-
tenary scale.

Fornra table of all the prime numbers less than 200.
Hoduce £rt72 7s. 7d. to dollars and cents.
What is the G. C. M. of 24;i000, 891, 37800 and 35100?
Give all the readings of G yards 3 qrs. 3 nails 2 inches.
Writo down as one number, seven hundred and forty-two quin-

tilhous, nine hundred and five billions, seventy-eight thousand
and fourteen, and eighty-soven raiiliori, two hundred thousand
and eleven tenths ol' trillionths.

J 6. Bead the following numbers

—

71300100200401-000000070402
134tHJUiOl(j001U0100-000200i)20002

4^000u000o020007 '0000000000087^

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
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22.

23

17. ^^^
*<>gf

her £1Y8 168. 4fd., £91 Us. ll^d., £693 198. llfd.,

fnd £91 is^^lj'i
^^ ^^'- ^*^-' ^^^^ ^^«- ^^*d-. ^11^ 6s. Id.;

18. What are the prime factors of 276000'*
19. Multiply 6 ft. 2' 7" 9'" 10"" by 13 ft. il' 11" 11'" r'"
20. Divide 7<e9-047 by 713^96 in the duodenary scale.
21. What immber iu the common scale is the greatest that can be ex-pressed by seven figures in the quaternary scale ?What numberm the common scale is the least that can be ex-

Reduce 74002702 square inches to acres.

25. Divide $7894 16 among 3 men, 4 women, and 6 children, so thateach woman shall have twice as much as a child and each man
9fl Who* *f

'"''''*' ^^ " '^T'*"-
^h»* •« tt^e 8b^»'e of each ?26. What are the greatest and least integral numbers in the common

a*; Div^X 'rto T^""
expressed by 10 figures in the binary scale ?27. Divide 729 yds. 3 qrs. 8 na. 1 in. by 7 yds 1 or 1 na 1 in

28. Multiply 762 4978 by 63-423. ^ ^ ^ ^' '

'"*•

29. From 723426 take 938-9126141.
80. From 129 lb. take 63 lb. 4 oz. 7 dre. 2 scr
81. What are the divisors of 1064 v

82. How many yards ol' carpet 2 it. 7 iu. wide, will be required tocover a floor 30 ft. 6 iu. long and 20 ft. 11 in. wide ?

SECTION 17.

VULGAR AND DECIMAL FR/CTIONS, &c.

1. A fraction is an expression representing one or more
of the equal parts into vvLich any quantity mav be divided

2. It a quantity be divided iiit 2, 5, 9, or 34 &c earai
parts, tiien one of these par^s i.^ .ailed onc-hall oZ-mh
oue.7imh, or one-thirty-fourth, &c., as the case mav be.

'

one-half is written
one- third is written I
one-fourth is written. . .

.

one-fifth is written .

.

one-ninth is written

! f

()<)e-luuidrodth is w ritten
,

,';

^^

oiio-Hixfy-eiglith is written 'g'g

eleven-seventeenths is written
i', &c.

^, The djvibion of one number b^ another mav be in-
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lis IS written

dicated in three different ways, viz : by using the full sign

of division, 4-, or either of its parts, — , or :

Thus V7c) may indicate the division of 17 by 8, by writing them thus 174-8,
or tlius 17 : 8, or thus if.

Now the last of these, viz : \"^ is a fraction, and so in

every other case, a fraction indicates the division of one
number, called the numerator, 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. e., it tells the denomination
of the parts. The number above the line is called the nu-
merator, because it numerates 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 nu-
merator by the denominator, it follows that—

The value of the fraction is the quotient obtained by
dividing the numerator by the denominator.

7. Hence, 1st. When the numerator is less than the de-

nominator, the value of the fraction is less than 1.

2nd. When the numerator is equal to the denominator, the

value of the fraction is equal to 1.

3rd. When the numerator is greater than the denominator,
the value of the fraction is greater than 1.

8. From (Art. 6) and (Arts. 79-84, Sect. II.) it is mani-
fest that

—

^'

1st. Multiplying the numerator of a fraction by any num-
ber multiplies. the fiaction by that number.

2nd. Multiplying the denominator of a fraction by any
number divides the fiaction by that number.

3rd. Multi})lying both numerator and denominator of a
fraction by the same number does not affect the

value of the fraction.

4th Dividing the numerator of a fraction by any number
divides the fiaction by that number.

5th. Dividing the denominator of a fraction by any nam-'

b^;* multi|jlie8 the fiaction by that numbert
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6th. Dividing both numerator and denominator of a frac-
tion by the same number does not affect its value.

decimal'^
'''"' ""'" ''^'^ ^°'" *^'^ ^^^^^« ''~'^^S^' ^^^

nom^in;to^r i^T'T'l ^^"ff
^''« ^ ^^^^^^^^^ ^^ which the de-nominator is 1, followed by 1 or more Os

Fractions
''^^'' ^'^''^^''' ^'^ '^"'^ ^"^-^^ «' ^^"^•^o^

Nom-The wonl vulgar is here used in the sense of commoD.

.•»,„; • y^ ^^"^ kinds of vulgar ffuctions-^rowimproper rn^xed, maple, compounding complex.
^^ '

is greater vh'J^j;
^'^"'^^^ ^' ^°" ^° ^*^^^^ ^^^ denominatorIS greater than the numerator.

is lei^haST*''"'"''''
"^^ '^'^ ^^ ^"^"^^ *^ »^^ ^f^^«««n ^^^^ value

Thus W. s X »3» 43 SB

TJi ^•11 ' ' proper fractions. ^

and thVDro7.i"f3^''''2'
'"^'"'""^ ^'^^'^y' *a.e^-...,;,^;i,,»uu me proper traction, five-sevenths. -

r Unity.

cal-bei„g pJrfctl/'ei^
both-though not identi-

i of 5 units.

He

r Unity,

ot
^ of 1 unit.

_
In one case wo mav midi os«» tljui ij... n. o,.*,. k-i-„ * v -

me., tu«t e«ch o, ti>.-u...-Ku,u^ to uiai;ro«i u«u'^nSo"Sekl«;i;'
'" '^^

i

aii«'fc'.'*B *piiWrfai<j^
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le might have

Lastly, ^ may be supposed as the f of one unit five times as large as the

former; thus—

I of 1 unit.

equal to

1 of 6 units.

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 e jual to or greater than L
Thus, ?, -V% 5' TT. -ro Ha. a, Ih *c., are improper fractions.

16. A Mixed Number is a number made up of a whole

number and a fraction.

Thus, 192, 1931, 1}^?, 999>, 6/,, 2^, &c. are mixed numbers.

17. An Improper Fraction is always equal either to a

whole number or to a mixed number. The following will

nxemt)lily an iifiproper fraction, and its equivalent mixed
numb T .

J
TTTTj"^Uuity.

I m
Unity -H %

\1

18. A. Simple Fraction expresses one or more equal

parts of viuity.

Thus, I I, H, \\y I, ^11, &c., are simple fractions.

19, A Compound Fraction expresses one or more equal

parts of a fraction ; or in other words, is a fraction of a
fraction.

TbuB, \oi%,\ of ; of
Yi

of f of ip, Ac, are compound fwtioiw,
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these ar« tobe<MvjJed iSfn a'e mXs a d%t'nt'.^ '"V' t"'""
P^i-ts. thre., of

taken; thus - ' ™' " " "'<-" *»*"• «f these ulue are u> be

Uulty.

-iSl. A Complex Fraction is one havinir a fraction or «mixed number in its numerator or denominaU or i" l'^^

A 8 I 9* T*Thus, — __ _
J '' rV' rV is;--; 21^' a

I
5?

•, Ac. are complex fracUons.

NoxK. - u.oans, that wo are to take tho fourth part, not of u.nty. but of th ,

i of unity. This will be exemplifled by-

-LcJ-
e^I-*

^
22. Since fractions, like integers, are capable of beii -

increased or diminished, they ma/be advled, subtract l^lt
23. Every integer may be considered as a liuJt^onhiving ma^/ for its di nominator.

/

Thus, 13 may be written Y ; 6, ? ; 29, ^»-, &c.

/

REDUCTION OF FRACTIONS.

24 Since (Art. 8) multiplying b„lh numerator andde„o.,n,natoi. by tlie same nundnr does not alter tl value
. .

'
"~

•> '^^ '"'V luuucc {jn integer to a fvm^ aii^ proposed derionun^toi-, b^ the fol

action

OWJli<)
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unity, but of th i

BULK.

Write the integral number in the form of a fraction having I for

ita (I nominator. (Art. 23.)

Aid multiply both numerator and denominator of the resulting

exni-esnioii by the proposed denominator. (Art. 8.)

Example 1 —Keduce 16 to a fraction having 11 for its deuomi-

nator.
16=-V-xH=Yr''

Example 2.—Reduce 173 to a fraction having 81 for its deuomi-

itator.

Exercise 41.

1. Reduce 29 to a fraction having 12 for its denominator. Am. Vif^-

2 Reduce 243 to a fraction having 3 for its denominator. Ans. ^^p.

s! Reduce 7, 23, and 101 to fractions having 13 for ^^'"onunator.
^

4. Reduce 4, 37, 126, 73, and 1007 to fractions having 101 for de-

nominator.

5. R.dnce 204, 7011, and 1999 to fractions having 207 for denonu-

oator.

V /

26. Let it be required to reduce the mixud number 8rV to an Improper

8?- is equal to the whole number 8, and the fraction ,^r. and by (Art 24.)

8=1?, tlierelore 8iV=-?? + ii=?f-

Hence, to reduce a mixed number to an improper frac-

tion, we deduce the following—

RULE.

Multipliiing the whole number by the denominator of thef-action,

to the product add the given numerator and place the sum ooer the

given denominator.

Example 1.—Reduce 73^ to an improper fraction.

OPBRATION. Explanation.—We multiply the whole number, 73, by 9 and

Vn add in the numerator, 4. This ^ives us 601, wliich we write over

9 thf jrivcn denominator. 9, aud the resulting fraction, s|\ is tUo

improper fraction sought.
£|i Aus,

Example 2.—Reduce 276^^ to an improper fractiou.
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ExERCIfiB 42.

ISbct. IV.

1. Reduce the mixed numberc, 73A, 18,*.- and ^9f^la * -

fractions. ' '^' '1' ^aJf'^atl to improper
2. Reduce the mixed numbeis -iRdi m/v^^'aSF: ^">*' and J-Vp.

improper fractio„r'i''^AAi'4'7.f'Afe.r^ ''f^ ^

fracuon to a mixed uumber, »e hX l^mZn^'""

RULE.

Example l.~Reduce ^^i to a mixed number
_ aoi=204+7=29'

Alls
Example 2.-Reduce ^na.z t„ , ^'j,,^ '^^^^^^

20W7h-11=]S22,\^««.

Exercise 43.
1. Reduce the improper fractions W aqap „„^ laire .numbers. '•*' ''\;!^"*^ Wi¥ to mixed
2. Reduce the improper fractious ^^''4^^''^^^^^'^^"^

numbers. _ J2 , 2e , and i^^f;! to mixed
^'*«. 88U, m^t, and 78.

27. To reduce a fraction to its lowest tern,^

RPLE.
mviJe iolh terms hy tlmr „„„t,,t .„„„„„ ^,,„„,

.ffe«l5hc"v.'S,f
£
'Sl'r'ur. ]' ""' '»"" "-.bcr-whlch does „„,

26 Sec mT!! """"T ""'"•'"« """y ''" f"""'! by (Art

Irreatest common measuif! of 120 .ind ir,2 -isDividing both terms by 18 we ^^t^t^.
Exercise 44.

1. Reduce
«||j to its lowest terms.

'

Z, Reduce *J4I8
I 7 if f V

*0 Itv lyWya^ jy jflg

mttm HMH WjMMPiMMII
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quotient loill h

8. Reduce f5f If *"f^ SIf *<^ t^*''* 'oweat terms. ^n«. ^ and f.

4. Reduce fH|» tW« ^''tl §ilif ^« their lowest terms.

Ans. H. ^r, «w>d ^3^1'

28. fnstead of dividinq both terms by their greatent common
meamre we ma;i iUoide both by any common measure. We thus re-

duce the fraction to lower termx^ and, continuing the divisio7i. as long

as the terms have a common measure^ we shall finally have reduced

the fraction to its lowest terms.

Note.—It ia advisable to commit to memory the properties of
numbers given in Art. 19, Sec. Ill, front XVIII to XXIV.

ExAMPLK 1.-^Reduce ^HJ8!^ to its lowest terma

ll'iXn «livi(«ag by 10. (XXI. of Art 19, 8ec. III.)

-inn dividing by 8. (XXIII. of Art. 19, 8ec. III.)

= \m dividing by 9. (XXIV. of Art 19, Sec. III.)

= lEdlviding by 8. (XXV. of Art 19, Bee. III.)

= 48} Ans.

Example 2.—Reduce ||?^ to its lowest terms.

IXfi dividing by 5. (XX. in Art 19, Sec. III.)

= III dividing by 9. (XXIV. in Art 19, Sec. III.)

= 1} dividing by 8. (XXV. In Art 19, Sec. III.)

:= \l Am.

Exercise 45.

1. Reduce \%^ to its lowest terms. Ans. ^J.
2. Reduce tIM^u to Its lowest terms. Ans. -j^^a.

3. Reduce |M|H88 to "ts lowest terms. Ans. f
4. Roduce tVA^o *<> its lowest terms. Ans. ^^.
6. Reduce aVsi f*iVj and ^m^ to their lowest terms.

Ans. f,, ^lir, and ^8^-

29. To reduce fractions of different denominators to

equivalent fractions having the same denominator

—

; ?f=| A718.

RULE.

Multiply each numerator by all the denominators except its own
for a new numerator^ and all the denominators together for a new
denominator.

ThiH is DfHjrely multiplying both nmnerator and denominator of each ft-ac-

tlon by tlie same quantity, viz: tiie product of all the otlier denominators, and
eonseqi ontly (Art 8.) it does not alter the value of the fraction.

Example 1.—Reduce f, ,^f and f to a common denominator.

8xllx 9=297—1st numerator.
7x 4x 9=252=2nd numerator.
6x 4 X ll=:22U=:8ril numerator.
4 X 11 X 9=896=common denominator.

Therefore the equivalent fraotions are i|J, ||,^, and fSf.
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Example 2.—Reducp A t 4 ^ <>% a common denominator! *
'' '' *** •Quivalent fractions har*

« X 2 X ft X 7-ftJiz2fh "•'""•'•"tor.

A 1.. 2x6x7yli--7« l^^"'''''«'-«tor.
And the equivalont f.ucth.«y?;«"fiT';'i"»;lt"'>"'l»ator.

" »»o« Ifj, fig and ^jig.

Exercise 40.
1. Reduce i f , 1 1 „nd /, to ermivdcnf f r .

o p„ , „ ,
»

,
t'Ommon denominator

< K^X-o* ,.„ J, .„, ^.^ ,„ alri-'^'^lV&^WA. and ^WV
« R"""- i V^ and A .„ « ^„„„„ dt™ffc-^'"'-

""'' *••
«• «^<"<oe i, t. ,, .„„ J ^„ , c„«,^rd^»ii'i*£«. *S!s. -d m.

^«f ^If^' H8, iH, and
^ft.

RtriE.

nominator. *• ^' l and -.^g to their least common de-

.. The equivalent fr„M,..„ ... .
4th « b^^ \? (J- f V-),'/J'^«"™e8 ||.
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ExAMPLR 2.—Reduce |, i\, |3, }i, ig, and \ to tlieir least com-
mon denuitiiuator.

The least common multiple of ft, 11, 20, 44, 6ft, and 4, Is 220.

The multiiiliiT for both terms of the first friiction ia ^j|''=44, fur second,

ii^^=2Q; for the third, ^=11; 'or the fourth, »^=6\ for the fifth, VV'=*;
and for the sixth, »J"=66.

Miil!l|)lylnK by these numbers, vfe obtain JJ8, Ug, §J8, Jf jj, ,7^, And ||{ for

the required fractions.

EXBROISE 47.

1. Reduce }, f , J, |, and -,^g to their least common denominator.
An^ l9^, iV\r, 1% -.¥(.-, and .^V-

2. Reduce ,•*,, §, f, |^, and ^^ to their least common denominator.
Ans. iM, Ht, Hf, A\, and Hf

8. Reduce i, f, J, g, f , ,%, ||, -f^, and § J to their least common de-

nominator.

Ans. H8, m, m. H8, H8, m, m. m, and m.
4. Reduce f, i^^, jftf, ^i, ^^, and fg to their least common denomina-

tor, ^n... U%. m, m, Ul m. and lU.
6. Reduce ^ft, -J-g, J^, and /o to their least common denominator.

Ana. m, m, m. and /„%.
6. Reduce J, ^, f , f, |, ||^, -J-f ,

and |J to their least common de-

nominator. Ans. U, fI, ft, n, il, n; H, and Jf

.

7. Reduce ^, |^, i^, /^ , t/„-, and \l to their least common denomina-
tor. Ans. nn, rm. mi nn, mh and mh

8. Reduce H. I. ^, H> A. iS> ^» and |^ to their least common de-

nominator.

Ans. mh im, WA^ tin, Ma ih8, iiu, and mh

31. Let it be required to reduce \^ of r\ to a simple ft-action.

}? of r"r means 12 times tV of iV
W^ get ,', of ,\, 1. e. divide t\ by IT, when we multiply the denominator

11 by 17 (Art. 8). Therefore tV of t't^ttS'tt, and to multiply this result by 12,

we multiply the numerator, 6, by 12, (Art. 8.)

Therefore
J-f ot r\=~^^=r\\.

Hence to reduce a compound fraction ^ a simple one
we deduce the following

—

!iTTLE=

Multiply all the numerators togetherfw a new numerator^ and oil

th ijknwiintitori together for a new dhnominator,
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i^,,,. tv,

ExAMt.LE.^Reduce f of f of f to a simple fraction.

NoTK.-.I„ all cases the answer m«st\:reducod to its lowest terns.

Arts. -,^,-.

Ans. -,^-.

Ans.
T^jj.

Exercise 48.

|.
Reduce h ofA o'f?i\l" 4U"So" ° '"'""™

32. Since the several nnmorafnr., r.f .1
fraction form the factors of he ^tl,!,. of .r'^"",''

the cJpomidfraction. ^ numerator and a denominator of

Example l.—Reduce A of 4 of * nf zi r.e ar. ^
tion. ^' "^ t 01 f ot fi of ff to a simple frac-

BTATKUBNT.
_, OANCELLKD.

? ;<! ^ .

11x7x6x27x16 /JxT7^17^7^=3 ^''*"

n«4'-thu?JedLrtotaLTTxt^t:p''^^ '« «««* 0"n and these
duced to 8 by the third nxfmerator,Sh fs thu' e«r n^ I" \ «"" ^hJ 9 L fo!

ili '* 5'^* «lenomlnator) and re luces "2 t .% "n'«^^ '^^'''"' " ''''""^'^
obtained fVom the 16, to 4. Next thk 4U 1^ u i »** I reduces the 8, before
Afraiii, 7 cancels the 7 In the rienomlnL J

^*"<'«y«^ V the 4 in the numerator
to 6 and this 5 cancels the 6 inSS Xi'r'^AH rt*^

'"' '" *^^ "'^ISevlr;
reduced to unity, as also all the denoSrhiu t1,'i ott"h';TS? T ?'h:resulting fl-action is therefore^ ^V'^l'^lxV,,,,.., ^

"'
^*»*«'' *-

8- The

1 X 1 X 1 x8 X r"' *^'« 's simply i
Example 2.—Reduce -^- nf « r.f a .^^ r b i.iveuuce

1
,
ot

ti
ot ^ of |& to a simple fraction.

-of-V-ofi' Of ?? = 1''*^3'' 22x85

11 7 6 27 16

STATGHENT.

n 6 6 20 11x6x5x20

CANCJLLE1>.

^ JJ _7
2 n

NoTB.-If any of the terms of thn ^ . ..

when p<«8ible.
"^ exemp.lfled above should always be adopted
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D.

vest terma.

e compound
the simple

of the com-
' of the Sim-

out or cancel
nominator oj

a simple frac-

KD.

out, and these
ind the 9 is ro-
rain, 11 cancela
8 the 8, before
he numerator,
he ni'.meiator,
'ators are nf»w
lich U 8. The

raction.

10^"*'

lola or mixed

I be adoptcl

EZBRCIJI! 49»

1. Reduce f of f of § of i^ to a simple fraction. Am. -fy.

2. Reduce f of § of -^ of -^ ofH of il to a simple fraction.

Ans. ^^,
3. Redii03 } of

-i*j-
of 5| to a aimplu fraction. Am. f.

4. Redxt - 1^ of -Jb^, of Hi of t\% ot |^ of 2^ to a simple fraction.

Ans. u4-.

8. Reduce nft^ of f of -^ of ff of^ of ft^ to a simple fraction.

Ans. ^.
6. Reduce 4^ of -fV of 164 to a simple fraction. Ans. 24.

83. Lwt it be required to reduce the complex fraction ^ to a simple
firaotion. i

Since (Art. 8) we may multiply both numerator end denominator of a frac-

tion by the M»mo number, without altering its value—we may multiply both
terms of tho ^iven fraction by }, 1. e., bj the denominator with its terms in-
rerted, without altering its value.

Therefore ! = fJLl =^ L^^J = . x | = J^ii.fjx ' ^'7x8
Hen e to reduce a complex fraction to a simple one, we

deduce 'iLa following :

—

RULS.

Rediice th£ expression (Arts. 28 and 25) to the f<yrm of rS^^^ .

fraction

'

i. «., reduce both numerator and denominator to simple fractions.

Then multiply the extremes or outside numbers together for a new
nvmeraior. ana the means «r intermediate numbers togetlierfor a neu>

denominator.

ExAMPLB 1.—'Reduce -J to a simpk fraction.

U t 9 X 11 99
TA -A«*2x7 14

Ncm^-Factors that are common '.o one of the extremes and one of the
means, are to be struck out or cancelled. (Art. 82).

Example 2.-»Reduoe -^ to a simple fraction.

IH

1x9 == 68 ^ %AAni,
10

Js
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H
EXEROISB 50.

am. it

1. Rednce jr? to a simple fraction. Ana. /fi

H
2. Reduce zri to a simple fraction. Ana. /g.

8. Reduce -=t to a simple fraction. Ana. 2.

4. Reduce j^* — and
^ to simple fractions.

^«»- m, 4t, and ^.

6, Reduce -i|> -£ and^ to simple fractions.

Am.-^, 31^, and^^.

«. Reduce
J^, ^, ^, ?i| and ^ to simple fractions.

^»M- If, H» fi 2tV, and A.

34. A denominate fraction is a fraction of a denomi-
nate number.

Tbns, t of a lb., ^ of a mile, { of a day, Ac, are denominate fraction«.

35. Reduction of denominate fractions consists in

changing them from one denomination to another without
altering their values.

36. I*t it be required to reduce J of a pint to the ft-action of a bvaheL

Since 1 qt. = 2 pints, ^ of a pint= | of f of a quart.

Also because 1 gal. = 4 qts. f of a pint= J of i of f of a gal.

Similarly | of a pint= i of i of i of i of f of a bushel = Hr= t*i bushel.

Hence to reduce a denominate fraction from a lower to

ft higher denomination, we deduce the following :

—

RULE.

Take the number expreaaing how many of the given denomination
ore required to make one of the next higher ; also the number ex-

preaaing how many of this denomination are required to make one
of the next higher again, and to on until the required denomination
be reached.

Write the fraetiona formed by these numh^a aa denom-inatars.
ieith 1 as numerator and the given fraction in the form of a com*
pound fraction, which redvcn to a simple /ra<!(f9f», (Art, 81.]
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EzAMPLB 1.—Reduce ^ ofn minute to the fraction of a week.
Arts. ^ of -^ of 1^ of |=iiBrhiT of a week.

Example 2.—Reduce gf of a grain troy, to the fraction of an
ounce.

U of
2»i-

of Th=-8h of an oz. Troy.

EXSROISB 61.

1. Reduce J of an oz. to the fraction of a pound, avoirdupois.

Ans. 2*5 lb.

2, Reduce f of } of a penny to the fraction of a pound. Ans. £-g\ji.
8. Reduce | of 8| days to the fraction of a w5ek. Ans. ^ wk.
4. Reduce -j*^,- of 16^ nails to the fraction of an English ell.

Ans. ^^ E. e.

8. Reduce f of i\ of a yard to the fraction of a perch.

Ans. liW per.

6. Reduce f of ^ of 21t^ of a cord foot to the fraction of a cord.

Ans. If^y cord.
7. Reduce -j^ of ^V of 9^^ square perches to the fraction of an acre.

Ans. Y^ acre.

87. Let it be required to reduc* f of a day to the fVaotion of a minute.

Since there are 24 hours in a day and 60 minutes in an hour;

t of a day will be 24 times } of an Lour and 60 times 34 times i of a minute
;

that la, } of a day is equal to } x 24 x 60 of a minute.

Therefore j of a day=|W^ ofV of a minut«;=A^ mlnut*.

Hence, to reduce a denominate fraction from a higher
to a lower denomination, we have the following

—

«2«*l/v»Midttttn^m

RU&l.

Take the number expressing how many of the next lower detwmi'
nation make one of the given denomination ; also, the number^ ex-
pressing how many of the next lower again make one of this denomi-
nation, and so on till the required denomination be reached.

Write the fractions formed by these numbers as numerators, with
1 as denominator, as the given fraction in the form of a compownd
fraction, which reduce to a simple fraction. {Art. 81.)

ExAMPLs 1.—Reduce | of a £ to the fraction of a penny,

f of af of -i^=A§ft=160 pence.

i&^LAMriiS
m i* tL

a foot.

i.—Keauce f oi f oi ff oi a luriong lo tne irauUOQ oi

fftftofifOfYofV' Qf i=5806 ft, Am,
>>
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EXERCISB 62*

1. Reduce |^ of a bushel to the fraction of a quart. Ans W at
2. Reduce ^ of a gallon to the fraction of i of § of a gill.

8. Reduce J of 2 pecks to the fraction of i of f of a pint.

4. Reduce iJ of a pound to the fraction of a sci uple.

*

6. ReducejbW of | of J of ^\- of^ of a lb. avoirdupoirto tho frec^
tion of a dram. ^„, ^^^^ ^^^

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. Vl, Sec. II.

(Art™)'
'" ""^^ "c^«a"y performing the work which the fraction indlcat«^

Example.—What ifl the ralue ofH of a mile?
11 miles -«- 18

18)11 miles (6 fnr. 80 per. 4A yd*. Ant.
8=fur. In a mile.

88=namber of furlongs.
To

10
40=p«rche8 in furlong.

400speroh«a.
890

lo
6j«=y»rd« in a perch.

;

6&3S number of yards.
• 62

8

Exercise 53.

1. What is the value of -,\ of a bushel and also of f of a lb avoirdu-

o TJT'f • .u
^?- ^f\ ^F^' ^f- ^'' P*- ^"^ 13 oz. lif drams.

2. What 18 the value of fj of a yard of cloth ?

Ans. 2 qrs. na. lA inches.
8. What is the value of f of a lb. troy ; and also of -,iJy eq. mile ?

-an«. iO oz. is dwt. 8 grs. ; oud 62 acres, 1 rood, 8 sq. per. 4
sq. yds. 2 ft. 79fi^ in,

» ^ r
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4. What is the value of g of a furlong ; and of t of a £ ?

Ans. 86 rds. 3 yds. it. 2 iu.; and lis. 6|d.

39. Let It be required to reduce 2s. 7fd. to the fraction of jB7 18a.

28. 7|d 127 f.irthinge. 127
Therefore 2s. 7id.= of £7 18.

JET 188. 76S4 furthiiics. 7584

Hence, to reduce one denominate number to the (fraction of anoth-
er, we deduce the foUowiug

—

RULE.

Reduce both quantities to the lowest denomination contained in
either.

Then place that quantity which is to be the fraction of the other
as numerator and the remaining quantity as denominator.

Example 1.—Reduce 3 days 4 hours to the fraction of a week.

8 daya 4 hours=76 hours.

1 week=168 hours.
• And the required ft-action is ^y=l{ Ans.

lb

Example 2.—What fraction is 3 lb. 4 oz. 2 dr. 2 scr. 1 grs. of 63
. 4 oz. 7 dr. Apothecaries' weight ?Apothecaries' weight!

8 lb. 4 oz. 2 dr. 2 8cr. 7 gra. =19867 gra.

68 lb 4 oz. 7 dr. =865220 grs.

And the fraction is ^/jWj -^tm.

Exercise 64.

1. What fraction is 6 bush. 1 pk. 1 gal. 1 qt. 1 pt. of 60 bush. ?

2. What fraction is 36 per. 9 ft. 2 in. of a furlong ? Ans. §.

8. Wli.1t fraction is 7 h. 12 m. of a day? Ans. A.
4. What fraction is 2 sq. yds. 2 ft. 120 in. of 8 sq. per. 13i yds. 1

ft- '72 in.? ^ *^

liL,^,
6. What fraction is 7 oz. 7 dr. 2 scr. 14 grs. of 21 lbs. Apoth. ?

Ans. jHtT'
6. Reduce 9 min. 48 sec. to the fraction of a day. Ans. j§^.
7. Reduce 16 bush. 1 pk. 1 pt. to the fraction of 69 bush.

Ans. -^^.
8. Reduce 3 qrs. 3^ na. to the fraction of an ell En^, Ans. **^.

9. What part of a lb. Troy is 18 dwt. Tgra. ? Ana. -9^^%.

JO, What part of 64 cords of wood ia 4800 cubic f^et ? Am.



Wtf|WI»iMt»»

166 ADDITION or VULGAR FKACTIONS. [Swa. IV.

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

:

[
Unity.

1 » I

41. In order that fractions may be added they must
have a common denominator.

Thus I + 1 make neither { nor { ; but ifwe reduce them to equivalent frac
tlons having a common denominator, as A ««id A, we are enabled to add then
and thus obtain for their sum |}.

These fractions, before and after they receive a common denomi-
nator, will be lapresented as follows :—

Unity.

]
f _1

1

I
* '

L

A
equal to

I

equal to II
We have increased the number of the parts just as much as w»

have diminished their size.

42. For the addition of fractions we have therefore the
following :

—

RULE.

Eeduce compound and complex fractions to simple ones, and all
to a common detmninator. {Arts. 29, 31, and 83.)

Add all the numerators together, and beneath their sum place the
common denominator.

Eeduce the resulting fraction, when it is an improper fraction, to
a mtxed number. {Art. 26.)

r i^ j ^> "»

NoTB.—TjT mixed numbers occur among the addends. </i - intearal
portions art to Oe oooea separately and their sum addicl io the 'sum

qf
the fraetiom,

i%M-
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F finding a
of all 3i6

+ f

i
they must

uivslent frao.

1 to add theq

ion denomi''

nuch as w«

refore the

««, and ail

« place the

^ractiony to

hii intearal

ExAMPLB 1.—Add together i^, -ft-, -ft^, ^ and ]^.

Here, nince the fractious have already a common denominator, we hare
elmply to v.dd the nuuierators and place 11, the common denominator, beneatli
their sam.

Thus A+^+A +A +H=^-i^i—^^=?f=2A Ant.

Example 2.—Add together f, f , f, ^ and \\.

1 hcse fractioas reduced to their least common denominator by Art. 80, bo-
come f I, U, II, ii tJ.

And |{^H + l{ + l8+|^=?^±^i±ft!!±i4=.y^.=j|=8A Ans.

Example 8.—Add together f , -^,
-,9i-

and i of ^ ofA of || of 6^.

I of
;J

ol T^ of *| of 5J is equal to f (Jr«. 81).
The fractions to tie added are therefore f + J + tV + f•

Theae reduced to* common denominator (Art. 29), b«come
im+mi+im+uu-mii=^MiAm.

Example 4.—Add together 9^, llf, 16J, 43J, and^
Here the last fVaotlo* is a complex fl-actlon and la equal to *.

Therefore the sum of tie given q-iantities is 78+8,Va=82^
Example 6.—Add tcgether f, f, and 6|,

which
Here Iddinz the three Vaotlons together we obtain K*^ for their sum, to
ch we add the integral nimber 5 and thus obtain the entire sum 6|^.

Ans, f|=2^.

Exercise 66.

1. Add together |^, |f and J^.

2. Add together ^, ^, j\, ^p^, j^ and J^.

Ans. U-:^=Sl
8. Add together 4^, II4, 16f, 21^ and 19f

/ Ans. 71+Y=73f
4. Add together I6|i, llfi, I85V, iT^f, and 112f|.

^ws. 17714.
5. Addtogether 4i, li and -,2j.. ^ws. e//^.
6. Adc together |, §, f , f |, ^, ^ and f
7. Adl together J, f , and |.

8. Acti together f,
i,

^, a and Jy.

9. Aid together ^, », 1, ^, | and f
10. Add together 16,3^, 47|, 2m, p\, and 19J.

Ans. 104||.

Ans. 2fa.

11 KAA 4.<x~^4.lv^_ 1>7l

-/-'

.1 Oo
Auo§, i;u<^Y *"^ ^"^oftf*'¥»

vl7»9. 943f|.
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12. Add together 6}, II4, ^„ le^,
j, ^^ ,„j ,7^^

4. Add together ]78^' 8| and 9Ui. i^r273»li'15. Add together ] li 2is laj .„/3,o -""*• ^'<'Sf }•

16. Add together I'll!' i^*rt t**' , ,
-^«- l^HS-

17. Add tolether f," r4'\8^'26tald*7S.*- ^"'l
''^•

18. Add together.
7^,,„<IJof^oflOi. l^t^lf^^"

19. AdC. together
^_ j of 3, l of y^ of 2f and^

I?- a1^ J"^"*!;^'
^i' "^ «"-! i*ff- ^ ^li^titi-21. Add together ^ of 4, 4 pf . |* f , , „(.

.^,'"- ^5/"
of J of A of i of 1 of

"*'*** °' |5« ^'"^ **
22. Add together 4%, iosi! 300,, 2«|,andl72;^*»*-

23. Add together 92/,, 37/„ ,„d 7|. l!: f^^'fl"

^4.
Add together 21,, 35,, |la„, J of,. ^„, ^^

25. Add together 23. o£ Rz -I\ oa f a . j? .

°''''SM"W.'' ""^f
^-'-""^ " "• "•-'• - ^" •"

Of a .hilling 'or.irto Srft"",lo;':f ," "?" 1 1 ^
'»-• •" -l^ f'b. f-«>Moa

havftErfoltv*;-"'"'"""
^'" <'-°"'-''*'' fr-t.ns, „e
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Example 1.—Add together | of a day and f of an hour.

i of a day=J of V=V=V- of an hour.

Jgah.-|-^h.= Vi*-|-3i>T=Vr*-=5^?h.=5h. 35m. 42^ sec.

EIXAMFLS 2.—Add together tV of a pound, f of a shilling, and f
of a penny.

^ of a £=^ of -^ of Jj*- = ifftt of a penny =162VV peno«.

I of a shilling= I of A,a = ?,* of a penny = -V- pence.

280+3084-165
152-i\-+H+^=n6+ =167Mf pehce=188. IHH

886

Note.—In place of proceeding as above, we may find the value

of each fraction separately (Art. 38) and add the results.

Example 8.—Add together ^ of a bushel, i of a peok, and -^ of

a gallon.

{of a buahel=:8 pkj. gal. 1 qt 1) pta.

of a peck = 1 gal. 8 qta.

A of a gal. = liV pts.

8ain= l bush. pks. gal 1 qt 0{2 pts. Ant.

Exercise 66.

1. What is the sum of ^ lb. Apothecaries* weight, ^ oz.

j\ dr. and f scr. ? Ans. 4 oz. 6 drs. 2 scrs. 18^|f- grs.

2. Add together § yd. | ell EDg. and 4 qr.

Ans. 3 qrs. 3 na. l|ff in.

3. Add together 4 of a yard, j of a foot, and | of an in.

Ans. 7 inches.

4. What is the sum of fj of a mile, y^ of a furlong, and

j\ of a yard ? Ans. 5 fur. 16 rds. yds. ft. 3jY^ in.

5. What is the sum of J wk. ^ day, | h.?

Ans. 2 days 2 h. 12 m.
6. Add together £|, |s., and ^^d. Ans. 3s. If^d.
7. What is the sum of f of 21s. f of 5s. f of £3 12s. 6d.

£j\ and ^d.1 Ans. £3 12s. 4ifd.

SUBTRACTION OF VULGAR FRACTIONS.

44. Subtraction of vulgar fractions is the process of

finding the difference between two fractions.

We have seen that before fractions can be added they must have a oommon
denoniiriAtor aud tii«t when deuominste fractions are to be added they rauat fa©

also uf the same dcnonaioatlou, and this is manifestly the case also 1q the sub-
traction of fraotJouB,
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lowSg"^
''" '^^ »"'''^'«=«<"> Of fractions, we hare the uj.

XULI.

part of the m nuend Whpn thin ^L^,
g'pater than the fractional

quautities ,0 i.„pr„;er fS™ t'dS ™-
""'^f.^3 ^l'"-?';^

'"','"

better to borrow unitv fmm th« :,.< 'v ' ^ the rule, it is much
aidering it a8 a fSon Z n^ Th^*^

^''"'
""J

*^' ^'""""^ « ^^ «<>"•

the fraknal pa??f the S!nd ^S^j^r/jfr
'"'^*«''' '^^^ '' ''>

below.)
*^ ® minuend. (See 3rd, 4th and 6th Eiample«

ExAUPLB l.—From f take ,V

Hera reducing f and A to a common denominator they become^ and ^V
ExAMPLK 2.~rrom f of f of jS^ of 49 take^ of i of 4

Here|ofpof^of49=f.

And ^ of I of J= J.

i!-XAMPLK 8.—From 192^ take 16ff.

109^* Tai t*
"^"*'**^ *<» * *^°»™«n denominator become^ andm

red„c „2AV to 19I,f| .„d i,.„ nnT .b. I't'^^t^*"
" '»* '« ""»

ExAMPu 4.—From 20,", take I6f

ExAMPLB 6.—From 11^-^ take 61 ^f

* °" °'.t?'?.^'"=' "'• <IV=» .fV Of« hoar.»M h«»„=,T. H„„
7 tri J y; uj aourg^fj iiour8=i-v hour.

-^ —
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ones and all to

1. From f take /n-

2.1 omiWff4-TVofi\ofHtake

EZKRCIII 5Y.

8f

6i*r

^n«. f.

An*. 0.

v4fM. 952.SVrr.

^ru. 90|.

^ns. 1|.

An9. i/Wfftr-

8. From 982^1 take 29^^.

4. What is the difterence between 69^f and ISjVV ?

5. What ia the diffeieuce between 1'>0J and 9| ?

6 What is the difFeronce between 6^^ and ^ of 9^ ?

1. From 611 Intake Qimi
8. Fluid 8 or 2 take f of i + i-

9. From f of a lb. avoirdupois take f of a dram.
Ana. 10 oz. 9^ drs.

10. What is the difference between 24iV and 21^? Am. 2^.
11 What is the difference between J of a mile, and

t^,-
of a furlong ?

Am. 1 fur. 6 rd. 8 yds. 1 ft. 10 in.

12. Find the value of | of ^f* - ^k of 28f Am. 6||.

18. Find the value of 12iVi^ + i of f of f of 8i of^ - -^.
Am. 2fi.

14. Find the value of 8,^ + 8^ - Si'tf - 2| +6^+H- IH-
Am. \f.

16. From ^V of an acre take | of a perch.

Am. 1 rood 17 p. 22 yds. 2 ft. 108 in.

16. From 16^ take 9H, and from 169tV(J take 83^."
Am. BtVi and 86^^,

MULTIPLICATION OF VULGAR FRACTIONS.

46. Let It be required to multiply A t>y !•

Here wo are required to multiply A by |, that is by | f>r 7.

Now if we multiply A *>y ^ ^** *^^'^' ^*^® multipliod by a quantity 8 timet

too great, an<l the product will be 8 timet* too ^reat.

If, therefore, we multiply ,\ by 7 we shall have to divide the result by 8

In order to get the product of ^ x f

.

But (Art. 8) we multiply X by 7, when we multiply the numerator by 7,

and we divide tue result by 8 wnea we multiply the denominator by 8.

Therefore, A x I = 77—4' *^** ** *® multiply f^wtions together, we mul-
11 X 8

tiply the numerators together for • new numerator, and the denominators, to-

gether for a new dtmominator.

Hence, for the multiplication of vulgar fractions we
deduce the followin^, :

—

RULK.

Reduce compound and complex fractions to simpfe one$ {Arts. 81

«nd 83) and whole and mixed numbers to improper fractiom (Artt.

Cancel any factws that are common to a numerator and a (Jf«

nominat<yr oftlie reiultin^ fractiom {^Arif. 82).
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B^A^rtK l.^MuItipIy
i by H.

CA^fCELLBD.

8TATEMBNT.

2
CANCELLED.

9 n J f f J ^ =1162 ^M.

STATEMKNT.

g CANCELLED.

STATEMENT.

?><V,^xfxi^xVxfJ.

7 „.w „ CANCELLED.

-x-xl,i,«," 2«x«x77 WW
* * s: ~p ' ^6 81 X 6 xZ6

607(J
^m.

saassasaaE^t
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1.

2.

8.

4.

^ 5.

JcondnumerttortoS.
6.

1.

8.

9.

10.

U.

12.

18.

U.
15.

10.

17.

18.

19.

20.

ExERcias 68.

What is the product of ^^ x ^ ?

What is the product of f x |^ ?

What is the product of -jV x /i^ f

Multiply togetlier |, ^ and ^^ ?

Multiply togetlier 14, 16(*j and 8f.
Multiply together

-«ff, 8|, r^, and H-
Kequired the product off, 1*^, i^, i8§ and

f.
Required the product of 9, V, A. '-^1, * and 5.

Re<iuired the product of f, J, V»,-, -j^jj and 209.
Find the value of 6^ x llf x 16^ x ^ ^ in of ^. Am. A.
Find the value of f of ^\ of ^^ of 77 x f of ^^ of 91 x 6^.

Am. mil
Multiply together t, 1, ^, 1|^, /,, and If

o y^ f 'IT
Multiply i of 8 by f of 19.

LIultiply A of 7 by H of 87tV.
Find the value of 6} x | x f x f.
Find the value of 8| x 4J x 16.

Multiply i of 81 of ^ of 9i by SyV
of ItIj.

Find the value of --^- x -* x 1 x ^..
Bit ^^ 2i 128

Multiply $8/,- by I off of H.
Find the value of ^* x i^i-^-A^?! x ^

6tV T*rof6| X Aof 24 16
100 4

X X -.
121 6^ 9

An$. f|.
Aiu. \>

Ana. ^f.
Ant. m

Ant. 749J.
Ant. ey.

-/4n«. ISf
-4n«. 9^

Ant. riy

^n«. 403f
Ant. 2^.
iln«. 268|.

X HofBJoff offfof 16*
Ant. 47291^^

X J X 14f X

^«». 17H8.

4(5. To multiply an integral denominate number by a
fraction, we have the following :

—

RULB.

Multiply the denominate number by the numerator of the fraction,
and dimde the result by the denominator.

Nom—Thls is merelv considering the denominate number as ft fraction
Having 1 for Its denominator (Art. 28), and applying the preceding rule.

ExAMPLi 1.—How much is ^ of $129-68.

$129 68x4 1518-62
I of $129-08 = 6T-61i. Ant.

9 9

Example 2.—How much ia ^ of \ of 10 lb. 6 o%. 4 dr. Avoir, t

iOib.ttoz. 4dr. x 7Ao^iof 101b. 6o2. 4dr. = ,*, of 10 lb. 6 m. 4 dr. =
8 lbs. 4 oz. 14^ di-aou. Ant,

98
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ik blnsioN Of toisab FBACflOljg.
is,^, i^

a. How mna, U #.f ^2jT' " ••

'

^'"- « day, 38 m. 80 8e«.

denfTiaf-" "" ^"'"''P'^' «''««dy establi.hed, it i, el-i

"oyf^tntrlSJ^ '- "- -%. «>e p^od.

-nmber by th. denoTCtor

'

""'''^ ^^^' ""^ '''>oI«
Tliot, to multiply brl i i . .

4th. When mnlHnl v
' " ""'"

'"' ''• »• ^' ^' «• *••

to multiply by the iZ^Zm of thr''?.-"^'-
'* " »««»

then by the fractional narf.ft

*te -nultipher first and
P«tuJ product, togetherr

"^"""'^^ »<lding the two

DIVBION OP VULOAK FlUCTIONa

nxnr'^'^"- -i^^r-' '"-^' -«« -''^'-. » ^. ^

«

Therefor. l^.-v^Jjlil_i ,.

Hpr.n ^
,''^'^~

^~^"*"^*'*"^'*^'^'«"^«hlt8term.laverted.^^Hence for the division of fractions we W« ... .TJ*
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erms Inverted.

KULB.

Reduce compound andeompiexfraetioni to timpli otu* ; vfKole and
mixed numbers to improperfractions.

Invert the terms of the divisor andproceed as in multiplieatioH,

In addition to the foregdiug analysis, the following may be given

I

as a proof of the truth of this rule.

*+ iV beoanse the dividend of any question in diviaion may be made

the numerator aad the divisor the denominator of a fraotioo.
A

Now since we may multiply both terms of tiie fraction -j- by any number

we may multiply them by Vt !• ®-t the denominator with Its terms inverted.

Therefore -f-

;

TT

X V _ X i^
(because /r)(^3:l)afxV: wbeneeAx V 1

the truth of the rule.

ExAMPLB 1.—Divide ^hy^.

Example 2.—Divide f of tV by T»r of 8J.
|of T^r + Aof V = H-Mf = HxH = W^'«.

EzAifPLK 8.—Divide 8f by 8^.

Example 4.—Divide -fr of iV of— x 8t by iV of |~ x 4|.
IT 8J

STATIMBNT. TXRM8 Of DITISOR INTSRTKO.

^XT«rxWxV-HTVxmxV=AxT*rxWxVxVxfHxA
OANCILLID.

n |2 SB

Axlx
1

X ?? X S^ X ??? X

EZSRCISE 60.

SB SB . ,

1. Divide i of f by J of 8}.
2. Divide iJ by IJ and divide the reault by A".
8. Divide 82tV by 26^f.
4. Divide 2^ by J-f f
6. Divide If by f of 2f of 16 of 8f of^
6= Divide 2^ bv T^ -*- ^ of Q.^

1. Divide 48i by f -f f'of 6.

'

9, Dividediby^of A-f tV-

Ans. yfy.
Ans. \.

Ans. 8yyyv.
Ans. \^.
Ans. 2^.

An^. I9f4.

if

If!'



n 1

1 1 i

Am. 1^.

Ana. e^Vif.

Am. m
An8. 8fJ.

ii6 biftsiOli OF tULGAK FJttAOTlom

». ^Mde4^of8iby2iof6i.
10. Divide -li by±

Hi 4i'

14. Divide A by il.

1«. Divide Hi of i by f of 8A of^
I«. Divide

IH«f±„f|.„f^,^<a:of^<,fl„fli.

fraftfon^ ^"'^' " '"'^Sral denominate number by a

Ex.MP.K.-Divide 6 days 17 wfir^S^rb^T^'^^^
5 ^m irh. lln,. ^^ = 6 days 17h. Um. ,« ^ = Idayam^nm^jOl

^ M days 18h. 86m. 12 sec. ^n#. *^
*

ExBRcisa 61.

1. Divide £8 Us. 6|d. by -^
^ns. £g 8g. Bid.

2. Divide Im. fur. 91 yd«. 2 feet by 2} of 1,9,..

8. Divide 8 acrei, 8 roods and 3 perches hj^''
^ ^"'- ^^^ ^^'' ^ ^^

4. Divide £7 I69. 2d. bv *
"^''** ^ ^^''^^ ^ ''ood 6 per.

^ ^'
_^ -4««. £17 lis, l^j

we have simply to a™ !^' Z ''»*" ^^ » »"»?'« fraction

given in Art 33.
^'^^ *' **"*" "^ """^^^^y the rul,

nnmoxa^^rv^. j j _ f^'wi-iuf, lines, 03 tnev defoT-iri'"" **-" •
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Example 1.—Simplify

177

it
i

3|

Si

Ik h=

8f )

H
OPERATION.

66x2x198 13x38

f

15x86 4x16x35

^3^ ) 2x198

86
•=12|^

Example 2.--Simplify

6

ii.

8i

«i

H }

2i

8^ 1

tI

¥

f
OPBKATIOK.

13

20

24

18

8x Id

i

^1
16

2

13x13 13x18

20x24 20x24

i

11

16

7x6

17

__ X IT J87S
Sia^cM^rxl^* 16800" "^'*'-

M

^'1 J^'i

iii.' Li
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Exercise 62.

12i

1

1. Multiply

9

1

i

6

^h

h

1

2. Divide
6i

8

h

m
8. Divide

6ir

3*

by

f ofsa

by

by

^
1

5

ISbct. 17.

Ant. 2^,\

Am. i^:y.

Ant.

61. From what has already been said, the truth oI" the

following principles is evident.

1st. When the dividend is equal to the divisor, tlief

quotient will be 1. .

'

2nd. Whon the dividend is greater than the divisor,

the quotient will be greater than 1.

3rd. When the dividend is less than the divisor, thej

quo'ient \v\\\ be less than 1.

4th. Ihe quotient will he as many tirp^s greater or less]

ikB.\x 1 as the dividend is greater or less than the divisor,
f
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5th To divide a fraction by a whole number, we may

6tb. 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 |, |, J, }, &«., we multiply by 2, 8, 6, 7, dec.
'

the truth of the

4
6.

6.

7.

8.

QUESTIONg TO BE ANSWERED BY THE PUPIL.

^the^cUoI^'
«wm.A.;* after the QutaUona refor to the numbered articles

1. What is a frmition ? (1 and 3)
2. Whntdiese\'eiy fraction Indloatct? (3)
8. V^ hat IS tlij denominator of a fractiorj. and why fa it called so? U\

lIo>v Is tiie vnluo of a fraction obtai" ed* r6)

Wh'.'r" "V I
<^^'a'"^'"n,*'9'^'^' to 1' 'ii'I wlien t'reator or less thanl» m\Umc .li.^ct bas multiplying tbe numerator of a fractioS'by a^ num-

'•

^Z:'^^::'^t.SZ^^^^^ of a fraction by any number ufi^ct

^"'
"ill ;l;TuJ?';l{j'''^'"«

^^'^ *^-^« ^^ ^ ^^^^^^on by the ,. .me number affect

''•

''fmcUon/'c.f"^
*'° °""^''*''*'' '^ ««y«un»ber affect the value of the

"• ^TaS v'df
"^^ '*^° denominator by any number affect the value of the

''•

"rff;cr?ho';:lft^,8f
"""''^^*''^">^ denominator V the same number

14 Into wiiat classes aro fractions divided' (9)

snd/lV
'"""""'" ''''^''"^" ""^^^'^ '^'^ d^^^^'^-^ ^r'^^tior..? (10

}a ^r^i}"''
-^ •' P''*'!'^''" f'-'K-'tion ? (Vi) ^ iracuons. (U)

J; w ''^^ •' *"*" '.'"l'i-"P^''- fi-actiou ? (15)

0, r? ''"; ''^ ** fn'-^-"^'! number V (W) '^

of ^Hl''=i<="'»P<>'in^l'i-acUoa? (Id)

'A' u ^'^ "' *^'*ini>lcx fiantion ? c;!)

9fl ^Vl ™''^ ''''' oonve-'tan iiitc-or into a fraction f m-)
• ""'Z^fSy "' ' "'*" ' "°^'' ^"^ ^ ^-'^n Saving a given denomi-
II()w i,s a ri iyed number vtvlu-d to an imn-orxr fraction? r9'?^

How IS a frac ion rediioo.i tu is low.^-f. t,.,-,.,. » />"..„. nL'
'"^^

.yi.v aio i.iiutioiiH red\ice(l to a common (ioiioiinn*if.>r9 7oo-

2T,

2S,

2D.

81'

8^. u«. !» a co^ui;;;^;; =1L" SK:;-;;;:*-^
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What Is meant by cancelHnR? (S2)
Upon what principle may we cancel factors common to numerator and de-

nominator? (32 and 8)
How do wo reduce complex fractions to simple ones ? (83)What is a denominate fraction ? (84)
111 what does reduction of denominate fractions consist? (85)How do we reduce a denominate fracilon from » lower to a higher denomi-

How do we reduce a denominate fraction fi-om a higher to a lower denomi-
nation ? (87)

How do we find the value of a denominate fraction ? (88)How do we reduce one deuomlnato number to the fraction of another?
(SV)

What Is addition effractions? (40)
What kind of ft-aotions only can be added" (41)What is the rule for addition of fractions » (42)

w!!''?i'"iu®'^
nunabers are to be a<lded how do we proceed ? (42, note)What s the ru e for the addition of den<-minate ft-actions? (43)

^

What is the rule for the subtraction of fractloi s ? (44)What is the rule for niultiplitiation of fractions? (46)
Give a proof of the truth of this rule. (45)

u^Z ,^ ^® multiply an integral denominate number by a fraction ? (46)How may we multiply n fraction by a whole number ? 07)
^ '

t«r ?*'(r7)
™"'*'P^^ * '^****'* numler by a fraction having 1 for numera-

°Zr??.f'^ih?!!J!\"^'^ 5
'^*'^'* °"'"'^'" ^f • "^"d number, the fractionalpart of which has 1 for numerator ? (47)

^What is the rule for division effractions? (48)
Give a proof of the truth of this rule. (48)

v^Z'X^ ^*
^•'''/i®

»n integral d.nominate number by a fraction? (49)How do we divide a fraction by a whole number? (51)
^ '

^^tU51) * ^^''^'^ °"^^'' ^y * ^*''"'"' ^*^' °« 1
f*"" "8 numera.

iXERCISE 63.

MISCELLANEOUS L,.SE;ISE ON VULGAR FRACTIONS.
I. The Ottawa River is 80C mil.8 long; the Gatineau 420 miles, the

Chaudi^re 100 miles, tL-. i..ohelieu 160 miles, and the Niagara
35 miles The entire .^r.^r» of the St. Lawrence, from the
upper end of Lake Superio t the Sea is 2000 miles. How will
the lengths of these different riverc be expressed as fractions of
that 01 the fei. Lawrence ?

I. The population of Goderich is | of that of Peterborough, the popu-
ation of Peterborough is H of that of Brockvilierthe popula-
tion of Brockville is If of that of Prescott, the population of
Pi-escott 18 i of that of 'V , ., City, the population of Ottawa
City is 2j of that , ^ ort Hem , and the population of Port
^.°P^' !« 4\of thi of T-.-.ato. What fraction is the population
of Goderich ot thi ot Toronto ?

8. What will 6| pounds of tea cost, at 66j cents per lb. ?
— —rr- ;^ a "^^ " ="^F> ="« ^''^^ i uuy , ,, aoie ; "wimi is my

entire share ?
•'



Bhot. iv.i itISCELLANEOUS EXERCISE 181

r to a lower denomi-

tnction of another?

mber, the fi-actioual

FRACTIONS.

6. A boy divided his marbles in tlie following manner : he gave to
A ^ of them, to B -,^,, to C \, and to D |, keeping tlie rest to
himself; how many did he give away, and how many did he
keep?

6. Find the value of ^Izi^i of lill^ of -?i±li
3^+1^ 4j^o 1H-H

1. What cost 1670 fj pounds of coffee at 12J cents per pound?
8. A tree whose length was 136 feet, was broken into two pieces by

falling
; I of the le gth of the longer piece equalled J of the

length of the shorter. What was the length of the two pieces
respectively ?

9. A farmer bought at one. time 9*7^ acres of land, for 1000 dollars;

at another, 127| acres for 18'75|- dollars ; at another, 500| acres
for 6881 dollars; and at another, 388^ acres for 4018 1\ dollars.

What was the whole quantity of land that he purchased, and the
sum that he paid for it ?

10. Find the value of (lii^-8^-11*5+A) x 4^ x C^A-ei), and also

ofa+lf)-(f-j-8,\).
11. What is the value of 19| barrels of flour at $6| a barrel?
12. What is the value of 876H acres of land, at 1751 per acre?
13. Bought at one time 147| bushels of coal, and at another time

820^ bushels. Having consumed 156^^ bushels, I desire to

know what quantity of the coal purchased is still on hand.

18

19

14. Divide

16

m of f

)

by 7'i ; and find the value of
i + i + i

1

2i
+

I

If I7f bushels of wheat sow 7^ acres, how many bushels will it re-

quire to sow one acre ?

16. Multiply the sum of 8|, 4J, and 4^^ by the difference of 7^ and
5^ ; and divide the product by the sum of 94^ and 98^.

17. Divide 2 by the sum of 2^, ^, and 4 ; add IJ

—

I to the quotient;

and multiply the result by the difference of 5^ and 4^-.

Find the value of (^+^) x (H+2f) x (2-,\ - 1^) x ^8,^ - f )

;

and also of (lJ-f-2^) + (5^-5-3^).

A person dies worth $40000, and leaves ^ of his property to his

wife, i to his son, and the rest to his daughter. The wife at her
death leaves f of her legacy 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 ?



id2 bECIMAL PRACTlONSw
tStOT. IV.

Ana. •748.

Am. -00092370.

DECIMALS AND DECIMAL FRACTIONS.
'

62. A decimal fraction is a fraction having unity withone or more Os^to the right of it for denominator: ^

"^
'J^*'^'

^"'^' ^^'"' >"ff5?firTi, &c., are decimal fractions

^. • / 1 "^r '^v ^ ^'^'^^^^^^ ^« ^^^"^ed *o its correspondinff

I utTn eYAr^'^;^^''^""""••^^^^ ^^ ^^^ denomTt r!out sinve (Art. 52) this denominator is unity followed bvone or more Os, we divide the numerator by the denom n*'tor when we move the decimal point as many places fcT theleft m the numerator as there a're Os in thciFnSltot
Example I. Reduce i',%\ to a decimal.
2. Reduce T^«^j*7||^^j.^^^-^^^_

Exercise 64.
1. Reduce ,%\, -^» «^^ and {>, to decimals.

2. Reduce T,r.i^... and - t7« . , .^^^f
'^^'Z, '00098 and '1.

iff7><iiv57nT ana
rffsffWirir *o decimals.

8. Reduce -,r s«*3
tr. . a ,

^"*- "^'^^^^O^S and -0000176.xv«uuce
iscawrtdtfjTTS to a decimal

^,i^,. -000278648.

64. It is as inaccurate to confound a decimal fraction with ,>«cor.e.spon.hn.r dccinial as to confound a vuly^ aoti^^ wilh

fV'l -7? bu?"?f ' T.V' ^ '' -''• - ^1- u" vl'n oi

i and -76
' ^ "''^ ^ '^'^ ^'^ "^ "^^''^ ^^^'*^^'«^ tlmn are

fractio;:^
'''^"'' ^ ^'''""^^ *" ^^' corresponding decimal

RULE.

Example 1. Reduce -048 to a decimal fraction
2. Reduce -00000576 to a decimal fraction. Am.

Exercise 66.

1. Reduce -73, -092 and -0008 to decimal fractions.

2. Reduce .137 and 000006948 to decimal fracdonl!

8. Reduce -13578967 and 028004003 ttLmdClons"''''"^'
Am. tV^JASA^. anH

' V V tf V u t; U w 7 "" " "~

•r.^ 5 7 C
Tinn>ffTrffTrjr*

I off? io()B-> and T^^^^j.

—230O40O3
I wu VUO

V

I
000'
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,
-00098 and '1.

183

56 Docfmpl fractions foil \y exactly the game rules as vulgar
frarticiia. It is, liovvever, gem rally more convenient to obtain their
qiu^tic ts, and then perform o • them the required processes of addi-
tioii, La.y l.y the raethucis alrer* '.y described (Sect. II).

To re luce a vulgar fra. cion to a decimal or to a decimal
fraction

—

ROLB.

Dli.de the numerator hn thr dmominatfrr and the quotient will he
the required " decimaP'' ; the later may be changed to ii-i correspond-
ing decimal fraction by (Art, 0«).

This is merely actually perfoivilng the division whi^h the fraction indi-
oftks.

Example 1.—Reduce J to a decimal and also to a decimal frac-
tion.

8)7;

•875 J«s.=:^VA-^n«.
2. Reduce ^^ to a decimal.

16)9-

•5623 Ans.

EXEHCTSE 66.

1. Reduce \ and f to decimals.
2. Reduce ^ and \ to decimal fractions.

8. Reduce jf , \i^i, and ^\ to d,ieimals.

Ans. -9733+, 4-666+and •44117-h.»
4, Reduce f , tV» and ^ to decin>als.

Ans. -857142+, -4166 + and '44444+.
6. Reduce -^i and ^^ to decimals.

ulws. •15178671428+and •664012+.

Ans. '6 and '876.

Ans.^ and ^.

57. Let it be required to reduce £3 73. 6fd. to the decimal of a
Dound.

OPBRATION. ^
fd=-7M hotif-e «fd=6-75d. If now we divide this by 12 we shall have its value

as trie flecliiial of a shillirijf.

CJd=6-75d=-56268. henca Ts 6>d=T'5o258.

Therefore £8 Is 6jd=:£8V78126.

Hence to reduce a denominate number of different de-

^ J'^'-'-?'*"
"^ written aft«r these aaswers simnlv Indif^toB fliatt^ioi-" u«tii>

. i».«..nucr n..u uouHequeniiy mat tne division may be carried on further.

m\

' fi^^H

Ifek
r- 'f'^^^l

Bt
. Sti^^^H
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nominations to an equivalent decimal of a given .lenomi-nation we deduce the following—

RULB.

tte&' of a";S^"»^
' '^^^ '2 "-"'^ 8 ^ute'. SO ..coud^ to

60)80t=:sec.=rJ?O Bee.

60)3;fi=declmal of a nHnnte=8 min. 80 sec.
24)]20588=d6clmfll of u. hour=12 h. 8 m. 80 Bee.
7)85024805=declmal ofa day^8 daya 12 h. 8 m. 80 mo.An.. •W08472=declmalofaweok=8dayBl3h.8m.80.«o.

Example 2.-Reduce 187 lb. 18 oz. 11 drams to the decimal of aton.

OPKBATIOH.

16)11- drama.

16)18'6975 onnees.

2000)187;8i5M68T5 lbs.

•098827784875 ton. Ant,

Heiw we dlvHe the 11 drame by 1« andthus obtain -6875 to which w.e prefix the
f*^/n 18 oz. Next we divide tffi by'qand obtain -85646875 to wl.ich we bHJ
8000, the numb«r of Iba. iu a ton.

left ?nTdi;7d;t/t Wffi3TTvide\'tf'li P*^'"* '^'•'» P^""' *«> tl-"

point <m« place to the left and divide by 6^ 2%?.' '
**"' "'"*"'* *^« ^«°'"«'

EXERCISB 67.

1. Reduce 8 yds. 2 ft. 1 in. to the decimal of a furlong.

2. Reduce 8 dwt. IV grs. Troy, to the decimal of a po^nd
"^^^^^^^

8. Reduce 2 scr. 7 grs. to the decimal of a pound.tpoth'"''"''"^-

4. Reduce 5 fur. 85 per. 2 yd. 2 ft. 9 in. to the dea^d of'a mi^-"-

6. Reduce 8 qr. 2 na. to the decimal of a yard.
^'^'

2^^%t^
6. Reduce Ss. to the decimal of 138. 4d. Am.'-znl^

fr»c«oftorded,S:f *" '^^ *'''^"'*'' ^' ^«''- ^' «°<^ ^^- reduce the reBuIt/;^

^ ,y^ «aOtjuu ui 103. ia.=fi^yi_|=:-875.
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ie decimal of a

9 th« resulting

7. Reduce 12 h. 66 min. 21 sec. to the decimal of a day.

Am. -6384876.

8. i.educe f of 4 of t fl. to tbe decimal of £^. Ann. -012058+.
9. Reduce j of i of a i ile to the docima of ' inches.

yi«a. 3620-571428+.
10. lioduce 1^ of f of S^ lb. Avoir, to the deckual of J of an oz.

Ana. 9-2444 -h.

11. Reduce 8 pk. 1 gal. 1 qt. 1 pt. to the dvcimal of a buahel.

Ana. •921876.

OPBRATIOK.

•7829

8

2'8475

41700
12

20400
Atu. 9 ft. 4 in. 204 lines.

5R. Let it be required to Uad the value la tcrma of a lower de-
nomination of '7826 of a yard.

ExPT.AWA.Tiow.—SInco there are 8 feet In a
yard, It Is evident that any decimal of a yard 18

three times as j<n*at a decimal of a foot. Hctico
to reduce tho decimal of a yard to a decimal of
afoot we multiply it by 8. This gives us two
feet and -SiTS of a foot. Similarly multiplying
tbe deoiraal of a foot l)y 12 reoqises It to an
equivali t decimal of an inch. We thus find
•8475 of II foot equal to 4 incties and '17 of an
inch. Airain, multiplying tills last by 12 redu-
ces it to the decimal of a line, and we thus find
tlie whole qiiantity 7826 of a yard equal to 2
ft. 4 In. 2-04 lines.

NoTS.—In these multiplications wo only multiply the number to the rkht
of the separating point.

Hence, to find the value of a denominate number in

terms of integers of a lower denomination w© have the
following—

RrLE.

Multiply the given decimal by the number cf units of the next
lower denomination that make one of the given denomination.

Point of as many decimal places an there were in the multiplier^
and the integral portion, if any, mil be units of that lower denomina-
tion ; the decimal pari may be reduced to a still lowtr denomination^
and so on.

ExAMPLB 1.—Find the value of £'97876.

OPXRATION.
•97875

20

19^57600ai
12

6^90000d.

4

8-9ooeof.

V

i

t 4- i

'J
''-(

Jd.-Hf of*f(irthn
{

..-.IklM^U

^

« '
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weilft.^"'"
**""^'' **'*^'^ **^ '^^^^^^S of a pound Apothecaries

OPSBATIOir.
•78e862fi

18

9-4868500 01.

8

8-490S000 dra.

8
1-4724000 sor.

20

Ant. 9 oz. 8 dr. 1 acr. 9'448 graiiA

9-4480000 gn.

EXKROISS 68.
1. Find the value of 0-8946 of a day.

2. Find the value of 0-8966 of a mile!^'*'*
^ ^**''" ^® ™^ **^ «««•

«. Find the value of 0-809168lraa oz^Tmy^''*
* ^^'' ^ ^ ^^^ ^

4. Find the value of 22-'r6 of £2 28 fid"*'"'
® ^T" ^TI^* ^"°*

5. Find the value of 11-11mVl'l^^i,. i pk. i^^Tl Tq?
'^^ '^^

6. Find the value of .2067of a Ib^'r!^^'' ' ^'^' ' ^*- ^"^^^^ P''*

7. Find the value of 176 of 1 fur. zf^ I J^^tn.-
'"''' ^'"""^

8. Find the value of -626 of a league
'*'**' '^

^^'i
^ ^1^ ^.,^V*

^•

10 ^t S ?^ ^t^ 1 -OieeUTa bushel? ^'"-
i;r.'VplSt10. What 18 the value of -9878 of an acre ?

^

11. Find the value of '2W /.^/sT vVin.
* *^- '^ "^**

-4n«. 8 sq. ft. 67^ hi.

CrRCFLATING OR REPEATING DECIMALS
69. Let it be required to reduce f and ^ to decimals.

9)6

7)6
-S5S556, (fea

•»a42887142867142, &a

.^td^h."'^^:!^ ?"«°"*L^A«rre«».d In more thanshoaJd b. w^nc^d toT,7Lfore ftS^J^Thfr? ^'^^Sn".""*
denomination
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In these and many other cases the division does not
terminate, and the value of the fraction can only he
approximately expressed. In the former of the above
examples the figure 5 is constantly repeated, and in the
latter the series of figures 857142.

60. Decimals which do not terminate, i. e., which con-
Bist of the same digit or set of digits constantly repeated,
are called Repeating or Circulating Decimds.

61. The digit or set of digits, which repeats, is called
a repetendy period or circle.

Note.—The terms period and circle are commonly used only when
the repetend contains two or more digits.

62. A single Repetend is one in which only a single
digit repeats,

T11U8 -8333 Ac. ; -7777 Ac. ; -88888 &c. are single repetcnds.

63. A single Repetend is expressed by writing the
digit that repeats with a dot over it,

Thu3, gas Ac. is written -8; -777 Ac. is written -7.

64. A Circulating Decimal or Compound Repetend is
one in which more than one digit repeats,

I

o7&^:!^^,li:.{r'''
*"

'
•123412841284. Ac., .re arcnlatlng Dcc^md.

65. A Circulating Decimal is expressed by writing the

I

recurring period once with a dot over its first and last digits,

Thus, -847347 Ac. is written -847; 2020 Ac. 26; -12841284 Ac Is written -1284.

66. A Pure Repetend or Circulating Decimal is one in
wbich the repetend commences immediately after the deci-
mal point.

67. A Mixed Repetend or Circulating Decimal is one
which contains one or more cipliers or significant figures
between the repetend and the decimal point,

Thus, 8, -7, -1 are Pure Eepetenda

•78917, -0878, -002 are Mixed Repetend^
* • • • • •

•72, 048, -81876 are Pare CIroulaUng Decimals.

1878, •678aob» -0717866 are Mixed Cifculatli« Deolmata.
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^ 68. Similar Repetends are those which commence at
the same number of places from the decimal point,

Thus, -71846, -912786 and -Ooohsifl are BlmiJar Eepetends.

69. Dissimilar Repetends are those which commence at
a different number of places from the decimal point,

Thiw, -7842, -928627 and "9184278 are Dlsalmllar Repetenda.

70. Coterminous Repetends are those which terminate
at the same number of places from the decimal point,

ThuB, -7487, -6248 and 1847 are Cotermlnona Repetends.

71. Similar and Coterminous Repetends are those which
both commence and end at the same distance from the deci-
mal point.

Thus. -784267, 16-47i212, 198-161841 are Similar and Coterminous Repetends.
73. In i-educlng a fraction to a decimal we place a point after tha nnrnprafor

the point does not affect the divifiion: merely determining theS« of the m,^nt

ll!ln*«M'"T""""Hri**'"^*'.'" "«»^^^«t thatwema/Keit^hSetUroW
consideration, so that annexing Os to the numerator beromes In "Sm«K
Ih^n/^f*^'"l

before proceeding to the division, bo reduced to uJTowS teVmrthe denonalnator can have no factor In common with the numerator -ftmltf??.;

n«rv^"iS^*" l^ tT*'y ^onta'n^l «n the numerator witrtK»nnexed it cJnonly be from its being contained In that power of 10 by which the oririn.iI m,merator was multiplied. But since 10 contains on^thr factors 2 and 5 a, ;power of 10 can cor.taln only the factore 2 and 6; and hence In LLrthnf th^Jenominator may be exactly contained In the numerator^fh (L Mno«^^^must contain only the faoto^ 2 and 6, or powers of 2 and &
""'oie'l. «t

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 he Jiniie^; but if the
denominator contain any other factor than 2 and 5 as 3
7, 11, <fec., the corresponding decimal wiU be inJimL i. e

'

will be a repetend.
'

mak?^'"'''''""^*" ^' **' ^ *°^^ ^® ^^^''^^y exprensed as deci-

16, the denominator of the first, = 2 x 2 x 2 x 2. (i. e contains no

b? a dSi.^'*'''
than 2 or 6) the^fore it can be exaSlyTxpr^LSS

26=6 X 6 (i. e. no prime factor other than 2 or 6) thereforeU canbe exactly expressed by a dechnaL
i-uoreiore ft em

t^r^^^ ^ ^^iS^' ®" i^i ^J^^'^^ * ^*®*^' other than 2 or 8) there-fore A cannot be exactly decimated.
''

. .
.1**^=" ? ^^ ^ (*! «• n» factor other than 2 or 6^ tharefnr« JUL ^««

99 esacuy aediiaated*
' **"—
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EXIBOISK 69.

Of the following fractions, which can and which cannot

he exactly decimated, i. e., reduced to equivalent decimals?

1. h i^V, «, tHi, and iii

8. H. W, tV, f,
and yiiv.

73. We may determine the number of places in the

decimal or finite part of the decimal corresponding to a

Tulgar fraction by the following—

pressed as decl-

BULI.

Jleduee ihefraetion to its lowest tsrtnSf and deeomposs tkt dlmomt-

nator into its prime factors.

If the denominator contains no faeUyrs other than 2 or 6^ or pow-

ers of 2 or 5, tlie whole dedmal is finite.

If the denominator does noi contain 2 or 6 as fa^or^ the decimal

contains no finite part.

The highest exponent of 2 or 6 will indicate the number vf deci-

mal places in the finite part of the corresponding dclmal.

ExAMPLs 1.—^How many decimal places will be required to ex-

p.res8Vi%?
Here, 8195=6 x 5 k 5 x S x Sbs6*. Therefor* the e^atvaleiitdedmil wlU tfoB-

tuln 5 place*.

ExAXPLE 2.—How many decimal places will be required to ex-

press1^ ?

Here, l(M)0=sdx3x2x2x2x2x6xBc=2*x6*. Hese* 6 Is tb* hlgbast ex-

poaent, and the number of decimal plaoea will therefore be A.

EXKBOISK 70.

1. How many decimal places will be required to express the follow-

ing fractions, viz :—H. A, iWrfff and i^ifS^?

Ans. 4, S, 6 and 10.

2. How many places will there be in the finite part of the decimals

corresponding to jfe, iH. tIHc and |^?
Ans. 6, 7, 4 and 11.

74. In decimating vulgar fractions where many places

wiife required in the decimal, the method of continually

dividing becomes very tedious. In such cases we may
sometimes shorten the work as follows :

—

KxAMPLX.—-What decimal is equivalent to the vulgar fraction i^i
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OPBHATIOlf.
2»)1-00(«-08«8

87

180
116

"uo
^

116

240
2S2

,V=0:034482758620689656172418'793i. ^«s.
'|

• 75. The number of places in a period cannot exceedthe units m the denomiiiator minus one.

le^a^tK^tS;^^^ that ooenr „.„«t U

curred, the digits of the deciumi m ill bS lo roieal"'
^' ^"" P=-<^vio,i8ly oc

Thus
J=0'86'7142, where the small figures above thn imn «
the successive remainders, none of wl.t h nf

® represent

.
great as 7, the divisor'the nc" t ?LJ do.- /ft '''Jr^'^" ^^ ^^

4, and consequently tL di|itrfor:i';^et"to%^^^^^ '^^

76. Those repetends that have as many places min„«one as there are units in the denominators of&^J^^^^^
lentjulgar fraction, are sometimes called per/ect^repl

T, W, A", -^, 5V» «S-, -fiV. A and gV.

frail :!!
""*""" * P"'' ''P''"'"^ '" *" "q^iralent yulg,ar

RULE.

pi«ri't^^-l';r2:;\;'''' -" """* "'-» - '*- -
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cannot exceed

enominator less

cs as there are

EzAKPLK.—What vulgar fractions are equivalent to % '98, *704

and 007048 f

Am. '1=1; •98=H=H; '^ois^; 001049=^^^.
SeMon 4=i thoMfore |, |, |, &a,=-8, -8, -4^ 4o., h«nM 1, i, -8, Ao.,«i, i, |.

BimUarl7A=:-6i, therefore A= 07; |{s='28; ^=^-79; *a

Henoe 6i=^; -07=/,; -SSsfl; 'i7s|S; &&

6oftl0O,iv=-6oi; ,|,=00B; i|(c=i67j AoL

Henee -OOls^ii ; •248=i|| ; ite., T^enoe the reason of the rale li eyldent.

EZKRCISB VI.

}. Beduce -8, 06, '842, -7004 and •002008 to equivalent vulgar frae-

tiona. Ana. f , ^, fH=A^, im aad irHMff.

2. Reduce '19, 1067, 11116 and 704108 to equivalent vulgar frao-

tions.

4»*. it, iM=^, HiM='AWr and mMi=Hlitt.
8. Reduce -102, 0018, 00007108, '01020804 and -987664821 to

equivalent vulgar fractions.

78. To reduoe a mixed repetend to an equivalent
vulgar fraction—

KULX.

Subtract the finite partfrom the whole and set doum the difference
for the numerator.

For denominator put aa many 9s as there are places in the '
infi-

nite^ part followed by as many 0« <u there are places in the *finite
'

part.

Example.—Reduce '78, -1234 and '7182092 to their equivalent
vulgar fractions.

OPBRATTON.
78— 7= 66=nnmeTat«)r ot first fraction.

12B4— 12= 1222= " second "

7182092—7 13=71 3!379= " third "

90=lst Denominator, since the ropetend contains one place in the finite,
and one place in tho inflnitc part

9900— 2n(1 Denornln;it,or, since tlio repetend contains two places in the finite
part and twc In tlie iminito part.

SdVUOiiO^Kid Dftioiuliiutor, sincH tbu infinite part uf the decimal eontauw
/bwr places and the finite part three plaoes.
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Henoe, -78=^=1*. 1284=*^=^^^ and •7182092»HHH^

Let«='978?84

Then 100 « =97-8784

(I)

978734—97
^""^^ * ""i;79^= '^^ ^'^P*'*'*^ ««•'•"• thefinitepanM a

y^otor; and <u many 9» (m /A«r« are places in infinUe liart

The rule may also be explained as follows :—

Now, dneew multiplied by 100 thi. r..ult 1. 100 time, too great There-

^mZV^L^*l^'^%^fj^^Z^^^on^^*n.u.i reduce them to.

07x0999 8784

>Tx (10000-1) 8784 _ 97x10000-97

^WWOO^ *555i5J S5i5r~ *
999900

~ +
^^ »T0000-97 8784

WWOO 999900

999900 '^^^l^repetendn^nuejlnlUpart/in'i.ummUarf and a»

at
IfAenoe the truthfor the rule U mwnt/eek

EXEBOISB 72.

"" ^"'- »M=Wi. iJMii. and ttJS8H=iHM^
3. Kjduce 8?»«68 „d 801-827M to their eqniralent mixed „»,."

^n.. 8?6iHJ and SOIHIi.
'•

"fr^ao^'-
"'"'«''• -" •"'«« «» their e™i™,e„. ^g„

^ „^ ,
^"•- AfA.aiidiWiit.

l!_
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. 79. There are several properties belonging to repetends

whi h it is neeeas iry to remera>)er. They are as follows

:

1st. Any finite decimal may be regarded as a repetend

if we make the Os recui'

:

Thu8, •2T=s-270=-27b6=-276(»6=-27()00(H), Ac.

2nd. A repetend having any number of places may be re-

duced to one having twice, thrice, &c'., 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, -872=•87272= 3727272, Ac.

•232184= •23213-12184=-23213421842134, &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

—

RtlLE.

Take the numbers indicating Jiov) many places there are in. each
repetend, and find their least common multiple. Reduce each repe-

tend to that number ofplaces.

• • • t •

Thus, let it be required to reduce '147, *932, -8417, to repetends
baviiig 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 ia 6, and benoe each new repetend must have 6 plticea.

Therefore •147=-14777777, •932=-9328282, and •8417=-841741T.

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 hence any two
or more repetends may be made similar,"

Thui, •4i28='4123i=-412312,.&e.

7-65432i=T-6648216=7-6548210r), Ac.

5th. Having made two or more repetends similar by
the last article, they may be made coterminous l)y the
preceding one, and hence two or more repetends may al-

ways be made similar and coterminous.

6th. If several repetends of equal places be a.flded to-

gether their sum will be a renetend of the srime nnmbp.r of

placos ; since every set of periods will give the same sum.
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ADDITION OF CIBCULATINO DECIMALa

80. To add circulating decimal&-^

BULL
Make the repetentb similar and coterminoua and write them una

one another, so as to have the units of the same order tn the «m
vertical column.

Add, heainning at the right hand side and carrying tcinat kouI^

have been obtained \f the decimals had been carried out two or thrd

placesfurther.

Example.—Add together 'TSS, '927, '421 and 9'128466.

Dissimilar.

•788

•027

•421

Similar.

•788 =
•9273 s=

42143 s
9-1-28466 s

Similar and Cotenninotu.

•788888888888SS

•92727272727273

•42i42t42U2149

9-1284568486845^

1 carried.

11 •25048882706204Bum, =:

Exercise 78.

1. Add together -9, 6'327, 19'48, 27*0278 and -0847123.

Ans, 68-81986382^

2. Add together 7*427, 9-1284, 17*2987643 and 18-67.

Ans. 62-626228203901471

8. Add together 4 96, 7-164, 4-7123 and -97817. Ans. 17*8092602188

4. Add together 1-6, 99*083, -162, -814, 2*93, 8'769236, 97*26

184-09. Afis. 889'626i77443

SUBTRACTION OP CIRCULATING DECIMALS.

81. To subtract one repetend from another—

RULB. \

Make the repetends similar and coterminous, and write one
fiSiZtrt ircS Giricfj SO US tO rtuVc iifiitS Of ina SUms ordsT in the SMM dtf-i

tical column.
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tu. 68-819868820

Sublraet an in vhf>U numlem, taking notice whether oris wmld
have been borroucd if ihe periods had been extended*

fixAMPLi.—I*rom 97-03429 take 11'03876.

DLwIuiilar. Similur. Similar and Ootermlnoua.

97034J9

iimu
07-08429

11-088768

97-084292929

11^8763768

True diflbreuce, 85-990A24166
If the periods had be«>n fXtoinled, wo would have had to borrow one from

the loat figure of the minucud period ; and bearing this In wind, wo aar 9 from
9, 0, Jco.

Exercise 74.

1. From 729 3427 take 93-126.

2. From 1-437291 take -00713.

3. From 1-2754 take '47384.

4. From 42 18763 take 17'0000008432.

Ana. 686'216742.

Ana. 1-430*1600697824.

Ana. •66370016280907.

Ana. 26-1876324900.

MULTIPLICATION OF CIRCULATING DECIMALS.

82. To multiply one repetend by another or by a finite

decimal

—

BULB.

Change the decimala into their equivalent vulgar fractiona (Arti.
77 and 78), muUiplif these together, and reduce the product to it»
equivalent decimal.

Example 1.—Multiply -3 by -78.

•3=|=i and •78=11=11.

Therefore, -3 x -78= J x |5=f§= 26 Ana.

Example 2.—Multiply •3i8 by •7432.

•818=// and •7432=^.

Therefore, -sis x '1^2=^^^ x H=i¥8='23648.

EXERCISS 76

1. Multiply 7 26 by 2-9. .4n«. 21-76.

2. Multiply -297 by 7-72. Atu. 2-29613.
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3. Multiply -818 by -11,

4. Multiply 1-786 by -47068.

B. Multiply 4-722 by -ios.

(intt. It

Am. -63.

Afu. -8lG54i68d&().

Ana, '936*

DIVISION OF CIRCULATING DECIMALS.

83. To divide one repf*?Dd by another or by a finite

decimal

—

KiTtik.

Change tlie denmah into their equivalent vulgar fractions^ divide
as in Art. 48, and reduce the result to its corresponding decimal.

Example.—Divide 427 by -sis.

•427=1^;^ and -818=1^
\

Therefore, '421+8l8=^+^r=^x^=:^=0'62. ^

Exercise 76.

1. Divide -082 by '123.

2. Divide 389-185 by 16-7.

8. Divide •81654168350 by -47068.

4. Divide -46 by •118881.

Ans. -6.

Am. 24-6.

Ana. r786.

Atu, 8-8235294117647058.

Exercise 77.

MISCELLANEOUS EXERCISE ON DECIMALS.

1 Reduce ^ of f of -,V of 14 to its equivalent decimal. *

?. Multiply -67 by 2-i.S.

::. Find the value of -678126 of a week.

4. Reduce -92487 to its equivalent fraction.

6. Add together 67-2S4, 98-718, and 91-08471284, and from then

sum take 100-123456789.
C. Reduce 5 fur. 86 rds. 2 yds. 2 ft. 9 in. to the decimal of a mile.

7. Find the difference between I7'42867i sq. ft. and 100-8 sq. in.

8. What is the value of •91789772 of two acres ?



AST. 89.] EXAMINATION QUEdTIONb. 197

V. Reduce 11-267 and l'042867i to vulgar fractiona.

10. Divide 47-346 by 1-7(5.

11. Fiom 85-b2 take 13-76432.

I'i. Wiuit is the dillcrence between '734 of a lb, and -198 of an oa
uvoirdupoid?

13. IIo>v many yards of carpet 2 ft. 6^ in. wide will be required to

cover a floor 27 3 ft. long and 20-16 ft. wide ?

14. Multiply 8-145 by 4-297.

15. liow many finite places are there in the decimals correspondiug
to -A. 8^4. ftf, -iVi, ^0, and ;^«^-?

16. Add tether 813, 61-126, 828||, and B-624.

17. Reduce —
\l-e

44—2-83 6-8 of 8—- of —
quantity.

•6-I-2-029 2'26

\ 2-8 of 2-27

) + 7".— to a simple
/ 1-136

3.

2.

8.

4.

ft.

6.

7.

8.

9.

10.

It.

12.

13.

14.

16.

16.

17.

18.

19.

20.

21.

22.

28.

24.

QUESTIONS TO BE ANSWERED BY THE PUPIL.
NoTi:.—rA* numbers after the questiona refer to the artLtea oft/ie Seotim.
What \i a (ledmiil fraction ? (52)
Wt-at i.s the <litttiuction b(>tween a decimal and its correspondins decimal

faction ? (M atirt Art. 47, St^c. I.)

How in a (Itcinml reduced t(» its corresponding decimal fraction? (ftS)
How Im a vulgar fraction reduced to a <lecimal » (.56)
How would you reduce 4 oz. 17 dwt. 16 era. to the decimal of a lb. ? (57)How would you And the value of -7 1845 of a French eil? (58)
What is mt'unt by repeating or circulatinj? decimals? (60)
What is a repetend, period, or circle* (61)
Wliat is a sinjrle repetcnd. and how is it expressed? (62 and 60)
What iH a circulating decimal or compound repetend, and how ia it express-

ed? (o4 a d 65)
Wliat i.s a pure repetend ? (66)

'

What, itj a mixed repi-tend? (67)
What are simple repetends? (Jive an example. (68)

'

What are dissimilar repetends ? Give exampjcs. (69)
What are coterminous repetends ? Give examples, (70)
When ar« repetends said to be both similar and coterminons ? Give exam-

p'es (71)
When can a vnlgrar ft-action be eNactly exnressed by a decimal ? (72)
Show that this must necessarily be the caso. (72)How can we ascertain the number of places in the finite part of the decimal

correHpi.ndiiig to any vulgar ft-action? (73)
If the decimal corresponding to any vulgar fraction contain a repetend,
what is the greatest number of places that repetend can contain? (76)

Show that this must necessarily be the case.
What are perfect repetends? (76)
How i3 a pure repett-nd reduced to a vulgar fraction ? (77)How ia a mixed repetend reduced to a vulgar fraction? (78)
Ahnur thA truth .\f»>>i> t...1n tTQ\

^\i,ityf %t9,% any Suite decimal may be m»de into ^ repetepd. (79)
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Show that any repetend may he rednced to another having twice, thrice.
dtc., &» maay plucfs. (79)

Show that any nuiul).r of repeten«1s may be made to have the eamo nnm-
ber orplttceu, Hn<l pive ih*' lulv Cim

Bhow that auy pure lepeteiid may he trunsfi.rmed Into a mixed rfpetend 1
\io)

^'^".^ *^** ^'^o «f mo" repetenda may be made similar and cotermlaocA

Ho'v are circulatinsr decimals added ? (80)How are circulaiiiig deciiaalrt siibtrarted ? (81)How do wo multiply oirculatinjr decimals together? (82)ilow do wo divide one ciiculuting decimal by anotlier? (88)

Exercise IS.

MISCELLANEOUS EXERCISE.
(On preceding Rules.)

1. Transform 4312131 quinary, into the nonary, ternary, ifU^ oete-
nary scales, and prove the results by reducing all four numbers
to the decimal scale.

Write down seven hundred and two trillions seven millions thirty
thousand and seventeen, and four millions and seventy-six

- tenths of quiidrillionths.

8. Divide 9'76'432 by -00000096.

(21 + •5625- l-S+lgO-f-i;!
4. What is the value of"===^-'^-'ii»'^^ai*=='^=«=a^ .v^-ctk*

(lAx^x296x T*T_j;y-2jl^4T2M'7
19"

6

6. Divide 97 lb. 3 oz. 4 dr. 1 scr. 17 grs. by 9 lb. 1 oz. 1 dr. 2 scr.

6. A wall is to be built 15 yiuds long, 1 feet high, and 13 in. thick,
with a doorway fi ft. high and 4 ft. wide ; how inaiiy bricks will
it require, the solid contents of each being 108 cubic inches*

4^-1-1—^

4 O' 13+ ^ Ot|.
Reduce 782436 pints to bushfls, &c.

10. Find the least common multiple of 77, 42, 27, 21. S3. 14. 7 11
6?, and 30.

» > . > »

11. Divide 36^87942 by 28<;4 in the duodecimal scale. Also change
8762814 from the nonary to the decimal scale.

12. How many divisors has the number 150528?
13. Find the value of •12346'25 of 2 weeks and 2 days.
14. Multiply 27 lb. 4 oz. 3 dr., avoiidiipois, by 728f.

i

16. Add together $9817, $12-29, £16 .Ss. 8'^d., |97'IP. $]27.87k
and from their sum subtract £67 17s. 7id.

-'

16. Reduce -8,

fragtiotts,

Multiply 9 ft. 6' 4" T" by 11 ft. 7'

Find the value of

•9123, and -003327 to ^heir Ment rulgar

19. Divide
• givin

womi
>0. Add to

51. Write

52. Find tl

J3. Find tl

secor

24. How no

to H
whee

25. What
tern

gallo

NOTIC—

26. Reduc
27. From

28. Findt

29. Transf

hina

bers

30. What
31. Reduc
32. Findt
33. What

and

84. Dividt

35. How r

36. What
37. Addt

divid<

38. Findt

* Tu..fl«

4Mi(p«dfo
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17 Ta!:e the number 704, and by removing the aecimal point, (1) Make

I

'

it 10000 times greater
; (2) make it 10000000 times lefl8

; (8)

make it billions
; (4) make it hundredths of billionths

; (6) make

it tenths of milliontha ; (6) make it hundredth&

[{(2J X -6 of l^)+9H+'09+-r-HllM-*-(rt of 16)*

[(•7632763 xll)x^ yt of -2 of -8 of -26 of 96)-*- "2

18. Reduce i ox -6732467-5-^.

19. Divide £560 3s. Hd. 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 16f,-, 19J, 23|, and 129^.

i\ Write down all the divisors of 8100.

SJ2. Find the G. C. M. of 2691, 11817 and 9828.

23. Find the exact length of the lunar month which contains 2661448

I

seconds, and of the solar year, which contains 31656928 seconds.

U. How many tunes will a carriage wheel turn in going frOm Toronto

to Hamilton, a distance of 38 miles, the circumference of the

wheel being 14 feet 11 inches ?

25 What is the weight of the water contained in a rectangular cis-

tern 11 feet wide, 13 feet long, and 16 feet deep, and how many

gallons of water does it contain ?

NoTic—A cubic foot of wtter weighs 62-5 lbs. and a gallon weighs 10 lbs.

26. Reduce £73 17s. ll|d. to dollars and cents.

17. From 93-5*r take 76^^ and divide the result by t^.

18. Find the value of

129.

6f-!-|
X f of

Hof 4^

30.

81.

32.

[33.

84.

35.

36.

37.

38.

liof|-4-10t
'^ ""' 13iof5V

Transform 91342 undenary into the quinary^ duodenary and

binary scales and prove the results by reducing all four num-

bers to the decimal scale.

What are the prime factors of 7680 ?

Reduce 72 miles, 3 fur., 7 per., 2 yds., 1 ft., 7 in. to lines.

Find the price of 97 pairs of gloves at 47 cents per pair.

What is the worth of a pile of cord wood 73 feet long, 4 feet wide^

and 11 feet high, at $3-62| per cord ?

Divide 93-723 by 29-4i73.

How many bushels of oats are there in 73429 lbs. ?

What is the worth of 719630 lbs. of wheat at $1-80 per bushel ?

Add together $72-14 and $93-76 ; multiply the sum by 9-47 and

divide the prod-ict equally among 1 1 persons.

Find the G. C. M. of 21389 and 180781.

* Tijjse questions thouah apparently difficult are not so in reality—theyw^
4f«tga«d for t^xerc^ in oanooUinf), and do not require maeh worK-
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89. Reduce f,-, f, ^, ^^, 11, ^-, and | to equivalent fractions, having
a common denominator. •

40. Purchased 11 yards of cotton at 11 cents per yard, 19 yards of
riLbon at S7i cents a yaid, 14^ yards of silk at ^2-17 a yiird a
parasol $4*75, a bonnet $ll-6(), 67 yards of sheeting at 27 centa
a yard, 15 yards of French merino at $1-37^ a yard, and trim-
mmgs $7-93. Required the amount of my bill.

SECTION Y.

RATIO AND PROPORTION.

1. Two numbers having the same unit may be com-
pared with one another in two ways.

Ist. By considering how much greater or less one is than
the other ; and

2nd. By considering how many times one contains the
other.

2. Eatio is the relation which one number bears to
another with respect to magnitude, when the numbers are
compared by consi(]ering, not how much greater or lesa one
is than the other, but how 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 tli^ratio of 18 to 6 is 8, since 18 -r- 6 = 8, the ratio of T to 21 is i, sinca

3. The mtio of one. mimbpr to another, whon rnoMsuvod with regfect to
their rhferevce, is .sometimes ofillod aiithmdicni ratio, to (iietingulsli It from
the nitio c«nsi(iore<I iis in (Art. 2), wliich is called gi-ometricitl rntio.

' In the followinsr jmsres, whenever thf term roiio is used, jieomVtrical ratio
IS meant; we shtill use r.he tertn difference i)i plaee ol' arithmetical ratio.

4. Since ratio simply expresses the quotient arising
from the division of one number by another, and since
(Art. 66, Sec•^ II.) we have three ways of indicating divi-
sion, it follows that we have three w ays of expressing the
ratio of one number to another.

Thn« tiie ratio of 9 to 4 is expressed either by 9 -i.4. or by * or bv 9 '4
The ratio of 7 to 13 is Indicated either by 7 -f- 13, or by ^V, or by t: 18.

"

5. liutio can exist only between cumbers of tho game
kind.



to 21 is i, sines

t the game

Thusit isobviou. that no comg^riBonjJth

TeinfrXt'S^aT/n^^^^ if rimrUiXnd"thore& - ratio can- «Ut

between
^«^^^^^^ ^^^ ^^ ^^^ ^^^^ ^^^^ ^|. ^^ t]^ey are of the

same denomination, or when they have the same unit, or

^vhen 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 ot together

thpv are called a couplet. , , •

a The first term of a couplet is called the antecedent;

the last term, the consequent

When the ratio is expressed in the form of a fraction, the nu-

mcSr ?8 the antecedent and the denominator the consequent.

Ratio is either direct or inverse, simple ov compound.

lb. A Direct ratio is that which arises from the divi-

sion of the antecedent bv 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 3 is 3 : 15 or ^»„ or 3^15, or j. ^

12. An Inverse Ratio is sometimes called a reciprocal

Tims the reciprocal ratio of 15 to 3 is 8 : 15 or A=l=lnverse ratio of 15

^''^13. The reciprocal of a quantity is unity divided by

that quantity.

Thus the reciprocal of 8 is |- ; of 11, -^ ; of ?, ^ , ts. V ,
or g. ^ ,

»
»
ts s

;

14 Mte» <Ae di>-«c< ratio of twonumbers is expressed by points

tke Ltrr4V-^^ ratio i expressed hjferf^ *^ ^^^ ^f

the terms ; when ty a fraction, by inverting tJie fraction.

1 5. A Simple Ratio is one that has but one antecedent

an<l one consequent.

Thus 9 : 3, 7 : 11, 18 : 2, Ac, are simple ratios.
, , n „ ,^^

16. A Compound Ratio is a ratio produced hycom'

pounding or multiplying together the corresponaing terms

of two or more simple ratios.

Thus, the simple ratio of
24 • 2 la 12.

&"»crSotdVd^fih;:seiV2i6;c=^

17. It must bo distinctly rernembere£that a comi^o,.na^ onhosame

S7nrc«*n7eqtnrTh'^r^--;ou^^
vrigin of th* ratio in particular «a§v^
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1 XRatim are comnmnded 6y muliiph/inf; toaether aU ihn n«*sC' .tu^^jor a Hew antecedent nn<1 «// th. ^ wgeuur au me an'e-

quenl.
'^"'^'oeaent, and ad the comtqmnu for a new come-

EXBRCISE 79.

1. What is the ratio of 27 to 8 «

2. Wtiat is the ratio of 7 to 11? '^'** '

8. What is the ratio of 9 to 27 ?
^'^' T^-

4. What is the ratio of 42 to 6 * -^'**' i
5. What is the ratio of 72 to 6 ?

^^*- ^^•

Ans, 12.

6.

7.

8.

9.

10.

11.

12.

Required the ratio of the following numbers:-

88 to 7. ^ns. llf.
87 to 11. ^„,. il^

19 to 162.

23 to 299.

147 to 21.

20.

21.

22.

23.

24.

25.

$93 to §31
14 bus. to 2 pks.
40 m. to 12 fur.

24 lb. to 12 oz.

17 shilhngs to £51.
16 acres to 30 so. per.

Required the invert mtio of the following numbers:

14.

15.

16.

17.

18.

19.

An8. 2.

Ans. 3.

Ana. 28.

Ana. 2u§.

7 to 21.

12 to 2.

27 to 6.

9 to 36.

19 to 67.

81 to 9.

Ana. 3.

Ans. \.
Ans. "^.

Ans. 4.

26. 187 to 17.

27.

28.

29.

30.

31.

32.

83.

6 days to 4 weeks. Ans. 4|
11 min. to 30 sec. Am. -X-.

4 lbs. to 12 oz. Av. Ans. -,V
3 qts. to 43 gals. Am. 674.
70 per. to 2 miles.

7 Flem. ells to 9 Eng. ells.

11 02. to 68 scruples.

84.

86.

36.

87.

3L.

44.

45.

46.

47.

48.

Required the reciprocal ratio of the following numbers
7 to 42.

ito^.
42 to 28.

17 to 68.

19 to 17.

Ans. \
Ans. 8

Ans. -^^ :

?V=6.I89. sVto-:^.
2=4
rs=s.

40.

41.

42.

43

Ana. |.

Ans. \.

Ans. iV

72 to 18
612 to 32.

itof.

Reqmred the ratios compounded of the foUowing ratios:-
'S to d, 6 to 7 and 1 to 7. V*
8 to 6 and 17 to 8 ^'**- ^^ *« 147.

1 la ?' ? f" ?
e to 6, 4 to 8 and 2 to 1. ^r^gf) -"^Jf1 to 7, 1 to 3, 3 to 1 and 5 to 1 \ '

^^*-

2.0»3t0 7,4.„«,,U0 2"L,.„«. ^„,:^S4fsU^i-

follows from H.O r. • •
^'

;, ^^^"^ **^® quotient, it

Sect, II.. that;—
""*"^' ^'''^^'^"^'-"^^ «» Am, yy-^i,
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l8t Multiplying the antec«^dent of a couplet or dividing

'

consequent by luy Dumber multiplies the ratio by tUat

Imber. „. ..„ »

2oJ DiviJiDg the antecedent of a couplet or multiply-

, the consequent by any number divides the ratio by

^t number.

JKrofiiirtiVetlt : 16=2= 4^.2=half the ratio of 64 to

I
3rd. Multiplying or dividing both antecedent and con.

quent of a couplet by the same number does not alter

\q value of the ratio.

?KM\rxVfr.?=W:42= 8= ratiooflS^2:6..2=^^

20 Since any number of ratios to be compounded to-

Bther may be expressed as fractions and then compound-

J by the rule for multiplication of fractions (Art. 45,

[ect. IV.) it follows that :—

1 When several ratios are to be e<mpounded together, ^'^V-'l^l
UMngtU corresponding terras together, cancel any factor th^t u

"mmori to an antecedent and a consequent.

Example l.-Compound together 4 : 17, 34 : 55, U : 2, IS : 7,

id 21 : 65.

OPERATION.

h=:4xS : 6x6
or

12 : 25 Ans.

Example 2.—Compound the

following ratios :

—

operation.

7

2

n

x^

EXPIAWATION.—IT cancels IT and re-

duces 84 to 2 and this 2 cancels 2, the

third consequent; 11 reduces 55 to 5 ; vs

reduces 65 to 5 and T redu-es 21 to^
The only antecedents now left are 4 ann »

which multiplied together make 12. and

the only remaining consequents are » •»'''»

6 which mnUiplicd toeether oiiike 25.

The ratio 12 to 25 is therefore the ratio

compounded of all the given ratios.

Example 8.—Find the ratio

compounded of the following

ratios :

—

operation.

^ 1
?3

^9

13

7 1=9x2: 13

1

%9 u

or
I nn- m

9^ : n9
;z?

f?p
ttM

=1 : 4 Am.
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EXEHCISE 80.
1. FM the ratio compounded of 9 : le. 25 : ai, 341 : 18 and 48-
2. Fmd the ratio compounded of 18 : 26 V • o n ,o^*^-^^' «•

o r.. , ., .
' ' • ^» ^^ : 12, and 91 : 49.

Find tlie ratio compounded of 1 : 2, 2

*• P.nd the mtio compounded of 2 : 5. 8 : „, ,4 , ,,
„,^«- ' «.

«• F-d^ the ™ti„ oo^pouuded of 8 : 6, , . 9. „ ., „, ,^- !!•__»:

egmlii^. ' ^^"''' *^ ^ and is called a ra/eo of
Jf the antecedent be ereatpr fl,o« ^u

ratio is greater than 1 InThcJedl Ir ^T'^^^"*
*^«

ywo/?:^y.
**"*^ ^^^ ca^^ed a ratio of greater ine-

If the antecedent be less fliar> !,
IS less than 1, and is cal ed atW ^^*^^

Thus the ratio of 7: 7-1 . ^^^/f'^
^-^ ^^^* «^^?^'«%.

The ratio of 7 • o - ^i ™J^ '*' equality.

Tie ,«u„ „, , ; Az% i»
2s 2ff-- i-g-H...

Exercise 81. -

NoT,i._The latter method is us^Hv ,h
'*«^«'™< S'«"«««.

ExAMPiE 1 -Wl,- 1. t
^ """^ oonvenient.

fcwtog ratios, viz
: 3 :t 7 ?tS'Jf f0I

"""""' ""' ''« "f 'to fol-

By I8t Eule 7 ;p If
II I Hence 9 : 10 isgreatest and 8 : 4

8
By 2nd Rule 7

9

4 = 8^-4= .(^5
J

8 = 7-j- 8 = -876 C ^ence 9 : 10 is greatest
10 = 9-j- 10 == "-9

1

and 3 : 4 I'eaS!

...^'f^^i'^ 2.--Coippare toecthrr tha f.ii.^:
'

^
M*H *i ; iy ^uu 6 ; 6.

."" " " 'vi»ow«i|r ratios, 7WH *i ; iri ^u^i 5 ; ^^ % rauos, 7 : 8, 2 ; 9
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By l3t Rule

t: 8= i=t»« .

2 : 8= irr§5i| f Hence 7 : 8 is the greatest and

11 : 13=H=||| ( 2 : 3 is the least.

6 : 6= t=J|^

7 : 8= 7r*- 8=-876

2 t 8= 2+ 8=:-6

By 2nd Method
^^ . i3=n^i3=.846153

: 6= 64- 6=88

Hence 7 : 8 is the

greatest and 2 : 8

the least.

greater inc'

est and 8 : 4

EXERCISK 82.

1. Point out whjch is greatest and which least of the ratios 7 : 4,

6 : 8, 17 : 8; and 11 : 6.

Ans. 11 : 6 is greatest and 7 : 4 least

2. Point out which is greatest aiid which least of the ratios 16 : 9,

10 : 3, 7 : 2, and 8 : 3. Am. 7 : 2 is greatest and 16 : 9 least.

3. Point out which is greatest and which least of the ratios 7 : 88,

11 : 49, le : 71, and 21 : 106.

Ans. 16 : 71 is the greatest and 21 : 106 least.

23. If the terms of two or more couplets, having the

same ratio, be added together, the resulting couplet will

have the same ratio.

Thus, the ratio of 6 : 2=8, the ratio of 21 • 7=8, and the ratio of 83 : 11=8,

and the ratio 6+21+88 to 2+7+11, that is, of 60 to 20 is also 3.

That is, if 6 : 2=21 : 7=88 : 11, then 6+21+88 . 2 + 7+11=6 : 2.

24. If from the terms of any couplet the terms of an-

other couplet having the same ratio be subtracted, then the

resulting couplet will have the rame ratio.

Thus, the ratio of 85 to 5 is 7, and the ratio of 14 to 2 is 7. So also the ratio

of 88-14 : 6-2, that is, of 21 : 8 Is 7, or. If 36 • 6=14 • 2, then 86-14 :
6-2=

86:5.

25. A ratio of greater inequality is diminished by add-

ing the same number to both terms.

Thus, therr.tioof48: 8=8. ..... ^« «
The ratio of 48+ 12 : 8+12 or 60 : 20=8 which Is less than ratio 48 : 8.

26. A ratio of less inequality is increased by adding

the same number to both terms.

Thus the ratio nf R • iS=i-
The ratio of 8 +12 : 48+12 or 20 : 60=J which la greater than ratio of 8 • 48.
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PROPORTION.

27. Proportion is an equality of ratios.

25 •
?''""' **** '****'* ^* • 8 and 25 6 constitute • proportion, albCo 16 : 8sj

28. The terms of the t\^o couplets are called j)ror
tionals.

vr i

29. Proportioii may be expressed in two ways,
Ist. By placing =, the sign of equalitv, belween

ratios.

2nd. By placing four points, thus : ; , between the tj

ratios.

16 8i"&^6 "r*J
**]?'*?

-25 PJ^P*"""®"
existing between 15, 8, 26, and sJ

We read either of them by saying the ratio of 16 to 8 equala the ratio oflto 6 : or simply 16 Is to 8 as 25 is to 6.x
^ "

NoTE.-The slKi. : . is supposed to be derived fVom =, the elgo of equalilthe four potnta being merely the eastremiUea of the lines.
^

30. In every proportion there must be four tevu
since there must be two couplets, and each couplet consis
of two terms.

31. When three numbers constitute a proportion, oa

of them is repeated so as to form two terms.
Thns, if 18, 6, and 2 are proportionals.
18: 6:: 6: 2.

In this case the 6, 1. e , the term repeated, is called the middle termimean proportional between the other two numbers.
The 2 ia called the third term or a third proportional to the other I

32. It is important to remember the distinction between ra
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, sina

equality does not admit of degrees.

33. The outer terms of a proportion are called the ez\

tremes, and the two intermediate ones, the means.
Thus In the proportion 8 , 17 : . 21 ; 119.
8 and 119 are the extremes.
17 and 21 are the means.

34. l^^our quantities be proportionals, the product of]

the extreiiics is equal to the product of the means.
6 : 11 : : 16 • 88, Then exSSaEll x la
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on between ra.

m another, sinq

This may be establishftd In the fbllrtwlnff maniiOT t—6 '11 « A Mdl8 W »
IJ, and Hlnoe 6 U 18 8»,,\ = JUArt. 2T). Now, »tn«» multiplying equals bf
ibe same number does not destroy their equality, U we multiply tbeae fraotloiu

by 11 We get 6 = -?-^~ ; and multiplying each oftbese by 88,we have « k 88 s

13 y 11 ; but 6 and 88 are the extremes, and 18 and 11 are the means ; tbere-

foro In uny (reometrlcU proportion the product of the extremes equaht the pro-

duct of the means.

The same fact may be established more generally as

follows :

—

Let a, h, and d be any four proportionala whatevtr,

Then ab:o:d
Bat a . ft as V and c:dss^

Therefore £ = ^ — Multiplying each of these equals by & x <f, we hav«

a y il =:b * 0. But a and d are the extremes and b and o are the means,

Therefore, Ac.

36. This principle then may be considered the test of a jreometrlcal pro-

{tortion. If the product of the extremes eqnuls the product of the means, the

()iir quantities are proportioual ; If the products are not equal, the numbers ars

Qot proportional.

36. It follows from Art. 34 that:—
1st. If the product of the means be divided by one extreme^ the

quotient will be the other extreme.

2nd. If the product of the extremes be divided by one mean^ tha

quotient mil be the other mean.

and hence,

8rc?. If any three termx of a proportion be given^ the fourth may
befound thus

:

2nd term, x Srd term
ist term, ~~

Uh term.

2nd term =
\st term x Ath term

Srd term.

Zrd term —
Ist term x Ath term

2nd term.

AtU t^^
2nd term x Zrdterm

\st term.

£xAMPLS 1.—^What is the fourth proportional to 7, 11 and 36?

2nd term x 8rd term 11 x 86
4th term = 65 Ana.

Ist term. 7

Example 2.—The first, second and fourth terms of a proportion

are 9. 16 and 128. Required the third term.

Ird term =
Ist X 4th 9 X 128

dud 16
= T2 Am.
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ExiRoisx 83.

1. The second, third and fourth terms of a proportion are 17 H
and 93f What is the fiiet term ? Ani 2

2. The first, third and fourth terms of a proportion are 21, 63 and 39
Required the second brm. ^„j,, 13'

8. The first tljree terms of a proportion are 2, 8 and 1. What is
the fourth term ? ^^ jq,

4. The last tliree terms of a proportion are 91, 88 and 104 ' nt
quired the first term. ^^ h^

Find the fourth proportional to
5. 4 yds. 18 yds. aud $96. ^««*4n9
6. 5 lb. 2 lb. and $'.i'l6, fl'' 1^.;
1. 1 cwt. 216 cwt. and K7 60 ^nf il612-50
8. 6 miles, 1 mile and 27 shiillngs. A^ is 6d
9. 10 lb. 150 lb. and £6 8s. 9d. Am £92'ul' Z'

10. 4 days, 27 days and $100.
^'^'

An! l^t
37. It will be useful to remember the following properties of aGeometrical proportion. As the proofs are given in every commonwork on Algcb.a, it has not been thought advisable to insert thcu

nere
;

a, 6, c and c? stand for any four proportionals whatever.
ltn:b.:c:d

Alternat.'Iy a:o.:b:d
Inversely h :a\ .d:c
By Ooinnosition o + h:h'.:c + d
ay Division a — b b : .c — d-

d

By Conversion a:a + b::c:c + dOraa — b.:c:c — d

Orlf15:6: 10.4
16.10: : 6:4
6:16::4:10

d 16 + 6:6::10 4-4:4,or21-6
16- 6:6:. 10- 4: 4, or 9: 6:

:14:4
6-4

16 16+6::10-10 + 4,orl6r21-:l0:14
16 : 15- 6 : • 10 . 16- 4, or 16 : 9 : : 10 :6

^
38. Proportion in Arithmetic is usually divided into

simple, compound and conjoined.

SIMPLE rEOPORTION'.

39. Simple proportion is frequently called the Rule of
Three, because when three terms are given, by means of
them a fourth may be found. It is also sometimes called
the Golden Rule from its extensive utility.

40. Example—If 16 barrels of flour cost $112, what will 129
barrels cost f

•*
1 .

«««. l^ *m'' Z^'^ ^^'^l^
"'^^^ niipstlon in Simple Proportion there are two ratios

?r rn"'^*'"** " P"!"^^^^ ^' *"• *>»« ^^"tJ' terms piven) And the ot"r imperfect aidfrom ti.e nature of proportion wo know timt tlu-se rwo ratios inu^'£ both if

ulSS if^T"'^ other Vatioi;'aiso'; ^"^U^f^^/^S^S
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^hat will 129

And sinco tho ratioa are eqnal

barrels. dollars.

16 : 120 : : 112 : Ant.

Also (Art. 88) Ans.=^~^^=ms.
lo

Pboop.—Sot 903 in tho fourth place, thus

:

16: 129: 112:903
anil SCO if the product of extremo8=nrortnct of means (Art. 85.)

16x908=14448=129x112.

From the preceding illustrations and principles we de-
duce for Simple Proportion the following general

RULE.

Set the given term of the imperfect ratio in, the third place, and
the letter a;, to represent the answer, in the fourth.

ITien, if by the nature of the question, the ratio of t/ie third term
to the answer is a ratio of greater inequality, make the remaixunq
ratio a ratio of greater inequality also ; but if the ratio of the third
term to the anstoer be a ratio of less inequality^ make the other ratio

a ratio of less inequality also.

Lastly, {Art. 36,) multiply the second and third terms together^

divide the product by the first term, and the quotient will be the an-
swer in the same denomination as the third term.

Proof.—Multiply the first term and the answer together, and, if
product is equal to the product of the second and third terms, the

{Art 35.)

the

work is correct.

Example 1.—If a man can walk 155 miles in 12 days, how many
miles can he walk in 60 days ?

Here the imperfect ratio is IKS miles to m, and, in order to nscertain wheth-
er It is a ratio of greater or less inequality, we have merely to ask the following
siinplo question : If a man can walk 155 miles In 12 days, can he walk moro
or loss in 60 days ? Evidently more. Therefore the ratio of 155 x is a ratio
of less inequality, or, in other words, the antecedent must be tho least of the
two numbers, and the statement is

Whence tho answer r=

days.
12:60

60x165

12

miles.
: : 165 : «.

775 miles.

41. Since the second and third terms multiplied together, cO'Sti-
tufe a dividend, and the iirst term is a divisor, it is manifest, iVom the
principles of division (Arts. 79-84, Sect. II.), that we may ciuicel any
factor that is common to the first term and either of tlie other terms.

Thus in the lust example we have 12 : 60 : : 155 : as and, dividing the first
and second by 12, we get 1 : 5 ; : 155 : « and 156 x 5=775 Aiis.

Example 2.—If 96 bushels of wheat cost ^128, what will 15
bushels cost ?

•loQ^*
***" answer to the question must bo in dollars, the imperfect ratio is

fu8 : a?, and from the nature of the question, we know that 15 bushels will coat

--_
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lens t' m 06 bushels , we therefore plftco IB. the sraaUerof the remaining termi

In (he second place, luul the other term, »6, la the f.r«t plact. Hence tb«

Btateuient is UU 15 bu&Ucls . $12S : m.

yy*

Here '32 reduces 96 to 8 and 128 to 4, and 8

caaccls 8 and reduces 15 to 6.

OPERATION.
•ish. fi

l^i : : m • X
jS 5x4=^ ^^20 Am.

The teacher would do well to insist upon his pupils

peri'orniing all qu stions in Proportion by analysis.

Thus, to holve the liiht qiiestlon. we begin as follows: If 96 bushels cost

1128, I buBhtl will 'ost ^'^ «>» ll'-^^' o'' I'^i- Then If 1 bushel cost |183J, 16

bushels will cost 16 inies iih much, which is $20.

Example 3.—If 27 men can mow 60 acres of grass in a day, how

many acres can 93 men mow ?

OPEBATION.
men. acres. jjerc the imperfect ratio Is 60 : « acres, and

27 : ^3 : : ^0 : « since 98 mon will evidently mow more flan 27

« q 1 20 men, we make 98 the second term and '^7 th«
f ^*^ *^

f(r0t. Hence the statement Is 27 : 98 : : On : a
Then 8 reduces 27 to 9 and 98 to 81, and 8 ngftln

reduces 9 to 8 and 60 to 20, and the answer ii

equal to 81 luultlpUed by 20, and divided by a

8
81x20

8

:2065 acres Ans.

This question may be performed thus by analysis

:

If 27 men mow 60 acres a day, 1 man will mow ,V of 60 acres, or 2J acres 1

1

96 men will therefore mow 98 times 2J acre8=206J Am,

Exercise 84.

1. If 11 baskets of peaches cost |18*42, what will 8*7 baskets cost?

Ans. |10'. 14.

2. If 28 cords of wood cost $266, what will 26 cords cost?

Ans. $23 7
-SO.

8. If a man receives $29*20 for 16 days' work, for how many days

should ho work for $83-60?
'

Ans. 45^t| days.

4. If 16 bags of potatoes are sold fc»' $12-80, what will 166 bags

bring? Ans. $124-80.

6. 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. 156^ feet,

6. If a stack of hay will feed 27 cows for 99 days, how ' \r ^' ^H it

feed 56 cows ? Ans. 48^ ih<

7. If 9 bu.shels of peas sow 5 acres, how many bushel? v
'^ ^^

quired to sow 48 acres

?

Ans. ob^ ousheis.

8. If 3 men put up 73 perclT's of fencing in 2 days, how long will

they take to put up 803 perches? -4ns. 22 do vs.

9. If 176 pails of maple sap make 100 lbs. of sugar, how much sugar

will i.! j.c pmin iimtvt;

:

xitco. v-i-.-i ;
'

10. If it cofri ^ J.) 88 to weave 108 yards of cloth^ what will it cost to

weavo 4.H vftrd?i? An». $89-90.
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98 in a day, how

acres, or 2{ aorogt

11. If $16 pay for tho carriage of 12 barrels of flour, for the carriage

of how many barrels will $1278 pay? Am. 5761 barrels.

12. If H men plough 1«J5 acreH in a week, l,ow many aci»s would 8

men ploU};li in the same time? Atm. 45 acres.

18. If 4 bairel^ of flour make 250 four-pound loaves of bread, Imw
many moh loaves will 07 barrels make? Ans. 4187^ loaves.

14. If 100 bushels of apples make 16 barrels of cider, how many

barrels of cider will »8 bushels of apples make ?

Ans. 8^ barrels.

15. If 90 men can build a wall in 12 days, how many men could

build it in 15 days? Ans. 72 men.

16 If 17 days' wurk pay for two barrels of flour, for how many bar-

rels will 27& day-*' work pay ? Ans. 32|} l)arrels.

17. If a 1 'liu tra.c'i 27 miles p0^ hour, how far will it travel in 24

hour«'? Ans. 648 miles.

18. It 7 cows liiakc 80 lbs. of butter a week, how much may be ex-

M, cted from 23 cows? Ans. 98^ lbs.

42. If any of the terms contain fractions or mixed number»^

apply the rules in Section IV.

Example 1.—If f of a basket of peaches cost j of a dollar, how

much will ,^,- of a basket of peaches cost ?

OPBRATIOM.

\ : ,^- : : ^ : x. Therefore answer = ^ x -,\ -:- f = $? xA x I = l^H
cents.

ExAMPi^E 2.—If 1% of a bushel cost -^ of a pound, what will H
of a bushel cost?

OPBRTAION.

A:\k\'. £-i\ : x. Therefore answer = -,^- xH -*- A = A x H x V
= £if = lis. 10|d.

NoTB.—If the first term be a fraction, invert it and connect it to the others

liy the sign of multiplication.

Exercise 85.

1. If -,\ of a ship cost $9750, what will ^ cost ? Ans. $42000.

2. How much will i of a yard come to if ^ of a yard cost ^ of tk

shillinf^ ? Ans. 2fd.

r> ^f 37-49 pay.for I of a ton of coals, what will 8^ tons cost?

u4ws. $80-25.

4, If 5J yards of broadcloth cost $28-42, what will ^ of a yard come

to ? Ans. $2-80.

6. If H of a dollar pay for f of a bag of apples, for what part of a

bag will 2^0 of a dollar pay ? Ans. -^- of a bag.

6. If $100 stock is worth SOoL what will |472ti stock be worth r

Ans. $467-12i
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7. If 11^ tons of hay last a certain number of horses lOY-ft- days,

how many days will llH tons last the same number of horses ?

Ans. 70|^f days.

8. If 22^ corde of wood last as long as 15,^3 tons of coal, how many
cords of wood will last as long as 11 ^q tons of coal V

-4ws. 16-,^^ cords of wood,

9. If i of ^ of 3^ yards of broadcloth cost f Of -,\ of f tl, what will

f of i of fI of a yard cost ? Am. ^^^ or |0-0G('>9.

43* When the first and second terms are not of the

saniQ denomination or contain diflFerent denominations

—

RULE.

Reduce both to the lowest denomination contained in either^ and
then apply the rule in Art. 40.

Example.—If 11 bushels 2 pks. 1 gal. cost $'74, what will 76

bushels X pk. 1 gal. 1 qt. 1 pt. cost?

OPERATION.
i

j

The lowest denomination contained in cither is pints.

11 busli. 2 pks. 1 tral. : 76 bush. 1 pk. 1 gal. 1 qt. 1 pt. : |74: »; this reduced
becomes 744 : 4891 : : $74 : x.

Ans.
$74 X 4891

744
In this examph) 11 bush. 2 pks. 1 gal.

1 <it 1 pt. = 4891 pints.

r:= $486-47 +

=: 744 pints and 76 bush. 1 pk. 1 gal.

Exercise 86.

1. What will 87 sq. yds. 4 ft. 120 in. of painting cost, if 9 sq. yds. 2

ft. cost |8-50 ? Ans. |l4-245.

2. How much will 12 lb. 10 oz. of silver come to at $1*25 per oz. ?

Am. 1192-50.

3. If 10 yards of ribbon cost $3 40, what will 3 yds. 2 qrs. cost ?

Ans. $1-19.

4. If 15 oz. 12 dwt. 16 grs. cost $3-80, what will 13 oz 14 grs. cost. ?

Am. $3-167.

5. What will 3 lb. 1 oz. 11 dwt. cost, if 12 lb. 6 oz. 4 dwt. ccst

$600? Ans.%\m.
6. 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 rTiiii.

r. What will 73 yds. 3 qrs. 2 na. 1 in. of velvet cost, if 3 Flem. oils

2 qra. 1 na. cost £4 17h. P|d. ? Anf.. £128 Cs. 10;;i(!.

8. If 4g^ oz. avoirdupois cost 8^^ shillings, what will 8l| lbs. cost?

Am. £13 9s. 08(1.

P. In the copy of a work containing 327 pages, a reniarkiihle pass.'go

coiumcnues at the end of the l56th pHji,e. On whiit page might
it be expected to begin in a copy containing 400 pages ?

Ans. On the 191st page.
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12.

13

If the rent of 46 acres, S roods, and 14 perches be ^100, what

will be the rent of 35 acres, 2 re oda, and 10 perches ?

Ans. £75 ISs. 6|HH
11 When A had travelled 08 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? ^***- ^'^•

If 2H shillings pay for 16| lbs. of prunes, how many pounds can

be bought for 32f shillings? Ans. 24t%- lbs.

A ton of coal yields about 9U00 cubic feet of gas ; a street lamp

consumes about 6, 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 required to keep 17493 street

l:.mps, and 1 92724 argand burners in shops, &c., lighted for 1000

J^(J^rsV Ans. 9537 3|.

14. 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 produce (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.

Suppose 11270 lbs. of beef for a ship's use were to be cut up in

pieces of 4 lb., 3 lb., 2 lb., 1 lb., and -J lb.—there being an equal

number of each. How many pieces would there be of each ?

Ans. 1073 ; and 8^ lb. left.

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.

17. Suppose that a greyhound makes 27 springs while 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.

15

16

J' -J

COMPOUND PROPORTION.

44. Compoiind Proportion is an equality between a

compound ratio and a simple ratio.

Thus 7 : 11 compounded with 22 : 21 : : 84 •• 51, is a compound ratio.

Or 7 X 22 : 11 X 21 :: 34 : 61, and applying Art. 40 we have 7 x 22 x 51 = 11

X 21 X 84.

45. Compound Proportion is also called the Double

Eule of Three, It enables us to obtain the answer by a

single statement, althoii-li Iv.o or more questions are con-

tained in the question.
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46. In Compound Proportion there are three or more

ratios, one of which is imperfect and all the others perfect.

47. Let is be required to solve the following question : If 18 men

(Jig a trench 80 yards long, in 24 days, by working 8 hours 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 bo the same in both cases, ond this question be-

comes the same as the following :

If 18 men dl>t 30 yards of trench, how many men will dig 60 yards ?

Here it is evident tiie answer will be the same ftactionof 18 that 60 yards is

of 80 yards; or, in other words, the required number of men = |g of 18 men.
Next let us take into account tho .lumber of days; but suppose they work

the same number of hours per day in both cases.

The question then becomes : If %% of 18 men require 24 days to dig a trench,

how many men Avill dig it in 64 days?
In this case it is plain that the answer will be the same fraction of |g of 13

men that 24 days is of 64 days ; that Is, the required number of men = %\ of %%

of 18 men.
Lastly, let us tako into coi.sideration the time worked each day.

The question then becomes If l\ of %% of 18 men dig a trench in a certain

number of days, working 8 hours per day, how many men will dig it working

6 hours per day ?
.. „ .„ „ ,j.

In this case the answer is obviously = | of f* of fg of 18 men, or dividing

these equals by 18,—jg— = | x SI x !§•

18
Or taking the reciprocals

Answer
— a

*§.

That Is the ratio compounded of 6 : 8, 64 . 24, and 80 : 60 = ratio of 18 • An-
80 : 60 i

Bwer, or, 64 . 24 > ; : 18 : Answer.
6: SS

The answer is equal to the continued product of tho third term, and all the

second terms, divided by the continued product of all the first terms.

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 in the

i ird term, and the letter x to represent the answer in the fourth term.

Then take the other numbers in pairs, or two of a kind, and ar-

range them as in simple proportion.

Finally multiply together all the second terms and the third term,

divide the result by^he product of the first term, and the quotient will

be the fourth term or answer required.

Note.—Since the third term and second terms multiplied together

^ *:i...*„ » /4:<.:/1/>nr1 anA tVta firaf forma miiUinlipH tncrot.hpr fl diviSDI'.
WIiS;<it.U(.c a: -wiiT ivtv ift, " - - — 1 --~ "" ~ — :

we may (Arts. 79-84, Sect. II) cancel any factoie that are common to

any of the first terms and to the third term or any of the second terms.
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ExAMPLK 1.—If 6 compositors, in 16 days, 11 hours long, can

ijomoose 25 sheets of 24 pages in each sheet, 44 lines in each page,

Aud 40 letters in a line; in how many days, each 10 hours long may

9 compositors compose a volu.ie, to be printed in the same letteiN

consisting of 86 sheets, 16 pagts to a sheet, 60 lines to a page, orf

45 letters to a line?

STATEMENT.

9 comp.

10 hours

25 sheets

24 pages

44 lines

40 letters

5 comp.
11 hours.

86 sheets.

16 pages.

60 lilies.

46 letters

1

SAME CANCELLED.

days.

: 16 :a:

9
XX.

%^^

4

wX^'- «'

Am. 3 X 4=12
days.

TT^pi AvATiov —The Imocrfect rntlo is that of 16 days to an unknown nam-

""TKlJemeDt u'lwi oon.pl.te, and we cnoel «. follows; 5 oenoels 6 the

?ulUng from the 16 and reduces 40 to 20 and 5 reduces this 20 o 4 and thc^^

resnltina from 4.5 to 8. Lastly, 4 cancels this 4 and reduces 16, t''e t"'™ **""•

J?4 There^emain but 3 auU 4 which multiplied together make 12. Am.

Example 2.—If 24 men can saw 90 cords of wood in 6 days when

the days are 9 hours long, how many cords can 8 men saw m 36 days,

when they are 12 hours long ?

24 men
6 days

9 hours

STATEMENT,

: 8 men.
: 86 days.

12 hours. \

cords.

: : 90 : x.

SAME CANCELLED.

10

: : ^0 : «.

Am. 10 X 2 X 12 =
12 J 240 cords.

*1^:t,

Hera the imnerfect ratio is 90 : Ans. If 24 men saw 90 cords, will 8 men

.aw more or nriessftherefore it is a ratio <>f

^^^^l^^^rS more o?
writfi 91 • H Noxt if 6 davs saw 90 uords of wood, will 8b days saw more or

V^ll:L •. therefore it is^a ratio of less inequality, and we write 6 : 86.^3^^^

iy7if 9 hours per day saw 90 Ci.rds, wiil rz Hours per aay si^v m,;rc v. x^pa >-

morey tb«.elore it is a ratio of less inequality, and we wntej?
.
12.
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Example 8.—If 248 men, ia 5^ days, of 11 hours each, dig a
trench of 1 degrees of hardness, 232^ yards long, 3§ wide, and 2^
deep

;
in how many days, of 9 hours long, will 24 men dig a trench

.
of 4 degrees of hardness, 337i yards long, 5f wide, and S^ deep ?

24 : 248 men.
9 : 11 hours.
7 : 4 degrees.

232| : 837J yds. long.

8| : 5g yds. wide.
2| : 8i yds deep.

STATEMENT.

: : 6i days '.Arts, or,

9* <

1" '

T
4as~5
1

1

3-

¥
ers-5-

3

V-:*'

The answer will be (H^.x V" x f x ^|^ x ^a x J x V-)-^(¥ x f x ;
x^Fx-y-x^)

rrHaxijLxfxfipxS^xJxV-xA-xixIx^l^xAxf

;^
CANCELLED

X X X X X X X*— X X
1 I 1 ;z ^ '^ '^ %^ ^

:4x8x 11= 132 days. 3

Exercise 87.

? 3 8V
•X X Xm XX It

u

1. If 120 bushels of com last 14 horses 56 days, how many days will

90 bushels last 6 horses ? Aub. 98 days.
2. If a wall of 28 feet high were built in 15 days by 63 men, how

many men would build a wall 32 feet high in 8 days P

Ans, 135 men.
8. If 1 lb. of thread make 3 yards of linen of 1J yards wide, how

many pounds of thread would be required to make a piec<i of
linen of 45 yards long and 1 3'ard wide ? Aub. 121b.

4. If 3 lb, 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. 251b.
6. If 12 horses in 5 days draw 44 tons of stones, how many liorses

would draw 132 tons the same distance in 18 days?

Alls. 10 horses.
6. If 278. are the wages of 4 men for 7 days, what will be the washes

of 14 men for 10 days? Ans. £6 IQs.
7. 3 masters, who have each 8 apprentices, earn $144 in 5 weeks-

each consisting of 6 working days. How much would 6 masters,
each having 10 apprentices, earn in 8 weeks, working 6^ days
per week—^the wages being iu botu cuBeB the isume ?

Am. $440.
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8 If 6 shoemakers, in 4 weeks, make 86 pair of men's and 24 pair

of women's shoes, how many pair of each kmd would 18 shoe-

makers make in 5 weeks?
_

Ann 135 pair of men's and 90 pair of women's shoes.

9 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 men must be em-

nloyed 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'
'*'

11 If the price of 10 oz. of bread, when the flour is Is. lO^d. per

stone is Id., what must be paid for 3lb. 12 oz. when the flour is

2s. 6d. per stone?
,

Ans. Sd.

12 If 6 compositors in 16 days of 14 hours long, can compose 20
'

sheets of 24 pages in each sheet, 50 lines in a page, and 40 let-

ters in a line, in how many days of 7 hours long may 10 com-

nositors compose a volume to be printed in the same letter, con^

taining 40 sheets, 16 pages in a sheet, 60 lines in a page, and 50

letters in a line ?
^ ^ ^. , ^"f" f,^ f^^

13 If 336 men, in 5 days of ten hours each, dig a trench ot 5 de-

jrrees of hardness, 70 yards long, 3 wide, and 2 deep, what

len«vth of trench of 6 degrees of hardness, 6 yards wide, and 3

deep, may be dug by 240 men in 9 days of 12 boura^eachj
^^^^

u 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 26 persons consume 300 bushels of corn in one year, how

much will 139 persons consume in 7 years atjhe ^^^^^ g^^^^^-^^^^^

If 32 men build a wall 36 feet long, 8 feet high and 4 feet wide,

in 4 days in what time will 48 men build a wall 864 feet long, 6

feet high,' and 3 feet wide? /Th^S
If a reeiment of 679 soldiers consume 702 bushels of wheat i!i 386

da,. Lw many bushels will an army of 2240^soldiers^eon^m^

18. I? 12 tailm-s'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. 64o taiiois.

If 17 head of cattle consume 5 acres 2 roods 10 Perches of pas-

ture^in 30 days, how many acres would be
^^^^^^^J'^ l^::l

I? iso'bdcks, 8 inches long, and 2 wide, are required for a walk

20 feet long, and 6 feet wide, how many bricks will be required

for a walk 100 feet long and 4 feet wide ?

^^^^ ^^^ ^^,^^^

15.

16.

17.

19.

20.

U

\i\
h*

\
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Conjoined proportion.

48. Conjoined Proportion is a kind of Compound Pro-

portion, in which the ratio of one of the terms to its corre-

sponding term is made to depend on equivalencies among

the intermediate terms of the proportion.

49. Conjoined Proportion is sometimes called the

Chain Rule from the peculiar manner in which the differ-

ent pairs of terms are linked, as it were, together. It re-

lates principally to exchanges between different countries,

in respect to specie, weights, and measures, but is applica-

ble to common business transactions.

60. Example 1.—Suppose *l 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 ?

Explanation.—This question may be stated as a problem In Compound
Proportion as follows

:

The Imperfect ratio is 7 yards Toronto to an unknown
9 : 16 » . « . „ number of yards Toronto. Then, if 9 yards Montreal pay for

1 yards Toronto, will 10 yards pay for more or less?—more;
therefore we write 9 : 16. Next, if 24 yards Paris pay for a

oroertala number \^^^ yards Toronto, will 54 yards Paris pay for more

le88?-more; therefore we write the ratio 24: 54. Now (Art. 47) the answer

16x54X7
s= ; and it is evident that we may consider all the factors of the nii-

9X24
merator as antecedents, and all the factors of the denominator as consequents,

and then make the statement thus

:

STATEMENT.

7 yds. Toronto = 9 yds. Montreal.

16 " Montreal = 24 " Paris.

64 " Paris = a; " Toronto.

Since the left-hand numbers constitute a dividend and the right-hand num.

bers a divisor, we may cancel factors that are common. Merely writing the

numbers and doing this we have—

SAME CANCELLED.

'7 = ^4
4 ;^ = ;z4^

Am.^^ = a? = 4x7 = 28 yds.

From the preceding principles and illustrations we de-

duce the following:



f^"^- ^- I Ants. 48-60.1

oblcm iu Compound

CONJOINBD PBOPOKTIO*.

RULE FOR CONJOINED PROPORTION.

519

mite 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 nde as the odd term for a divi-

dend and all on the other side for a divisor. The quotient mil be the

required term.

Example 2.—If 25 sheep eat as much hay as 19 goats, and 38

coats as much aa 10 cows, and 38 cows as much as 22 horses, how

many horses will cat as much as 60 sheep ?

STATEMENT. SAME CANCELLED.

26 sheep =19 goats

83 goats =10 cows

38 cows =22 horses

X horses=60 sheep

Or writing the (^
.numbers merely, J 3
' cancelling and ap-

j
'jL

plying the rule. t

^^ = ;^2
33 = l^-^^ 4
3^ = ^5220

Ans. 4x2=8 horses.

Here, slnco the term 25 sheep Is on the left-hand side, we put the odd

term (50 sheep, on the right-hand side.
1 j „. 7,,^ «,

NorE.-The sign = in such questions, merely means equal in value, or

equal in time, or equal in effect, &c.

Example 3.—If 19 lbs. of tea in Guelph cost as much as 20 lbs.

in Hamilton, and 1 in Hamilton aa much as 9^ lbs. in Quebec, and

80 lbs in Quebec as much as 29f lbs. in Boston, and St lbs. in Bos-

ton as much as 6^ lbs. in London, and 10 lbs. in London as much aa

67 lbs. in Hong Kong ; how many lbs. in Hong Kong are worth 100

lbs. in Guelph ?

STATEMENT.

19 Guelph
7 Hamilton

30 Quebec

8^ Boston

10 London

= 20 Hamilton

=9^ Quebec

=29f Boston

=6^ London
=57 Hong Kong

SAME CANCELLED.
10

^ 3P=m i\

X Hong Kong=100 Guelph
19

Ans. 10x9jx6^=606|lb8.

Exercise 88.

1. If 17 cords of wood are equivalent to 116 lbs. of tea, and 8*7 lbs.

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 85 tons of coal ?
^ Ans. 185|.

Q Tf ft iha nf tfla arft wnrth 29 Ibs. of suear, 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 purchase 15 cows, and 29

ill
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8.

4.

cows cost $1160 ; how many pounds of tea can be purchased for

i|20? Ans, 2em
If 11 bushels of barley pay for 21 bushels of potatoes, and 19
bushels of potatoes for 29 bushels of oats, and Ur> bushels of
oats for 44 bu^iels of wheat, and 14^ bushels of wheat for 38
bushels of peas, and 60 busliels of peas for 56 bushels of rye,
and 75 bushels of rye for 11^ bushels of clover seed; for how
many bushels of barley will 36 bushels of clover seed pay ?

Ans. 81^.
If 16 baskets of pears pay for 29 turkeys, and 17 turkeys for 7

days' work, and 7i days' work for 187 loaves of bread, and '^

loaves of bread cost as much as 4 lbs. of veal, end 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 purchase? Ans. 40i\.

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 iil

15 days as D can in 21 days, and D as much in 11 days as E can
in 6 days ; in how many days would A do as much work as E
can do in 42 days? Ans. ,2&\.

6. 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 tpns of
coal ; how many barrels of flour may be purchased for 9 tons of

.
coal? Ans. 18i

7. If 158. in N. England be the same in value as 20s. in N. York, and
24s. in N. York the same as 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 78. 6d. in Canada ?

Ans. £288 98.

0.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

Note.— r/ie numbersfollowing the questions refer to the numbered arti-
cles of the section,

1. In bow many ways may one number be compared with anotber with re-
spect to magnitude? (1)

Wbati8ratio?(2)
^Iha 18 tbe difference between the Geometrical and tbe Arithmetical ratio

Ok i^uinbers? (3)
How many ways have we of expressing the ratio of one number to anotli-

er? (4)
Between what kind of quantities only can ratio exist? (5)When are quantities said to be of the same kind? (6)What is a couplet? (7)

8. What is the antecedent?—the consequent? (8) '

9. How many kinds of ratio are there ? (9)
10. What is a direct ratio? (10)
11. What is an inverse ratio ? (11) V

j«<. TT uat. 1= MIC icuiprouas VI a quaiiuty ? n3)
18. What is a reciprocal ratio? (12)
14. How Is the reciprocal ratio of two numbers expressed ? (14)

2.

8.

6.

6.

7.
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15.
and "inverse ratio ^^ are interchangeableShow tbftt "reciprocal ratio"

terms. (12)

Ifl. What i8 a simple ratio? (1ft)

17 What is a compound ratio? (16)
. , x. v

18. Since a componnd 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 multii>lylnj5 the antecedent or dividing the consequent of a coup-

lot by any number, affect the ratio ? (19)

21 How does dividing the antecedent or multiplying the consequent of a coup-

lot by any number, affect the ratio? Why? (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 antece-

dent and a consequent, before compounding ratios together ? (20)

24 When Is a ratio called a ratio ofequality f (21)

25 When Is a ratio cidled a ratio of greater inequality f (21)

26. When Is a ratio called a ratio of less iiwiualityt (21)

27. How are ratios compared with one another? (22)

28. When equal ratios are added together, what Is the nature of the resulting

Wliat effect has adding the same number to both terms of a ratio (25 and

26)

What is Proportion ? (27)

What are the terms of the two equal ratios called ? (28)

How many ways are there of expressing Proportion ? (29)

83! W hat Is the supposed derivation of the sign : ; ? (29—Note)

84. How many terms must there be in every proportion ? (80)

When three numbers constitute a proportion, what is the repeated term

called ? What Is the last term called ? (31)

Point out the distinctions between ratio a-nd proportion. (82)

What are " extremes " and " means " t (83)

Prove that if four quantities are proportional, the product of the extremes

is equal to the product of the means. (34)

„i,. What 18 the test of geometrical ratio? (35) . *v
40. Deduce from this principle a rule for finding anyone of the terms when the

other three are given. (86)

41 It r:xo ••.x:y, what does the proportion become ? 1st, by composition ;

2nd, alternately ; 3rd, by conversion ; 4th, by division ; 5th, inversely.

(37)
What are the ditferent kinds of Proportion ? (88)

Wliat other names has Simple Proportion ? Why so called ? (89)

Give the rule for making the statement in Simple Proportion. (40)

Give the rule for finding the unknown quantity after the statement is

made. (-10) ^ ^, a ^ ^ i

46. Show that we may cancel any factors that are common to the first term ana

either of the others, before applying the rule. (41)

47. Ifany of the terms contain fractions, what is done? (42)
, ^ • lx.

48 If the first and second terms are not of the same denomination, what is the

rule? (43)

4f>. 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? (46) ^ ^ , , ^u tuj i

In statins a question in Compound Proportion, what do you make the third

term ? (47)
How do you know whether the other ratios are ratios of greater or less in-

equality? (47)
When the statement is made, how is the answer obtained? (47)

simur ih-st hpfarf. nnnlviuff the rulc we niav cancel any factors, that are

common to any of the first terms, and to the second and third terms. (4T

—Note)

29.

80.

81.

82.

85.

87.

38.

89.

42.

43.

41.

45.

52.

58.

64



]
^ -:

222 MI8CEIXANEOU8 EXERCISE. [Sect V,

66. What is Coivjolned Proportion ? (48)
67. Why is it sometlmos called the Omin Rule ? (49)
68. Give tlie rule f(»r Conjoined Proportion. (50)

69. Id what eeoso is the sign = taken in these statements? (50)

Exercise 89.

MISCELLANEOUS EXERCISE.

{On preceding Rules.)

1. What is the ratio compounded of the ratios 7 : 8, 17 : 11, 23 : 29,

319 : 119, and 16 : (59?

2. Reduce £119 16s. 6^d. to dollars and cents.

8. How many days are there from 12th March to the 17th of tlic|

following February ?

4. Compare together the following ratios, and point out which is]

greartest and which least, 9 : 13, 21 : 27, 7 : 10, and 11 : 15.

5. From 76-23478 take 19-134229i.

6. Multiply 71324/ ««/;^war// by 23421 quinwy and divide there-

suit by Hc7 chiodenary. Grive the answer in each scale.

7. If 5'63 cubic inches of water weigh 3'254 ounces avoiidupois, 1

what will be the weight of 7'9 cubic inches of nitric acid having

a specific gravity of 1 220?
8. Divide 63 yds. 3 qrs. 2 ua. 1 in. of ribbon equally among \*\\

persons.

9. What is the value of -913625 of an acre at 67 cents per sq. yard?
|

10. Multiply i of f of i of 20 bushels by -5 x -6 x \.

11. Of the ratios 6 : 7, 17 : 8, 23 : 11, and 88 : 176, point out (1)1

which is the greatest, (2) which is the least, (3) which are ratios
j

of greater inequality, (4) which are ratios of less inequality, (6)

what is the ratio compounded of these ratios.

12. The population in Canada in 1851 was 1842265, and in 1857 it

was estimated at 2571437. What was the rate per cent, of

increase ?

13. From one-half of two-thirds of eighteen twenty-ninths subtract

one-eighth of two-thirds of five-sevenths.

14. Deduct 7 per cent, from 1 1 feet.

16. What is the value of 79 lbs. of tea at £00163 per ounce ?

16. If 3 men in 2^ 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 containing 35

acres? . .

17. Find the value of (| ofA x -02 x •456)-^(jf of | of \ of 51).

18. A certain number is divided bv 5. tlie result is divided hv 1. thi.<!

result by Y, and this last result by ^. The last quotient is 2;

what was the original number ?
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10 Tf RO barrels of Bour in Toronto are worth 126 yards of cloth in

^

New YoS and sS yards of cloth in New York 6 bales of cotton

U, Charleston and 13 bales of cotton in Charleston 8* hogs-

head of s^^^^^^^^ Orleans; how many hogsheads of sugar

in New OrSs are worth 1000 barrels of flour in Toronto ?

90 Multiulv 73-47 by -0063, and divide the result by 17-2346

n. iSe 2 roods 7 per. 4 yds. 3 ft. 117 in. to the decimal of 1

09 Deduct -78 of 11 furlongs from ^ of f of ^ of 70 miles.

l'{ From 274312 nonary take 1101011010 binary, and multiply the

''
';rult bf65553nar,. Give the answer in aU three scales.

«nd 11 ft in mean height, how many men wdl make an em-

Snkment874?feet lorJ'g, 20 feet wide and 8 ft-hi^^lv,

wlT, of 6 days each, aSd eleven woj^ng ^.ourB to each day?

26. How many divisors has the number 172000 f

27. Multiply 42-7 by 9-7128.

28. Deduct 27 per cent, from
^J^'*f-

IS: irATol'stlbf^-ffL'-S', of i of I, of i of a doUar.

rttat eLh child shall have f of a woman's share, and each

«man ft of a Z's share, «hat will be the amount received

32. wYatlfthe reciprocal ratio of |: V ; *e direct ratio of 93 :
17.

and the inverse ratio of | of t . „ „, .. „„ , a nf JU of 1^^
88. JM together J ofH yrds, i of t ofH ft., and f of ft of Ti".

84 VVwTs the ratio compoanded of 28 i 7, 4 : 11, 6 : 6, 13 : Hi.

1 gal 1 qt. 1 pt. reach if placed one after another ?

'56 R<-duce -A,W< to its lowest terms.

^»- «"PP- *"^l^."^='-^iri reatht6le:tt„t'2.'^e^^^

2^^:^ i;;;:iow-man, ™™ ^-'tfioTr/^w^id"

If ^

C i

It

I
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SECTION VI.

[8«0T. 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 terras is unity.

Thtt atatement of a question in practice, in general termn, would bo-

One quantity qfgoods : another quantity ofgoods '.: price offormer : price of
latter.

2. The simplification of the Rule of Three by means of

practicey is principally effected, either by dividing the

given quantity into " parts," and finding the sum of i the

prices of these parts ; or by dividing ihejn'icc into " parts,"

and finding the sum of tlie 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, 3 shUlin^ is an aliquot part of a pound ; 12* cents is an aliquot part
of a dollar; C months, 4 mouths, 8 months, 2 months, 1* months are aliquut
parts of a year, kc

TABLE OF ALIQUOT PARTS.

Parts of $1.
Parts of a

year. "rntt" P"""'^'- Pans of
Is.

Parts of A cwt,*

of \n Iba.

50 cts.= 1 6m'th8= i 15day8= llOs = * 6d= i 66 lb = im = 4 = ilO =4 6s 8d = i:4d= 4 28 lb = i
25 = ^ 8 = i 7i = i 58 = i;M= 1 16 lb -

i,

1{)
f ^ - h 6 = i 43 = ^ 2d= J 141b = i

m. ^
I

H = i 5 = i 83 4d = A H= 1 8 1b = ,v

12* = 1 =t's 8 = ,\j 2s 6(1 = i 1(1 = ,\ 7 1b = V„
10 =

T^o 2 = A 2s =^\, parts of a qr.

H =
6i =

1*5
1
Th

-
1 = ,\5 Is 8d = ^\ of 28 lbs.

is 4(1 = T, 14 lb — {
6 = ^^ ^ Is 3a = tV 7 lb = i4 =

V 1« =5V 3i lb = .

2 = So if lb = ,v

* Although we allow but 100 lbs. to the cwt. in Canada, it is often noccs-
.Bary to make calculatioi>s nith the old «wt. of 112 Jba. TJ}is sxiiia» fiom. the
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PRACTICE. OOft

he raethod of

s an abridged

the Rule of

8 unity.

ii», would be—

fformer : price of

) by means of

dividing the

B sum oi\ the

' into " parts,"

these parts

;

equired price.

)art.

} is an aliquot part
lontliH are aliqtiut

of Parti of n cwt.*

of U'i lb*.

i 561b _ ^

^ 28 lb = i
i l(51b
J 14 1b = i

I 8 1b = i\

^\ 7 1b — \\,

parts of a qr.

of 28 Ibi.

14 1b = i

7 1b = i

3i lb

If lb = t'„-

, it is often neccs-
is Siii,se» from the

KxAMPLE 1.- Find the price of 2788 yards of silk at |8-87i per

yard.

25 c. 2T83
8

12i c. i

OPBRATIOW.

The cost of 2788 yards at f8-37i=co8t at $8-)- cost at 87*

*^^"^*788
vdH. at $8 comes to 8 Umes as much or at »1 ; • «.,

«{49 to 8 tii.u-H «-27H)J, or f8H40. 874 <•»«• t'<l'inl» "'> «'»•
+J,2*

««7":

Zlf, hence, 2788 yd«. at 87» cent»=i.ricc at 25 cents + prlcc otm
!!!L^* """ Sit^ce 2788 yards at $1 come to $2788 and f^/^^^i '»'

j«« *oi'.0'2fl24 n dollar- 2788 vuids at2S cents come to i of »/iWH. i. e., lo

,r,9,V7r> and 12* cenlH eq "ds i of 26 cents, 2788 yards at 12* cents would come to

"''S„'2i8H>d;S'Kii=pricoatf8 + prlce at 26 cents M>rice at 12* cent.

={8349 + $695-76+ 184.7 874=|9302-62i

Example 2.—What is the cost of 972 oz. of gold dust at £3 He.

8|d. per oz. ?

lOs. i

88. 4d.

\Ifld.

M. i
l*d. i

OPIBATIOir.

972
8

£2916 s cost at £8
486 := cost at 10 u

162 = cost at 8 4

40 108. = cost at 10

20 .•5 = cost at ft

5 1 8d. = cost at U li

day.

EXAMPLK 3.-

£8629 16 8 =cost at £8 14 8i

-Find the price of 729 days' work at £1 7s. IJd. per

Bd.

Is. 8d.

5d.

id.

0P«BAT10N.

£729 0= price at £1
182 6 = price at

60 15 = price at

16 8 9 = price at

16 2*- price at

8
6
Oi

J6987 18 lll=price at JEl 7 li

Example 4.—What is thecost of 624 bush. 1 pk. 1

wheat at $2'87i per bushel ?

OPERATION.

624
2

*124S = price of 624 buph. at 12-00

81U = price " " at 50

1C5 reprice " " at 25

78 = price " " at 12*

"|1794 = price of 624 bush, at $2-87*

gal. 3 qt. of

50 cts.

25 cts.

12* cts.

- ,..._!- „*iii )., „^„,.«rtr. .icn in arpnt Britain, several of the States

::ni^ Ail^ican^ldolC &c/ The oii^ot p^ of the liow cwi; oJ? 100 iU». «*

lihe same M the aliqtuot partft ot $L

iWm
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1 pk. i I2-871 = price of 1 bush.

Igax.
2qt.

•71} = price of 1 pk.

•86^J = price of 1 gaU
•17ii = price of 2 qt.

•08|f = price of 1 qt.

|1'844J = price of 1 pk. 1 gal. 8 qt.

Then $1794 = price of 624 bushels at $2-87i per buBhel,

1-84JI - piice of 1 pk. 1 gal. 8 qt. at |2-87i per bush.

$1795-84^1 price of 624 buBh. 1 pk. 1 gal. 3 qt. at 1287^ per bn

Example 6.—^What is the price of 96 acres 1 rood 14^ per.
i

£7 lis. 5|d. per acre?

1 rood

10 per.

4 per.

iper.

10s.

l8. 8d.

Ud.
id.

9«
T

JE672 = price of 96 acres at £7
48 = " "" at 10
6 0=" " " at 1 8
12= " " " at It
6= " " " at Of

£726 18 = price of 96 acres at £7 11 5i

i

i

£7 11 5i

1 17 lOi+f = price of 1 rood.

9 f'i+rV = price of 10 perches.

^i+IS = price of 4 perchps.

5i + lis = price of i perch.
8

£2 11 7 +,Ja f. = price of 1 rd. 14^ per. at jE7 lis. Bid. per so.

;E726 18 = price of S6 acres.

Ana. £729 98. 7d. + iJu fc = price of 96 acres 1 rood 14J per.

Example 6.—What is the cost of 964}^ square yards of pla8te^|

ing at 22^ cents per square yard ?

20ct8.

2ict8.

964

1192-80 = cost of 964 yds. at 20 eta.

24'10 = cost of 964 yds. at 2^ ots.

$216-90 = cost of 964 yds. at ^^ cts.

•Ui =costofii'\fayd. at22ic!8.

??il^ = 16i cent*

10

Am. |2i7-06i = C06t of OOtJJ yds. at 22i cts. per yd.
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8qt.at|2-87iperbii

1 rood 14| per. i

£7
10
1 8
u
0*

t jE7 lis. Bid. per ac

ire yards of plastew

-Exercise 90.

Required the value of 92647 Iba. of tea at 35 cents per lb.

Ans. $32426'4o.

What is the cost of 94937 pails at Is. 6d. each ?
, , , ^

/4ns. £6723 14s. Id.

What is the worth of 95972 boxes at 7^ cents ? Ans. $7197-90.

What is the cost of 62 acres at $28-80 per acre ? Anft. $1785-60.

Find the price of 2310 lbs. at 32^ cents per lb.
:/^''\fl¥^'lx'

Find the price of 21 1 7 bags at 37^ cents each. Ans. $79387*.

Find the price of 7506 pair of shoes at Is. 9id. a pair.
*^

Ans. £680 43. 7H
What is the value of 1217 lbs. of coffee at 17* cents per lb?

Ans. $212-97*.

Find the price of 2103 cords of wood at $3 07i per ^^^^' ^^ ,

What IB the cost of 2096 oz. of gold dust at £3 18s. 10*d. per oz. ?

Ans. £8266 2s. Od.

Required the value of 6 oz. 18 dwt. 20 grs. of silver at $1;B5 per
"*

Ans. 10-75fJ,

What is the cost of 98 yds. 3 qrs. 1 na. of cloth at £1 IBs. per

yard 9 ^^' ^^^^ ^^^ ^* •

What is the rent of 344 acres 3 roods 15 per. at £4 Is. Id. per

g^Qj,Q9 A71S. £1398 Is. O^^d.

What is the price of 6 oz. 6 dwt. 17 grs. of mercury at 5s lOd.

per oz 9 ^^»- ^1 ^^^' ^*^^-

Find the price of 4 yards 2 qrs. 3 nails of satin at £1 2s. 4d. per

yard ^"^- ^^ ^^' ^*^*

Find the price of 32 acres 1 rood 14 perches at £1 16a. per acre.

Ans. £58 48. Ija.

Find the price of 3 gals. 5 pts. of spirits of wine at
jf

6d. per

gallon ^"*- ^^ ^^- ^*"'

How much will 724 bushels of apples come to at Sl'jn per

bushel'
^n.s. $1212 70.

What is the cost of 721 bush, of wheat at $1 -934 per bush ?

Ans. $lo9b-ydf.

What is the cost of 4514 rods of fencing at £2 l'?!.-,^^)^f
• P^^J^^.'

Ans. xloOUo lys. ou.

What is the price of 3749| acres at £3 ISs. 6d. per acre ?

Ans. £14153 178. v^^i'

Allowing 112 lbs to the cwt., find the value of—

17 cwt. 1 qr. 17 lbs. at £1 4s. 9<1 per cwt.
^

Ans. £21 lOs. SfiV"-

78 cwt. 3 qrs. 12 lbs. at $11-55 per cwt. Ans. $910-80.

on «.,» 1 Q rtwf 9 nra 9.^X Ihs. ftt £10 lOS. DCr tOU.
'

Ans. ii220 93. IHd. nearly.

25. 219 tons 16 cwt. 3 qrs. at $45-60 per ton. Am. $10002-601.

1.

2.

3.

4.

6.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
n.i

i.
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EXERCISK 91.

BILLS OF PARCELS.

(No. 1.)

Quebec, 16</t^/)n7, 1859.

Mr. John Day,
Bought of Richard Jones.

8. d. £ s. d.l

15 yards of fine broadcloth, at 13 6 per yard, 10 2

24 yards of superfine ditto, at 18 9 " 22 lo o]

27 yards of yard wide ditto, at 8 4" 11 5

16 yards of drugget, at 6 3" 50
12 yards of serge, at 2 10 " 114 01

32 yards of shalloon, at 18 " 2 IS 4|

Ans. £53 4 Ifll

(No. 2.)

Mr. James Paul,
Montreal, 2itk June, 1859.

9 pair of worsted stockings, at 4
6 pair of silk ditto, at 15

17 pair of thread ditto, at 6

23 pair of cotton ditto, at 4
1^ pair of yarn ditto, at 2
18 pair of women's silk gloves, at 4
13 yards of flannel, at 1

Bought of Thomas Norton,
s. d.

6 per pair,

9

4
10

4
2

71 per yard,

Ans. £23 15 i\\

(No. 8.)

Toronto, IQth July, 1859.

Mr. William Filbert,

Bought of George Price.

75J lbs. of sugar, at 7^ cents per lb.,

63 lbs. of tea, at 93 "

126 lbs. of butter, at IS "

85^ lbs, of raisins, at 18| "

17 lbs. of sago, at 15 "

28 lbs. of rice, at 9 "

Ana. |105-02i,



Ans. £53 4 lol

[Xot 3.j ^II'I'S ^^ PARCELS. gg^

(No. 4.)

Hamilton, 12tk Augusty 1869.

IM''. John James,
Bought of Jambs Thomas.

$ CtB.

|l98 Sangster'g National Arithmetic, at 0*60

[197 Robertson's Philosophy of Grammar, at 0*50

83 Hodgins' Geography, at 1*00

5*7 Sangster's Algebraic Formula, at 0'12i

I217 Strachan'8 Canadian Penmanship, at O'ZI^

[143 Hodgins' Geography of British Provinces, at 0*45

{227 Sangster's Elementary Arithmetic, at.... 0'30

Ans. 1621-25

^715. £28 15 4^1

(No. 6.)

Niagara, l^th September^ 1859.

[r. Alex. Leith,
Bought of Lawrbnck Mbrcsr.

8. d.

9^ yards of silk, at 12 9 per yard,

IS yards of flowered ditto, at 16 6 '

111 yards of lustring, at 6 10 "

14 yards of brocade, at 11 3 "

12^ yards of satin, at 10 8 '*

111 yards of velvet, at 18 "

^n«. £44 15 10

Ans, |105-02i

(No. 6.)

Kingston, llth July^ 1869.

)r. Alex. Hamilton,
Bought of Timothy PsaTLE.

14 oz. ipecacuanha, at $0*67

23 " laudanum, at 089
17 *' emetic tartar, at 1*26

25" cantharides, at 217
27 " gum mastic, at 0*61

53" gum camphor, at 0^27



(No. 1.)

London, C.W., Ut May^ 1869.

Mr. Jas. Gret,
Bought of Michael Lewis.

8. d.

IS^lba. of curranta, at 4 per lb.,

1?! lbs. of Malaga raisins, at 6^ *'

19| lbs. of sun raisins, at 6 "
17 lbs. of rice, at 8^ "

8^ lbs. of pepper, at 1 6 "

3 loaves oi' sugar, weight 82^ lbs., at.... 8|- "

13 oz. of cloves, at 9 per oz.

Ant. £8 18 6i

TARE AND TRET.

4. Tare and Tret is the naine given to a rule by nieaDs

of which merchants calculate the amount of certain allow-

ances which wiBre formerly made in buying and selling

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 hoXy hag, barrel, Ac, containing the goods.

And
3. Cloff, an allowance of 2 lbs. 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

transactions, and has therefore been altogether omitted.

Hon.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NoTC — 77l0 nwmb»rt afUir the giMstions refir to the articles qfthe eec-

1. What iB Practice? (1)
2. Why Is It so called? (1)
8. Of what rule is Practice merely a modification ? (1)
4. What would ha the general statement of a question in Prflctice f (!)
5. IIow la the pF00ua.s uf Quuing ino yiiiyo vf h uumiMSi' of Mi'tlviM* iMiQpiiQ«4

by Practice f (2)
6. What is an aliquot part t (8)
T. What are the aliquot parts of a dollar? (8)
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B What are the allqaot parts of a year ? (8)

9 What are the aliquot parts of a month ? (o)

lo' What are the aliquot parta of a £ ? (3)

11 What are the aliquot parts of a shilling? (8)

li What are the aliquot parts of a cwt (112 lbs.)? (8)

EXBROIBE 92.

MISCELLANEOUS EXERCiSB.

(On preceding Rules.)

1 Take the number 70204, and by removing the decimAl pobt (1)

muldplyit by 100000; (2) divide it by 10000; 8 make i

thousandths; (4) make it tenths of btllionths ; (5) make it

tenths; and (6) make it hundredths of billionths.

2. Divide 427-1 by -0000637.
^, ^^ ,, . uio

8. What wUl 19 tons 19 cwt. 8 qre. 27^ Ibe. of hops cost, at £19

19b. llfd. perton?

4. Add together 73-723, 11-842, 16-718, 19 034, 713-213437, and

12-346678. . , .,. , . .

6 Of the ratios 6 : 7, 9 : 13, 12 : 17, and 7 : 10, point out (1) which

i3 greatest, (2) which is least, (8) what is the ratio compounded

of these? ^ j «,. a
6. If 1 acre of land cost $80-60, what wiU 26 acres, 2 roods, 86 rods

cost?

7. What is the G. C. M. of 144, 485, and 63.

8 What is the price of 7489 cords of wood at |8-684 a cord ?

9! Reduce HIH&, HHIi iS8%?i^. ^^^ MIH to their lowest

10 If 84i bushels of turnips are worth 17 bushels of potatoes, and 9

bushels of potatoes 69^ lbs. of tea, and 6 lbs. of tea Hi stone

of flour, and 13 stone of flour |3-60, and 38 cents pay for 12

lbs. of bread; how many bushels of turnips are worth 119 lbs.

of bread ?
^ . ac* a u

11 If 27 men in 7 days, working 8 hours a day, pamt 42 floors, each

20 feet long aL.d 16 feet wide, with three coats of paint to each ^

in how many days, of 11 hours each, will 64 men paint 77

floors, each 24 feet long and 22 feet wide, giving each 5 coats

of paint?
. , J . 1 • i.

12. Take the number 7449164 and by removing the decimal point,

make it (1) One hundred thousand times greater.

(2) One million times less.

(;;) Hundredths of q.iadrilliontha.

(4) ThousandtbH.

(5) Tenths of billiontha.

(6)TenthB.

%

.. ...t;

^^v.^-?*
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18. Reduce Y2342 nonary to equivalent expressions in the duodena-
ry, senary, and ternary scales, and prove the reaulta by reducing
all four numbers to the decimal scale.

"

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.

Write down all the divisors of 1728.
What is the 1. c. m.' of the first fifteen even numbers, 2, 4 6 8
&c.? » > > > ,

15

16

17. From 97'91342 take 18-1234567.
18. What would be the cost of painting a ceiling 20 ft. 7 in. long and

19 ft. 5 in. 7" wide, at $2-87i per square yard ?
19. Divide 916 acres, 3 roods, 17 per., 7 yards, by 48 acres, 1 rood

2 per., 17 yds.
'

SECTION VIL \

PERCENTAGE, COMMISSION, BROKERAGE, STOCKS, INSU-
RANGE, 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, Ao.,
signifies $5 on every $100, or 5 gallons on every 100 gallons, or 6 miles on evfrv
100 miles, or 5 days on every 100 djiye, &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 tsj or -01 per unit.

2 per cent, is equal to j%^ or -02 per nnit.

7 per cent is equal to ^^ or '07 per unit
9 per cent is equal to ^^ or -09 per unit.

10 per cent is equal to^ or 'ID per unit
18 per cent is equal to ^^.",5 or -18 per unit
89 per cent is equal to^ or "89 per uuit ^

35 per cent, is equal to^ of SO pel' unit

136 per cent is equal to fgi or 1-25 per unit.

' 878 per o«nt is equal to f^ or 8*78 per unit
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i per cent, is equal toJ.or -005 per unit

i per cent, is equal to * or 0026 per unit.

f per cent, is equal toJ. or 0075 per unit.

I per cent, is equal to_*_or 00126 per unit

64 per cent, is equal to^^or -066 per unit, Ac

Exercise 93.

1 What rate per unit \s equivalent to 1-6 per cent., 11 per cent.,

17 per cent., 63 per cent. ?
^3^

2. What rate per unit is equivalent to 6 per ceni., ^o pei

3. W^hT^e per unit is equivalent to 8^ per cent., H per cent., 2|

4. w'^It'mte'per unit is equivalent to i per cent., i per cent., 8*

per cent. ? v • • r«„ i 9 Ana. -0626.

6. At 6i per cent., how much is it for 1 i
. ^ ^^

6. At 181 per cent., how much is it for 1

.

.23626.

7. At 23f per cent., how °^"ch is it for 1

.

.^^^^^

8. At 2-734 per cent., how ^^^^''^}\^\\- Am. "827.

9. At 82-7 per cent,, how
^^^^I'^'^^l. ^^,. .193.

10. At 19^ per cent., how much is it for 1 ?

3. To find the percentage of any given number—

RULE.

Multiply tlu given number by the rate per
«fX /f

'

ly, andpM off the product as Srected ^-frt.5^> ^''^- ^^'

Example l.-What is 1 per cent, on |673-93?

OP»BATION. i

EXAMPL. 2.-Wh.t is 6i por cent. on„f^Vk x •06B=»190'ri.

o wv.«t la ii'7J T^Pr cent, on 7893 gallons of molasses ?

Example 3.-What i^4^|
Pfg|^g^J{;j'.4'77B=8768 -9076 gallons.

Exercise 94.

1 Tin'i,^* 5s K per cent of $742-10 ?

2. What is 11 per cent, of $1000? _

8. How much is 10 per cent. 0^ $734-19?

Ans. $3710^.
A dkl 1 A

An9, 178-419,
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4. How much IS 8^ per cent, of $M24-60? Ana «U21-4«i'7k

7. What iBji per cent, of |7l36-80 ? ^,w *l!n?KS

cayed. To how many boxes was his Iobb equiv^ent v

of the ii^^ vear wVfw?. ^'"' "°*^ ^^ P^'' ^^'^^^ ^^ the e^ndoi tne uurd year. What is the amount of each payment ?
Ans. $749 down.

11278-80 at the end of let year
f202230 at the end of 2nd year*

10. What is the difference between 4Vttrcem^t/740 IhI^''
cent, of $1680* ' ^ '^^" "^'^ ^j^ P«r

leakage, &c., how much have I remaining? ^

12. Add together 26 per cent, of $768.22. 16 tTeeTt't^^lT^-and 6| per cent, of $128417
'

ATuL^fs^dl'
18. A person dying leaves an estate worth $17429-40 T^Ia-^a

fhTf i'^
.'^'^ ^'".- '^'^^ «'dest?tl'^L 43 pe^ct^^^^^^^^

St s^nte L3"' '^ r. ^^"*- «f **>« whole/and^ the youngest son the remamder
; what is the share of each *

^

COMMISSION.

«..1^'
^?™.'"^««^<'^ js the percentage charged by agents.or commission merchants, for their services in pLhasin^-or selhng goods, collecting bills, <fec.

P^rcnasmg

»U«7oiXSnT^^te:ofa\«^^^^^^^ ^« -"^^ - Agent, a Com-
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B To find the cor mission of any sum at a given rate

per cent, is simply to .ind the percentage on that sum, and

the rule employed is the same as that m Art. 3, viz

.

Multiply th. given amount by the rate per unit expressed deci-

7Zl. l-What is the eommission^on W^^^^

Example 2.-A coHimission merchant sells goods to the amount of

'^^T382-75 i
what is his co^2ZTm"ix%m = 219-525625.

EXBROISE 96.

1 What is the oommiBsion on |1000 at 4^ per cent. ? Ana. |4B.

'2: Whit Is tS: commission on $1678.30 at ^ per centj^
^^^^ ^^

8. What is the commission on 17581-19 at 8* P«''2';*-^282.419625.

4. Find the commission on |508-60 at U pe^^ <^^^^'

^^^ ^6.35,5.

6. Find the commission on 17862-50 at If per cent^^^
^^^^.^^26.

6. An agent collects debts to the amount of I878.B0 j^what .^^b«

'•
Vhat h^e I to pay him for commission at 8i per cenU

^^^^^

8. A commission merchant sells goods to t^^
''^'''''l:!^''!^'^^

what is his commission at 17 Pet cent ' ^ .^ ^^.^

9. An agent sells 718 barrels of flour at |7 18 a
t>^",f^;^217-67195.

commission at 4^ per cent..
bushels of wheat at

10. A commission
«««^»^«Ji.tCi'? cff Ws commission at 5f

$1-85 per bushel ; what is the amouni o ^^ |867.7871876.
per cent.

BROKERAGE.

#; Brokerage is the percentage charged by money

dealeVfcS'^'o.... ff
-^^oti.ti.,^tes^^^^^^^

hilh of .xchanae. <fec., or for buying or selling stocks, «c^

7; Brokerage is merely another name lor comm«..u.,

and is computed by the same rule. -^
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EXERCISK 90,

1. What is the brokerage on |7893-87 at 2 per cent. ?

3* Whal 1:Z M:"'^^ ^" r^' '' J P- -nt. .

' ^'"'
^Z'l^f3. What 18 the brokerage on |8643-22 at

1 J per cent. ?

4. What is the brokerage on $78963-80 at J percenl'T*
^^^^'^^^^S.

6. What is the brokerage on |198Y-27 at 3? per cJT ^^^^'^^^^S.

Ans. |74'622626.

an,„„„.-i. e:r{hcVm^rviU'^,,r„ftt^^Isrfcommission. Hence in all oaa^a tu^ » ? ,,
^"™ ^ retain for

proper ..U „po„^^ J^corpi^^eToS^nrS^i: ,t

1..
^' 7^,^«™P"te commission or brokerage when it is tn

RTTLE.

sugar at OJ cents per round n^Jl,l T' *''° '"'''"'™ !»

OPEnATIOH.

116214-49175^ srcenrf'l'To'irslTT iT.™"^^^
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7\e work may he proved hy finding the commission on the sum in-

ive.ited (Art. 5), and comparing it with the commi'ision an found by

deductina the mm invested from the whole sum sent. If these are

equal, the work is correct.

EXKRCISB 07.

1. An agent receives |4000, with instructions to purchase Great

Western Railway Stock. After deducting his brokerage at 1\

per cent., how much money had he to invest, and what was his

brokerage^? Ans. Invested $3950-61728.

Commission $49-38271.

2. A merchant sends his agent $7500, with instructions to deduct hia

commission at 4^ per cent., and purchase laces with the re-

mainder. What is the commission, and what sum was expended

in laces? ul/w. Commission $322-96651.

Invested $7177-03349.

3. A commission merchant receives $8470, with instructions to pur-

chase 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 pur-

chase? ^n«. 1260tV barrels.

4. 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. $10904-584882.

6. 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 ? 4ns. S427-0499 yards of cloth.

$559-8086 commission.

STOCK.

10. Stock is a term used to denote the Capital of

moneyed institutions, as Banks, Railroad Companies, Gas
Companies, Insurance Companies, Manufactories, &c.

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 nvminai orj)ar vaiae of a share is its original

cost of valaatioiw
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14. The market or real value of a share is the sum for

which it can be sold.

16. The rise and fall in the value of Sto<-k 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 at ^^ar ; when they sell for more
than their original valuation, they are said to be at a pre-

mium or advance, or above par ; when they do not bring

their original cost or valuation, they are said to be a^ a dis-

count^ or below par.
Note.—Par is a Latin word, and means fqual or a state of tquality,

Btock is at par when a hundred-dollar shuro 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^l stocky and the result ivill

be the stock required.

Example 1.—How much rtock at 10 per cent, below par can be

purchased for $25000 ? Ans. |25o00 -v- 0'90 := $'Z7111-1V:.

Explanation.—When stock la 10 per c6nt. ft. low par^ each share of ijilOO

sells for (mly $90, I. e. 190 money will purchase |100 stock, thercforo $01)0

money will purchase $1 stoi-k, and the given sum will purchase f 1 stock m
often as it (the given sum) contains fOOO.

Example 2.—How much stock at 15 per cent, premium may be

purchased for $7000 ? Ans. $7000 -i- M5 = $60869505.
Explanation.—When stock is 15 per cent, abovepar, it requires $116 money

to purchase JlOO stock, or $1"16 money to purchase $1 stock. Hence if we diviiio

the whole sum to be invested by the value of $1 stock, it is evident we must get

the amount of stock produced.

E.xAMPLE 3.—I own $16400 stock of the Bank of*Montreal, and

sell out at 13 per cent, premium. What do I receive ?

Ans. $164(10x1-13 = $18582.

Explanation.—Each $100 stock brinps me ^W^ money, or $1 stock brings
$1*18 money, therefore $16400 stock must bring $10400x1 "18 money.

Exercise 98.

1. A person has $9000 which he wi-^hes to invest in Grand Trunk
Railway shares, then selling at 17 per cent, discount, what

amount of stock can he purchase ? Ans. $10843*873.

2. If I invest $8500 in Upper Canada Bank etock, which is seUing 11

per cent, abave par, what amount of stock do I receive ?

Ans. 17657-6576.
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d the result will.

idunt we must get

4.

3. If I remit to my agent |17B00, with instructions to deduct his

brolteragc at 1^ per cent., and invest tl»e remainder in Great

Western Railroad stock, then selling at 1 per cent, premium,

what amount of stock do I receive ? Ana. |161B8*22.

If I receive |20000. with instructions to deduct my commission at

If per cent., and invest the balance in stock, which is then sell-

ing at 3 per cent, discount, what amount of stock do I remit to

my employer ? Ans. |20268-937.

Mr. A. owns 200 shares in the Canada Life Assurance Company.

The par value is $100 a share, the stock at a premium of B^ per

cent. ; if I purchase it through a broker who charges me | per

cent, for the transaction, how much do my 200 shares cost me ?

Ans. $21284 626.

INSURANCE.

19. Insurance is a written agreement by which an in-

dividual or an incorporated company becomes bound, in

consideration of a certain sum paid in advance, to exempt

the owners of certain kinds of property, as houses, house-

hold furniture, merchandise, ships, &c., from loss by fire,

shipwreck, or other calamity.

20. The Wrtiten 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, &c., are usually

insured against risk of fire for the year, or other specified

time.

NoTB. -Tlio mte of Insurance on dwelling houses, stores, gooils. honsehoM

furniture, Ac!, var'es from i to 2 per cent, per annum, on the sum insured iic-

cording to the character and position of the tenenaent ; vessels are insured tor

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 Commis-

sion or Brokerage.

Example.—If I insure my house and furniture for $'7389, at the

rate of U per cent, per annum, what premium must I pay yearly?

•^w.-?. $7389 X •0125=$92-3625.
t7i___ . „ j_ i 1 _„-

-{--f; j. p., *1 -oj^ n?r *100. is eoual to tO'012.5 per dol-

lar. "^The^'premlnni therefore wtU be as nrnny "times $00126 as the sum Insared

contains |i ; i. e. the premium will be 00125 x 7888.

4' I .

''(t|
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Exercise 99.

[Siof. vii

1.

2.

3.

4.

6.

1.

8.

9.

10,

11.

What is the premium for insurance on $7600, at If per cent.?

Am. |131'25.
What is the premium fbr insurance on $83 76, at f per cent.?

Am. I62-8126.
What is the premium for insurance on $6000, at 1| per cent. ?

Am. Ill 2-50.

What is the premium for insurance on $5000 at $1-17 per cent
(i. e. per $100) ? Am. $58-50."

What is the premium for insurance on $6400, at $0*90 per cent. ?

Ana. $57'60.
What is the premium for insurance on $4500, at $0*35 per cent.?

Am. $15-75.
What premium must I pay for insuring a cargo of flour worth
$36000, from Quebec to Liverpool, at |3 per cent. ?

Am. $1080.
A firm, owning four steamers running on Lake Ontario, effect

an insurance with a company in Toronto to the amount! of
$27000 on each, paying $4-82 per cent. (i. e. 4-,^^ per cent.)
What is the total premium on the four steamers ?

Am. $5205-60.
What is the annual premium on an insurance for $89000, at 2|
per cent. ? Am. $858.
A farmer insures his barns and iheir contents to the amount of
$17800. What premium does he pay at ^ per cent ?

Am. $89.
A vessel running between Hamilton and Oswego is insured for

$12350, at the rate of If per cent, per month. To what does
the premium of insurance amount for 7 months, beginning with
the 10th of April and ending with the 10th of November?

Ans. $1235.

24. To find what sum must be insured on property so

that, if destroyed, its value and the premium may both be
recovered

—

RUrK.

Divide the value of the property by $1, minus the premium on $1
at the given rate per cent.

Example 1.—A ship-owner wishes to insure a vessel valued at

$1'?450, so that if it be wrecked lie may recover botli the value
Oi the vessel and tiie preiiiiuiu. In order to do so, for what
sum must ho ijisure, at $4-60 per cent. ?

Ans. $174{»0-^-964:s$l»S^l»-40461.
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ExPt*iffATioN.—If I Insure goods to the Value of $100, at 4-6 per cent., and

tliey are d 'Stroyod, I receive only $95-40 towards my loss, since I paid $4'60 for

Insurance ; that is, for every $1 of my loss I receive $0-954. Sinco, then, the

recovery of $0-954 requires $1 to be insured, !,he recovery of |1T450 will require

as many d< liars to be insured as $0-954 is contained times in $17460.

PaooF,—$18291-40461 x •046=$841-40461=the premium, and $18291 •40481-
|841-404dl~$lT450=value of the vessel.

Example 2.—^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=$6185-667.

Explanation.—For every dollar I lose (taking premium into account) I

receiva 97 oents; that is, in order to receive 97 cents, I must insure for $1, and
1 1 order to receive $6000, without any loss, I must insure for $6000-r97=

I6185-567.

. EXBRCISK 100.

1. For what sum must I insure a cargo valued at flTOOO, 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. $17616'58.

2. For what sum must I insure on S22750 in order to cover both the

premium of 6 per cent, and the value of the property insured ?

Am. 124202-127.

8. What sum must be insured at 2^ per cent, on property worth

$15000 so that the owner may be secured against all loss?

A,is. $15345-2685.

4. A steamer worth $33000 is insured at 5f per cent, for such a sum,

that in case of its becoming a total wreck, the owners may re-

cover both the worth of the vessel, and the premium of insu-

rance. For what sum is it insured? Ans, $35013-2625.

remium on $1

iU^h-4M&h

CUSTOM HOUSE BUSINESS.

25. All goods coming into Canada from Foreign coun-

tries are required by law to be lauded at certain places op

ports called Ports of Entry.

26. At every Port of Entry in Canada, the Government
has an establishment called a Custom Hoitse, with one ot

more officers attached to it, called Custom-House Officers.

27. A certain charge called a Dutij, fixed by Act of

Parliament, is made upon nearly all goods entering Can*

ada from Foreign countries.

28. It is the business of t ^e Custom-House Officers to

inspect the cargoes of all vessels entering at any of thes^
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ports, to examine the invoice of goods, collect the duties,

&c., &c.

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, &c. ; 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,, lb., gallon, square yard, &c., of a particular kind of

merchandise, as so much per square yard on woollens,

flannels or cloths, so much per lb. on tea, so much per

gallon 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 Prance is «

charge for duty at 10 pur cent, of the sum the invoice of satin cost in l- ranee.

Note 1.—The term ad valorem is from the Latin ; and means according

to the value, i. e., upon the value.

Note 2.—An invoice is a written statement of the goods, showing the qwan.

tlty of each sort and its value or price.

33. 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 be^

fore remarked, (Art. 4, Sect. VI,,) 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 tlie cask.

NoTK.—At present (1859) tho rarious kinds of spirits arc the only articles

upon which specific duties are charged by the Canadian Tariff.

34. To calculate the Specific duty on an invo'ce of

goods

—

RULE.

Deduct the tare, leakage, dc, and multiple/ the remamder by ik

given duty per gallon, lb., yard, de.

Ex.\MPi,K I. At 4|^ cents per lb. what is the specific duty on '^ bugJi

of coffee wci<5,nr,g 73 lbs., e :ch, allowing 4 1)^^, p^l lOV ot tareY
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lowing the quan.

Ol'BRA'nOHt

78 X 7= 511 lb8.= gross weight.

611 X •04= 20JJlbs.= tare.

49oi|=iiet at 4J cents per lb. =:490JJ x 41= I20-8488. = Ani.

Example 2.—What is the specific duty on 10 chests of tea, the

tiefc weight 783 IbS., at 11 cents per lb. ?

OPERATION.

783 X 11=8613 cents=$86-13. -4ns.

Exercise 101.

1^ What is the specific duty, at 8^ cents per lb., on 5 hhds. of sugar,

each weighing 1347 lbs,, allowing tare 6 lbs. per 100?
Ans. $221-68.

2. What is the specific duty, at $1*20 per 100 lbs., on 11 bags of

rice, each weighing 127 lbs., allowing 3 lbs. per 100 for tare?

Ans. $16-26.

3. What is the specific duty, at 13 cents per gallon, on 129 gallons

of oil? ^«s. $16'77.

4. What is the specific duty, at 5f cents per lb., on 207 drums of

figs, each -weighing 31 lbs., allowing 2| lbs. a drum for tare?
^ ^ ^ws. $342-1968.

5. What is the specific duty, at 47 cents per yard, on 214 yards of

black silk velvet ? Ans. $100-58.

35. To find the ad valorem duty on an invoice of

merchandise

—

RULE

Multiply the value of the goods a: the place in which they were

purchased by the per cent, charged xpressed decimally^ and the re-

mit will he the duty required.

Example 1.—What is the ad valorem duty, at 27 per cent, on an

invoice of brandy which cost $7493*70 ?

OPERATION.

$7493-70 x-27=$2023'299. Ans.

Example 2.—What is the ad valorem duty, at 19 per cent, on a

quantity of broadcloth which cost $4116*40 ?

operation.

$4116-40 x*19=$7821 16. Am.

Exercise 102.

1 TITl.-j. !_ i.l._ _J „„1»_<^w. /l.ifTT B^ 01 r\i\n nn-n* n-n an inxrrAna t\f aW^ra
i,. TT iiat> IS l/llC au VUIUICUl viuvj, av ail. ]j\,i. wjuvi v-u »»•« ttt "••' -.-

which cost $17429-80? Ans. $3660-2580.

2. What is the ad valorem duty, at 7^ per cent, on 40 boxes of tea

which cost $2920-16? . 4w«. |219-0ia,
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\

What is the ad valorem duty, at 25 per cent, on an invoice of

jewelry which cost $71342-90? Am. $17835-726.
What is the ad valorem duty, at 20 per cent, on an invoice of

boots and fhoes which cost |913-73 ? Ans. $182*746.
What is the ad valorem duty at S3 per cent, on an invoice of

French silks which cost $M71o-19? Ans. $4855-3527.

ASSESSMENT OF TAXES.

36. A tax is a certain sum required to be raised by a

municipnlity for local improvement, payment of officers,

and other general purposes. It is collected from each

citizen in proportion to the value of bis property.

37. In levyiEg 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, &c., in which the tax is to be

raised. This inventory is made by officers called Asses-

sors appointed by the murricipality.

38. To calculate the amount of taxes any one individ-

ual has to pay

—

ROT.R.
•

Divide the whole sum to he levied by the whol^ value of rateable

property in the town, tmvnship, d'c. : the quotient will be the sum to

be paid on each dollar.

Multiply the rate per dollar by the amount of the person\ prop-

erty, and the product will be the amomit of his tax.

Example.—A certain township requires to raise the sum of

$14729*00 for genernl purposes; the whole nmount of rateable prop-

erty in the municipality being set down at $2743500, what proportion

must I bear if my property is assessed at $7490*00 ?

OPERATION.

$1472fl4-$2743500=$0-0058C8=rato per dollar.
$0005868 x7490=$40-20682. Am.

\

Exercise 103.

1. The assessment rolls of a town show the value of the rateable

property to be $7142300. A tux of $23900 is to be levied for

general purposes ; how much is my proportion, my property be-

ing set down at $14729*50 ? Ans. $49*2878.

2. A tax of $100000 is to be levied Oii a county having rateable

property to the value of $5793000 ; whnt is the amount borne

b^ A, whose property is valued at $18600 ? Am. $8210732.
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3 In the last example what would be the amount of B 8 tax the

^-
value of his property being $7500 ? ^7>,Zu.

4 In the same example what would be the amount of C^ tax his

property being assessed at $11400. ^ns. $1% 7868.

ailed Asses-

one individ-

personn prop-

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NoTK.-n6 numerals after the Queatiom refer to the numbered urUcUa

of the Section.

1 Wlnt ia the nieanir.g and derivation of the term per cent. ? (1) ^
.

•

When the rate per cent, is known, how is the rate per unit ob ,-uned ? (2)

t How do we ascertain tJ.e percentage ou any given number? (3)

4 What is commission ? (4) , ,,

5 wLt is tlie person who sells goods for another called ? (4)

t How do we And the commission on any given sum? (5)

I "\Vliat is brokerage ? (6) ...^^^ « ,t\

I- KVl?at SS^rcormSn^rrrJer^Se be computed? (8)

!!• i?ofdo rcoi;.putr=nission or brokerage when it is to be deducted in

advance from a given unw)unt, and the balance invested/ (9)

12. H)w is this rule proved? (9)

Uj What is understood by the term Stock? (10)

It ^t^hltl^'SLrSy t'he^SJmV^haUholders, Corporation, and Charter ? (U

16 What doVou understand by the nominal or «or value of Stock ? (18)

17 What is meant by the market or real value of Stock ? .(14)

!s When fsStodc said to be at ^art when at a prem^m or above part

and when at a diseormt or below pa/rTp.b)

19. What is the meaning of the term part (16, note)

20 What are persons who deal in Stocks called? (17)

2L When Stock is either above or below par, how do we And how much of It

a given sum will purchase ? (IS)

22. What is Insurance ? (19)

28. What is a Policy of Insurance ? (20)

24. What Is meant by the Premium of Insurance ? (21)

""S Vor what length of time is property ustMlly insured? (W)

20 How do we Sompute the premium of insurance on any amount of gooda,

27 lIoTSow^ec^ompSthe amount for which we must Insure in order to

cover both the*^value of the property and the premium paid? (24)

2S How may the truth of this rule be proved ? (24)

29. W hat are Ports of Entry ? (21^ ^«,„„^ , ,qc(.

31). What is the duty of Custom-Houae Offloers ? (28)

3L What are duties ? (27)

[VI Wliatareharbor dues? (29) j. i„ rona/iftV /ftrt\

3!J. What different kinds of duties are levied on goods in Canada? (80)

34. What are spedfiG dutie f (81)

35. What ia an ad valorem duty T (32)

36 W hat l8 the meaning of the term ad valorem J («Z)

3T. What is an invoice ? (82) /

38. What Is the rule for computing specific duties ? (M)

Si) v/hat ia the rule for calculating ad valorem duties? (W)

40. What is a tax? (86)

41. How are ta*e8impoBea?(9 wiaw*
^

*
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SECTION VIII.

INTEREST, DISCOUNT, EQUATION OF PAYMENTS AND
PARTNERSHIP,

1. Interest is the sum allowed for the use of money
and is usually reckoned at a certain rate per cent, per an'
num ; that is, so many pounds for the use of £100 for one
year, so many dollars for the use of $100 for one year, &c.

Note.—The term per cent, means i^er hundred; per atmum meaoe per

2. Interest differs from Commission, Brokerage, &c.,
in that the latter are computed at a certain per cent, with-
out 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.

6. The Rate per unit is the sum paid for the use of
each dollar, pound, &c.

6. The Interest is the whole sum received for the use
of the principal.

7. The Amount is the sum obtained by adding together
the principal and the interest.

Thns. if I lend |200 for a year, on tlie agreement that I am to receive inter-
est at tue rate of 7 por cent, (i>er annum, inilfrstoort), at the end of the vear I
receive back the faoO, and in addition $14 i«>r interest Here.

$200-00 is the prinoipal.
T'OO is tho ih!'' per cent.
007 is file raU' per unit.

14-00 is tlie interest.

S14-«0 is tho aniount=principal +lntereBt.

8. Interest is either Simple or Compound.

9. Money is lent at Simple Interest when the Interest
is not added to the principal so as so bear interest.

_ .. - .... ....... ., i"„ •—
•; 7;

" " y^^ cum., lap jirtvCipalTa'
mains unchanged, being alwava |100, »n4 the tnt^rest for each successive yew
l»|6.

^
'^
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10. Money is lent at Compound Interest when the in-

terest, "a* it. falls due from time to time, is added to the

princii)?! ; the sum thus obtained constituting a new prin-

cipal for the ensuing year, half year, quarter, &c., as the

case may be.

Thus if $100 bo lent fit 5 per cent, per annum compound Interest, the nrin-

o.nal chan^'es at tl.e end of each year; T)eins,'?10<>
/«f

'be first year $105 H. e.

fon or principal + its interest) for the second, %\Wi^ for the third, Ac The

iXrest'^is consequently |5 for the first year, $5-25 for the second, |5-5125 for

tUo third, (!fcc,

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 Three ; but in order to deduce special rules,

we shall represent the diflferent quantities by their initial

letters, and thus obtain a series of algebraic formulae,

which, translated, become the common arithmetical rules

for interest.

It is to be presumed that the pupil has made sufficient progress rn Algebra

before he arrives at this point, to readily understand what follows. The opera-

tions involved are of the simplest kind, aid may without difficulty be compre-

hended, even by those wholly ignorant in Algebra. The only part, however,

absolutely necessary for working any problem in Interest, is the interpretaHon

of the forrmda, i. e. the arithmetical rule,ani this we have always appended.

A glance at the formulro and the corresponding rules will show how niuch less

labor is necessary to remember the former than the latter : and indeed the pu-

pil should be required to deduce from time to time any formulte he may nn4

It necessary to use.

Note.—When two or more letters are written together thus, prt.

the meaning is that the values of these letters are to be multiplied

togetlier. Thus, Prt means that the value of P is to be multiplied

by the value of r, and that by the value of t.

A-P
When letters are written in the form of a fraction, thus -^^

the meaning is the same as in common arithmetical fractions ;
i. e.,

that the part constituting the numerator is to be divided by the part

constituting the denominator.

Thug means that the value of P is to be subtracted from
' Pr

the value of A, and this difference is to be divided by the value of P
giultiplied by the value of r»
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=Amount, r=Tate per unit, and <=
12. Let P=:Principal, I=Intereet A:

time (1. e., number ofyeara).

Then leca ise r=lntereBt of $1 for 1 year, and t~number of oars, r^=intere8t of $1 f6r tl^« jdve";t me, and Pr<=lntere8t of given principal for give!t!me and at g^ven rate. Therefore 7=>r« and U viding each of these equals, 1st by rt, 2nd bi Pt Jnn

SJm^ar^r '**'* ^""""''*^ <"><"'•> '^^^^Un

r^iivin
^^<=*"?« »-<=ii.tere8t of $1 at given rate and

I=Prt{I.)

IP =

r =z

t = {IV.)

Ft

Fr
A = F{l+rt){V.)

A

r =

1+rt

A-F

t =

t=

Ft

A-F

( VIL)

( ^///)

(IJC.)

H=tr+l{JCI.)

for given time l + r<=the amot^'ofll at given rateand time and P times l + r<, that V P (l + r«)~amount of given principal at the given rate and tim";Therefore Ar-r (i + rt\ which Is formula (V.) in themargin, and dividing each of these equals by l + r«we get formula (VI.) in the marghi. TakiLtv;
fn ^h^.^'V^fi'l

inultipMDg as Indicated, the part witli:In the braelsets by P we get A=P+P,t' and sub-tracting Picom each of these, we get A-P=PrtDividing thet^e equals, 1st by Pt and 2nd by Pr weget formulas (Vlf.) and ( vrfl.) in the margin
Lastly, if Me are required to find In what time any

fw« ^/"'Jr^
will ffmount to any given number oftimes itfrelf at a given rate per cent, or, In otherwords, in wh.tt time any principal will amount Vonlimes that principal where n simply stands for tlie

.A-P n"-P\'
*—j^ pf-t because the amount Is to be nP;
and dividing both numerator and denominator ofthis fraction Ly P, we get formula (IX ) in the mJ
g^n, multiplying (IX.) by r we get ^S- °

^nd Sv !aing these equals by t, we git formula (X ) ; ani

foSalx "^) ^ ^ *«^ *>^ "^«»* ^^^^ we get

APPLIC/.TIONS.

. ^^\ ^*^®? *^® principal, ate per cent., and time au
giyeu, to fend the interest—

Rule /= Frt (I)

pal by the ratejper unit, arui the re .ulting product by thetiZf

cent r*"''*''*""^^**
'" *^^ ^*^'^'' '*'' ^^^^'2^ ^°^ "^ ^«*^« a<^ 8 per

Here P = $842-20, r= -08, .i..fi ^ = 7.

1 hen 7= PW = $842-20 X -0. X 7 = 1191-682. ^fl*.

^
14. When the interest, r. te per cent., and time are

giVQn to Jind the principal-^

B.VLm. F=-(\\.) \
rt ^

I:-;Tsr;r-KKTATiON.—J%e principa, is found by dividmq the interesth^ ttu product 0/ tM rate per miit cij ili^ fme.
^



» per unit, and <=

mntlstobe nP;

years at 8 per
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ExAMPiiB.—What principal will give $207*60 interest in 6} years

at 4f per cent. ?

OPEBATION.

Here /= «207-60, «=6-6. and r=0476.

„ / $207-50 $207-50 ^„, „„^ ^
Then P=^ =47¥4y6=-80876 ^^^^--^^^'^ ^^•

16. When the interest, principal, and time are given,

to find the rate per cent.—
Rdli. r = -~ (iii.)

Intebprktation.—The rate per umt is found by dividing the in-

terest by the product of the principal and time^ and the rate per cent.

is imud from the rate per umt by multiplying the latter by 100.
' Example.—At what rfto per cent, will It29 18 give $10911 in-

teKjst in 9 years ?

OPERATION.

flere /'=|729 18, /=#109-11, and 1=^9.

then r = _ = ---^-^ = -^^^ = 0-01662 = rate per unit.

Therefore the rate per cent. = 0-01662 x 100 = 1*662 = li nearly. Ana.

16. When the interest, principal, and rate per cent.

are given, to find the time—
Rdi,e. t = r=- (iv.)

Pr
Intsrprbtation.—The time is found by dividing the interest by

the product of the principal and rate per unit.

Example.—In what time will $850 give $89*76 interest, at 13 per
cent.?

Here P = $850, /= $89 75, and r— -18.

1 89.75 89-76 897-6

'^'^°'=P». = 860x18 110-5 1106
= 0-812217 yeara =: 9 moalhs

22 days.

17. When the principal, rate per cent., and time are

given, tofind the amount—
Rule. ^ = i^(l+rO (v.)

Interpretation.—7%e amount isfound by multiplying the prin'
cipal by the amount of $1 for the given rate and time.

Example.—To what sum will $789*80 amount in 11 years, at 3
per cent. ?

OPBRATIOM.

Here /*= $789-80, r = 08. and t = 11.
Then A = F{l + rt)= $78980 x 1-38 = 1050-484. Ana.

,

I^0TS.-(1

+

rt) in thi« ^uestioa sU8>(U3=l.|.-99 = l*||,

Sf
Oi

n

! ^1

f t

I
'

' 1

> I

H]
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18. When the amount, rate per cent., and time ar^
given, to find the imncipal-^

Rule. P = -A (vi.)

INTERPRETATION.-77.. pHvcipal is found by dividinn the aiv^n^^ounththe a^mnt o/$lfor the. ejiveu time at the. cjJn rate^''''
*iXAMPLE.—What prniciuul put to iutert'st at 7i nn.. «.«„* n

amount to $2000 in 8 years? * P" ''^"^- ^'"

OVERATION.

Here A - $2000, r = -075 and t = 8.

Thon P _ ^ _ 2000 20000Then P _ -^- _ .^^ = „^_ ^ ^,250. An,.

19. When the amount, principal, and time are ffiven
to jind the rate per cent.— '

A—P . .

Rule. r —.

Pt
(vii.)

lNTERPRETATiON.--7%erafo/)rr««,:^is/b«wi Ay mbtvaetina thXmnc^pa from the amount, and dtvidin, the difcrele by7h 7£ ^

pal umltiphcd by tJte time, lie rate per cent, is found by mil 2.tng the rate per unit by 100.
'' ^ "'umpif

in 23''/eai^%'*~^*
^^^^ '^*^ P*'' ^'"'- ^'^^ ^'^^^ ^"'^"'^^ *« ^2783-80

OPERATION.

Here A = $2788-80, P = .$780 and t = 28

Then r = ^~? - ??788-80-*780 _ $a058-80

Pt ~ = •1223 = rate per unit$780x38 |!i(i790
Hence rate per cent, = 12-28 = 12i nearly.

20. When the amount, principal, and rate per cent
are given, to find the time^ ^

^ p
Rule. t = --— (viii.)

Pr
INTERPRETATION.-T/.. time is found by mbtraeting the princiml

^b^JiTZ^i:;^^''^^ ^''' "^--^ 'y ^''^ ^^4ai3'

pcrcentl'r''"^^'''^^***'™^'''"^^^^"^^
*"'*'"''' *^ ^^«3"^8 at 12

OPERATION,
Here A = $9a3-78, P = $666 88 and r = 12

Then t
- ~~^ = 988-78-666;83 817-40

Pr 666-88 X 12
~ " 799596

SI 7 jnnA

.„^„„„ "Wsoe ~ 3 9695 years s
3 ^e»rs U napnthe 19 days. 4n8,
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ouut to $2783-80

= 3 9695 years 3

21. To find the time in which any sum will amount to

any given number of times itself at a given rate per cent.—

«- 1

KULK. t = (ix.)

Interpretation.—To find the time in which a given sum will

aviount to n times ityelf at a (fiven rate per cent., subtract 1 from n,

aud divide the remainder bij the rate per unit.

Example 1.—In what time will any sum of money amount to

eleven times itself at 8 per cent. ?

OPERATION.

Here n = 11 and r = '08.

Then t -
n-X 11 -_1

•08

10

•08

1000 = 126 years. Ane.
r •Ob •Ob 8

Example 2.—In what time will $67-83 quadruple itself at 4i per

cent. ?
OPERATION.

Hero n. = 4, since the money is to quadriiple itself, and r = -0476.

n-\ 4-1 3 80000 „„ ^ ._ . „
Thpn t — - - = -- —- = = ^ 68'157 years. Ans.

22. To find the rate per cent, at which any sum will

amount to a given number of times itself in a given time

—

n- 1

Rule, r = —-— (x.)

Interpretation.—The rate per unit is found by subtracting 1

from n, the number of times itself to ivhich the given principal is to

amount., and dividing the remainder by the given number of years.

Example.—At what rate per cent, will a given sum amount to 26

times itself in 72 years ?

operation.
Hero « = 26, < = 72.

Then r = ^^^ = -^^ = |^
= J =-88J = rate per unit

Hence rate per cent. = 88^. Ana.

23. To find to how many times itself a given sum will

amount in a given time at a given rate per cent.

—

Rule, n — tr + 1. (xi.)

Interpretation.—The number of times, or n, is found by mul-

tiplying the time by the rate per unit, and adding 1 to ths product.

Example.—To how many times itself ^'u fuur cents amouiit ii} %^
years at 17 per ce»t, ?

i^m

km

'

\

-.

^

t

'

#
J'

i

iM
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ni.

Here < = 20 and r = 17.
Tl>en« = <,. + 1 = 20 X -ir + 1 = 84 + 1 = « = 4J Umea llwlf. j

Exercise 104.
1. What ia tho interwt on tVas-lQ for 7-32 yea™, at 6-7 per com ,

2. To what sum will »SM-1» an,„u,„ i„ ej ycJZ H'i!::'l!^f

4. In what time will m*-S2 give 12=1.^6 inteX^'peV;,"??
5. At .hat rate per cent, win JtVamim'tZ ^'.^Zn Tyel"?'
6. L^wijat .i^e will an, sum of money quadrup^'^se'lllrs/*

V. rind the time in which »270 will give mtLUt,':^ ^'l^
8. To what sum will |«80 amount in 1, J fZ, llTtl^f^Z^f'
». What principal will amount to $2000 in 20 year,,1r8 pt'e'!*

"•'r?«"ptrnl^"«'^'"-""f™-^--""r''*™^^^^^
12. Find the interest on «679-18 at 7i per cent., fori Hs'ye'lrf*

18. At what rate per cent, will »950 amount to H763^4Ti„*"':e'*i

14. In what time wilfjJofa^ou'-^urrisrf^Sf'^^e"™ ctnT';™''

U. In What time will i,1sX Jl'^O h.r^S^t" ^eUem '' *'''

16. At what rate per cent, will ,476-30 amounurj/oH'! y!,:!!?

17. At what rate percent, will $749-49 give $257 iZ^e'JlTyZ
18. What principal will amount t„$„n-n i^yti^^TUt
19. rind the interest on £167-47. at II per cent. forlTeafr''""'

Ans. £165 15s. lO^d.

SPECIAL RULES.
24. The interpst of ilOO at fl nArnAn* fnr —a vas^ i- a- ;,
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;ime8 Itself. An».

Hence, to find the interest of SI, at 6 per cent, per an-

iBum for any number of months, we deduce the followmg—

BULK.

Divide the number of months by 2, and call the quotient cents.

Example 1.—What is the interest of |1 at 6 per cent, for 7 year^

jnd 9 months ?
OPKRATION.

lyears and 9 month8=98 months, and 984-2=465 cent.s=$0'466. Ans.

Example 2.—Find the interest on $72-93 for 7 years and 8

months at B per cent.
OPERATION.

T years 8 mo. =92 months, half of 92=46 cont9=lntere8t of $1 forgiven rate and

tlino.

Thou |0 -46 X 72-98= I88-54T8. Am.

EXKRCISK 106.

1 Find the interest of $1 for 11 months at 6 per cent.

Ana. SJ- cents.

2 Find tlie interest on $1 for 16 months at 6 per cent.

Ans. $0-08, or 8 cents.

3 Find the interest on %\ for 9 years 8 months at 6 per cent.

Ans. $0-58.

4 What is the interest on |1 for 16 years 3 months at 6 per cent. ?

Ans. $-97i

5 What is the interest on $1 for 11 yeare 7 months at 6 per cent.?

Ans. 10-695.

6 What is the interest on |1 for 12 years 5 months at 6 per cent. ?

Ans. $0-746,

7 Find the interest on $279-40 for 3 years ^ months at 6 per cent.

Ans. $58"086.

8 Find tlie interest on $189-70 for 6 years 7 months at 6 per cent

Ans. $74*9316.

9. Find the interest on $1463 for 3 years 11 months at 6 Pf cent.

Ans. $34o'oU&.

10. Find the interest on $28967-50 for 11 years 1 month at 6 per

ggjjj;^
. Ans. $19263-3876.

26. Since In eomputins intfirest the month is taken as 80 days, two months

will contaiu 60 days, and, by Art. 24, the interest on $1 at 6 per cent for
J

months or 60 rfay/is one cent, the interest on $1 at 6 per cent^ber annum, for

6rf«2/8, will therefore be v'o of one cent; i. e. one miU or r€o^ oi a-

Hence, to find the interest on $1 at 6 per cent, j^er ^-

num for days, we have the tbllowing—

m
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\

tSEOt. 'nil

^Oatt one-M of the numUr ./ days mills or thousand,,.,
of .

ExAMPLR-What is the interest on »! at 6 per cent, for 16 daj,,

OPERATIOX.

16-f.6=2§ Diilla=$0-0026. A7i8.

Exercise 106.

1. What is the interest on $1 for 2 days at 6 per cent. ?

2. What is the interest on $1 for 7 days at 6 per eentl"'"
^^'''''•

3. What is the interest on |1 for 11 days at 6 per eenl.T
^''''^•

4. What is the interest on $1 for 21 days at 6 per cenf.T'
^''''^•

6. What is the interest on $1 for 47 days at 6 per cenlT'
^''^ <'^'

6. Required the interest on |1 for 8 months 12 days a1 6 plr^cen?"

1. Required the interest on $1 for 66 days at 6 per cenf
'''' ^^"*^*^'

8. Required the interest on |1 for 2 years 2 months 19 da^s atVper

9. Find the interest on $1 for 7 years 8 months Odayslll^e perS
''•

"^i:.:?;
''''-'''' «" '' ^^ '' ^-- 11 monti^s d^s^s

11. Require^^^^^ interest on $1 for 12 years 7 mouth^r7dS
__________ Ans. 0757f

PPn?^*
^"^ ^""^ *?^ '''^®''®®^ ""^ ^"^ S"«^ of naoney at 6 percent, per annum for any time

*^

RULE.

Vea«Vr„th7ld''2Vday:?"'^"^' "" *"'^-^» "' « P- «»"• for 6 1

IS too ifti'Ko hy jSj, or y', of Itself. Hence "whHn'nrt'..«>.i""''^^"
"' *'^'''' ^''" "'suit

|n.,^j. for .L ;iay, when obt^ea b/Kutr„R»S[airtfX''*
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8t for days: but,
)i oCio, liie ri'siiit

OPERATION.

Interest ou $1 for 6 years 7 monthd = $0-895

Interest on $1 for 26 days - *»

Exercise 10*7.

1. Find the interest on %ni-ZO for 7 months 17
**J^^/*^^3P7Qf5fg^

2. Find the interest on $842-50 for 3 months 13 days ay^Pej^JJ^t;

3 Required the interest on $673-83 at 6 per cent for 2 years 11

months 10 days. ^''': ^l^^ ^^^\

4. Required the interest on $642-30 at 6 per
««^*-/<j/g2a6645

months 19 days ^***- ''*'
ioo*o.

5. Required the interest on $1427-87^ at 6 per cent for 5 years 5

months 7 days. ^ {"^^aA^k
6. Find the interest on $709-63 for 4 years 7

"^^f^^ll^^ll^ll

7. Find thtamount of $2463-20 at 6 per cent, for 7 y^^rs^^
^^jf^

22 days. ^^% ^ o tlo
8. Wiiat is the interest on $999-99 at 6 per cent, ^r 9 years 9

months 9 days V ulws. $686 494165.

9. What is the interest on $68-70 for 3 years 4 months 27 days^^t ^

T)Gr CGnt ^ .xxtio* ^

10. Find the interest on $742-63 at 6 per cent, for 3 years
2^8

days^^^

11. To what sum will $200 amount in 7 years 4 months 11 days Jt
6

cent ?
'"^*'

12. To what sum will $74363 amount in 9 years 3 months 9 days at

6 per cent. ?
^w«- ^^^^^ 4bOU9B.

27. To find the interest on any sum at a.iy 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. 2Q.
i ^^„*

llien add to w subtract from, this interest such a fractional part

of itself as the given rate exceeds or falls short of 6 per cent, per an-

The amount is obtained by adding the interest and the principal

together.

•In order to obtain the correct answer, this fraction ^,t;"Jt.;^^'";\t'^^^^^

be retained in the form of a vulgar fraction; and la tliat case it is better to

ittuke the interest of $1 for the given time the nmUiplier, ,



^56 fAftTlAt PATMEJJtS.
\

(9«ct. ttit

days^S's per«S" '' *' '°''""' "" **'» '"' ' ^"^ ^ """ts „|

OPKRATIOIT.

mcrlSe^'t b;r.*£.^SriaV,r f-^^^^a;? thVntere«t at 6 per cent,and
cent, by one-slxth; at 14 percent doX^ ?h« i'nl^fT^^^^® Interest at 6S
crease it by i oHhe interesUt S per cen?^ Ts \S'rott''VrX *'^''*' '»"<iK
per cent, and deduct one.»ixth;itUmT ient iZfA^, *?* '^^^''^''f "^6
and deduct one-fourth, &c, &c!

^
' °^ *^* interest at 6 per cent..

Exercise 108.

'•

":?8peVi'e,..'"''""
"" *'*'«•"'" ^ roa,.f"„"„n^S1it:

* \^'^s ""' *»''»•«— '»
^ ^- ^pthfra:^^

e. To what sum wUl *7766-56 amount in 100 days at'i pe'r omf

*•

"^^i'^r ce^t"'"'''
"" *'"'•" *"'

=* ^"^ « »-*»"''S
'

"^"'iV'?
""'"'""• *'*''^™"' ""^ » '» Defembefn, afe

10. What is the interest on a note of $1880'63 from Au^\ifZ
., J? 'f';"\"' ""2, at 7 per cent.? ^t" JW-el '

11. What « the amount of a note of I620O fromXt. 8 ISM toJanuary 9, 1869, at 6 per cent, f aT j^S^

PARTIAL PAYMENTS.

28. To compute the interest, on notes or bonds, when
partial payments have been made—

"», wnen

RULE.

^ tf>£ interest be paid by days

:

'^

^-"IgaKjj^
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ns. $7874-418^

ins. $109-63439!

the remainder by the number of ietpe iohiek passed between the first

and second payments. 8ubtra(ft the second payment^ and mtUtipfy

this remainder by the number of days which passed between the secotui

and thirdpayments. SiUttraet the thirdpayment^ Se.

Add all the products together^ and find the interest of their turn

for one day.

If the interest ii to be paid by the Utede or ttumtk^ Utibttittite weeks

or monthsfor days, in the above nde.

ExAMPLK.—How much principal and interest have I to pay on the

following note on iktb 10th NoVe^oiher, 1869 ?

-tofiOMfO, Wk detober^ 1868.

For value received, t promise to |»a7 'Hmothy Thomas, or order,

the sum of six hundited fmd twcinty dirfuurs, on demand, with interest

at 6 per cent
Thomas Wii

fhe foiiotHng endorsements were made on thl8;note :-^

1866.'^NQV(^ber if^ there was endorsed $ 47*60
•• JDwember ?8th, " " " 108^98

I869.-*<flbn«fay iith, ** »^ ** 216-ld

Me 6th, ** " " M'iO
^ smS* 2hd, •* '« ^ m-iiii

u
H

l^tn

OPKRATION.

for. to iSfSth Decem
Jctc to ;lUh Febrascr
feBrasry to ept «^dif6

liiiie to Snd SeptemM^
*« 2nd at^ptdmber to 19th Nov.
Whole sum |68a-00 for tt dayss

First endonemeiii 47*50

u

S)tl«iMto#T9«6 for 88 days= I1889S-50 for 1 daj.
Second endorsement lOSIM

Balance I488-57 for 45 days= fSOSeO-eS for 1 day.

Third endorsement 216*18

Balance $247-89 for 115 days= $28449-85 for 1 day.
Foorthendoraement ^-19

^nlance^^ for 88 dayss ll^ildl-fit fytHsif:
Fifth endorseinent 1^-25

dldHineo |4-04fbr«9'diysa5 '278-7^ for I dliy.

Whole InterestA that of |1086S9-^ fi^ 1 day.
. ^

fnterest on fl0!3!^-28 at 6 per cent for 1 yearis ^^l^tktti
Hence interest for 1 day s |<8ll^6tNI8 -»« 166— li^^KM

' 9n interest .due ....
l4iiki>A nn nni*

PrlQcipal and iatiuMt'dM r§&%tu

1

1

r'.

. u.

+ 4,

I ft' [
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KJI

Exercise 109.

1. What principal and interest was due on the following note on tU
Tth October, 1860 ?

6 « un ine

GuELPH, June 2»uf, 1859.
For value received, I promise to pay, on demand, to James Geome

or order, the sum of twelve hundred and seventeen dollars and thirtt
cents, with mterest from date at 6 per cent.

^

Joseph Johns.
On this note there were endorsed the following payments :—

1859.—July 17th, received $20780
" Oct. 6th, " 209-60
" Dec. nth, " 820-90

I860.—March 29th, " 421-88

Ans. $98-6816.
^' ^^** P"°cipal and interest was due on the following note on the

1st May, 1863?

^ Port Hope, June 11tk, 1860,
For value received I promise to pay, on demand, to Mes^

Uenly & Jobson, or order, the sum of seven thousand, three hundredand forty-eight dollars and twenty-five cents, with interest from date
at 8 per cent.

Henry Goodpat.
On this note there were endorsed the following payments:

I860.—September 5th, received $246380
" December 7*,h, " 392-20

1861.—June 11th, " 982*20
1862.—February 7th; " 2842-90

December 19th, " 817-23

Ans. $10031883.

it

COMPOUND INTEREST.

i^.^ ^P'J°^
*'*® present articlo we shall merely take some of the simpler Dfob-lems In Opinpouml Interest, leaving tho full aiecussion of the rule untilKthe pupil 15 familiar with the use of Logarithms. (See Sect XI.)

30. We have poen (Art. 10) that when money io lent
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 uVT'n %i a giiren rate jiey cent. :

/
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wing note on the

BULB.

Find the interest on the given principal for one period, «. e., onb

TEAR, HALV TEAS, OT QUABTER, OS tht cose may be, and add it to the

principal.

Thenfind the interest on this amountfor the next period and add

it to the principal usedfor that period, as before.

Proceed in this manner with each successive year or period of the

nroposed time.

Then the last result will be the amount of the given principal, at

the given rate, for the given time. Subtract the given principal from
this, and the remainder will be the Compound Interest required.

Example.—^What is the Compound Interest on $1000 for 4 years

at 5 per cent, per annum ?

OPERATIOir

JlOOO-00 Principal.
60-00 Interest for 1st year.

1106000 Amount for 1 year= principal for 2n(l year.
62-50 Interest for 2nd year.

$1102*60 Amount for 2 year8= principal for 8rd year.
65*125 Interest for 8rd year. •

11157-625 Amount fur 8 years= principal for 4th year.
67-88125 Interest for 4th year.

11215-50625 Amount for 4 years.

100000 Given Principal

Ans. (215*50625= Compound Interest required.

Exercise 110.

1. What is the Compound Interest of $1800 for 6 years at 6 per cent.

per annum ? Ans. |608'806.

2. What is the Compound Interest of $700 for 3| years at 1 per cent

half-yearly ? Ans. $424'040.

Note.—Since the payments are made half-yearly, and bear interest at the

rate of 7 per ceni per half year, we simply find the amount of the given
principal at 7 per cent, for 7 payments.

8. What are the amount and Compound Interest of |67S'40 for 2

years at 3 per cent, quarterly ?

Ans. $853*0429 = Amount. $179-6429 = Interest.

4. What are the amount and Compound Interest of $860 for 3 years

at 4 per cent, half-yearly ?

Ans. $1088-1743 = Amount. $228-1748 = Interest.

3X. ComT^OTind Interest is most exneditiouslv «alcuK

lated by the following

—

w

'•It I

I
i

'U

h

P
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TABLE

m«nu.

<
T
8
9

10

11
12
18
14
15

IS
IT
IS
19
20

21
22
28
24
25

8per
cent

1-08O0O
1-06090
1^09278

1-04000 1-66000
lieo 1 10260

l-16t«2
1IW66 1-21661

l-8ia6»l-276i8

1-229871
1-26677,1-86857

l-80477il-42881
1-84892,1-48024

1*88428 1-68945
1-42576 1

l-46S68[lt

1-51259
1-66797

1-40710
'

1-47745

1-06000
1-12360
1-19102

l»-a6248

1

1-65188 1 ,
1-688891-7

1

160886

160471
.1-66285

1 7 - _
176851
1-80611

1*71084

'781681-97998

•80094*07851^
'

r

87298'2-18287

'ffW2:

189880m
2-26090

26
.27

28
29
80

U
S2

1-86029
1-91610
1-97859

208279
2-09878

10685 2-62695
19112 2-66880

2-5408&
2-69277
»•»;!!«

8-0'^t>^
8-20718

2-2787T «*7886« 8-89956

2'55?S*t^26 8-66854
2-46472 8-(]9l6ft8-8lM&
2-66880 8 22510 4-04898
2-66584 8-886811(4-29187

86
87

u
40

41
42
48
41
46

»
48
49
60

215669 2-77247
2^22129,2-88887
2^8798,'2-99870
2^86667 8-11865
2^71168.-24840

§3«0088-8iraj8

8-67608i8-50r

2-78190 8-79482
2-818^891609

>*89SS8'4-10898

9:98628;4-26809
8-0r«78'4^ft881
,81*r08 4-W687
846204;4-80102

8«099O 449806
8;46070 519278
8^)6462^40049
9-67l45^5'«[6BI

8-78160,6-84W8

8*89604 6-07482
4-01 19«) 681782
4tl882& 6.-67068

4 26622 6-88885
4-88891.710668

8«6667
8'?884«
8-9i0l8
4^11614

4-ffiil94

.4-68804
4-76494

5-(D08l9

5-26885

6-^)601

0-79182
6-08141

6^^548
6-W475
7-08999

7<*9169
7-76159
8-14967
8-65716
8-96601

9*48426
9-90697

4-64988

482235
5-11169

5-41839

6-74849

61)8810
6-4^9
6-84050

7-25102

7-68609

8*14726

8-68609

9-15425

970851
10-285^2

10-90288

11-56708

12-25045

12-98648

18-76461

14-69049

15-46692

10-89887

1O-92188I17-8770O
11-467401 18-42515

To compute Compound Interest by the above

BULK.

^»^,f*'*'**"*"~*^^*'>-'*' <««» ti^ and eta.

woo = PrihcipaL %

|8f6e-862=Int«r««i



<wo». ^rj^

PJfDiNTEEEST
1 TO 80.

'

M^9,m 00MPQGH9 BVfXBXffl.
aiejt

Sper
wiitt

41J«U
4-8S1M

.4'688M
4-t64d4

6-25885

8-W182
«D8U1
688648

7-669»9

7'W169

B-14&67

8-56T16
8-966&1

9-48426
9-90687
nH4Q127
10-92188

il-46740

• per
cent

4-64988

482235
6-11169

6-41839

6-7434»

6!08810

6'45889

6-84069

7-25102

7-68609

8-14726

8-68609

9-15426

9 70851

10-285^2

10-90286

11-55708

12-25045

12-98548

18*76461

14-59049

15-46592

16«9887
17-87700

18-42515

y the above

ime and at the \

,
and the result

reniainder viill

id Interest of

: «2-07S98.

£47 10a. xor 6 years at 3 per cent half |iearif f

We find bj flie table that
jBl'4267c is the amount of iSl for tha given time and tatei.

47-5 is the moltipller.

^67-1281 ssvtmt^ is'tlie Mjioli^niiimBfti
47 10 la the given prindpaL

AadXSd «0i U t^e niil&frad ttli^M«t'

1. What tire the amount and compound interest en $876 tor 1% yean
at 6 per ceniL f An$, Amount =r $1,661*0126.

,
Interest = i786-<)i25.

% What are the amount and ootnpbund interest on $648-98 for 13

years at4 per eeoL half-yearly? Ant. Amount = $1786*4^623.
latereai: == $1141'48628.

S. What are the amount and compound interest oJ^ 1 cent at 6 per
cent, per annum for 46 yeaMt Ans. Amount = $'187646.

Interest = $'127646.

4. What are the amount and compound inteT.d8t of $78*20 for 7 years

ok 3 per oente (|uaH«rly ^ An»» Amount ^er $17-8^916.

^ter^ = $1^*716.

5. What are the amount and compound inter^t of ifjft'ti,mt 9 TOius

at 6 peir cent, half-yearly f Jtuf.- JlimiMiht^ sr fl87f'^68.
ittOi^^ ss 11094-0268^

6. What aire tiw amount and eotspounjl interest o£ iK44 6& 9d. for

11 years at 6 per cent per annum ?

Ina. iijnbunt = £8^ la. 6dl

Infeitesi^ = £^9 lOi. 8d.

7. What ard the ambi^t and'doinpotuid'ihter^irt'df i^fi 48; 9^m
S years &t 4 Tpet cent hklf-yeaHyiP

Ant. Araoimis £40> 10^ liOfdi wiillj'.

I

33. Q-iven the amount^ time and! rate—to fibd the

rincipal ; that is, to find the present worth Of any sum to

le dhe hereafter—^a certain rate of intet^t be^g allol^ed

for the money now paid

—

BULK.

Find bv tke Table the amount of $1 ai a given raie and for the

^mn Hme'and divide it into tktgikm amnuitU 2%« ^ptottenfmil bt

the principal, _ ^

.t r-t



S62 DISCOUNT. piotVlH.

ExAMPLE.^Wlxit principal will amount to 110000 in 12 years at
6 per cent, compound interest ?

OPBBATIOK.
Amount fif $1 for 12 years at six per cent - 12-0122.
110000 -i- 2-0122 = 14969-684. ^«*

Exercise 112.

1. What principal will amount to |7489-87 in 1 years at 4 per cent

2. What pnncipal will amount to |9198-90 m 20 years at 6 per cent

.
con^POund interest? Ans. m^b-OSl.

8. What ready money ought to be paid for a debt of £695 IDs. 2*d
to be due 8 years hence, allowing 6 per cent, per annum com!

A.

P°^°d interest? ^
^n,. £600.What ready money ought to be paid for a debt of $7111 -11, to bedue 7 years hence, allowmg 6 per cent, compound mterest ?

K im.«* • • 1 . X . - ^*^' $4729-296.

^io'v!'*^*'?^^ P"* *** mterest for 6 years, would amount to
£268 08. 4|d. at 6 per cent, per annum ? Ana. £2^.

DISCOUNT.

34. Discount is an allowance made for 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 a man $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 bemg put out at mtere for 1 year at 6
per cent will amount to $106.

86. Prom Art 18 It is evident that to find the preseiu worth of a note.
payable at some fiiture time, without interest is simply to find what principal^
put to interest at the rate specified, will amount to the sum named on the fac«
of the note in the given time ; 1 «. by the time the note becomes due.

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 = ^
1 + rt

Intbrprbtatioh.—7%e present worth is found by dividing the
amount of the note, debt, dbc.^ by the amount of $1, at the specified
rate per cent, for tfie given time.
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Note.—The discmint itfound by deducting the present value from,

the note, debt, dsc.

Example 1.—What is the present value of a note for |860 pay-

able 3 years hence, allowing discount at the rate of 6 per cent, per

annum ?

OPERATION.

Here A = $860, r = -06, aud < = 8. Whence 1 + r« = 1-1&

Then P = -^—^ .= |.^ = f728-81JJ. Ana.

Pboof.—Interest on |728-81 Ji for 8 years a» 6 per cent. = fl8M8J8.
Added princlpiU = 72881H.

Amount = $860-00

Example 2.—What is the discount on a note for $728-63 due

9 mouths hence, allowing discount at 7 per cent, per annum ?

OPERATION.

Here A = $728 68, r = -07, and t = -76 year. Whence 1 + rt = 1-0525

Then P = r^^^ - ISS = |692-285 present worth.
1 + rt t-0625
Then amount on face of note. $728*63

tteaent value 602285

Discount.. t 86444 Ane.

Exercise 118.

1. What Is the present worth of a note for $962, payable in one year,

at 4 per cent, discount ? Ans. $926.

2. W hat is the present worth of $2202, payable in 6 years and 9

months, at 6 per cent, per annum discount ? Ave. $1687*174.

3. What sum will discharge a debt of $1003-50, to be due in 8

months hebce, allowing 6 per cent, per annum discount ?

Ans. $964-9088.

4. What ready money will now pay a debt of $716 due 7 months

hence, allowing discount at 8 per cent. ? Ans. $684'0764.

5. What ready money will now pay a debt of $1342-60, due 126

days hence, at 6^ per cent. ? Am. $1813-266.

6. If a legacy of $2400 is left to me on the 3rd of May, to be paid

on the Christitiaa day following, what must I receive as present

payment, allowing 6 per cent, per aimum discount ?

Ans. $2824-84.

7. Find the discount on a bill of $2202 at 5 per cent., payable 9

months hence. Ans. $79-59036.*

8. What is the present worth of a note for $4860, payable one year
K »,^v.tV.. Uawtna Q* A nor />Anf V Ann *401 ft-4.S81 7-

9. What is the present worth of ft note for $1647, due 11 months

hence a^ 6 per oent. ? uln«. $1661-13744.

f¥

p.

i
^

r;
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10. Reciutrea $he ptf^ni worth of » note for |2000 due 8 yeare 1
mohths htince, at 6 per cent. Aru. $1646 09068.

11. What ia the disoount on a note for $2070-90, payable 1 yearT
months heuce, at 6 p«r eei^t. ? An«. |161-019

19. What i» the preseal worlh of a note of 1970-68, payable in 11
months^ al 8 per cent. ? Ana. |904-818.

Non.—When the poyments arc it, •
, ,i«i,i« At different times, find the

present value of the sums sepurat ^ • ; lUir *, ,» vill bo the present value of tho
note, and, OS belbre, this Bubttactod ftrom site whole amount will give thedis-
count*

18. What is the discount ou $8024, the one half payable in 6 and the
remamder in 12 months, 7 per cent, per annum bring allowed?

Ans. |l600464.
14. A merchant owes $440, payable in 20 montfii, r,. -^^ ^g^ payablem 24 months ; the first he pays in 6 moiuths, and the second in

one month after that. What did he pay, allowing 8 per cent
per annum ? Atu. |120a

BANK DISCOUNT, i

37. Bank Discount is n charge made by a ban)- for the
payment of money on a note Wore the note is due, and
differs materially from discount as commonly calculated.

38. 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 prreater than the true discount by ike in-

terest on the discount;

89. The three days ofgrilse, which by mercantile nsage,
are allowed to elapse after a note foils due, before it is pay.
able^ are always included by banks in the time for v hich
they oakulate the discount.

40. TVo kinds of notes are discoonted at banks:
1st Bmineta nnUa or ttuinesa paper. These are notes actaally given by

•ne individdal to another for property sold or value received.
2nd. Acscouimodatlon notes, called pIs" accommodation paper. Tliese are

9ptes made for the purpose of borrowing money from tho banks.

I

41. To find the bank disoount on a note :

—

KULX.

• Add 8 daj/» to the time which the note has to run hefwe it heeomet
due^ and eaicviate the interestfor this time at the given rate per cent.

-ixri i
- TT ua'o iuS uan& disCOuut un a note of

~'^"

ih 69 days, nUowing discount at per cent, f

per

f 1 00, payable



^Itn. 87-48.] BANE DISCOUKT. ^5
OPBKATIOl*.

ner» the time fhe nott ha$torwiU12 day$^2moHSi$ 12 day».

EXKRCIgK* 114.

1 What is the bank dtecouat on a note for $986, having 2 years and

S months to run, allowing discount at 7 .;)er cent. ?

il»M. flOO'oTUl.

2. If I have p note for $640, payable m 100 dajrs, and get it dis-

counted at the rate of 8 per cent per annum, what diBco^n^ am

1 charged? , . "^"""'f^t 1^
8 I sell a horse and carriage for |568-80, and receive a note for that

sum, payable, without interest, 91 days hence. Now if I get this

discounted at the rate of 6 per cent, per annum,
7»'f!??i 'ZJ'

receive* Am.t&wm.

42. It is often necessary to make a note of which the

present value shall be a ceptain sum.

Thus suppose I require to receive from the bank $1000, and wish

to give my note, payable in 1 months, at 6 per cent., what amount

must I put on the face of the no; e ?

Now the fntorest on $1 at « per cent. ft» T months and 8 days (I. e. dap of

gn.ce) ir$008BB, and this wUl be the bank dSaeount on $Vft>r % months at 6 per

'^"^To get the F««n^^"^ o**** ^* auMwct ICWS* ftom fi, which gives us

Hence for every $0-«W> I receive, I mn^jmi fl on the toce of the note;

M,dtherefoTetoreeelve$100ft,Imu«tp«t^-^ e.$10M-80«on thefaceof the

note.

^*^-5Sr2^t'ii «i0»eb6-;r« per«nti»;r an. Jbr T men.. 8ft-806

Prcsentvalue
WOOOOO

Hence to find the face of a note, due at some future

time and discounted at a given rate per cent, per annum,

that shall have a known resent value,we have the follow-

ing :—

These eximples are worked by the role Jrf^enjn Arte. 9» «»d ^T. If the

.Ko^int.i^ ,.ar«.«t an«wer i« reauired. it mnst be obtained l^: dednctin^ frou^

thls^TesiilteyVof the Interest for the 'ay« used, as
»ri!^'-«fT'»'^«-

^ ^*°

imple 2, It wft! be observed, this makes a-dilJter«w» of 9ft ceatfc

I ij

h li

I
pi

1

f

r
'

li

m

13 wfr

•
r

I
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<^^f ofgrace) and at tke JLV.f J^^'f"^ *'^ {addinn the tU

Interest on |1 for 8 „„„th, 2I dayTaTfi r"*' .

«jfjve« us l0^5e5.priSVt&%T*-=»0^ and thU, taken from
° 0-9666 " ^<*<'*7. Aii9.

1. What sum mugt I nnt o^?k''?'*
"''•

that I may obtain $3766 y,lt^^ "" "°^ P^^^^e in 90 days socent? *'^'°** ^^en discounted at a bank at V n
2. For what sum must a note hp Hn„ -^««- ^3824-]?

that its proceeds at 5 per cent b
°
r/^'*'

^" ' ^nonths in^tde;
*^ '''*• ^^'^ ^^««"»t may be $1147-80

1

o. i<or what sum must a noto h*. Ar^,^ -^*»- %1111-1U

—

>

, ^««. I717-24U

EQUATION OF PAYMENT&
43. Equation of pavmentfi in i\.^ ^

equated or average timfZ^n fwn
^'"^^"^ of finding the

at different timTs, nT/ be madlJ """'' Paymentsfdue
either party. -^ ® ""^"^^ «^ ^^'^^^ without low to

time. '^ '^*"'"' tbe mean time or cyaaferf

«._To find the equated time for any „„mber of pay-

EULE.f

f«„ t,TA'« '"'« 18 baaed unon «,. .„ ..

^ucii Quiy to tuO

ments

;
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Vote—When there are both days and months, they naust all bo re-

^"'
duced to the same unit ; i. e., the payments must all be reckoned

for so many days, or so many months or parts of a month, it

o^e^ftho payments is due on the day from which the equated

Ze is reckoned, the corresponding product w 11 be nothing

;

but in finding the «um of the deb^ this payment must be added

with the others. (See Example 8 below.)

Example l.-A merchant purchases a vessel for 17000, $2000 to

be pa?d in 8 months, $2000 in 6 months and the balance m U
moiE Now if he wishes to make the whole m one payment for

what time must his note be drawn ?

OPERATION.
•2000 X 8=$ 6000x1
2000 X B= 10000x1
8000x11= 88000x1

7000) i!'49000(7 months. Ant.

ExPLAWATiOM.—The Interest of $2000

tor three months Is equal to the into'eft

•f f6000 for one month. Similarly, the

Interest of the second payment is equal

to the Interest of »10000 for one month,

and the interest of the third payment Is

SJual to the interest of %2&m tor one

month Hence, the interest of the several paym*"**'
»S*^« I^Jj^-^S^Me

?^ »o„«i to thftt of i49000 for one month ; and if we divide this $49000 Dy ine

JjroTlhe SfnlSWw! we"obtain 7 i-onilj^^^e^e^r^t^ time.

That Is, ITOOO : $49000 : : 1 month ; Jn«.= -|fdoo-=''
months.

ExAMPLB 2.—A person owes another £20, payable hi 6 months;

m. payable in 8 months ; and £90, payable m 12 months. At what

time m4 all be paid together, without loss or gain to either party ?

OPBBATIOir.

£ £
20x 6= 120
60 X 8=^ 400
90x12=1080

160 160)1600(10 months. Am,
1600

Example 3.—A debt of $460 is to be paid Aus: |100 imm^

diately, |300 in four, and the rest in 6 months. When should it be

paid altogether ?

discount, which (Art. 88) is always less than the interest :
but the discrepancy

m— «nnated time and r=the rate of interest per unit.

And Since «,"hTStedt?re%i2snet.ween t and
j;

the time between f and

»

iB= «-«, and that between t and » i8= t-a.

The interest otp tot the time m-t is (from Art 18) pr (as-t).

Also interest ofp' for the time f-a ]»pr{t --«>).

Hence «r («—* = p'»* (t'—fB).
'

And tB = -P* '^ ^'^
, which is the rule, and may be BimilaTly proved for any

p+p'
number of payments.

<f'>
l>

' .,

rr*
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OPSRATIOV.

1160 i^Oa: •

460) *

a, A owes B ^600, of which |200 is mvable in » ».^.ti» •,«« .

months, «id the rest in 6 moXfTt k il i^eS t^ Ji?^ j",*

4. I owe $1000 to be piad down tlBoft ih /^«^***' fe ^^?**"*^8.

months, 1700 in ^^u^^f'ii^oS'inTZ^T ^h !

«. bought of Ifessrs. Hendrie & Robarts. iroods to td\T°^amoun^ on the credit of six moriSSv^
^ t^nomng

^JJoJfebruary, a bill Of 8000.
6th of March, a Sill of 1^400.
8th ofJane, •biUof 88fiO.

'^.^ l^K?*" '^'Jy
*^ ^^* °»y '^o*® fo' the amount • at wh*t t!m«m«t .* be m«ie pajaMe? X' sUX^'

PAKTNERSHIP OR FELLOWSHIP.

nt ^' ^^'^^^'^^^P ^'' Fellowsbtp is the joinma- together^o or more persons for the traneaction o?uZlJ^mg to share the profits and losses in proportiiHothe^ount of money each investe in the hmiZT
*n/J' ^^^''f ^^^^ associated are called Partners.^«nd the association itself a Company or Firm,

""

Tto. J ne monev emnlnvprl id ««!i^^ *v _ >» .. , _ .

49. The gam or loe. to be shared is calledthe MWdend,'



ABm 46-ftl.I Smi'Ui »AJKtN£SdfilP. 2lg9

: A> BllUtf«b

SIMPUS PARTNERSHIP.

60. When the partners employ their shares of t^
capital' for the same period of time/the partnership » call.

ed Simple Partnership.

It is also called Simple PartnewMp or P«rtirt«Wp wtthont T!iB«.

R1 it ia evident that the whole stock wMch Boftrs thejnlnor loarmnrt

t.A sVmJ Fojoiiion to the «to«k of .Mil pi^tner Ih.* .&• whoto g^n dt

luw bears to his share d the gf4n «» »»

Hence, for partnership without tto», IWJ have tii6 fol-

lowing :

—

MLB.

AS the whole stoek if to tach rnatC* »kan o^ #• Atoe*, «a •• <*•

vikfM gain w Im toMMhmm'* flft«w ^ '*« 5'«'«^ «r ,4«W-

EXAMPLK.-A andB enter toto trade t«Aa «f»^«fW^^
Hhioh A contribute* faOOO and B the lemamder. Tfcef «»ia •«««*.

What is eacb maa*t tiiMe of Ae ptottft-?

Whole sto«* : A's sto* : : ^Ik'^JET^U;*'^ P***^

Th»t is, taiOO : IBOOO :.: tl?QO : - ^^ = W^iWS

Agttin,>rbo|e »to(Bk • V% •*<«*:^^^<&R™*' '
^'' P™**"

That to, 1^00 : $1700 : : 1200 :—^ = »561-361 = »'« -t"*"*.

NoTB. After A's share has teen found, B'a share may bt obtained by sub-

tracting A's profit flrom the whole profit

ExSRCIgE 117.

1. Two merchants entw ^nto partnership fdth a ftodic of ^300, flf

which A contributeB ipdOO. They gem |llit £pw shooWf

this be divided between them t Ins, |^^^ g|?.J^;

ja. TUree persons A, 5 and C.ngree to
f>^ JJ^^^Jg^*JJf^

u^acture of woollen cloths. A puts in $6470, B fS780,m^
$9860 By the end of the year they find tha* Aeyhaw gainea

17890. What portion of this profit beloi\p53
«*«*2o*oo.ak«

^'B share = $1488068.

Cs share =s:|8»68 49C

8. B and C buy certain merchandize, amounting to |836, of whidh

B pays $120, and G |SOa; and they gain |90. Bow ,» it tobe

ilvviidv ^«»- B |80 and C iKK>i

4. BTnd C'gain by trade $728; B put in |1200 and C $1600.

What is the gain of each? . ^'^^L? ^^^?|^^ S !ii i
$< Two pScSOUB 3*6 lO ,o»i5»»"v 51iW iis ^;- W^^'TT^' ~.

l'.

J
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J??'S^*°*^ '^""S' ®"®^ *<* ^ ^^^^ «°<^ C ^9<^0
;
but has onh£110C to meet these demands. How much should each credit.^

receive?
^ Ans. B £392f and ^1 f^OYi

7 Three merchants load a ship with butter ; B gives 200 casks C800 and D 400 ; but when they are at sea it is found necessary
to throw ] 80 casks overboard. How much of this loss should
tall to the share of each merchant ?

Ans. B should lose 40 casks, C 60, and D 80
,
8. Three persons are to pay a tax of $100, according to their estates"

B's yearly property is |800, C's $600, and D's |400. How much
IS each person's share ?

"" uiuta

ns^-H. ion •
. i"^'

^\^^'44^' C's $38-88i, and D's $22-22^

10. \«hjp worth
1^^^ iofitbi"gedVB;T?o''c'

and the rest to D. What should be the loss of each, $540 being
received as insurance ? An^:. B $4S, C $90, ^nd D |225^

Three pereons have gamed $1320 ; if B were to take $6, C 6ughito take $4, and D $2. What is each pereon's share ? f
10. Th..^ •• T. ^'^^^ B's $660, C's $440, and D's $220
12. Three persons join; B and C put in a ceitain stock, and D putm £1090; they gam £110, of which B takes £85, and C £29How muc'i I'ld B and C put in ; and D's share of the gain ?

Ana. B put in £829 6s. 21kd
C " £687 3s. 6Hd.I

and D's part of the profit is £46.

COMPOUND PARTNERSHIP.
52, Wh*^

: the partners employ their capital for differ,
ent periods of time, the partnership is called Compoui<d
rartnership or Compound Fellowship.

It is likewise called Double Pprtncrship, or Partnership ^With Tim*
.^A i?^

example
;
suppose A puts In $200 for 8 years, and B t300 for 4 r#A«.

Part5e?8^hir
' * "''"'"*" ^'° ^^ ^*^- '^^^' '^^'"^^ give a cL of Sm/oua

two drcumsSIs" "" P'"''' *^** ""^^ '"''"'^ «^«'« ^' '^' P'^fi' ^^P^"** ^n
Idt. The amount of his stock ; and

?loA 7^1. P^f^'^l/o'" which it is continued in the business.

-» V
that when fhe times are equal, the shares of the gain or loss are aa thrt

?Wi"^7 n®° ^t ^^''\' ^'^ *^^"*'' ^^' «»''*''^« *«•« «» the timis ;%nd when ndthe?the times nor the stocks are eoual, the shares are as their products

^
Hence, for CompcuDr^ Partnership we have the follow-

mlm.
Multiply each marCs ttock by Ih^ dme he continues it in trade ;tnP.n. still /ja th^ iM.*v> y\^ 4tijt ,n<u^^^..i. .'. J- > _ ^.. . . . '

M the whoU gam or Ion (q tach mm'i thare of th* gain w lota.
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ExAMPLB—A contributes $120 for 6 months, B l|^8 /<>; 1

1

months, and $884 for 8 months ; and they lose $66. What is CTb

share of the loss?
OFBRATIOir.

$120 X 6=$720 for one month
836 X 11=8696 for one month
884 X 8=80T2 for one month

i =$T488 for one month. \

„, .^ $8072x56 ^aoMTA
$7488 : ^072 : : $66 : C's share ; or

^^^
= I22W4.

•PxpLAKATiow.-It is clear that |120 contribnted for 6 months we, as fer a» *

fte S"ot!osSTconcerned, the same as 6 times $120, or $720, contributed for

fne month. Hence A's contribution may be taken as */20/oj ^ month ;
and

for the same reason, B'b as $3696 for the same time • and C's as $2072, also for

tte«Sa^ time. This reduces the question to one in Simple Fellowship.

Exercise 118.-

1 Three merchants enter into partnership; B pots in $357 for
J

months, C 1371 for 7 months, and D $154 for 11 nionths; and

they gain $347-20. What should be each person's share of it ?
^

Ans. B's $102, C's $148-40, and D's $96-80.

2 B 0. and D pay $160 as the year's rent of a pasture. B puts 40

cows on it for 6 months, C 30 for 6 months, and D 50 for the

rest of the time. How much of the rent should each person

plyr Ans.B $87-27f'. , $54-54^, and D $18-18-.V

3 Three dealers, A, B, and 0, enter into partnership, and in a certain

time umke £291 13s. 4d.. A's stock, £160 was m trade 6

months; »% £200, 3 months; and C's, £125, 16 months.

What is each person's share of the gain? „,^„ '„ .

,

Am. A's is £75, B's, £50, and C'S, £166 138. 4d

4. Three persons have received $665 interest; Bhad put in $4000

for 12 months, C $3000 for 15 months, r.nd D $5000 for 8

months. How much is each person's pari of the mterest ?

A7i$. B's $240, C's $225, and D's $200.

6. Time tro<^ of horse rent a field, for which they pay $320
;
the

fi<.»t mm into it 56 horses for 12 da's, the second 64 Tor 15 day^

and tb*e third 80 for 18 days. What must each pay ?
anu t«r V J ^^ ^^^ g^^^ must pay $ 'I^i,

The second " 100,

The third *' 150.

Three merchants are concerned in a steam-vessel; the first, A,.

Duts in $960 for 6 .aonthn; the second, B, a sum unknown for

12 months; and the third. i\ |«40, for a time not known when

he^counts were settled. A received $1200 for his stock and

profit, B $2400 for h'lK and C $104o (m his: what was B's stock,

and C'j t.ime^ _ _ _ • '

~
Am. B'a stook w« fiOW| am ui mae itm 1? muuiiis.

6.

'^ m
1 fl

-.N

I

.-.-I

.

'-ft..

11

ii

»rl
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\

^<»"r'WA<^5 «« In ff mpotha, he would oitA ilMrn 1| moBtha- tr,.» *A'a atdtik and proflf it tBe «bd <;#12aimm^Mwm?$m:^&!^
Then 11440

:
8400 : : $960 : B'a atook ; ar?^^=«ie00 B'e stock.

Again, B'8 stock
:
C's stock : : B's pMflt : C» MjBt Ibr iSune tline, vte. : n

months. Th«t is 11600 M40 • • Moa • ?*Llr??_ «ma «
months. ' '90W.. |WQ . ^^ ~|M0 e G5l profit for U
Lastly, O's profit for li Months : (Ts giyen profit : : 12 months : Cs time:
that msao : 1400 : : 12 month. :^=15 months, Cs time.

''^^ ^*^ foi-g^^^iiestion A*^ am w«8 1240 dorbg 6 monOM, fits#800 duA^ 12 moatiw, «„^ ^a |4oo during W mo^anrf
What were thei-r stocksf ji^. ^,g^ ^ Jg);;

B^fl " 160o!

^Jh ttade 6 months, fe^« 12 tucutfae, add e^^aTSwrtte. kS
«M 0940a "Wfiatwueachpefsons^tock? « » " 1

i^iw. A»fl <ms $d6Q^m |ieO<V a«l C% IMO;

QftnftSTiojfg t<5 WB AmwitKm fit- the pupni

1. What Is Interest? (1)

I feh^fSt's'jaslifsr'*"*''^'''^'^
tWhat is meant bjr the m«e fKf owiff (4)What Is meant by the raUon' udafai
7. What is the Inteftwt^ ^r^^"*^' W
«. What b the amoafitffr)

R^lT «;«»brafcafly a Ihllm of rules for Simple Interest (12)

KoTE.~Au8w«i this and succeeding similar questions by giving the form.

Interpret this formula. (18)

Interpret this fbrmtitt. (14)

'

^
gTvln Ml5** ^'

'**'*' ^"^ '^» "» ft'^a'^^Wp**^ and «*e aregiven? (16)
-^terpret tbls fonnala. (15)
When file ^M^iMM'a^is:^^^^^t'ifik it

Interpret
nhen -

-••»»••«, «ww » urn cune zoaiulf
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B stock.

' Oto«, viz. : u
profit for 19

ths; (78 tiioe;

montlis, W«
nontiMs; and
es is 34560.

swaaf 960,
I

*• 1600,
" 640.

oiODtlw* ahd
Hie, B $800,

21.

22.

28.

24.

25.

26.

2T.

28.

29.

30.

81.

82.

83.

84.

35.

87,

'm *).

41.

t^ial^^at 4i!

4J;.

(It
4^:.

4Ji.

Lenge? (8> 4t;.

45.

4«.

48.

5(.
PLl

^)!"i"5

51.

52.

^:'

^i.

ftnd «m« an fw.

56,

ig Ui«lbmi> 67.

58.

69.

theitOe for

6i).

61.

a&timeatn 62.

iOM R>aD<17

Interpret this formula. (16) v , *», w ,«
When the principal, rate, and Wm« are given, how is the amount round?

(17)
Interpret this formula. (IT)

When the amomit, rate^ and time are given, how do we find the principal?

(18)

Interpret thi.s formula. (18)

When the amount, priiwipal, a,nd time are given, how do wo find the rate?

(19)
Interpret this formula. (19)

When the amount, principal, and r-a^e are given, how do weflud the tliuo?

(JO)

Interpret this formula. (20)

How do we find the time in which any sum of money will amount to any
given number of times itself at a given rate? (21)

Interpret this formula. (21)

How do we find the rate at which any sum will amount to a given number
of times itself in a given time ? (22)

Interpret this formula. (22)

When the time and rate are given, how do we find to how many times itself

a given sum will amount ? (23)

Inter|)ret this formula. (23)

How do we find the interest on $1 at 6 per cent, per annum for any num-
her of months? (24)

Ilow do we lind the interest on $1 at 8 per cent, for any number of days?

(25)

Ilow do we find the interest of any sum for any given time at 6 per cent. ?

IIo,v uaay we And the interest at any oiher rate than 6 per cent. ? (27)

How do we compute interest on notes, «&c., when partial payments are

made? (28)

What is the rule for calculating Compound Interest? (30)

Ilow i.'i Compound Interest calculated by the table given in Art. 31? (82)

How do we ascertain the present worth of a debt Jue some given time
hence, allowing Oimpound Interest at a given rate? (33)

WliatisDiswunt? (34)

What is meaat by tiie present worth of a debt, note, «fec. ? (3.5)

How do w» compute the present worth of a debt or note ? (36)

What is Biii»k Discount? (87)

Whatistlw distinction between Bank Discount and True Discount? (38

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 notes, &c. ? (41)

How do we And what amount to put on the face of a note so that its present

value shall be a certain sura? (42)

What is meant by the Equation of Payments ? (43)

What is meant by the mca7i time or equated time of payment? (44)

Row d 1 we find the equated time of payment? (45)

What is Partnership or Fellowship? (46)

Whfll are the persons associated together in partnership called? (47)

Wliat is the money employed in the business called? (48)

What is moiiat by the dlvi lend? (49)

Wliatis the distinction between Simple and Compound I >-'3hip? (50

and 52)
By what other name is Simple Partnertihip known? (50)

Wliat is the rule f >r Simple Partner lip ? Qi)
What is the rule for Compound Paitiiyviihip? (52)

&

_ r r^'^^^^^l

1H
1RH
1 ^^HH
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SECTION IX.

PROFIT AND LOSS, BARTER, ALLIGATION, CURRENCIES
EXCHANGE, &c.

'

PROFIT AND LOSS.

1. Profit and loss is a rule "by which we are enabled

to ascertain what we gain or lose in mercantile trausac-i

tions. It also instructs as how much we must increase or ^

diminish the price of our goods in order that our gam or]

loss may be so much per cent.

CASE L i

2. To find the total gain or loss on a certain quantityl

of goods when the prime cost and selling price are glv nj

FIRST RDLS.

Find the price of the goods at prime cost and also at the seui

price. The difference will he the whole gain or loss.

Example 1.—What do I gain if I buy 20*7 cords of wood at $ol8]
per cord and sell it at $4-25 ?

OPERATION.

207 corda @ !$425 - $879-76 = whole sum for which goods were sold
207 corda @, |8-78 = $78246 = whole cost.

Difference = $97*29 — whole gain = Ans.

Ejcample 2.—If I purchase 900 bushels of wheat at $1-47 perl

bushel and sell it at $1-25, what do i lose upon the whole transw-

tion ?
^

OPEBATION.

900 bushels® $1-47 = $1328 = w.iole cobi
900 bushels ® $1-25 = $1125 = who.e sum received for wheat.

$198 = whole loss = Arut.

Ill

SECOND RUL'^.

Mnd the difference between the (mying and selling price of a

bushel, Ib^ yard, d:c.

Multiply th£ gain or loss per busheL Ib.y yard, d'c, by tht wriiher

of bushels, Ibs.y or yards, and the result will be the whole gain or iosa.



, CURRENCIES

joods were sold.

elling price of a

•'KT8. 1-*.] PROFIT AND LOSS. 275

Example.—Bought 211 yards of flanupl at 37^ cents per yard,
and sold it at 45 cente. Required my totnl gain?

OPERATIOX.
• lO-OTS = buying piice.

10-45 = selling price.

$0-075 = grain per yard tJO-OTS x 211 = |16-825. Arts.

NoTB.—This second rule aflfords the shorter method of flndinir the eaia
arloss. " °

Exercisj!; 119.

1, Bought 317 lbs. of butter at 9 cents per lb., and sold if at 12^
cents. What was niy gain on tiie whole ? ^/i.s. $11-095.

Bought 2138 bushels of potatoes at 87^ cents per bushel, and sold
them at $1-20. What was my gain on the whole ?

Ans. 1694-85.
Bought 13 barrels of sugar, each weighing 31*7 lbs. net at 15 cents
per lb." and sold the whole for <l|!735. How much did I gain or
lose on the transaction ? Ana. Gained $116-86.

Bought 17 Icogs of wine, each containing 22 gallons, at $3-15 per
gallon, and paid in addition $2iV33 for carriage, &e., and an
ad valoi-em duty of 37i per cent, i sold the whole for $1625.
What was my gain or loss ? A)is. Loss $21-2175.

CASE II.
•a

3. Let it be required to find for what sum I must sell a house
which cojt $2900 so thot I may gain 15 per cent.

Here for e ^ery $100 thfi house cost me I am to receive $115, or for every $1
cobt I am to receive $1-15.

The selling ^Tice mi:st evidently he as many times $1-15 as the buviiig nrice
contdi-is $1 ; i. e., ^1-15 x 2900 = 4^33500. Ans. j s h *-"

Attain: It a pe-son buys a horse for mo, and afterwards sells !t so tm to lo&o
11 pi-r cant ; how much does he receive for it ?

Here for every $1 he paid for the horse he receives only $0 39 (siace he
loses 11 pbr cent., i. t 11 cents on the $l.)

Then, the seUtng ^>rice will obviously be ^OSfi x 230 = $204-70. Am.
Hence, ilo Jini ai what price an article raust be sold so

as to gaiu or lote a specified per' centage, the cost price
being given ;

—

RULE.

Find (Art. 2, Sect. VIT.) how much muRt he received for each dol
lar of the b>i\jinq price, and multiply ihis by the whole buying price.
The result will be the fieUi7ig price.

EXAMPJ.E I.- Bought a quantity of oatmeal for $1793-80. Fc
what must I sell it go as to f-ain 8 per cent. ?

0?~r^.^T:t>S.

Here for every |1 I expend I desire to i-,.,,

will be $108 x ITW-SO = n937'804. 4/««i
^0 11-08 ; hence, the fcelling prlw
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I a,'

Example 2.—Bought a lot of sheep for $7000, and am willing to

<ose 3 per cent. For what sum must I sell ?

997, and^ hcnco stlling

OPERATION.
Here for every $1 I expend I am willing to receive

price will be |0-97 x 7000 = |6790. Am.

Exercise 120.

1. Bought cordwood at |3-25 per cord. At what rate per cord must
I sell it in order to gain 30 per cent? Atis. $4-.>2^.

2. Bought a stock of goods for $13420. For how much must it be
sold in order to gain 5 per cent ? Ans. $14091.

8. Bought a quantity of wool at 11 cents a lb., and wish to sell so as
to gain 15 per cent. At what rate per lb. must I sell it ?

A71S. 12^^ cents.

4. Bought axes at $15'25 a doz., and desire to sell them so as to gain
23 per cent. At what rate per doz. must 1 sell ? Ans. $18-7r)f,

6. Bought a farm for $7890, and am willing to lose 1 1 per cent. At
what price must I sell ? Ans. $7022-ld?

CASE III.

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 pents.

Here 'he gain on each lb. is 24 cents.

That is every 43 cents invested gives a gain of 24 cents.

Therefore every cent invested gains ,"s of 24 cents — |J cenhs.

And hence, the gain per cent. = || x 100 = a|S!i = 55 8 per cent.

TIence to find the rate per cent, of profit or loss when
the prime cost and selling price are given, we have the

following :

—

RULE.

Mrui the difference between the buying and selling price, and hence

the gain or loss per unit.

Multiply this by 100, and the result will be the gain or loss per
cent.

Example.—A speculator invests $44400 in stocks, and sells out

for $50000, What per cent, docs lie make by the operation ?

OPERATION.

Here the whole gain is $50000 - s44400 = .|5600,

That is $44400 gain $5600, and therefore $1 gains ^iYee = ^tV of a dollar.

Hence gain per cent. = jYt X 100 - -Vrr = la-G. Ann.
Note.—The above and all similar questions may be solved by Proportion.

Thus this vjuestiou is, if $44400 gain $5600, what will $100 gain ?

And the statement is $44400 .<100 : t^OO
. 5«0« X luu ^„ „
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Exercise 121.

1. Bought tea at 60 cents a lb., and sold it at 87^ a lb. ; how much
did I gain per cent. ? Aiis. 46g.

2. Bought coffee at 13 cents and sold it at 11 cents a pound; what
was my loss per cent. V Ans. 16-,Af.

3. Bought flour at $G 20 a barrel, and sold it at |7*80 ; what was
the per cent, of profit? Ans. 25J per cent.

4. Bought cloth at $2'75 per yard, and ^Id it at $3-10; what waa
my gain per cent. ? Ans. 12,'*,- per cent.

5. Bought oats at $0-4'7 per bushel, and sold them at $0-56 ; what
was my gain per cent. ? Ans. lOjV per cent.

Bought meat at 12 cents per lb., and sold it at 10^ cents a
pound ; what was my loss per cent. ? Ans. 12^ per cent.

Bought a horse for $93, and sold it for $127 ; what per cent, of
profit did I make? Am. 36ilf.

A man bought a farm for $6742'50, and sold it for $6000; what
was his loss per cent? Ans. u}^ per cent.

If I purchase a house for $5700, a horse for $275, and pay
$1987 "32 for household furniture and a carriage, and then sell

the whole for $8750, what is my gain or loss per cent. ?

Ans. Gain 9-89 or nearly 10 per cent.

I purchase 723 yards of black silk velvet in Paris and pay $4*25 a
yarfi ; I further pay 7 per cent, for insurance, $23-70 for car-
riage, $2-7.0 for harbor dues, $3-16 for wharfage and storage,
and an ad valorem duty of 22 per cent., and then sell the whole
for $6270; what is my gain or loss per cent.?

Ans. Gain 31-96749 or nearly 82 per cent.

6.

8

CASE IV.

5. Let it bo required to find the prime cost of cloth which I sold
for |4 and gained 10 per cent, thereby.

Here the gain on $1 was 10 cei«;s, or what I sold for $1-10 cost me only $1.
Therefore the cost price will contain $1 as many times as the eelline nrice

contains $1-10.

That Is the cost prffce--T-T5=l3'636. Ans.

Hence, to Jind the cost 'price., the selling price and the
gain or loss per cent, being given, we have the following :

—

RULB.

Find the gain or loss per unit, and add it to unity if it be gain^
but subtract it from unity if it he loss.

Divide the selling price by the quantity thus obtained, and the re-

Or say as $H}i)-{-gain per cent, (or as $100

—

loss per cent.) is to

^100 so is the selling prki io iiic coat^rict.

'I Q

^!

'.'

(I
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Example.—Sold a quantity of coal for $719, and lost 1 per cent
by the tmnsaction

; whut was the prime cost f

2nd Kule.-$93:$100::$719: ^n«, = -'^„'* --=$778-118.
93

ExERcrsE 122.

1. For what did I buy a quantity of sugar which I sold for $24 CO
losini? 4 per cent. ? Am. $25%26

2. A gentleman pold his library for $2360, which was 10 per cent
less than coat; what did he give for it? A7is. |2f»22-2'>

8. A famior sold his farm foiv ^7400, gaining 11 per cent" on the
prime cost; what did he give for it? Ans. $G6G6-(;.;

;

4. A merchant sold a quantity of silk velvet for $878940, jrainin-r

17 per cent, by the transaction ; required the buying piice? °

_
, , , ^ Ans. $8238-803.

6. Sold a lot of cattle for $2740, losing 13 per cent, by the trunsao
tiou; what did I give for them? Ans. $3149-423

BARTER.

6. Barter signifies an exchange of goods or articles of
comraerce at prices agreed upon .so that neither party in

the transaction may sustain loss.

7. 77te principle of solution depends upon finding the ralv^ of the
commodity whose price and quantity are given, and thence the equiva-
lent qimntity of a second commodity of a given price, or the equiva-
lent price of a given quantity of a second commodity.

Example 1.—How much tea at $1-10 per lb. ought to be given
for 712 lb. of sugar at 13 cents per lb. ?

OPEUATION.

c?}^ '^*- ^^ ^"^'*'' ^'^ ^^ ^'^^t^ per lb.=|9i-56, an<l $92-56-i-$110=84-1454 lbs.=84 lbs. 2 J oz. Ans.

Example 2.—I desire to barter 96 lbs. of sugar, which cost me S
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 1 to receive ?

OPERATION.

I first find at what price I could sell my sugar, were I to "Wi
iL°i same credit as he does

—

*

If 9 months give me 5 ceflts profit, wliat ought 6 months to eive ?
6 X 5 80

9:6: : 5 : -g— __ Q == 8i cents.

per lb*"Sext—
*" ^ ^" ^^° ^ "ionths' credit, I Biiuuid charge 8 + oi=lli cenU
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As mj uftlUnff price Is to my b' vln« price, .ho oaght his MlHnsr to be to his
boyircj price, both giving the Bunie credit.

ft 17m : b : : 1 . : , =12 conta.

The price ofmy sugar, therefor*,, Is 9() k 8 oenta, or |7-68 ; and of nl« calfco,

12 cciu- per yard.

Hoiice ,,- = 64, is the require nnmtar of \ u.d*.

Exi.tCiSE 128.

1. A hrs coffee which ho barter i' at 10 cents the lb. more than it cost

hi-ii, against tea which 81 uids B in $2, but which he rates at

$2r)0 per lb. Uow much did the coifee cost at first?

Ans. 40 cents.

2, A has silk which cost ;iS2-80 per lb. ; B has cloth at .$2-50, wliich

cust only $2 the yard. H^yv much must A charge for his silk,

to inake his profit equal U that of B ? Ans. $3-50.

8. I ha\'e cloth at 8 cents the vrrd, ai d in barter chaige for it IS
cents, and give 9 months' «i'ne for payment ; another merchant
has goods which cost him 12 cents per 'b., and with which he
gives 6 mouths' time for j.ayment. How high must he charge
lii-i goods to make an equal barter? Ans. At 17 cents.

4. K and L barter, K has cloth worth |1 60 the yard, which he bar-

ters at II -85 with L, for linen cloth at 60 cents per yard, which
is worth only 65 cents. Who has the advantage ; and how much
linen does L give to K for 10 yards of his cloth ?

Ans. L gives K 215^ yards, and K has the advantage.
6. B has five tons of butter, at |102 per ton, and 10^ tons of tallow,

at ^136 per ton, which he barters with C ; agreeing to receive
$C0O-3O in ready money, and the rest in beef at $4-20 per barrel.

How many barrels is he to receive? Ann. 316.

•10=84-145ilbs,

i^ere I to giv3

ALLIGATION.

8. Alligation is -the method of finding the value of a
/nixture of ingredients of different values, or of forming a
compound which shall have a given value.

NoTB.—The term alligation Is derived from the Latin word alligo "to tie
or bind," the reference being to the laamier of conaecting or tying the numbeisl
togother iu u certain class of qacatious.

9. Alligation is divided into Alligation Medial and
Alligation Alternate.

10. Alligation Medial iJuu.im inedius^ "'mean or aver-
age,") enables us to find the value ci a mixture when the

1.1 H
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ingredients, of which it is composed 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 con-

tMuing 47 lbs. of sugar at 11 cents per lb., 29 lbs. at 13 cents, and

24 lbs. at 17 cents.
OPERATION.

il 47 lbs. at 11 cents=61 7 cents.

29 lbs. at 18 cent8=877 cents. \

24 lbs. at 17 cents=408 cents.

then 100 lbs. cost 2802 cents and 1 lb. will cost V^ = W^ cents.

Hence for Alligation Medial we deduce the following—

RULE.

Divide the entire cost of the whole mixture by the sum of the in'

gredients, and the quotient will be the price per unit of the mixture.

Example 1.—What will be the price per lb. of a mixture of tea

containing 7 lbs. at $050 per lb., 11 lbs. at $0-80, 19 at $106, and 8

lbs. at $1-23?

7 lbs.

11 "

19 "

8 "

OPERATION.

(^ $0-60 = $8-50

(a $0 80 = $8-80

@, $106 = $20-14

® $1-28 = $8-69

\ 40 lbs. =8uin of ingredients. |8613=Total cost
40)$86-18($0-9aiS. Am.

860

•18

Example 2.—A goldsmith has 8 lbs. of gold 22 carats fine, and

2 lbs. ?A carats fine. What will be the fineness of the mixture V

In this case the value of each kind of ingredient is represented by a num-

ber of oarate— V

OPERATION. V

8 lbs. X 22=66 carats.

! 2 " X 21=42 "
—IBM— '^ *

i
* • 5 5)108 "

The mixture Is 21| carats flna ^ '

•"s, 9^*^
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resented by a num-

ALLIGATION ALTfiRltfAtBl.

Exercise 124.

281

1 Having melted together 7 <>^- «f K«^V^Tknow" the finene^''

carats fine, and 17 oz. 9 carat. Bne, I wish to Imow the fine^e^

of each ounce of the mixture? ^»*«- .r/V^dinn

at 12s., 2 gallons at 99., and 4 gallons at 8s. What is ^^ gaUmi

.tmertTx"ll"SLs of wheat worth $1-20 with 30 bushels

'\forX $r60 and 60 bushels worth |110, and 83 bushels worth

1175. What is one bushel of the mixture ^^^^^
^^^^ ^^.^gg

A erocer mixes together 12 lbs. of tea at 50 cents IG lbs. at 72

^fnts 12™bs at 6^ cents, 18 lbs. at 85 cents, and 100 lbs. at 42

cents'. How much per lb. is the mixture worthj^^
^^^^ ^^^^

3

ALLIGATION ALTERNATE.

13. Alligation Alternate is the reverse of Alligation

Medial, and may be proved by it.

CASE I.

14 Given tbe prices of the ingredients, to find the

proportion in which they must be mixed in order that the

compound may be worth a given price :—

RULE.

Set down th. prices of th. ingredients in ;r',;;/3YoS
time greater than the price of tlie compound to the 'eft, and those less

%f^i'i'l2t/t.mn.,/om two others composed of the dWerencen

hetmTZ prices of th^ several ingredients and of the co>npound;

mZq ach^differJce next to the number hywhifit was ohtamed

Zk by ^neans of a line, the left-hand differences to the rtght-

''"^TlZm::':'^^ egress how much of the guantity with

.hofelfTeLri^ connected, Siould he taken to form tl. reqmred

"''''ifanv difference is connected with more than one other difference

it iiTeSXed as repeated for each of t1. differences Mnch
it is connected; and the ^'^ ""^ '^

f^'''''7 Tit^ntU^^^^^
nected is to be tak-n as the required amount of the quantity wh^se

difference it is. « „ j « «_ ik
''^T, ^ 1 _Wmw mnnv Dounds of tea at 6s. and 8s. per lb.,

would form a mixture worth 7s. per »• T
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OPSBATIOir.

PriOM. DifferencM. Prlo«a,

T =s 8 - 1- -2 + 6

1 la connected with 28., the difference between the 7, the required orinA
and 58. ; hence there must be 1 lb. at 58. 2 is connected with 1, the differetiM
between Ss. and the required price ; hence there must bo 2 Iba. at 88 Than
1 lb. of tea at 59. and 2 lbs. at 8s. per lb., will form a mixture worth 7a ner ih
as may be proved by the last rule.

*^

It is evident that any equinmltiples of these quantities would answer eaunllv
as well

; hence a great number of answers may be given to such a question.

Example 2.—How much sugar at 9d., 7(1., 6(* -^ud lOd. wiU
produce sugar at 8d. per lb. ?

'

OPBRATION.
Prioes. DlffereucM. Prices.

» - 1 10 - 2 8 + 6 f
= 8

1 is connected with 1, the difference between 7d. and the mean, 8 : l^wse
there is to bo 1 lb. of sugar at 7d. per lb. 2 is connected with 8, the difference
between 5d and the mean; hence there is to be 2 lbs. at 5d. 1 is connected
with 1, the difference between 9d. and the mean ; hence there is to be 1 lb at
9d. And 8 is connected with 2, the difference between lOd. and the mean-
hence there are to He 8 lbs. at lOd. per lb

'

Conse^aently we are to take 1 lb. at 7d. and 2 lbs. at 5d., 1 lb. at 9d. and
8 lbs. at lOd. If we examine the price of the mixture these will give (Art 12iwe shall find It to be the given mean. ^ '

Example 3.—What quantities of tea at 4s., 68., Sa., and 9s. per
lb., will produce a mixture worth 5s. ?

OPERATION.
Prioe*. Difference!. Pricea.

+ 4 = 5

8, 1, and 4 are connected with Is., the difference between 4s. and the mean;
therefoi we are to take 8 lbs. + 1 lb. + 4 lbs. of tea, at 48. per lb. 1 is connected
with 3e., Is., and 48., the differences between 8s., 6s., and 9s., and the mean:
therefore we are to take 1 lb. of tea at Ss., 1 lb. of tea at 68. and 1 lb. at 9sl
per lb.

Example 4.—How much of any thing at Ss., 4s., Ss., 78., 8s., 9s.,

lis., and 128. per lb., would form a mixture worth Gs. per lb. ?

OPBRATION.
Prloei. Differences. Pricei.

6 =

1 Ivt So vS., er tt/n. av i O IKa of 7a

1 lb. at 98.. i ii. at lis., an<i 1 l»» 't 13t. pw lb. will fo/^ 5ie VeqSlred mixtire

= 6



\

tSBct.Xt. ^j^.14,15.3 AlLiQAtiON ALTERNATE. 283

the required price,
th 1, the rtiflFcronce

2 1ba.at8B. Then
worth 7s. per Ib.-

)uld answer equally
uch a question.

"nd lOd., will

he mean, 8 ; \ieim
th 8, the differentfl

6d. 1 is connected
Bre is to be 1 lb. at

Od. and the mean;

d., 1 lb. at 9d. and
will give (^A.rt. 12)

83., and ds. per

ii4s. and the mean;
lb. 1 is connected
98., and the weaD;
68., and 1 lb. at 98.

6s., Vs., 8b., 98.,

i, per lb. ?

KoTB —The principle upon which this rule proceeds Is that the excess ol

one in-'ic(lient above the mean is made to count^erboJancewhatthe other wants

I.e., 14 IDS. at 08.,

equired mixture,

eata of Itl. ; but the excess of Id. and the defli-Iency of Id. exactly neutralize

^"V'SnJt is evident t^at 2 lbs. at 5d. and 3 lbs. at lOd. are worth just aa

much HS 5 lbs. at 8d.—that is, 8d. will be the average price if we mix 2 Iba. at 5d.

wltli 3 lbs. at lOd.

Exercise 125.

1. How much wheat at $1-60, $1*40, $1-10, and $1 per bushel must

bo mixed together in order to form a mixture, worth $1 -26 per

bushel ? Give at least two sets of answers.

Ans. 35 bushels at $ViO, 15 at *l-ao, 15 at $1(K), and 25 at|l-40.

35 bushels at fl-00, 15 at |l-40, 15 at fl'lO, and 25 at $1-60.

2. How much wine at 60 cents, 50 cents, 42 cents, 38 cents, and 3(f

cents per quart, will make a mixture worth 45 cents a quart ?

Anf<. 15 qts. at 42 c, 5 qts. at 30 c, 3 qts. at 60 c, and 22 qts.

at 50 c, and 5 quarts at 38 cents.

i. A merchant has sugar worth 10 cents, 12 cents, 14 cents, 15 cents.

16 cents, 17 cents, mh 18 cents per pound, and wishes to form

a mixture \' orth 12^ cents a lb. How many pounds of each

must he use. Ans. 2.^ lbs. at 14 c, 1^ lbs. at 10 c, 16 lbs. at

12c., and ^ lb. at each other price.

4, A grocer has sugar at od., Yd., 12d., and 13d. per lb. How much

of each kind will form a mixture worth lOd. per lb. ?

Ans. 2 lbs. at 5d., 3 lbs. at Td., 5 lbs. at 12d., and 3 lbs. at 13d.

CASE II.

15. When a given quantity of one of the ingredients is

to be taken :

—

/. Fl the proportional quantities of the ingredients as in Case I.

il. 'l''.^. saijy as the amount of the ingredient as thus found is to

the given ami unt of the same ingredient^ so is the amount of any other

ingredient ( ^,und by Case I.) to the reqidred quantity of that other.

ExAMPLL • —29 lbs. of tea at 48. per lb. is to be mixed with teas

at 6s., 88., anf '^s. per lb., so as to produce what will be worth 58.

per lb. Wh&t quantities must be used ?

OPBBATION.

By Case I we find that 8 lbs. of tea at 4s., and 1 lb. at 6s., 1 lb. at Ss., and

1 lb. at 93., will make a mixture worth 5s. per lb.
, . ^t. i x.

Therefore 8 lbs. (the quantity of tea at 4s. per lb., as found by the rule).

29 lbs. (the given quantity of the same tea) : : 1 lb. (the quantity of tea at 68. per

lb., as found by the rule;) or g lb. = 8| lbs. Am.

Wo may In the same manner And what ouantitles of tea at 8s. «nd 98. per lb.,

correspond -vlth 29 lb. of tea at 4«. pw lb.
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Example 2.—A refiner hijs 10 oz. of gold 20 carats fine, and niPh«
It with 16 oz. 18 carats fine. What must be added to make the Jv
ture 22 carats fine ?

""*•

10 oz. of 20 carats fine = 10 x 20 = 200 carats.
16 o£i. of 18 carats fine = 16 x 18 = 288

ness of the mixture.
26 : 1 : : 488 : 18f? carats, the fine.

24 — 22 = 2 carats baser metal in a mtxtu-o 22 carats fine.

24 - 18}§ = 5,% carats baser metal in a mixture 18] § carats fine,
Tliea 2 carats

; 22 carats : : 6^% : 57^5 carats of pure gold-required to change
o/s carats baser metal into a mixture 22 carats flue. But tliere are already in
the mixture 18i§ carats gold : therefore 57,', - 18H' = 8Si§ carnts gold arc tob«
added to every ounce. There are 26 oz. ; therefore26 x 88^ ^ lOOScaraisofeold
are wanting. There are 24 carats in every oz. ; therefore igps carats = 42 oz of
gold must be added. There will then be a mixture containing :—

oz. car.

10 X 20 =
16 X 18 =
42 X 24 =

car.

200
288
1008

68 : 1 oz. :
: 1496 : 22 carats, the required fineness.

Exercise 126.

1. 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 ?

„ „ , ^
^ns. 30-}-f qts. at each price.

2. How much oats at 37 cents per bushel and barley at 68 cents per
bushel must be mixed with 70 bushels of peas at 80 cents a bushel
80 that the mixture may be worth 75 cents per bushel ?

„ __
, ^

-4ws. 7§ bush, at each price.
3. How much brass at 14d. per lb., and pewter at lO^d per lb., must

I melt with 50 lbs. of copper at 16d. per lb., so as to make the
mixture worth Is. per lb. ?

Ans. 50 lbs. of brass, and 200 lbs. of pewter.
4. How much gold of 21 and 23 carats fine must be mixed with 30

oz. of 20 carats fine, so that the mixture may be 22 carats fine?

Ans. 30 of 21, and 90 of 23.

CASE III.

' 16. WKen the quantity of the compound is given as

well as the price :

—

I. Find the proportional gmntities as in Case I.

II. Then say, as the sum of the proportional quantities is to each
pi'oportional quantity^ so in the given quantity to the corresvondm
pari of eac/t,

, ,
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Example.—What must be the amount of tea at 48. per lb. in 786

lb. of a mixture worth Bs. per lb., and containing tea at 68., 88., and

Ofl npp Id

'to produce a D.lxtare worth 68. per lb., we require 8 lbs. at 4b., 1 at Ss., 1

.t to iS I at 98. per lb. (Art. U.) But all of these added together, will make

illbfl. in which there are 8 lbs. at 48. Therefore

Iba. lbs. lbs. lbs. lbs. oz.

11 : 8 : : 786: ?^^^=686 4y\, the required quantity of tea at 48.

Tbat is, in 786 lbs. of the mixture there will be 535 lbs- 4tV oz. at 48. per lb.

The amount ol each of the other ingredients may be lound in the same way.

Exercise 12*7.

1 A druggist is desirous of producing, from medicine at $1'00,

.

II 20 $1-60, and $1*80 per lb., 168 lbs. of a mixture worth

Il-40 per lb. ; how much of each kind must he use for the pur-

pose? Ana. 281b8. at |l-00, B6lba at |l-20, 56lbs. at $1-60,
^ and 28lbs. at $1-80 per lb.

2 27 lbs. of a mixture worth 48. 4d. per lb. are required. It is to

*

contain tea at 6s. and at Ss. 6d. per lb. ; how much of each must

be used 9 Ans. 15lbs. at 58., and 121bs. at 3s. 6d.

ij How much brandy «t $2-40, 12-60, |2-80, and $2-90 per gallon,

must there be in one hogshead of a mixture worth $2 70 per gal-

lon ' Ans, 18 gals, at $2-40, 9 gallons at $2-60, $9 gals at
" ^

12-80, md 27 gals, at $290 per gallon.

EXCHANGE OF CURRENCIES.

17. Exchange of Currencies is the process of changing

a sum of money expressed in the denomination of one

country to an equivalent sum expressed in the denomina-

tions of another country.

18. By the currency of a country is meant the coins,

or money, or circulating medium of trade of that country.

19. The intrinsic value of a coin is determmed by the

kind, purity, and quantity, of metal it contains.

20 The relative value or commercial value of a com is

its market value, and is fixed by law and commercial

usage. ,
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FOREIGN MONEYS OF ACCOTTNT,

WITH THE PAR VALUE Oi' THK UNIT, AS KIXKD BV COMMEUCUl
USAGE, EXPIvESSEl) IN DOLLARS AND CENTS.

AuBTBiA.—GO k»'eutzers=l tiorii) (silvcr)= |o ,jo

Bbloiitm.—100 ceuts=l guilder or florin ; 1 guilder (3ilver)= .4Q

Beazil— 1000 rees=l uiilree= .^
Bremen.—5 sch\vare8=l g ;

72 gr(>to8=l rix-dollar (sllver)=
^^^^f\

BniTisn India.—12 pice=l la ; 16 amia8=l Company's* rupee= 4^
BueKob Ayres.—8 rinl8=l ar currency (variable), mean value = ...,

Canton.— 10 cash t=l can( ..^es; 10 cnnd.=l mace; 10macc=J tat'lc= 145,

Capk of Good Hope.— 6 sti .,=1 schiling ; 8 8chiling:s=l rix-dollar=.. gij

Ceylon.—4 pice= 1 fanam ; _ inams=l rix-dollar=
Cuba, Colombia and Chili rials. =1 dollar. = idjI

Denuark.—12 pfenuing=:l sRilling; 16 8i;il!ings=:l marc; 6 marcs= 1

rix-dollar. =
jjjI

England.—4 farthjugi^= 1 penny ; 12 pence= l shilling; 20 8hll.=£l4:

FitANCE.—10 centinie8= l decime ; 10decime8= l franc= ig

Greece.—100 lepta= 1 druchme ; 1 drachm© (silver)= iji

Holland.—100 cents= 1 florin or guilder; 1 florin (silver)=
Hamburgh.—12 pfenning= 1 echiling; 16 schil. = 1 marc ; 8 marcs =1

rix-dollar= ,

Malta.—20 grains= 1 taro ; 12 tari = 1 ecudo ; 2\ scuni= 1 pezza =. .

.

10()|

Milan.—12 denari = 1 soldo; 20 soldi= 1 lira=
Mexico.—8 rials= 1 dollar= loo

Monte Video.—100 centesimos= 1 rial ; 8 rials= 1 dollar =:

Naples.—10 grani = 1 carllno; 10 carlini= l ducat (silver) = m^
Norway.—120 sklllings = 1 rix-dollar specie (silver)= I'Wj

Papal States.—10 bajocchl= 1 paolo ; 10 paoli = 1 scudo or crown =.

.

IDOJ

Peru.—8 rials= 1 dollar (silver)= ID0I

Portugal.—400 rees= 1 cruzado ; 1000 rees= 1 milree or crown = . . .

.

llj
\

Prussia.—12 pfennings=1 grosch (silver); 80 gro8chen= l thaler or

dollar M 51

Russia.—100 copecks= 1 ruble (silver)= 18

Bardinia.—100cento8imi= l lira=
Sweden.—48 8killing8= l rix-dollar species J'06

Sicily.—20 grani = 1 taro ; 30 tari= 1 oncia (gold)= 240

Spain.—34 maravedis= 1 real of old plate $= 10

8 Te8ls= 1 piastre ; 4 piastres = 1 pistole of exchange.

20 reals vellon= l Spanish dollar= 100

* The current silver rupee of Bombay. MMdrtis, and Bengal, is worth j

tO'444. In India also they use emeries for coin. Those are small shells f(mnd|

In the Maldives and elsewhere : 2660 cowries make a rupee, and 100000 rapmi
maker a lac- I

t The cash, made of copper and lead, is s.aid to be the only money co]ned|

In China.

X The old pl;ite real is not a coin, but is the denomination in which ex*^

ohanges are uauaily uiado.
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Bt. Domingo.—100 cantimeasl dollars $0-888

Tuscany.—12 denari di patzA = 1 soldi di pezza ; 9 soldi di p«zza= 1

pezza of 8 rials ; 1 pezza (silver)= IK)

TuBKBV.—8 aspers = 1 para ; 40 paras= 1 piastre (variable) about. •09(J

Vbnice.—100 otintesiini = l lira= '186

United Statrs of Ahebiga.—10 mills= 1 cent; 10 cents= 1 dime; 10

dlmos= 1 dollar= 100

21. The following table exhibits the commercial value

/ the Foreign coins most frequently met with.

Guinea tO'lO

fovEREiON of Great Britain 4'86T

CBOWNof England l**!*

Half-crown of England '608

Shilling of England "241

Dollar of the United States 100

Fbano of France *18J

Vite-Frano PiKOBof France ..-• '98

iiiVBE TouRNOis of France "ISi

Fokty-Fbano Pibob of France T'66

Crown of France I'Oe

/jOuis-D'Ob of France 4*68

Florin of the Netherlands *40

OuiLOEB of the Netherlands '40

Florin of Sonthern Germany " ^40

Thaler or Bix-Dollab of Prussia and Northern Germany -69

Piix-DoLLAB of Bremen '78|

Florin of Prussia •22f

Makc-Banco of Hamburgh '86

I'lobin of Austria and city of Augsburg '48^

I'lorin of Saxony, Bohemia, and Trieste >
•48

ELORtN of Nuromburg, Frankfort, and Crevold "40

r.ix-DoLLAB of Denmark. I'OO

S .'EciE-DoLLAB of Denmark 1 "05

I OLLAB of Sweden and Norway 1*06

111' iLBEE of Portugal 1*12

I^iLREK of Madeira 1*00

\ iLREE of Azores '684

Real-Vellon ut" Spain "OS

Beal-Plate of Spain '10

Pistole <»f Spain 8-97

R ALof Spain '12

P STAREEN 'IS

C ;03S PiSTAREEN "18

K JBL'<; (silver) of BuSSia. "75

LiPBBiAL of Bussia. .4 .;..;... ^i T'88
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DouBtooN of Mexico • i.f^

Half-Job of Portugal n,^

Lira of Tuscany and Loiubardy
'

.,.

LtuA of Sardinia

OuNOK of Sicily
2 40

DuoAT of Naples '

'

Ckown of Tuscany *
"^

^.
Florence Livbe " .

Genoa " -m
Ger.eva " '

^J*
Leghorn Dollar ^
Swiss LlVBE

"

"

ScuDo of Malta

Turkish Piastre ,^
Pagooa of India .'.*!!"

i<u
Rupee of India ^
Tael of China ...................!.......,.... I'-J

* iv?^* ^" <^'«na<'a «", accounts were kept In ponnds, shillings, pence, and
ferthlngs, previous to the adoption of the declinnl coinage by Act of Provincial
Parllainent In 1868. In the United States also accounts were siniilarlv l4,.i7t
prior to the adoption of Federal Money in 178(5. In the States, at the timefederal Money was adopted, the Colontal currevcy or hilla of credit had be-come "lore or less depreciated in value, I. e., a colonial shilling was wortii \m
than a shilling sterling, \c., and the depreciation in value being greater in iha
currencies of some colonies thnn in others gave rise to the different values of
the present old currencies of the different States.

or£j.

or£J.

or £ia,

or£f.
or £!„.

TABLE OF CURRENCIES

IN CANADA AND THE UNITED STATES.

In Canada, Nova Scotia, New Brunswick, &c., $1 = 5s.
In N. Y., N. C, Ohio, and Mich., |l = 8s!
In N. Eng., Va., Ky., Ten., la., Ul, Miss.,

and Missouri, |i =; gg.

In Penn., New Jer., Del., and Md., $1 = Vs. 6d.
In Georgia and S. C, Ji = 4s. 8d.

Note.—The remaining States use the Federal money exclusively.

23. To reduce dollars and cents to old Canadian Cur-
rency, or to any State Currency :

—

BULE.

Multiply the given sum by the value of $1 in the required cur-
rency expressed as a fraction of a pound. 77ie product will be

pounds and decimals of a pound.
Reduce {Art> 68, Sect. IV.) decimals to shillings, pence, and

farthings. ^



£xAvnB 1.—Reduce |498'?2 to Old CAttadian Currency.

OPliRATION.

4W-78 X i = ^128-48 = JB128 8b. 7jd. An$.

ExAMPLK 2.—Reduce $74980 to New England Currency.

op«ba?ion:
749-80 X A = iB224-94 - j£2S4 18a. 9|d. Ant.

Example S.—Reduce fillMl to New York Currency.

OPERATION.
1111-11 X i = JUUUi = £444 8s. 10||d. Ant.

ExEROisic 128.

1. Reduce $1974-80 to New Jersey Currency. Ana. £Y40 11a
2. Reduce i'766-43 to Michigan Currency. Ana. £806 Ss. Sj^ird.

i. Reduce |8172-19 to Old Canadian Currency.

Ans. £2043 Us. ll|d.

lings, pence, and

24. To Reduce Old Cana Han Currency or any State
Currency to dollars and cents :

—

RtTLX.

Sxpreaa the given sum decimally and divide it hy the value of a
hilar expreaaed aa a fraction of a pound; the quotient will be dol-
lars, centa, dtc.

Example 1.—Reduce £179 188. 4|d., Old Canadian Currency, to
dollars and cents.

OPERATION.

JBlTfl 18b. 41d. = jei79-»m91« and 179-9m916 -{- i = $719-8791«. Ana.

NoTB.—Old Oanadian Currency may be most expeditiously reduced to dol«
kn and cents by the rule giyen in Art. 80, Beet I.

Example 2.—Reduce £284 I83. 9|d., Ohio Currency, tc dollars
and cents.

operation.

£284 18s. 9|d =: £284-d886416 and 284 9885416 -»• i ^ $587-84686416. Ant.

Exercise 129.

1. Reduce £748 18s. lid., New England Currency, to dollars and
cent^ Ana. $2479-8194.

2. Reduc £119 9s. 8|d., Maryland Currency, to dollars and cents.

Ana. $318-626.
8. Reduce £473 178. Ifd., Georgia Currency, to dollars and cents.

'
ina. 12080-816964,

I*-, . A '
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25. To i'educe dollara and cents to sterling money :-

RULK.

IHvide the given »um by ihe value of £1 tterling (|4-8674), /^j

quotient will be paunda sterling and decimals of a pound. i

Heducc the decimal part (Art. 68, Sect. IV) to shillings andpenct,
I

Example.—Reduce $749-88 to sterling money.

\ OPERATION.
'

74988 -t- 4-867 = jBl&4-0641 = £164 la. 8^(1 Ani.

Exercise 180.

1. Reduce |1006*90 to sterling money.

2. Reduce |9 16-87 to sterling money.

8. Reduce $2114*81 to sterling money.

Ans. £206 lis. 7}d

Ans. £188 78. 8H
Ans. £484 10s. 4|<l

26. To reduce sterling money to dollars and cei^ts :-

RULE.

Fxpress the given sum decimally and multiply by the legal valu

t^£l sterling {$i'S6l).

ExAMPLE.-«-Reduce £78 lis. 4fd. to dollars and cents.

OPERATION.

JB78 lis. 4|d. = JB78B697916 and 78-6697916 x 4-867 = |882-899. Ans.

Exercise 131.

1. Reduce £2043 lis. 3d. sterling to dollars and cents.

Ans. $9946-01868

2. Reduce £777 7s. 7d. sterling to dollars and cents.

Ans. $3780*604371

8. Reduce £667 198. e^d. sterling to dollars and cents.

Ans. $2716*06418

EXCHANGE.

27. Exchange is a commercial term, denoting the paj]

ment of money by a person residing in one place to a pep

son residing in another, by draft or bill of exchange.

28. A bill of exchange is a written order addressed

a person directing him to pay, at a specified time anj

place, a certain sum of money to another person or hi

order.

29. The person who signs the bill of exchange is calU

fhe drawer or maker of the bill,
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sterling money :«i

)llars and cei^ts :^|

167 = $882-899. An8.

f exchange is calle

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 bill is

called the holder.

34. The acceptance of a bill or draft is a promise on the
part of the drawee to pay it at maturity or the specified

time. The usual moao 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.
NoTf.—A draft or bill of ezchange should be presented to the drawee, tot

his acceptance, immediately on its receipt.

35. If the payee or holder of a bill or draft wishes to

sell it or transfer it, he endorses it, i. e., he writes his

name on the back.

NoTK.—If the endorser directs the bill to be paid to a particular person, the
endordement is called a special indorsement ana the person therein named is
catlod the endorsee.

If the endorser simply writes his name on the back of tlw bill, the endorse-
ment is called a blank endorsement.

When tlie 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 bound
to pay It to the holder at maturity. If the drawee or acceptor of a bill full to
pay it, the endorsers arc responsible fbr the payment

86. When the drawee of a bill refuses acceptance, or, having accepted,
Ms to make pavment when It becomes due, the bill is iramedlately protested.

37. A protest is a formal declaration in writing, made by a public otScer
called a Notary Public, at the request of the holders of the bill, notifying the
drawer, endorsers, Ac , of Its non-acceptance or non-payment.

NoTR.—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 responsible
for its payment.

Wnen a bill is protested for non-acceptance, the drawer must pay it imme-
diately, ^ven though the specified time baa not arrived.

38. Tli«i*lme specified f ^r the payment of a bill varies, and is a matter of
agreement between the drawer and buyer. Some are payable at sight, some
at a certain number of days or months after sight or after date. In both cases
it Is customary to allow three days of grace.

39. Bills of Exchange are divided into inland and forsign bills. When
both drawer and drawee reside in the same country, they are called inland
MUs or di'o/ts; when in different countries, foreign bills.

NoTK.—Three bills are commonly drawn for the same amount, Ac, and
are called respectively the First, Second, and Third of ^change, and to-
getlier constitute a set These are sent by different ships or conveyances ; and
when the ^rst that arrives is aeoepte'l or paid, the others become void. This
plan is adopted In order to avoid the delays which might arise from accidenta,
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$8000.
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WOtLU or AN l^LAUto HILL i)R D&AliH.

Toronto, Ut Jxdy^ 1869.

Ten days after sight, pay to the order of George McCallum Esa
Three Thousand Dollars, value received, and charge the same to

Ifesirs. Hardman & Morris,
Bankers, Hamilton.

RiDouT & Stevrn.

FORM OF A FOREIGN BILL OF EXCHANGE.

Exchange 8000 franca^ Toronto, \1th July, 1869.

At sixty days sight of this first of exchange (the second and third
of the same date and tenor unpaid) pay to Edward Atkmson, Esq., or^
order, the sum of Eight Thousand Francs, with or without further
advice. <

w Tw t , . « J<^HN Henderson.
Messrs. Duhamel & Beauhamois,

Bankers, Paris.

40. The par of exchange is that amount of the money i

of one country actually equal to a given sum of the monev
of another, and is either intrinsic oi commercial

'

41. The intrinsic par of exchange is the real value of
the money of different countries, as determined by thei
weight and purity of their standard coins.

,

of thT U?iSd StoS**
*'^"«*«" *« intrinsically worth $4M1 of the gold coin]

42. The commercial par of exchange is a comparison
of the coins of different countries, according to their nomi-
nal or market value.

Thus, the English sovereign varies In market value from $4-88 to |4-86

.,c
^«*"«--Th6 intrinsic par is always the same so long us the standard colni \Are of the same kind, quantity, and quality of metal ; the commercial par i

Sme^ ^ commercial usage, and fluctuates, being different at different
1

43. The Coitrse of Exchange mgM&eB the current prm\
paid in one country for bills of exchange drawn on another.

^^''^'''**®-*"*""'^ ***" exchange is constantly fluctuht'iig from various I

^TL Yl*'" ^''V^?l^^^\'' country lust equa^l Its i.njortl he exchangwill be at par; when the balance of trade is gainst a place 1 e wl.en id
*S.'?h.'if'^M. '^

exports, bills on foreign co^.trles wKe a6(^e par be-

S?f^ JL"K«Tl"-J'!-".?'.***«/.<J«"«°d /»' thr.
. to pay the bills due Ibroad:,

Z'T' '"%
^'

u?.'."'"^" ""^'^ '= '" "'^"^ °' ^ couuny, I. e , when its exports exceed 1

§{uffWe%fqSi7ed'"*'
"" ^'"'''" countrleVwUl'be t^^Tnlelw^j

j\
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EiDouT & Stevrn.
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expensive to ImpTterrtS JJJ f^ th« Vn«.?«nr^*"f*
becomes groat it isleas

an^ coin to o.eet^theiry^Ltt^rtoTaSt it^T.^^t^" "' ^"'"**'

44. Ey an okl act of Provi.icial rarliament it was enacted that £100 ster*

Si or T7r '""T ^ *'^"*^*^«"* *" ^"H Canadian monfy.Te to^
H . 7

•£l^«t"""e = $4-444. It vas found however that this wL, v;rymuch bolow the real or intrinsic value of the sterlinR pound LIZZlw

rvrofnhrpini:ri^:rsi^^^^^^^^^^^ ^— ^»—
Now the new par Is equal to the old par plus nine and a-half per cent ofthe old par, that is, ^-444 . 9^ per cent, of $4-414, which is, 422, rnake ^see-the new par. Consequently the rate of exchange between JanZ and Gr«rfe

xroterrxr '-"^-'^ --- -^o^is^pr.:'

45.. Rates of exchange between Canada. and Great

tt o'^h"

^'' TT^'y '"^^"^^^' ** ^ «^^t^i° per cent on
the old par of exchange, instead of on the new par.

&1^^^^lflT^ merchant in Hamilton wishes to remit to London£749 3a6d.sterhng; exchange being at- 10 per cent Dremiiun R«Jimuch must he pay for the biU of exchange ?

Premium. How

OPBRATIOW,
Old commercial par of £\ sterling = |4-444
To which add 10 per cent of itself = -444

Gives price of jEl =n 4-888
Then £749 Ss. 6d. = £749176 x 4-888 =

|8662-68i. Am.

Uvm^7JvlJ'7\'^^'''\^'^^ '" '^<>''«»*« wishes to remit 1444V9

|li por cent. imon^T^ '™ """"• """""S^ "^'-S »«

OPRBATION.
Commercial value of the marc h«n«,« = ak
i'eauct if per cent ~ ""= -625

CcIitS,

Gives vslue for remitting = 84-475 «•

Tficn 84*476 cents x 'f4^7 = A.n»
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ElQBKClSE 182.

[SxoT. IX

1 II I mgtL to remit |16786-26 to Paris, for how many francs and

centimes can I obtain a bill—etoliLJge oeuig V *.«««... ^k ^oA-

times to the doiiar V Ans, 84697 francs 66 centimes.

2. What is the cost of a bill of exchange for 4000 marcs banco at one

per cent, above par ? Ans. $1414.

8. How much must I give for a draft on New York for |86678 at 2^

per cent, premium ? Ans. $36480'755.

4. What will a bill of exchange on St. Petersburg for 2660 rubles

cost in dollars and cents, at 2 per cent, discount, the par being

75 cents per ruble ? ^w«. |l881-60.

6. What will be the cost of a bjjl of exchange on Great Britain for

^6800 sterling, at 8 per cent, premium

?

Ans. $384000

ARBITRATION OF EXCHANGE. \

46. Arbitration of exchange is the process of changing

a given amount of the money of one country into an equiva.

lent sum of the money of another, through the msdium of I

one or more intervening currencies with which the first

and last are compared.

Note.—Arbitration enables a person to ascertain whether it is more ad-

vantageous to draw or remit a bill of exchange direct from one country to an«

other or indirectly through bther places.

47. When there is but one intervening country, thej

operation is termed simple arbitration; when there are twoi

or more intervening countries, compound arbitration,
J

48. AH questions in arbitration of exchange may bej

solved by one or more statements in simple proportion ; itj

is more convenient, however, to consider them as problemsj

in Conjoined Proportion, and work them by the rule givenj

in Art. 50, Sec. V.

Note.—Care must be taken to reduce all the money of ihe samX

country to the same denomination before linking them as directed i»

the rtUe.

I Example 1.—A merchant in Toronto wishes to remit 2000 mar

%anco to Hamburg, and the exchange between Toronto and Hambur

e 36 cents for one marc banco. He finds, however, that the eil

^anse between Toronto and Lisbon is |108 for 1 roilree, that be-j

tween Lisbon and Paris is 6 milrees for 88 francs, and that betwcear

Paris and Hamburg is 19 francs for 10 marcs banco, IIow mwh "'

)ie gain hj the circuitous excUftnge f

J
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tow many francs and
f ~ A ^

}7 francs 66 centimes.

00 marcs banco at one

Ans. $1414.

'ork for $36678 at 2\

Ans. $36480-756.

burg for 2660 rubles

iscount, the par being

Ans. $1881-60.

! on Great Britain for

Ans. $3840-00:

NGE. I

process of changing

itry into an equiva-

1

igh the medium of

th which the first]

I whether It is more ad-

I from one country to an*

jning country, the]

when there are two]

i arbitration.

exchange may be]

iple proportion ; it]

them as prohlemsl

1 by the rule givenj

he money of ihe sarm

ig them as directed inl

3 to remit 2000 mar

Foronto and Hambui]

lowever, that the exj

for 1 milree, that be

ncs, and that betweejj

*nco, IJow much

STATEMENT.
108 cents =

6 mih'ees =z
- 19 francs =
2000 marcs banco =

OPERATION.

1 milree.

38 francs.

10 marcs banco.

SAME OANCBLLKD.

2
8AME CANCELLED.

a; = 200 X 3 X 108=$648.
2000 X 36=$700-00=what he has to pay by direct exchange

648-00=what he has to pay by circuitous exchange.

Difference=$ 62-00=what he gains by the latter mode

^^'f^'^l
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 Hamburg at lOOd. per
ducat r from Hamburg to Lisbon at 60d. per 400 reesT from Lisbon

? firif ^^
I?- ^^^ly^^ P®^ ""^«®

5
"^^ fro°» England to Cana-

da at $4:867 per £1 sterling. Shall I gain or lose, and how much.
the exchange between Canada and Amsterdam bemg 7s. Id. Flemish
per dollar ?

'^ v««ou

STATEMENT. 0P»»ATI0N.

16d. Flemish = 1 franc.

300 francs = 60 ducats.

1 ducat = lOOd. Flemish.
60d. Flemish = 400 rees.

1000 rees = 68d. British.
240d. British =$4-867.
X = 197760d. Flemish.

^ 17x4-867x8296 ^„.,„, _*"=
2V80 = •2727-07f=amount remitted.

perIX w2 ha?r^*°^'
^'^''^'^ ^*'"*^» »°^ Amsterdam Is 7s. Id. Flemteb

86d. Flemi8h=lOO centa,

Hereo,
'«"«»<1^ .1

=197760d. Flemish.

Here mb ^ = $2826-58=8um I should have received had It been
transmitted direct from Amsterdam to Canada.

and ifes^thaufa •iSr''''''"^'
' ^*'^ '''' ^''''"''' ^^*^««" •^^27-07*

Exercise 183.
I. If London would remit £1000 sterling to Spain, the direct ex-

change bemg 42id. per piastre of 272 maravedis; it is asked
whether It will be more profitable to remit directly, or to remit
first to Holland at 368. per pound ; thence to France at 19*d
per franc ;_thence to Venice at 300 francs oer 60 ducate: and
ineuce to Spaiu at 860 maravedis per ducat ?

Ans. The circular exchange is more advantageous by
JOS piastres, 3 reals, 20 marave<}iB,

1 = m.
^ixm = ^^ 17
^ ^ift = 4-867 8296.

x = x9!rm X9m
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8.

I^T?^ T^^^ *** '^™** $4888-40 from Montreal to London

Pa^^ at 6 francs 16 oentim-.^ to the dollar, and to Hamlure S85 cents per marc banco. No ,-, the exchange bet« een PHris^andLondon is 26 francs 80 cer.f-nes for £1 sterlmg, en.; bo ween

bad he better remlfc? ° "

Ans. 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 15s. 84d.

If he remitf^ through fiamburg he will obtain
abillfor j:1016 168. 5d.

Hence the best way to remit is through Ham-
A V . . rs ,

""""g'*"^* '6 next best way is direct to LondonA merchant m Quebec wishes to remit 1200 marcs baico to £:burg, and the exchange of Quebec on Hamburg is 36 c«nt3 for 1marc. He finds the exchange of Quebec on Piris is 18 cent|tb

itZ\ *^!f
""^

^T.\^" ^°^'^«"' *« 26 francs for £1 sterK
TitLn i^'^'w

" r ^''^^°' '« ^^^ P«°«« f«^ 8 milrees; that of

«^Ph Jrh^*""-^"?'!' ^."^^'^^ fo'- 18 »"^^«» banco. Howmuch wiU he gam by the circu ;tou8 exchange ?

^^*
^i"!?.

«^«h"nge M20; circuitous exchange
1376; gam $46.

"

QUESTIONS TO BE ANSWERED BY THE PUPIL.

1. What is profit and loss ? (1)

''
^Zcmrd^'e^ril'^'^'.L^^^n « to gain or losea

4.

6.

apecifled percentage, tfie cost price being uhxn? (8)

6.

7.

How do we find the rate per cent, of profit or loss ? («)

^Zr^eTt^^'venTcSr""^^'" *^' "'^"'"^ ^''^''^ "^^ t^^^S^'^-^O' I«»

What is barter? (6)
What is alligation ? (8)

8. Into what rnles is alligation 8ubdlvid<^d ? ^9)
9. What is alligation medial? (10)

10. What is alligation alternate ? (11)

}l' 5?^ is alligation alternate proved? (18)

« WK®.*.*^®
diflferent rules for alligation ? (12, 14-16)

i!' wh** •' "**''! ^^ ^^® exchange of currencies? (17)
14. What 18 meant by the currei cy of a country? (18)

ia w»7JS*^®i?*'"*"**'' ^"'"^ «f * «o<n determined? (19)le. What fixes the commercial value of a coin ? (20)
''•

^Amtcr8Sr?"*(£T ^'^^ ^''^^ *''** ^'^^ « '« «' <»'»«'«"* values in the

18. Give the value of the pound currency in Canada, and in the diff-erei t. State*

''•
^°.totec:™;fv"?^4l""'

"""^ '''''' ^« ?J^ ^'^'^^^n currency or to an,
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imburg he will obtain

SO.

21.

88.

34.

«6.

87.

2i

81.

88.

84.

85.

86.

^ZtceZtBuif
"^^ ^°*^**° Cnrroncy or any state currency to dollars

How do we reduce dollars and cents to sterling money • (2b\How do we redace sterling money to dollars and cento? (i6)What Is a bill of Exchange? (28) ^ '

^Ind^^l ^2^5^^*^'
^''""'^ f^'^^tor, payee, holder, mdor^^r, cmd

How is a bill accepted ? (84)

^raent/'ja^**"*""*
****''**° * "*°^ endorsement and a special endorse

What is meant by proteaiing a bill ? (86, 87)

»tsffe*poTExch\Vg'eM«^^^^^
Second, and Third of Exchange. (89)

^""ix^lil^i^^^J^^
^''^**" ^'^^ *°*''°"'*' P»' *°^ *^* commercial par of

What is the course of Exchange? (48)

^tteW nr^°n?^J)^'"^ ^' ^' '' ^^^''''-^^ »>«*-««» Canada and

^''ed"?!^)
*" "te of Exchange between Canada and Britain redcon-

What is arbitration of Exchange ? (46)

S?^Va/ifi'^^^®"°°^?®*^.«®" ?*"P'« »°«' componnd arbitration ? (47)By what rule are questions in arbitration of Exchange worked? (48)

of goods when the cojt

SECTION X.

DTVOLUTION, EVOLUTION, LOGARITHMS,AND LOGARITHMIC
ARITHMETIC.

1. A power of any number is the product obtained by
multiplying that number by itself one or more times.

Thu8 26 = 5 X Sisapowerof 5; 81 = 8 X 8 X 8 X Sisapowerof 8, Ac.

2. The number which, being multiplied once or oftener
by Itself, produces the power, is called the root of that
power.

8 . 8^=''8t
*' *^^ "*** **^^ '^°'« 6 X 5 = 25; 8 is the root of 81, since 8 x 8 x

3. The powers of a number are called the/r^/, second,
third, fourth, fifth, d^c, according as the root is taken
once, twice, thrice, four times, five times, &c., as factor.

m ordS? to Ud^JelL*"'
'**"'*^ ^'"*' *»' «' ^"^"^ « *" ^^^^ 4 «»«« «« ^ctor,

4. The second power of a number is also called its
sq^ar^, because a square surface, the length of one ofWHO Ides IS expressed by a given number, will have its
area expressed by the second power of that number. (See
^uv. oz, ©ec, i.

)

,** -»'». i. i' -i sa*
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5. The third power of a number is also called its cube •

t)ecause if the length of one side of a cube be expressed by
a given number, the solid contents of the cube will be ex-
pressed by the third power of that numoer. (See Art 64
Sec. I.)

^ '

6. The index or exponent of a power is a small figure
written to the right, indicating how often the root has to
be taken as factor in order to produce the given power •

Thu8 2> = 2 = 2 = First power of 2.

oa~oS« =4 = Second power of 2.

I""?"* 0^*0 « = 8 = Third power of 2.

os'^o'*^''^^^ =16 = Fourth power of 2.
2» = 2 X 2 X 2 X 2 X 2 = 82 = Fifth power of 2.

t.king's'irven tSLVaJtoTS'^ ^'''' '' ''^ '' «" '' "^""^^^^ P'<x»«««^ "y

.^A 7* ^* "*
^^'li?®*"* *?*-* **« 8um of 6 and 8 is to be squared as one numh*.,

;? 6 andr^
*''*^'''°' *''*"« ^°"" *' ^ ^'' ^^•^'^ means thrsam of ?hesq?^^na

Thus (5 + 8)" = 18« =169, while S" + 8" = 26 + 64 = 89.

qf Ut part by 2nd part, plus 2ndpart equared.
^eproam

8. The process of finding a power of a given numbei
by multiplying it into itself is called Involution.

9. To involve a number to any required power:
RULE.

• Jp*^''
j^ ffi'Ven number as factor as many times as there are unittm the index of the requiredpower and find the continued product of

these factors.
^ •'

JiorE.'-Fractions are involved by multiplying both numerator*
ana denominators as above, and mixed numbers should be reduced to
fractions before applying the rule.

EXAMPLi; 1.—What is the fifth power of 7 ?

OPEBATIOK.

n,„«?w«Jl*^^«^* "^ ^H required power is 6, and hence the given number Tmust be talcen 6 tioaes as factor. * "umuci i

7x7x7x7x7 = 16807 Ana.
Example 2.~What is the third power of J ?

or
-ln«. (f)8 = I X i X I = *i Ane.

o4

ExsRCisx 184.

1. Find the ijfth power of 8.

2. Required the tenth power of 20.
8. Required the sixth power of 1-06.

4, Find the seventh power of f

.

6. Find the fifth power of f

.

fi. RftniliroH tha thirri n/vnrA>. /%*" 1 l 2

Ans. 243.

Ans. 10240000d00000,
Ans. 1-340096640625.
^ns. ^,^.

— .-:*
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10. Let it be required to find the product of 4' by 4^
4»=4 >< 4x4 and 4» =4 x 4. Therefore 4* x 4»=(4 x 4 x 4) x (4 x 4)=4 x 4 x 4 x 4 x 4

Hence two or more powers of the same number are
multiplied together by adding their indices or exponents.

Thus, 6» X 6» X 6»i=6» + » + »=6*».
6x5=x5»x5'=6» + '' + » + ^=6»», &c., Ac.

11. Let it be required to divide 3* by 3*.

8»=8x8x8x8x3and3»=8x8.
3» 8x3x3x8x8

Therefore, 3»-^8»=-
'

8» 3x8 =:8x8x8=8»=8*-»

ice the given oumber 7

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, 7»-*-7»=7»-»=7»

8"-i-8*=8»»-*=8%&c., Ac.

12. Let it be required to find the third power of 7*.

(7»)a=7» X 7» X 7«=7 x7x7x7x7x 7=7"=7» x •.

Hence to find any required power of a given power, we
multiply the index of the given power by the index of the
required power.

Thus, (2*)»=2* X »=2"; (8«)»=8« x »=8'*, Ac, Ae.

ExsRciss 135.

1. Multiply together 4«, 4*, 4», and 4'. An$ 4»

»

2. Dividel3'^byl8«. I^IS**
8. Find the fifth power of 3'. ~im 8»»*

4. Find the value of |(Y* x 7'»)-j-(7* x 7*)}« Ans 1^*
6. Find the value of j(6» x 6* x 6" x 69)-{-(6' x 6* x 6' x 6»)p.

Am. 5'*,

EVOLUTION.

13. Evolution is the process of finding any required
toot of a given power.

flnH ^^Itr,^^*''""**^** l^®
T«v«rM Of Involution ; the latter teaches how to

Tho r«rc *^* number by multiplying it into itself; the former, how to find

.nS rnnL « P*"^**? ^^ «Bolving it into equol factoTB. It follows that powers

"a roSt of the ftwmer^*
"** **°* nnmber Is a power ofanother the hitter

14. A root of a number mav be indicated bv ett,h«i* df
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1st. Bf uBing |/, called the radical sign (Lat. radix:
a root).

2nd. By using a fractional index having unity for its

numerator, and the number expressing the degree of the
root for denominator.

Thus, The square root of 7 is expressed either by V '^ or ^7 H-
The cube root of 6 Is " " ^ 6 or by 6J.

The seventh root of 2 Is " " V2orby2f.
Note.—The figure placed in the radical sign, or as denominator of the frac.

tlonal index denotes the root.
A fractional index vlth numerator greater than one is sometimes used •

in
«nch cases the denominator denotes the root, and the numerator the Dov/er to
be taken.

*^

Thus, 2* means either the cube root of the square of 2 or the square of th#
oaberootof2.

The rwlical sign V a corrupted form of the letter r, the Initialletter oi «i«
Latin word radix, " a root."

Exercise 186.

1. Express the square root of 1*7 and the cube root of 11.

Ans. Vl7 or 11^ and Vu or 11^

2. Express the fifth root of 4. Ans. V? or 4*

8. Express the fourth root of 6' Ans. Vs* or 5*

4. Express the sixth root of 1* Ans. V^or 7*=7^

5. Express the third power of the fifth root of 1. Ans. (^2)' or 2^
6. Express the eleventh power of the tenth root of 161.

Ans. 0V161)
»

' or 161H
16. Let it be required to extract the fifth root of 8**.

The fifth root of 8^' is expressed either by Vs*', or by 8V-.

Taking the latter mode, we have 3'^ =8* =8" *4.*

Hence, to extract any root of a given power of a number,
we divide the index of the power by the index of the root.

Thus, The seventh root of 2" is 2>*+7=2'
The fourth root of 2i» is 2»•+4=2% &&, Ac.

EXTRACTION OF THE SQUARE ROOT.

16. To extract the square root of a number, is to find

a number which, being multiplied once by itself, will pro-

^UC9 the given number.
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e initial letter of tii«

fttfLt.

/ PotW <j^ the given number into periode of two ^gurei taeh, b*'
ginning at the deeimal point*

11. Find the highett square contained in the left-hand period and
place its root to the right of the number, in the place occupied by the
quotient in division,

JII. Subtract the square of the diaitput in the root, from the left-

hand period, arid to the remainder bring down the next period to the
right, for a new dividend.

IV. Double the part of the root alreadyfoundfor a trial divisor.
V. Mnd how many ttmes the trial divisor is contained in the divi-

dend, exclusive of the right-hand diait, and place the figure thw ob-
tained both in the root and also to the right of the tried divisor.

VI. Multiply the divisor thus completed by the digit last put in
the root; subtract the productfrom the dividend, and to the remainder
bring down the next periodfor a new dividend.

VIL Again, double the part of the root already found for a new
tKUL d1visor; proceed as in V. and VI., and continue the process
Until all the periods are brought down.

NoTB.—If the given number is not a perfect square, its exact sqaare root
nnnot be found; but by annexing periods of cipbers, we bah obtain any r«<
{ulred approximation to it.

ExAMPL* 1.—What is the square root of 22420226 ?

ExPLANATioir.—Here 22 is the left
hand period, and the highest square
in 22 is 16, of which the square root
is 4 We place 4 in the root and
subtract 16 ttom 22. This leaves a
remainder 6, to which we bring down
the next period, 42, and thus obtain
642 for the new dividend. Our next
step is to And the Prial dieiaor,
which we obtain by doubling the
part of the root already found. This
fives us 8, (= 4 doubled) and we ask

,„,,.,,.. ow many times 8 will go into 64
|the dividend exclusive of the right hand digit). Bearing in mind that we are
to put the digit thus obtained both In the root and in the divisor, and that tho
eompleteddivisor will be over 80, we find< that the required digit is 7, which we
Mcordingly place both in the root and in the divisor. The complete divisor is
87, which multiplied by 7, gives 609, and this subtracted ft-om 642, gives a re-
mainder 83, to which we bring down the next period, 02, and thus get 3802 for
the next dividend.

Again, doubling the part of the root already found, we obtain 94 ( = 4T
doubled) for a trial divisor, and as this will go into 830 (the dividend exclusive
of the right hand digit) 3 times, we place 8 both in the root and In the divisor.

Multiplying the 948 thus obtained bv 8 , subtracting and bringing down the
next period, we get 47325 for tho next dividend. The next trial divisor la 946
( = 473 doubled) which will go into 4732 (the dividend exclusive of the right
hand figure) ft times; and we therefore place 5 both in the root and in the divl-
>or. Multiplying and subtractinir. we find no remainder : 4785 is therefnrM tha
Square root of imm^ib.

,
PBOQF,--iT»x4T89 = S»42Q22Cik - -.

22420225(4780, is the required root.

87)6«
609

943)3802

9465)47325
47825



tmm^^^-

iiNpc

m BdMkUi ftoof. iiiot.i

fexmlTATtOtT AAI> BtAMir.

17. We may consider every number as consisting of Its t«H$f pins Its vniU;

tlut Is, If tlie tens be represented by the letter a and the units by the letter it.

Number = a +6; . . ,.
Number squared = (o + 6)' = a* + Haft + 6*.

Hence the square of a number is equal to the square of

the tens, plus twice the product of the tens by the units,

plus the square of the units.

Thus, 69 = 60 4- 9
And (69)9 = (60 + 9)' = (60)9 + 2 + 60x9 + 9« = 8600 + 1080 + 81 - 4761.

18. Let it now be required to extract the square root of 4761.

I. It is evident that the square of a number consisting of a single digit can

fiHver contain more than two aiiritsor Uss than one; convorsely th© eauaro root

of a number of one or two digits must be a number of one digit. Again the

Muare of a number consisting of two digits can never contain more tban four or

less than three digits; conversely the square root of a number of three or four

tfglts most be a number consisting of two dgits. Similarly, the square of i

number consisting of three digits can contain neither more than six nor iesa

liian five digits, and conversely, the square root of a number consisting bf Ave

0* Blx digits; must bo a number of three digits, Ac. ; that is, one digit in tile root

to eqnlTiuent to twotHglts In the square, or conversely, two digits in the sqaare

arc eqoivalent to one digit In the root

Hence, if we divide the given number into periods of two figures

each banning at the decimal point, the number of periods will in-

dicate the number of digits in the root.

II. Taking the number 4761, we divide It into periods, thus, 4T61, and sine*

{here are two periods in the square there must be two digits Jn the root. We

bus learn that 4761 Is the square of a certain number of teiis, plus a certaia

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 than hundreds. Also, that no part of the square of the units can be found

m the second period, 47, since any single unit squared can give no digit of i|

^her ohiler than tens.

Therefore the square of the units is found only in the first or
|

low^t period, the square of the tens only in the second period, the
j

square of the hundreds only in the third period, &c.

OPIBATIOK.

4761(69= square root.

86 = highest square in 2nd period.

t tens X 2= 12 tens + 9 units= 129) 1161= remainder which contains, Ist,

twice product of tens b-

units, 2nd, the square

the units.

1161= twice 6 tens x 9 + 99.

III. In extracting the square root of this number, we look first for thodigiti

occupying the place of tens In the root. We know (II.) that the square of ttnjl

is contained in the second period, 47, and the highest square contained m 411

gust be the square of the highest digit that can possibly stand in the place (tf

J

ns In the root. But the highest square in 47 Is 86. the square root of whicW

ts 6 Pladne 86 under the 47. fi in tbp root, we subtract and bring down ti*

"IMJXt penoo, W, llOU mua get St ^v^iu. icusiuuuvt wt jiivii ^tv-t •^~.— -•• —

•'^iisai^i'-
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^ tbe tens by the units, plus the square of the units; and stnoe we bare sub-
tracted ttom It 86. (or if the ciphers be annexed 8600) tbe square of tbe telii,

the rotnainder, 1161, must contain twice tbe orodnot of tbe tens by the miits.

phis the square of the units; that Is, twice 6 tens x by a certain number of
units, plus the square of that number of units ; and because wo do not know
IS ret what the units' figure of tbe root is, we use twice the tens for a trial

(livlsor.

IV. Since we are now seeking the units* digit of the root, and since tens
tntiltiplied by units can give no digit of a lower order than tens, the right bao^i

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) wlR
go in 116 tens. Evideutly 9 times.

V. Lastly, we place the <ligit thus found in the root, because it is a figure

of the root, and in the divisor, because the dividend contains not onlv twice thfr

product of the tens by the units, but also tbe square of the units. Now when
we multiply the i) by 9 we get the Bouare of the units, and when we multiply
the 12 tens by 9 units, we get twioe the product of tbe tens of tbe root by the
QOitS.

ExAHPLK 2.—Extract the square root of 127449.

OPBBATIOK.

'

127449(867

05)874
824

707)4949
4949

ExPLANATioir AND Keasok.—From the pointing off we learn that the glren
snmber is the square of a certain number m hundreds, plus a certain numbsr
«f tens, plus a certain number of units.

I. We are first then to look for the digit in the place of hundreds, and since
hnndreds squared can give no digit of a lower order than Una of thousands or
of a higher order than hundreds of thousands, we see that tbe square of the
hundreds can be found only in tbe left hand perio<l. The highest square con-
tsined in the left hand period is 9, the square root of which is the left band d^^t
ofthe entire root.

II. After subtracting, we bring down the next period only, 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 a lower order than hundreds, tbe lowest period
caunut enter into any part of the square of tens, much less can it enter into any
part of twice the product of tbe hundreds by the tens, and therefore when look-
ing for the tens of the root, we pay no attention to the right hand period of the
square.

III. The remainder of the process is similar, and the reason for the various
steps the same as in example 1.

19. To extract the square root of a decimal—

RULE.

/. Annex one cipher, if necessary/, in order that the number of
decimal places may be even.

II. Point off into periods of two figures each^ beginning at tha
— 53. _ -yjj^j^p rwi MO i/c xcnvic rtwjrtvzra, jrunx* ct-xcux-c (rtc
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nembertng that the number ofdecifMil plaen in tfu root will be equal

to the n%4n^>er ofperiods in the square,

fixBROtii 187*

1. Extract the Bqua)« root of 196864. Ana. 442,

2. Extract the square root of '0676. Ant, -26.

B. Extract the square root of 984064. An$. 992.

4. Extract the square root of 5, true to five decimal ))laoes.

Ana. 2*28606.

6. Extract the square root of '6, true to six decimak pl>(>e8.

Ana. -707 J 06,

6. Extract the square root of 60-487129. Ans. 7*777.

7. Extract the square root of 79792f'0«2976120ol. Am. 282476249.

8. Extract the square root of OOOO^f ' ,',^.21. Ane. 0*00111.

20. To extract the square root of a fraction— I

\
RULI.

/. Reduce mixed numbere to improper fractionn^ and eompmnd

and complex fractione to simple ones, and the reeuUingfraction to t<i

lowest terms.

II. Extract the square root of both numerator and denominator

separatelyy if they have exact roots ; but if they have not both exatt

roots, reduce the fraction to its corresponding decimal^ by Art. 56,

Sec: IV.y and then extract the root as in Art. 19.

Example 1.—^Extract the square root of 2^.

OPERATION.

V9
Ans. 2j=|andyJ= =!=H.

Example 2.—^Extract the square root of iJf

.

OPERATION.

8f=»; r> *k8''7142 and Vs-42867142= 1-851 6.

Exercise 188.

1. Find the square root of •!. Ans. ^.

2. Find the square root of tIt' Ans. ^.
8. Find the square root of 6f Ans. 2-267786.

4. Find the square root ofm- A?is. -6S509.

6. Find the square root of 18^. Ans. 8-63318.

21. Let it be required to extract the square root of 63ol3-4ii«i

teptettary.
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tons, and compound

ultiriff Jraction to t<i

or and denominator

have not both exact

lecimalf by Art. 56,

orunkTiov.

Agois 428U^286 105 +

48)235

myms
4ini

fi051)l2M4i

6<)j61

6052fl;41-«18O

84 3864

605-885)4-2288()0

468628

EXPIANATTOW.—We point off into porimis of
two \t\ac«B each, as In the deciiiml or common
scalo. Then tbo htghuftt square in 6, the flrst

fierlort Is 4, of which the Hudure root Is 2. 8ub-
ractinK 4 fi-om the « and brliiKinc «lown the next

period, 85, we get 2)J6 for the (Ihidiri I. N«'Xt
doubllug the 2 we obtain 4, and we And that this
will go Into 28, the dividend excliixive of too
right, hand llgiire, 8 times. I'lacing this H in both
root and divisor, mnltiplylug (bearing In n)ln<l
that 7 Is the common ratio of the system) and
subtracting, we obtain a remainder of 48, to wliich
wo bring down the next period, 18, and thus get
4818 for the next dividend, •bo.

Example.—Extract the square root of i 781892 undenary true to
two places to the right of the separating point.

OPRBATIO».

478i892(21S2-99. An$,

41)78
41

428)8218
80t9

4852)11592
86M

4854-9)89990O
8694-^4

485579)404-0700
85»-8744

65-5«6T

Exercise 189.

1. Extract the square root of 11383311 septenary.
2. Extract the square root of 33233344 senary.
8. Extract the square root of 4234*10123 quinary.
4. Extract the square root of 888888'888 nonary.
6. Extract the square root of 248664*^69 duodenary.

Ans. 2626.

Ans. 4344.

Ans. 43-412.

Ans. 888-88.

Ans. 64373.

Ans. i-

Ans. ^-.

Ans. 2-267V86.;

Am. -63609.

Ans. 8-63318.

e root of 63ol3-4a«3

APPLICATION OF SQUARE ROOT.

22. A triangle is a figure having three sides, and con-
sequently three angles. When one of the angles is a ri(/hi

angle^ like the corner of a square, the triangle is called a
right angltd triangle.
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23. In a right angled trianglp. the side opposite the right
an^/le is called the hypothsniisfi, and the sides contaiDmg
the right angle, are called the brse and ±e perpendicular,

24. It is ibhovvn by elementary geometry that the square
desc!-ibed on the hypothenuse of a right angled triangle is

equal to the sum of the squares aescribed on the other two
sides.

Or if h be the hypothenuse, & the base, and p the perpendicular; t^ion

A2= &a jf£^an . Lonce

h = V&a 4- j>a

I = VA" - pa

7%a< is—tofind the hypothentm of a right angled triangle when
th£ other sides are given we add the square of the base to the sauan
of the perpendicular and extract the square root of the sum. \

To find t/te length of the base we subtract the square of the per-
pendicular from tlie square of the hyppthenme and extract the sqmn
rootcf the remainder.

Tofind the length of the perpendicular we subtract the square of
the base from the square of the hypothenuse and extract the souan
root of the remainder.

25. The following principles are also established by
geometry :

—

Circles are to each other as the squares of their diameters.
Ifth£ diameter of a circle be multiplied bgZUl&.the product u\

the circumference.
]

If the square of half the diameter of a circle be multiplied itfl

8*1416, the product is the area.
j

If th^ square root of half the square of the diameter of a circle ht
\

extracted, it is the side of an inscribed square. '

If the area of a circle be divided by 3-1416, the quotient is th
square of half the diameter.

Example 1.—If the hypothenuse of a right angled triangle is 12
leet long and the base 10 feet, how long is the perpendicular ?

OPERATION.
123 =: 144
10« = 100

dlflTerence = 44 and y/u = 6-68824. Ana.

Example 2.—If the foot of a ladcer be placed 20 feet from the
Bide ot a house, how long must it be in order to reach to the top of
iiio liouse, the latter being 46 feet high?
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perpendicular; t^on

Iso established by;

= 6 68824. Ans.

I

4.

OPBRATION.
46»z::2116
20»= 400

6nm=2516 andv^616=5016. Ant.

Exercise 140.

1. Suppose a ladder 100 feet long be placed 60 feet from the foot
ol a tree • how far up the tree will the top of the ladder reach ?

2. Two persons start from the same place, and go, the ledufnorth
60 miles, the other due west 80 miles. How far apart are they?

o IT 1 . . - ^w»- 94-34 miles, nearly.
8. How large a square stick of timber can be hewn from a round

stick 24 inches m diameter ? Am. 16-97 in. to the side.™an
j».f

a ladder 36 feet long, which, when put on the outaide
ot a ditch 20 feet wide, exactly reaches the top of the wall.
Required the height of the wall. j„8 29-933

6. 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 too
of another wall 26 feet high. Required the breadth of the

« TP*vf r . , . ^ ^^' 22-622 yds.
6. If the area of a circle be 1760 yards, how many feet must there

be m the side of a square to contain that quantity?

h A -^ * •
1 ,

-^ws. 125*857,
7. A certain general has an army of 141376 men. How many must

he place m rank and file to form them into a square ?

8. What is the distance through the opposite comers of a square

o Tu*?- ^ ,-
^»w. 4-24264 feet.

9. 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 ratter r a no on f *

10. What is the distance measured through the centre of a cube fr^m
one corner to its opposite corner, the cube being 8 feet, or Iyard, on a side? ^„f g.J'gJ ^^

If an iron wire ^ inch in diameter will sustain a weight of 450
pounds, what weight might be sustained by a wire an inch in
diameter? '' a„„ ^kaaa it

"w^i^o* 1 iu i?
'^^^- 45000 lbs.

V\ hat length of rope must be tied to a horse's neck, in order that

VnL'Z' A ^J«^
a'^ "'^^•e

?

Ans. 7-136+perche8.
i-our men. A, B, C, D, bought a grindstone, the diameter of
Which was 4 feet; they agreed that A should grind off his share
tirst, and that each man should have it alternately until he had
worn oft his share ; how much did each man grind off

^

11

12

13.

ter tlf^^firrf"
^'"^ question we disregard the tl.ickness of the grindstoneter tbc first has ground otf his portion, there will rsmain * of the stone.

At-
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Then the whole stone : part remaining : : sqaare of diameter of whole
stone : Bquare of diameter of part remaining. (Art. 25.)

That is, 1 : 1 : : 4» : a' and hence ib=4x Vi=4x V^=*SC6x 4=3-464:;
diameter of stone after tlie first has ground off his portion.

Similarly, after the second has ground off his portion there •will remain J of
the btonc, and after the third has taken his portion, i of the stone.

Honce 1 : J : : 4" : 05', whence (B=4'\/i=2*828 ft.=diameter after 2nd haa
taken his portion.

1 i : : 4» : a", whence fl5=4x -y'J=2 ft.=diameter after 8rd has taken off

bis portion.
Hence A takes off 4-8-464= 586 ft.=6-482 inches.

B " 8-464-2-828=-686ft.=7 632 inches.
C « 2-828-2 =-828 ft. =9-986 inches.

\ D " remaining 2 ft.= 24 inches.

CUBE ROOT.

26. To extract the cube root of a number is to fihd a

number which taken three times as factor will produce the

given number

—

RULE.

/. Point off the number into periods of three figures each begin-

ning at the decimal point.

II. Find the highest cube contained in the left hand period anrf \

place its root to the right of the numher^ in the place occupied by tk i

quotient in division.

III. Subtract the cube of the digit put in the root from the left
|

ha9id period, and to the remainder bring do^m the next period to the \

right for a new dividetid.

I v. Multiply the square of the part of the root already found bij i

SOOfor a trial divisor. I

y. Find how many times the trial divisor is contained in the divi-
1

dend and put the figure thus obtained in the root.

VI. Complete the trial divisor by adding to it

:

\st. TTie part of the root previously found x the last digit
\

put in the root x 30 and
2nd. The square of the last digit put in the.root.

VII. Multiply t/ie divisor thus completed by the digit last put in
]

ffie root; subtract the product fro7n the divide7id, and to the remainder
\

bring down the next period for a new dividend.

\III. Again multiply the square of the part of the root alrcadij
|

found by 300 for a new trial divisor, find what digit to place 7iext\

in the root as in V, complete the divisor by making the two additiom
\

to the third divifior described in VI, multiply, subtract and bring dowil

as directed in VII, and continue the process until all the periods an
|

brouaht down.
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e figures each begin-

Example.—What is the cube root of 4291 72932007 ?

OPKBATION.

ist trial divisor = 7^ x 800 = 14700
\ii increment = 7 x 5 x 80 = 1060
2r.d " = 6" = 26

429172932007

86172 = iBt dividend.

|7548 Ana.

Ist complete divisor 167T6

2ii(l trial divisor = 76' X 800 =
1st increment = 76 x 4 x SO =
2iid " ai 43 =

1687500
9000
16

2Dd complete divisor = 1696616

3rd trial divisor = 7649 x 800 = 170684800
1st increment = 754 x 8 x 30 ;=: 67860
2nd " = 8»= 9

78875 = product of comp. div
by 6.

7297982 = 2nd dividend.

6786064= product of comp. div.

611868007 = 8rd dividend.

8rd complete divisor = 170622669 611868007 = product of comp. div.
by 8:

Explanation.—After pointing off we find tbat tlie highest cube number
contained.in the left hand period is 343, of which the cube root is 7. We there-
fore pkce 7 in the root and subtract 848 from the first pariod. This gives us a
remsinder of 86, to which we bring 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 obtained by 800, this gives the first trial divisor 14700 which we iind
will go into the dividend 86172 (making due allowance for the increase of the
uivisor) 5 times. '

Next we complete the divisor by adding to It

Ist, 7 X 5 X 30= 1050, and 2nd, S"= 25 which gives us
15775 for a complete divisor. This we multiply bv 5. the digit last put in the
root, subti-act the product 78876 from the Ist dividend, and to the remainder
7297 bring down the next period 932, Ac, 4&c.

27. Explanation and Eeason.—We have seen (Art. 17) that wo may
consider every number as consisting of its tens, plus its units, or if a= tens and6= units, then

^

Number=a+6; and
Number cubed= (a + 6)»= a* +3a'»6 + 8o6a + 6».

Hence the cube of a number is equal to the cube of the
tens, plus three times the product of the tens squared
multiplied 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
69» = (60 + 9)« = 6i)» + 3x60'»x9+8x60x99+»»= 21600 f 97200+ 14680 + 729

fc828u0y.

28i Let it now be required to extract the cube root of 828609,
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I. It is manifest that the cube of a single digit can never contain more than
three digits or less than one digit, and hence the cube r<»ot of a number (i »
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 contain more than six
or loss than four digits, and conversely the cube root of a perfect cube coiisistiiiB
of four, five or six digits must be a numbt-r of two digits. Similarly the cube
root of a perfect cube consisting of seven, eight or nine digits must be a numb^
of three digits, &c.

Hence, one digit in 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 we divide the given number into
periods of three digits each, beginning at the decimal point, the niun-
ber of periods will indicate the number of digits in the root.

^v FL The cube of the units can be found only in the period immedintelv to
the left of the decimal point, since any uint cubed can give no digit of a lii-'lier
order than hundreds. Also the cube of the tens can be found only in theW
*>?" V^^^oA to the left of the decimal point, since tens cubed can give no dldt
of a higher order than hmidreda oftk(msands, or a lower order ih&nthoumvh
Bimilar y tljo cube of the hundreds can be found only in the third period to the
left of the decimal point, &c.

f »
jo

Hence, counting from the decimal point towards the left, the cube
of the units can be found only in the first period, tiie cube of the tens
only in the second period, the cube of the hundreds only in the third
period, &c.

III. Taking the number 828509 we divide it into periods, thus 82^*509 and
since there are two periods: in the cube there must be two digits in the root

We thus learn that 828609 is the cube of
a certain number of tens, plus a ctrtain
number of units. We first then looli for

the digit in the place of tens in the root
We know (II) that the cube of the tens
is contained in the second period 32S,iind
the higliest cube contained in 828 must
evidently be the cube of tie highest digit
that can occupy the place of tens in tlie

root—which digit we are seeking. The
hi'-h^ft cube contained in 828 is 21<). of

«^ « ni« JL. nn« ^ . ,
which the cube root is 6. We then sub-

tract im from 828 and to the remainder bring down 609, the next period which
gives us 112609 for a new dividend.

'

V ^ fl?^\ }^.^ ?*^^" number we have only subtracted 216 (or if the ciphers
be affixed, 21 6000) the remainder, 11250 » 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 l>y the square of the units, plus the cube of the units; that is, 1125o9
consists of (6 tens)8 x3x a rertain number of units + (6 tens)x8x (that number
of units)a+ (that number of units)' ; and because we do not know as yet what
the units figure is, we use (6 tens)^ x 8 for a trial divisor.

But(6tens)ax8=r (60)8 x8= (;6xl0)ax8= 6axl0ax8=6'x800;orin other
words, any number of tens squared, multiplied by 8, is equal to that same num.
^^.. l^]}^

squared and multiplied by 800. Hence we obtain the constant inul-
tiplier 800.

iMa T' «lf •^^'
f'?'^ i*i'lt^'^'"P,!*^*^ ^y ^^ 8^^^8 »8 ^^^^- 1° Asking how often

JhlB is contained in 112509 we have to btar in mind that we must increase the
tolal Qivisor by the two additions indicated in the sixth section of the rule.
Making allowance for these additions, we find the units' figure of the root to

OPERATION.

828509(69
• 216

CsSfix 800= 10800
6x9= 64x80= 1620

93= 81

12501

112509

112509

^ '<. ^, ;••
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rds the left, the cube

811

Isu lliree times the square root of tens.
2pd. Three times the tens muL.Dlied by the units

)t.m^ multiplied by 3 is eaual to the nrn^.f^f Ar Vw ^'"'''^"'^ ofanynnmber
multipli«d by 30. ^ ^ '^^ product of that same number of units

Hence we obtain the constant njultipller 30.

obtarAe'iSjleteliXo'rVsSorAl "S? *'r«^' *"<» *^"» -«
by9,w6?et

"*''^^"*-<-^> '*8+60x8x9 + 9»,and multiplying thl«

(6(i)»x3 + 60x3x9+9»}9=60»x8v9 + 60x3x9» + 9»-fhr« «^,. *i.

18, Example 2).
^ extiaction of the square root (for which see Art

29. To extract the cube root of a decimal—.

RULS

Exercise 141.
1. What is the cube root of 62^12728317?
2. Extract the cube root of 195S125.
3. Extract the cube root of 1076890*625.
4. What IS the cube root of -697864103?
6. What is the cube root of 102503232?
6. Fuid the cube root of 179697-069288.
7. Find the cube root of 483-739625.
8. Find the cube root of •6360^6.

Atis. 3973.
Ana, 125.

Ana. 1026.

Ans. -887.

An& 46-8.

Ans. 56-42.

Ans. 7*85.

Ans. -86.

.
1^^^,"^^ extract the cube root o' a mixed number or a

^'iigar traction

—

RULE.
Jieduce mixed numbers to improfii,r Jractions, and cimvound or
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«/«T «/r,
v2T

ITfe^/^^^^^^'
*^ *"^^* '^*''*' '*'''' '''* remlting fractiim to its low

II. Extract the cube root of both numerator and denominator
separately, if they have exact roots; but if they have not both eZtn>o« ,W^. <Ac fraction to its correepoiding decimal by Art ItSect. IV, and then extract the root as in Art. 29.

'

Example 1.—What is the cube root of 3§?
OPERATION.

Example 2.—Extract the cube root of 17|.

OPBEATION.

lTi=lT'126, and y/rfm=26n, nearly.

Exercise 142.

1. Extract the cube root of ^.
2. Extract the cube root of ^3!;-.

8. Extract the cube root of ^ of 2f

.

4. Extract the cube root of 28J.
6. Extract the cube root of 32-A-

31. In extracting the cube root of a number in any
scale, other than the decimal, we proceed in the same man.
ner, pointing oflFinto periods of three figures each, finding
a trial divisor and afterwards completing it as in the pr^
ceding examples. ^

^

Example 8.—Extract the cube root of 613412'132 septenary.
[ OPBBATION.

Ans.
Ans.
Ans.
Ans.
Ans.

'mi
•5609.

•941.

3-063.

8-198.

6«=51x800=21800
6x80=240x5= 1660

6«= 84

28224

65» =6804 X 800 = 2621600
660" =680400x800 =252150000
650 X 80 = 26100 x 4= 148400

4»= 22

852323422

613412-182(65'04
426

154412

152466

1628-182
1628-182000

1402-630821

220^0id46
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3.

Express

root.

Extract

Extract

Extract

places

Extract

to the

ii^SKRCISE 148.

one million in the senary scale and then extract its cube
Am. 244.

the cube root of 6131271 octenary. Ana. 165-32.
the cube root of 10221012102 ternary. Ana. 112-012.
the cube root of teteet in the duodenary scale true to two
to the right of the separating point. Ans. e1-t2.
the cube root of 421630-4412 quinary true to two places
light of the separating point. Ans. 44-004.

32. Since many teachers prefer Horner's method of extracting the cube
root to the common naethod, we shall give it here. Upon closely examining it

the student will tind that the reasons for the several steps of the process are
identical with those given in Arts. 27 and 28. The constant multipliers 800 and
80 are still used, but in a disguised form.

ii

RULE.

/. 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. Tlien multiplying
this figure into itself set the product for the first term in col. if.; and
multiplying this term by the same figure again, subtract this product
from the period, and to thj remainder bring down the next periodfor
a dividend.

III. Adding the figure placed in the root to the first term in col.

[., multiply the sum by the same figure, add the product to the first
term in col. II., and to this sum annex two ciphers, for d divisor ;
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 dividend^
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 d<ywn the next period for a new
dividend.

V. Find a new divisor in the same manner that the last divisor
was found, then divide, d:c., as before ; thus continue the operation
till the root of all the periods isfound.

KYAUPr.w
places.

-What is the cub? i-oot of 78814-6, true to t^

~^%
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OPXRATIOlf.

Col. I.

lat term 4
CoL II.

16x4 2=
7M14'606(42-78+.
64

and '* 8 4800, iBt divisor) 14814

Srd " 122 6044x2 = 10088

4th " 124 629200, 2nd divisor) 4226600

6th " 1267 688069x7 = 8766488

6th " 1274 64698700, 8d divisor) 460117000

7th " 12818 64801244x8 = 488409952

^1 /f f^ "**?-""P? ®'>^* \^^ <*' *^® grestogt cube in 78 is 4, which iiplaced In the root and al8.> in column I, then multiplying this 4 by Itself jrive'iOB 16 wbioh is the Ist term in column II, and again multiplying this 16 bv igives us 64, the number which we are to subtract from the first period 7ai

t (S i?*' d
* *" l>»'i'^ging down the next period 814 we get 14814 foV th«

- Q^S^o *^f'
/"^ *' \^^ %"/® P^'*<'«<^ '" *^® root, to 4 the 1st term In col. I. eivci

SH,?' ^Lo° o Qo" vPr'- ^' ?l«lt'P}y»ng this 8 by the 4, 1. e.. the figure in tbi

We thus obtain 4800 the second term of col. II, which is our trial divisor.We then find that 4800 goes 2 times in the dividend. This 2 we niace in
the root and also to the right of the sum of the Ist and 2nd terms of eol. I. Tin
Ist and 2nd terms of col. I, added tof^ether make 12 and the 2 of the root alfisol
nnakes 122, the third term of col. I. Then we multiply this 122 by 2, the latt
dtelt put in the root, this gives us 244 which we add to 4800, the second term 1

1

col. II. and thus obtain 5044, the 3rd term. Lastly this third term multiplitiil
by 2, gives us the number to subtract.

^

NoTK -For examples In this method work any of the preceding questioDii,

APPLICATION OF THE CUBE ROOT.

33. Principles Assumed.—I. Spheres are to one another as the

euhes of their diameters.

II. Cubes and all other regular solids are to one another as the

cubes of their like dimensions.

Exercise 144.

1. If a cannon ball 3 inches in diameter weighs 8 lbs., what will be
the weight of a ball of the same metal 4 inches in diameter?

_„ 83 : 43 : : 8 lbs. : ^7W.= 18|f Iba
2. If a ball 3 inches in diameter weighs 4 lbs., what will be the weight

of a ball that is 6 inches in diameter ? Am. 82 lbs.

S. If a globe of gold one inch in diameter be worth $120, what is the

value of a globe 8^ inches in diameter? Ans. |5145.
4. If the weight of a well proportioned man, 6 feet 10 inches in height

«® A?^-.E*^"°*^^\^*1?' °)"^? ^^^^ ^^^^ '^® weight of Goliath of
Gatb, rtuQ vfas 4O fcct 1% lacbes in height r Am. 10161 ib&
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le preceding questioDii.

fedOfs OF HIGHER ORbfiftd. m
6. A person has a cube of clay whose sides are 973 ft. long • hewishes to take out of the same 5 cubes whose sides are 45 feet

62 feet, 80 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 re-
mainmgclay. ^^ 972-69 ft

6. What 18 the side of a cube which will contain as much as a chest
8 feet 8 inches long, 3 feet wide, and 2 feet 1 inches deep ?

. ,, , ,. ^ ,
^«s. 47-9848 inches.

7. Pour ladies purchased a ball of exceeding fine thread, 8 in in
diameter. What portion of the diameter must each wind off so
as to share off the thread equally ?

Ann. 1st lady must wind off '27432 inches.
2nd " " '34458 "
3rd «' «* -49122 "
4th " " 1-88988' (t

ExamK^ir/m '' '"'"'' ^^ * "''''''^ *'""•"• '° *'"»* •^'^0Pt«<l '»

EXTRACTION OF THE ROOTS OF HIGHER ORDERS.

34. When the index of the root is a 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.
Extract the root denoted by one of these factors, then of this root,

extract the root denoted by anotherfactor, and so on till all the prime
factors be used. ^

Thus, for the 4th root oxtraot the square root of the square root.'
for the 0th rcot esLmct tue cube root of the square root
tor the 8th root extract the square root of the square root of the

SQiiQ.r6 root.

^""^
innoli^^^^?"*

®^^''*''' *^® <^"^« '•^«' «f t^e sqiwe root of th©
oijuftr© root,

for the 16th root extract the square root four times.

root 55?'" Ac
^''*'''*'' **^*' *'"**® '**"' **^ ^^® ^'^^^ '<^* ^^ *^e square

EXKRCISE 145.

1. What is the fourth root of 1 99871 7337G ?
2. What is the sixth root of 308915776 ?
^. Extract the ninth root of 40353607.
4. Extract the eighteenth root of 387420489.

1 6. Extract the twenty-seventh root of 134217728.

Ans. 876.^

Ans. 26.

Ans. 7.

Ans, 3.

Am, 2,

i *,

'-J.^
'>"-
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36. 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 Jixed
uuinler to which all the logarithms of that system belouff
as indices. °

Thus 10» = 1000 ; here 8 is called the logarithm of 1000, to the base 10Ho also 2» = 82 ; here 5 Is called the logarithm of 82, to the base 2, Ac., Ac.

37. A System of Logarithms is a collection of the
logarithms of a series of numbers corresponding to the
same base.

Any number whatever maybe taken as the base of the system; butiti*obvious that somo numbers are much more convenient than others. '
^

'

"

38. Two systems 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 2*71828.
The Napierian System was Invented by Baron Napier, and the peculiar base

— .• i.^-Y"^'" "' x^ugnminuo. i ufao juDKuriinms were also for-meriy called Hyperhohc logarithms, from certain relations found to exist be-tween them and the asymptotic spaces of the hyperbola, and which wew
srroneousljr believed to be peculiar to them.

""-u were

;i

Th«.^o""non System was shortly afterwards Invented by Briggs and

pSoMs of ?jrul
«*'' *'' *°^ ** *^® system now universally employed for the

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 loga-
rithm 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 tim6 the radix of our system
of notation, we have—

whence log.

whence log.

whence log.

whence log.

whence log.

whence log.

whence log.

whence log.

whence log.

100000
10000
1000
100
10
1
•1

01
•001

vwv.

10»;
10*;
10*

;

10«;
10«;
10»;
10-»;
10-

•;
10-«:

100000 — 5
10000 =z 4
1000 :^ 8
100 =: 2
10 ^ 1
1 ss
•1 ~* -1
•01 = -2
•001 s= -8

•* = IV 'i wa.-nco log. DOOi =: -4

'w«c*,r»^^«i3ffiPWip*-
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is the part which

)art of the loga*

)imal point.

imon system of

xof our system

.^ 5
s: 4
S2 8
sz 2
s: 1
=s

sz -1
=r -2

1 = -8
OX = -4

t

43. From thtalt appeftiii that the logaiitlun of anv namber b«twA*n i mnA

^'r\l^'CX^i'^'
""'* less than 1 i Te., will b^fCXn o^ a dTJlmal ;'

w

''h I ,a& 0^"^ "' any miiflber between lo and 100 will be greater than 1
ind loss than 2; 1. e., wfll be 1 and a fraction, or a decimal ; «o also the loSJ
rilhm of any number between 100 and lOoO will be 2 and a decimal, 4a ^*^

Hence, the characteristic of any number containing
digits 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 8; of 978-26 It U 2 : of t81S42fi7»d it i. a .(

of800429 It is ; of 26789-426789 It Is 4, Aa " " " ^
.
»» »«l»4a6T89 It Is 8 -j

43. It also appears, from Art. 41, that the logarithm of every number be-
tween 1 and -1 wlW be less than and greater than -1 ; that Is! It wUUe equS
K7h ^'"«?2'"« decimal; the logarithm of every number between •lan^ii
win be less than -1 and greater tBan -2; or. in other words, will be-2 »/«!
(orae decimal; so also the logarithm of every number between 01 and 001 wm
be -Spins some decimal, Ac., Ac.

Hence, the characteristic of the logarithm of a decimal
is negative and numerically owe greater than the number
of Os which come between the decimal point and the first
significant figure.

Thus, the oharaoter.jtlo of the logarithm of -000001 is 6; the charaoteriatie
of the logarIthDa_of 00000000002847 ia U; the obaracterlsUo of the logarithm of
•000278926845 is 4, Ao., Ac.

NoTB.—2>i'j negative aign affects only the eharaeteriatie^the
mantissa or dectmat portion of a logarithm ia alwaya positive. To
indicate this it ia customary to write the negative sign over the charac-
teristic, as in the above examples^ and not before it.

Exercise 146.

What ar« the characteristics of the logarithms of the foUowine
numbers

:

*

1. 723, 9126-4, 81234-667, 912678-96124667, 28-912842.

2. -027, 002184, -000000698, -8126714, -0000000002184. *
*' "** ^'

„ Ans. 2, 3, 7, T, and loT
8. 1-1111111, 111111-11, 1000000000, 000000002162, 7, 12-78.

Ana. 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 dividend
jiid since common logarithms are indices to the base 10, let us take the number
ilZSO and successively dividing it by 10, examine the results.

^»?l^e'^ Logarithms.

*'f^0
= 4-674677

*i"28
= 8-674677

4]2? = 2-67-1677

^HL = 1-674677
4*28 = 0-674677

•'*728 =1-674677
•04728 = 2-674677

'004723^ «i»»»i»M^(M**. = 8-674677
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Here we have simply nerformed the s»me operatJon by two different meth.
Utv dividing tho nnmh^m by 10, hikI 2n(l, from the lof/arilhrm corriM on
to the aiuBb«i% BubtractiUH 1, the 1 jgurithtu ol 10.

From this illustration it is evident that,

Ist. The characteristic of the logarithm of a nuiul)(»r is

dependent wholly upon the positipn of the decimal point
in that number, and is not at all affected by the sequence
of the digits that compose that number; and

2nd. The Mantissa or decimal pait of the logarithm of

a number is dependent wholly upon the sequence of the

digits that compose that number, and it is not at all afluct-

ed by the position of the decimal point.
NoTK.—It is only common logarithms (1. e., those having 10 for thoir base)

Uiat possess the Importnnt property of havlnir tht' same niantisBa for the mm
flgnre, whether Integral or decimal, or both, and it was this property that in.
Ouced Brlggrt to adopt that base In preference to the Napierian base, <i,^^^\kl\^

45. Since the characteristic of the logarithm of any number does i\"f, de-Dend upon the value of tlic digits composing tliat number, and U m easily f.nindby attention to tho rules found in An». 42, 48. it is customary to om.tit alto-
geth^r In logarithmic tables, and merely give the mantissa.

The auuexed tobies contain the logarithms of all numbers from 1 to l()0«o
calculated to 6 decimal places. Wiien greater accuracy is required, UMv^ caj.
ouUted to s greater number of places i re used. IJv means of the pr^i o tional
parts sod difference given in the tabli s. the log/irithm coirefipondiiiK lo all

numbers whatever, may J)e fouuJ with sufficient accuracy lor all practical pur-

46. To find the logarithm of any number not greater
than 100—

BULK.

Find on the first page of the table of logarithms, the given numhtr
in the column marked No., and directly opposite to it,—in the column
marked log., will befound the logarithm.

Example 1.—What is the logarithm of 47? Ans. 1'6'72098.

*v ^^*-r^^ saying that 1-672098 is tho logarithm of 47, we simply mean

M*-«»"M— 47
^^' "'^'* *** *^* *'**'^*' 1'672()98, is equal to 47, or briefly

Example 2.—What is the logarithm of 93 ? Ans. 1-968483.

47. To find the logarithm of &ny number consisting

of not more than four digits

—

}
RULE.

Find, in the column marked N, the first three digits of the given

nnmber.
Then the mantissa will be found in the interseciion of the hori-

tontal line containing these three digits and the vertical column at tk
head of which stands the fourth digit.

To this mantissa attacJi, thi^ Jt^nacteri^ia as found bv the rules in mm
Arts. 42, 4a. ^. ' ' ~~
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imber not greater

Am. 1-968483.

imber consisting

digits of the given

mnd by the rules in i

ExAiiPLB 1.—What is the logarithm of 7988?

819

ho lu.it line but one of that dlvi8u> .'

('a.^v^.S h
""• ^''^, "^ ^^« «"*«« ""^

iuo till wa come to tho vert "ai ioluinn It th?
" F^ "'.!'."? *'"'« h'"-l*«ntal

inah.lnKdltrJt. 8. we Ahtntn "It: k" ."*?°?_"^ tho_beml of which 8tan(U the re-.,ahH..ffdl«rt,8 weobtuln forT^
tho bemi of whlc!, 8tan(U the ro-

to which woVeHx thrchSrSristlo 8 dr«"/h*''*' '"'^'i*'""**
logarithm -mm,

the decimal polut la theS nS >r) aufl t u.-^k/I ^"^I'
•"«*^ ^" ^^^ »«" «?

8 SO^ltJtf.
•* °"""^ ''^ """ t^"» "btain the required logorithm

^^T':V'~7^^^ '"" *^' logarithm of •0000001234?

htrizot;?t.rn%rpi;;^2\'!r;t r? /" 'v^^"''
"°«"' *^« *»""»

. 1. . T .
^^

'
*"" ' ^'J® Intersect on of thia Una wifh th^column headed 4, is found -OSlKin t« ^ki- .. . .

° '"*

Exercise 147.
1. What .re the. logaritlmB of 8784, 67 M, 67M000, and •0006794f

. W.a. are «.e 4«iL^'^<^'^I^8!Z,\•.r:^J^^*•'»^»'«•

.. What are the .ogaHthn^ oc'^nt'f^i^^O^^^l^'SSS^^

i. What are the l<^.^,^iVZTi ISX^'^'Hr"-
^ns. 2»90«16, 0090616, 61(90616, and I-990B1«.

BULB.

^cfo? Me number thus obtained to the manfioan «/ tt.^ t -^r

lastlij attach the characteristic to this mantissa.
Example 1—What is the logarithm of 63803-2?

^. OPERATION.

Then from -TSOSCS
Subtract -780782

.SI; and 5i a52 Cremainiug digits of glvoit namber)
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=2602, from which we cut oflf two digits, since we maUlplled by a nnmbcr oftwo digits, and since the highest digit cut oflf Is not less than 5, we add unity tothe part retained, which gives us 26. ' "

Then mantissa of logarithm of first four digito -780789
Add 26

rr V. V XX
Mantissa of logarithm of given number -780808

To which attach the characteristic 4 and required logarithm=4'780808,

NoTK.-Except at the beginning of the tables, where the mantissas IncreaMrapidly in magnitude, the difference maybe t*4ken from the right hand column
(headed D) and opposite the first three digits of the glVen number, where ihi,mean diflforence of the mantissas In that line will be found,

«

ExAMPLK 2.—What is the logarithm of 832-17242 ?

„ .. ^. OPBBATION. ,

Mantissa of logarithm of 8821
Diflference from column D=52 ; and 82x7242==8766M'from which wo

cut oflf four digits and add

920171

• *DOAO1

1

To which we attach the characteristic 2 and reqidred logarithm=2 12>)214

40. The diflfereuce given in the column headed D in the tables, is that du»
to ao increment of one unit in the fourth figure of natural number, thus

Logarithm of 5788 8*758761
Logarithm of 5789 ......8-768886

Difference of natural numbers=l; difference of logarithms=75

And 8lnce It Is shown In common works on Algebra that, with small incre
rnents in the natural numbers the loiarithms corresponding to them increase in
arithmetical progression, in order to find the logarithm of any number between
°^.§7/?," V ''^V^®

consider that the increment of the logarithm to be added
to 8-768761, bears the same proportion to 76 (the Increment for 1), that the in-
orement of the natural number does to 1.

For ezamjple.—Let it be required to find the logarithm of 5788-47.
Here the increment of the given number being -47, we form the proportion

1
:
-47 : : 76 :

-47 x 76=85-25, the increment to be added to 8-758761, and this ad-
dition having been made, we get 8-758796 for the logarithm of 5788-47.

Similarly, If the Increment of the natural number had been -047 or "0047 [U
corresponding increment of the log. would have been 8-525 or -8526.

These illustrations sufficiently explain the reasons of the last rule.

19*v'^^«'"^ **** **™® number as In the last article and dividing the differ.
ence 76 by 10, we obtain 7-6 the difference corresponding to an increase of out
unit 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 num.
bers thus obtained will be the increment of the logarithm corresponding to an
increase of that number of units in the^/%A place of the natural number! The
increments thus obtained, and corresponding to each of the nine digits, are in-
serted in the left hand column of the tables, headed P. P. (Proportional I'nr::)

j51. The numbers in the column headed P. P., as already explained, aro
tbe Increments in the logarithm tor an Increase in itiefifth place of the natursi
numbers. They express also the increments for the digits in the ma>th. serfiuth,^hm,mnth, «&c., plnces of the natural number, when they are divided bv Jft

100, 1000, dice., as the case may be.
* j i

62. Hence to find the logarithm of any number con*

iaining more than four dlgitg—

•
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corresponding to the dinit *« th. .»• VjT
j^^'^''^ ",^- ^««a the P. P,

set itZm s^thatittrfalThaL'f^^ V^ ^''''^ ""^'^'^'^ «'«i

^mtne partof the mantissa already found and ih^T^ p„

EXAMPLB l.-What is the logarithm of 8872-468 ?

^ OPEBATIOH.

Mantissa of logarithm of 8872 =-92282»P. P. corresponding to •* =21 '

r p H *° OS = 81^•'^' to '008= 42

Therefore required mantissa^ 929«.^
Sura= -922868162

Muireu mantissas 922854 and required log.=3-922864
Example 2.—What is the logarithm of 403567 ?

OPBBATION.
Mantissa of logarithm of 403600=-605844
tr. F. corresponding to — "wowi
P.P. to

60=
7=

64
76

Therefore required logarithm I3 5 6069ll"'°=*^^^"

Exercise 148,

t WK *

""TAININO THB DIFFERENCES BY SUBTRACTION.

84l7T>?
'''"''"" corresponding to 8193217, 73-9245, and

« vJll ...

^'"- '^''''^'^ 1-868789, and 1-926210.
'=^"^^8 corresponding to -000234564 and -001007013.

Am. 4-370261 and 3003036.'



322 LOGAEITHMS. [Sbct, X,

USING THE TABULAR DirFERENCEB.

3. Find the logarithms corresponding to 52'376 and 129*476.

Ans. 1-719133 and 2-112189.

USING THE PROPORTIONAL PARTS.

4. Find the logarithms corresponding to •00047.1398 and 9136712.

Ans. 4-673387 and 6-960790.

6. Find tiie logarithms corresponding to 4-23429 and 763-12987.

Ans. 0-626780 and 2-882598,

53. To find the logarithm of a vulgar fraction

—

RULE.

Subtract the logarithm of the denominatorfrom 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 to th
whole number and proceed as in Arts. 48-52.

56. To find the natural number corresponding to an)'

given logarithm

—

RULE.

First Method.—Find the logarithm in the table which is next

lower than the given one, and the four digits correspo7iding to it will

bti the firstfour digits of the required number.
II. Subtract this logarithm from the given logarithm, to the n-

mainder annex one cipher and divide by the tabular difference corres-

ponding to the four digits already obtained, the quotient will be th

fifth digit.

III. To the remainder attach another cipher and again divide by

the tabular difference, the quotient will be the sixth digit, and thus

proceed till a sufficient number of digits has been obtained.

IV. Hie characteristic of the logarithm shows where to place the

decimal point.

NoTB.—^The nnmber cnnnot be carried with accuracy to more places than
the logarithm has decimal places. (See Art. 56.)

Example 1.—Find the number corresponding to the logarithm
4-923267.

OPEBATIOIf.

Given log. -923267
Next lower in tables, -923244=log. of 8380.

Diflf'prence= 28 Tabular difference=62.
Then 2800(H-52 gives 442 for dlgiUi iu 5rh, 6tb, and 7th placoB.
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spending to anj?

Heoee the digits of the natural nnmber are 8880442 ; and since the charac-
teristic is 4, i. e. one leas than the number of digits to the left of the decimal
point, the required number is 88804-42.

Second Method.—Find the firstfour digits of the required num-
ber and also the difference betfoeen the given logarithm and the next

lower in the table as in the last rule.

II. Mnd in the same horizontal division of the table the highest

p. P. that does not exceed this difference. Opposite to it in the

column headed M. will be found the digit of the fifth place.

III. Subtract this P. P. from the difference, to the remainder

annex one cipher andfind the highest P. P. not exceeding the number
thusformed. Opposite to it in column N, vrill be found the sixth

rV. Continue this process by the addition of ciphers, till the re-

quired number of digits be found.

Example 2.—Find the natural number corresponding to the

logarithm 8'663269.
OPBBATION.

61Ten log. •888259

Next lower in the table -888186= log. of 8574

corresponds to 8 forJ^ place.

Difference=
Highest P. P. not greater than 104=

104
98

Highest P. P. not greater thai 60=
«0
49

Highest P. P. not greater than 110= 110
110

corresponds to 4 in sixth plaee.
[pl3oe.

eorresponds to 9 in se/toem^

Therefore digits of required number are 8874849 ; and since the characteristie

is 8, there must be four digits to the left of the decimal point.

Hence required number is 8874'849.

Exercise 14-9.

by fibst method.

1. Find the natural numbers corresponding to the logarithms

4-18'7139, 0-718184 and 4635421.
Ans. 13713'22'7, 5-2255'78 and -0004319376.

2. Of what numbers are 2-921686 and 1-922165 the logarithms ?

Ans. 835 and -83592H.

BY SECOND METHOD.

8. Of what numbers are 6-407968, 7'408386 and 3-416369 the

logarithms? Ans. 265839-4, 25608588 and -0026083.

4. What are the natural numbers corresponding to the logarithms

4-877777 and 0-555556? Ans, 76470-5168 and 3-5938.
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66. In order to ascertain how many flgnres of these results may he relied

npon as correct, let us take from the tables any logarithm, as 4-236685.

Now the real value of this losrarithni If carriefl to a greater number of places
might be anything between 4-2366835 and 4-2856845, and might therefore differ

from the given logarithm by very nearly •0000005, which is therefore the ex-

treme limit of the error attached to tables of six places; i. e. any ditference

less than '0000005 might occur without producing any change in the logarithm
as given in the table.

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,

is less than the modulus of the system divided by the smaller number. The
modulus of the common system of logarithms is •4842946, and if we let n repre-

sent the smaller number, the difference between the logarithms of n and of

»+ 1 is less than •4842945-f^.
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 •0000006, which
•4342946 •4842943

is therefore less than •4342946-i-», or n is less than .qqqqaqk But :jwsjt^j^;

= 868589. That is, unless the number whose logarithm is given be less than

868689 its value cannot be found accurately beyond the first Jtve digits, but if

it be less than 868589, then the first eitB figures found from the table tvill be
correct. I

If tables of seven or eight places are used, the result can be depended on

to seven or eight places, if the number be less than 868589 or if the mantissa

be less than '9378 ; but if greater, then the result can be relied on only to one

less number of figures than the decimals ot the logarithm.

LOGARITHMIC ARITHMETIC.

57. The Arithmetical Complement of a logadthm is tho

remainder obtained by subtracting the logarithm from 10

Thus the arithmetical complement of 2*718426 is 10->2*718426=: 7-286574.

Exercise 150.

1. Find the arithmetical complements of 5-631642 and 0*714000.

^n«^ 4*368858 an'fl 9*286000.

2. Find the arithmetical complements of 3*123456 and 7*213149.

Ans. 12'876644 and 16*786851.

8. Find the arithmetical complements of 6*124367 and 2*000837.

Ans. 3*876643 and 11*999163.

58. To multiply two or more numbers together hj

means of logarithms :—
RtrLS.

I. Add their logarithtru and the sum will be the logarithm of

their prodiict.

II. Find the natural number corresponding to this logarithm,

"Knmv i_ "^fiT Tea5!on sed Art. 10.

Note 2.—-The following exercises are all worked by the difference, and not

by the proportional parts;
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EXiUiPLB.—MultipIy 6631 by 47.

Logarithm of 5681=8-750686
• « 47=1-672098

5-422684

6-422590=logaritbm of 264600

Ml 57

Am. 264657

Exercise 161.

1. Multiply 61, 22, and 66 together. Am. 87280.
2. Multiply 52, 734, and 6 together. Am. 229008.
8. Multiply together 35-86, 2-1046, -8872 and -00294.

Am. -185761.

4. Multiply -00008764 by -86359. Am. -000075685.

69. To divide nambere by means of their logarithms

—

RULE.

I. Subtract the logarithm of the divisorfrom the logarithm of the

dividend : the result vAU be the logarithm of the required quotient,

II. Find the natural number corresponding to this,.

Note.—for reason see Art. 11.

Example 1.—Divide 6732-7 by 478.

OPIKATIOir.

Logarithm of 6732-7=8-828189
Logarithm of 478 =2-679428

Differeiice=1148761
l-148603s:logarithm of 140800

153= 61

Ana. 14-0851

Example 2.—Divide -036684 by -00078593.

OPKBATlOir.

Logarithm of -036634=2-568291

Logarithm of -00078598=4-895884

Diflference=l-867907
l-667826=logarithm of 46-5400— 87

81=
Am. 46-5487

60. Instead of subtracting the logarithm of the divisor^ we may
add its arithmetical complement—the result^ vnth 10 subtracted from
the characteristic, will be the logarithm of the quotient.

ill
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Thus, in the last example the arithmetical complement of 4*895884 is

18-104616, and this added to 2*668291 gives 11*667907, and snhtracting 10 from
this characteristic, gives us 1*667907, the same as obtained by the other method.

Note.—This method of using the arithmetical complement is very con-
veirient when we have to divide one namber by the product of several others.

* EXERCIBB 162.

1. Divide -6734 by -0009278. Am. 726-8033
2. Divide 437*89 by 62-736. Am. 6-98.

8. Divide 93*217 by -0007182. Am. 180702*4
4. Divide 9886267 by the product of 28, 189 and 2-748.

Am. 828-839.

61. To raise a quantity to any power by means of

logarithms— \

RULE.

• /. Multiply the logarithm, of the given number by the index of the

required power^ the result will be the logarithm of the required power.

II. Find tJu natural number corresponding to this logarithm.

NoTB.—For reason see Art 12.

Example 1.—^Find the 10th power of 2.

OPKBATION.
Logarithm of 2=0*801080.

0*801080 xl0=8*010800=logarithm of 1024. Ana.

Example 2.—^Find the 7th power of 2*71.

OPBBATION.
Logarithm of 2*71= 0*482969.
Then 0*432969x7=8080783= logarithm of 1078*45. Ana.
NoTB.—In order to obtain the correct result when the characteristic hapj

pens to be negative, it must be recollected that the mantissa is ahoava nosi*
tive.

^

Exercise 168.

1. What is the 6th power of 6 ?

2. What ia the 6th power of 1-073?
8. What is the 4th power of -0279?
4. What is the 11th power of 1-111 ?

Am. 8125.

Ans. 1-5261.

Am. -00000060592.

Am. 8-1831.

62. To extract any root of a given number by meanii
of logarithms—

•

BULK.

index

T tX^J 4Z- f lAl _^ MX- _• ...1 .- » ». '•» .. » ..
J., jci/tie iriz stfyw/it.-y/s vj iiic givvjs, jiiiinver ana aivide u oy ins

ex of the rehired root^ tfte reamt toill be the logarithm of the root.
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//. Find the natural number corresponding to this logarithm.

Note.—For reason see Art. 16.

ExAMPLK.—What is the cube root of 12346 ?

OPKBATION.
Logarithm of 12345=4-091491.
Then 4091491-^3= l-8i)3S:30=logarithm of 23-11159. Ana.

63. To extract any root when the characteristic of the

logarithm of the given number is negative :

—

BULK.

/. 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.

ExAMPLB 22.—Extract the fourth root of •00'76542.

_ OPEBATION.
Logarithm of •0076542=8-883899.

Now since 8 is not exactly divisible by 4 we add—1 to the characteristic

and + 1 to the mantissa which gives us 4 -f 1-8S3S99 and this is evidently =
8^888899.

Then 4+ l'883899-^4=r-4709747=logarithm of -295781 Ana.

Exercise 154.

1. Extract the Yth root of 913426000. Ann. 19*0588.

2. Extract the 11th root of 1-61342. Ans. 1-04444.

8. Extract the 5th root of -000007139.

4. Extract the 7th root of -002147.
Ans.
Ans.

•0934817.

•41575.

64.- 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"- \)e given .—
lat. Wo cam obtain the logarithm of any power of 2 or 8 by Art. 61, and any

root of 2 or 8 by Art 62.

2nd. We know the logarithm of 10 to bo 1, and hence we can obtain the

logarithm of 5, since 10-s-2=5 and also of 8-0 since 10.^-3=38, heuce we can also

obtain the logaritlim of any power or root of 5 or 8-3.

8rd. By Arts. 58, 59, we can obtain tlio io,7arithm of any power or root of

2, 3, 5 aad 88 multiplied by any power cr root of 2, 3, 6 or 8-3.

Example.—Given the logarithm of 2 = 0-301080 and the loga-

riuiuj ui o:= Willi 21. JJiuu iiiu iuganwins oi ouu, z-i, &», iau,

75000, 16f , i, and 13-5.
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OPKRATION.
Since 5:10-4-2 the losrarlthm of 5=log. 10— log. 2=l-0'801080=0-efiROTn
TIienl<)gaiiium()f60,»=2-69M97». " owiuw-y W8970.

24=ttx8-!«s x8.-. log. 2-l=(loff. 2) x 8 + (log. 8.)
log. 2=0801080x8=0-908090
log. 8= •477121

8ani=l-880211=log. 24.
64=27x23=8" x2.-. log. 64=(log. 8)x8 + 0og. 2.)

log. 3=0-477121 x8=l-481S63
log. 2= 0801080

Sum =1-782898= log. 64,

120=4x8x10=29x8x10.-. log. 120=(log. 2)x2 + (log. 8) + (log. 10.)
log. 2=0-801080 xa=O-6ol060
log. 8-
log. 10=

0-477121
1

Suin=2-079181=log. 120. ,

76000 = 26 X 8^000 = 5' x 8 x 1000. -.log. 76000 = (log. 6) x 2 + (lig.8)

log. 5=0-696970x2=1897940
log. 8= 0-477121
log. 1000= 8

Sum=4-876061=log. T6000.

16i«8-8x6. -. logarithm of 16|= (log. 8-8) + (log 6.)

Since 10-5-8= 8-8, log. 8-8= log 10- log. 8= 1-0-477121= 0-522879
logarithm 5= 0-698970

Sam= 1-221849= log. 16|.

i^ * •
r

• ^^ changing only tho characteristic= 1-698970 = logarithm i18-5=: •6x27= -5x8»
. -. logarithm 18-5= (log. 3)x8 + (l()ff. -5)

*

logarithDi 8= 0474 121 x8= 1-481863

logarithm -5=: 1-698970

Bum= 1-180888= log. 18-6.

Exercise 166.

1. Given logarithm 2 = 0-301030 and log. 1 = 846098, find tbe

logarithms of 14000, 4-9, -00196, 1V50, 1428-671428
•00000112 and 3 0625.

'

Am. Log. 14000*= 4-146128.

Log. 4-9 = 0-690196.

Log. -00196 = 3-292256.

Log. 1750 = 3-248038.

Log. 1428-571428 = 8-164902.

Log. -00000112 = 6-049218.

. .
Log. 3 0625 = 0-486076.

Note,—1428-671428=^ x 10000, also 8-0625=49-7-16.
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-0-801080=0-(I98970.
Example 2.—Given I<^arithtn |= 1*698970

logarithm 8^0-477121
logarithm 11= 1041893

Find the logarithms of 49^, 863, 4-09, 2-4, 892*72, 298333^, and
19-966.

An8, Logarithm of 49|= 1-694606.

Logarithm of 863=2-569907.

4-09=0-611819.

2-4=0-388181.

Logarithm of

Logarithm of

Logarithm of 392-72=2-594090.
Logarithm of 293333^=5-467862.
Logarithm of 1 9-965= 1 -300270.

i061=log. TfiOOa

= l-221S49=:log.l6j.

L80888= log. 18-6.

QUESTIONS TO BE ANSWERED BY THE PUPIL.

NoTB.

—

The numbers after the questions refer to Mm numbered artictn
tfthe section.

What is the power of a namber? (1)
What '8 the root of a number? (2)
Why ia tlje second power <»f a number called Its square? (4)
Why is the third power of a number called its cube? (5)
What is the index or exponent of a power? (6)
What is involution? (8)
How do we inultiply two or more different powers of tbe same number to*

getber? (10)
How do we divide any power of a number by another power of the same
number? (11)

How do we And any required power of a given power? (12)
What is evolution? (18)
By what methods do we Indicate a root of a number? (14)
How do wo extract any sroot of a given power of a number? (15)™ "

" "(16).

10.

11.

12.

18.

14.

15.

16.

17.

18.

19.

20.

21.

22.

28.

24.

25.

26.

What is meant by extracting the square root of a number?
What is the first .step in extmcting the square root of a nnmbe ;? (16)
Why do we point otrinto periods of two figures each? (IS-I)
What is the second step in the process of extracting the square root? (16)
How do we know that the square root of the highest square in the left hand

peilod is the highest difdt of the root ? (18-11)
What is the third step in the process of extracting tlie square root ? (16)
Why do we bring down only the next period to the ilglit? (18-11 in Ex. 2)
What is the fourth part of the process for extracting the square root?,(16)
Why do we double the part of the root already found for a trial divisor ?

(18-III)
What is the next step in extracting the square root of a number ? {16)
Why do we not include the right hand figure of the dividend when seeking
how many timPs the trinl divisor is contained in it? (IS-IV)

Whv do vvu nlacp the disrit thua fonnd in hnth thn divisor and tha mntf
(i's-v)

What are the other steps used in extractin;? the sqnierA root? (16)
Huw do we extract the square root of a decimal? (19)
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is: wZttTtXr^ (20)

two are given f (24)
»"»««u mungie 0€ found when the other

SO. What proportion exists between difforent clrolo«v iOK\

U Kd^;:: J;:,|i\S;J''P""»"'"''eeBB.r«,c«h. ,28.1,

5S' S''^ ^1° *'® «''t™ct tlje cube root of a decimal ? m\

42. Glvj, tLe different «teps of H^rnU method of e,tn.tl„g the cube toot

S So'^'rw^eti^^'^'ttterri^^ W
^^ a mulUple of2by 8 y (84?

** "** *°*^** '* * P"""^^' <>' » «r 8 o<
46. What is a logarithm f (86)

4?' Wh«f Jf no* \^^^ *»^,? ^y***" of logarithms? (86)
Iq wk *

** "* ®y"*®"» *'^ logarithms ? (87) ^ '

2 Zri^rS^oT^u^klV^r "*'' '"" ^^""*'"^*«^ -<» »-- ^o *W differ

^* ^K*5 .'* ^l'®
characteristic of a logarithm ? fSft^

60. Wh*t is the decimal part <rf the llgarithm calle'1 ' "0^

Ejjput- dearly wh.t te n,«u„ by the n„„be„ In «,!„„. j, „, „, ^y^

61.

62.

68.

64.

66.

66.

67.

68.

69.

60.

\
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SECTION XI.

how do they differ

nn D of the tables.

PROGRESSION, POSITION, COMPOUND INTEREST,
AND ANNUITIES.

PROGRESSION.

1. Quantities are said to be in Arithmetical Progres-

eion when they increase or decrease by a common differ-

ence.
Tbns, 2, 5, 8, 11, 14, &c., are In arithmetical progrei»ioD, the common dif-

ference being 8.

12, 10, 8, 6, &c., are in arithmetlctil progression, the common difference

being 2.

2. In every progression the first and the last terms

are called the extremes^ and the intermediate terms the

means.
ARITHMETICAL PROGRESSION.

3. In arithmetical progression there are five things to

be considered

:

1. The first Urm.
8. The last term.

8. The common difference,

4. The number of terms.

6. The sum of the series.

IThese qnantltlcs are so related to one another that any three of them being
frivcL . the other two can be foand, and hence there are 20 distinct cases arising

from these combinations.

4. Ifwe represent these five qnantltles by letters, thus

:

a = thefirst term.

I = tTie last term.

d= the common difference.

n—the nvmber of terms.

8 = the sum of the series.

We shall be able easily to deduce algebraic formul» which, being interpreted,

become the common arithmetical rules for arithmetical progression.

6. The general expression for an arithmetical series then becomes

a + (a+d) + (a + 2<0 + (a+Zd) + (a+id) + {a+5d) +, Ac

where the coefficient of d is always 1 less than the number of the terms. Thns
in the third term the coefficient of d is 2, which is 1 less than the number of

the term: in the fifth term the coefficient of d is 4, which is 1 less than the

number of the term, &o.
Hence I = a + {n — l)<f ; that is, the last term of an arithmetical series is" --- .-..^ fVia T>i<A/1nn* of tha /:nm.mytn. (i'i.lFMfAnrM hv Ml^

N

tTT^'^tm X-^T vtxv^— — — „AAaA *

less tfian the number qf terms.

\
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e. since the sum of the series Is equal to the soin of all the terma tat«nin any order whatever, we have ^^ ^^^^

a + Sd+\.. l-M +
\
l-2d +

;-8d + |..a+8rf+|a + 2c?+ a-i-d-hla

But ^^iAl?ti^/t^"''/^-^<"-^'^-'<"-*-'>+ ••••»<>« t«'n»^But (a + l)+(a + l)— ton terui8 = (a + ^)».

Therefore 2a=z{a + l)n, and dividing these equals by 2, we have •=(a + r)'*

That Is, the sum of the series is found by addlnj? tocether the Arat «n/i / ,.*Urms and multiplying theirmm by hat/he number^tZtm ^ *'

Au
5(**''""'"^.° *<*<1'"B the corresponding terms of the forejrolnir seHfl« fncrofho.

7. From the formula obtained in Art. 5, we find by transposing the terma

I = a+(n-l)d

a — /-(»-l)d
\

l-a
n-1

l-a
d

d:=z

n = +1

we^tod
'***^"°*^ ^^'^ ^"®'' **^

'' **' ''• '*°*^
" *° ''^^ '''™''^* obtained in Art. «,

«= |2a+(n-l)(i|^

«= J2Z-(n-l)dl

(?-a) (/+g) Z+a
2d ^ ~F

We thus obtain the five ftindamental formulas li-om which the othflr flfti.nn
are derived by transposing the terms, &c. Thus,

^^^

i =5 o+(»-l)<i gives formula* for ^ a, n, <f = 4

« = (a+t)^

«= |2a+(n-l)(il| •*

2a "^
a

«, a, 2, n = 4

4) a, n, <2 ^ 4

9fl, n, d ^ 4i

«, a, 2, et = 4

Total, 86
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' all the terms takoq

.rd. 7-a.j AKITIIMETICAL rROORKSSlON. 333

wehave«=:(a + ^^
2

r the flr6t and Imt

;olng series together
Ight hand membew
) sum becomes a + l:

aasposlag the tenna

I obtained in Art. 8,

chtheotlierfllteen

8. THE FOLLOWING TABLE GIVES THE 20 FORMULAS FOB
AlUTIIMETICAL PROGRESSION WITH THEIR RELATIONS, Ao.

No. Olvon. Required. Formulai. Wbeuoe derived.

I.

IL

III.

IV.

V.

VL

vn.

VIIL

a,d,n
a,d,a

a,n,t

d, n, 8

I

/ = a+ (ii—l)d

I = -id + Vad«+(<»-*<^)'

,J^in.l)d
n 2

fundamental.

VIIL

V.

vn.

a, I, n

a, d,n

d,l, n

a,d,l

fl

« = . 2a+(»-l)d ^
« = . 2l-{n-l)d^^

2d * a

fundamental.

V. and L

V. and XVIL

V. and XIIL

IX.

X.

XL

XIL

rt, n, a

a, I, 8

I, n,8

d

rt = -

—

- «
n-1

. _ 2a-2an

2«~l-a
^^2nl-28

n(»—1)

L

VI.

VIIL

VIL

XIIL

XIV.

XV.

XVL

a,d, I

a, d,8

a, I, 8

dj, 8

n

I—a ^
I.

VL

V.

VIL

d-2a ^2« /2a-dxa
2d d V 2d /
28

2i+d A^/2l+d\2 2a

XVII.

XVIII.

XIX.

d,n,l

d,n, 8

I, n,8

d,l, 8

a

a = Z-(n-l)d
'8 _in-l)d
n a
28 ,

n

t

VL

V.

VIILXX. a = id + -^(l+id)^ - 2d»

9. The following examples will enable the student to

understand clearly the inteipretation and application of
the;av ujiuiuisc.
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10. To find the last term of an arithmetical series

when the fiist term, the common difference, and the num-
ber of terms are given :

—

RULE.

/ = a + (n—!)<?. (i.)

Interpretation.—The last term of a series is found hy addmj
the first term to the product of the common difference hy 1 less than
the number of terms.

Example.—What is the tenth tenn of the arithmetical series 1 3
6,&c.? '

'

OPEBATIOKT.

Here we have given the ^rst term 1, the common difference 2, and the
nwnber of terms 10 ; to find the tenth or last term.

Theni = a+(n—l)d= l + (10-l)x2= l + 9x2= 1 + 18= 19. Ans.

11. To find the common difference of an arithmeti.3al

series when the first term, the last term, and the number
of terms are given :

—

Iiule.

d=-—z' («.)«—

1

Interpretation.—To find the common difference of an arithmet-
ical series^—Subtract the first term from the last term and divide tht

difference thus obtained by one less than the number of terms.

Example.—The first term of an arithmetical series is 8, the IStJl

term 65 : find the common difierence.

OPBBATION.

Here we have given the Jlrst term 8, the last term 55, and the nutnber of
terms 18, to find the common diflPerence.

Thend= I—

a

«—

1

56-8_M_
18—1~12~'^~ "*•

12. To find the sum of an arithmetical series when
the first term, the last term, and the number of terms are
given :

—

rule.
n

» = (« + 2* i^')

Ioterpretatios—^«W the first and last terms together and multi-
ply their sum by half the number of terms.

Example.
4n.~„ :« r. 1__j.

Find the sum of an arithmetical series whose first

D, and number of terms 17.
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, and the number of
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OPKBATION

Then« = («+Z)| = (2+60)xy = 62xH =26x17 = 442. ^n«.

13. To find the common difference when the last term,
the number of terms, and the smn of the series are given :

BULE.

nin—1)
'

lm^^Tm.ihx\Q^.--Take twice the prodwt of the number of terms
f!^ the last term and from it mhtract twice the sum of the series,
mvide the resulting difference by the product of the number of terms
by 1 less than th£ number of terms and the quotient will be the com-mon aifference.

Example.—In an arithmetical series tlie last term is 80, the num-

dffference"^^
^^^ *^^ ^"^ ^^ *^^ ^®"®® ''^^' required the common

OPKRATTOir.

we h^?i1
^^ ^*''® ^''^° «, »N and « to find d and since i=80, n=ll, and «=746

d =: ?2^^* = (2xlly80)-(2x746) _ 1T60-1492 268
(«-i) 11 X (11-1) liTiT" - fio

= ^^*-

14. To find the number of terms of an arithmetical
series when the first term, the common diflference, and the
sum of the series are given :—

RULB.

d—2a /is (:

'

2a—(fy
2rf /

(xiv.)

Interpretation.—/. Subtract the C(mm<m difference from twicy
ihe first term, divide the remainder by twice the common difference,
square the quotient, add ths result to the quotient obtained by dividing
twice the sum of the series by the comnuin difference and extract the
square root of this sum.

n. Next, from the common difference subtract tmce the first term,
divide the remainder by twice the common difference, and to the quo-
tient add the square root obtained in I. TJie sum will be the number
of terms.

Example.-The first term of an arithmetical progression is 7, the
common difference i, and the r-im of -M t^n torma ^d.9. wv,ot ia *b«
number ot terms ?

lOiSili
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M= «f-2a

Vn86 + (2ri)a = - 2T* + V"86+766i = - 27* + Vi89^=:^27» + 431= IS. An$. •

EZEBCISK 166.

1. 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 ?

2. The extremes of an arithmetical series are 21 and id'fmd^ih^number of terms is 41, What is the common difference ? i

8. In an arithmetical series the first term is 12, the la&t^tem^^;

terts?^
common difference is 6. Required the number of

4. In an arithmetical series the last term Is 14, the commou'differ-
ence 1, and the sum of the series 106. Required the number
01 terms r >j o i k

6. The first term of an arithmetical series is |, the common di'fteri
ence f, and the sum of the series 1 1 80. What is the last term ?

e. If the extremes of an arithmetical series aje 8 and 170 and thesum of the series 4896, what is the common difference'?

7. If the extremes of an arithmetical series are 6 and 2U and the

o t/?^T'' ^^^ff^'^^ce 2i, what is the number of terms ? 'Ahs 11
8. It the first term of a series is 2, the last term 478 and the num-

ber of terms 86, what is the sum of the series ? Ans. 20640
9. In an arithmetical series the last term is 998, the first term 2 and

the common difference 6. What is the sum of the series ?

10. In an arithmetical series the firat term is 6, the numberof ferms
11 and the comaaon difference 2i. What is the laat term ?

11. In an arithmetical series the last term is 199, the common differ!
ence is 11 and the number of terms 19. Required the sum
of the series?

.^^ . , .
^m. 1900.

12. The sum of an arithmetical series is 89840, and the extremes are
2 and 478. What is the number of terms? Ans 166

13. The sum of an arithmetical series is 83600, and the extremes are
998 and 2. Requlrea the common difference? Atis 6
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> a = 7, d = J, and

837

16,

14. A snaU crawls up a flag staff 130 feet high and upon reaching
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 ?

^ns. 15 days, 16 hours, 10 min. 27-264 sec.
16. The sum of an arithmetical series is 83500, the first term is 2 and

the couunon difference 6, what is the last term ?

,. ,
^»*»- 998.

A person wishes to discharge a debt of |1I26 in 18 annual pay-
ments which shall increase in arithmetical progression. Ho\«
much must his first payment be in order that the last may b«

,^
,^120?^ ^w«.$5

17. la an arithmetical series the extremes are 5 and 27i and the num-
ber of terms is 11. What is the common difference ?

A71S. 21'

18. 220 stones are placed in a straight line exactly 2^ yards apart*
the first being 2^ yards from a basket, how far will a person go
whilst picking up the stones, returning with one at a time and
depositing it in the basket ? Ans. 69^^g miles.

\9. The sum of an arithmetical series is 89840, the number of
terms is 166 and the last term is 478. What is the first term ?

Ans. 2.
20. A person travelled from Toronto to Kingston, in 12 days, walk-

ing 4 miles the first day, 6 miles the second, 8 miles the third,
and so on. How far is Toronto from Kingston ?

-<4ws. 180 miles.
21. The clocks of Venice strike from 1 to 24. How many strokes

does one of these clocks make in the day ?

Ans. 800,

GEOMETRICAL PROGRE^^^ION.

15. Quantities are said to be in G(o.Tietrical Progres-
iifm when they ir irease or decrease b^' a common multi-
Oiier.

Tlius 3, 12, 48, 102, A :., »ie in gpometrical T)ro|; siion, the common ratio
1 common nultiplie bv-ii^c *,

100, 20, 4, I, -j\, (Sic
,

j.rh in geometrical prog- ssion, the common ratio

15. In ffeomstv'cal. progression the. ^ are five things to
)t considered

:

1. The
, first term.

%: Tie III tit term. «.

»;. T 'le: comnum ratio.

(« Th^ imm of tfie ««rtM.
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As In arithmetical progression, these fiv? auantltles are so related Uwit an»l
three of thein being given the other two can be found, arid hence ther are a I
distinct cases arising from their combinations.

*
'

17. Representing these five quantities by letters thus,

a = thefirst term.

I = the last term,

r rszthe common ratio,

inszthe nvmber of terms,

s =!=.the sum of the series.

< iiihe general expression for a geometrical series becomes

a + ar+ar^+ar^+ar*+ar^+, &a,

where the index of r is always one less than the number of the term.

Thus in the third term the index of r is 2, which ia one leas than fhe mim.
ber of the term

: in the fifth term the index of r is 4, which is one Ul^ than thanumber of the term, &c. \
"

Hence I = ar»--i
; that is, the last term is equal to the first term imiltiplied

by the common ratio raised to that power whiob is indicated by on* jess than
the number of terms. ' " " I

18. Since the sum of the series is equal to the 3um of

all the terms.

« = a + ar+ara + fl»3+ cw-n 8 + ar»-3+ar» », multiplying by r we eetl

Hence sr-s = ar*-a
; or «(r-l) = o(r>.-l), and therefore s =*. -^'"'"^J i

r-l
I

That is, the sum of the series is found byfinding that power of Vts cm. imon ratio which is expressed by the number of terms—subtracting 1 from]
this, dividing the remainder by one less than the commxm ratio and mdii-
plying the quotient by the first term. '

Note.—-The second of the above series is found from the first by mu'tinly. i

ing both sides of the equation by r, and in subtracting we take tlie terms'jf tig
upper senes from the corresponding terms of the lower. Only the lirst thiea
or four and the last three or four terms are written and between ar^ and at»-i\
there may be any number of intermediate terms. The ar» a jn the lover
series is obtained by multiplying the term before ar»-8 in the upper eeiiea.
which is ar»»-<, by r.

i f "^
«"^'^

18. From the formula obtained in Art. 17 we gei w
transposir-g the terms, &c.
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An.^ Mbfltltuting ihflse valaea of I, a, r, n In the fonnula obtained in Art 18

rl—a
§ = FIT

(r—l)r» 1

• =

w n

I"—1 — an—

1

^•—1 — (jn—

1

idd these together with the two formulas obtained in Arts. 17 and 18,

r-1

I tfn^StXTll/StTo^' ^Sr*^' P''^-^««''>° ^«- -Wch the other

rl~a
* - 7:i:j» a^«8 formuloB for s, r, ;, an<? = 4

7(m_l)
« : .

^-T n—

1

;«—1 a"—

1

_ flf(rn—1)

" 8, 1, n, and a = 4

" «, r, a, and » = 4

" ^, o, r, cwkf n. = 4

Tbto/, 20

20. The following table gives the 20 formulas for
geometrical progression with their relations, &c. It will
be observed that questions involving formulas III, XII
XIV, and Xyi cannot be solved by common arithmetic!
but require the aid of the higher mathematics. All the
lormulas lor n involve the use of logarithms.

V
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No.

I.

II.

III.

IV.

Oiven.

a, r, n

cr, n, a

r,n,e

Required.

VI.

VII.

VIII.

a, r, »

a,r,l

(I, n, 2

IX. r, n, i

X.

XL

XIIL

XIV.

XV.

XVI.

r,n,9

n, I, a

a, n, I

a, n, a

a, I, a

n, I, a

XVII.

XVIII.

XIX.

XX.

a, r, I

a, r, a

a, I, a

r,l, a

a

n

FormulM.

a +{r—l)a

l(a-l)n-i - a(8_a)»-i = q

(r—l)«r»-i
Z =

Wheuoo derived.

fundamental.

VI

VII.

vm.

«

=

a(r»—1)

a =

r-1
rl—a

a =

r-1
W II

n-l n-1
I -a

In -I — a»-i

l{rn-\)
' (r— 1)7^-1

a =
Z

a =

i/m- 1

(r-l)«

r»—

1

a(«-a)'»-i — l{8-l)n-i —

= (-)—

r" r + =:
a a

r =

fn—

a — a
a-~T
H

8-1 rn--l +
8-1

—

log. r

« =

- J»g- [*» + (^-t>] - log. rt

log. /•

log. Z — log. a
log. («-«) - log. {8-1)

log, f-log. [r^-(r-l)«]

log. r

+ 1

' +1

Atndamental.

V. and I,

V. and si: I.

V. and IX.

I.

V.

VI.

VII.

I.

V.

VI.

VIII.

I.

V.

VII.

VIII.
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Wheuoo derived

fundamental.

VI

VII.

VIII.

flindamenta].

V. and I.

V. and Si:i.

V. and IX.

I.

V.

VI.

VII.

I.

V.

VI.

> VIII.

I.

a
V.

(-1
\ VII.

^' VIII. ]

i

841
^1

APPLICATIONS.

21. Given the first term, the common ratio, and the
number of terms, tojind the last term :

—

RULE.
l-ai^\ (i.)

Interpretation.—J!fM/<e>/^ the first term 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.

Example.—What is the 9th term of the series 7, 21, 63, &c.?

OPKBATION.
Here « =7, r= 8, and «=9.
Then I= ar»-i = 7 x 8»--i= 7 x 8»= 7 x 6561 = 46927. Ana.

22. Given the first term, the common ratio, and the
last terpa, to find the sum of the series :

—

RULE.
rl—a

' = ^. <"•)

Interpretation.—/Swi^rarf the first term from the product of the
common ratio by the last term afid divide the remainder by one less
than the common ratio.

Example.—The first term of a geometrical series is 6, the com-
mon ratio 4, and the last term lOUOOOO. What is the sum of all the
terms r

OPEBATIOW.
Here a= 5, r= 4, and /= 1000000.

Then«= rl-a 4x1000000-5 8999995 _= —g— = 18388311. Ans.r-1 4-1

23. Given the first term, the common ratio, and the
number of terms, to fnd the sum of the series:—

RULE.

a (V.)

Interpretation.—/??n(? that power of the cotnmon ratio which is
indicated by the number of terms, subtract one frmn it, and divide the\mamder by one less than the common ratio.

Lastly multiply the quotient thus obtained bytfie first term of the
nerm, and the result will be the sum of all the terms.

Example.—The first term of a |?eometrical series is 8, the com-
mon ratio is 4, and the number oi' terms 9. Required the sum of the

1

1
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Heie a= 8, r= 4, and n= ».

24. ^o/wrf/Atf common m/to when the first term tb
last term, and the sum of the terms are given :—

BULl.

"«— /

/;,. !!!L'"fT^!^^''-~^T^ '^" differenci^ hetween the first term and Ithe sumbi^ the difference hetween the Imt term mid the Ln Zal '

tient will be the common ratio.
' ^""^

Example.—The first term of a ceometrieal spripa ia i «U. i .

OPBRATIOK
Here e= l, /= 19688, and «= 29524.

Then r= ?^=.2952* -1
'

« — i 29624— 19688'^ 9841

29628 „ ^

Exercise 167.

1. A nobleman dying left 11 sons, to whom he bequeathed his proD-erty as follows: to the youngest he gave £1024 ; to the next Lmuch and a half: to the next 1^ of the preceding son's sh 're

'

and so on. What was the eldest son's Ibrtune ; and what w2^the amount of the nobleman's property ?

^rord!'£m09r''
'^''^''''^'^ ^^^^^^* ^°^ *^^ ^^^^''' ""^

^'
'^1240oU'Tnd''thtf^°^1"?fl.P'^^"^^°» '' '^' *h« J««t *«'•'« »

ratio

?

^ *^'°'' '^ ^^^^^^^- What is tiie

8. What debt can be discharged in a year by monthly paymlnts kgeometncal progression, the first term being £1 and^he laS£2048; and what will be the common ratio v '
""^ *^^ ""'

or.u"'treTe™1'
'"' '"' '"' '^™ '» "W- ^^h/4'r

«. In a geometrical progression the first term is 1, the "numbe,- ofterms 7, and the common raUo 8, what is the sam of theTries?
«X7{&-. 1052
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6, Vbe first term of a geometrical progression is 1, the last term is

10077696, and the number of terms is 10. What is the sum
of all the terms? Am. 12098286.

1 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 ?

Ana. 2.

8 The ratio of the terms of a geometrical progression is 2, the
number of terms is 11, and the sum of all the terms is 20470.
What is the last term ? Am. 10240.

9. \ 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? Am. £204 168.

If VThat 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 ? Am. £4473924 6s. S|d.

1) 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.

I? A. person travelling goes 6 niiles the first day, 10 miles the sec-

ond day, 20 miles the third day, and so on increasing in geo-
metrical progression. If he continue to travel in this way for

7 days, how far will he go the last day ? Am. 820 miles.

18 The first term of a geometrical progression is 5, the last term is

327680, and the ratio is 4. What is the sum of all the terms ?

Am. 436905.
\i k. king in India, named Sheran, wished (according to the Arabic

author Asephad) that Sessa, the inventor of chess, should him-
self choose a reward. He requested the king to give him 1

grain of wheat for the first square, 2 grains for the second
square, 4 grains for the third square, and so on ; reckoning for

each of the 64 squares of the board twice as many grains 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?

Am. 18446744073709551615 grains.

87529996894754 bushels.

$56294995342131.

16. The ratio of the terms of a geometrical progression is 3, the

and the sum of all the terms is 29 •; o.

Ans. " t-'Uv.O.

16. The firat term of a geometrical progression is 1, ths \m,i term is

What is the sum of all

V 4m. 4096,

number of terms is 10,

What is the last term ?

2048, and the number of terma is 12.

the terma ^

i 1 \

I
i

I I
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17. The first term of a geometrical progression is 6, the ratio is 4and the number of terms 9. What is the last term ?
'

Ans. 327680.

Hence for finding the sum of any infinite serie*

art _ a€- — a

r-1

a

l-r

RULE.

r—

1

when r Is lets than 1 :—

a
« = (xxl.)

1—

r

\.J''''^^^^f''f'<'^'--Th^ ''^vrn of an infinite aeries is found kudi-vtdtng the first term by unity minus the common ratio. ^

Example 1.—What ia the sum of the infinite series l + i+5V +

OPERATION.
Here o = 1 and r = J

rr^
» 1 1

Then a = = = — = » = 14. >4««

Example 2.—What ia the sum of the infinite series 'Ysi ?

OPERATION.

Here rt = /ji^^ and r =„W
" Tn„n .„„„Then « = TOoo

1-r 1- roos

Exercise 158.

1. What is the sum of the infinite series i, -A- M- &c ? /*«» 4
2. What is the sum of the infinite series 4, if 1, i'^ L ? 1L J
3. What is the sum of the infinite series '79 ?

4. What is the sum of the infinite series -1234 ?

Atis. II

Ans. ^5ff.

26. To insert any number of means between two given
extremes

;



t

(daoT.tl A>».25-2f.]

1 of any infinite aerlej

series -734 f

^SlTiON.

HULK.

A45

^
If the aeries is an arithmetical one, find tJw, eommon difference by

I

formula IX. Art. 8. 7%en add this common difference to the first

I

ur»i and the result will be the second term ; add the common differ^
me t'> the second and the result will h the third term, tkc.

If the series is a geometrical one, find he common ratio by for-
mula XIII. Art. 20. ITien 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, d:c.

ExAMPtE 1.—Insert Y arithmetical means between 3 and 61.

OPRRATION.

Since there are 7 means and 2 extremes the number f " terms is 9.

„. , l-a 51-8 48 ^
Then a= = -—- = - - = 6.n-1 9—1 8

l8tterni=8; 2n(l=8 + 6=9, 8rd=9 + 6=15 ; 4th= 16+6=21: 6th=21 + 6=27J
6th=27 + 6=88, andsoon.

And series Is 8, 9, 16, 21, 27, 33, 89, 46, 51.

Example 2.— Insert 6 geometrical means between 1 and 128.

OPERATION.
Since there are 6 means and 2 extremes the number of term& is 8.

Then r=(~);rh = (^)8-^=(128) ^-=2.

Hence 2nd term=l x 2=2 ; 8rd term=2 x 2=4 • 4th=4 x 2=8. Ac.
And series is 1, 2, 4, 8, 16, 82, 64, 128.

Exercise 169.

1. Insert 9 arithmetical means between 2 and 02.

Ans. 2, 11, 20, 29, 38, 47, 56, 66, 74, 83, 92.
2. Insert 4 arithmetical means between 7 and 50.

„ ^. , « , . , ,
^«*- '7' 15^' 24i, 32^, 41|, 60.

8. Fmd 8 geometrical means between 4096 and 8.

^««- 2048, 1024, 512, 266, 128, 64, 32, and 16.
4. Fmd 7 geometrical means between 14 and 23614624.

Ans. 84, 504, 3024, 18144, 108864, 663184, and 3919104.

IP
if'

>»'een two given

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.

Note.-' -Position is also called the Rule of False, or the Kule of Trial and
Error.

o.:...iJ
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28. Position is divided into :

1st. Single Position-when only one assumed num.
ber IS used.

2nd. Double Position—when two assumed numben.
are used.

*.^S®'
®'°^^® Ppsition is employed in the solution of tlioseproblems in which the required number is increased o

diminished by any part of itself, or when it is multipliedor divided by any given number,
30. Double Position is employed in the solution ofthose problems m which the result found by increasing ordecreasing the required number in any given ratio is it-

Belt increased or diminished by some other number' ihich
IS no known part or multiple of the required number.

SINGLE POSITION.
ai. Single Position proceeds upon the principle that

the results are proportional to the numbers usedfand isemployed in all cases when the problem can be stated"
algebraically in the form of ax=b, where ar=the required
number, a the given multiplier, integral or fractional, and
o the given result.

'

* 1 ®R*. ^*'. *• "** required to find a value of as such ihu* nm-h «.,.,,>
to be this value, and Instead of we obta^lnVfJ^thiVesul?- Thenar£v
aa>=b and ax-=b; and diWdiug we get "^ = |.' or|' = -* whence ft: 6 : : «.

»ora>=— xfl)'.
o'

Hence for single position we deduce the following

RULB.

ih. tUT' "*

^ir**"*'
'^'"'^ perform with it the operations described,.

laTZl '
"" *''^' ''*/''* *""*"'' ^*'«»'*''^ «« '« 'A^ number urn;so ts the true or given result to the number required.

fnu^h^JH^*^
1.—What number is that which being increased byi^/fourth part and diminished by its fifth part gives 68 for the result.^

s=S,

Assume any number, 40.*

OPKRATIOH
Then one-fourth, of number = 10, and ons-fifil'

the r^J^Tred pJ^%thS!;S"/Ja«r" ' """'^' ^' ^^^«^ ^^^ ^'
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le assumed num-

emotK i^ofiiTtoisl. Hi
40+10--8=42, which by the question should have been 68,
Then—Kesult obUloed : Kesult required

Or,42:68;:40;^!^=60. Am.

PROor.—60+J of60-J of 60=68.

Number used : Number f-

ExAMPLK 2.—A teacher being asked how many pupils he had, re-
hlied, if you add ^, |, and ^ of the number together, the sum will be
18 ; what was their number ?

OPKRATIOir.

Assume 60 to be the number of pupils.
Then one-third of 60=^20

onfl-fourth of 60=15
one-sixth of 60=10

Sum =45, but it should, by question, equal 18.

Then 45 : 18 : : 60 : ^^^=24. Ana.
4o

PBOoF.—i of 24 + J of 24 + J of 24=18.

T II

whence b': b .:w'

r = 10, and ons-0J'

' whioh we can taitr

EXKBCISK* 160.

1. A gentleman distributed 78 pence among a number of poor per-
sons, 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 aa
women. How many were there of each ?

A'Hs. 3 men, 6 women, and 18 children,
2. 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 give for each ?

Ans. He gave for the harness, £0 13s. 4d.; for the horse,
£18 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's is 84, B's 42, and C's 14.
4. After paying away \ of my money ; and then ^ of the remainder,

120 guineas.I had 72 guineas left. What had I at first ? Ans.

* All questions In position may be solved by simple analysis, and very fre-
quently this is the better method, and Indeed the teacher should insist upon
the pupil thus aolving each problem. The following will serve as examples of
the mude of solution.

Example 5..-Since 140 is equal to A's age, + B'a age, + C's ago, and B's age
Is equal to three times C's, and A's to 6 times C's. it follows that 140 Is equal to
1+8 + 6=10 times C'a age, and hence C's age is A of 140=14: B'3z:14x8=42:

I 1
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e. A can do a piece of work in seven days ; B can do the same in 6days; and C in 6 days. In what time will all of them execute

6. A and B can do a piece of work in 10 days; A byhimself can do
It in 15 days. In what time will B do it ? ^«». In 30 days

7. A cistern has three pipes ; when the first is opened all the water
runs out in one hour; when the second is opened, it runs outm 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 togeth-

8. What is that number whose i ^ and f parts, teken togeS'
make 27? ^^ ^^'

9. There are 5 mills; the first grinds 7 bushels of com 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'thev
work together? ^„,. j^ 25 hou.u

10. There is a cistern which can be fiUed by a pipe in 12 hours- it

has another pipe in the bottom, by which it can be emptJel' in
18 hours. In what time will it be filled, if both are left open?

Ans. In 86 hours.

DOUBLE POSITION.

33. When the number sought is to be increased or di-
minished by some absolute number, which is not a known
multiple, or part of it—or when f^ro propositions, neither
of which can be banished, are contained in the problem.
we use double position, assuming two numbers. If the
number sought is, during the process indicated bv the
question, 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 prob-
lem stated algebraically would take the form of

aar-f b = c

where .r is the number sought, a the given multiplier, in-
tegral or fractional, b the given increment, and c the given
result.

°

Example 7. By Analysis.-Since A can do the whole work in 7 days, iii 1

day he will do ^ of the whole work, similarly in one day B will do }, and i of
the whole work. Therefore working together they will doH « +k=m of the
whole work, and they will require as many days to do the whole worn as in ia

wntaiDed timfea lu 1. 1. «.. l-j-|fJ=lig^ days. Ans.
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Dividing IV by V we get ^^>=-%r-

34^Let it be required to find a value for » Buch as to eatlflfy the equation,

In such a case assume any two known nunobers n and «' and perform on
these the operations indicated in the question, and let the errors in the result
be e and e\ both suppose in excess.

"<»«»»

flfl) ^6= ^lil)*
= '^ + « (^) »n<* «»' + *= + «' (11), and, by the question,

Subtracting III from I we get an— ax ssie, or a (n — tB)= e (IV).
Subtracting III from II we get an' — aa»=z6, or a (»' — «) = «' (V).

^ _ ^ _ «

a{n'- flj) «'
°' n'- a ~ «'*

And reducing this we get «= ;-.

Hence for double position we deduce the following

:

^ BULK.

/. Assume hi convenient numbers^ and perform upon them the
processes supposed by the question, marking the error derived frmn
each with + or—, according as it is an error of excess, or of defect.

II. Multiply each assumed number into the err<yr which belongs
to the other; and, if the errors are both plus, <yr both minus, divide
the difference of the products by the difference of the errors. But^
if one is 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 mil
be the number sought, or an approximation to it.

Example 1.—There is a fisb whose head is 8 feet long, his tail ig
as 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 ifish ?

OPBBATION.

AssuH'^ 24 feet as the length of body.
Then tail = 8 + i of 24= 8 i- 12= 20

Body= head + tail = 8 + 20= 28
Assumed length of body= "4

Assume 28 feet for length of body.
Thentail= 8 + i of 28= 8 + 14= 22

Body= head + tall = 8 + 22= 80
Assumed length of body= 28

Errors.
+ 4
+ 2

Error= + 4

Assumed numbers.
28
24

Error= + 2

X
X

Products.
112
48

Dlflfereuce of errors= 2 difference of products= 64
Then 64 -f- 2= 82= length of body

8 +iof8i} = 8 + 16= 2-1= " tail

8= " head

64: length of fish.

Example 2.—A laborer contacted to work 80 days for 15 cents
per day, and to forfeit 50 cents for every day he should be idle during
ri33t unit;. xic icwjivou ^-u j now jQow many aays aia ne work, uuu
how Okany days was he idle!'

kf

n i

I
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OPKRATIOW.

Suppose he worked 60 days, then he was idle 30 days

Keault obtained

Error
Suna received= 2260

Jj^„^

Again
:
suppose he worked 40 days; then he lost 40 days

Sum earned = 40 x 76= «80-00 "
8umforf6ited=40x60= 2000

Sum received= lo-OO

Errors.
-16
-2*

Result required
Besult obtained

X
X

Assumed numbers.
60
40

Error =
Products.

750
100

ISaoT. XI

: 12600
22-60

- 2'50

$2600
1000

— 1500

Difference of errors= 191 Tknr -

Therefore resKquired- So -'"m J^'H'^""*'=^Number of idle ^ayTZmZ^Jl^f^^^f ^''Y^'

PBOOF.-Snm earned =62x7?-ii^^- ,

Sumforfeited= 28x 50=^4 So \

Sum received= $26 00

the pXunciTjd b/J'td IT. "''."''
."."TS »»l«pUed b, s,

shall be 82 ?
^ '

"'' """ """ '•""'cd by 8, the quotieni

OPERATION,
Assume 40 to be the number.

.
Then 40 X 8 = 120 + 4-19^ . a- iR.i^w + 4 - 124 n- 8 = 16^ = result obtained.

^ - result required.

Error = — Ui
Again

: assume 100 to be the number.
ThenlOO X 8 = 800 + 4 = 804-t.fl-<jQ . ,x ^

""*^^-f|= result obtained.
/*^ = result required.

Error = + 6

Assumed numbers.
Errors.

-16i
+ 6

X
X

Sum of error = 22J

100
40

= 16»0
= 240

Sum of products - 1S90

Required number = l^^^ = 84. Am.
l'ROOF.-84 V 8 = 252 + 4 = 256^8 = 82.

sS-*-»*«-"'J-r.t'^^^^^^^
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i 2^2
I25-00
22-60

)r '^ --2-60

I

I

=: $2R'00

1000

r ^-- 1500

)duct8.

760
100

DOUBLB POSITION.
851

Example.—What is that number which is equal to 4 times ita
gquare root+21 ?

•» -v^ * ««*«. tm

OPERATION.

^f^a^oM Assume 81

* 4

21

68, result obtained.
64, result required.

—11, difference.
81

891

86
21

67, result obtained.
81, result required.

—24, difference.
64

1536
891

mv i. .
^ 18>646

The first approximation is 49-6154

It f8 evident that 11 and 24 are not the errors in the flsfliimAfl nnrnKoM

which the rule is founded, does not apply, we ibtain only an approximaXn
n^tripp^'oJi'ri'at^T^'^'"''"^

'' ''' '^^'^'^ Bumbe^re. wreSn^alS

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 different
kmds\ into the product of the difference of the numbers andonfofthe
errors. The quotient will be the correction of that error which has
been used as multiplier.

Note.—This rule depends upon the principle that the difference betweenthe assumed nunibers a;,d the true numbers is proportional to [2^(11^068
of the rrsults obtained using the assumed numbers and that given in thiprobleni. As in tlie last rule, when the question could not by aSra be re!

Example.—If to four times the price of my horse £10 be added
the result will be £100. What is the price of my horee ? ,

OPERATION.

Assume £19, and secondly je25 as the price of the horse—
Then 19

4

76
10

86, the result obtained.
100, the result required.

14 is »D errer of d^fiuii, riuia an «rrer of

25
4

100
10

.A tbe result obtained.
-00, the result required.

1i

%.

i.
1*

--

> i 1
i 1^ >

1 A, . H

1
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Aur^Z^ZV """^ **' ^Jf^rent kinds : and their sum Is 14+10=24' and ti,.difference of the assumed numbers Is 25-19=6. Therefore ' *"•

I wi 1. J V
'**' **"*' **^ *^® errors,

la multiplied by 6, the difference of the numbers. Then divide by

of 14,

24)84

and 8-6 is the correction for 19, the number which gave an error

=^622 t(£'£ tlTJeJuteVquVn'tif/'^''
*'^ ''"''''''' ^ *« ^« <^<'<'^) 8-6=32,

^ EXBRCISB 161.

1. A son asked hi8 father how old he was, and received the foUowin^

*Tf- It *S^
i'

^^^ i «^ °»'°«' but 5 years ago it wasonlyi-. What are their ages? Ans M^^Aon
2. Required what number it is from which if 34 be taken' 3 times ftremainder will exceed it by i of itself? ' JS 58*S. A and B go out of a town by the same road. A goes 8 milel each

^^^hL^ir^ov^^l^^krAr
^^^' ' ''' --^' ^ *^^ ^^r^'^t

Suppose
A.
6
8

40
15

a
1
2
8
4
6

5)26 16

7

85
20

1)16

A.
Suppose 7

8

66
28

7)28

B,
1

2
8
4
5
6
7

-4 28
6

20

5—4=l=difference of errors.

the e^or^in'oSeX'""'""
'"*'' ""^ *^' ^^^^^'oti^y, in each case, which givea

4. What are those numbers which, when added, make 25 ; but whenone 18 halved acd the other doubled, give equal results.

5. Two contractors, A and B, are each to build a wall of equal d^iraen-
sions; A employs as many men as finish 22^ perches in a (iayB employs the first day as many as fini,-<h fi pe.ches, ^he second
as many as finish 9, the third as manv as finish 12 &c In
what time will they have l?uiU. ap equal uumbor of pcrcWs ?

6. What is the number who«e i, {. and | mukipliJd'tJLS
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lit

Is 14+ 10=24; and the

divide by

BiippoM IS Suppose 4

1:1

which gave an error

to be added) 8'6=825

H Product = 18

H 81, resnlt obtained.
24, result required.

B + 57, error,

64, the cube o( 4

Product = 2

8. resu'.t obtained.
24, result required.

— 21, error.

1728, the cube of IS.

[»lVPfl tina IV>11«_;.-,

B 8048, product

I 5t -t- 21 =c 78

8628S to this prodaot
8648 is added.

years ago it was
Am. 80 and 20.

taken, 3 times the

An^
58f.

^ goes 8 miles each
i, 3 the third, &c.

B.
1

2
8
4
5
6
T

28

rora.

ch case, which gives B ((>.

ke 25 ; but when
results.

Ans. 20 and 5.

1 of equal diraen- B H
lerches in a any;

iches, ^he aecoiid

nish 12, &c. In

of pcrcbes V

Ans. 12 days.

tiplied togetiier,

78)89936 is th« sum,

And 612 the quotient

8^12 = 8, is the required number.

We multiply the alternate error by the cube of the supposed number,
Hfcanse the error belongs to g\ part of the ertbe of the assumed numbers and
ot to the numbers themselves; for in reality it is the cube of some number
hat is required-sinoe 8 being assumed, according to the question we have

8 8 8x8 8— X _ X = 24; or — X 8» = 24,
8 4 8 64

1. What number is it whose i, i, ^, and i, multiplied together,
will produce 6998J ? Ana. 86.

8. 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 ?

Am. A 7, and B .5.

9. There are two numbers which, when added together, make 30

;

but the I, ^, and ^ of the greater are equal to i, f , i of the
lesser. What are they ? Am. 1 2 and 1 8.

A gentleman has 2 horses, and a saddle wortl JE50. 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 each horse? Am. £30 and ,€J»>.

A gentleman finding several beggars at his dpor, gave to eacli 4<l.

and had (5d. left, but if he had given 6d. to each, he wo.nd
have 1 2d. too Utile. How many beggar t« were there ? Ans. d.



B6i Compound interest.

COMPOUND INTERjjlST.

(BlOT. XL

A»a so „„
,
„,.„„: „ .: :;> .„7./,rru':i i ='

r ; ^^ . -s,
ft.rmulu (I) in the margin.

^'^^'^bia

Dhidinjr <>ac!) side of (U hv (i^f\t ,„«
m«la (II) in tho inargii.^ ^ ^ ''*'^'* ^"'•

Divi,ling i.«cb 8i,le of a) by P we got (1 , ,•)

= p; extracting tho f" root, a»d transposing

the 1, we get formula (III).

ObUining as before (1 + ry = ^ and appl.v^,, the

A = P(l+r)' (1)

P =
(1 + r)

.(II)

r = V J
-1 (HI)

« = 1^ - ^"t-? (IV)
log. (1+r)

log. (1+r)
^^^

principle of leprithms we laet lo^. (1 + r)\ f ~log. A - log. P, and dividing eadi\ de l.y t
(l + >')we£ret<- '"^' ^-'^S-I* t,.'

'"

U
I

; )
get t _ -y~ j-^-; -

, wh.cb is (IV)

of tlie margin. <» v /

Lastly, to find the time in which anv snu, „fmoney will amount to n tiineS rtSeff It a ii" „

- P/1A 'l";!"'!'!^
<^>' "''"•^h gives us «l»

get /< - jl^+r)« whence log. n = log. (l-i-;)x<;

*^* ^ ^
ro"i: (I^y *^'*'^ *s formula ( V).

APPLICATIONS.

When the principal, rate per cent., and time are given
toJim ihe amount

:

— ^

RULE.A^P i\+ ry or log. A = log. P + log. (1 + ,.) x t. (!)
lNTERPRETATi(,N._J/«Z^,y,/^ /A, /o^anVAm of the amount offA L

SS '-^ Z^^^''^'/'^^- i^^ result will be the logarithm of ik

ih. m..stmr'" ^^^^'^^-^ '^ '^- %«'-^-^'- -/

OPKRATION.

Tte, ^C-yva r ,?'r?i1 "• ?'"«>""";« «™ 12 ciMrter, In 3 ,„,»
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(1+r)< we,getfoi.

COMPOUND INTEREST. 355

36. When the amount, rate, and time are given tofind

the principal

:

—
BULB.

P=7, rj; or log. P — log. A —log. {I + r) x t. (II.)

(1 + r/

iNTERPaETATioN

—

Take the number exj^ensing the amount of %\

for one payment^ and raise it to the power indicated by the number of
payments.

II. Divide the given amount by the number thus obtained and the

quotient will be the required principal.

bV logaritiijjs.

Take the logarithm of the amount of |l for one payment, and

multiply it by the number ofpayments.

Subtract the logarithm thus obtained from the logarithm of the

given amount ; the remainder will be the logarithm of the required

principal.

Example.—What principal put out at compound interest, at the

rate ot'Si per cent, half-yearly, will amount to |8764-0O in 11 years?

Here A = 8764, r

Then P = ;;—

OPBltATION.

•035 and t = 22.

or log. P = log. A— log. (1 + r) x t.

(1 +r)t

log. P = 8 942702 - 0014940 x 22 = 8-942702 - 0828680 = 3-614023.

Hence P = $4111-70. Aits.

37. When the amount principal, and time are given

to find the rate per cent.

:

—
BULL

rj= t -1/(7;
J

- 1 ; orlog.{l + r) =
log. A — log. P

(III.)

Interpretation.—Divide the amount by the p'incipalf and ex'

tract that root of the quotient which is indicated by the number of

payments.

II. Subtract 1 from the root thus obtained and the remainder will

be the rate per unit, multiply this by 100, and the result will be the

rate per cent.

BY LOGARITHMS.

Subtract the logarithm of the principal from the logarithm of

the given aiiwunt, and dhnde the dr'fcrcvc."' by the number of pay-

inentK ; the remit leill be the logarithm of tha amount of $1 for one

payment.

Find the natural number corresponding to this, and from it sub-

tract 1, the result will be the rate per unit, and lids multiplied by 100

gives t'lte rate per oe^ii*

i M

'1 1 P'l

I

1!

Kim
'! '

< <1
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OPERATION.
Here A = 6742, P = 278 and t ^ 54.

Then log. (1 + r) = !!!« Ani!l!?L? ~ 8;82S789- 2;444045 _ 1 •884744

= •0206484. Hence 1 +r-10fi'^-.nA „„i »
'^ ^'^

OO -lin
"*-*"+ '^ -'»«.'• = 00, and rato per cent = f. Avs.

RULE.
log. A —W P

Example.—In what time will $729 amount toi-zui nf 9i n
cent, compound interest, quarterly?

to |7H3 at 2^ pe,

OrERATION.
Here A = 7148, P = T29 and r = -0.5.

Then t = !^:_4.~ '«?:_?! ^ 1S63S61 - 2 S62723 000) 15a
lojf. (1 + r) 0'010724" " ""

b 010724
~ ^"^^piiyiiieiitg

= 28 106 years --_- 23 years 1 month 7S days. Ans.

39. 7b /wrf in what tune any sum of money willamount to n times itself at any given rate per cenL com-pound interest :

—

^

RDLE.
log. n

' " %.TiT7) (^^ •

lNTERPBETATioN.--Fm/ <//,. logavUhm of the number expnmiu, tolow many time, U.o.lf the given sum is to amount, anddlvU,'ut Z
^iTt^e!''

""""' '^ ^' ^'''' ^"^ ^^^"'"'^
^ ^^^ --^^-^ ^^

^'«

Example 1,—In what time avjH anv "tto nf mn. ,-,- .-. » . .-

«u,.s iwrat 6 ,«r cat. per am,um;ii,:;::,[;s;;-;.,srr
'-

'

OPERATION.
Here « = 5 and r = -05.

Then t = -^ '" = (;98fl70 _ ^ .

log. (1 + /•) 0-02li89
~ ^^'^""^ -'*'''• = ''2 years H n;()iit!,i 2.' ,h\s.

Ana.

Example 2.—In what time will any sum of ni(),.ny yn.ouut to «?-wmea itoeii ai bi per cent, quarterly, compound interest v

'

^^-mt
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\5 1-384;

Ans,

44

ale are given

H(»re n=9 find r=085.
lot;, n _ 9M248

TlH>n <-,„jj (i + ,.)~ 6014«40

11 months 18 ilftys. -^Iw*

=0«'8716 payTncnt3=15-9679 year9=16 years

Exercise 162.

1 What is tl.e amount and compound interest of 8713-29 for 7 years

'

at 4i per cent, half yearly ? Ans Ainount=:|lo20- )B.

Compound mtere8t=f 607 07.

2. In what time will any sum of money amount to seven times itaelf

at 14 nor cent, quarterly, compound interest?
,, „ ,^^ ^

,4 tts. 32 years 8 months 2 days.

5 In what time will |11M1 amount to $111M1 at 8 per cent, per

annum, compound interest ? An. 29 yearP 1 1 months

4 At what rate per cent, quarterly will $222-22 ..mount to $3333-38

in 30 years, compound interest being allowed ? Ans. /?'}?.

5. In what time will any sum of money double itself at 7 per cent.

per annum, compound interest ?
no ^,„„^

Ans. 10 years 2 month? 28 days.

6 What principal put out at compound interest at the rate of 2^ per

cent, quarterly will amount to $100 in 7 years?
Ans. $5" -68.

7 To what sum will $2108-13 amount in! 3 years «* compound inter-

est H per cent, half yearly ? A ns. $0427-705

s What principal will amount to $7137-40 in 11 years, compmir^d

interest at the rate of 4i per cent, half yearly bemg allowed ?

Ans. $2850-723.

9. In what time will any sum of money amount to 19 times itself at

6i per cent, half yearly, compound interest?
'* ^

^ns. 28 years 9 months 8 days.

).

i n:oiil5ii 2- I'r.ys.

ANNUITIES.

40. An Annuity is any periodical income payable at

equal intervals, as yearly, Ivalf yearly, quarterly, &c.

41. An Annuity m 2>o8sessioii is one that is entered

upon already. •. •

42. An Annuity in reversion or a deferred annvitij is

one whose first payment is npt to be made until after the

expiration of a given time or until the occurrence of a

specified event.
, ,. r

43. An Annuity certain h <v.i- tliat is to continue lor

a fivQfl fjnrpj^gr of Vftarg.

I
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^58 ANNUITIES.
ISiOT. XI.

fhaf^'f^"
Annuity ro«/m^,«/ or a tl/e annuity is one

even^"
^ ^'''^''''''y ''' ^" »"""ity that is to continue for

46. An Annuity is in arrears when one or more xnvments are retan,ed after they have become due.
^^'

m.nt.i'J}
<^^^^;!""iofan annuity i. the sum of the pay-

ii7>..n liem.
a">.ars) and iho whole inteiest due

l.-..-^**" T'"'f""""' ""'"' "/ "" <""»"'y is lliat siitn whi,-l,'f.ng ,,„t out at ,nten,t until the annnitv ct.<«es »oI i,m,d«..e a sun, equ;,l towhat would have I,e«, accum.da
L..,l the a„nu,t,v been left „n|.aid until that time.

pound int";;"'" ""
""'''"''^^ '' ''""' ^""'''<' --' "">

ANNUITIES AT SIMPLE INTEKKST.

=«-Mntt..v,ston„ forcne pcriM~«+/.\? './'/'
'

''''* W"" nt but one
two im-.ru.nt«--.„ + 2./r,- last , ttbm -« + ^ .!" 'n'=" + '"t^''-'st on </ f„r
«nd (umo U.e first PHyn ent=«+ utoVesufn ^ w'n^'V'"^.*'''''T''^ ^^'^ :

piiymeuts-u + (/-!) ar.
"'^'uu.vi.Bt on « for one Jess tlmti the number of

ll.en (Art 5) A = « + (« + «.) ^ („^2,,) ^ ^^^^.g^,.^^ ^^ ^ la^(t-l)ar]
Whence (Art 6) A = i « + «+(«_i)ar i* - {.. (t- l)r\

, , ,

\
^

J 2
~"

V^"*"
—9- j<«, which Is

/brniiila I in the margin.

A = «.(,.(Ari)r)(,)

(II.)
a =z 2A

«(2 + (^_ i)j,.

(in.)

l/j^ + (2-r)»
[
- (2-r.) (IV.)

Formulas 11, III. an.l IV nre
dorivi.,|fn„„formul.il, |-y,Va
position, ie. ^ j

ir
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to continue for

' <)( pnj-mi>nt8. r=

. ANNUITIES. S59

No aomn] formula has yot bfon rtlsooverod for the 8ainmat|oTi of a Bories

fbr niuling the pre.uJ val'if, of an annuity at Hlmplo «»toro8U The "e ««'•«-

rally adopted for flndiug the proaent value olf an annuity at simple Interest Is

the following :—

FiJid the prescrd worth of each payment by itself, discountingfrom

Ihe time itfalia due—the sum of the present worth of all the payments

•nill be the present worth of the annuity.

NoTK—Tlio al)8(.lnto absiiriUly of purchasing annuities by simplo Inter-

<.st la evident from the fart that the Intorpst of the sum required to pnrcUase

an annuity, discounling at 5 per cent, simplo mtorest, actually exceeds i no au-

nnltv 1. c. to purolwie an annuity to continue only a llmlt^'d number ol years,

renu"lreH a 8um which will yl.-ld a larger yearly Interest for eier Heiu-o the

various rules givo i for rtn<llng the present value of annuities at simple iuUTest

are, In etfect, valuclesd.

APPLICATIONS.

61. When the annuity, number of payments forhorne,

and the rate per cent, of interest are given, to find the

amount :

—

BULK.

{t >- l)r= at \ (1-+-
(

(I.)

Interpretation.—Mult/ply the rate per unit by one less than tht

number ofpayments and to half the remit add I.

Multiply the nw/iber thus obtained by the product of the annuity by

the number of payynents, and the result will be the re<juired amount.

ExAMPLK —If a pension of 1600 per annum be forborne 5 years,

to wliat sum will it amount at 4 per cent, simple interest ?

(t +

OPEUATIUN.

Here a = COO, t = r», r = 04.

Then A = at>l + --^ -

08) - 3000 X 1-08 = 13240. Ana.

= COO X 6{.>n—

h

8000

52. When the amount of the annuity forborne, thb

number of payments f«)rborne, and the rate per cent, of

interest allowed, are given, lojind the annuity :
—

a —

RULE.

2A
(II.)

t |2 +(f- \)r\

Interpretation.—3/«/^?/)/.y the rate per unit by one less than the

wmb-'r "f pai/ments, and to the product add 2.
, ,. •

i

Multtplii 't/tis Num by the number of payments, and divide twice

the (lireu amount of the annuity by fir- product thus obtained; the

iuir€it
iVt'.i

:ii l„ /»., .-;/

ii

m i
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I

= $100 = quarterly payment, and hence annual

I'^yfif.ir*^';""^^*' *"""''y' P*y*^'« quarterly, will amotn.t „•8225 26 ,u 7 yea.^, at 4^ per cent, per annum, simple intSrea"?
OPERATION.

the r"7pc"I"qT.!rtr"i^'iJVr^Tlii'r """'"' "' "^'^ ^' ""'' I»- «"-«n.

Then < = 28, ^ = $8226-26 and r = 01 126.

a = ?^! 822626 X 2 645060
<j2 + (<- l)r} - 28|2 + (28-1) x -01126^

~ 28"Tl2 +
.8,y75l_ 6460-60 _ _ 6460-50

""
28 X a 80876 ~ 64 606

annuity = $400. An9.

.

S3. The application and interpretation of the remain

Exercise 168.
(

1. In what time will an annuity of $1000 per annum navablo h.\ryearly, amount to $8365, allowing .simple int .^^t at flof 6 per cent, per annum f 'aus. i4r^n::iX^]::i:
= ew.*""-

"'"' '^'^ '*"*"'""^ ""^ "«« ^"•'""J'' IV, r being equal to 08 and a

2. If a rent of 1450 per annum, pnynble quarterly, be forborne for II

NoTE.-Take a =. $112-60, r = -016 and t = 44.

^'
^^of'il^^Il'^T^' ^7 *"""'"' ^"^^^"^ '"^^''^^^ ^'511 an annuity

01 J300, payable yearly, amount to $1680 in 5 years ?

f2080. Now assummg tl)e rent to be paid half-vearlv an.l

f

«irnat was the rent of the farm ? ^^. |2,o.

ANNUITIES AT COMPOUND INTEREST.

preintval^e^^riranruiT'
**"""""" '^ '" '"'' articles, and ul«o let .=

" "Cr " ^l + '^^^ «> »•«*> '"St payment but two - an V T^a .'ITlfl^r "

= o (1 + r>, Ac, and first payment = « (1 + /)<"!. ^ ^ ^^ '*^' **"* ^'^''^'^

Hence ^, the amount of the annuity ==. a + « /-i _. *.\ . /<
<ll+r)i + Ac + aiUrii-i, n-bich lsago«m7trfnnt»'l£.."tr? + « ^ +.r)' ", «
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r unit por anun

nd hence annual

ad also let v zs

Ammtiu. 361

, = , IA'±? -1 (HI)

' - "'"
log. (1 +V)

«j_J_ .^L_--i{v.n)

r

o = i>r (X)

r=!(SI)

to '?liLtr^-~(, which U formula I

r
of margin.

Form..l..« n, in, and IV arc obtained

fr..ii) torimilii I by tnin«|.oHUU)n, &c.

8.nc« tbo nrfsont value of uii «nn»iitv

U.onu.o..nd interest Is that prlncf.

u^\ which i.ut out Ht ««;/np""'" „ ":

tfit'8t for tho « v*'n Hint', woiiia

rro.LoU.eun.rumtof^thca.umUv

wc have from Art. 85. fornuilu 1,

t> =
Ki+ry

(XII)

«, (I + '•)* = ^ =
whouco by dividing by (U»)«,wo

f;,.l
furnuili V in Hi.; nu'V^'i"-

Formulas VI m.d VU arc derived

from V.

To fln.1 1 ho present vahu. of iin nnn.i ty

whi.-h i-« to coininoiifo atur I \wvi8

r,
,lHncont,in,..-for^-yc:i.s,wHaivo

ftom formula V, for M / years, =

« 1(1 + rV + '-1 ( J^,^,^ f^r t years

' ^ ai{\+ry-\))
aloms«= ,.-} (Y+7)r i

Thfroforc for t years to commonco

after « years. 1) =
MO + /)+'- 1 _ (L+ ?>'--

M

rt
i

i__ L —

I

which Is formula VIII In the inar-

Wbcn an annuity lasts f^i- over, as In

tlie ca6(! of laiKlwl [.roix-rty . ( + r
)

In

formula V liecomes infinitely great,

and thorcfove

^ _ = 1- = 0, and the formula
/I

f,\t
00

for finding the presv^it value of a

perpetuity is reduced to the form

given in IX.

Formulas X and XI are derived from IX.

represented by formula XII In the margin.

55 To faollUate iW. calculation of '^nnnitlc.s the fo^owlr,, ta^^^^^^^^^

the first showin, the
-I^X^J^f,;",,^'V'''''

'

^^!t ?omro«nd interest,

the secomU the preaoist value of an ani> r

ii K

S! J

' f
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TABLE OP THE AMOUNTS OV A^ ANNUITY OF f, OR £1.

No. of
Paynionts. 8 per cent.

/'

1.

2.

8..

4 .

6..
6 .

7..

8..

0..
10.

11.

12.

18.

14.

15.

U.
17.,

IS.

19..

20.

.

21 .

22..
28..

24..
25..
26 .

27..
23..,
29.-,

80...
31...
82...
38..

84...
35...
86...
87...,

89...,

40.
41.

42.

48.

44.

45.

46.,

47..

48,.
49..

60..

1-00000
2-03000
8-09090
4-18363
6-80913
6-46841
7-66246
8-89234

1015911
11-46388
12-80779

1419308
15-61779
17-08632

1859891
2015689
21 76159
23-41443
25 I i 687
26 87037
28-67648
80-53678
32 152S8
34-42647
36-45926
38-5530*
40-70903

4293092
45-21895
47-57541
50-00268
62 50276
55-07784
57-78019
60 46208
63-27594
66-17422

6915945
72-23423

76 10126
78-66380
82-02820

86-48SS9
8904841
92-71986
96-50416

100-39650
l0i--WS39
108 54066
112-79687

1-00000

204000
8-12160

4-'2i646

6-41632
6-68297

7-89S29
9-21428

10-68279
12-00611

18-48686

1502680
16-626S4
18-29191
20-02359
21-82458
23-60751

25'64541
27 -671 28
29-77808
81-96930
84 24797
36 61789
89-08260
41-6«91
44-31174

4708431
49-L>6758
52-966-.>9

56-03494
59-3-.»833

62-70147
66-20953
69-85791

73 65322
77-59S81
81-70225
85-97034
90-40.015

95-02661
99-82654

10481960
110-01288
115-41288
121 -029:59

126-87957
132-91639
139-26321

146-83878
i62'6670&

1-00000

2-06000

815260
4-81012

6-52568
6-80191

8-14201

9-64911
ll-0?656

12'5V789
14-20679

16-91718
17-71298
19-59868
21-57856
28-65749
26-84037
28-13238

8O5;390O
33-06.596

85-71926
88-50521
41-48ft47

44-60200
47-7271 ft

6111346
54-66931
68-40258
62-82271
66-43885
70-70079

7529829
80-06377

8606696
90-32031
95-83623

101-62814
107 70954
114-09502
120-79977
127 88976
135-28176
142-99334
161-14300
169-70015

168-6a516
178-11924
183-02539
198-42666
209-8479a

1-00000

2-06000
8-188/50

4-37402

5-68706

6-97582

8-89384

9-89747
11 -49131

18-18079

14-97164

10-80994

18-SS214
21-01506
23-27598
25-67253

28-21288
80-90565

83*75999
86-78659
89-99273
48-89229
46-99583
60-81558

54-S6451

5915639
63-70576
68-52811

73 6S9S0
79-05819
8! -801 68
90-88978
97-34316

104-18375
111-48478

11912087
127-20812
135-90420
146-05846

154-70196
165-04768
175-95054
1^7-50758

199-75808
212-74351
226-50812

241-09S61
256-56453
27-? -95840
2!)0 -33590



ANNUITIES. 363

TABLE OF PRESENT VALUES OF AN ANNUITY OF %l OR £1.

No. of
Payuients.

8....
4....
6....

6....

T....
8...

11...
12...
13. .

14..

15...

16...

17...
18...
19...
2i>...

21 ..

22...
23...
24...
26...
26...

27..,
28..,

29..
80..
81 .

82..
88..
84..

85..

86..
37..
88..
89..
40..
41..
42..

48,

44 .

45..

46..

47.

48
49

8 per cent

0-97097

l-9i;l47

2-82S61
3-71710
4-57971
5-4171'.>

.6-23023

7 01969
7-796U
8-6;i920

9-25262
9-95400
10-68496

1 1 -29607

1193794
12-56110

1816612
18-75351
14-82.%0
14-877S8
15-41502
15-98««2
16-44861
16-986154

17-41815

17-876S4
18-82703

18 76411
1918846
19-60044
20-00048

20 3SS77
20-76579
2118184
21 -48722
21 '83225
22-16724
22-49246
22-80822
23-1 1477
23-41240
23-70136

28 98190
24-25428
24-51871
24-77545
25-02471
25-26677

, 25 59166
25-7-2977

I

4 per cent.

0-96154
1-88619
2-77519
36-2999
4-45182
6-24214
6-00205
6-78274

7-48583
8-11 089
8-76058
9-3^507
9-98565
10-56812
11-11849

11-65289
12-16567
12-65940

13 18S94
13-59032
14-02916
14-45111
14-85648
15-24696
15 62208
15 98277
16-82958
16-66306
16-98371
17-291.'08

17-58849
17 -87355

1814764
IS 41119
18-60461
18-90828
19-14268

19 8678^
19-58448
19-79277
19-99805
20-1 a562
2037079
20-54S44
20-72004
20-88466
21-04293
21-19513
21-50166

21 72977

5 per cent.

0-o'>288

1-86941

2-87519
8'54&96

4 82948
5-07569
6-78637

6-40821

7-10782
7-72173
6-80641

8 86825
9-89857
9-89864
10-87965
10-88777
11-27406

li6S958
12-08682
12-46221
12-62115
18-16800
18-48867
18-79864
14-00894
14-87618

14-64803
14-89812

1514107
15-37245
15-59281

15-80267
16-00256
16-19290
16-87419
16-64686
16-71128

1686789
17-01704
17-15908

n-2*J486
17 42820
17-64591

17-66277
17-77407
17-88006

17 98101

18 07714
1816872
18-25.'i92

6 per cent.

094340
l-^r,8S9

2-07301

8-46510
4-21236
4-91732
6-58-288

6-20979
6-80169
7-86009

7-8B687
8-8&084
8-85268
9-29498
9-75226
10-10589
10-47726

10 82760
1115811
11-46992
11-70407

1204158
12-80888
12-55086
12-78335
13-09316
18-21068
18-40616
18-59072
18-76488
18-92908
14-08404
1428028
14-86814
14-49824
14-62099
14-78678
14-84602
14-94907
16-94630
16-18801
15-22464
16-80617
16-38818
15-45588
16-.52487

15 58903
15-65002
15-70757
16-76186

I 1

1

asi
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APPLICATIONS.

tSacT. Xt|

"-''; !;/:^ l^-'e— ,"'inr:^^""-™^ '-4
BULL

Here «=400, ^=2«, r:. .6.
°"'^^"«^-

Then ^ = ?i£l!2'-li _400](l05)a-il 400 x 2-n7i.Y,c .
iT ~ = 1- i li _ Zr_ ^ 0714T5 82S MO

= $16571-80. ^7^«.
-06 ~

' -nR =--_.

to

•06 05

f^"Vr4mi.iST^\^^^^^ rate and tfmo = 141-48047

Multiph, the remainder by t, nfU *
of the g^en annuity by tf^ 7a nerl^f ""JV ^'''" f^^ dm.lon
refjnredpresent vaL,

^ ^"^ ""'^ «''^ ^^'^ remit mil be the
By THE TaHLE /rV / H

the given number of LyLnil /w ^f./"^"' "-^ «^ «'*'''^% '/ l« A
*y /A. ^e..« anndtp '''^' ^^ '^^ ^''^ ^^^'<'« rate, and mJtiX 'm

or

in
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l^TO M-W.] ANNUITIES. 865

I Example.—What is the present value of an annuity of $40, to

[continue B years, allowing 5 per cent, compound interest ?

orEnA.Tiov.

Here a = 40, < = 5, and r = -05. _
Then« =— ] 1 ^0Tr)t \

- 06 \ (l-Oa)» )
6

^800 X -2165=^178 20 4««.
'

Or BY TUB Tabms -PreHent value of an atitiuity of H for Tgiven v^te and

^

tlm« = llSs a*nd *4-82948 x 40 = $178-179. ^««.

68. To find the present worth of a perpetuity :— ^

BULK.

INTERPRBTATI0N.~-Dmflfe the anuuUy by th^ rate per unit and

the quotient will be the value of the perpetmty.

TTtamplb -Wh-at is the present value of a freehold estate of |75

-aUowrng the purchaaer 6 per cent, compound interest for his

'"'^"^y^
OPERATION.

Here a = 75, and /' = '06

7500^ a TO _ inw _ ^,g.A ^^

59. To find the present worth of a perpetuity in re-

veis'.on :

—

RULE.

a
F^

y(l4-ry
(in.)

JnTmmm^riOii.-Ftnd that power of the amount ofJl for one

m^nn^nt that U indirafxd h, the number of payments that ham to

^^aZbefore the w„..mty r/oerts, midtiply thi. by the rate perunU

anH dvoL the gimi mnvHy by the produet-ihc result will be the

present value.

KoMPr-a -What is the present vain- of the reversion of a per-

,h4,,-
• "isrV) per n-r.ium, to commence 1 yeava hence—allowmg

tiio !/., , . i per cent, for his n^oncy?

OPRnATIOW.

H.'w a = 79 96, $^%md. rj^'^^-
79-20

'th*n r=_.r. -^M ta^jitiemff ~ -046 xi -860862

^vm-m Ana.

79-20

•06128879

-11 iT

"M



see
ANNUITIES.

l8«CT. XI

•" «Pplj ing the remaining f„™iifJ;P^"^'"=« '^V difficulty

Exercise 164

Pouud iatereat at 5 peTtut ,».. S^™';"""" -'^-"•^ cot

<• Required the prosent value of a ilrfn,,..,!
"^"'- «'"' C08.

entered „pon at the ejpirai „ , f ,'9 I """"'J' "^ ^"0» lo bef-ed to. 7 ,ea™ .t 4
'per ce^rL'^S Sfe.S"

'" "^ ^^
6. What is the pi-esem va|„e of an e«(„t« u

''^'"- *«•" S9.
«llow.Dg 8 per eent. eo„,p„u„d "nteS

"''°"' "»"" '^ «'.''"»,

^^08 ,2s. lod.,
aii"".,gc„.,p„„;rd'i;tcg'at'4%';";sr.; ""

8- ^V hat annuity, accumulating at 34 nor .« .
' ^^^^^^^•

^vill amount to £000 in 4o'yearsf
^ ^^' ^^™PO"»d interest,

^*
^"^I'S^J^-*"^'

^'«a^« ^^i» an annuity of Sifi . ^'''- ^^ ^'^«- "d-
#^B7 315H25 at 3 per centT^VunlLt'e'st^r"" ^"°""^ ^"

10. What wil! an annuity of «'74 -,«,« * * • ^^«- 18 yearn
compound interest ? ^ ^"""^^ *^ ^" ^^ ^^^^^^ at 4 per cent

-4??*. $4150-28.

WKTrONS TO BE AMWEKED By THE PUP,!,

/ «»t8 (iriso worn these comblaatlons ? O)

(8«ct.XiHam.60.1



(8«ct.xi.Habi. 60.1 EXAMINATION PROBLEMS. 867
I' ti

erpretations

ly difficulty

urchased for

Ans. $120.
eadj monej^

• '^ per cent,

agt'cl for the
coning com.

'•$'r>7C08.

I^Oj to be
' to bfe eon-

' Puivhaso.

Aiiised ibr

cent. ?

21 years.

yeai'8 at 5

I186M3,
' interest,

13.S. lid.

Biount to

18 years,

per cent.

<irf'c\^

l?(8)

10.

11.

12.

18.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2)^.

24.

26.

26.

27.

28

29.

80.

di,

8?,

I.

Deduce the fundamental formulie for arithmetical propression. (4-?)

When are quanthies said to be in geometrical progression ? (1&)

What five quantities are to be considered in geometrical progression f (16)-

How are these related, and how many cases lirise from their combinations f

(16)
Deduce the fundamental formiilse for geometrical progression. (17-19)

What rule do yoa iiso when finding the sum of any infinite series whes the

ratio is less than 1 ? (25)
Prove this rule. (25)

How do we insert any number of arithmetical means between two given ex-

tremes? (26)

How do we insert any number of geometrical means between two ex-

tremes? (26)
What is position ? (27)
Into what rules is position divided ? (28)
When is a single position used ? (29)
What class of questions require the use of double position ? (80)

,

Give and prove the common rule for single p<jsitiou. (32)
Give and prove the common rule for double position. (94)
Deduce ulsci'brnically a complete set of rules for compound iateresi ^5)
What is an annuity? (40)

When is an annuity said to be in possession ? (H)
What is a deferred annuity or an annuity in reversion' (4^
What is a contingent annuity? (44) i

What is a perpetuity ? (45) |

When is ;in atmuity said to be in nrrears ? (46)
What is the amount <if an annuity ? (47)
What is the present worth of an annuity? (4S)

Deduce a set of rules for computing annuities at simple interest.

Illustrate the absurdity and injustice of computing the present value of aD-
nuitios a simple interest. (50)

Deduce a sut of rules fur u.muitics at compound interest. (51)

Exercise 105,

EXAMINATION PROBLEMS.

FIRST SERIES.

Write down as one number seven trillions and ninety millions, and
nineteen and four million two hundred thousand and six hun-
dredth.i of trillion t!k.^.

2. Deduct 19 per cent, from $7580 and divide the reraaiiidor ainon«^

A, T> (^, and D, so that A may hiive $11111 more than n ; IJ

|9i>j)«, more than C, and D one third as much as A, B and

together.

3. A ano IJ can perform a piece of work la 8 days, when the days ^re

12 honis long; A, by hinisolf, can do it iti 12 d;iiy.s, of 16 hours

each. \\\ how many davfi of 14 hours h)ng will K do it?

4. Reduce -€l';9 Ms. S^il. to dollars and ceiits i-.nd r&vwJo tiie reaultr

by -00000048.

6. What is the 1. c. ta. of 44, 18, 80, 77, 56 and 27 i

ji

m

vy>afi^^^!SBS^ nawHllg<)WgHWWWyl.)ij^'i|>WJi i
. JH.J>.i!WW>a t'm 1 1—MWJil It'^ KIllKlilllnW'aJ
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868 EXAMINATION PE0BLEM8.

6. In what time will any sum of money amount to 20 times ii«Pif .H per cent, simple interest ?
"®* '^^^'^ «t

Intlf^l^^ ^'^^^ "^y ^^3" ««>««^y. and give the an«w

8. Multiply 43 lbs 8 oz. 17 dwt. 11 grs. by 7884
9. Fmd the sum of the series 1 4-^,|+|, l]Z}nitum.

10. Divide J of I of 192 by

f
11. Extract the 17th root of 129140168.U 1 here IS a number consisting of two places of fimir«- ^x,- v .

equal to four times the sum of its dibits and if fST' 'jV'?
"

It, its digits will be inverted. Whaffihe nibe' f"
"'^'' "^

SBCOND SERIue.

"
"i2f°„*'''!'*' ™™« * "• ""> C, so that B may have fciMn

, . J^,."'"'/. """l tSO-lS more than 0.
^ * ^

M. 11 7 lbs. o( wheat contaio as much nntritiip n,»f(.- ..on •
-•ye, and » lbs. of rye as much as 8 bs of o™ a,>d I , u''

°

oals as much as 21 lbs. of buckwheat and 27 bs rf^ t

of potatoes, howS/ptnl' of ^StZrZllV" "lnourishment as 16 lbs. of wheat?
P""«°<^« »»"«"> « mu.h

». Eedace J of 4i of 7? of- of 5 of 3 oz. 4 d.,. 2 scr. 6 g,ai„.

AplltS',^:^^."'
''•^°' '^* "'A of 6} «mes 7 lbs. 3 „..,

'"
"^opou.'i"'^

'""^ l'S-4267192, mark dMncO, the rcnlti,,,

"'

' mi,rofMTe;;tfso „fr """ "^'' '" "™- '• -« « p-

ve«i, ro;whTiir;',:'r,i:r,';T
""'" ""' "" "- °^ "'=

14UUI8 a uay, uig 11 cellars, each 20 f^-^t i^— i/^ ^ -- ^ •
>(Uv>



EXAMINATION PROBLEMS. 869

and 6 feet deep ; how many men will be required to dig 24
cellars, each 22 feet square and 4 feet deep, in 86 weeks of 6
days each, working 9 hours per day ?

19. A certain number is divided by 9 and the quotient multiplied by
17; the product is then divided by 800 and 38 is added to the

quotient ; the result is next divided by 8, and from this quo-
tient 81 is subtracted, and the reulting diiference divided by

12f. Now I of f of f of this last quotient is 2^. Required
the original number.

20. What is the 1. c. m. of 480, 768, 348, and 1176?
21. What is the G. C, M. of 17698, 46090, and 171347 ?

22. In a certain adventure A put in $12000 for 4 months, then add-
ing $8000, he continued the whole two months longer ; B put
in $26000, and after three months took out $10000, and con-
tinued the rest for 8 months longer; C put in $35000 for 2
months, then withdrawing f of his stock, continued the remain-
der for 4 months longer; they gained $15000; what was the

share of each ?

23. Three merchants traffic in company, and their stock is £400; the
money of A continued in trade 6 months, that of B 6 months,
and that of C 9 months ; and they gained £876, which they
divide equally. What stock did each put in?

24. A fountain has 4 pipes. A, B, C, and D, and under it stands a c]?-

tem, which can be filled by A in 6, by B in 8, by C in 10, and
by D in 12 hours; the cistern has 4 pipes, E, F, 6, and H^
and can be emptied by E in 6, by F in 6, by G In 4, and by ij

in 3 hours. Suppose the cistern is full of water, and that 8

pipes are all open, in what time will it be >^.jptied ?
im vl

THIBD SERIES.
'm i

25. Express '74938 and 17498679 in Roman Numerals.
28. 2310 loaves of bread are divided among charitable institutions in

the following manner : as often as the first receives 4 the second
receives 8, and as often as the first receives 6 the third gets 7 ;

how many will each have ?

27. How much sugar at 4, 6, 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 simple 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 as, in

case of its destruction, to recover both the value of the vessel

and the premium of 2^ per cent. ?

28

29



870 EXAMINATION PROBLEMa
\

80. What principal will amount to $7498-47 m 8 years, allowing simpie interest at 7 per cont. ? » "^"

81. I send to my agent in Manchester f17460 and instruct him todeduct 1.1B coujmiasion at H per cent., and invest the bulam min broadcloths at $2 95 per yard. When I receive tlfe ^omhave to pay m addition $1847-90 for carriage, $479 40 for i 1ranee $169-83 for storage, wharfage, and hurbru dues and
,'

ad vaorem duty at 2^ per cent. oH the invoice of goods V;quned how many yards of cloth my agent ships to me and wh t
' I ga;n or lose per cent, on the whole transaction if I sell hegoods for $-J5()00.

^^®

82. Transpose 134234 quinary into the ternar?/, octenarn, and duod^

83. What is the difference between f of 4^ of
^| of -jV of | of £4!

188. IIH, and 3| of ~ of -56 of 1-76 of 6^ times $9718 ?

84. Given the logarithm of 2=0-301030
i

3=0-477121

_. ^
13=1-113943

S" 1, rnd'ln?"''
'^' ''^'' ^^*^' ^^^^^ ^^^^' «^^^0' -0005

8C. Extract'the cube mot of 87U.^72 duodenary true to two plaento the right of the separating point.
^

86. A person passed ^ of his age in childhood, ^ of it in youth I o(
It f 5 years in luatrnnony

; he had then a son whom he surViveJ
4 year.-, and who reached only i the age of his father Afwhat age did this person die? ' ° ^ '^*^^'- ^'

FOURTH SERIES.

87. Divide 63 miles 3 fur. 7 per. 3 yds. 2 ft. 7 in. by 7 fur. 2? oei'.

'^i yds.

38. divide 6-3 by -000000274.

11' V l^f"^^ ''^ ''^*'*^* ''''''^ ^^^7, how much will 6^ yards cost?
40. >iad the interest on a42;rr71 at 6^ per cent, for 1 67 vears.

ll' ^u
*""'' "^'^ $674 30 amount to $1000 at 8^ per cent «

4J. What are the amount and compound interest of 1813-71 for

'

years at 4 per cent, hall'-yearlv v

43. A owes B $4300 to be paid as follows, viz, : $300 down, $700 a
the end ot 4 months, $750 at the end of 7 months, f86<» at tb;
end of 9 months, $400 at the end of 13 months, and the balano

»

at the end of 19 months. Required the equated time for thi.
whole debt.



EXAMINATION PBOBLEMB. 371

44. Deduct 28 per cent, from $4200 and divide the remainder be-

tween A, B, C, D, and E, so that A may have $17-10 more

than B, C 1 19-28 less than B, D $42- 11 less than C, and E half

as much as A, B, 0, and D together.

46. What principal put out at simple interest at 16 per cent. wiH

amount to !$3786'80 in 11 years?

46. Find the value of

\ (3f—2fo-) X -46-8-1 of -142867
[ -hSh times (^+|+i—JWif

'

J (-73 x-12346-s-fH)+i+9| + Wr[-r 27.4922077
^

47. Add together 812812802 and 2312132 quaternary; multiply »

sum by twenty-three thousand and eleven times 4284 quinary ;

from the product subtract 565 + 444 4- 383 + 222 + 111

senary: divide the remainder by 6642 acptenaryy and give

the answer in the octenary scale.

48. What is the square of -1 and elso of -1 ?

i

FIFTH SBRIKS.

49. Read the following numbers

:

1000300500600 00070080009.

7600290034007 000000067400209.

60. Find the 1. c. m. of 2, 9, 16, 27, 48, and 81.

61. In what time will any sum of money amount to 7 times itself at

6 per cent, per annum compound interest ?

62. How often will a coach wheel turn m going from Toronto to

Brampton, a distance of 20 miles ; the wheel being 14 ft. 10 in.

in circumference ?

63. How many divisors has the number 1749600 ?

„ 96^ iof7
64. Divide I of -r-^j

2

BP. A can do a piece of work in 12 days, and A and B together <sm

do it in 6 days ; in what time can B alone do it ?

66. What principal will amount to $8899-77 in 11 years at 6 per

cent, half yearly, compound interest ?

67. Divide the number 10 into three such parts, that if the first be

multiplied by 2, the second by 8, and the third by 4, the three

products will be equal.

68. 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 aro put together they make
180; and when A's and C's are put together they make 120.

If the fish be divided equally imong them, what will be each

man's ahare : and how manv ^- b Uid each of tl^ m catch ?

I ll

1



«72 EXABUNATION PROBLEMfl.

59. What is the forty-seventh terra and also the gum of the first 9«
terms of the series 7, 11, 16, 19, &e ^

^
60. In what time will any smu of mono- uount to 21 tim itself at

7 per cenu compound interest ?

-*"

IIXTR SERIES.

61. Divide 18700 among three persons, A, B, and C, 00 that B raaT
have 1387 less than A and $196-87 more than C.

62. What are all the divisors of 6716 ?

68. What is the value of

] (1Vf-lOfg)-('4-fK-9-i) { ^(•83784-1 of 81)

•6322632 x i of 9i+(i of 4^ of ^- of 85if+lof)
M, Divide $7200 among 3 mei), 4 women, and 17 children, giving

each man twice as much as a woman, and each woman iree
times as much as a child. What is the share of each ?

66. How many divisors has the number 26400 f

66. What is the difference between f of 4| of yl of ^ of £3 les.

Hid. and tV of 4| of^ofVW ofH of -86 of j^ of $1783?

67. Compare together the ratios 7 : 18, 9r 16, 8 : 16 and 10 : 19 and
point out which is the greatest, which the least, and what the
ratio ccwnpounded of these given ratios.

Divide 67'432 by 7*9686.
'

Reduce 9 per. 9 yds. 7 ft. 120 in. to the decimal of i of * of ^ of
35 acres 2 roods. » ff tv

Add together 170342, 2706367, 98123466, 829-642S,
98612S4298, 9-876342, and 818-9864234667.

71. In the ruins of Persepolis there are two columns left standing
upright. The one is 64 feet above the plam 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
leet from the top of the lower, the base of which is 76 fecK
from the. base of the statue. Required the distance between
the tops of the columns.

72. In a mixture of spirits and water, 4 of the whole plus 26 gallona
was spirits, bnt i of the whole mmus 5 gaUons was watar.
How many gallons wew there of each i

68.

69.

70.



XZAMIIIATION PBOBLEMS. 879

ilVKirTH 8KRII8.

78 Extract the square root of 401241-8424 In the gu% rry scale.

74 A father being asked by his son how old he was, rephe<^ yonr

mgt is now | of mine ; but 4 years ago it was only f of what

mine is now : ^rtiat is the age of each ?

76. Divide •72347 by -0082.

76. Extract the 1 1th r6ot of 97294764-872.

77. Find two ntimbers, the difference of which is 80, and the relation

between t item as 7i is to 3^.

78. What is the 1. c. m. of 86, 16, 18, 28, 62, 68 and 40?

79. Sum the series 1-1-7 4-18+ 19+&C., to 101 terms.

80. What is the ratio compounded of 19 : 7, 11 : 66, 36 : 121, llf : -^9,

8:4Jand4^h:3?
^ , , _ .

81. Find two numbers whose sum and product are equal, neither ot

them being 2.

NoTi.— In thl^ question take any number tat the first of the two, as for«»-

ample T. Then 7+ some other niimber=7 x that other number.

ABflume for this second i. jrnber any other, aa 8.

Then 7 + 8=10: " x 3, gives an error of—11.

AsauDie some other for the aeeond, aa 5.

Then 7 + 6 =12=7x 5, g' ves an error of-28.

Then 2B x 8=69 wheaeeaecond aumber= ^=1*.
11x6=55 M

82. Find the value of

(|(9^4-4^^-t-3f~16H)x •64[-*-H)x86 timew -142867.

^•97 X -24878 x (Ij^j x 4^)} x (^A— 2^V)-

88. The hour and minute hands of a watch are together at 12;

when will they be together again ?

84. Given the logarithm of 2=0-801080
logarithm of 7=0-846098
logarithm of 11=1-041898

Find the logarithms of 8860000, SlBl'Si, '0000164, tV»

1-671428 and 9317.

' :i 1

ff-

BIOHTH SSBISI8.

86. Find the difference between the simple and compound interest of

$700 in 8 years at 4^ per cent, per annum.

86. X. Y, and Z, form a company, X's stock is in trade 8 months,

ind he claims -jV of the gain ; Y's stoclc is 9 months m trade;

and Z advancedJ8024 for 4 months, and claims half the profit.

How much did i and Y contribute r
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S74 BXAMINATIOir PROBLEMS.

87. There is a fraction which multiplied by the cube of 1* and dividedby the square root of IJ, produces | ; find it
88. Find the oube root of 80677668161.
89. How much sugar at 4d., 6d., and 8d. per lb. must there be in

112 lbs. of a mixture worth 7d. per lb.
»0. Fmd three such numbers as that the first and | the sum of the

other two the second and i the sum of the other two. the
third and i the sum of the other two, will make 84.

NoTB.—Aasnme 40 as the turn of the three munbers.
Then lct2j|nd+8rd=40 and l8t+i(2nd+8rd)=84.-.*<2nd+8pd)=6and

V^A *K^}f\'*'^^^T^ '
• t08t+8rd)=6 and l8t+0rd=».

Th«?i^ii ^il'
"-

!°*^>.r
** • • • *08t+2nd>=6 and lat+2nd=&

l^lflSm
*^ together, twice (lat+2nd +8rd)=29 .

•
. l8t+2iid+8rd=.

But should equal 40—therefore «fTor=-26i.

OB wm oe round, ftom which the numbers may be easily obtiUned. i

fil. Insert 4 arithmetical means between 1 and 40. ^

92. The sum of aU the terms of a geometrical progression is 1860040
the last term is 1240029, and the ratio is 8. What is the first
term?

93. If 6 apples and 7 pears cost 83 pence, and 10 apples and 8 pean
44 pence, what is the price of one apple and one pear f

28i
94. Multiply i off of f of by | of ^ of J.

6
95. From a sum of money, $60 more than the half of it is first

taken away
;
from the remainder, |80 more than its fifth part

;

and again from the second remainder, $20 more than its fgurtb
part. At last there remained only |lo. What was the or&nafsum? ^

96. A gentleman hires a servant, and promises hun, for the firrf
year, only |60 in rages, but for each following year |4 mort
than the precedmg. How much will the servant receive for the
17th year of his engagement, and how much for all 17 year*
together? ^

NINTH 8KRIES.

97. Write down as one number eleven trillions and deven. mi
eleven tenths of billionths.

*

Jo- wu "1*^ ^''f® ^^^' ^^' «*«^"»»g *o «"o"a™ and cents.
99. What are the prime factors of 177408 ?

100. At what rate per cent, per annum will $704 amount to tlllll'll
lii 11 y«ara at compound Interest ?



EXAMINATION PB0BLEM8. 375

liana divided

St there be in

nd+8rd)s6anct

»n is 1860040,
tat is the first

101. How many scholars are vhere m a school to which if 9 be added

the number will be augmented by
?»«:t^;"-^«J"Ji! ^. ^ ^^^

\ 02 T'lreo different kinds of wina wore mixed together- in sucft a way

SfoVevery 8 gallons of one kind there were 4 of another,

^ 7 oflthirdfwhat quantity of each kind was there m a

mixture of 292 gallons? , „, 3
103 Divide £500 among four persons, so that when A has i*, iJ

104. wtfist: pL';t^?^of*an annuity of $100 to continue 23

voftrs at 6 ner cent, compound interest ?
, r

105. Tren?;-Sve >?:rkmen have' agreed to labor 12 hour, a day o

24 days, to pay an advance made to them of 8900 but luv

fng each lost an hour per day. five of them engage to fulfiUhe

aleement by working 12 days: how many hours per day

106 A^i '^'tJvtS^sons, who;e age« are in arithmetical pr<^^

sSn ; the age of the youngest is 5 years, the common differ-

ence of th^r ages is 6 yea«. and the su^n of all their ages is

161. What is the age of the eldest ?,.,,, ^ ..
IM If a man dig a 8:naU squire cellar, which wil measure 6 feet

^^'
erc?way fn one day, how long will it take him to dig a simi-

lar one that shall measure 10 feet each way ?

108 A^^rvant kgreed to live with his master for £8 a year, and a

«St of cloC Rut being turned out at the end of 7 months,

he rCiived oidy £2 13s. Id. and the suitof clothes: what was

its value?

toftlllll'll

TENTH 8EBIB8.

109. What number is that of which i, h and i added together, will

110 If^'an'ot! whose girth is 6 feet, weighs 600 lbs., what is the

weight of an ox whose girth is 8 feet?
,..„^,^, t. -..

111 Four women own a ball of butter, 6 inches m diameter. It is

"^'
^rre^Hhat each shall take her share separately ^om the sur-

fece of the ball. How many inches of its diameter shall each

112 Divide 71214-43 by 12-342 in the nonary scale ap<i extract the

^Zb root of the quotient true to three places to the right of

in Fi'^'SSw'et'n partnership for four yeai^ the first put

in i60 then, 5 mouths after, fihOO, and at length $1500, four

monthlr b^for^ the end of the partnership; the second put n

S 6r^*ftOO. and six months after $1800 ;_aie third put m
|400randi ewry six months after h& added »uWi me iuu»«j



iJiS EXAMINATION PROBLEMS.

did not contribute till 8 months after the commeneement ofthe partnership
; he then put in $900, and repeated thb sumevery six months

; the filth put in no capital, but kept the ac!
counts, for which the others agreed to pav him $1-26 a day

T 1
** ^ °"®'^ ^^^^ ***' *^® g^^^'t ^^>c*> was $20000 P

114. In what time will any sum of money amount to 16 times itself
at five per cent, per annum. Ist. at simple mterest ? 2nd atcompound interest?

°-

"

116. Three persons purchased a house for $9202; the first irave a
certain sum

;
the second three times as much ; and the third

d^d h
* """'^^^ ^^^^ *^ ^® ^^^ **'^®™ together

:
what

116. A piece of limd of 166 acres was cleared by two companies ofworkmen
;
the first numbered 26 men and the second 22 • howmany acres did each company clear, and what did thj clJarine

cost per acre, knowing that the first company received mmore than the second?
"^ »oo

117. The greater of two numbers is 16 and the sum of their 8qu4rs.i
18 346 : what are the two numbers ?

-^ ^
="

118. To what sum will $1200 amount in 10 years at 94 per cent, sim^
pie intcest?

119. If 496 men, in 6| days of 11 hours each, dig a trerf>1. of 1 de
grees of hardness, 466 feet long, 81 wide, 2^ deep, in hovmany days of 9 hours long will 24 men dig a trench of 4 de.

lOA v^^^ ^^ hardness, 837i feet long, 6J wide, and 8i deep?
120. Four men. A, B, C, and D, took a prize of $6218, which they

are to divide m proportion to the following fractions : ifvoa.
«*/e. A, B and C, are to have |J ; B, C, and D,

|fJ; /, 6, ami
D, ^; and A, B, and D, J of the prize. What does eadi r€-
ceiver

XLETINTH 8ERIIS.

121. Reduce -7. -88, -727, -91326 and 8-671847 to their eouivalent
vulgar fractions.

122. Reduce 713IH undetuzry, and 12123t11J\j^ quaternary to
equivalent expressions in the denary scale.

123. Add together 3f of 2* of 7^ of a £, 9f of 3^ of a shilling, and
8
J
of 4i of a penny, and divide the sum by f^ of 6^ of | of

J* 1 I -.fe ^'^ ^^'
"I'^®'

*'"** 2i yds. deep, wEat length
of trench will 90 pioneers dig in 4* days of 9$ hours long. Out
-ench heme 4} yds. wide, and H yds. deen?

124



EXAUINATXOS PEOBLEWfc 877

128 A Derson, by disposing of goods for $182, loses at the rate of 9
*

pe^r^t: wSKttght tlxly to have been sold for to reahze a

profit of 7 per cent. ?

126. In what time will any sum of money amount to UJ t'^es itself

at 6 per cent, per annmn ?

P» At simple interest ?

2"^ At compound interest?

/27 It is desired to cut off an acre of knd from a field 16^ perchc3

in breadth ; what length must be taken ?

128. Express a degree (69^ mUes) in metres, when 32 metres are

equal to 36 yards?

129. Find 7 geometrical means between 3 and 19688.

130. Sum the infinite series 7 + If + T^f. &c.

.<n Fniip men bought a grindstone of 60 inches diameter. Now,
'''• tw much of fhediaLter must be ground off by eachma^

one grinding his part first, then another, and so on that each

mayC aS equ^ share of the stone, no .Uowance being made

for the axle ? * • u ir

<2 Divide 100 guineas into an equal number of guineas, ftaii-

gu7nea^ croons, balfH^rowns, Shillings, and sixpences, and

reduce tlie remainder to a fraction of a pound.

TWELFTH SERIKS.

J83. The owner of ^ of a ship sold ^ of | of his share for $12^*, i

what would ^ of ^ of the ship cost at the same rate ?

m At what rate per cent, per annum will $700-90 amount to

11679-40 in 6 years, compound interest bemg allowea ?

i^H A oerson paid a tax of 10 per cent, on his income ;
what must

^ hiHI^nrhave been, wh^ after he had paid the tax, there

,36 Trlirof"^^t'6d.is to be divided among 21 men, 21

^^ wl^^and 21 children, so that a woman «»»y l^«;«,

»f^^
as two chUdren, and a man as mudi as a woman and a child

.

what will each man, woman, and child receive y

,87 Distribute $200 among A, B, C, and D, so that B may receive

^*
as much a. A ; C as much as' A and B together, and D asmuch

as A, B, and C together.

188. Find the difference between V5 and Vl« « 4 f

i89. Reduce x,W.?f> ^.^ + t +
L*',^^'- ^HJ:M. ^ ""

''

H of li and 6347 + 2J, tO their simplest forms.

140. Find the cube root of 884786. and the fourth root of 95951^5*.

I J



878 AWTHJCmCAL BECEEATI0N8.

141. A general levied a contribution of «520 on f««. -n

11, 15, &c.
°'^^' ^"^ ^®^«^s of the series 3, 7

together again
?'^ ^*^- ^'^ ^^' *^^ ^'^ they he aU

ARITHMETICAL RECREATION&

l ill^'^t^lff'^^'' ' '^^'^ "°«* the fourth of 20 bef2. If the halfof5 be T what part of 9 will be 11

J

'

4. What p«.t of 8 pence Is the third of two pencefC. If* herring and a half cost Ud. how mnih Jni 11 u .

6. If 12 apples are worth 21 pea~ and i I " ^*""'"S8 cost?
price of 100 apples? '***"' •"** * P«»" «oflt « cent, what will be the

7. Find * number such that 5 shall be the three-sevenths nf if

U. brother'! How m^,!," Mne","
'°™'' *""'' "»

a

d

10. Place four «Ar«M go as to make 84.
"

,

/

".-ter. Kfy";riS,°S'dl.l3fKirs. *»''•»"'' •" 8 g.1100 ckof
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AEITHMETICAL E. "^-ATIONS. 6lb

ftTU> weiicht. How »»n they divide it? ,»i„„^jft

finding 8 men in each, malting » *" ^^^ ''"J^Vtlv Ilterward* uneasy, re-

ever, went ont, and the 9«rg«ant fee ng "fortly^jerwa
^^^^

turned to count his men, but stil fi»^»"»
^J^.®""" with him, and the

{he 4 men then came back, bringing «»«^ »°°*ij°i"bXe, and retired
sergeant upon fjolng his

">»f\ «"«^?„^"SiJe mSi w«re Introduced, and
perfectly satisfied. After he leMouj

«»«'J_iXn that all was not right.

Jmce more the sergeant, entertaining a suspicion in^^^
^^

,, Counted, bnt finding the number sUll the wme in
«^^J^J'i§\t,anger8

;

" Booner had he left, than fonr ,««'«
."«"u^°i?„*"^rSenJfto his sattefao-

How was this possible f

19 Write down 12 so that by rubbing out one half T shaU remain.

amount to the same suno.

I I I I

I I I I

I I IIMM
I I I I

ooOoo

at What is the dilTerence between half-a^oren dozen and six dozen dozen ?

22. If a cross be made «f 18 -nnte" " in^f^^^-jto^m'S: bSom

S aoinuty of wine anil the ««me nomber of botttai

U. T,"",.;i-N one »fwhom h.d «"' "i»,'«iS^^l''lr3?„i'S tl'l

^ A person having ^^ »<;f''^«"!.JS tell how many he bad; to whirl _-

them on the spot if the
«J"«' «f"'i! vLwTen ^ 100, and that when

replied that he only k"*';
J»|,™ TrtimeSone remained ; but when he

iSureXrby S^atr^Vthlrt rre I remaining; how many e^
jiadber

/*

I I



880 AEITHMETIOAL BEOBEATIONa

^ *^*

lh»Wt?4o!* ^^ * '"*** '^*'**^** '^* **'*^ '^"**^ ^"^ °°"**''^^^^

ST.

/

In the aooompaDylDg figure it to
required to fill seven out of the
eiebt points witli counters in the
following manner, i. e., the count*
er has to start mm an unoccu'
pitd point, pass along the line
•nd be deposited at the other ex*
tremity. Thus, in Ciimmoneing,
the counter may start from any
point, since ail arc unoccupied,
starting from 1 the counter may
be earned either to G or to 4 and
there deposited, suppose it to b«
depitsitea at 6, then the next
counter may start ttom any point
except 6, and so on.

28. A brazen Hon. placed in the middle of & f«M>rvnir *!.«>«. «„ * *
Its mouth. Its eyes and its ririit toot^Znl^^^? °°i

water from

*'"*SfKf*RI?'°I™/™?^'^»«««'<>f8<>>n™,b«lfofwhoinir«n.l.l.„v.Being b«aumed on tbo ptaaatn for a tonir tlma «.li- ™_n v ""cks.

ooara, nntu one-lialf of the crew wero thus AmtrnvaA t^ Vki. *il .TH~A H.W .ho«ld ttoj. .tend «,*« to ",. ttrilLf "" ""'' *"

«dd«iid^ ud aoou otber p^iion tt«liSSutoS/ ^^ ^'^

a:
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MATHEMATICAL TABLES.

LOGARITHMS 01 NUMBERS FROM 1 TO 10,000, WITD

PIFFERENOBS AND PROPORTIONAL PARTS.

"

3
Humbert flram 1 to 100. -"-I

1 Log. No. Log. Ko. Log. «o. Lo*. No. Lo«.

«

1 OOOOOOO 21 1-322219 41 1-612784 «1 1-785330 81 1-908485

«l 0-301090 82 1-342423 42 1-623249 62 1-792902 82 1-913814

8 0-477121 23 1-301728 43 1-633468 63 1-799341 83 1-919078
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9469

3890
4384

94(M67
0964
1462
1058
2459
2950
8449
993»
4431^

60
50
60
60
60
60
60
60
60
50

f

i



^vo

ft D.

DI-USN) 03
«19 M
«347 M
4875 M
6401 S3

as6927
7*S3

7978 A2
8SU2 H2
9026 62

S2
52
02
02
82
02

52
02
02
01
01
01
01
01
01
01

01
01
01
01
01
01
01
01
01
01

50
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
IS
49
1»

PP N.

WO
1

3
s
4

«
7
8
9

9444fl9;M4An
40761 0020
5469 0618
0061 6010
6403 6001

6
10
14
19
S4
80
84
as
43

800
1

2
i
4
6
6
7
8
9

900
1

2
S
4

i
7
8
9

6M8
7434
7B04
841S
8902

94BS90
9878

900865
0601
1338
1828
2306
2793
S276
S760

964348
4720
6307

u

14
19
23
38
SS
38
42

910
1

3
3
4

6
7
8
9

6003
7483
7973
8462
8061

949439
9936

950414
0900
1386
1873
2856
3841
3326
8806

a

944081
0074
0007
6009
6061
7041
7033

8011
8999

949488
9970

900463
0949
1436
1930
1400
4889
n73
6856

6168
6649
7138
7607
8086
8064

964291
4773
0806
0736
6816
6697

yooo
8134
8613

9S0041
9018
9996

960471
0946
liai
1890
2S69
2843
3316

920
1

2
S
4

6
7
8

6
9
14
18
23
36
82
S7
41

944631
0134
0616
6108
6000
7090
7681
8070
8060
9048

949036
900034

0611
0907
1488
1969
3408

944680
6175
0665
6107
6649
7140
7630
8119
8609
9097

3431
3006

949680
900073
0660
1046
1033
3017
2003
2966
3470
3963

904839
4831
0308
0784
6266
6745
7334
7768
8181
8609

900089
9066

960042
0518
0994

909187
9614

0066
1041

904387
4869
0301

6318
6793
7373
7701
8339
8707

954485
4918

944729
5323
5710
6207
6698
7189
7679
8168
8607
9146

94w;u
950121
0606
1096
1080
3066
2000
8084
3518
4001

6880
6361
6840
7820
7799
8277
8706

904484
4966
0447
0628
6409

1469 1516

96S788
4360
4731
5202
5673
6143
6011
7080
7548
8016

930
1

3
8
4
6
6
T
S

1943
2417
2890

963SS5
4307
4778

1990
2464

3410

959186
9661

960138
0618
1089
IS&
2038
2511
2965
8457

4354

5719
6189
6658
7127
7595
8063

968483
8950
9416

968590
8996
9463

970347
0612
1276
1740
32DS

970398
0858
1322
1786
2249
2712

5296
5766
6286
6706
n78
7642
8109

4401
4872
5343
0813

944779
0272
8764
6206
6747
7238
7728
8217
8706
9195

949&^.'5

900170
0007
1148
1639
2114

•44818
0831
0818
005
0796
7387
7777

3068
8066
4M9

8706
9344

944897
6370
0868
6354
6845
7336
7836
8310
8804

9«7S1
060819
0706
1192
1677
8168
2647
8181
8616
4096

904582 904680
0014 0062

904628
0110

04961 064SJ 0098

7868
7847

8808

900»2
9709

960185
0661
1186
1611
2065
2000
8032
8S04

909280
9707

963977
4448
4919
6390
086O

968576
9048
9509
9975

970440
0904
1369

6702
7220
7688
ffl06

0709
1184
1658
2132
2606
3079
8502

0976
6407
6936
7416
7894
8378

9804
960281
0706
1231
1706
2180

949780
900267
07B4
CMO
1726
2211
2606
n80
8668
4146

6024
60O6
6084
7464
7942
8ttl

969870
9802

960328
0804
1879
1708

3126
3099

0799
7307
7785

964024
4496
4966
0437
0907
6376
6840
7314
7782

2768

9090
9066

970021
0486
0961
1416
1679
2342

968670
9136

970068

0097
1461
1^
2801

968716
9188
9649

970114
0079
1044
1008
1971
2434
2897

2701
8174
8646

9640n
4042
0018
0484
0054
6423
6602
7361

944927
0419
0012
6403
6804
7385
7876
8364
8853
0341

9^829
900316

0803
1289
1776
2260
2744
8228
3711
4194

49
49
49
49
4»
49
40
49
40
49

6072
6658
7038
70U
7090
8468
8016

954677
0158
0640
6120
6601
7060
7059

069^3
906O

960376
0801
1326
1801
2270
2748
8221
3603

8016
8004

969471
9947

960423
0609
1374
1S48

49
49
40
49
49
48
48
48
48
48

48
48
48
48
48
48
48
48
48
48

2795

8741

964118
4000
6061
0031
6001
6470

8206

968763

7408
7870
8343

964160
4687
0108
6678
6048
6017
6086
7454
7933
8300

0695
970161
0626
1090
1504
2018
2481
2048

968810
9276
9742

970207
0072
1137
1601
2064
2527

964212
4684
0155
0626
6095
6664
7033
7501
7969
8436

48
48
48
48
«
47
47
47
47
47

968806
9323
9789

970254
0719
1183
1647
2110
2573
8035

9369
9835

970300
0765
1229
1693
2157
2619
3082

47
47
47
47
47
47
47
47
47
47

~^
47
47
47
46
46
46
46
46
46

i: i\

ii



896 LOGARfHMS.

* J



• D.

vmo M
MU5 M
UM M
me M
MM 46
5845 46
«3U1 46
6763 46
7220 46

A TABLE OP SQUARKfl. CUBES, AND ROOTS 307

I-
'

76781 46

9047 46
»dU3 .46
«»fl8 46

980412 45
0867 45
1320 45
1773 45
2226 46

982678 45
3130 45
S58I 45
4032 45
4482 45
4932 49

45
45
45
45

45
45
45
45
46
45
44
44
44
44

IT
44
44I

44
44
44
44

4713 44
8162 44
8591 44

«030 44
6468 44/
6906 44'

7343 44
7779 44
S2I6 44
3652 44

W87 44
!»22 44
B9S7 43

5o. Squart. Oub«. 8<|. Rook

31)

31
S2
33
84
35
36
87
38
39
4U
41
42
43
44
45
46
47
48
49
60
61
52
83
84
85
56
67
58
59
60
61
62
63

1

4
9
le
25
36
49
64
81
100
121
144
109
196
228
256
289
S24
SI

141
484
829
876
625
076
729

St
900
961
1024
1089
1156
1228
1296
1369
1444
1621
1600
1681
1764
1819
1936
2025
2116
2209
2304
2401
2600
2601
2704
2809
2916
8025
3136
3249
3364
3481
3600
8721
3844

OatwBoot No,

1

8
27
64
128
216
843
812
729
1000
1331
1728
2197
2744
8378
4096
mi
8832
6889
8000
9261
10648
12107
13824
18628
17876
19683
21952
243R9
27000
29791
82768
85937
89304
42875
46656
60653
64872
S0319
64000
68921
74088
79507
85184
91125
97336
103823
110592
117649
125000
132651
140608
148S77
187464
166378
175616
185193
19fU12
205379
216000

l-OOOOOOO
1-4142130
1-7320508
2-0000000
2-2360680
2-4494897
2-6457518
2-8284271

S-0000000
3-1622777
3-8166248
8-4641016
86055518
8-7416374
8-8729833
4-0000000
4-1231056
4-2426407
4-8588989
4-4721300
4-8825757
4-6904158
4-7958318
4-8089798
6-0000000
8O990198
81961824
8-2915026
8-3851648
8-4772250
8-6077644
8-6568542
57445626
5-8309519

8-9160798
-0000000

6-0827625
8-1644140
6^24^980
6-8245553
6-4031242
0-4807407
6-8574385
6-6332496
6-7082039
6-7823300
6-8556546
6-9282032
7-0000000
7-0710678
7-1414284
7-2111026
7-2801099
7-8484692
7-4161986
7-4833148
7-5493344
7-6157731
7-6811457
7-7459607

226081 7-8102497

238328 7*8740079

200047 7-9372839

Sqoai*.
I

Onbt. 8q. Boot. CuboHo*^

l-OOOOOO
1-250921

1-442SS0
1-0R74O1
1-709976
1-817121
1-912931
2-000000

2060084
2-154435
2-223980
2-289428
2-351335
2-410142
2-466212
2-519842
2-671282
2-620741
2-088402
2-714418
2-708024
2-802039
2-843807
2-884499
2-924018
2-902496
8-000000
8-036589 .

8-0723171 n
8-1072321 «9
8-1413811 94

04
08
00
07
66
00
70
71

n
74
78
70
77
78
79
80
81
n
88
84
81
80
87
8B
8B
90
91

4000
4228
4380
4480
4024
4701
4900
5041
8184
8329
8470
8628
8770
8929
0064
0241
0400
6661
0734

8-174808
8-207834
8-239613
8-271066
8-801927
8-332222
8-861978
8891211
8-410982
8-448217
3-470U27
8-803308
3-580348
8-806808
8-083048
8-606826
3-634241
3-659306
3-684031

3708430
8-732511

8756286
8779768
8-802958
8-825862
3-848501
8-870877
8-892996
8-914867

3-957892

S-9790S7

90
90
87
98
99|
100
101
102
103
104
109
100
107
108
109
110
HI
112
118
114
118
110
117
118
119
120
121
122

124
128
126

7000
7220
7890
7808

8100
82B1

6040
8880
9028
9210
9409
9004
9801
10000
10201
10«i
10000
10610
11021
11280
11440
11004
11881
12100
12321
12844
12760
12990
13228
13400
13889
18924
14101
14400
14041
14884
18129
18370
18025
U870

362144
274025
287496
800763
814432
828509
843000
857911
873248
889017
405224
421875
438976
456538
474552
493a39
812000
831441
881368
871787
802704
614128

6585U3
081472
704969
730000
783871
7786»
som
880884
807878
884736
012673
941192
9^299
1000000
1080301
1001308
1093727
1134804
1187028
1191010
1225048
1200713
1200020
1831000
1387631
1404038
14^897
1481844
1830878
1500806
1001018
1043033
1086ISO
1728000
imsoi
1815848
1800667
1906624
1988125
3000370

8-0000000

8-06225n
8-1240;i84

8-1853528
8-2462113
8-3060239
8-3666003
8-4261498
8-4852814
8-5440037
8-6023253
8-6602540

87177979
8-7749644
8-8317609
8-8881944
8-9442719
9-0000000
9H)85S851
9-1104336
9-1651514
9-2195445
9-2736180
9-3273791
9-3808318
9-4330811
9-4866330
9-5393920
9-5916630
9-6436008
9-6053597
9-7407948
9-7979090
9-8488078
9-8994049
9-9498744
10-0000000
1OD4987O0
10-0990049
10-1488910
10-1960390
10-2409008
10-2956801
10-3440804
10-3928048
10-4408060
10-4880888
10-8306638
1O-8830OS2
10-6301486
10-6770788
10-7238068
107703296
10-8166088
10-8627808
10-9067121
10-9644012
11-0000000
11-0403610
11-0905368
11-1350287
11-1803399

4-000000
40-20720:

4-041240

4001548
4-081650
4-101566
4-121288
4-140818
4-160168/

4-179;«S
4-198336
4-217162
4-239824
4-25432U

4-2726Sf
4-290841

4-326749

4-34448k
4-36207|
4379019
4-39688(1

4-414005J
4-431047
4-447960
4-464748
4-481408
4-497941
4-814387
4-831)620

4-846836
4-862903
4-878857
4-594701
4-610436
4-6260651
4-041580
4-65701(1

4-672329
4-687548
47026681
47176M
4-7L
4-747

47
477(_
47914201

4-805896t
4-820284
4-834588
4-848808
4-862944
4-876999
4-800978
4-904868
4-918688
4-932424
4-946088
4-959078
4-973190
4-966631
8-000000

n-ZWmi 0-018298
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ir«. BqoM*.

16I»
10984
IMHl
10900
17101
17424
170W
17900
18226
18490
18709
19044
19321
19000
19881
20104
20449
20790
21025
21910
21009
2190^1
2220JI

23000
22801
23104
2.3409

23710
24025
24930
24049
24904
25281
25600
25921
26244
26569
26890
27225
27560
27889
28224
28561
28900
29241
29584
29929
80276
a0625
80976
S1329
81684
32041
82400
82761
83124
83489
83856
84225
84596
84969
85344

(tab*.

i\ 85721

2048988
2097152
2140080
2197000
2248091
2299908
2952097
2400104
2400975
2515400
2S71S59
2028072
2080019
2744000
2803221
280S2m
2924''

,

2085i^oi

904St.o
8112180
?;T062S
•*'1792

8975000
8442901
8011808
8581077
8002204
8723875
8796410

q.Boot. OvbclMi If*.

8944312
4019079
4000000
4178281

11-2094277
11-3137080
11-8078107
11-4017543
11-4405231
11-4801253
11-S32O02O
11-8758309
11-0189000
11-0019038,
11-7046999
11-7473444
H-789M201
ll-8S31/>06

ll-8r43(i
11-91S375'»

ll9«^26o/
12HMiOOO0O
W'i> 15940
12-OOJ0460
12-1243557
12-1655251
12-2005550
12-2474487
12-2882050
12-8288230
12-8093109
12-4D90730
12-4498996
12-4899900

0020520
S-039684
0-062774
«'0667»7

»-0r8763
0-091043
0-104469
6-117230
0-129928

190
191
192
193
194
190
190
107
198

Sqaar*.

0-1420031 190
6-105IS||200
5-107649|aOl
0-180101 1203
5-192494la03

8869893 ,12-5299641

4380747
4410944
4492120
4074290
4057403
4741032
4S30809
4913000
0000311
0088448
0177717
0208024
0359370
0401770
05462&1
6639702
0735339
0832000
0029741
0028568
0''3487

0^29504
0331625
0434850
0539203
0044672
8761288

12-0098051
12-0095202
12-6491100
12-0885775
127279221
12-7071453
12-8002485
12-8452320
12-8840987
12-9228480
12-0014814
18-0000000
180384048
13-0706968
18-1148770
18-1029464
13-1909060
18-2287666
18-2064992
18-3041347
13-3416641
13-3790882
18-4164079
18-4536240

13-0277493
13-5646600
18-6014705
13-6881817
18-6747943
18-7113092
13-7477271

^204828
t :- 17103
229321

6-241483
6-253588
0*205037
«'277632
5-289572
5-301459
5-313293
0-325074
5-336803
6-348481
0-360108
0-371685
5-383213
5-394691
6^06120
5-417501
0-428835
6-440m 224
0-451362 225
0-462556 226
8-473704 227
0-484806
0-495865
0-506879
0-517848
5-528775
0-539658
0-550499
5-561298
5-572055
5-582770
6-593446
5-604079

5-61467a
5-625226
5-635741
5-646216
5-656651
5-667051
5-677411
5-687734
6-698019
0-708267
0-718479
5728654
6-738794

204
205
200
207
208
300
210
211
213
213
214
310
210
217
218
219
220
221
222
228

228
239
230
231
232
233
234
235
230
237
238
239
240
241
242
243
244
245
240
247
248
249
250
201
262

80100
86481
Mov4
87249
87680
88025
88410
88809
89304
89(*U1

40000
40401
40804
41309
41910
42nw
42430
42849
43364
43081
44100
44521
44944
45369
45790
462?5
46660
47089
47624
47961
48400
48841
49284
49729
00170
00025
61070
01529
61984
52441
02900
63301
63824
64289
04760
05225
05696
06169
06644
07121
67600
08081
68564
69049
69536
60025
60516
61009
61504
62001
02500
63001
63804

0«lw. Rq. Bool Otib«Itoo«

0809000
0967871
7077888
71«)057
7901384
7414875
7629536
7045373
7762303
7880009
8000000
812U001
8242408
8365427
vWVOM
8015120
8741810
8809743
8998912
9123329
OMIOOO
0383031
9028128
0069507
0600344
09S8376
10077696
1Q21881S
10360232
10503400
10648000
10799801
10941048
11089007
11239424
usmsa
11643170
I10970B3
11862352
12006089
12107000
12326301
12487168
12649337
12812904
12977876
13144266
13312053
13481272
13651919
13834000
18097521
14172488
14348907
14526789
14706125
14886036
15069223
16262992
16438249
15626000
16813251
10003008

J8 7H40489
' 13-8202760
IS-8S64068
13-8924440
13i«83883
18-9642400
14-0000000
14-0356088
14-0712473
14-1067360
141421356
14-1774460
[14-2126704
14-2478068
14-2828569
14-3178211
14-8627001
14-8874946
14-4222051

14-4568323
14-4913767
14-6258390
14-6602198
14-6946196
14-0287888
14-0028783
14-0069380
14-7809199
14-7048231
14-7080480
14-8323970
14-8660687
14-8996644
14-9831846
14-0666295
15-0000000
10-0832904
10-0665192
10-0996680
15-1827460
16-1657609
10-1986842
15-2315462
15-2643375
16-2970585
15-3297097
15-3622916
15-3948043
16-4272486
15-4506248
15-4919334
16-5241747
15-6563492
15-6884573
15-6204994
15-6524758
16-6843871

15-71C2336
157480157
15-7797338
15-8113883
15-8429795
16-8746079

6768965
6768VU8
6-778990

5-7889fl0
6-798890
6tt0878«

0-8I8-/72

0-828648
6-838470
0-848036
8-857766
6-867464

6-877ia9
6-886705'

6-806368
6-905941

0-91548S
6-92499)
0-934471
0-943931

6-96334;

0-962781

6-972MI
0-9814311

6-990727
6-000000
6-009244
6-018463
0-027680
6-036811
0-045941
6-05504)
0-064170
0-0731; 8
0082201
6-0911991
0-100170
6-109116
0-118083
0-1269 .

0-135792
0-144634

0163449
6-162230

0-inOO0
6-179747
0-188463
6-197164
0-206621
6-214464
0-223084
6-231679
0-240261
6-248800
6-257324
6-265826
6-274800
6-282760
0-291104
0-299604

0816380

/'^^^^^S^i™
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«ol Oub«lt4Mi

<M88
OT80
iUM
4440
S883
2400
WOO
ms
J47S

rseo

I3M
I4«I0

1704

1068

IMS
1211

001

046
051
323
767
390
191:1

19S

748W;
7a««6
76WU8
778996
imMn
798890
«0878«
81JW72
828648
838470
848036
8*7766
867464
877130
886768'

n*. qtMra.

90A94I
91M89
924993
93447]
943931
90334!

S-9627II
S-972MJ
S-9814ail

«-99073V
6-000000
6-009244
6-018463
6-027680
6-036811

6-04A941
6-09004t
6-064176
6-0731581
6-082201
6-0911991
6-100170
6-109115
«-l 18083
6126925
6135792
6144634
6-15S449
6162238
6171008
8-179747
6-188463
6-197154
6-205621
6-214464
6-223084

>2 6-231679
6-240251
6-248800
6-257324
6-265826
6-274905
6-282760
6-291194
6-299604
6-SO790IS

6-310350

1

OalM.

186

•4000
•4516
60025
65536
66049
66564
ro8i
^600
68121
68644
69169

70225
70756
71289
71824
72361
72900
73441
73984
74529
Tum
75625
76176
76729
77284
77841
78400
78961
79524
80089
8IN»6
81225
81796
82369
82944
83521
84100
84681
85264
85849
864%
87025
87616
88209
88801
89401
90000
90601
91204
91809
iB416
930-26

93636
94249
94»M
95481
961U0
96721
97344
97969
98506
99-^5

16194377
16S87064
16681875
16777216
16974506
17173512
17378979
17676000
17779881
17984728
18191447
18399744
18609625
18821096
19034169
19248832
19466109
19683000
199U2511
20123648
20346417
20570824
20796875
21024576
21263933
21484952
21717639
21952000
22188041
92125768
82065187
22906304
23149125
;^3399656

23639903
23887872
24137560
24389000
24642171
24897088
25163757
25412184
25672375
25934336
26198073
26463592
26730899
27000000
27270001
27543608
27818127
28094464
28372625
28652616
28934443
29218112
29503629
29791000
30080231
S03r!328
30664297
30969144
31255875

Otikalootif*. Bqaara. 0«M. N- B*^ Oak«>o«(

I5-90507S7
15-9S7S77A
15-9687194
16-0000000

I6K»12195
16-0623784
16-0934769
16-1245156
16-1554944
16-1864141
16-2172747
16-2480768
16-2788206
163095064
16*3401346
16-870705«
10-4012195
16-4316767
16-4620776
16-4924225
16-5227116
16-5529454
16-5831240
16-6132477
16-6433170
16-6733320
16-7032931
16-7332005
16-7630546
16-7928556
16-8226038
16-8622995
16-8819431)

16-9115345
16-9410743
16-9705627
17-0000000
170293864
17-0587221!

17-08800751
17-11724281

17-1464282
17-1755640
17-2046505
17-2336879
17-26-26762

17-2916165
17-3205081
17-»t93516
17-3781472
17-4068952
17-4356958
17-4642492
17-4928557
17-5214155
17-5499288
17-6783958
17-6068169
17-^51921
).7-6636217

17*6918060
17-7200451
17*7482393

6-324704
6-333016
6-841826

6-S49604
6-357861
6-366095
6-374311

e-3825(H
6-390676
6-398828
6-406958
6-4I806H
6-423158
6-431228

6439277
6-44730!»

6-45M15
6-4«<3304

6*471274
6-479224
6*487154
6-495065
6-fi029.'W

6 5ias*J
6-5186H4
6S2ft519
6'Wi4335

6542133
6-549912
6-657672
6-665415
6-573139
6-580844

6-5885S2
6*596202
6*603854
6*611489
6*619106
6-626705
6-634287
6*641852
6*649399
6*656930
6-634444
6-671940
6-079420
6-686882
6-694329
6-701759
6*709173
6-716570
6*723951

6*731316
6*738665
6-745997
6*753313
6*760614
6-767899
6-776169
6-782423
6*789661
6-796884
6*804092

316
317
318
319
320
331
322
323
324
326
326
337

329
3301
331
332'

m:\
334
335
336
337
338
339
340
341
342
343
344
315
346
847
348
349
350
361
358
853
354
355
356
357
338
3!»
360
361

:

362
363
364
365
366
367
368
369
370
371
372
373
374
376
:m
377
378

99806
100489
101134
101761
102400
10B041
103684
104329
t04il76

105625
106276
1069-^

107584
108241
108900
109061
110224
110889
111556
II2225
112896
113669
114244
114921
115600
116281
116964
117649
118336
I19l»25

119716
120409
121104
121801
122500
123201
123904
124609
126316
126025
126736
127449
128164
128881
129600
1303211
131044
131769
132496
1332-25

133956
134689
136424
136161
1369U0
IS7641
138384
139129
139876
140625
141376
142129
142884

81554496
8I85A013
83157431
82461709
82768000
83076161
83386248
3S69H26f.
84012224
84328125
S4645976
84906783
85287556
85611289
869*^7000,

80264001
36504368
36926037
a72507«>4
87595375
87933056
88272753
88614472
88958219
89904000
89651821
40001688
40353607
40707584
41063625
41421736
41781923
42144192
42006549
42876000
43243551
43614206
480869^
44861864
44738876
46118016
45499293
45882712
46268279
46666000
47045881;
474S7928
478S2147;
482285441
48687125
49027896;
494308631
49836032;
60243409!
00653000
61064811
51478848
01896117
02313624
02734375
03157376
03582633
04010102

17-7763888
I7-8IH4938

i 7-8325545
178606711
17-8885438
17-9164729
17-9443584
17*9722008,
18-0000000'

18-02776641

180554701

1

18-0831413
18-11077031

18-I3a3671
1816690-21

181934054
18-2-208672

18'21«2876
18-2756669
18*3030052
18*3303028
18*3575598
18*3847763
18*4119626
18*4390889
18*4661853
18-4932420
18-0802592
18-0472370
18-6741756
18-6010752
18-6279360
18-6547581
18-6815417
18-7082869
le 7349940,
18-7616630'
18-7882942
18-8148877
18-8414437
18-8679623
18*8944436
18-9208879
18-9472953
18-9736060
19*0000000
19-0262976
19-0526589
19^*787840
19*1049732
19*1311265
19*1572441!
19-18332611
19-2093727
19--2353841

19-2613603
19-2873015
19-3132079
19-3390796
19-3649167
19-9907194
19*4164878
19*4422221

6*811284
6*818461
6-836634
6*833771
6*839904
6-847021
0-8A4124
6861213
6-8rt.><286

6-875344
6-882388
6-889419
6-896430
6-903436
•910423
6-917396
6-024350
e-ustaoi
6938-233

6946149
6-952053
6-058943
6*065819
6-972683
6-979532
6-986:168

6-993191
7-000000
7-006796
7-013579
702034t
7-027 10<
7-03385U
7-040581
7-047298
7-054004
7-060696
7-067376
7-074044
7080699
7087341
7093971
7-100588

7 107194
7-113736
7-120367

7-l2693«
7 13;«^
7- 1 401

W

7-146569
7- 163090
7-1596W
M66096
7-17268fl

7179054
7-186516
7-191908
7- 198405
7-204a32
7-211248
7-217a52
7-224040
7**230427



400 6QCARE8, CUBES, AND ROOTS.

o. Square. CatM. 8q. Boot. OuboKool

J83

410
411
412
41S
414
41S
416
417
418
419
420
421
422
423
424
425
426
427
428
429
490
431
432
433
434
43S
436
437
438
439
4W
441

143641
1444UU
145161
145924
146689
147456
148225
148096
149769
160544
151321
152100
152881
153664
154449
155236
156025
156816
157609
158404
159201
160000
160801
161604
162409
163216
164025
164836
165649
166464
167281
1d8'00
168921
169744
170569
171306
I7222S
173056
173889
174724
175561
176400
177241
178084
178929
179776
180625
181476
182329
183184
184041
184900
185761
186624
187489
188356
189225
190096
190969
191844
192721
193600
194481

64439939
64872000
55306341
A5742968
56181887
56623104
57066625
57512456
47960603
58411072

59319000
59776471
60236288
60698457
61162984
61629875
62099136
62570773
63044792
63521199
64000000

19-4679223
19-4935887
19-519-2213

19-5448203
19-5703858
19-6959179
19-6214169
19-6468827
19-6723156
19-6977156
19-7230829
19-7484177
19-7737199
19-7989899
19-8242276
19-8494332
19-8746069
19-8997487
19-9248588
19-9499373
19-9749844
20-0000000

64481201 20-0249844
64964808
66450827
6593!i>264

66430125
66923416
67419143
67917312
68417929
68921000
69426531
69934528
70444997
70957944
71473375
71991296
72511713
73034632
735S0059
74088U00
74618461

20-0499377
20-0748599
30-0997513
20-1246118
20-1494417
20-1742410
20-1990099
20-2237484
20-2484567
20-2731349
ao-2977831
20-3224014
20-3469899

7-236797
7-243156
7-249504
7-255841
7-262167
7-268482
7-274786
7-281079
7-287362
7-293633
7-299894
7-306143
7-312383
7-318611
7-324829
7-331037
7-337234
7-343420
7-349597
7-355762
7-361918
7-368063
7-374198
7-380322
7-386437
7-392542

7-S98636
7-404720
7-410795
7-416859
7-422914

7
7-434994
7-441019
7-447034
7-453040

No.

20-3715488 7469036

75151448
75686967
76225024
76765625
77308776
77854483
78402752
78953589
79507000
80062991
80621568
81182737
81746504
82312875
82881856
83453453
84027672
84604519
86184000
85766121

20-3960781
»-*205779
20-4450483
10-4694895
20-4939015
-iO-5182845
20-5426386
20-5669638
20-5912603
aO-6155281
20-6397674
20-6639783
20-6881609
20-7123152
20-7364414
20-7605395
20-7846097
20-8086520
20-8326667
20-8566536
20-8806130
20-9045450
20-9284495

20-9761770
21-0000000

7-465022
7-470999
7-476966
7-482924
7-488872
7-494811
7-500741
7-506661
7-512571
7-618473
7-524365
7-5302481
7-536121
7-541986
7-547842
7-553688
7-559526
7-565355
7-571174
7-676985
7-582786
7-588579
7-594363
7-600138
7-605905
7-611662

442
44S
444
445
446
447
448
449
460
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468

Sqnare.

470
471

472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487

195361
196249
197138
198025
199916
199809
200704
201601
202500
203401
204304
205209
306116
207025
207936
208849
209764
210681
311600
212521
213444
214369
215296
216225
217156
218089
319024
219961
220900
221841
222784
223729
224676
225625
226576
227529
228484
229441
230J00
231361
282324

Onbt. 8q. Boot.

86350888 21-0237900
86938307 21-0475652
87528384 21-0713075
88121125 21-0960231
88716536
89314623
69915392
90518849
91125000
91733851
92345408
92959677
93676664
94196375
94818816
95443993
96071912
96702579
97336000
97973181
98611128
99252847
99897344
100544625
101194696
101847563

21-1187121
21-1423745
3M660105
31-1896201
31-3132034
31-3367606
31-3002916

OobtKaoi

7-61741J
7-623152

7-628884

7-634607
7-640321

T-«46027
7-66172ai
7*657414
7-663094
7-668766
7-674430

31-3837907 7-680086
31-3072758
21-3307290
31-3541565
31-3775583
31-4009346
21-4242853
21-4476106
21-4709106
21-4941853
31-5174348
31-5406692
31-5638587
31-5870331
31-6101828

102603232 21-6333077
103161709 21-6564078

491
492
493
494
495
496
497
498
499
500
501
602
503
504

234256
2352^
236196
337169
238144
239121
240100
241081
242064
243049
244036
245025
246016
247009
248004
249001
250000
251001
252004
253009
254016

103823U00
104487111
105164048
105823817
106496424
107171875
107850176
108531333
109215352
10990*2239

110692000
111284641
1*1980168
112678587
113379904
114084125
114791256
115501303
116214272
116930169
117649000
118370771
119095488
119823167
120563784
121287375
122023936
122763473
123605992
124251499
126000000
125721501
126506008
127263527
128024064

21-6794834
21-7025344
21-7255610
21-7485632
21-7715411
21-7944947
21-8174242
21-8403297
21-8632111
21-8860686
21-9089023
21-9317122
21-9544984
21-9772610
22-0000000
22-0227156
22-0454077
22-0680765
22-0907220
22-1133444
22-1359436
22-1585198
22-1810730
22-2036033
22-2261108
22-2485955
22>2710675
22-29S4968
22-3159136
22-3388079

23-M0«79b
32-SS3QSS8
32-4053565
22-4276615
22-4499443

7-686733
7-691372
7-8B7008
7-702625
7-708239
7-713846
7-719442
7-726033
7-730614
7-736188

7-74175a
7-747811

7-752861
7-758409
7-763936
7-769462
7-774980
7-78O490
7-785993
7-791487
7-796074

7-8024M
7-80792S
7-813389
7-81884(1

7-824294
7-829735
7-835160
7-840595
7-846013
7-851424
7-856828
7-862224
7-867613
7-872994
7-878368
7-883735
7-889095
7-894447
7-899792
7-905129
7-910460
7-915788
7-921100
7-926408
7-931710
irk<70n5
flH2293
7-947574
7-952848
7-958114



iotjAftits, ot^fid; Ai^b mon. m
toot.

mm
JB6S2

13070
!Q231

17131

!37tf

iUlOS

•6201

12034

17606

12916

7967
2768
7290
1665
9583
9346
2863
6106
»106
1883
1348

OaboSMi

3587

mi
L828

»77
1078

1834

»44
1610

1632

•411

1947

1242

297
111

686
023
122

610
OOO
166m
766
220

144

136

[98

rso

133

108

IAS

176

168

36
179

D»
SS
«5
15

7'617*ia
7-6231S2
7-628884
7-634607
7-640321
7-646027

7-657414
7-663094
7-668766
7-674430
7-680086
7-685733
7-691372
7BK00a
7-702625
7-708239
7-713849
7-719442
7-729033
7-730614
7-736188
7-741793
7-747311
7-762861
7-768409
7-763936
7-760463
7-774980
7-78O490
7-786993
7-791487
7-796»74

7-8024M;
7-80792S
7-813389
7-818846
7-824294
7-829736
7-835168
7-840595
7-846013
7-851424
7-856828
7-862224
7-867613
7-872994
7-878368
7-883735
7-889095
7-894447
7-899792
7-905129
7-910460
7-916788
7-921100
7-926408
7-931710
/k-i7005

''M2293
7-947574
7-9S2&48
7-8981U

ir*.

BOS
Boe
B07
808
609
610
611
512
613
514
B16
616
617
618
619
520
521
B22
623
624
525
B26
6S7

630
631
632
6S3
634
639
636
637
638
639
640
641
642
643
644
646
646
647
548
549
650
651
652
653
654
655
666
657
658
659
660
661
662
663
664
565
666
B67

BqMTC.

296026
366036
S67049
258064
259081
260100
2B1121
262144

264196
265225
266256
267880
268324
269361
270400
271441
272484
273629
274576
276626
276676
277TO9
278784
279841
^0900
281961
283024

285166
286225
287296

288444
290621

2^2681
293764

297025
29811S
299309
900304
S01401
802500
803601
804704
805809
806916
808025
809136
810249
811364
312481
813600
814721
816844

818096
819225
320366
821489

Onbt.

128787625
129554216
180323843
131096512
131872229
182661000
183432831
134217728
135009697
135796744
136590875
137388096
138188413
lS899ia32
139798359
140608000
141420761
142236648
143055667
143877824
144703129
145531576
146363183
147197952
148035889
148877000
149721291
1505S8768
161419437
162273304
153130375
153990656
154854163
166720872
156500319
167464000
168340421
169220088
160103007
160989184
161878625
162771336
163667323
164566592
165469149
166375000
167284161
168196608
109112377
170031464
170953875
171879616
172808693
173741112
174676879
175616000
176553481
1T7601328
178453547
179408144
180362125
181821496
182284263

84. Boot. OnbeRoot 5o.

22-4722061
22-4944438
22-5166606
22-6388&63
22-5610283
22-6831796
22-6053091
22-6274170
22-6496033
22-6719681
22-6936114
22-7156334
22-7376340
22-7696134
22-7816716
22-8039085
22-8254244
22-8473193
22-8691933
22-8910463
22-9128785
22-9346899
22-9664806
22-9782500
23-0000000
230217289
23-0434372
230651252
23-0867928
23-1084400
231300670
23-1516733
23-1732605
231943270
23-2163735
23-2379001
23-2594067
23-2808935
23-3023<l04

23-3238076
23-3462351
23-3666429
23-3880311
23-4093998
23-4307490
23-45^)788
23-4733892
23-4946802
23-6159520
23-6372046
235584380
23-5796522
23-6008474
23-62-20336

23-6431808
23-6643191

23-6S54386
23-7065392
23-7276210
23-7486842
23-7697286
23-79«l754a

23-8117618

7-963374
7-968627
7-973873
7-979112
7-984344
7-^9570
7-994788
8-000000
8-005205
8-010403
8-016595
8-020779
8-025957
8031129
8-036293
8-041451
8-046603
8-051748
8-056886
8-062018

8067143
8-072262
8-077374
8-082480
8-087579
8'092672
8-097759
8-102839
8-107913
8-112980
8-118041
8-12309(1

8128145
8-133187
8-138223
8-143253
8-148276
8-153294
8168305
8163310
8168309
8-173302
8-178289
8-183269
8-188244
8-193213
8-198175
8-203132
8-208082
8-21.1027

8-217966
8-2-22898

8-227825
8-232746
8-2.S7661

8-242571
8-247474
8-262371
8-2.572(53

S-2G2149
8-267029
8-271904
8-286773

568
569
670
671
572
573
574
575
576
577
678
579
580
.581

582
583
584
585
586
587
588
589
590
591
592
.593

594
595
596
,597

598
599
600
601
602
603
604
605
606
607

610
611
612
613
614
616
616
617
618
619
620
621
622
623
624
625
626
627
623
629
630

ST

Squu*.

822624
323761
324900
826041
327184

829476
830626
331776
332929
331084
335241
336400
337561
338724

S4106'5
342225
343396
844569
345744
346921
348100
349281
350464
361649
352836
3540-25

355216
356409
357604
358801
smm
361201
362404
863609
364816
366025

368449
369664
870881
872100
373321
374544
376769
376996
378225
379456

381924
383161
884400
385641
386884
388129
389.376

390625
391876
393129
394384
395641
396900

OniM. Bq.Boot

183250432 23-8327606
184220009
I851i)300d

186169411
187149248
188132617
189119224
190109375
191102976
192100033
193100552
194104539
195112000
196122941
197137368

23-8637209
23-8746728
23-8956063
23-9165215
23-9374184
23-9562971
23-9791576
24-0000000
24-0208243
24-0416306
24-0624188
240831892
34-1039416
24-1246762

198155287 1
24-1453929

199176704124-1660919
200201625 241867732
201230056 24-2074369
202262003124-2280829
203297472 24-2487113

204336460 24-2693222

205379000 24-2899156

206425071 1
24-3104916

207474688 24-3310501

208527857' 24-3515913
209534.5*1 24-3721 162

210644875124-3926218
211708736 24-4131112

OaboBoot

212776173
213847192
2149217'.>»

216000000
217081801
218167:»8
219256227
220348864

24-4335834
24-4540385
24 4744765
24-4948974
24-6163013
24-5356883
24-5560533
24-5764115

221445125 1 24-5967478
222.545016

223648543
224755712
225866529
226981000
228099131
229220923
23a346397
231475544
232608375
233744896
234885113
236029032
237176659
238328000
239483061
240641848
2Aimm
24297«IM
244.4(m
245314m
24649li|8
24767?aiBB
248851

'"

26004:

24-6170673
24-6373700
24-6576560
24-6779254
24-6981781
24-7184142
24-7386338
24-7688368
24-7790234
24-7991935
24-8193473
24-8394847
24-8696058
24-8797106
24-8997992
24-9198716
a4-»399^«mmm
24-9799930
25K)000000
26-0199920

25-0399681
S5-Oe09282
: :9872«
21'

8-218638
8-286493
8-291344
8-296190
8-301030
8-306865
8-310694
8-315517
8-320336
8-325147
8-329954
8-334755
8-339551
8-344341
8-349126
8-353905
8-368678
8-363446
8-368209
8-372967
8-377719
8-382465
8-387206
8-3919421

8-396673,
8-40139?5!

8-41i)5't2

8-420246
8-421945
8-429638
8-434327
8-439010
8-443688
8-448360
8-45.3028

8-467691
8-462348
8-467000
8-471647
8-476289

8 .

8-485558
8-49018&
8-494806
8-499423
8-504036
8-608642
8-513243
8-517840
8-522432
8-527019
8-631601
fi-soo^



m moAAtBf <6ijnt»f Aim ftoofi.

IT*. qiKN. OBb*. 84. Root OnlMHoot No. Bqnaro. Oiibo. Sq. Root OvboRoet

ni
es2
6SS
BS4
635
638
637
638
639
64U
641
642
643
644
64S
644
647
648
649
600
661

6S2
603
654
6S5
666
657
668
600
660
661
662
663
664
660
666
607

660
670
871
672
67S
674
675
678
677
678
679
680
681
682
683
684
685
686
687
688
689
690

692
am

898181
899424
400689
401968
403220
404498
405769
407044
408321
409600
410881
412164
41S449
414736
416023
417316
418609
419904
421201
422000
423801
425104
426409
427716
429020
430336
431649
432964
434281
435600
436921
438244
439569
440896
442220
443056
444889
446224
447661
448900
450241
451084
452929
454276
455625
466976
458329
459684
461041
462400
463761
465124
466489
467856
469225
470596
471969
473344
474721
470100
477481
478864
480249131 480249

251239091
252435968
253636137
254840104
256047875
207269466
258474853
259694072
260917119
262144000
263374721
264609288
265847707
267089984
268336125
269586136
270840023
272097792
273369449
274625000
275894451
277167808
2784400:7
279726264
281011876
282300416
283093393
284890312
286191179
287496000
288804781
290117528
291434247
292754994
294079625
295408296
29^.40963
298077632
2994ia«)9
800763000
802111711
803464448
804821217
806182024
807546875
808915778
810288733
811665752
313046839
SI4432000
315821241
31 721 4668
318611987
S20013504
821419125
322828806
324242703
325660672
827082769
828509000
829939371
S3I373888
832812557

25-1197184
25-1396102
251534913
251793568
251992063
25-2190404
25-2388585
25-2586619
25 2784493
25-2982213
25-3179778
25-3377189
20-3574447
20-3771561
25-3968502
25-4160301
20-4361947
25-455^1
25-4754734
25-4960976
25-5147016
25-5342907
25-5038647
25-5734237
25-5929678
25-6124969
25-6320112
25-6015107
25-6709953
25-6904652
25-7099203
25-7203607
25-7487864
25-7681975
25-7875939
26-8069758
25-8263431
25-8456960
25-8650343
20-884^2
20-9036677
20-9229628
20-9422430
20-9615100
25-9807621
26-0000000
26-0192237
26-0384331
260576284
260768096
26-0909767
261101297
281342687
261533937
26-1725047
26-1916017
26-2106848

-i!6-2297541

26-2488095
26-2678511
26-2868789

26 3008929
26S2488a

8-577152
8-581681
8-586205
8-590724
8-595238
8-599747
8-604252
8-608753
8-613248
8-617739
8-622225
8-626706
6-631183
8-635655
8-640123
8-644585
8-649044
8-663497
8-667946
8-662391
8-666831
8-671266
8-676697
8-680124
8-684546
8-688963
8-693376
8-697784
8-702188
8-706687
8-710983
8-715373
8-719769
8-724141
8-728518
8-732892
8-737260
8-741624
8745986
8-750340
8-764691
8-759038
8-763381
8-767719
8-772053
8-776383
8-780708
8-785029
8-789346
8-798659
8-797968
8-802272
8-806672
8-810868
8815180
8-819447
8-823731
8-828009
8-832285
8-836086
K-840e»
8-843086

8

694
695
696
697

700
701
702
703
704
706
706
707
708
709
710
711
712
718
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
73S
738
737
738
739
740
741
742
743
744
740
746
747
748
749
700
751
752
758
754
7S5
7M

481688
483026
484416
485809
487204
488601
490000
491401
492804
494209
495616
497025
498436
499849
601264
602681
504100
505521
606944
008369
509796
511226
012658
014089
010024
016961
518400
619841
021284
522729
524176
525625
527076
528529
529984
531441
532900
534361
635824
637289
638736
540225
641696
643169
544644
646121
047600
549081
550564
552049
553536
655025
656516
558009
559504
661001
662500
664001
565504
667009
5fi.S518

570025
071086

834200384
835702375
837153536
838608873
840068392
841532099
843000000
S44472I01
845948408
8474289-27

848913664
850402625
351895816
353393243
354894912
856400829
8579U00O
869425431
360944126
862467097
863994344
365525875
867061696
868601813
870146232

873248000
374805361
376367048
377933067
879503424
381078125

26-8438797
26-3628527
26-3818119
26-4007576
26-4196898
26-4386081
26-4575131
26-4764046
26-4952826
26-0141472
26-0329983
26-0518361
26-5706605
26-5894716
26-6082694
26-6270539
26-6458252
26-0645833
26-6833281
26-7080598
26-7207784
26-7394839
26-7581763
26-7768557
26-7955220
26-8141754
26-a328157
26-8514432
26-8700577
26-8886693
26 9072481
26 9258240

382657176:20-9443872
884240583 126-9629375
885828352 2«l)814751
387420489 27-0000000
389017000 27-0185122
89061 7S91 27-0370117
39222.1168 1 27-0554985
393832837 1 27-0739727
395446904 27-0924344
897065375127-1108834
898688256127-1293199
400315553:27-147/439
401947272 271661554
403583419 1 27-1845544
405224000.27-2029410
406869021 27-2213152
408618488:27-2396769
410172407127-2580263
41 1830784 1 27-2763634
413493625i27-2916881
415160936127-3130006
416832723 27-3313007
418608992 27-3495887
420189749 27-3678644
421878000 '27-3861279

423564751 127-4043792
425259008127-4226184
426967777 27-4408455
428661064! -27-4590604

480368875 27-4772633
482061216 27-4904542

8-853696

8-857849
8-862095

8-866337

8-870576
8-874810
8-871)040

8-883266

8-887488
8-891706
8-895920

8-900130

8-904336

8-908538
8-91273;'

8-916931

8-921121
8-9-26308

8-92949U
8-933688

8-937843

8-942014
8-946181

8-^344
8-£bl503

8-9586S8
8-962809

8-966957

8-971101

8-975240

8-979376

8-983S09

8-987637
8-991762

8-995883

9-ooouoo
9H)041I3
9-008223
9-012329
9-016431
9-020529

9-024624
9-028715

9-0K802
8036886
9-040965
9-045041
9-049114
9-053183
9-057248

9-06131U
9065367
9-069422

9-073473
9-077520

1H)81563
9-085803
9-089639

9093672
9-097701
9-101726
9-105748

V-10V7«a



S()ttAftt!9, (3ttStd, A!7D ftOOtfl. 408

(To. 8qn»re. Oab«. Sq. Root.

7m
7»
7«0
7611

7d2
788

1

7ftl

765
766
767
768
769
770
771
772

(777

778
779
780
781
782
783

.784
786
786
787
788
789
790
791
79-1

793
794
795
796
797
798
799
800
801
802
803
804
805
606
807
808
809
810
811
812
813
814
818
818
Bi7
pi-

073049
574564
0761)31

877600
879121
580644

583696
585225
686756
688289
689824
691361
6921)00

594441
69.5984

597529
699076
6UU625
602176
603729
6052U4
6I)6S41

608400
609961
611524
613089
614656
616225
617796
619369
620944
622521
624100
625681
627264
628849
630436
632025
633616
635209
636804
638401
640000
641601
643204
&14809
646416
648025
649636
651249
6.528*54

654181
656100
657721
659344
66U969
662o<J6

664225
66.5856

667489
66912-1

870761

43S798093
435519512
437245479
438976000
440711081
442450728
444194947
445943744
4-17697 125
449455096
451217663
452984832
454756609
456533000
458311011
460099648
481889917
463684824
465484375
467288576
469097433
470910952
472729139
474552000
476379.541

478211768
480048687
481890304
483736625
485587656
487443403
489303872
491169069
493039000
494913671
496793088
4986772.57
600566184
502459875
60435833''

606261573
608169592
510082399
812000000
613922401
615849608
617781627
619718464
62166012,5

623606616
625557943
627.514112
52947.5129
531441000
6:i3111731

5353S7328
637367797
6393o;jl44

641343375
8433384S»6
6453.S!S513

6473^3432
849353259

OuheRoot

127-6136330
27-6317998

! 27-6499546

i»7-6680975
127-6862284
27-6043476
27-6224546
27-640.5499

27-6586331
27-6767050
27-6947648
27-7128129
27-7308492
27-74aS739
27-76r>,S8G8'

127-7848880'

27-8028775

27-820,S.555i
27-8388-218

27-a567766
27-8747197
27-8926514
27-9105715
27-9284,S01

27-9463772
27-9612629
27-9821372
28-0000000
28-0178515
28-0356915
28-05;«203
28-0713377
28-08914.38

28-1069386
28-1247222
28-1424946
28-1602557
2817800.56
28-1957444
'M-2134720
28-2311884
28-2488938
28-2665881
23-28427121

28-3019434

1

28-3196015
28-33725461

28-a548938:
28-3725219'

28-.31I01391

28-4077454
i28,-42.5H408

28- 44-29253

28-4604989!
28-478tW17
28-4956137
28-5131549

28-.5;i06S52

28-5182048
23-56.57137

2a-583-2119

28-6006993

28-C181760

9113781
9-117793
9121801
9-125805
9-129806

9133803
9-137797
9-1417&S
9-145774
9-149757
9-1.53737

9-1.57714

9-161686
916.56.56

9169622
9- 173585
91775M
9-181500
9-185443
9-189402
9-193347

9-19728S
9-201229
9-205164
9-209090
9-21.3025

9-216950
9-220873
9-224791

9-228707
9-232619
9-237528
9-240433
9-244315
9-248234
9-2.52130

9-256022
9-259911

9-263797
9-267680
9-271559
9-275435
9-279.308

9-283178
9-287044
9-290907
9-294767
9-298624

9-302477

9-30632S
9-310175
9-314019
9-317800
9-321697
9-32:>,5;52

9-32936;i
9-.333192

9-337017

9-3408;JS

9-344657
9-318473
9-352286

9-366U95

Ko.
T

<!qnare. i OnlM. 8q. Root. OabeRoot

820
821
822
823
824
825
826
827
828
829
830
831
832
.8.33

834
3.35

.836

837
ms
839
840
841
842
843
344
845
846
847
848
849
850
851

352
353
854
855
856
857
858
869
860
,861

862
363
864
865
866
867
.868

.869

870
871
872
873
874
875
876
877
878
379
880
881

882

672400
674041
675684
677329
678976
6806-25

682276
683929
685.5^4

687241
688900
690561
692224
693889
695.556

697225
698896
700.569

702244
70,3921

705600
707281
708964
710649
7123;}6

714025
715716
717409
719104
720801
72-2500

724201
725904
727609
729316
731025
732736
734449
736164
737881
739600
741321
743044
744769
746496
748225
749968
761689
75.3424

753161
756900
7.58641

760384
7621-29

76:«76,
76,5625

767376
769129
770881

j

772641
774400
776161
7779M

651368000
853387661
6.55112248
657441767
559476224
661516626
5a3fl59976
565609283
56766:«52
669722789
671787000
673856191
57.5930368
678009537
680093704
582182,875

681277056
586,376253
5884a047i
590.539719
592704000
594,823321

696947688
699077107
601211684
60,3351125
605495736
607645423
609800192
611960049
614125000
61629.5061

618470208
620650477
622835864
6-25026376

627222016
629422793
631628712
633839779
636056<JO0

638277381
640.503928
64273.5647

644972544
647214625
649461896
651714,3a3;29
6.53972032 1 29
656234909! 29
65S503000

6607:6,311
66;*)54,848

665338617
667627624
669921875
672221376
67 1526133 '29

676336152 [29

679151439129
681472000129
683797841
686138M8

6.396421

6630976
6705424
6879766
7054002
72-28132

7402167
7576077
7749891
7923601
8097206
8270706
8444102
•8617394

8790.582

89a3666
92:}6646
-9309,533
>""^:97

9654967
9827535
-0000000
0172363
0.344623

0516781
0688837
0860791
1032644
12043i»6

1.376046

1547696
1719043
1890390
2061637
2232784
2403830
2674777
2745623
2916.-)70

3087018
.3257.566

3428015
359^366
3768616
3938769
4108823
4278779
-4448637
•4613397
•4788059
•49.57624

5127091
.52<>6461

5465734
5634910
5803989
5972972
6141868
6310648
6479326
6647939
6816442
084848

9-399902

9.3&3705
9-367606
9-371302
9-375096
9-378887
9-382679
9-3864^
9-390242
9-394020
9-397796
9-401669
9-405339
9-409105
9-412869
9-416630
9-420387
9-424142
9-427894
9-431642
9-435388
9-439131
9-442870
9-446607
9-450341
9-451072
9-467800
9-461525
9-465247
9-468966
9-472682
9-476396
9-480106
9-48381%
9-487618
9-491220
9-494919
9-498616
9-60-2308

9-505998
9-509685
9-513370
9-517051
9-620730
9-524406
9-628079
9-531749
9-6354 I

r

9-5.390831

9-6427441
9-54640.%

9-.55005W
9-553712
9-557363
9-561041

1

9-56465C
9-5682981
9-57193

.

9.575674
9-579208
9-B
9-1

9-1



m sdttAtiis, dVfiiB, jLlxb tLbon.

R*. B^Vkre. 0«b«. OubtBoot ir«. 0«b«. iq. SMt. OnbaKootl

.1

BBS
B84
B86
886

888

890
891m
B83
MA
895

807

900
901
902
903
904
90fi

906
907
908
909
910
911
912
913
9H
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
982
933
934
936
936
937
938
939
940
941

mt8»
781456
78S225
784996
786769
788544
790321
792100
7S3881
795664
797449
799236
801025
802816
804609
806404
808201
810000
811801
813604
815409
817216
819025
820836
822649
824464
826281
828100
829921
831744
833569
635396
837225
839056
840889
842724
844561
846400
848241
850084
851929
853776
855625
857476
859329
861184
863041
864900
866761
868624
870489
872356
874225
876096
877969
879844
881721
883600
8ai481

688465S87 29-71SS1S9
690807104 29-7321375
693154125 29-7489496
695506456 297657521
697864103 29*7825452
700227072 29*7993289
702596369 29*8161030
704969000 29*8328678
707347971 29*8496231
70973*2288 2J>-8ti63690

712121957 29*8831056
714516984 29*8998328
716917375 29*9166506
719323136 29*9332591
721734273 29*9499583
724150792 29*9666481
726672699 29*9833287
729000000 30-0000000
731431701 300166620
733870808 30*0333148
736314327 30*0499684
7387632(>4 30*0666928
741217626 30*0832179
743677416 300998339
746142613 30*1164407
74861aS12 30*1330383
761089429 30*1496269
753671000 30-1662063
756058031 30*1827765
758550528 30*1993377
761048497 .10*2158899

763661944 30*2324329
766060876 30*2489669
768575294 30*2664919
771096213 30-2820079
773620632 30*2985148
776151669 30-3160128
778688000 30*3315018
78122'i961 303479818
783777448 303644529
7863W67 30-3809151
788889024 30-3973683
791463126 30-41381-27

794022776 30-4302481
796597983 304466747
799178762 30*4630924
801765089 30*4795013
804357000 30*4959014
806954491 30*5122926
809557668 30*6286750
812166237 30*6460487
814780604 30-5614136
817400375 3(t-6777697

820025856 30 6941171
82*^2656953 306104557
826293672 30-6267857
827936019 30-6431069
&<iO5S400O 30-6694194
833237621 306767233

»*0e3n6
9*697337
9*600956
9-604570
9-608182
9-611791
9-616398
9-619002

9-626201
9-629797
9*633390
9-636981
9-640569
9-644154
9-647737
9-651317
9-654894
9-658468
9-662040
9*666609
9*669176
9*672740
9-676302
9-679860
9-683416
9-686970
9-690621
9-694069
9-697615
9*701158
9-704699
9-708837
9-711772
9-715306
9-718835
9-722363
9*725888
9*729411
9*732931
9*736448
9*739963
9*743476
9*746986
9*760493
9*753998
9*757500
9*761000
9*764497
9*767992
9*771484
9*774974
9-778462
9-782946
9-785429
9*788909
9*792386
9*795861
9*799334

943
94S
944
945
946
947
948
949
950
951
962
953
964
966
966
957
968
969
960
961
962
963
964
966
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
996
996
997
998
999
1000

887984

891136

894916

898704
900601
902600
904401
906304
908209
910116
912025
913936
915849
917764
919681
921600
923621
925444
927369
929296
931226
933166
935089
937024
938961
940900
942841
944784
946729
948676
950625
952576
954529
966484
958441
960400
962361
964324

968256
970225
972196
974169
976144
978121
980100
982081
984064
986049
988036
990025
992016
994009
996004
998001
1000000

838S61807
841282384
843908625
846590536
849278123
861971392
854670349
857376000
860085351
862801408
866523177
868250664
870983875
873722816
876467493
879217912
881974079
884736000
887503681
800277128
893056347
896841344
898632126
901428696
904231063
907039232
909853209
912673000
916496611
918330048
921167317
924010424
926859375
929714176
932674833
936441362
938313739
94119'4uOO

944076141
946966168
949862087
962763904
956671625
958686266
961504803
964430272

970299000
973242271
976191488
979146667
982107784
986074875
988047936
991026973
994011992
997002999
1000000000

ao-0Kni8ft
aO*7U83051
30*7246890
90*7408523
90*7671130
30-7739061
30*7896086
90*8068436
30*8220700
30*8382879
30*8544972
30*8706981
30*8868904
30*9030743
30*9192497
30*9364166
30*9615761
30*9677261
30*9838668
31-0000000
310161248
31*0322413
31*0483494
31-06444£1
31*0806405
31*0966236
31-1126984
311287648
31-1448230
91-1608729
31*1769145
31-1929479
31-2089731
31*2249900
31-2409987
31-2669992
31*2729916
31-2889767
31*3049517
31*3209195
31-8368792
31-3528308
31-3687743
31-9847097
91-4006369
31-4165661
31-4324679
91-4483704
31*4642654
31-4801625
31-4960316
31-6119025

31-62n666
91-6436206
31*6694677
31*6763068
31*6911380
91-0069619
91*6227766

9-806271
9*809736
9*813199
9*8:6669
9-820117
9-823572
9*827025
9*830476
9*833924

9*837369
9*840813
9*844254

9*8476^
9*851128

9*864662

9*867993
9*861422

9*864848

9*868272
9*871694

9*875113

9(878530

91881945
9*886357

9*888767

9*892176

9*896580

9*898988
9-902383

9*905782

9*909178

9*912571

9*916962

9*919351

9*922738

9*926122

9*929504

9*932884

9*936261

9*939636

9*943009
9*946380

9*949748
9*963114

9-956477

9-969i

9-963198

9-966556
9*969903

9-973262
9*976612

9-979i

9-98330S
9*986649
9-989990

9*993329
9-996666

lOHXMOOO

fyi .-f: i.J . a-
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ANSWERS TO MISCELLANEOUS EXERCISES.

KXBRCISE 8.

2. 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 millionth^,

3. MVDCCLXIX.
4. 429860000.

;

5. 187-81^. iC^ ^^
6. 77991. ,. . /

'"'... ;.,

7. 606000070016-000009.
8. 46978900. !

10. 69800468.
^

" ' .-

11. -8439.

12. 678900000.
;

13. 604829860000000.
14. 1000001000001001-000000000001.

"

16. -0007609.

10. Ninety trillions eight hundred and seven billions sixty millions

five hundred and four thousand and thirty.

Four quintillions four quadrillions forty trillions four hundred

billions sixty thousand four hundred and thirty-two, and one

trillion ten billion two hundred and three million forty thou-

sand five hundred and ^^ix hundre<kha of trillionths.

18. 77ir cords.

19. 717 cords 91 cubic feet.

20. DCCXVIII, DCXIV, CDXCIX, CMXCIX, YMMMDCXLIII,

XCVMCXLIX, CLXMMMCMLXXXVI, CDXLMVCDXLIV.
21. 883, 1989, and 1000001.

26. $8-76-5^, $24-68i, $7l§, and $767-47^.

Exercise 17.

1. $18029304.
2. $13999999'7S.

3. 86497318.
4. 36857636.
6. 27424500.

6. 271633.

7. 9604000.

9, 327O4O00Q.

9. 92438 lbs. 8oz.

13grs.

10. 1698728602536.

11. 78990 bushels.

12. $64-97.

13. 9032 yds. 3qrs.

14. 1037957601-5.

,
^6. $16444-960g,

2 dr. 1 sen

2na,



406 ANSWERS TO MI80ELLANEOUS EXERCISES.

Exercise 22.

1.

2.

3.

4.

6.

6.

7.

8.

9.

134786-8421.
$30684-9206.

8308 dys. orQyrs. 20fdys.
$82.

$187.

$29.

429tf.

10. -678 oz.

11. 50|.

12. 250 lbs.

13. 10-167.

14. 2 bush. 1 pk. 1 gai. 2 qts.

1-ft- pts.

15. 1898Mi
16. 267 days 7ii 11^ hours.

r.^'

Exercise 28.

1. 789641420714.
2. Sixty-seven millions eight

hundred and thirteen thou-
sand four hundred and
twenty, and twenty-one
million thirty thousand and
forty-six billionths.

Seventy-two millions, and
seventy-two billionths.

One billion one million and
one hundred, and ten tril-

lion ten million and one
tenths of quadrillionths.

3. DCCIX, MVCCCLXXVI,
MXCMXCIX, LXXXVMIV,
MMMCMXLVMMDXCVI.

4. 58973 lbs.

5. £3 18s. ll|d.

6. 10837 yrs. 119 days 2 hours.

7. $2919-50iV
8. $123-77.

9. 520006002048000000005016.

10. 1 acre 1 rood 3 per. 4 yds.

5 ft. 11 in.

11. $12268*30.

12. 54 years 19 weeks 3 days
16 hours 33 minutes.

13. 741000000, -00741, 741000000,
•000000741, -000000000741,

14.
15.
16.

17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

•0331632.

475-3S^f hhds.

$6750.

58 acres.

$0-501.

3 lbs. Ooz. 14dwt. ISJgrs.
29 acres roods 21 per.

14 yds.

1

5

lbs. 4 oz ' 1 dwt. 1 4 gra,

$3890-38f.
1032694.
16800.

$360-15.

$247-95.

$1320Jj2.

169-49.

$79-99 ,V.
$59-85.

$532-12^.

CCCCCCDCCIX.
-56218-f.

37. 1869696969-65.
38. $1713-34.

39. $21-1433.

40. 236|f|.



ANSWERS iO Miscellaneous exebcises. 407

Exercise 40.

i.

2.

3.

4.

B.

6.

16.
16.

$4688-lftTV.

27586 miles 1 fur. 21 per.

yds. 1 ft. 6 in.

96.

600313 octenary and
20222133 quinary.

1243994-982'76.

LXXMXODXXIII and

CCXXXMVDLXVn.
742000000905000078014-0000087200011

7. 277200.
8. See XLVin RecapitulatioiL

Sec. I., page 67.

9. 642762977065601-1.
10.
11. See Table, page 126.

12. $2689-51^
13. 27.

14. See Recapitulation XLVIII
page 57.

17.

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 nundred 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 trillions twenty thou-

sand and seven, and two
hundred and seventy-eight

hundredths of trillionths.

£2272 Os. 3id.

18.
19.

20.
21.
22.
23.

24.
25.

26.
27.
28.
29.
30.
31.

32.

2» x63x3x23.
' 0""
1 /%»/»/>//»

10"87 ft. 1' 1" 3'

ft""" 1A"""'

•011436.

16888.

4096.

11 acres 8 rds. 7 per. 19 yds.

Oft. 180 in.

386960.

Child's share, $179-41^;
woman's, $858-82-^-; man's,

$1794-12-,V
1028 and 512.

48369-8979694.
722487-0873859.
65 lbs. 7 oz. drs. 1 scr.

1, 2, 4, 7, 8, 14, 19, 28, 88,

66, 76, 133, 152, 266, 532^
1064.

82-iV^^ yards.

1.

2.

3.

4.

6.

6.

7.

8.

Exercise 63.

i -iVff, 2^0, A, and itU
-h-

^
52,f,-.32'

3^-

Gave away \% and kept \^.

$212-99i^.
Longer part 72 feet and
shorter part 64 feet.

9» 1058^*^% acres} fl32;9-C)8f.

10.
11.
12.

13.
14.
15.
16.
17.
18.

U-^^ and -/d^f.

$134-15f.
$28387-06^.

811 f^ bushels.

1 and IjWb^.
i\\ bushels.

ffo-
t>h and 2^i

jy. |1833-33ior^ffOfthewholft

t--—. r^'^r-rfff^tu
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ExiRorsB 17.

10. 26-7887428671.

1. -8.

Z, 1-4446666778.
3. 4 daya 17 hours 66 min.

30 Bee
4.

6. 166-86981270094.

6. -789167196 of a mile.
7. 16 sq. ft. 104^1 inches.
S, 1 acre 3 roods J 3 per. 22 vds
9. nil and IW.

11. 71-86198.

12. 11-646 oz.

13. 76^ yards.

14. 18-6i696S3.
15- 8, 8, 1, 4, 1, and 9.

16. 476-66028119.
17. 9.

Exercise 78.

2.

3.

4.

6.

6.

7.

8.

9.

702000007080017-0000000004000076.

1017116666-6.

6044 bricks.

Ill sq.ft. 0' 9" 7'" 4"" 5'""
K""ll

12226 bush 2pks Ogal 2qts,

10.
11.
12.
13.

14.
16.
16.

\
20790.

1376M2 and 2049161.
66.

1 day 28 hours 24 min. B4H
seconds.

19860 lbs. 2 oz. 9^ drs.
$168-76.

f,H,fBI,andrfH^.
17. 704()000, -0000704, 7040000000^0: -Oyooloo^.^^^^^^^^^

18.
19.

20.
21.

22.

23.

Man's share = £66 Os. 4^d.,
woman's = £33 Os. 2|d.'
child's =£110s. Old.

1,2,8,4,6,6,9, 10, 12, 16,
18, 20, 25, 27. 30, 36, 45
60, 64, 60, 76, 81, 90, 100,
108, 135, 160, 162, 180,
226, 270, 300, 824, 405
450, 540, 675, 810, 900,
1350, 1620, 2025, 2700
4060, 8100.

117.

Lunar month = 29 days 12
hours 44 min. 3 seconds.

Solar year = 366 days 6
tioui s 48 min. 48 second*.

24. 18460|ff.
26. 1840621 lbs. or 18406* gals.
26. $295-69A. ^*^

27. 247^.
^

28. '

29.
30.
31.
32.
33.
34.
36.
36.
37.
38.
39.

40.

29 X 8 X 6.

65045884 lines.

$45-59.

$90-96|i.
3-185988.

2l69ff.
$21688-90.

1142-8248.
293 ^

'mi ^ 'vp~
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1.

2.

3.

6.

7.

8.

9.

10.
ill.

12.
13.

23.

24.
26.
26.

27.
28.

2 :3.

|479-dOg.

30.
31.

32.
33.
34.
36.

EXERtlSB 89.

4. Greatest 21 : 27; least 9: IS.

6. 67100666661872498.

6See8^^. duodenarj/, 12014313i^y«,nary, and

imof^^undenari/.

14. 10t%.
16. £2 Is. 2id. nearly.
16. S^days..

18. 62.

19. 60Jf.
20. '026866699989+.
21. -0778.

,22. 4-82968 miles.

^^^^l^a??o!^f'*'*'^' l^^OllHOiOlOOOOllOOnilOlOOOO binary i
1

1

146463021 septenary.

29. 1, 2, 8, 4, 6, 6, 7, 9, 10, 12,

14,16,18,20,21,26,28,30,
86, 36, 42, 46, 60, 60, 63,
70, 76, 84, 90, 100, 106,
126, 140, 160, 176, 180,
210, 226, 252, 300, 316,
350, 420, 450, 526, 630,
700, 900, 1060, 1260, 16*i.

1604.
2100.8160,6300.

^ohil?8?|2?4olif^^'^^^^'
each woman's, |88-90^f ;

each

6-67052 oz.

3yd8. Sqrs. Ona. OH in.

12962-70.

Ibush. apk. Ogal. 1 qt.

17: 8; 88: 176; 17 : 8 and
23:11; 6:7 and 88:176;
1173:616.

39 per cent.

r

188100.

80^

48.

416-471137804.
$63*6966.

12f. 6A, 2A.
3 yds. 2 ft. 8|in.
104 : 5.

71 miles 5 fur. 34 per. 3
yards.

36. f.

37. 2.^.
38. 70 goats.

39. 200.

EXKRCISE 92.

1. 7020400000, 7-0204, 70-204
•0000070204, 7020-4, and
•O00000'70204.

2. 6704866-661.
3. £899 198. elffl^d.

-f, §40-5-r4096763,

6. 6:7; 9:18; 54:221.
6. I2070-3698.
7. They have none.
8. $27481 -8 1|.

in* Ji#^^M' ^t, and tVj.

j;. 12|da^8,

fi

Ul



410 AN8WEES TO EXAMINATION PROBLtellS.

12. 744916400000; 7-449164; -00000000007449164 • 74491 fij .

•0007449164
; 744916-4. * ^ ^^ *

13.

14. Binary 68 and 82, Quater-
nary 4096 and 1024, Se-
nary 46656 and 7776, Oc-
tenary 262148 and 32768,
Duodenary 2986988 and
248882.

16. 1, 2, 8, 4, 6, 8, 9,12, i6, 18,
24, 27, 82, 86, 48, 64, 64
72, 96, 108, 144, 192, 216
288, 482, 676, 864, 1728.

16. 720720.
'

17. 79-789966677748866.
18. 1127-98.

19. 21-19117.

Exercise 166.

1. 7000090000019-00000004200006.

2. A,$1639-32i;B,$1628-21^;
C,$1487-31i;D, $1634-95.

3. 18f
4. $1497808819-4444.
6. 88160.

6. 861 years, lOm'thP, 26day8.
7. 40-88.

8. 88948 lbs. 4oz. 8 dwt. 14^ grs.
9. 2.

10. 129f.
11. 8.

12. 24.

13. A, $884-47 ; B, $291-07
;

C, $221-89.
14. 185§S lbs.

15. -165229.

16. 630-00121864600.
17. $7854-29.
18. 26§.
19. 81000.

34.2-886057; 1-290036; 3051153;
4-698970

; 2-182129
; 0-909127.

20. 5466640.
21. They have none.
22. A, $849206 ; B, $476191

;

C, $6746-08. I

23. A, £167H ; B. Xiste
;

C, £98i»a.
24. 2i^- hours.

26. LXXMVCMXXXVIII and

XVMMCDXCVMMMDCLXXIX.
26. Ist gets 792 loaves; 2nd,

694 ; 3rd, 924.
27. 72, 18 and 54 lbs., or 24, 96,

and 96 lbs. respectively.
28. $3725 764.

29. 24010-23.

30. $4803-6064.

31. 5739-29 yds. Gain 26f per
cent.

32.
33. $12612.

1-449736
; 4-812913

;

36. t8't2.

36. 84 years.

37. 66-80578 times.

40. $460-0034.
41. 5 yrs. 8 mos. 6 days.
42. Amount $140907. Com^

pound Int. $595-36.
43. 10 months 18 days.

38. 22992700-72992700.
39. $5-482.

^ ^'^dETV
^' ^^^^^^'^^

J
C, $535-6376

I
D, 14980276

}

\
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i 7449164
;

.9,ia,i6,l«,

6, 48, 64, 64,

44, 192, 216,

\ 864, 1728.

18866.

J, $4761-91
;

B, £i3ie

;

KVm and

MDCLXXIX.
3aves ; 2nil,

3., or 24, 96,

ipectively.

rain 26f per

4-812913
;

ays.

37. Com>
5-36.

^493(}275

}

\

46. 11872-02898.
40. 1.

47. 11704272874Hli octenary.

48. -01 and -012845679.
49. One quadrillion three hun-

dred billions fifty million

and six thousand, and sev-

en hundred million eighty

thousand and nine tril-

lionths.

Seven trillions six hundred
billions two hundred and
ninety millions thirty-four

thousand and seven, and
sixty-seven millions four

hundred thousand two hun-
dred and nine quadril-

lionths..

60. 1296.

61. 88-895 years.

62. 1119^^.
63. 144.

54. 86|i
66. 8f days.

56. $2469-71.

57. 4A, 3 ,ij, and 2/j.
68. Each man had 60 ; A caught

50, B 60, C 10.

69. 191 and 17768.
60. 44-997 years.

01. A,|1666-
C, $978 081

62. 1, 2, 4, 1429,
63. 2,S.
64. Man's share

woman's
and child's

66. 24.

66. $21-08.

67. Greatest 9: 16

comp. ratio

68. 8-5318462.

69. 019156118.

B,$l 169*96};

2858, 6716.

= $91914tf,
= $469'67H,
= $153-19^.

; least 10: 19;
21 : 247.

70.
71.
72.
73.
74.

75.
76.
77.
78.
79.
80.
81.

82.
83.

2781 -84981 8 166689829937.
157-086 feet.

85 spirits, 85 water.
422-32.

70 and 14.

228-82460686.
5-82841.

68 and 28.

156240.
5J0401.

228^:1617.
8 and H, or 4 and H, or 6
and 14, &c.

6/f minutes past 1 o'clock.

84. 6-685461; 8-502676; 6187521; 2-113509; 0-196295-
1-969276.

'

86. $4-814.

86. X $672 and Y $1120.
87. iV
88. 4321.

89. 18^ lbs. at 4d. ; 18f lbs. at
6d. ; and 74| lbs. at 8d.

90. 10, 22, 26.

97. 11000000000011-0000000011.

98. $3649-3932.
99. 2» X 3» X 7 X 11.

lOQ. 28J.

91. 1,8J, 16f, 24f, 32i,40.
92. 7.

93. Apple 2d., pear 3d.
94. il
96. $275.
96. $124 and $1664.

101. 117.

102. 62f gal., 83^ gal., and 146
gal.
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103.

104.
106.
100.
107.
108.
109.
110.

116.
11«.

117.
118.
119.
lao.

121.
122.
123.

124.
126.
126.
127.
128.
129.

111. Ist, -46 inches; 2nd, 67
!°;„8rd, -82 in.; 4th,
8149 in.

'

112. 71117.
113. 12019-661

; 14871808 •

14816-806; $6467-7891
11826.

'

114. I"300yr8.
; 2'*66-827yr»

l8t 1920-20; 2nd, 12760-60; 8rd, |6621-20.
Paid each workman |28-66| ; lat company cleared 87M

jrak ''"P'^"^' ^^^ "^'"''^ costV 'clearing. 18^

11280-888.

10 hours.

41 years.

4-629 days.

£4 16b.

1422-2 lbs.

16 and 11.

$2840-00.

182 days.

A, $2180 ; B, $1686 ; C,
$1808 ; D, $1090.

132. 61 of each, rem. £1«.
133. $200.
134. 19 per cent.

136. $1388-888.
136. Is. 9d., Is. 2d., and 7d.

\

861^5 and 41 in«v.
Sum $68 Os. 8-,Vird. ; quo-
tient 82414-66.

^^^ihs yds.

$214

D, $100.
138. -067.

^3»-'^35gi«2T%;UH;Mj

140. 96; I7f.

ImlllL'^
'''''' "^^ '^'' Wi;$107i5;$148i|;

130.
131.

10^^ perches.

111104.

9, 27, 81, 243, 729, 2187,
6661.

'

804 in. 9-634 ia 12-426 in.

and 30 inches.

and $179A.
142. $16009-41.

143. 17*
, 32*, 48i, and 68J : 8<l

and 86906.
144. 36iday8.

TBI END.

-/
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jn One Vol. drown 6vo,, Ctotk, Sfd pagei. Priee $ik
(Free by Mail on receipt of the price)

THE

DOMINION ELOCUTIONIST
AND PUBLIC READER;

A system of Elocution formed on the Philosophy of the Human
Voice, and the Logical Structure oi the Language.

WITH ILLUBTIIATIONS AND BXBROTHUrt FOB

THE GUL TIVA TION OF THE SPEAKING VOIGE.
ARD VOR

Expressive Beading and Oratorical Delivery.

SELfeoTiONS IN Oratory, Fiction, Poetry and the
Drama,

BSPBOIALLT ADAPTED TfOU

PnHlo BiftdlBgi, SolMutruetioB, ud for uo In Sohooli »b& CoU«g«i.

nm* •

BY

RICHARD LEWIS,
Teacher of Elocution.

. » .

from tho Bf^v. W. Uorley Punthon, LL.O.

To thoM who desire to study elo.;ution aa an art, I can recommend Mr.
Lewt* book. I approve the systBm more highly than some to which my at-
tention has been directed for it ia at once Bystematic and flexible : and the
rules perhaps leave as much room as any rigid system can leave, for the occa-
lional abandon of true oratory.
The selections keep up our acquaintance with many old favorites, and in

-

troduce us pleasantly to some new ones. I wish the book every success.

W. MORLEY PUNSHON.
From thw Bay. Maurice 8. Baldwin, M.A., Beotor Chriit Chnroh Cathedral, Uontreali

Thd book supplies a long felt want. The rules laid down for instruction ara
Admirable, while the selections for reading are judicious. All books of this
*ort which go to elevate the taste, and make the yotmg acquainted ^vith the
best thoughts of our great masters, ehould be encouraged. The volume before
m*, coming, as it does, from a Canadian source, and issued in so neat a form
Wid reasonable price, \a especially welceme.

MAtrRiCK a, ]iAiJ)WjurJ

I ti."
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^or RSAT)ft

ELEMENTARY

ARITHMETIC,
IH

DECIMAL OUERENOT,

AJro

KEY TO DO.

New and Revised Editions prom New Plates.

?R;CE IN BOARDS, PAPER COVERS.

Price of the Arithmetic...
....25 cents.

price of Kev to do .y — ,.,„,,„,jj^,^^^^ ^„ ,,



.jr-'-\ ^-m^ v^BMk.

tc,

1 *i

*LATES.

^

cents.




