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ARITHMETIC.

DEFINITIONS, NOTATION, AND NUMERATION.

Articre 1. By a Unir is meant a single object or thing, considercd
as one and undivided,

2. Numser is the name by which we signify how many objects or
things are considered, whether one or more.  When, for instance, we
speak of one horse, two apples, three yards, or four hours, the number of
the things referred to will be one, two, three, or four, according to the
case ; and so onc, two, three, four, and the rest, are called numbers,

3. Numsers are considered cither as Anstracr or Cononere,

Abstract numbers are thoss which have no reference to any particular
kind of unit ; thus, five, as an abstract number, significs five units only,
without any regard to particular objects.

Concrete numbers are those which have reference to some particular
kind of"imit; thus, when we speak of five hours, six yards, seven horses,
the numbers five, six, scven, are said to be concrete numbers, having
reference to the particular units one hour, one yard, one horse, respec-
tively.

4. AmiTunerio is the science of Numbers,

5. All numbers in common Arithmetic arc expressed by means of
the figure 0, commonly called zcro or a cypher, which has no value in
itsclf, and nine significant figures, 1,2, 3, 4,5, 6,7, 8,0, which denots
‘sespectively the numbers one, two, three, four, five, six, scven, eight,
nine. These ten figures arc sometimes called Diorrs ; but this name is
often improperly limited to the nine significant figures above mentioned,
which are®then called the nine digits.

The number one, which is represented by the figure 1, is called
UNITY.

0. When any of these figures stands by itself, it expresscs its simple
or intrinsic value ; thus, 9 expresses nine abstract units, or nine particular

1



2 ARITHMETIC, )

things: but when it is followed by another figure, it then expresses ten
times its simple value ; thus, 94 expresses ten times nine units, together
with four units more: when it is followed by two figures, it then expresses
one hundred times its simple value ; thus, 943 expresses onc hundred
times nine units, together with ten times four units, and also three units
more: and so on by a tenfold increase for each additional figure that
follows it.

The value, which thus belongs to a figure in consequence of its posi-
tion or place, is called its LocaL vaLve,

Therefore all numbers huve a simple or intrinsic value, and also a local
value,

7. It appears then, that in common Arithmetic we proceed towards
tho left from units to tens of units ; from tens of units to tens of tens of
units, or hundreds of units ; from hundreds of units to tens of hundreds of
units, or thousands of units ; fromn thousands of units to tens of thousands
of units ; from tens of thousands of units to tens of tens of thousands of
units, that is, to hundreds of thousands of units ; thence to tens of hundreds
of thousands of units, or millions of units; thence to tens of millions of
units, hundreds of millions of units, &c., till we come to millions of
millions of units, which are called billions of units, and so on to trillions,
quadrillions, &c.

‘Thus, 10 represents one ten of units, together with no units; or, as
it is bricefly read, ten. 11 represents one ten of units, together With one
unit ; or, as it is briefly read, cleven.  Similarly 12, 13, 14,15, 16, 17, 18,
19, respectively represent one ten of units together with two, three, four,
five, six, seven, cight, nine units; they arve resnectively read twelve, thir-
teen, fourteen, fifteen, sixteen, seventeen, cighteen, nineteen.

‘T'he next ten numbers are expressed by £0, 21, 22, 23, 24, 25, 26, 27,
28, 20, which respectively represent two tens of units together with no,
one, two, three, four, five, six, seven, eight, nine units; they are briefly
read twenty, twenty-one, twenty-two, twenty-three, twerty-four, twenty -
five, twenty-six, twenty-seven, twenty-eight, twenty-nine.

The next ten numbers are expressed by 30, 31, 32, 33, 34, 35, 36, 37,
38, £9, which are respectively read thirty, thirty-one, thirty-two, thirty-
three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty.
nine: we thus avrive at 40 (forty), 50 (fifty), 6O (sixty), 70 (scventy),
80 (eighty), 90 (ninety).

99 is the largest number which can be expressed “y two figures, since
it represents niuc tens of units together with nine units ; the next number
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to thisis 100, which represcnts ten tens of units, or one hundred of units,
together with no tens of units, together with no units ; or, as it is briefly
read, one hundred.

By pursuing the same system in higher numbers the figure occupying
the fourth place from the right hand will represcnt so many tens of hun-
dreds of units, or thousands of units; the figure in the fifth place will
represent so many tens of thousands of units ; and so on.

205 represents two hundreds of units, together with no tens of units,
together with five units ; or, as it is briefly read, two hundred and five.

5473 represents five thousands of units, together with four hundreds
of units, together with seven tens of units, together with three units ; or,
as it is briefly read, five thousand, four hundred and scventy-three,

7040730 represents seven millions of units, together with no hundreds
of thousands of units, together with four tens of thousands of units, toge-
ther with no thousands of units, together with seven hundreds of units,
together with three tens of uuits, together with no units; or, as it is
Lriefly read, seven millions, forty thousand, seven hundred and thirty.

107834265 represents one hundred of millions »f units, together with
no tens of millions of units, together with seven millions of units, together
with cight hundreds of thousands of units, together with three tens of
thousands cf units, together with four thousauds of units, together with
two hundreds of units, together with six tens of units, togetl:er with five
units g or, as it is briefly read, one hundred and scven miillions, cight
hiundred and thirty-four thousand, two Lundred and sixty-five.

8. NotaTiox is the art of expressing any number by fizures which is
already given in words. Numenarioy is the converse of Notation, heing
the art of expressing any number in words which is already given in
figures.

9. The mecthod above explained «f denoting numbers by means of
the symbols 0, 1, 2, 3, 4, 5, 6, 7, 8,0, and combinations of them, was
brought into Europe by the Arabs, and it is thercfore often ealled the
ARasio NoraTioN. It was derived by the Arabs from the Hindoos. This
method of notatiorPis now in comiznon use, not only in this country, but
through.out Europe,

E< 1.
Exercises in Notation and Numeration.

Express the following numbers in figures:
(1) Sixty-three; cighty-one ; ninety-nine; forty ; thirtecn.

1—-2



4 ARITHMETIC, -

(2) Two hundred; three hundred and three; seven hundred and
sixty-four; eight hundred and eighty-eight.

(3) Four thousand ; one thousand, four hundred and seventy-one ;
six thousand, nine hundred and thirty ; nine thousand and nine.

(4) Twenty-seven thousand, five hundred and four; thirty-three
thousand ; nine thousand and sixteen.

(5) One hundred thousand ; six hundred and seventy-six thousand
and fifty; two hundred and two thousand, five hundred and ninety-
three

(6) B8even millions, three thousand ; eleven millions, one hundred
and eight thousand, one hundred and six ; fifty-four millions, fifty-four
thousand and eighty-eight ; six hundred and thirtecn millions, twenty
thousand, three hundred and three.

(7) Two billions ; nine billions, threo hundred thousand and twenty-
onc; ninety-four billions, ninety millions, ninety-four thousand, nine
hundred and four.

Write down in words at full length the following numbers :
(1) 43;60; 88; 07; 69;12; 21; 19.
(2) 266; 401; 500; 999; 365; 578; 837.
(3) 2000; 1724; 3003; 7504; 1075 ; 4541.
(4) 87003; 47049 ; 63090 ; 800VS ; 341323,
(5) 6850406 ; 80B0BOS ; 7840630 ; 418254
(6) 10000001 ; 20220022 ; 92568987 ; 30180070,
(7) 2500530200; 800309560 ; 9738413208,
(8) 7070000423 ; 087654321 ; 5707068080,
(9) 100198700010090 ; 48720870634103204.

ADDITION.

10. Abppition is the method of finding a number, wlnch is equal to
two or more numbers taken together.

The number found by adding two or more numbers together is called
the sua or AxouNT of the several numbers so added.

11, There are two kinds of Addition, SixpLE and Coxpounp.

It is Simple Addition, when the numbers to be taken together are all
abstract numbers ; or when they are all concrete numbers of the same de-
nomination, as a/f pence, all days, all pints. o

It is Compound Addition, when the numbers to be taken together are
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concrcte numbers of the same kind, but of different denominations of that
kind ; as pounds, shillings, and pence ; or years, months, and days; or
gallons, quarts, and pints.

12. The sign+, pr.us, placed between two or more numbers, signifies
that the numbers are to be added together: thus 2+5+7 signifies that
2, 5, and 7 are to be added together, and denotes their sum,

The sign =, EqQuaL, placed between two numbers, signifies that the
numbers are equal to onc another.

The sign —, vincuLuy, placed over numbers, and the sign ( )or { },
called a BRACKET, enclosing numbers within it, are used to denote that all
numbers under the vinculum, or within the bracket, are equally affected
by all numbers not under the vinculum or within the bracket : thus 243
or (2+38) or {2+ 8}, each signify, that whatsocver is outside the vinculum
or bracket which affects 2 in any way, must also affect 3 in the same way,
and converscly.

The sign .. signifies ¢ therefore.’

SIMPLE ADDITION.

13. Rure. Write down the given numbers under each other, so that
units 1gay come under units, tens under tens, hundreds under hundreds,
and 80 on ; then draw a straight line under the lowest line.

Find the sum of the column of units ; if it be under ten, write it down
under the column of units, below the Jine just drawn ; if it exceed ten,
then write down the last figure of the sum under the column of units,
and carry to the next column the remaining figure or figures ; treat cach
succeeding column in the same way, and write down the full sum of the
extreme left-hand column. The cntire sum so marked down will bo the
sum or amount of the separate numbers.

14 Add together 5469, 743, and 27.
Proceeding by the Rule given above, we obtain
. 5469

743
27

6239
.
T'he reason for the Rule will appear from the following considerations.
When we take the sum of 7 units and 3 units and 9 units, we get 10
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units and 9 units, or 19 units; we thercfore place the 9 units under
the columnn of units and carry on the 1 ten units to the next column,
viz. the column of tens.

Now the suin of 1 ten, 2 tens, 4 tens,and 6 tens, is 10 tens and 3 tens,
or 13 tens; we therefore place the 3 tens under the column of tens and
curry on the 1 hundred units to the next column, viz. the column of
aundreds.

Again, the sum of 1 hundred, 7 hundreds, and 4 hundreds, is 10 hun-
dreds and 2 hundreds, or 12 hundreds ; we therefore place the 2 hundreds
under the column of hundreds, and carry on the 1 thousand units to
the next column, viz. the column of thousands.

Again, the sum of 1 thousand and 5 thousands, is G thousands; we
therefore place the 6 under the column of thousands, and the entire sum
is 6239,

15. The above example might have been worked thus, putting down
at full length the local value of all the figures.

Thus 5469 =5000+400+ 60 +9 ’

+743= +700+40+3
+27= +20+7.
Now adding the columns, we get the sum
=5000+1100+120+19
= 5000 + 1000+ 100 + 100+ 20 + 10+ 9,
(since 1100=21000+100, 120=100+20,and 10=10+9)
= 6000+ 200+ 30+ 9,
(cullecting the thousands together, the hundreds together, and so on)
= (239,

Note. The truth of all results in Addition may be proved by adding
the culumns first upwards as in the above example, and then adding them
downwards; if the results be the same, the operation in each case will in
all probability have been performed correctly. ’

Ex. IL
Examples in Simple Addition.
(1) 12 (2) &7 (5) =54 (4) 634
3 a7 567 321

&6 63 53
) LH) 345



SIMPLE ADDITION.

(6) 1721

7

(5) 494 () 750 (8) 4789
587 3333 36 2340

656 50406 1213 3857

336 2754 561 5005
3190 -

(9) 9102 (10) 84670 (11) 1790621 (12) 256789
479 5437 206803 21003
8776 29 353 5734
901 21904 0003766 40036

21

100001

428558

(13) 627482 (14) 892704 (15) 1807553 (16) 117064
643201 95687 208743 02073
(780641 0482 5987 827569
548200 100 760003 anl
808759 152346 247 T
345678 11 50705 _ 65656

(17) Add together 7384, 326, 6780, and 57 ; also G740, 9745, 5769,
8031, 6543, 2002, and $999; also 89, 4500, 423, 2024, 5408, 0546, and
0401,

(1%)  Add together 83746, 2478, 692577, 456, and 7; also 035473,
262, 13897, 598453, 25, 3734, 724008, and G49768.

(19) Find the sum of 4738685, 237869513, 148704343978, 065,
4647, and 250; also of 68539582, 78602045, 370489000, 7055501234,
276, 9123456789, and 5000: also of 888929944, 7300, 27978462, 333,
5875300000, 4827532, 486684836, 80032148379, 12345, 1112858073, and
53800000835,

(20) Add together one thousand, four hundred and eighty-three;
seven hundred and ninety-six; thirty-nine; forty thousand, seven hun-
dred and forty-foyr; five thousand, eight hundred and sixty; fifty
thousand and seven.

(21} Add together the following numbers : fifteen thousand, seven
hundred and ninety-six ; four hundred and nine ; two hundred and thirty-
four thousand and fifty ; four millions, threc thousand and seventy-six ;
forty thousand and thirty-six ; ten thousand, nine hundred and one.

(22) Add together the following numbers : twenty-two millions, six
hundred thousand, five hundred and three ; five hundred and sixty-three
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millions, seventy-six thousand and thirty-four ; one hundred and eleven
millions, six hundred and fifty thousand and fifty ; three hundred and
twenty-six millions, seven thousand, nine hundred and ninety-one ; one
thousand seven hundred and ten millions, one thousand seven hundred
and ten ; one billion, threc hundred thousand and five.

SUBTRACTION.

16. Subtraction is the method of finding what number remains wheu
8 smaller number is taken from a greater number.

The number found by subtracting the smaller of two numbers from
the greater is called the Remainder.

17. 'Therc are two kinds of Subtraction, S1ypre and Cosmpounp, which
differ from each other in precisely the same way, in which Simple and
Compound Addition differ from each other.

18. The sign—, minus, placed between {wo numbers, signifies that
the second number is to be subtracted from the first number.

SIMPLE SUBTRACTION.

19. Rurr. Place the less number under the greater number, so that
units may come under units, tens under tens, hundreds under hundreds,
and 80 on; then draw a straight line under the lower line. .

Take, if possible, the number of units in each figure of the lower line
from the number of units in cach figure of the upper line which stands
immediately over it, and put the remainder below the line just drawn,
units under units, tens under tens, and so on: but if the units in any
figure in the lower linc exceed the number of units in the figure above it,
add ten to the upper figure, and then take the number of units in the
lower figure from the number in the upper figure thus increased ; put
the remainder down as before, and then carry one to the next figure
of the lower line. The entire difference or remainder, so marked down,
will be the difference or remainder of the given numbers,

20. Ex. Subtract 4038 from 5123,

Proceeding by the Rule given above, we obtain

5123
4938
185 e

©0 that the remaindeor is one hundred and eighty-five (185).
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The veason for the Rule will appear from the following considerations.
'Wé cannot take 8 units from 3 units, we therefore add 10 units to the
8 units, which are thus increased to 13 units; and taking 8 units from 13
units we have 5 units left ; we therefore place 5 under the column of
units: but having added 1 ten units to the upper numbher, we must
add the same number of units (1 ten units) to the lower number, so that
the diffcrence between the two numbers may not be altered ; and adding
1 ten units to the 3 ten units in the lower number, we obtain 4 tens or
40 instead of 3 tens or 30.

Again, we cannot take 4 tens from 2 tens; we therefore add 10 tens
or 1 hundred to the 2 tens, which thus become 12 tens or 120 ; and then
taking 4 tens or 40 from 12 tens or 120, we have 8 tens or 80 remaining §
we therefore place 8 under the column of tens: but having added 1 hun-
dred to the upper number, we must add 1 hundred to the lower number
for the reason given above ; and adding 1 hundred to the 9 hundreds in
the lower number, we obtain 10 hundreds or 1000 instead of 900.

Again, we cannot take 10 hundreds from 1 hundred, and we therefore
add 10 hundreds or 1 thousand to the 1 hundred, which thus becomes 11
hundreds or 1100 and taking 10 hundreds or 1000 from 11 hundreds or
1100, we have 1 hundred or 100 left; we therefore place 1 under the
column of hundreds : but having added 10 hundreds or 1 thousand to the
upper m\mbcr, we must add 1 thousand to the lower number for the
reason gnven above ; and adding 1 thousand to the 4 thousands in the
lower number, we obtain 5 thousands or 5000 ;

5000 taken from 5000 leaves 0 ;

therefore the whole difference or remainder is 185,

21. The above Example might have becen worked thus, putting

down at full length the local values of the figures:

5123= 5000 4100+ 20 +3
=4000+1000+100+ 20 +3
= 4000+ 1000 +100+10+ 70+10+3
=4000+1000+110+13
(collecting the first 10 with the 100, and the sccond 10 with the 3,)

4938 = 4000 + 900 + 30 + 8.
Therefore subtracting the columns, thousands from thousands, &c. we
get the remainder or difference
=100+80+8
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Note. The truth of all results in Subtraction may be proved hy
adding the less number to the difference or remainder ; if this sum equals
the larger number, the result obtained by subtraction may be presumed

- to be correct.

Ex. III,
FExamples in Simple Subtraction.
(1) o663 (2) 976 (3) 704 (4) 800
800 831 403 720
83

(5) 4236 (6) 80502 (7) 46095 (8) 535555
3069 58672 20776 123456

(9) 1000000 (10) 400257261  (11) 89437182

100101 09988877 15700293

(12) Find the difference between 6543756 and 412848 ; 7863927 and
826957 ; 303233334 and 192001222,

(13) How much greater is 164326289 than 484767987
.............................. 10000001000 thau 7077070077 ?
.............................. 7559030640021 than 6990040005679 ?

(14) Take two thousand and nine, from ten thousand and ninety-

six ; three thousand and cight, from scven thousand, nine hundred and
forty-four.

(18) Required the difference between four and four lmlhons, also

betwecn one hundred millions and three hundred thousaud.

(16) Subtract five hundred and eighty-four thousand and seventy-six,

from fifteen millions, onc hundred thousand and threc.

22. The following method of expressing numbers was used by the
Romans, and it is still in occasional, though not in common use, among
ourselves. They represented the number one by the character 1; five by
V; ten by X; fifty by Li; one hundved by C; five huunéred by D or I;);
one thousand by M or CIp.

All other numbers were formed by a combumuon of the above charac-
ters, subject to the following Rulces :

First; When a character was followed by one of equal or leu value,
the whole expression denoted the sum of the values of the single charac-
ters; for instance, II stood for 2; III for 3; VI for 6; VIII for 8; LV
for 553 LXXV1I for 77; CCXI for 211, «

Secondly ; When a character was preceded by one of les value, the
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whole expression denoted the difference of the values of the single charac-
ters ; for instance, IV stood for 5—1, or 4; IX for 10-1, or 9; XIX
for 10+10—1, or 19; XL for 5010, or 40; XC for 100~ 10, or 90.

Thirdly ; Every D annexcd to 1) increased the value of the latter
tenfold ; for instance, 1)) stood for 5000 ; 1)) for 50000 ; and so forth.
And every C prefixed and 9 anncxed to CI) increased the value of the
latter tenfold; for instance, CCIp) stood for 10000; CCClnnn for
100000 ; and so forth.

Fourthly; A line drawn over a character or characters increased the
value of the latter a thousandfold ; for instance, V stood for 5000 ; C for
100000; 1X for 0000 ; and so forth.

It follows then that cither XXXXVI or XLVTI will represent 46 : and
that cither M.DCCC.L1V, or Cl9.I5CCCL1V, or I.DCCCLIIII will
represent 1854,

Ex. 1V,

(1) Express in Roman characters, thirty; forty-eight; fifty-nine;
222 ; 6000 ; 1843.

(2) Express in words, and also in Arabic figures, the values of XXIII ;
LXIX; CCXVIIL; VI; CLDCII; MAMC.

MULTIPLICATION.

23, ° MucrtpricaTion is o short method of finding the sum of any
given number repeated as often as there are units in another given number:
thus, when 8 is multiplied by 4, the number produced by the multiplica-
tion is the sum of 3 repeated 4 times, which sum is equal to 3+3+3+3
or ]2,

The number to be repeated or added to itself, is called the MurtieLi~
CAND,

‘The number which shews how often the multiplicand is to bo repeated
or added to itscK, is called the MvLrirLiER,

‘The number foungd by multiplication is called the Propucr.

The multiplicand and multiplier are sometimes called ¢ Facrors,’ be-
cause thoy are factors or makers of the product.

24. Multiplication is of two kinds, SimpLe and Comrounn. It is
termed Simple Multiplication, when the multiplicand is cither an abstract
number, or a concrete number of one denomination.

1t is termed Confpound Multiplication, when the multiplicand contains
numbers of more than one denomination, but all of the same kind.
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25. The sign x, placed between two numbers, significs that the
numbers are to be multiplied together.

28. The following Table ought to be learned correctly :

WHE '“4’1‘"5'“ G718 vl

46810 14 |16 13]20 22 | u4

18 1 21 | 24 | 27 30i 33 | 36
24

12115

d
»l X ml !
|

o

)

8 |12]16| 20

I'32 56|40 |44 a8

1015 (20| 25

=]

t
i
i

12|18 24|30 45’54(30‘%::.

s

50 | 35 | 40 | 45 | 60 '—55-7 6o
m

2|49

0|35 ]30| 3 [0 |
| |
24

{

1

i ]
|14 )21 ] 28|35 |4
|16 o4 | 82 ,_4'6'1 4~<‘l,b 6t |72 |0 se (98

|18 |27 | 86 {45 |54 [ 63| 72 | 81 9«)!99;103
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In the above Tuble, thc sccond line from the top shews the product of
cach of the numbers, 1, 2, 3, 4, &ec. 11, 12, in the first line, wheg multi-
plied by 2; the several products being placed under the respective num-
bers of the line above, from the multiplication of which they arise : the
third line shews the several products, when the figures in the first line
are respectively multiplied by 3: and so on.

Note. One of the factors, namely the multiplier, must necessarily be
an ‘abstract number’; since it would be absurd to speak of 6 shillings
multiplied by 4 shillings. We can multiply 6 shillings by 4, i. e. we can
find how many shillings there are in four times six shillings ; but there
is no meaning in 6 shillings multiplied by 4 shillings. ~

SIMPLE MULTIPLICATION. .

27. Rute. Place the multiplier under the multiplicand, units under
units, tens under tens, and so on. Multiply each figure of the multipli-
cand, beginning with the units, by the figure in the units’ place of the
multiplier (by means of the table given for Multiplication); set down
and carry as in Addition. Then multiply cach figure of the multiplicand,
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beginning with the units, by the figure in the tens’ place of the multiplier,
placing the first figure so obtained under the tens of the line above, the
* next figure under the hundreds, and so on. Procced in the same way
with each succeeding figure of the multiplicr. Then add up all the results
thus obtained, by the rule of Simple Addition.
Note. If the multiplier docs not exceed 12, the multiplication can be
effected ensily in one line, by means of the Table given above.

28. Ex. Multiply 7654 by 397.
Proceeding by the Rule given above, we obtain
7654
o
53578
68880
22962
3038638

The reason for the Rule will appear from the following considerations.

When 7654 is to be multiplied by 7, we first tako 4 seven times, which
by the Table gives 28, i.e. 8 units and 2 tens; we therefore place down 8
in the units’ place and carry onthe 2 tens: ngain, 5 tens taken 7
times give 35 tens, to which add 2 tens, and we obtain 37 tens, or 7 tens
and 3 hendreds; we put down 7 in tho tens’ place, and carry on 3 hun-
dreds: again, 6 hundreds taken 7 times give 42 hundreds, to which add 3
hundreds, and we obtain 45 hundreds, or 4 thousands and 5 hundreds;
we put down 5 in the hundreds’ place, and carry on the 4 thousands:
again,7 thousands taken 7 times give 49 thousands, to which we add the
4 thousands, thus obtaining 63 thousands, which we write down.

Next, when we multiply 7654 by the 9, we in fact multiply it by 00;
and 4 units taken 90 times give 360 units, or 3 hundreds, G tens, and 0
units: therefore, pmitting the cypher, we place the 6 under the tens’ place,
and carry on the 3 to the next figure, and proceed with the opcration as
in the line above.

When e multiply 7654 by the 3, we in fact multiply by 300 ; and 4
multiplied by 300 gives 1200, or 1 thousand, 2 hundreds, 0 tens, and
0 units ; therefore, omitting the cyphers, we place the first figure 2 under
the hundreds’ place, and proceed as before. Then adding up the three
lines of figures which we have just obtained, we obtain tho product of
7654 by 397.
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20, The above Example might have been worked thus, putting down
at full length the local values of the figures;
7654= 7x1000+ 6x 100+ 5x10+ 4
3897 = 3x100+ 9x10+ 7
49 x 10004-42 X 100 +35 x 10 4-28
63 % 10000+ 54 x 1000445 x 100436 x 10
21 x 100000 + 18 x 10000+ 15x 1000412 x 100

21 x 100000 + 81 x 10000+ 118 x 1000 + 99 X 100+ 71 x 10+28
which =
20 x 1000004 1 x 100000
+ 8x 100000+ 1 x 10000
+ 1x10000041 x 100004 8x 1000
+ 9x1000+ 9x100
+ 7x1004+1x10
+2x10+8

2000000 + 10 x 100000 + 2 x 10000417 x 1000+ 16x 100 +3x 10+ 8

= 2000000 + 1000000+ 2 x 10000 +10 x 1000+ 7 x 1000+ 10x 100 +6 x 100+3x 10 +38
= 3000000 + 2 x 10000 + 1 x 10000 +7 x 1000 + 1 x J000 +6x 100+3x10 +8
= 3000000 + 3 x 10000 + 8 x 1000 + G600 + 30+ 8
= 3000000 + 30000 + 8000 + 600 + 30 + 8
= 3038038

50, If the multiplier or multiplicand, or both,end with cyphers, we
may omit them in the working; taking care to affix to the product as
many cyphers as we have omitted from the end of the mul€plier or
multiplicand, or both. Thus, if 263 be multiplied by 6200, and 570 be
multiplied by 3200, we have

263 570
6200 3200
526 114
1678 RILUN
1630600 1824000

The reason is clear: for in the first case, when we ntultiply by the 2,
in fact we multiply by 200; and 3 multiplied by,200 gives 600 : in tho
second case, the 7 multiplied by the 2 is the same as 70 multiplied by
200 ; and 70 multiplied by 200 gives 14000. .

31. If the MuLTiPLIER contain any cypher in any other place, then,
in multiplying by the different figures of the multiplier we may pasa
over the cypher; taking care, however, when we multiply by the next
figure, to place the first figure arising from that mufﬁpliution under the
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third figure of the linc above instead of the second figure. The reason of
this is clear: fur, if we were multiplying by 206, when we multiply by
the 6 we take the muitiplicand 6 times, when we multiply by the 2 we
really take the multiplicand, not 20 times, but 200 times,

32. When two numbers are to be multiplied together, it is a matter
of indifference, so far as the 'product is concerned, which of them be taken
as the multiplicand or multiplier; in other words, the product of the first
multiplied by the second, will be the same as the product of the second
multiplied by the first.

Thus, 2x4=2+2+2+2=8,

4:2:=4+4 =8;
therefore the results are the same, that is, 2x4=4x 2.

That the product of one number multiplied by another, will he equal
to the product of the latter multiplicd by the former, may perhaps appear
more clearly from the following mode of shewing this equality in the case
of the numbers 3 and 5.

3=1+1+1;
S8x5=(1+14+1)+(1+1+1)+(14+1+1)+(1+141)4(14141)
=14+1+1
+141+1 ]
+141+41 - =1
®+1+1+1
+1+1+1)

Now, if we regard the ones from left to right, there are 3 ones taken 8
tines ; if we regard them taken from top to bottom, we have 5 ones re-
peated 3 timnes; and the number of ones in each case is the same; f.e.
3x5=5x3: and so in the case of any two other numbers multiplied
together.

33. The truth of all results in Multiplication may be proved by using
the mulnphamd as multiplicr, and the multiplier as multiplicand: if the
product thus obtained®be the same as the product found at first, the results
are in all .probability true.

34. We have hitherto confined our attention to products formed by
the multiplication of two factors only. Products may however arise from
the multiplication of three or more factors; this is termed Conrmvuen
MurrtrLication : thus 2 x 3 x 4 denotes the continued multiplication of
the factors 2, 3, and 4 ; and mcans that 2 is to be first multiplied by 3,

5
h
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and the product thus obtained to be then multiplied by 4. The result of
such a process would be 24, which is thercfore the continued product of
2, 8,and 4: we may cxpress it thus, 2 x3 x4=24.

Ex. V.
Ezamples in Simple Multiplication.

(1) 534 (2) o713 (3) 2867 (4) 7492
_4 3 5 _¢
2136

(5) 2057 (6) 567409 (7) 2745638 (8) 5763

7 8 9 1i

_ - 63393
(9) 35076  (10) 01525  (11) 257 (12) 90843
1 12 53 17

- o g
12085
13621

{13) 87208  (14) 16097 (15) 206897 (16) 69284

46 59 83 90
- 6235560
(17) 840607 (18) 175 (19) 6208 (20) g4
80 189 769 603
- - 16269
32538
3270069
(21) 25607 (22) 78847
5004 8803

(23) Find tho product of 234578 by 18, by 29, and also by 53;
of 924846 by 07, by 95, and also by 430; 284G0G7 by 206, by 1008,
and also by 907 ; 8400631 by 21711, by 7009, by 8435, and also by 7980.

(24) Find the product of 1754 and 9306 ; of 47506 and 4500; of
148570 and 15790 ; of 554768 and 39314; of 815085 and 20048; of
123456789 and 087654321 ; and of 57298492692 and 700809050321,

(25) Multiply 9487352 by 4731246 ; 4342760 by 599990 ; 17376872
by 7399078 ; 38015732 by 400700005 ; 574585014865 by 2837154309,

(26) Multiply six hundred and fifty thousand and ninety, by three
thousand and eight; also soventy-six millions, eigkt thousand, seven
bundred and sixty-five, by nine millions, nine thousand and nine.
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(27) Find the continued product of 12, 17, and 19; of 3781, 3782,
and 3783 ; and of 6363, 6786, and 9898.

(28) Multiply 20470 by 1030, and 2058 by 476, explaining the reason
of each step in the process,

DIVISION,

35. Division is the method of finding how often one nuinber, called
the Divisor, is contained in another number, called the Divivesv.  The
result is called the Quorient.

36. Division is of two kinls, Simere and Costrovsn. It is called
Simple Division, when the dividend and divisor are, both of them,
either abstract cumbers, or cuncrete numbers of ous and the samc
denomination.

It is called Compound Divisiva, when the dividend, or when hoth
divisor and dividend coutain numbers of different denowinations, but ol
one and the same kind.

37. The sign +, placed between two numbers, signifies that the first
is to be divided by the secoud

38. In Division, if the dividend be a councrete number, the divisor
may be ;ither a concrete number or an abstract number, and the quotient
will be an abstract number or a concrete number, according as the divisor
is concrete or abstract. For instance, 5 shillings taken 6 times give 30
shillings, thercfore 30 shillings divided by 5 shillings give tho abstract
number 6 as quoticnt ; and 30 shillings divided by 6 give the concrete
number 5 shillings as (uotient.

SIMPLE DIVISION.

39. Rure. @lace the divisor and dividend thus:
Aivisor) dividend (quotient.
Take off from the left-hand of the dividend the least number of figures
which make a number not lcss than the divisor ; then find by the Multi-
plication Table, how often the first figuro on the lcft-hand side of the
divisor is contained in the first figure, or the first two figures, on the lefi-
hand side of the dividend, and place the figure which denotes this number
of times in the qud¥ient : multiply the divisor by this figure, and bring
down the product, and subtract it from the number which was taken off
2
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at the left of the dividend : then bring down tho text figure of the divi-
dend, and place it to the right of the remainder, and proceed as before; if
the divisor be greater than this remainder, affix a cypher to the quoticent,
and bring down the next figure from the dividend to the right of the
remainder, and proceed as before.  Carry on this operation till all the
figures of the dividend have been thus brought down, and the quotient,
if there be no remainder, will be thus determined, or if there be a re-
mainder, the quotient and the remainder will be thus determined.

Note1. If any product be greater than the number which stands
above it, the last figure in the quotient must be changed for one of smaller
value: but if any remainder be greater than the divisor, or cqual toit, the
last figure of the quotient must be changed for a greater.

Note 2. If the divisor does not excced 12, the division can easily be
effected in onc line, by means of the Multiplication Table.

40. Ex. Divide 2338268 by 6758.
Proceeding by the Rule given above, we obtain
6758) 2338208 (346
w27s
31086

Thercfore the quoticnt is 340.

The reason for the Rule will appear from the following considerations.

The divisor rcpresents six thousand, seven hundred and fifty-eight ¢
the first five figures on the lefti-hand side of the dividend represent two
millions, three hundred and thirty-cight thousand, and two hundred.

Now thedivisor is contained in this 300 times; and 6758 x 300 = 2027400,
or omitting the two cyphers at the end for convenience in working, we
properly place the 4 under the 2 in the line above ; wesubtract the pro-
duct thus found, and we obtain a remainder of 3108, which represents
three hundred and ten thousand, and eight hundred. Bring down the 6
by the Rule ; this ¢ denotes 6 tens or 60, but the cypher is omigted for the
reason above stated : the number now represents three hundred and ten
thousand, cight hundred and sixty: 6758 is contained 40 times in this,
and 0758 x 40=270320; we omit the cypher at the end as before, and
subtract the 27032 from the 31086 ; and after subtruction the remainder
18 4054, which represents forty thousand, five hundred and forty. Bring
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down the 8 by the Rule, and the number now represents forty thousand,
five hundred and forty-eight: 6758 is contained 6 times exactly in this
number.

Therefore 346 is the quotient of 23382€8 by 6758.

41. The above example worked without omitting the cyphers would
have stood thus:
6758) 2338268 (300 +40 + 6
2027400
310868
270320
40548
40548,
hence it appears that the divisor is subtracted from the dividend 300
times, and then 40 times from what remains, and then 6 times from
what then remains, and there being now no remainder, 6758 is contained
exactly 346 times in 2338268.

The truth of the above method might have been shewn as follows:
2338268 = 2027400 + 270320 + 40548
6758) 2027400 + 270320 + 40548 (300 + 40+ 6
2027400
+ 270320
+ 270320
+ 40548
+ 40548

42. Fx. Divide 56438971 by 4064.
40064) 50438971 (13887
4004
15798
12102
36069
32512
35577
32512
30651
20440
2203
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therefore 4064 is contained in 56438971, 13887 times, with the remainder
2203,

438. If the divisor terminate with cyphers, the process can be abridged by
the following Rule.

Rue. Cut off the cyphers from the divisor, and as many figures
from the right-hand of the dividend, as there are cyphers so cut off at the
right-hand end of the divisor; then proceed with the remaining figures
according to the Rule, Art. (39); and to the last remainder annex the
figures cut off from the dividend for the total remainder.

Ex. Divide 537523 by 3400.

Proceeding by the Rule,

34,00) 5375,23 (158
IP'
197
170

-

272

3
therefore 3400 is contained in 537523, 158 times with remainder 323.

The reason for the Rule will uppear from the following comidera.tiom.

537623 is 5375 hundreds and 23, of which 537500 contains 3400,
158 times with a remainder 300 over ; and as 23 does not contain
3400 at all, the quoticnt will evidently be 158, with remainder 300 + 23,
or 323.

Note. The same rule applies when the divisor and dividend both
terminate with cyphers.

4. Dervimions. A number which cannot be separated into factors,
which are respectively greater than unity, is called & PriME number,
Thus 3, 5, 7, 11, 13 arc prime numbers.

A number which can be separated into factors respectively greater
than unity, or which, in other words, is produced by multiplyiny
together two or more numbers respectively greater than unity, is called
a composite nummber. Thus 4 which =2x2, 6 which =2x3, 8 which
=2 x2x2, are composite numbers; because they are consposed or consist
of the product of two or mcre nunbers, each of wiich is greater thun
unity.
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Numbers which have no common factor greater t! an unity, are said
, to be PRI to one another. Thus the numbers 3, 5, 8, 11, are prime to
cach other.

45. When the divisor is a composite number, and made up of two
factors, ncither of which exceeds 12, the dividend may be divided by one
of the factors in the way of Short Division, and then the result by the
other factor: if there be a remainder after each of these divisions, the
true remainder will be found by multiplying the second remainder by
the first divisor, and adding to the product the first remainder.

Ex. Divide 567382 hy 45.

L. (9 56732
s | 6303-5

t
12607

the total remainder is O x 3+ 5, or 27+ 5. 85,
Therefore the quotient arising from the division of 56732 by 45 Ia
1260, with a remainder 32 over,

The reason for the above Rule is manifest from the following con-
siderations.

0303 is 5 times 1260 together with 3,
And 56732 is O times 6303 together with 5,
or is 9 times (5 times 1260 +3), tozether with §,
or is 45 times 1260 +-27 + 5,
or is 45 times 1260 + 22,

46. The accuracy of resuits in Multiplication is often tested hy the
following method, which is termed “casrine ovr Tk Ninks”: add together
all the figures in the multiplicand, divide their sum by 9, and set down
the remainder; then divide the sum of the figures in the multiplier by 9,
and sct down the remainder: multiply these remainders together, and
divide their product by 9, and set down the remainder: if this remainder
be the same as the remainder which results after dividing the product,
or the supp of the digits in the product, of the multiplicand and mul-
tiplier by 9, the sum is very probably right ; but if different, it is sure to
be wrong. ’

This test depends upon the fact that “if any number and the sum of
its digits be each diyjded by 9, the remainders will be the same.” The
proof of which may he shewn thus:
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100=99+1,

where the remainder must be one, whether 100, or the sum of the '
digits in 100, viz. 1, be divided by 9, since 99 is divisible by 9 without

a remainder. .
Similarly, 200=2x99+2,
300=3x99+3,
400=4 x99 +4,
500=5x09+5,
&e.=&e.

Hence it appears that if 100, 200, 300, 400, 500, &c. be cach divided by 9,
and the sum of the digits making up the respective numbers be also
divided by 9, the two remainders in each case will be the same,
Also the number 632 =500 + 30 + 2
=5x100+3x10+2

=5x99+6+3%x9+3+2;

whence it appears that if the parts 5x100, 83x10, and 2, which
make up the cntire number, be each divided by 9, the remainders
will be &, 3, 2 respectively; and therefore the remainder, when 532
is divided by 9, will clearly be the same, as when 54-3+2 is divided
by 9.
To explain why the test holds, let us take as an example 533

multiplied by 57.

533

57

T3

2665

30381
Now 833=9x59+2=531+2
b7=9x 6+3= 564+3.

It is clear, since 531 contains 9 without a reriainder, that 531 x 57
contains 9 without a remainder ; therefore the remainder which is left
after dividing the product of 533 and 57 by 9, must be the same
as the rcmainder which is left after dividing the product of 2 and
57 by 9.

Again, since the product of 57 and 2=(54+3) %2, and the product
of 54 and 2 when divided by 9 leaves no remainder, thercfore tho
vemainder which is left after dividing the product of 533 and 57 by 9,
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must be the same as the remainder left after dividing the product of.

3 and 2 by 9, i.e. after dividing the product of the remainders which

" arc left after the division of the multiplicand and multiplicy respect-
ively by 9.

Now on dividing either 30381, or the sum of its digits, which is

15, by 0, the remainder left is 6, and 8x 2 divided by nine also leaves

6 as remainder.  Therefore we conclude that 30381 is the corroct produc
of 533 and 57,

' Note. If an error of 9, or any of its multiples, be committed,

the results will nevertheless agree, and so the error in that case remains
undetected.

Ex. VI
Examples in Simple Division.

(1) 4562, (2) 906802, (%) 261070308 2.
(4) 63783, (5) 470850- 8. (6) 305734+ 3.
(7) 372096+ 4. (B) 47502408 4, (9) 337625+85.
(10) 9876540 5. (11) 890106 6. (12) 3782046+0.
(18) 623399 +-7. (14) 78452407 = 7.

(15) 164864~ 8, (16) 3812312 8,

(17) 7869231 9. (18) 89237840-: 0,

(19) 4d7702-11, (20) 91675342 11,

(21) 211632+12, (22) 43600391 - 12,

25) 4045860--13. (24) 786543318+ 17.

(25) 1234560--20. (26) 8224776--18,

(27) 14683059 + 27, (28) 8172006228 « 44,

(29) 54906734 + 59. (50) 684873475240,

(81) 70865432 =87, (32) 649305745 b,

(83) 28894545 +123, (34) 433418175615,
(35) 1674918 0. (36) 31084740779,
(87) 536819741907, (38) 1111111111111+ 50160.
(39) 8235460800 - 1440. (40) 573806257575,
(41) 353008972662 = 5406, (42) 599961567212+ 2468,
(43) 26799534687 - 7890000, (44) 57111104051 3851,
(45) 10000000000000000 — 1111, and also by 11111,

(46) 634394567 +164600. (47) 67157148372 + 90009,
(48) 1220225292+ 200563, (49) 7428027415203+ 8400427.

(50) GO435674536845 79004451,  (51) 65358547823 6578,
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(52) 3968901531620+ 687637943,

(53) Divide 152181255 by 3854, and explain the proceso.

(54) Divide 143255 by 4093, Explain the operation, and shew that
it is correct.

(55) Divide 203534191 by 72, first by Long Division, and then by its
factors 8 and 0 ; and shew that the results in both cases coincide.

GREATEST COMMON MEASURE.

47. A measure of any given number is a number which will divide
the given number exactly, f.e. without a remainder.

Thus, 2 is a measure of G, because 2 is contained 3 times exactly
in G.

When one number is a measure of another, the former is said to
measure the lutter.

48. A murtiere of any given number is a number which contains it
an exact number of times.  Thus 6 is a multiple of 2.

49, A commoN MEastne of two or more given numbers is a number
which will divide cach of the given numbers exactly : thus, 3 is a common
measure of 18, 27, and 36,

The GREATEST comsoN mrasvne of two or more given numbers, is the
greatest number which wiil divide cach of the given numbers exacily:
thus, 9 is the greatest common measure of 18, 27, aud 36.

80. If @ numb:r measure each of two others, it will also measure their
sum, or difference ; and also, any multiple of cither of them.

Thus, 3 being a common measure of 9 and 15, will measure their sum,
their difference, and also any multiple of cither 9 or 15.

The sum of 9 and 15=9+15=24=8x8;

therefore 3 measures their sum 24,
The difference of 15 and 9=15-9=6=2x3;
therefore 3 measures their difference 6.

Again, 30 is a multiple of 9, and 36=3x12;
therefore 3 measures this multiple of 9; and similarly any other mul-
tiple of 9.

Again, 75 is a multiple of 15; and 75=3x25;
therefore 3 measures this multiple of 15 ; and simildly any other muk
tiple of 15.
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51, To find the greatest common measure of two numbers.

Rute.  Divide the greater number hy the less; if there be a
remainder, divide the first divisor hy it; if there bo still a remainder,
divide the sccond divisor by this remainder, and so on; always
dividing the last preceding divisor by the last vemainder, till nothing
remains. The Inst divisor will be the greatest common measure re-
quired.

Ex. Reqnired the greatest common measure of 475 and 589,

Proceeding by the Rule given above,

475) 589 (1
114) 475 (4
456
i9) 114 (6
14
0

therefore 18 is the greatest common measure of 475 and 589,

Reason for the above process.

Any number which measures 589 and 475,
also measures their difference, or 580 —475, or 114, Art. (50),
also mcasures any multiple of 114, and therefore 4 % 114, or 456, Art. (50) ;
and any number which measures 456 and 475,
also measures their difference, or 475~456, or 19;
and no number greater than 19 can measure the original numbers 589
and 475 ; for it has just been shewn that any number which measures
them must also measure 19,

Again, 19 itself will measure 589 and 475.
For  1¢ messures 114 (since 114=6x19);
therefore 19 measures 4 x 114, or 45G, Art. (560);
therefore 19 measures 456 + 19, or 475, Art. (50} ;
therefore 19 measures 475 + 114, or 589 ;
therefore since 19 mcasures them both, and no number greater than 19

can meesure them doth,
10 is their greatcst common measure,
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52. T find the greatest common megsure of thres or more numbers,

Ruze. Find the greatest common measure of the first two numbers ;
then the greatest common measure of the commmon measure so found and
the third number; then that of the common measure last found and the
fourth number, and s0 on. The last common measure so found will be
the greatest common measure required. :

Ex. Find the greatest common measure of 16, 24, and 18.

Procecding by the Rule given above, -
16) 24 (1
16

“8) 16 (2
16

therefore 8 is the greatest common measure of 16 and 24.
Now to find the greatest common measure of 8 and 18,
8) 18 (2
16

"2) 8 (4
8

0
therefore 2 is tho groatest common mcasure required,

Reason for the above process.

It appears from Art. (60) that every number, which measures 16 and
24, measurcs 8 also;
dtherefom every numi-:r, which measures 16, 24, and 18, mcasures 8
and 18;
thereforo the greatest common measure of 16, 24, and 18, is the
greatest common wmeasure of 8 and 18,
But 2 is the greatest common measure of 8 and 18;
therefore 2 is tho greatest common measure of 16, 24, and 18.

Ex. VIIL
1. Find the greatest common measure of
(1) 16 and 72. (2) 30 and 75. (3) 63 and 99.
(4) 55 and 121. (5) 128 and 324. (6) 120 and 320.

(7) 272 and 425. (8) 594 and 672. (9) 720 and 860,
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(10) 825 and 960. (11) 775 and 1800.  (12) 856 and 930,

(13) 176 and 1000.  (14) 1236 and 1632,  (15) 6409 and 7394
(16) 689 and 1673.  (17) 1729 and 5850. (18) 5210 and 5718,
(19) 2023 and 7581.  (20) 468 and 1266.  (21) 2484 and 2628,
(22) 8444 and 2268.  (23) 5544 and 6552,  (24) 4067 and 2873,

(25) 10395 and 16819, (26) 80934 and 110331,
(27) 1242 and 2323, (28) 13536 and 23148,
(29) 42237 and 75682. ' (30) 285714 and 999999,
(81) 10353 and 14877, (82) 271469 and 30599.

2. Find the greatest common measure of
(1) 14,18, and 24, (2) 16, 24, 48, and 74.
(3) 13, 52, 416, and 78. (4) 837,1134, and 1347,
(5) 805, 1311, and 1958. (6) 28, 84, 154, and 343,
(7) 504, 5292, and 1520. (8) 396, 5184, and 6914.

LEAST COMMON MULTIPLE.

53. A Common Murtirrk of two or more given numbers is a number
which will contain each of the given numbers an exact number of times
without a remainder. Thus, 144 is a common multiple of 3, 9, 18,
and 24.

The Least Comton MurtipLe of two or more given numbers is the
least number which will contain cach of the given numbers an exact
number of times without a remainder. Thus, 72 is the least common
multiple of 3, 9, 18, and 24.

b54. To find the least common multiple of two numbers.
Rure. Divide their product by their greatest common measuro; the
quotient will be the least common multiple of the numbers,
Ex. Find the least common multiple of 18 and 30.
Proceeding by the Rule given above,
18) 30 (1
18

12) 18 (1
12
6) 12 (2
12
0o
therefore 6 is the greatest common measure of 18 and 30,
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18
g0
¢ /_510

99
therefore 90 is the least common multiple of 18 and 30.
Reason for the above process.
18=3x6, and 30=5 x 6.

Bince 3 and 5 are prime factors, it is clear that 6 is the greatest com-
mon measure of 18 and 30; therefore their lenst common multiple must
contain 3, G, and 5, as factors.

Now every multiple of 18 must contain 3 and 6 as factors ; and every
multiple of 30 must contain 5 and 6 as factors ; therefore every number,
which is a multiple of 18 and 30, must contain 3, 5, and 6 as factors; and
the least number which so contains them is 3 x 5 x 6, or 90.

Now, 90=(8x ) x (5 x 6), divided by 6,

=18 x 30, divided by 6,
=18 x 30, divided by the greatest common measure of 18
: and 30.

55. Hence it appears that the least common multiple of two numbers,
which are prime to cach other, or have no common measure but unity, is
their product.

856.  To find the least common multiple of three or more numbers:

Rure. Find the least common multiple of the first two numbers;
then the least common multiple of that multiple and the third number,
and so on. The last common multiple so found will be the least common
multiple required.

Ex. Find the least common multiple of 9, 18, and 24.

Proceeding by the Rule given above,

Since 0 is the greatest common measure of 18 and 9, their least com.
mon multiple is clearly 18. .

Now, to find the least common multiple of 18 and 24.

18) 24 (1 )
18

"6) 18 (3
18

0 .
therefore 6 is the greatest common measure of 18 and 24 ;
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therefore the least common multiple of 18 and 24 is oqual to (18 x 24)
divided by 6,
24
18
102
24
G| 432
72
therefore 72 is the least common multiple required.

Reason for the above process.

Every multiple of 9 and 18 is a multiple of their least common multi-
ple 18; therefore every multiple of 9, 18, and 24 ig a multiple of 18 and 24 ;
and thercfore the least common multiple of 9, 18, and 24 is the least com-
mon multiple of 18 and 24: but 72 is the least common multiple of 18 and
24 ; therefore 72 is the lcast consmon multiple of 9, 18, and 24.

87. When the least common multiple of several numbers is réqm'red, the
most convenient practical method is that given by the following Rule.

Rute. Arrange the numbers in a line from left to right, with a
comma placed between every two.  Divide those numbers which have a
common measure by that common ineasure, and place the quotients so
obtained and the undivided numbers in a line beneath, scparated as
before. Proceed in the same way with the second line, and so on with
those which follow, until a row of numbers is obtained in which there
are no two numbers which have any common measure greater than
unity. Then the continued product of all the divisors and the numbers
in the last line will be the least common multiple required.

Note. 1t will in general be found advantageous to begin with the
lowest prime number 2 as a divisor, and to repeat this as often as can be
done ; and then to proceed with the priine numbers 3, 5, &c, in tho same
way. .

Ex. Find the leagt common multiple of 18, 28, 39, and 42,

Prouceeding by the Rule given above,

1 18, 28, 30, 42
2] 9,14,15 21
319 7,1521
7 8! 7) 6; 7

& 1, 06,1

[ 3]
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therefore the least common multiple required
=2x2x3xTx3x5=12069.

Reason for the above process.

Since 18=2x3x3; 28=2x2x7; 30=2x3x5; 42=2x8x7; it is
clear that the least common multiple of 18 and 28 must contain as
a factor 2x2x3x3x7; and this factor itsclf is evidently a common
multiple of 2x 3 x 3, or 18, and of 2x 2 x 7, or 28 ; now the least number
which contains 2x2x3x3x7 as a factor, is the product of these
numbers ; therefore 2x2x3x3x7 is the least common multiple of 18
and 28 also it is clear that the least common multiple of 18, 28 and 30,
or of 2x2x3x3x7 and 30, or of 2x2x3x3x7 and 2x3 x5 must
contain as a factor 2x2x3x3x7 x5, and this factor itself is evidently
a common multiple of 2x3x30r18,2x2x7 or 28,and 2x3x5 or 30;
hence it follows as before that 2x2x3x3x7 x5 is the least common
multiple of 18, 28, and 30; again the least common multiple of
2%x2x3x3x7xb and 42, or of 2x2x3Ix3xT x5 and 2x3x 7 must
contain 2x2x3x3x7 x5 as a factor, and this factor, as before, is evi-
dently itself a common multiple of 18, 28, 30, and 42; now the lcast
number which contains 2x2x3%x3x7 x5 as a factor, is the product of
these numbers.

Therefore this product, or 1261, is the least common multiple re-
quired.

Note 3. The above method is sometimes shortened by rejecting in
any line, any number, which is exactly contained in any other number in
the same line ; for instance, if it be required to find the least common
multiple of 2, 4, 8, 16, 10 and 48 ; the numbers 2, 4, 8, 16, since each of
them is exactly contained in 48, may be left out of consideration, and
240, the least common multiple of 10 and 48, will evidently be the least
common multiple required.

Ex. VIIIL. .
1. Find the least common multiple of .
(1) 16and 24 (2) 30 and75. (3) 7ond 15
(4) £8and 35. (6) 319and 407.  (6) 333 and 504.
(7) 2961and790.  (8) 7568and 9504. (9) 4662 and 5470.
(10) 6327 and 23997. (11) 5418 and 30105, '

(12) 15863 and 21489.
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2. Find the lcast common multiple of

(1) 12,8,and 9. ©(2) 8,12,and 10.

(3) 6,10, and 15, (4) 8,12, and 20.

(5) 27,24, and 15. (6) 12, 51, and 68.

(7) 19,29, and 38. (8) 24, 48, 64, and 192.
(V) 63,12, 84, and 14. (10) 5,7,9,11,and 15,
(11) 6,15, 24, and 25 (12) 12, 18, 30, 48, and 60.
(13) 15, 35, 63, and 72. (14) 9, 12,14, and 210.
(15) 54,81, 63, and 14 (16) 24, 10, 32, 45, and 25,

(17) 1,2,3,4,5,6,7,8,and 9.
(18) 7,8,9,18, 24,72, and 144.
(19) 12, 20, 24, 54,81, 63, and 14.
(20) 225, 255, 289, 1023, and 4095.

Ex. IX.
Miscellaneous Questions and Examples on the foregoing Articles.

L

(1) Explain the principle of the common system of numerical
hotation. Multiply 603 by 48, and give the reasons for the several steps.

(2) Write at length the meaning of 9090909, and of 90909. Find
their sum and difference, and explain fully the processes employed.

(3) Find the difference between the sum of 4715 added to itsclf 398
times, and the sum of 2017 added to itsclf 408 times.

(4) A person, whose age is 73, was 37 years old at the birth of his
eldest son; what is the son’s age ?

(6) Exphin the meaning of the terms ‘vinculum’, ‘bracket’; and
of the signs +, —, =, ., x.

Find the value of the following expression:

15 x 37163 - 73474~ 671562+ 4 + 40734 x 2.

. 11

(1) Define ‘a Uait’, ‘Number’, ‘ Arithmetic’. What is the difference
between Abstract and Concrete numbers?

(2) The annual deaths in a town being 1 in 45, and in the country
1 in 50; in how many years will the number .of deaths out of 18675
persons living in the town, and 70250 persons living in the country,
amount together to 100003

(3) Define ‘ Motation’, *Numeration’ ; express in numbers seven
hundred thousand four hundred and nine billions.



82 ) ARITHMETIO,

(4) Find the valuc of
104871 — 94853+(45079—3177)— (543123987 ) — (1763 + 231 ) + 379»379.
(5) What number divided by 528 will give 36 for the quotient, and
leave 44 as a remainder

II1.

(1) Define Multiplication, and Division. Shew that the product
of two numbers is the same in whatever order the operation is performed.

(2) The Iliad contains 15683 lines, and the /Eneid contains 9892
lines ; how many days will it take a boy to read through both of them,
at the rate of eighty-five lines a day ?

(8) Explain what is meant by the greatest common measure, and
by the least common multiple of two or more numbers; and shew that
the product of two numbers is the product of their Ieast common multiple
into their greatest common measure. Find the least common multiple of
12, 16, 21, 52, and 70.

(4) Explain the meaning of the sign +, and find the value of

(7854 —4913) x 3— (20374 — 12530) + 53— 6+ (395456 — 2364) = 556.

(8) At a game of cricket 4, B, and C together scorc 108 runs; B and
C together score 40 runs, and A and C together scorc 51 runs; find the
number of runs scored by each of them.

V.

(1) Define Addition, and Subtraction. What is meant hy a prime
number? When are numbers said to be prime to each other? Give
examples.

Explain the rule of carrying in the addition of numbers; exemplify
it in the addition,of 3864, 4768, and 15938.

(2) There are two numbers of which the product is 873625; the
greater number is 875 ; find the sum and difference of the numbers.

(8) A father was 21 years old when his eldest son was born; how old
will his son be when he is 50 years old, and what will be the father’s age
when the son is 50 years old ?

(4) Whrite in figures one hundred millions, one hundred thousand,
one hundred and one; and in words 1010101010. Express /n figures
M.DCCC.XL.

(8) When are numbers said to be ‘ composite’? Find the greatest
number which can divide each of the two numbers 849 and 1132; also
the least number which can be divided by each of thym ; explaining the
process in each case,
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V.

(1) Multiply 478 by 146, and test the result by casting out the nines.
In what cases does this method of proof fail? Divide 4843 by 99, and
prove the correctness of the operation by any test you please.

(2) What number multiplied by 86 will give the same product as
163 by 4302

(3) Inthe city of Prague, for every two persons who speak German
only, three speak Tsehech only, and seven both German and Tschech ;
and the whole population is 120000. How many speak German only,
Tschech only, and both German and Tschech ?

(4) A gentleman dies, and leaves his property thus: 10000 pounds
to his widow; 15000 pounds to his eldest son, on the condition of his
building a national school at a cost of 350 pounds; 5500 pounds to each
of his four younger sons ; 3750 pounds to each of his three daughters ;
4563 pounds to different socictics; and 599 pounds in legacics to his
scrvants. \What amount of property did he die posscssed of ?

(5) The quotient arising from the division of 0281 by a certain

number is 17, and the remainder is 373, Find the divisor.

VI

(1) Explain bricfly the Roman method of Notation, Express 1563
and D000 in Roman characters.

(2) Explain the terms factor’, ‘product’, ¢ quoticnt’; shew by an
example how the process of Division can be abridged, if the divisor
terminate with cyphers,

(8) The reinainder of a division is 07, the quotient 665, and the
divisor 91 morc than the sum of both. What is the dividend ?

(4) Express in words the numbers 270130 and 26784 ; also writo
down in figures the number ten thousand, two hundred and thirty four;
and find tho legst number which added to the last number will make it
divisible by 8.

(5) A gentlemas, whose age is 60, has two sons and a davghter;
his age equals the sum of the ages of his children ; two years sinco his
age was double that of his eldest son ; the sum of the ages of the father
and the cldest son is seven times as great as that of the youngest son;

find the ages of the children,
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FRACTIONS.

58. If1 represent any concrete quantity, as for instance 1 yard, it is
divisible into parts: suppose the parts to be equal to each other, and the
number of them 3; one of the parts would be denoted by } (read one-third),
two of them by § (read two-thirds), three of them or the whole yard by 4 or
1; if another equal portion of a second yard divided in the same manner
as the first be added, the sum would be denoted by # ; if two such portions
were added, by §; and so on. Such expressions, representing any number
of parts of a unit, that is, of the quantity which is denoted by 1, are termed
Broxen Nussens or Fracrions ; we may therefore define a fraction thus :

59. Der. A Fracrioy denotes a part or parts of a unit ; it is ex-
pressed by two numbers placed one above the other with a line drawn
between them ; the lower number is called the DeNoyiNATOR, and shews
into how many equal parts the unit is divided ; the upper is called the
NusEeRATOR, uud shews how many of such parts are taken to form the
fraction.

Thus § denotes that the unit is divided into 6 equal parts, and that 5
of these parts are taken to form the fraction: so, if & yard were divided
into 6 equal parts, and & of them were taken, then denoting one yard by
1, we should denote the parts taken by the fraction §. Again, § denotes
that the unit is divided into G equal parts, and that 7 such parts are taken
to form the fraction ; for instance, in the example before us, one whole
yard would be taken, aud also one of the equal parts of another yard
divided in the same manner as the first.

60. A Fraction also represents the quoticnt of the numerator by the
denominator,

Thus, § represents 5+ 6; for we should obtain the same result, whether
we divide one unit into 6 equal parts, and take 5 of such parts (which
would be represented by §) ; or divide fire units into 6 equal parts,and take
1 of such parts, which would be equivalent to }** part of 5 units i.e.5+ 6:
hence § and 56 will have the same meaning.

61. When fractions are denoted in the manner above explained, they
are called Vrroar Fracrions

Fractions, whose denominators are composed of 10, or 10 multiplied
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by itself, any number of times, are often denoted in a different manner ;
and when so denoted, they are called Deciastar Fraorions.

VULGAR FRACTIONS.

62. In treating of the subject of Vulgar Fractions, it is usual to make
the following distinctious :

(1) A Proper Fractiox is one whose numerator is less than the
denominator; thus, $, §, § are proper fractions.

(2) An Inerorer Fraction is one whose numerator is equal to or
greater than the denominator ; thus, §, §, § are improper fractions.

(3) A Sixrre FracrioN is one whose numerator and denominator
are simple integer numbers ; thus, }, 4 are simple fractions.

(4) A Mixep Nusser is composed of a whole number and a fraction ;
thus, 5}, 73 arc mixed nuimbers, representing respectively 5 units, together
with 1th of a unit ; and 7 units, together with jths of a unit.

(5) A Coxrrounp Fraction is a fraction of a fraction; thus, } of J,
§ of § of \% arc compound fractions.

(6) A Coxprex Fracriox is one which haseither a fraction or a mixed
. . 2 2L 3 9}
number in one or both terms of the fraction; thus, -‘?-, —54, "t Ei:,

i ;T“i are complex fractions.

63. It is clear from what has been said, that every integer may he
considered as a fraction whose denominator is 1; thus, 6=2§, for the unit
is divided into 1 part, comprising the whole unit, and & of such parts, that

is 5 units, are taken.

64. T multiply a fraction by a whole number, multiply the numerator
of the fraction by it.
Thus, $x3=%. o

Reason for the above process.

In # tho unit is divided into 7 equal parts, and 2 of those parts are
taken : whereas in § the unit is divided into 7 equal parts, and 6 of thoso
parts are taken; i.e. 3 times as many parts are taken in § as are taken

in §, the va'ue of cadh part being the same in each case.
32



86 ARITHMETIO.

Ex. X.

(1) Multiply 4% separately by 3, 9, 12, 36.
(2) Multiply 43 separately by 7, 15, 21, 45,

65. To divide a fraction by a whole number, mulliply the denominator
by it.

’ 2
l‘hus, 7 +3= _7 375"
Reasdn for the above process.

In the fraction %, the unit is divided into 7 cqual parts, and 2 of those
parts are taken ; in the fraction %, the unit is divided into 21 equal parts,
and 2 of such parts are taken: but since cach part in the latter case is
equal to onc-third of each part in the former case, and the same number
of parts are taken in each case, it is clear that iy represents one-third part
of §, or §+3.

Ex. XL
(1) Divide § separately by 2, 3, 4, 5, 10.
(2) Divide }fy separately by 11, 20, 25, 45.

66. If the numerator and denominator of a fraction be both multiplicd
or both divided by the same number, the value of the fraction will not be
altered.

Thus, if the numerator and denominator of the fraction $ be multiplied
by 3, the fraction resulting will be o, which is of the same value as §.

Reason for the above process.

In the fraction # the unit is divided into 7 cqual parts, and 2 of those
parts arc taken ; in the fraction y; the unit is divided into 21 equal parts,
and 6 of such parts are taken. Now there are 3 times as many parts
taken in the second fraction as there are in the first fraction; but 3
parts in the second fraction aro only equal to 1 part in the first fmct.non B
therefore the G parts taken in the second fraction dqual the 2 parts tnken
in the first fraction ; thercfore §=4f.

67. Hence it follows that a whole number may be converted into a
vulgar fraction with any denominator, by multiplying the number by the
required denominator for the numerator of the fraction, and placing the
Tequired denominator underneath ; °

for6=4
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and to convert it into a fraction with a decnominator 5 or 14, we have
~6_06x5_30

1 1x5 5°

6_0_6x14_s4

6

Ex. XIIL
Reduce (1) 7, 9, and 11, to fractions with denominators 3, 7, and 22
respectively ; and (2) 26, 109, 117, and 125, to fractions with denominators
2, 5, 13, 23, and 35 respectively.

68. Multiplying the numerator of a fraction by any number, is the same
in effect as dividing the denominator by it, and conversely.

For if the numerator of the fraction § be multiplied by 4, the resulting
fraction is % ; and if the dcnominator bo divided by 4, the resulting
fraction is §.

Now the fraction 35 signifies that unity is divided into 8 equal parts,
and that 24 such parts are taken ; thesc are equivalent to 3 units: also §
signifies that unity is divided into 2 equal parts, and that 6 such parts are
taken ; these are equivalent to 3 units : hence %4 and § arc equal. The
proof of their equality may also be put in this form : that since the unit,
in the case of the second fiaction, is only divided into 2 equal parts, each
part in that case is 4 times as great as each part in the case of the first
fraction, where the unit is divided into 8 cqual parts ; and therefore 4 parts
in the case of the first fraction are ecqual to 1 part in the case of the
sccond ; or the 24 parts denoted by the first are equal to the 6 denoted by
the second ; or, in other words, the fractions 24 and § are equal.

Again, if we divide the numerator of the fraction § by 2, the resulting
fraction is 3 ; and if we multiply tho denominator by 2, the resulting
fraction is {g.

Now, § signifies that the unit is divided into 8 equal parts, and that 3
of such parts are takéh ; and % significs that tho unit is divided into 16
equal patts, and that G of such parts are taken : but cach part in § is equal

to 2 parts in % ; and therefore  is of the same vnluensgi’-(c—s, ori%.

60. To represent an improper fraction as a whole or mized number,

Rure. Divide the numerator by the denominator: if there Le no
remainder, the quotient will be a whole number ; if there be a remainder,
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put down the quotient as the integral part, and the remainder as the
numerator of the fractional part, and the given denominator as the deno-
minator of the fractional part.
Ex. Reduce %* and %° to whole or mixed numbers,
By the Rule given above,
25 =5, a whole number;
=5
Reason for the above process.
Since 255;5_’5‘_5_ b x5, (Art. G1),
and since § signifies that the unit is divided into § equal parts, and that
b of those parts are taken, which 5 parts are equal to the whole unit or 1;
therefore 3 =§ x5=21x 5, or 5.
Agaln, 35 80+5 6x6+5

o [

which equnls 6 togethcr with §, that is, = 5 together with §, by what

has been said above ; or, as it is written, 5§.

Ex. XIIL

Express the following improper fractions as mixed or whole
numbers ¢

(1) ¥ (2) ¥. 3) ¢ (4) 42
(6) . (6) 4. (1) 8. (8) A%
(9) Y. (10) sggr.  (11) {48 (12) &%
(13) 39§92, (14) HFO. (15) 24378 (16) FiRsS.
an ¥ (18) s (19) YEEY.  (20) 4SS

%0. To reduce a mixed number to an improper fraction.

Rure. Multiply the integer by the denominator of the fraction, and
to the product add the numerator of the fractional part ; the result will be
the required numerator, and the denominator of the fractional part the
required denominator.

Fx. Convert 24 into an improper fraction.

Proceeding by the Rule given above,

2x7+4 18
2’- -—7— - ‘7 .
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Reason for the abore process.

24 is meant to represent the integer 2 with the fraction $ added
to it.

. 2x7 14

But 2 is the same as - or % and thercfore 2§ must he the
same a8 3? increased by 4, or as 12 : for 1F denotes that unity is divided
into ¢ cqnal parts, and represc nts 14 such parts together with 4 such
parts.

Ex. X1V,
Reduce the following mixed numbers to improper fractions:
(1) 2L (2) s (3) 4. 4) 71
(5) 21 (6) 435, (7)) r (8) 14l
(9) 2003k (10) 857} (11) &7 (12) 1983
(13) 88%.  (1%) e26igl.  (15) 164115 (16) 10634f.
(17) 157iER. (18) 17 S05.  (19) 427,07 (20) 100413

%1, To reduce a compound fraction to its equivalent simple fraction.

Rure. Multiply the several numerators together for the numerator
of the simple fraction, and the several denominators together for its
denominator.

Ex. Convert } of J into a simple fraction.

Procceding by the Rule given ahove,

»'3 f7 Ix7 ._!
4B 8T 00

Reason for the above process.

By 3 of §, we mean §ths of that part of unity which is denoted by
%: thus if unity be divided into 8 equal parts, and 7 of these be taken,
and if each of these be again divided into 8 equal parts, and 3 of cach set
of parts be taken, then each of the parts will be one-forticth part of
the original unit, an® the number of parts taken will be 3x7, or 213

. 21 3x7 .
the resultgherefore is o T 58’ that is,
of ! 7 3x7

8% 5x8’

Note. In reduding compound fractions to simple ones, we may
strike out factors common to one of the numerntors and ono of the
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denominators : for this is in fact simply dividing the numerator and
denominator of the fraction by the same number. Art. (66).

Thus § of 2% of 15 =4 of §§ of {§

_3x25x16_3x5x5x4x4
T6x12x16 65x3x4x3x6

(striking out the factors 3, 5, 5, 4 from the numerator and de-
nominator) 4

Ex. XV.

Reduce the following compound fractions to simple ones :
(1) goft.  (2) §ofghy.  (3) Foff  (4) foffh
(8) FoffofT. (6) 4§ of 3 of & of {Ix of 28.
(7) fgof2kof§of 10},  (8) Fof 12} of $ of § of § of 0.
(9) % of § of 3§ of § of y; of 2 of .
(10) § of # of § of 70F of 7 of 1/ of 147.

72. Der. A Fracrioy is in its Lowrst TERMS, when 1ts numerator
and denominator are priME to cach other.

Note. When the numerator and denominator of a fraction are not
prime to cach other, they have (Art. 44) a common factor greater than
unity., If we divide each of them by this, there results a fraction equal
to the former, but of which the terms, that is, the numerator and
denominator arc less, or /Jower than those of the original fraction ; and it
may be considered to bo the same fraction in lower terms. When the
numerator and denominator of a fraction are rriyE to cach other, that is,
havo no common factor greater than unity, it is clear that its terms cannot
be made lower by division of this kind, and on this account the fraction is
said to bo in its LowEsT TERMS. -

78.  To reduce a fraction to its lowest terms.

Rure. Divide the numerator and denominator by their greatost
common measure.

Ex.1. Reduce $444 to its lowest terms.
First, find the greatest common measure of 6465 and 7333.

«
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6465) 7335 (1
o465
870) 6465 (7
6090 :
575) 870 (2
750
120) 375 (3
160
15) 120 (8
120
therefore 15 is the greatest common meusure.
15) 6465 (431 15) 7335 (489
60 60_
46 133
4_6_ 120
' 15 133
12 135

therefore fraction in its lowest terms = 42}.

Reason for the above process.

If the numerator and denominator of a fraction be divided by the same
number, the value of the fraction is not altercd (Art. G6); and the great-
est number which will divide the nwnerator aud denominator is their
greatest common measure,

Note. Sometimes it i3 unnccessary to find the greatest common
measure, as it is casier to bring the fraction to its lowest terms by
successive divisions of the numerator and denominator by common fuctors,
which are casily determined by inspection.

-Ex. 2. Redfice 44§ to its lowest terms,
$43 = 4, dividiffiy numerator and denominator by 10,
= 3%, dividing numerator and denominator by 3.

Ex. XVL

Reduce cach of the following fractions to its lowcst terms:

o 4 *«2) {2 @ i “ A
® & @ & @ s ® i
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@ ##4. (10 #. (1) . (12) #34.
(13) Ay (14 73 (13) 4 (16) £

a7 g4 (9 it (09 gk (0 g

@) Gy (@2 ik (D) . (29 1.

(26) k. (20) HIE. (2D {99 (28) 1aEdd.

(29) #4134 (B30) BIEdEE  (BD) UEE (2 M

74. To reduce fractions to equivalent ones with a common deno-
minator.,

Rure. Tind the least common multiple of the denominators: this
will be the common denominator. Then divide the common multiple so
found by the denominator of each fraction, and multiply each quotient so
found into the numerator of the fraction which belongs to it for the new
numerator of that fraction.

Note 1, If the given fractions be in their lowest terms, the above rule
will reduce them to others having the least common denominator;
if the least common denominator be required, the given fractions should
be reduced to their lowest terms before the rule be applied.

Ex. Reduce o, ¥y, 31, 3%, into equivalent fractions with a common
denominator.

Proceeding by the Rule given ahove,

2 12, 16, 24, 33
6, 8,12, 33
3 2 333
1, 2, 1,11
therefore least common multiple =2x2x2x8x2x 11
=528
therefore the fractions become respectively,

5 x44 220 (amce §2§ = 44) )
~

O 1

l"X44 538 12

9x33_207 (.
mx;'sa‘éba(""”‘ﬁ"m)‘ )
11x22 242 528 .\
2ax 22 = 53 \Mnee 33 =22

17x16 _272 523

33x16 ~ 528 \0°¢ 35 "\ N
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or the fractions with 8 common denominator are
38 #20 #3 5
Reason for the above process.

The least common multiple of the denominators of the given fractions
will evidently contain thc denominator of any one of the fractions
an exact number of times. If both the numerator and denominator of
that fraction be multiplicd by that number, the value of the fraction will
not be altered (Art. 65); and the denominator will then be equal
to the least common multiple of all the denominators, If this be
done with all the fractions, they will evidently be, in like manner,
reduced to others of the same value, and having the least common
multiple of all the denominators for the denominator of each fraction.

Note 2. 1f the denominators have no common measure, we Inust
then multiply each numerator into all the denominators, except its own,
for a new numerator for cach fraction, and all the denominators together
for the common denominator.

Ex. Reduce }, %, 1, to equivalent fractions with a common deno-

minator.
The least common multiple of the denominators

=5xT7x9;
therefore the fractions Lbecome
1x7x9_ 63
5x7x9 815’
2x5x9 _ 90
Tx5x9  315°
1xBx7_ 35
9%x5x7 315’
or the fractions with a common denominator ars
. 0 & and PP
E ]
. Ex. XVIIL,

Reduce the fractions in each of the following scts to equivalent frac-
tions, having the least common denominator :

m+i and ‘ 2) $,and .

3 % 3andf. (4) 3, end .
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® % fpand ) ©) 3 %, end§.

™ & 1} and i (8) 5> vl and 33,

(9) 5' ]QO" and H’ (10) §'v §, % , and )70-.

(1) § %, §,and . (12) 4 1% Yl and §.

(13) %, 8§, and 2. (14) 15, %, §9, and 13,

(15) ;'! 1’1‘: R, ‘2&2» and n‘u- (16) i: {: £-- 'iop 'QsH: and 3;'
(17) i) %l '217: 'RHTI ’QIJFS’ and ‘;’210" (18) 196’ T'gTh ]Uob‘d'l and Tus’tm"
(19) 33, 15 12, 184, and f-' (20) 31, 33, §3, and 4.

Note 3. Whenever a comparison has to be made between fractions,
in respect of their magnitudes, they must be reduced to cquivalent ones
with a common denominator ; because then we shall have the unit divided,
in the case of each fraction so obtained, into the same number of equal
parts; and the respective numerators will shew us how many of such
parts are taken in each case; or which is the greatest fraction, which the
next, and so on,

Ex. Compare the values of .f, 41, §, &, and 3.

First, to find the least common multiple of the denominators ;
227, 24,6155

3127,12,8,15 5

51 9, 41, 55
9’ 4: li ]DI

thercfore the loast common denvminator
=2x3Ix5xIx4

=1080;

therefore the fractions become

5540 _ 200
97540 T 1080°
11 x45 495
S1x45 " 1080’
Sx180 _ 900
Gx180 1080°
4x72 288

15x72 "~ 1080°
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3x216_ 648
5x216 1080°
therefore § is the greatest, § the next, 3} the next, yi the next, and &
the lcast.

Ex. XVIII,
1. Compare the values of

1) 2,8 and Yoe
@ 3 3,% and].
3) 3ofd, fzand §of L.
(9 Y, % 3. nd 33,
() % 1’5 ' 1y, and £
(6) % of & of 4, % of # of 5, 1 of } of 41, and }4.
@) &1k Y& 1o, and i
@ 5,383, nnd # of 03.
(9) gv ‘}w 0 ~u mld lx

(10) (,, l‘l’ ]Hv 1"1, nnd

(11) ”r Hi 1 404 ““‘l .

(12) 25, 3%, % of 9%, and 3 of § of §.

2. Find tho greatest and least of the fractions

() 4, b and &
(2) }*: 30, ur '16! and ::‘

ADDITION OT VULGAR FRACTIONS.

75. Rure, Reduce the fractions to equivalent ones with their least
common denominator; add all the new numerators together, and under
their sum write the common denominator,

Ex. Find (0 mm of 3, an e
Proceeding by the Rule given ahove,

First, §nd the Jeast common multiple of the denominators ;

3115 21,3
5| 5 7,85
7,717

1, 1, 1
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therefore the least common multiple =3 x5 x 7=108 ;

therefore the fractions become

7x7 _49
15x7 105’

10x5 _ 50
2Ix5 105°

16x3_ 48
85x3 105°

49+ 50+48 147
therefore their sum = 105 —1i05’

49

=—3—5’

=13,

Reason for the Rule, =13

In each of the equivalent fractions, we have unity divided into 105
equal parts, and those fractions represent respectively 49, 50, and 48 of
such parts; thercfore the sum of the fractions must represent 49 + 50 + 48
or 147 such parts, that is, must be 11357 .

vote 1. If the sum of the fractions be a fraction which is not in its
lowest terms, reduce it to its lowest terms; and if the result be an improper
fraction, then reduce it to a whole or mixed number: thus } 43 =43 =134:
the same remark applics to all results in Vulgar Fractions.

Note 2. Before applying the rule, reduce all fractions to their lowest
terms, improper fractions to whole or mixed numbers, and compound
fractions to simple oncs.

Note 3. If any of the given numbers be whole or mixed numbers ;
the whole numbers may be added together as in simple addition, and the
fractional parts by the Rule given above.

Ex. Find the sum ofg, 314, 103, and % .

3. . 9 _ 3. 14 2.9
8+3,§+10§+22—3+lo+é+i—-5+~5+22—-
3. 14 2 9
=13+§+i—5+3+22-
3,14 2 90

Now‘foﬁndthemmofﬁ-c-ﬁi»i-ri—z.
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First, find the least common multiple of the denominators ;
218 15 5, 22
b l 4, 15, 5, 11
"4, 3,1, 11
therefore the least common multiple
=2x5x4x3x11=1320;

thercfore the fractions become
- 3x165 _ 495
8x165 1320°
14x88 1232
15x 88 ~ 1320’
2x264 _ 528
5x264  1320°
9x60 _ 540
2260~ 1320°
therefore the sum of the fractions
495 +1232 +§_28+540
1320
_ 2105
~ 1320

= ggg , dividing numerator and denominator by 5.

= 2445
therefore the whole cum =13+274,,

=154

Ex. XIX,

1. Add together, ,
(1) #and$. (2) gand$. 3 gandi.
(4)° § and oy (%) 5 and & (6) % and 3}
(7) fzandyi. (8) rand i} (9) 3and2}.

(10) fpandyh. (1) 3Eand7f.  (12) 4} and 9}}

2. Find the lnm.of .

(1) %4 and G @ %4 a0d}.

47
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@ 1'{» 3, and 7.

y and
O bhal ©O Bhath
@ b ol 2o ® b4 dondd
© % 5% and 5. (10) $, 24, and 134
(11) %, 4 of }, and 9% (12) }ofof$, 5} and f.

(13) % 4 %, and §3. (14) 13, f5, and 45

(15) 4. 1%, 4, and Ay, (16) 3y 1%, £, and g

(17) 3,64, and 4 of 3. (18) 1003, 64§, § of 701, -
(19) 261}, 1743, and § of 10},

(20) 3873, 285}, 394}, and § of 3704, ¥

8. Find the value of

SO 3+34 1380+ r oo

@ H+{i+35+45+48

\(a) Fbeyegg+in o

4 2]3+051+30+3 of $4+32+F of 23, -~

6) 23+33+44+55+6%.

(6) 14435 +13+ T+ 4+5 of 1.

(1) b}+§of §of 33+07;+7 of § of 4.

(8) £ of12+3 of §+32 of 1§ of yhir+ |3 of 3% of gy of 14y,
(0) 2702+ 650 + 5000} + 534 + 1-4;.

(10) § of 3+ gr of (1+38)+3}+8 of {1+}.

SUBTRACTION.

%6. Rure. Reduce the fractions to their lenst common denominator,
take the difference of the new numerators, and place the common denomi-
nator underneath.

Ex. Subtract 1 from 7.

Procecding by the Rule given above, since 8 is clearly the least
common multiple of the denominators, the equ’valent fractions will be
tand I,

- 7—4 3
and their difference = '—u— —-‘5-

Reason for the Rule,
The unit in each of the equivalent fractions i divided into 8 equal
parts, and there are 7 and 4 parts respectively taken, and thereforo the



SUBTRACTION OF VULGAR FRACTIONS. 49

differcnce must be 3 of such pum, or, in other words, the differenco of
the two fractions is §.

Note 1. Remember always, before applying the above Rule, t
reduce fractions to their lowest terms, improper fractions to whole or
mixed numbers, and compound fractions to simple ones.

Note 2. If either of the given fractions be a whole or mixed number,
it is most convenient to take separately the difference of the integral parts
and that of the fractional parts, and then add the two results together, as
in the following examples.

Ex. 1. From 4} subtract "}

Here 4—2=2, and -} =¢~5=1;
therefore the difference of 4] and 2} =2,
For the process expressed at length is

448-(2+1),
which =4+3-2-} Art (12),
or =4-2+3-})
=9+&
sﬁ}.

Ex. 2, Tuke 2} from 4}.

Now § cannot be taken from }, since it is the greater of the two ; we
therefore add 1 to }, and take § from 1+} or § ; and then, in order thut
the diffcrence may not be altered, we add 1 to the 2.

Now i-g=¥-3=1,

4-3=1;
therefore the differenco of 4} and @ =17,
For the process expressed at length is
4+3-(2+9)
which =4+1+}—(2+1+§) (adding and subtracting 1),
c4+f-(3+7)
=4-3+ f -a'
=143}
=le+]

=1.

. Ex. XX,

1. Find the differcnce between
(1) %andt. (2) fandi. (3 $ond .
4) Yyand ,ﬂg (5) }3and §3. (6) i and .
() 2§and 1} (8) 874 and 33f;. (8) G%and 4}
(10) 13/ and 0. (11) 507 and 473 (12) 42and 80,',.
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(13) 1544, and 1% (14) 902G and 25 1%,
(15) 21 and 1338 (16) 125 and § of 14,
(17) 46§ and 15} (18) 13 and f; of 1}.

(19) 3 of 4 of § and § of 2.
(20) # of § of 4 of 82 and § of $ of $} of 144
2. By how much does § of y5—§ of - exceed § of fr—8 of 4 7
8. Add & of § to 2] and subtract § from the result.
4. From the sum of 11§ and 8F subtract 9}3.
5. By how much does the difference of 533 and 2§ cxcced the sum

6. By how much does the sum of the fractions 175 and % excced
their difference 1

MULTIPLICATION.

77. Rure. Multiply all the numerators together for a ncw nume-
rator, and all the decnominators together for a new denominator,

Ex. Multiply g by % .
Proceeding by the Rule given above,

Reason for the Rule.

I1f § be multiplicd by 5, the result is 15, Art. (G4).

But this result mast be 8 times too large, since, instead of
multiplying by 5, we have only to multiply by §, which is 8 times
smaller than 8, or, in other words, is one-eighth part of 5. Consequently
the product above, viz. % must bo divided by 8, and P +8=3}f,
Art. (65).

Note 1. The same rcasoning will apply, whatever be the number of
fractions which have to be multiplied together.

Note 2. Before applying the above Rule mittd numbers must be
reduced to improper fractions.

Note 3. It has been shewn that a fraction is reduced to its lowest
terms by dividing its numerator and denominator by their greatest
common measure, or, in other words, by the product of those factors
which are common to both : hence, in all cases of multiplication of
fractions, it will be well to split up the numerators and denominators as
much as possible into the factors which compose them; and then, after
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putting the several fractions under the form of one fraction, the sign of
x being placed between each of the factors in the numeorator and
denominator, to cancel those factors which are common to both, before
carrying into effect the final multiplication. Thus, in the following
Examples :

Ex. 1. Multiply 3 and § togother.

_3x4
Product = x5

Now cancelling, i.e. dividing the numerator and denominator by the
common factor 4, we sce that

3
product =5

* Ex, 2. Multlply 3 , and togethor.

1x2%x3

2x3x4’

(or cancelling, i.e. dividing numerator and denominator by the product of
the common factors 2, 3,)

Product =

=

Ex. 3. Multlplyg, ‘l,g % ?}(5)

8x16x27 x45
> - —— —
Product = XA 30X 00
Bx4x4x3x9x5x0
TPx3xBx5x06xbx12°

(or cancelling, i.e. dividing the numerator and denominator by the

together,

product of the common factors 8, 3, 9 5,) .
x4x9
. product = bx5x12’
L 4x2x2x3x8
Tox2xbx3x4

(or cnneelﬁng. i.e. dividing numorator and denominator by the product of
the_ common factors 4,2 3, 3,)

product in its lowest terms = =2

6'
3

Ex. 4 Mnluply 22,88,108,209,111415%%030&«::

2
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1 _,.8 1 4
Product =2 x33 x 103 x 203 58,
] 81 184 124
=2 "%Z *g*9 “23
=5x9x3x9x9x8x23x4x3l
2x2%4%8%9%23 ’
(or cancelling, {.e.dividing numerator and denominator by the prodr ct of
the common factors 9, 8, 23, 4,)

5x3x9x9x31
product = -—'—2—;2_' N
37665
= -——4--- s
1
= 94164.
Ex. XXL
1. Multiply
() #byd (2 $hyii @) $bys.
@ by fy (5) & by 18. (6 7}by3.
(7) 3} by 23. ) Tibygoff. ©) 12by g of 5.
(10) 3} of § by 563 of 3. (11) 3§ of 33 by 1y of 37 of 3.

(12) 11 of 15 of Jo by 1 of 374# of 3% of 4.

(13) § of 24y of 13 of 38 by % of 18,

(14) 8,% of 3} ofr{+ of 34 by yiiz of &% of 1} of 19.

2. Find the continued product of

+(1) 44 7 fand{. 2 #3813, &k, and §.
(3 1. 28 of 14y, 33, oo, 5% of 49, and .
4) & 2% 3%, 5% and Gy,

- () Pf 3], 155, 188, and 4 of 1}.

-18) 1. st 380 38%, and 118,

DIVISION. .

78. Rurk. Invert the divisor, i.e. take its numerator as a de-
minator and its dcnominator as a numerator, and proceed as in Multi-
cations
L. 2 3
Ex. Divide i1 Ly 3
Irococding by the Raule given above, .
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2. 3_2 8 10
l-l-+3=i—l')t§=5§.

Reason for the Rule.
lf 2 be divided by 3, the result is - ll 3 or . }'}' (Art. 63).

'l'hls result is 5 times too small, or, in other words, is only one-fifth part
of the required quotient, since, instead of dividing by 3, we have to divide
by #, which is only onc-fifth part of 8; and the quotient of & divided
by # must therefore be 5 times greater than if the divisor were 3,
Hence the above result ¢ must be multiplied by & in order to give the
true quoticnt.

0
Therefore, the quotient = 39} x§= '—,;%? = ;g .

Note 1. Before applying this Rule, mixed numbers must be reduced
to improper fractions, and compound fractions to simple ones, as in the
following Examples:

Ex. 1. Divide 4} by 23.

13 11

43 ‘"2"““‘_‘

=13,4
i

Bx. 2. Divide J of & by 1% of7.

gofg 'l~duf7
7%7 157
Z4«8716x1
3x7 16x1

T ax8 " 15x5
_3x7x10
4x8x15x7

o IxTxAxd
dx2x4x YA
1

-ja.
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Nots 2. Comrrex Fracrions may by this Rule be reduced to simple
ones.

5
Thus, %§=§=§+Q(An.so)
121
476 10°
. 13 7 Ix4x2
Ot thus, ﬁ"%‘miz’

multiplying the numerator and denominator of the complex fraction by
the product of the denominators of the simple fractions,

M7
2010
4
Again, hu:gé,
_08-’:2_'_‘39__{’xl__. 3x3
TRTZTT T2730 2x3x10
=3
= %"
4 7 fx2x1
Or thus, 3% " Pxexd
9. _3
S0 20
30 _30_2 309
Again, s O
290 2., 8x10x2
19 ~38x38
2 "
== 6.
0_3_3x1x2
Or thus, 447 px1x2
60 20
=?=—5—(.§
Ex. XXII.
1. Divide
(1) 3by}. @ fby} 3 by
@ by (8) §iby3} ) Hbyi

@ 24bysk  (® 8bylof3;  (9) 2riy by 6fof2)
(10) 3} of 3} of § by 75.
(1) 3} of 8§ of 3§ by 93 of S of Th (12) 19byl
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(13) 3 of § of 80} of 9 by 3 of § of § of 87.
(14) £ of $ of 13 of 17 by & of R of 3} of 14
2. Compare the product and quotient of 2} by 3]
3. Reduce to simple fractions the following complex fractions ¢

wE e it @3 W ﬁ
®) ]% ©) ;)g @ %‘1“

79. Miscellaneous I.xamples in Fractions worked out.

Ex.1. What number added to §+ % will give 23 1
This question in other words is the following : “ What number will
remain after §+ 4 has been subtracted from 231"
Now 24— (3 +48)
=21-1-%
=W -i-
R
et gy,
Therefore the number required = §.
Note. It will be remembered, that all quantities within a vinculum
&re equally affected by any sign placed before the vinculum.
Thus in the above expression, —(I+ %) means that the sum of
§ and & has to be subtracted from 2% ; whereas —} + 4 would mean
that T had to be subtracted from 2}, and then y had to be added to the
result.
Ex. 2. What number subtracted from 143 will leave 13 for a r0-
mainder ?
Number required =143 ~13
=(H+14+3)-(1+1+7)
=14+ )= @2+])

¢ =l-24(Y-D)
o=12f.
Orthus,  143-13=13}-3=1pI-g=101 .
. =12§.

Ex. 3. What number multiplied by 1§ will produce 143 ¢
This question in other words is the following : *“ If 143 be divided by
13}, what will the gnotient bet”
But 157 3 4
1 ¥
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20,8
4 11
_5§9x2_118
T T
=108
Thereforc the number required =10,%.
Ex. 4. What number divided by 13 will produce 10,8 ?
This guestion in other words is the following : “ What is the product
of 13 and 104 7"
The product of 1§ and 10,5
== il X ﬁﬂ
= la 8
= 5‘9
=143,
Ex. 8. Reduce the expression
H) 2 5 4 "
(7,L+ ]—U—é—m of 7) x 1“
to its simplest form,

('?7& * 1
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13 3]5 13 x3x 105
T12% %6 3xdx18x22
105 -

= gg — 1§
E€x. 7. Divide 3}-§ ofﬁ-by 213+ + 43 of .

Bi-f of =1 -3

21}+ +4{of5—"1}+ ——
'3 65
=018 4 2 -
21y + 1o + 5
= 2148 + 21§
<2142141+3
-214214
- 48}
259
ged
100 gb!)
8676
00 6
7‘6 4-1)0
109 6
“6x0 * 259
109
. T15654°
Ex. 8. Simplify the expression
1 1
i3 13y
8+1.
Now, 1

therefore the quotient required =

67
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-1
T 144y .
=59
T 34+4
_39,
=3
1 .1 _ 1.3
therefore i}'jdi';}_ ‘ .-mof pes
3+%
-3
=13
_ 5 .7 1%) .
Fx.0. Simplity {20+ § of 1 - g} 1%
The expression
(1 s 3 E) . 805
‘{I*’E“?’g;@'zs
1M 6 7 6 5 _2 298
M S el T A 5} 308
_fno1ms 2 228
“{2'*’35"3}"50‘5

(the least common multiple of 4, 38, and 3, =38x2x3)
g]] x19x3+175%x2x3-2x38%x2) 228
= TTagxgx8 T sos
_ { 027+1050—_3§.22 . 228
T g 305

1677 -152 228
228 005
1525

= 6.

.

Ex. XXIIIL .
Miscelluneous Questions and Examples on Arts. (58—79).
I .
1. Definc a fraction ; what is the distinction between a Vulgar and

& Decimal fraction? How many different kinds of Vulgar fractions are
there? Give an example of each kind.

2. Find the sum and difference of 2 of 73, add 13 divided by 93
and the sum of 5}, § of 3}, and §+4.
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3. Simplify
O Bl 30 @ ks of St of 0

3.3, 4 4} x4y x4}-1
®) 3 4f+2}' 4) 4§xﬁ~ . 5) 3+4+1'K
4. Shew that the frachon -§+ 7 lles between the greatest and lcast

of the fractions &, 4, and §.
5. The difference of two numbers is 154 ; the greater number is
203} : find the smaller number.

I1.

1. If the numerator and denominator of a fraction be both multiplied
or both divided by the same number, the value of the fraction is not
altered : prove this by means of an example.

2. What number subtracted from 41} leaves 19} ? and what number
multiplied by 2 & of & produces 3} of $ 1

8. When is a fraction said to be in its lowest terms?

Reduce the fractions §333% and £%A%; to their lowest terms.

4. Simplify

o Bl g (2) B4 of 5} of [~} of
31, 11 F & B0° - b 18

@ G+ =O-Dx@+D @ frorglordlL.

5. Divide the product of 2% and 2§ by the difference of 2§ and 2}.
Explain why it is necessary in the addition and subtraction of fractions to
reduce the fractions to a common denominator.

111,

1. Shew by an example that mualtiplying the numerator of a fraction
by any number, is the same in effect as dividing the denominator by that
number, and conversely.

2. Simplify

(1) 275340205 +10013 +F of 4150}, (2) 3§+U2 x 158 +143.
1 2 @ 41-3y 8-2
@ ."L,I'“oj* "'42 O gyestis 3%

3. Which is the greater, § of 4 or } of 5 and by how much?

4. Divide the sum of the fractions § and 4% by the product of f; and
4} ; and reduce the resnlt to its lowcest terms.

8. What number is that, from which if you deduct §~$, and to
the remainder add The quotient of & divided by 2}, the sum will be
1A
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1V.

1. Define a Vulgar fraction; an improper fraction; and the terms
numerator and denominator of a fraction.

Prove by means of an example the rule for the multiplication of
fractions ; and multiply the sum of 4 of } and 1} by the difference of y
and },

2. Reduce to their most simple forms the following expressions :

(1) $xyyx8}+3thsof 73+58). (2) F—t+1s—-
@ 3868 (9) yof (1451 +§ of fr of 7—2)~ .
04820
) .lﬂ..'g_f -5t

(V]

5. What number added to % of (§+1 -4 +}) makes 337 and what
number divided by } of } of & will give i ?

4. If I pay away } of my money, then } of what remains, and then }
of what still remains ; what fraction of the whole will be left ?

5. Explain the method of ¢ comparing ® fractions.

Compare the product and quotient of the sum and difference of 5}
und 8},

V.
1. State the rules for multiplying and dividing one fraction by
another; and prove them by means of an example.

Divide -i—:% by 2—:—::;:, and multiply the sum of }, 13, and § by the

difference of i and Y, and divide the product by {} of 1}4.
2. Reduce to their simplest forms

1 -D+@-1 SRR it Lt 2

0 G-p+4-D R

®) Qof}i-—:—;%of§§+§of£g;.

) %+-2T§nxn’u. ®) ‘.’.}x“—l‘-‘-.
‘-3?‘-'!-4}

@ Yoffstiolsy ¢ Di=T

Fof \g—fof "
3. What is meant by the symbol § ?
Find the least fraction which added to the sum of 1, §, and §§, shall
make the result an integer.
& Find the sum of the greatest and least of the fractions , /i, § and
¥ ; the sum of the other two : and the difference of these suma.
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5. A man has £ of an estate, he gives his son } of his share; what
portion of the estate has he then left ?
VI,
1. State the rules for addition and subtraction of vulgar fractions;
and prove them by means of an example.
2. Simplify
p gy 2, o ".\‘*'3* RQ
(l) 'tOfH-s Oflc +§0f1}?’ (“) 4*"‘6* ]oa_
O fxpaasgefapeiol @ JrLDE
3. Define a proper, mized, and compound fraction. Explain the
method of reducing a compound fraction to a siinple one.
Ex. % of § of ; of 1}.
4. Shew by mecans of an example how a fraction is affected if the
same number be added to its numerator and denominator.

5. Multiply 3} by 3%, and divide —()1 by ——= 4“

betwuen the sum and difference of thesc rosult&
6. What number added to §}+3¢ will produce 3j3}? and what
number divided by 2y will produce % ?

VIL
1. Shew from the nature of fractions that §+ §=49; that § of §=}7;
and that § 4§14,
2. Simplify
o foit- © 2+3h+ A+ b+ 0K
(3 (1ofah)+(2)-3) of (3}~})

@ oo+ @+ -(F-3)-c-p.

,and find the difference

3. Simplify }%{—:—2%;";, and take the result from the sum of 103,
T#4. .

i

4. Addtogether 1, 3, 3, and }, subtract the sum from 2, multiply the
result by § of 3 of 8, and find what fraction this is of 09.

5. In a match of cricket, a side of 11 men made a certain number of
runs, one obtained th of the number, each of two others yl;th, and each
of three others J;th, the rest made up between them 126 ; which was tho
remainder of the sclre, and 4 of these last scored 5 times as many as tho
other. What was the whole number of runs, and the score of each man§
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DECIMALS,

80, It has been stated that figures in the units’ place retain their
intrinsic values, while those to the left of the units’ place increase tenfold
at each step from the units’ place ; therefore, according to the same nota-
tion, as we proceed from the units’ place to the right, every successive
figure would decrease tenfold. We can thus represent whole numbers or
integers and fractions under a uniform notation by means of figures in the
units’ place and on each side of it; for instance, in the number 5673°2412,
the figures on the left of the dot * represent integers, while those on the
right of the dot denote fractions. The number written at length would
stand thus,

5 x1000+6 x 100+ 7 x 10+ 3+ %+ 18§35 + 1doo + Tobo0°

The dot is termed the decimal point, and all digits to the right of it

are called Decimavs, becauso they are fractions with either 10, 100, or

10 x 10, 1000, or 10 x 10 x 10, &c. as their respective denominators.

81. It may here be observed, that, when a number is multiplied by
itself any number of times, the product is called 8 Powkr of that number;
being called tho second, third, fourth, &c. power, according as the number
is multiplied once, twice, thres times, &c. by itself, that is, according as it
is employed twice, three times, &c. as a factor.

82. It will be seen from what has been said, that DeciMars are in
fact fractions having cither 10 or some power of 10, for their denomi-
nators, For this reason also they arc called Decimar Fracrions, in
contradistinction to Vurear Fracrions, which, as wo have secn, are
represented by a different notation, and not limited in their denominators
to 10, or powers of 10.

83. From the proceding observations, it appears that

o oys=2 4 3 . 4 8
First, 2345=15* 166 * 7000 * T0000"
Now the least common multiple of the denominators of the fractions
is 10000 : therefore, reducing the several fractions f equivalent ones with

their least common denominator, we get

2 1000 3 100 4 Yo
245=35 % 1000 * 700 X 700 * 7000 * 10 * 10000

2000+ 300 +40+5

= 10000

2345

= 70000
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.
) 3 2 4
Boondly, 003245+ 555 + 1o+ o005 + 50600
(the least common multiple of the denominators is 100000)
0 10000+ 1000+8x]00+2 10+ 4
=10 * 10000 " 100 * 600 * 7000 * 100 * 10000 10 * 100000
300 +20+4
=7100000
_ 8%
~100000° .
Thirdly, 56816=5 x 10+6++& + ydp + ydbo
(the least common multiple of the denominators is 1000)

_5x10 1000 6 1000 8 100 1 10 G
1 1000 1> 1000 T 10 700 ¥ 700 ™ 10 * 000
50000+8000+800+10+6
1000
56816
=7000"

Hence, we infer that every decimal, and every number composed of

integers and decimals, can be put down in the form of a vulgar fraction,
with the figures comprising the decimal or thoso composing the integer

and decimal part (the dot being in cither case omitted) as a8 numerator,
and with 1 followed Ly as many zeros as there are decimal places in the
given number for the denominator.

84. Conversely, any fraction having 10 or any power of 10 for its de-
nominator, as §f, may be represented in the form 56:816,
56816 _ _b x10000+6 x 1000+ 8% 100+1x10+0

For 500 = 1060
_5x10000  6x1000 _8x100 1x10+ K
*1000 1000 1000 1000
= 5x10L6+ 5+ by + rdoo

=56'816 (by the notation we have assumed).

°
85. Again, by what has been said above, it appears that
8g7= A
327= 1600
=52
0327 = 16000
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) 270 _ 327
3210= 15660 = 1006"

We see that 327, ‘0327, and *3270 are respectively equivalent to frac-
tions which have the same numerator, and the first and third of which
have also the same denominator, while the dcnominator of the second is
greater.

Consequently, *327 is equal to ‘3270, but "0327 is less than either.

The value of a decimal is therefore not affected by affixing cyphers to
the right of it; but its value is decreased by prefiving cyphers: which
effect is exactly opposite to that which is produced by affixing and pre-
fixing cyphers to integers,

86. Hence it appears that a decimal is multiplied by 10, if the decimal
point be removed one place towards the right hand ; by 100, if two places;
by 1000, if three places; and so on: and conversely, a decimal is divided
by 10, if the point be removed one place to the /eft hand ; by 100, if two
places ; by 1000, if three places ; and so on.

Thus 56%x10=52 x10=56.

56 x 1000 == {8 x 1000 = 5600,
5'6“‘10—-%3 X 116 _155%"“'50.
5:G=-1000 = ‘8 X 1015-6 = Iuot(, ='0056.

87. The advantage arising from the use of decimals consists in this;
viz. that the addition, subtraction, multiplication, and division of decimal
fractions are much more easily performed than those of vulyar fractions;
and although all vulgar fractions cannot be reduced to finite decimals, yet
we can find decimals so near their true value, that the error arising fromn
using the decimal instead of the vulgar fraction is not perceptible.

Ex. XXIV,

1. Convert the following decimals into vulgar fractions :
*1; *3; +31; *311; -31111; *3111111".

2. Convert the following decimalsinto vulgar fractions in their lowest

terms:
*5; '25; *35; *05; ‘005 ; *256 ; *0256 ; "000256 ; “00003125.

8. [Express as vulgar fractions in their lowest terms:

075 ; "848 ; 3'02; 3-434; 3434 ; 103434 ; “050005 ; 230409 ; 2:30409 ;
21372; 91300°0008; 24'000625 ; 8213-7169125 ; 0083276 ; 1-0000000 ;
*000000001.
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4. Express as decimals,
s 155 7o ¥ rdoi vobes s WY 18888 rotws
youtoo s L85 1oy $8384 5 158688 1obEE8bhue; CIHAY.
5. Multiply
<7 separately by 10, 100, 1000, and by 100000 ;
*006 separately by 100, 10000, and by 10000000 ;
*0431 separately by 100, and by 1000000 ;
16:201 separately by 10, 1000, and by a million ;
90016 by ten hundred thousand, and by 100.

8, Divide
*51 scparately by 10, 1000, and by 100000 ;
*008 separately by 100, and by a million ;
5°016 separately by 1000, and by 100000 ;
378'01806 scparately by 1000, and by a million.

7. Express according to the dccimal notation, five-tenths; seven-
tenths; nineteen hundredths; twenty-eight hundredths; five thousandths
ninety-scven tenths ; one millionth ; fourteen and four-tenths ; two hun-
dred and eighty, and four ten-thousandths ; s¢ven and seven-thousandths ;
one hundred and one hundred-thousandths ; one one-thousandth and onc
ten-millionth ; five-billionths.

8. Express the following decimals in words:

°45°25;°75;°745; *1; *001 ; *00001 ; 2375 ; 2375 ; 2375 ; *00002375;
1:000001 ; *1000001 ; -00000001.

ADDITION OF DECIMALS.

88. Rure. Place the numbers under cach other, units under units,
tens under tens, &c., one-tenths under one-tenths, &c.; so that the
decimals be all under each other : add as in whole numbers, and place
the decimal point in the sum under the decimal point above.

Ex. Add together 27°5037, ‘042, 342, and 21,

Proceeding by the Rule given above,

27:5037
‘042
D42
21
371°6457

Note. The same method of explanation holds for the fundamental
s
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rules of decimals, which has been given at length in 'explaining the Rules
for Simple Addition, Simple Subtraction, and the other fundamental rules

in whole numbers,
Reason for the above process.

If we convert the decimals into fractions, and add them together as

such, wo obtain
275037 + 042 + 342 +2°1,
275037 42 342 91,
= 10000 * 000 * T *10°
(or reducing the fractions to a common denominator),
_ 200037 | 420 3420000 21000
10000 ~ 10000 ~ 10000 ° 10000
3716457
710000
= 3716457, (Art. 84).

Ex. XXV.

1. Ada together:
(1) -234, 14:3812, 01, 3247, and *00075.
(2) 232:15, 3225, 21, ‘0001, 34:005, and 001304,
(3) 1494, ‘00857, 1'5, 5607-25, 530, and ‘0057,
2. FExpreks in one sum ¢
(1) *08+165+1:327 + 0003+ 2760'1 +9,
(2) 346+°0027 + 25 + 186 + 72°505 + *0014 + *00004.
(3) 6:3084 +°00G + 36:207 +*0001 + 364 + 008022,
(4) 7251201+ 34°00076 + 04 + 50°0 + 143713,
(5) 07-8125+27°105 +17°6 + 000375 + 255 + 3-0125.
8. Add together: .
(1) 20008, ‘04137, ‘987641, 1:0000009, 57, and 15 ; and prove
the result.
(2) -0003025, 2009987, 1432, 5:000025, 9000, and 34073 ; and
verify the result. !
(3) 21°7T4, ‘075, 103:00375, *0005495, and 49575 ; and verify the
result. "
(4) Five hundred, and nine-hundredths; three hundred and
seventy-five ; twenty thousand and eighty-four, and seventy-eight hun-
dred-thousandths ; eleven millions, two thousaad, and two hundred
and nine millionths ; eleven thousand-millionths ;' one billion, and one
billionth.
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SUBTRACTION OF DECIMAIS.

80. Rure. Place the less number under the greater, units under
units, tens under tens, &c., one-tenths under one-tenths, &c.; suppose
cyphers to be supplied if neccssary in the upper line to the right of the
decimal : then proceed as in Simple Subtraction of whole numbers, and
place the decimal point under the decimal point above.

Ex. Subtract 5473 from 6-23.
Proceeding by the Rule given above,
623
5473
757
Reason for the above process.
If we convert the decimals into fractions, and subtract the one from
the other as such, we obtain
. ama _ 623 5473
623—-5473 = 100 ~ 1000

__ 6230 5373

~ 1000 ~ 1000
757

U

1000
= 757, Art. (84).

Ex. XXVI.

1. Find the difference between 2:1354 and 1:0436 ; 7°835 and 2°0005 ;
15'67 and 150'7 ; *001 and "0009 ; ‘305 and ‘000683,

2. Find the value of

(1) 2135518125 (2) 05160004187,
(3) 6036584003 ) 17:6-130046.
(5) *582-°09647. (6) 9233—-0636.

3. Take ‘01 from °1; 87-704 from 71300683; 35000876 from
56:078; 27 148 from 9816 ; and prove the truth of each result,

4. Required the difference between seven and seven tenths; also
between seven tenths and seven millionths ; also between scventy-four +
three hundred and fowr thousandths and one hundred and seventy-four +
one hundredths ; and verify each result,

-2
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MULTIPLICATION OF DECIMALS,

00. Ruwe. Multiply the numbers together as if they were whole
numbers, and point off in the product as many decimal places as there
sre decimal places in both the multiplicand and the multiplier; if there
are not figures enough, supply the deficiency by prefixing cyphers.

Ex. 1. Multiply 534 by -21.

Proceeding by the Rule given above,

534
21
534
1068
1214
Now the number of decimal places in the multiplicand + the number
of those in the multiplier=2+2=4;
therefore product =11214.
Ex. 2. Multiply 534 by -0021.
534
0021
534
1068

11214

We must have 6 decimal places in the product; but there are only &
figures ; and therefore we must prefix one zcro, and place a point before
it thus *011214.

Reason for the above process.
534 21
o 01 — -t
B34x21 = 100 * 100
1214
= 10000 =11214.
. , . _ 834 21
Again 534 x oozl_moxm
_ ne
= | o0
='011214,
Ex. XXVIL
1, Multiply together: °

(1) 38and 42; *38 and *42; 3:8 and 4°2; ‘038 and ‘0042,
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(2) 417 and *417; ‘417 and '417 ; 71956 and 000025,
(3) 2052 and 0031 ; 4°07 and 916; 476 and "00026.
2. Multiply (proving the truth of the result in each case)
(1) 81-4632 by 0378. (2) 27°35 by 770071, (3) ‘04375 by 0754
3. Find the product of
(1) "0048 by 7-85. (2) ‘00846 by '00324.  (3) ‘314 by *0021.
(4) ‘009 Ly "00846.  (5) *009207 by 6056.  (6) ‘00048 by 29;
proving the truth of each result.
4. Find the continued product of 1, '01, *001, and 100 ; also of ‘12,
12, 012, and 120; and prove the truth of the results,
5. Find the value of
(1) 76x°071x21x29,
(2) °007 x 700 x 760°3 x "00416 x 100000,

DIVISION OF DECIMALS,

91. First, When the number of decimal places in the dividend exvoceds
the number of decimal places in the divisor.

Ruwg. Divide as in whole numbers, and mark off in the quotient a
number of decimal places equal to the excess of the number of decimal
Places in the dividend over the number of decimal places in the divisor;
if there arc not figures sufficient, prefix cyphers as in Multiplication,

Ex. 1. Divide 11214 by 5-34.

Proceeding by the Rule given above,

534) 1'1214 (21
1068
534
534

No the number of decimal places in the dividend — the number of
decimal places in the di%isor=4-2=2;

. therefore the quotient =*2L

Ex 2. Divide 011214 by 53+4.

53-4) ‘011214 (21
1008
344
5H
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Now the number of decimal places in the dividend - the number of

decimal places in the divisor
=0-1=5;

therefore we prefix three cyphers, and the quotient is ‘00021

Reason for the above process.
11214+ 534
_11214 534
=10000 ~ 100
_11214 100

11214 _100_
10000

21 R

=1 *100

since 11214 o1 ang 100 _ 1
@ “g31 == 1< 15060 = 100’
21

]
100
= <21,
Agnin, 011214534
o 1214 634
Toooooo ¥ 1o
11214 10
= 1000000 ™ 531
Ju2e 10
=534~ 1000000
= 1
1~ 100000
2
100000
='00021.

02. Secondly. When the number of decimal places in ¢hc dividend is
less than the number of decimal places in the divisor.

Ruwe. Affix cyphers to the dividend until the number of decimal
places in the dividend equals the number of decimal places in the
divisor ; the quotient up to this point of the diyision will be a whole
nnmber ; if there be a remaindcr, and the division be carried on further,
the figures in the quotient after this point will be decimnals,
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Ex. Divide 1121'4 by ‘534,
Proceeding by the Rule given above,
*534) 1121400 (2100
1068

534
534

00
Reason for the above process.
11214+ 534
_lzi4 | 534

10~ 1000
_u24 1000

10 534
1214 1000

534 10
=21 % 100
=2100.

(oK

Note. In order to prevent mistakes in the proof of examples in

*142) 172 900000 (1217605
142
309
284
250
. 142
. 1080
094
* 860
852
800
° 710
90

Division of Decimals, always contrive in the process to separate 10, 100,
&ec. in the two fractions fromn the other figures, as in the above examples;
and be sure never to cffect the multiplication if there be tens left in the
denominator; nor, if there be tens left in the numerator, to effect it until
the last step of the operation.
Ex. Divide 1720 hy ‘142 to three places of decimals
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Here we must affix 5 cyphers to 1729 ; for if we affix two according
to the rule, the division up to that point will give the integral part of
the quoticnt only, and thercfore as the quotient is to be obtained to three
places of decimals, we must affix three cyphers more, that is, we must
affix five altogcther.

Reason for the above process.

172'9+ 142
_ 1729 142
=70 * 1000
1729 1000
142 X100
_1729 _ 100000
=12 X 7000
_172000000 1 _
142 1000
1—7—2‘;22000 :21217605... from chove

= 1217605...
therefore the result = 1000

= 1217605,
Ex. XXVIIL
1. Divide, (proving the truth of cach result by Fractioa-)
(1) 10836 by 5'16, and 3496818 by "381.
(2) °025075 by 1:003, and 02016 by 0012,
(3) °00081 by 27, and 1'77089 by 4735.
(4) 1 by 1, by 01, and by *0001.
(6) 3815 by ‘126, and 52 by ‘32,
(6) 3217 by 0625, and ‘03217 by 6250.
(7) 463638 by 81'34, and 154546 by ‘019,
(8) 429408 by 5964, and 214704 by 036.
(9) 126 by 0012, and ‘065341 hy 000475. .
(10) 3012 by ‘0006, and 203916669 by 541283,
(11) 1304 by ‘0004 and by 4, and 46:634205 by 480785 .
(12) 1'G9 by 1'3, by *13, by 13, and also by 013.
(13) °00281 by 1405, by 1405, and by 001405,
(14) 72-36 by 36 and by 0036, and 003 by 1'G.
(15) 67254023544 by 7089, and by -7089. ¢
(16) 1036328475 by 306°25, and 00844 hy 0046,

Now
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{17) 816 by ‘0004, and ‘0019610652875 by 2:38045.
(18) 183688305 by 2315, by 231'5, and by ‘2315
(19) *00005 by 2'5, by 25, and by 0000025,
(20) 6841197 by 1200-21, and also by *0120021.
2. Divide to four places of decimals cach of the following, and prove
the truth of the results by Fractions:
(1) 32:5by87; 02by17; 1by 013,
(2) 009384 by "0063; 51846734 by 1:02.
(3) 7380°064 by 023; G5 by 342; 25 by 19,
(4) 176432°76 by ‘01257 ; 7457°1345 by 6535400-2.
(5) 8724 by 2:9; 0719 by 2763,
3. Find the quotient (verifying each result) of
(1) 0029202 by 157, and by 1'57.
(2) 5005 by 1053125; of 5005 by 1953125; of ‘05005 by
*0001953125.
(8) (7} of 3 +1%) by *0005; of 31:008 by $55 of 1} of 33%% ; *7675
by 163.
93. Certain Vulgar Fractions can be expressed accurately as Decimals.
Rure. Reduce the fraction to its lowest terms ; then place a dot
after the numerator and affix cyphers for decimals; divide by the de-
nominator, as in division of decimals, and thc quotient will be the decimal
required.
Ex. 1. Convert  into a decimal.

] ‘ 30
‘¢
There is one decimal place in the dividend and nono in the divisor;

therefore there is one decimal place in the quoticnt.

Note. In reducing any such fraction as ; or 3y to a decimal, we
may proceed inethe same way as if we were reducing ; taking care
however in the result te move the decimal point one place further to tho

left for each cypher cut cff.
Thus g:: “C,
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for in fact, we divide by 5, and then by 10, 100, &e., according as the
divisor is 50, 500, &c.

Ex. 2. Reduce — tosdecunal.

16
16) 50000 (-3125 4| 500
48 or thus, 16 { —_—
—_— 4 | 1-2500
20 —
16 3125
40 o Py =3125
32
% -
80
E?Convcrts d-s'tod'l
x. 3. 512 ™ ;o5 into decimals.
Now §12=28x64=8x8x8
8 | 3000
8 345000
g8 '046876000
%3&337—5
is equivalent to *00005859375.

3
or,, 2meqmvulentto *005859375, and 51 "00
Ex. 4. Convert 3+ 8} + 2% + Oy into a decimal.

FHE+20+ 0 =11+ + 3 + G+ 4.

b3 8 | 1000 4|90
6 ‘125 2:25
11 o =225
5| 22 .
440
therefore §="6, ="125, ="225, fy="088;
therefore the whole expression
=114+ 125 + 225 + *088¢

=12'028.
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Ex. XXIX.

1. Reduce to decimals :
(1) 3538 &3 0% 38
(2) &% Y% 885 HEs e
(3) 6}; & s stu; 15r8iEs
2. Reduce to decimals:
(1). 8 of 5fz (2) ¥+i+h+dr (3) ¢ x"0064.

478 11
(4) §+06L ®) i+i-+ (©) Taofpd,
(m 17 ofg'%'_ofﬁ‘. (8) Bgly+T5 of § of 7).

®) s+ ph+oidlor . (10) 2 eygesileoog e 2L,

Note. 10 is sometimes called the first power of 10,
10x 10, second power of 10,
10x 10X 100cues veiinnrennns third power of 10,
- 10x10x10 x 10 x 10....... fifth power of 10,
and 80 on; similarly of other numbers,

94. We have seen that, in order to convert a vulgar fraction into a
decimal, after reducing the fraction to its lowest terms and affixing
cyphers to the numerator, we have in fact to divide 10, or some multiple
of 10 or of its powers, by the denominator of the fraction : now 10=2 x 5,
and these are the only factors into which 10 can be broken up ; therefore,
when the fraction is in its lowest terms, if the denominator be not
composed solely of the factors 2 and 5, or one of them, or of powers of 2
and 5, or one of them, then the division of the numerator by the
denominator will never terminate.  Decimals of this kind, that is, which
never terminate, are called indeterminate decimals, and they are also
called CircuraTing, REPEATING, Or RECURRING Decimars, from the fact
that when a decimal does not terminate, the same figures must come
round again, or recur, gr be repeated : for since we always affix the same
figure to the dividend, namely a cypher, whenever any former remainder
recurs, the quoticnt will also recur. Now when we divide by any
number, the remainder ust always be less than that number, and
thercfore some remainder must recur before we have obtained a number
of remainders equal to the number of units in the divisor.

85. Pune CircUiatine Decouats sre those which recur from the
beginning : thus -3333..., "272727..., are pure circulating decimals.
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Mixep CincuraTing DeciMaLs are those which do not begin to recur,
till after a certain number of figures.

Thus *128888......, *0113630......, are mixed circulating decimals.

The circulating part, or the part which is repeated, is called the
Perioo or RerereNnDd,

Pure and mixed circulating decimals are generally written down only
to the end of the first period, a dot being placed over the first and last
figures of that period.

Thus *3 represents the pure circulating decimal 333 ..
BB crveeins et *3636...
B39 cevocrceirie et *639639 ..

5 1 WIXed erneierinirieiiiiieeans *1388...
OT1S6 ceenereeeeenrereeeeeier et st e senes *0113636...

98. Pure Circulating Decimals may be converted into their equivalent
Vulgar Fractions by the following Rule.

Rure. Make the period or repetend the numerator of the frachon,
and for the denominator put down as many nines as there are figures in
the period or repetend ; this fraction, reduced to its lowest terms, will be
the fraction required.

Note. The fraction is only reduced to its lowest terms for the sake of
exhibiting it in its simplest form. It is not of course actually necessary
80 to reduce it.

Exs. Reduce the following pure circulating decimals, -3, 27,

857143, to their respective cquivalent vulgar fractions.
Proceeding by the Rule given above,

g=3_1

3“'6‘3'

o 2T 8

2‘---9-5——11.

857142 95238
BITI2 =00~ 11111

_6x15873
TTx15873
-8
=z

The truth of these results will appear from the following considerations,
Let the circulating decimal *3333... be represented by a symbol #;
then £="3333...
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therefore 10 times =10 times *3333...
=33333... (Art. 86).
Now 10 times x, diminished by 1 time #, will leave 9 times #,
and 3:3333... — 3333 = 3:3333...
- 3333...
=3
or 9 times =3
therefore 1 time , that is x or *3333... =3 =1}.
Next, let the circulating decimal "2727... be represented by #.
Then,

x="272727...
here, sincc there are two figures in each period, we multiply by 100, and
we have
100 times =100 times *2727...
=272727... (Art. 86).
Therefore 100 times x, diminished by 1 time &, will be equal to
27°2727...—2727...
or 99 times r==27;
27 3
therefore @ or 2727...=50= 5.
Next, let the recurring decimal *857142 be represented by .
Then, r="857142857142...
here since there are six figures in each poriod, we multiply by 1000000

and we have
1000000 times 2 = 1000000 times *857142...
=:857142:857142... ;

therefore 009909 x =857142,
857142
or &= 00505

which fraction, réduced.to its lowest terms, =;.

Note 1. The object in each case is to multiply the recurring decimal
by such a gower of 10, as will bring out the period a whole number.

Note 2. The powers of numbers are often expressed by placing a
small figure (equivalent to the number of factors and called the inpEx or
xxponeNT of the power) at the right hand of the number, a little above
the line.
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Thus 10 x 10, or the second power of 10 is expressed by 10%,

10 x 10 x 10, or the third power of 10............c.evuuee 10°,
10 x 10 x 10 x 10 x 10,0r the fifth power of 10 .cccvuveisiernnnnns 10%
and so on.

97. Mixed Circulating Decimals may be converted into their equivalent
Vulgar Fractions by the following Rule.

Rure. Subtract the figures which do not circulate from the figures
taken to the end of the first period, as if both were whole numbers; make
the result the numerator; and write down as many nines as there are
figures in the circulating part, followed by as many zeros as there are
figures in the non-circulating part, for the denominator.

Exs. Reduce the following mixed circulating Decimals, ‘14, *0138,
2418, to their respective equivalent vulgar fractions.

Proceeding by the Rule given above,

i 14-1_13

14= 50 ~60°
18-13 125
O13B= 5 = 5000

= 32, in its lowest terms,

wiig_2418-2 2416
2418= 9990~ 9990
__1208
= 1995°

The truth of these results will appear from the following considerations.

Let the mixed circulating decimal be represented by  in each of the
above cases.

First, let #="1444...

If, by multiplication, we change the decimal in such a manner that
the non-circulating part is rendered a whole number, and also change it
so that the non-circulating and circulating parts to the end of the first
period are rendered a whole number, and then subtract the first result
from the second, we shall get rid of the circulating part. Thus, multi-
plying first by 10 to get the1 out as a whole number, and then by 100 to
get the 14 out as a whole number, we have

10 times « =10 times *1444...
=1444... (N
100 times #=14'444... ;
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therefore 100 times #—10 times &
=14"444... —1"444...
or 90 times @ =14"444...

- 1444
=13
therefore .r=:-i—g.
Next, let 2='013888... *

Here there are three places in the non-recurring part, and one in the
recurring part; therefore multiplying first by 1000, and then by 10000,

we have
1000 times 2= 1000 x “013888...

= ]3'8888..-,
and 10000 times #=138'8888... ;
therefore subtracting, as before,

9000 times r=138-13

=125;
125
therefore z= o5
=1
72
Next, let r="2418418...

Now we have one place in the non-recurring part, and three places in
the recurring part ; therefore multiplying first by 10, and then by 10000,
we have

10 times x=2-418418...

10000 times 2 =2418'418418...;

therefore . 9990 times £=2418-2
P =2416;
therefore , 2=l
1208

4905°
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Ex. XXX,
1. Reduce the following vulgar fractions and mixed numbers to
circulating decimals:
™8 A i ¥ @ 355 1885 185 1504
(® 833 THE wiios (4 24583e; 17255 208884
2. Find the vulgar fractions equivalent to the recurring decimals ;
(1) 7; *07; 227 (2) -583; -136; -263.
(8) -00i85 ; 3024 ; 01236, (4) +142857 ; 307916 ; ‘382142857,
(6) 307692 ; 6307692 ; 27857142, () 342753 ; 03132132 ; 802083,
(7) 85°60806 ; 36428571 ; 127-00022095.
08. The value of the circulating decimal *999... is found by Art. (96)
1o be § or 1; but since the difference between 1 and *9="1, between 1 and
'80="01, between 1 and ‘999 =001, &c., it appears that however far we
continue the recurring decimal, it can never at any stage be actually=1.
But the recurring decimal is considered =1, because the difference
hetween 1 and 99... becomes less and less, the more figures we take in
the decimal, which thus, in fact, approaches nearer to 1 than by any
difference that can be assigned.
In like maaner, it is in this scnse that any vulgar fraction can be said
to be the value of a circulating decimal; because there is no assignable
difference between their values,

09. In arithmetical operations, where circulating decimals are con-
cerned, and the result is only required to be true to a certain number of
decimal places, it will be sufficient to carry on the circulating part to two
or three decimal places more than the number required : taking care that
the last figure retained be increased by 1, if the succeeding figure be 5, or
greater than §; because, for instance, if we have the mixed decimal ‘6288,
and stop at 628, it is clear that “628 is less, and ‘629 is greater than the
true value of the decimal : but ‘628 isless than the true value by ‘000888,...
and 629 is greater than the true value by ‘000111...

Now *000111... is less than *000888...

Therefore ‘629 is nearer the truc value than *628.
Ex. 1. Add together ‘33, ‘0433, 2:315, 50 as to be correct fo 5 place
of decimals.
*3233333
0432432
23454546 .
27220311 Ans. 2°72208.
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Ex. 2. BSubtract ‘201G from ‘088583, s0 as to be correct to & places of
decimals. .

0805833
2016667
6979166 Ans.*69791.

Note. This method may be advantageously applicd in the Addition
and Subtraction of circulating decimals.  In the Multiplication and Divi-
sion, however, of circulating dccimals, it is always preferablo to reduce
the circulating decimals to Vulgar Fractions, and having found the pro-

duct or quotient as a Vulgar Fraction, then, if nccessary, to reduce thoe
result to a decimal,

Ex. XXXI.
(1) Find the value (correct to 6 places of decimals) of
1. 2418+ 118+ 3009 + 7351 + 24042,
2. 284649928+ 0123450780 + 0041 + 456,
3. 6'45--3; and 7'72—6'043 ; and 309 — 94724,

(2) Express the sum of 43, 3§, and %, and the difference of 18
and 4,&, as recurring decimals,

(3) Multiply .
1. 23 by 56; 7576 by *366. 2, 400 by 62; 825 by *36.
3. 752 by 48:3; 368 by 6. 4. 3145 by 4907; 204 by B4,
(4) Divide
1. 19503 by 4; 37592 by 05, 2. bihy17; 132 hy 56,
3. 4113519 by 687646 ; 216505 by 0k; 6559903 by 48776,

Ex. XXXIL
Misccllaneoys Questions and Examples on Arts. (80—00).
. I
(1) Define a Decimal; and shew how its value is affccted by affixIng

and prefixing cyphers. Reduce 0625, and 314159 to fractions ; and cx.
press the difference botween 20,% and 17} as a decimal.

(2) Find the value of 10} + 18+ 5 +44 both by vulgar fractions,
and by decimals ; and shew that the results coincide.

(3) Find the sunf} difference, product, and quoticnt of 573008 and
000754 ; and of 1°013 and ‘01015, and prove the truth of each result.

[
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(4) 1f a vulgar fraction, being converted into a decimal, do not
terminate, prove that it must recur. What must be the limit to the
number of figures in the recurring part? Is 5% convertible into a
terminating decimal ?

(6) Simplify 1. 2}+728+38164+2875. 2. °026649+ 2}
1-05 3-8, 1

3. ‘6+ 5 X ‘38——"'1—0- 4. {'18+’009}—'016.
484 W
(6) Dmde 1085 70 Y 74 *’, reduce the quoticnt to the form
1°0714285. Divide 91:863 by 87-56.

1L

(1) Write down in a decimal form seven hundred thousand four
hundred and nine billionths, Express 12:1345 as a fraction, and “m,toh
s a decimal.

(2) State the cffect as regards the decimal point of multiplying and
dividing a decimal by any given power of 10. Write down in words the
meaning of 397008'405000 ; multiply it by 1000, and also divide it by
1000 ; and write down the meaning of each result in words.

(3) What decimal multiplied by 125 will give the sum of §, 4, 3,
00375 and 2:46?

(4) Multiply 1°05 by 10°5 ; and reduce the result to a fraction in its

lowest terms. Divide ‘8727588 by 1620; find the value of .000':(’)(;(620—4 :
reduce vy + ; §5— o4 to a decimal.
()] Slmpllfy, expnssmg cach result in a decimal form,
L yoboo of 33 2. (2} +6)+(3}-}).
444+
7—,3.‘.54‘;;&. 4. 25d50+113%0 + Sedyo + 2:000875.

(6) Find a number which multiplied into 3132'458 will give a pro-
duct which differs only in the 7th decimal place from 78236572

111. ¢

(1) Divide 684:1197 by 120021, and also by 0120021 ; and 394-27 by
*047 to three places of decimals, and explain fully how the pesition of the
decimal point is determined in cach of the quotients,

(2) Simplify, expressing each result in a fractional and decimal form,

L, 0x2 o Bi-04
© 085 B 0625°

3 §+°14+§ of 1-0784, 4 G-Px@+1))
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(3 What is meant by a ¢ Recurring Decimal’ What kind of vulgar
fractions produce such decimals? State the rules for reducing any re-

curring decimal to & vulgar fraction. Multiply 5 81 by +4583, and divide

1113 hy 000182, Is #y reducible to a recurring decimal 1

(4) Shew that if 14, 2.5, 385, 4% be added together, (1) as frac-
tions, and (2) as decimals, the results coincide,

(5) A man walked in 4 days 60 miles; in cach of the threo first days
he walked an equal distance, in the fourth day he walked 13'05 miles;
find the amount of his daily walking,

(6) A person has *1875 part of a mine, he sells 17 part of his share;
what fractional part of the mine has he still left ?

1Vv.

(1) State the Rules for the Addition and Subtraction of decimals.
Add together 1°23, *123, *0123, ‘00123, and 123 ; and find the vulgar frac-
tion corresponding to the result. Find the fraction equivalent to 31-457457,
and subtract it from the fraction 8.

(2) Write down in figures the number, three millions six thousand
and five. Also write down in words the signification of the same figures
when the last is marked off as a decimal.

(3) Compare the values of 6 x°05, 1'5 x °75, and 2°625 + 5.

(4) Find the product of 0147147 by '333; and the quotients of
12693 by 19-39; of 132790 by 245 : of ‘014004 by 3,%; of 61061 by
305 ; and of 6106'1 by 305000.

(5) Shew that the decimal ‘00437532 is more ncarly represented by
*00438 than by ‘90437 ; and find the value of

1 1 1 1 4
16 x {z“m‘“s";s»‘ny +&°'} ~ 23
accurately to 5 places of decimals.

(6) A person“sold 15 of an estate to one person, and then f of the
remainder to another pefson. What part of the estate did he still retain 1

. V.
(1) Express }(6}+2§-3), §§3, and also the product of 3} and
(31—%) of § as decimals,

(3) Bimplify o

L s b (kb))
a2
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8. (P of 35}—381)+(25625+7}). 4. 683-+178x°36+072.
(3) Statcat length the advantages which decimals possess over vulgar
fractions ; what disadvantages have they ?
Shew whether 3¢ or {33 is nearer to the number 314159,

1
ixz l,(2’(3+&c., to 7 places of

(4) Find the value of 1 + + —
dcclmah,andalsoof
1- 3x4 1 +3x4x5x
10' 10’ ix2 100 1x2x3 W)

expressing it (1) as a decimal, and (2) as a fraction.

(5) Find the Earth’s equatoreal diameter in miles, supposing the
Sun’s diameter, which is 111'454 times as great as the equatoreal diameter
of the Earth, to be 883346 milces,

(8) In what sense is a vulgar fraction said to be the value of a recur-
ring decimal? Explain how a sufficient degree of accuracy may be ob-
tained in the addition and subtraction of circulating decimals to any given
number of decimal places, without converting the decimals into fractions.

Ex. Find the sum of *125, 4'163, and 9457, correct to & places of
decimals.

VI.

(1) Prove the Rule for Multiplication of decimals by means of
the example 40404 multiplicd by 030303. Multiply ‘345 by ;’3‘ ; and
divido "04633489963 by ‘G593, and by *006593.

(2) Explain the meaning of 7%, and 77 ; and find what vulgar fraction
is equivalent to the sum of 20°5 and 205 dmdc.d by the difference.

(3) Reduce to their lowest terins . 12348 and 86595

10332’ 57980

376 x 375025025 _ 2

arsoas e ond et

(4) Shew that

8*7 + 1-1(-, =3814159 nearly. .
Reduce 1203131 to its equivalent vulgar fraction.
(5) What decimal added to the sum of 1%, g, and 33} will make the
sum total equal to 31
(6) The quotient being 2}} and the divisor *15, find the dividend.
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CONCRETE NUMBERS.

TABLES

100. Our operations hitherto have heen carried on with regard only
to abstract numbers, or toncrete numbers of one denomination. It is
evident that if concrete numbers were all of one denomination ; if, for
instance, shillings were the only units of moncy, yards of length, years
of time, and so on, such numbers would be subject to the common rules
for abstract numhers. Again, if the concrete numbers were of different
denominations, and those denominations differed from ench other by 10
or multiples of 10, then all operations with such conerete numbers could
be carricd on by the rules which have heen given for Decimals. But
generally with conerete numbers such a relation does not hold hetween
the different denominations, and thercfore it is necessary to commit to
niemory tables, which connect the different units of money together, the
differcnt units of length together, the different units of time together,
and so on.

We shall now put down some of the most useful of thesc tables, with
a few brief remarks on cach.

TABLE OF MONEY.

2 Farthings make 1 Half-penny.
2 Half-pence ...... 1 Penny.

12 Pence wveveee.s « 1 Shilling.

20 Shillings ......... 1 Pound.

Pounds, shillings, pnce, and farthings were formerly denoted by
£, s, d, and g respectively, these letters being the first letters of the
Latin worde libra, solidus, denarius, and quadrans, the Latin nnomes of
certain Roman coins or sums of money. £, », d are still the abbreviated
forms for pounds, shillings, and pence respectively ; but } annexed to
pence denotes 1 farthing, § denotes a half-penny, 3 denotes threc far.
things ; shewing thafone farthing, two farthings, and three farthings
are respectively }th, 3ths or §, anl Jths of the concrete unit, one penny.



8¢ ARITHMETIO.
The following coins are at present in common use in England ¢

Copper Coins.
A Farthing, the coin of least value.
A Half-penny=2 Farthings.
A Penny ......=4 Farthings.
Silver Coins.
'Threepenny-piece=38 Pence,
Fourpenny-piece =4 Pence.

A Sixpence.........= 6 Pence.
A Florin ............ =2 Shillings.
A Half-Crown .... =2 Shillings and 6 Penco.
A Crown............ =5 Shillings
Gold Coins.
A Half-Sovereign =10 Shillings.
A Sovereign ...... =20 Shillings.

Tho following coins have been in use at various periods in England,
but with the exception of the first two, which are used under different
names, they are now obsolete :

Silver Coins.
A Groat =4 Pence.
A Tester= G Pence.

Gold Coins.

£ o d
A Noble...ccoeuveen 0 608
An Angel ......... =010 0
A Half-Guinea...2 010 ¢
A Mark or Merk:=0 13 4
A Guinea ......... =21 140
A Carolus.........=1 38 0
A Jacobus.........=1 & 0
A Moidore .....=1 7 0

Note. The office at which coin is made and stamped, so as to pass or
become current for legal money, is called the Ming.

The standard of gold coin in this kingdom is 22 parts of pure gold and
2 parts of copper, melted together. From a pound Troy of standard
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gold there are coined at the Mint 4633 sovereigns, or £46. 14s. 6d. : there-
fore the Mint price of gold is yy of £40. 14+ Gd. or £3. 17s. 10}d. per
ounce standard, (12 ounces Troy=1 pound Troy).

The standara of silver coin is 37 parts of pure silecr and 3 parts of
copper.  From a pound T'roy of standard silver are coined 66 shillings.
Therefore the Mint price of silver is 5¢. 6d. per ounce standand.

In the copper coinage, 24 penco are coined from 1 pound Avoirdupols
of copper. Therefore 1 penny should weigh th of a pound Avoirdupois.

The copger coinage is not, according to the present law, a legul tendrr
for more than 12d.; nor is the silver coinage for more than 40s ; the
9oid coinage being the standard of this country,

MEASURES OF WEIGHT.
TABLE OF TROY WEIGHT,

101. This table derives its name probably from T'royes in France,
the first city in Europe where it was adopted. It seems to havo been
brought thither from Egypt. It has also heen derived from 7'roy-novant,
the monkish name for London. It is used in weighing gold, silver,
diamonds, and other articles of a costly nature; also in determining
specific gravities ; and generally in philosophical investigations.

The different units are grains (writtcn grs.), pennyweights (dwts.),
ounces (oz.), and pounds (lbs, or 1bs.), and they are connected thus :

24 Grains ......... make 1 Pennyweight ... 1 dwt.
20 Pennyweights ....... 1 Ounce ............ 1 oz.
12 Ounces ......... ..... 1 Pound ............ 11h. or b,

Note 1. As the origin of weights, a grain of whent was taken from
the middle of the ear, and being well dried, was uscd as a weight, and
called ‘a grain’ U

Note 2.  Diamonds and other precious stones are weighed by ¢ Carata,’
each carat Weighing about 3} grains. The term ‘ carat’ applicd to gold
has a relative meaning only; any quantity of pure gold, or of gold
alloyed with some other metal, being supposed to be divided into 24
equal parts (carats) ; if the gold be pure, it is said to be 24 carats fine;
if 22 parts be pure gold and 2 parts alloy, it is said to be 22 carats fine.

Standard gold is 22 carats fine : jewellers’ gold is 18 carats fine.
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TABLE OF APOTHECARIES' WEIGHT,

102. Apothecaries’ weight only differs from Troy weight in the
pubdivisions of the pound, which is the same in both. This table is
used in mixing medicines. The different units arc grains (grs.), scruples
(D), drame(3), ounces (%), pounds (Ibs. or ibs.), and they are connected

thus
20 Grains...make 1 Scruple ... 1sc. or 1 5.

3 Scruples ....... 1 Dram ...... ldr.orl 3
8 Drams ......... 1 Ounce .... 1 0z.0r1 3,
12 Qunces ......... 1 Pound ....11b. or Ib,

TABLE OF AVOIRDUPOIS WEIGHT.

103. Avoirdupois wcight derives its name from Avoirs (goods or
chattels, and Poids (weight). It is used in weighing all heavy articles,
which are coarse and drossy, or subject to waste, as butter, meat, and the
like, and all objects of commerce, with the exception of medicines, gold,
silver, and some precious stones. 'The different units are drams (drs.),
ounces (0z.), pounds (Ibs.), quarters (qrs.), hundredweights (cwts.), tons
(tons), and they arc connected thus :

16 Drams ............ make 1 Ounce ............... 1 oz.
16 Ounces..... oooveeenennen. 1 Pound ... . 11b,
28 Pounds.....c.cveev veenes 1 Quarter ............. 1qr.
4 Quarters ........ceeeveenen 1 Hundredweight... 1 cwt.
20 Hundredweights ....... 17Ton ........ gereseoene 1 Ton.

In general, 1 Stone (1 st.)=14 lbs. Avoirdupois, but for butchers’
meat or fish, 1 Stonc=81bs.; 1 Firkin of Butter=561bs.; 1 Fodder of
Lead =19} ewt.; 1 Great Pound of Silk =24 ounces;- 1 Pack of Wool
=240 pounds, “

1 lb. Avoirdupois weighs 7000 grains Troy ;
1 1b, Troy weighs 5760 grains Troy ;
therefore 1 1b. Avoirdupois= {448 of 1 1b. Troy
=148 of 11b. Troy
=1§{ of 1 1b. Troy
. =14 ox. 11 dwt. 16grs. Troy
=1 1b. 2 0z. 11 dwt. 16 grs. Troy.
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MEASURES OF LENGTH.
TABLE OF LINEAL MEASURE.

104. 1In this measure, which is used to measure distances, lengths
breadths, heights, depths, and the like, of places or things:

3 Barley-corns (in length) make 1 Inch, which Is written 1 in.

12 INCheS coevier crvenenietians aaee 1 Foot, o cvvicerviininnnne 1ft.

8 Feet . cccocvnviimnnninrcncinncnnn 1 Yard, i 1 yd.

6 Fect vvevnvenncnnnnnne AR 1 Fathom .....ccnveeenn. 1 fth.

51 Yards oociniieiieen, 1 Rod, Pole, or Perch ... 1 po.

40 Podes «...cooevvivieennnnieniennnnne 1 Furlong, e, 1 fur.

8 Furlonge ... vcvvviviienninee 1 Milegoniiiniiinnia, 1m.

S Miles ... .. cooveeviiinicien 1 League, i 1 lea.

693 Miles. .. .cooocoiniinnnn L1 Degree o o 1 deg.or 1°,

Note. A grain of Barley, or a Barley-corn, is supposed to have been
the original element of Lineal Mcasure,
The following mcasurements may bo added, as uscful in certain
cases :
4 Inches make 1 ITand (used in measuring horses),
22 Yards make 1 Chain )
100 Links make 1 Chain |
a Palm =3 inches, a Span =9 inches, a Cubit = 18 inches,
a Pace=5 feet, 1 Geographical Mile = g, of a degree,
a Line= " of an inch.

used in measuring land,

¢ TAB.LE OF CLOTH MEASURE.
105. In this measure, which is used by linen and woollen drapers ¢

* 2} Inches make 1 Nail.
4 Nails ...oou0l 1 Quarter ... 1 gr.
4 Quarters ...1Yard . ....1yd.
8 Quarters ... 1 English Ell,
6 Quarters ... 1 French Ell,
3 Quarters ... 1 Flemish EIl,
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MEASURES OF SURFACE.
TABLE OF SQUARE MEASURE.

106. This measure is used to measure all kinds of superficies, such as
land, paving, flooring, in fact éverything in which length and breadth are
to be taken into account.

Drr. A squane is a four-sided figure, whose sides are equal, each
side being perpendicular to the adjacent sides.

A square inch is a square, each of whose sides is an inch in length ; a
square yard is » square, each of whose sides is a yard in length.

144 Square Inches make 1 Square Foot...1 8q. ft. or 1 f.

0 Square Feet ......... 1 Square Yard...1 sq. yd. or J yd.
30} Square Yards....... +. 1 Square Pole...1 sq. po. or 1 po.
40 Square Poles ......... 1 8quare Rood 1 ro.
d Roods ......covvnnnennn. 1 Acre ..eeeeeeens 1 ac.
25000 Bquare Links=1 Rood.
100000 .......ccoveneeenne =1 Acre,

10 Square Chains=1 Acre.

Note. ‘This table is formed from the table for lineal measure, by
multiplying each lineal dimension by itself.

The truth of the above table will appear from the following considera-
tions.

Suppose 4B and AC to be lineal yards placed perpendicular to each
other.

Then by definition ABCD is a square yard. If 4E, 4_X__F
EF, FB, AG, GH, HC=-1 lincal foot each, it appears ;; ' | *
from the figure that there are 9 squares in the squard o
yard, and that each square is 1 square foot.

The same explanation holds good of the other di-
mensions,

The following measurements may be added :

A Rod of Brickwork...... =272} Square Fcet.

(The work is supposed to be 14 in., or rather mor'e than a brick-and-a-
Aalf, thick.)

=l ] n.l

“I~l
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A Square of Flooring .... =100 Square Feet.
A Yard of Land........ eee =30 Acres,
A Hide of Land............=100 Acres.

MEASURES OF SOLIDITY.
TABLE OF SOLID OR CUBIC MEASURE.

107. This measurce is used to measure all kinds of solids, or figures
which consist of three dimensions, length, breadth, and depth or thick-

ness.
Der. A cuse is a solid figure contained by six equal squares; for
instance, a die is a cube.
A cubic inch is a cube whose side is a square inch.

A cubic yard .......oooiiiiiiiiinin square yard,
12x 12 x 12 or 1728 cubic inches make 1 cubic foot.
3x3x3or 27 cubic feet cverrneriennnnnns 1 cubic yard,

Note. This table is formed from the table for lincal measure by
maultiplying each lincal dimension by itself twice.

The truth of the above table will appear from the following considera-
tions.

If AB, AC, and AD be perpendicular to each other, and each of them
g lineal yard in length, then the figure DE b - N
is a cubic yard. : ]

Suppose DH a lineal foot, and HKLM
a plane drawn parallel to sidc B

By last table there are 9 square feet in
side DC. There will therefore be 9 cubic [
feet in the solid figure DL, lo i

Similarly if another lincal foot HN Ll M e e B
were taken, and a plane NO were drawn  \Jy -
parallel to I Lp there would be 9 cubic
feet contained in the solfll figure 770.

Similarly, there would be 9 cubic fect in the solid figure NE,

Therefare, there are 27 cubic fect in the solid figure DE, or in
1 cubic yard.

The following measurements may be added :

A Load of rough Timber =40 cubic feet.

A Loa® of squarcd Timber =250 cubic feet.
A Ton of Shipping =42 cubic feet.

H
1

¢ L 0
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MEASURES OF CAPACITY.
TABLE OF WINE MEASURE.

108. In this measure, by which wines and all
exception of malt liquors and water, are measured :

liquids, with the

4 Gills make 1 Pint............ 1 pt.
2 Pints ...... 1 Quart ......... 1 qt.
4 Quarts ... . 1 Gallon ....... 1 gal.
10 Gallons.... 1 Anker......... 1 ank.
18 Gallons.... 1 Runlet ....... 1 run
42 Gallons.... 1 Tierce......... 1 tier
2 Tierces. ... 1 Puncheon .... 1 pun.
63 Gallons.... 1 Hogshcad . .. 1 hhd.
2 Hogahcuds 1 Pipe. ....ouue. 1 pipe.
2 Pipes .. ... 1 Tun........... 1 tun.

TABLE OF ALE AND BEER MEASURE.
109. In this measure, by which all malt liquors and water aro

measured :
2 Pints .oveeeeins make 1 Quart e 1 gt
4 Quarts ...oeeviiiiiniinnins 1 Gallon .... 1 gal.
0 Gallons.......ooooovinnns 1 Firkin .... 1 fir,
18 Gallons.......ccoocvvnvninne 1 Kilderkin 1 kil.
36 Gallons.......... e 1 Barrel ... 1 bar.
1} Barrels or 54 Gallons... 1 Hogshead 1 hhd,
2 Hogsheads ......... ..... 1 Butt ...... 1 butt.
2Butts.......c.ooceeiinnen 1 Tun ...... 1 tun.

TABLE OF CORN OR DRY MEASURE.

110. In this measure, by which all dry commoditics, as corn, and
the like, which are not usually heaped above the measure, are measured :

2 Quarts ............ make 1 Pottle .. ... 1 pot.

2 Pottles...oevnenienniiiiines 1 Gallon ».... 1 gal.

2 Gallons ....... crereaniens 1Peck ......1pk.

4 Pecks cooiiiiiniiinnninnn, 1 Bushel.. ... 1bus. o
2 Bushels .o.ooovvinriinnnn, 1 Strike ...... 1 str.

4 Bushels ..o, 1 Coomb...... 1 coomb.
2 Coombs or 8 Bushels 1 Quarter ... 1gr.

5 Quarters.................. 1 Load.......% 1 load.

2 Loads or 10 Quarters...1 Last ......... 1 last.
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TABLE OF COAL MEASURE.
111. In this measure, which is not much used now, as coals aro sold
by weight:
4 Pecks make 1 Bushel.
3 Bushels...... 1 Sack.
36 Bushels...... 1 Chaldron.

MEASURES OF NUMBER.
TABLE OF NUMBER.

112, 12 Units coeeeenenne. make 1 Dozen,
12 Dozen cevvevvvvnneninnns 1 Gross.
20 Units .........ce .. 1 Score.
120 Units....oovnnneens .. 1 Long hundred.
24 Sheets of Paper ...... 1 Quire.
20 Quires ...... ..o 1 Ream,
10 Reams ..ocoveevveenennen 1 Bale.

MEASURES OF TIME.
TABLE OF TIME.

113. 1 Sccond is written thus 17,
00 Seconds make 1 Minute ....ccuuuvee 1.
00 Minutce ...... 1 Hour .....

A ycar is divided into 12 months, called Calendar Months, the num-
ber of days in each of which arc casily remembered by means of the
following lines :

Thirty days hath September,
April, June, and November:
Febluary has twenty-eight alone,
And all the rest have thirty-one:
. But leap-ycar coming once in four,
Fcbruary then bus one day mure.

A day, or rather a mean solar day, which is divided into 24 equal
porhom, called mean solar hours, is the standard unit for the measure-
ment of time, and it%s the mean or average time which clapses hetween
two successive transits of the Sun across the meridian of any place.
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The time between the Sun's leaving a certain point in the Eelipte
and its return to that point consists of 365242218 mean solar days, or
865 days, 5 hours, 48 minutes, 47} seconds, very nearly, and is called a
solar year. Therefore the civil or common year, which contains 365 days,
is about }th of a day less than the solar year; and this error would of
course in time be very considerable, and cause great confusion.

Julius Cesar, in order to correct this error, enacted that every 4th
year should consist of 366 days ; this was called Leap or Bissextile year.
In that year February had 29 days, the extra day being called ‘the
Intercalury’ day.

But the solar year contains 365242218 days, and the Julian ycar
contains 365°25 or 365} days.

Now 36525 — 365242218 = 007782,

Therefore in one year, taken according to the Julian calculation, the
Sun would have returned to the same place in the Ecliptic ‘007782 of a
day before the end of the Julian year.

Therefore in 400 years the Sun would have come to the same place
in the Ecliptic ‘007782 x 400 or 3:1128 days before the end of the Julian
year; and in 1257 ycars would have come to the samne place, ‘007782 x 1257
or 9°7819, or about 10 days before the end of the Julian year. Accord-
ingly, the vernal equinox which, in the ycar 326 at the council of Nice,
fell on the 21st of March, in the year 1582 (that is, 1257 years later)
happened on the 11th of March ; thercfore Pope Gregory caused 10 days
to be omitted in that year, making the 15th of October immediately
succeed the 4th, so that in the next ycar the vernal equinox again fell
on the 21st of March ; and to prevent the recurrence of the error, ordered
that for the future in every 400 years, 3 of the leap years should be
omitted, viz. those which complete a century, the numbers expressing
which century, are not divisible by 4; thus 1600 and 2000 are leap years,
because 16 and 20 are exactly divisible by 4 ; but 1700, 1800, and 1900
are not leap years, because 17, 18, and 19 are not exactiy divisible by 4.

This Gregorian style, which is called the n¥w style, was adopted in
England on the 2nd of September 1752, when the error amounted to
11 days. .

The Julian calculation is called the old style: thus Old Michaelmas
and Old Christmas take place 12 days after New Michaelmas and New
Christmas.

In Russis, they still calculate according to th® old style, but in the
other countries of Europe the new style is used. Sir Harris Nicolas in
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his Chronology gives the dates at which the new style was adopted in
different countries. Of course it was almost immediately adopted by
most of the Roman Catholic courts of Europe.

TABLE OF ANGULAR MEASURE.

114, 1 Second is written 1 sec. or 17,
60 Seconds make 1 Minute ......... 1 min, or 1,
60 Minutes ...... . 1 Degree ......... 1 deg. or 1°
90 Degrees........ 1 Right Angle... 1 rt. ang. or 90°,

The circumference of every circle is considered to be divided into
3060 equal parts, each of which is often called a degree, as it subtends an
angle of 1° at the centre of the circle.

115. An Act of Parliament “ror AscerTaINING AND EstaBLismning
Untrormity oF Wetents ANp Measunres,” in this kingdom, came into
operation on the first of January, 1826.

It is thereby enacted,

First; that the brass Standard Yard of 1760, then in custody of the
Clerk of the House of Commons, shall be the Imperial Standard Yard,
(the brass being at the temperature of 62° by Fahrenheit’s thermometer) ;
and that this Imperial Standard Yard shall be the unit or only standard
measure of cxtension, wherefrom or whereby all other measures of ex-
tension whatsocever, whether the same be lineal, superficial, or solid, shall
be divided, computed, and ascertained ; and that the thirty-sixth part of
this yard shall be an Inch.

Now the length of a Pendulum vibrating seconds in the latitude of
London, in a vacuum, and at the level of the sea, is found to be 39°1303
such inchcs, i.e. 39 such inches and 1393 ten-thousundths of another
such inch,

This affords the means of recovering the Imperial Standard Yard
should it be lost; In fact, the brass Standard Yard of 1760 was de.
stroyed or rendered usqless by the fire at the House of Commons in
1834,

Secondly; That the brass weight of one Pound T'roy of the year 1758,
then in the custody of the same officer, shall continue the unit or Stand-
urd Measure of Weight, from which all other weights shall be derived,
computed and ascertained; that 5760 grains shall be contained in the
l;:::nl,&andnd Ty Pound, and 7000 such grains in the Avoirdupois
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Now the weight of a cubic inch of distilled water is 252468 grains
Troy, the barometer being at 30 inches and the thermometer at 62°.
This affords the means of recovering the Imperial Standard Pound should
it be lost. In fact, the brass weight of 1758 was destroyed or lost at the
obove-mentioned fire, ,

Thirdly ; That the Standard Measure of Capacity for Liquids and
Dry Goods shall be “the fmperial Standard Gullon,” containing 10
Pounds Avoirdupois weight of distilled water, weighed in air at a tem-
perature of 62° Fahrenheit’s thermometer, and the barometer being at
30 inches.

Now this weight fills 277:274 cubic inches, therefore the Imperial
Standard Gallon contains 277:274 cubic inches.

The Imperial Bushel, consisting of eight gallons, will consequently be
2218192 cubic inches.

REDUCTION.

116, Repvorion is the method of expressing numbers of a superior
denomination in units of a lower denomination, and conversely. Thus
£1 is of the same value as 240d., and £21 as 5040d., and conversely ;
and the process, by which we ascertain this to be so, is termed Re-
duction,

First. To erpress a number of a higher denomination in units of a
lower denomination,

Rurk. “Multiply the number of the highest denomination in the
proposed quantity by the number of units of the next lower denomina-
tion contained in one unit of the highest, and to the product add the
number of that lower denomination, if there be any in the proposed
quantity ; repeat this process for each succeeding denomination till the
required one is arrived at.” -

Ex. 1. How many pence are there in £23, 15s.7 ~
Proceeding by the Rule given above, .
£23 . 158,
20 .
460+ 15 or 475s.
12

5700d. =
or £23. 15¢.=5700d.
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Reason for the process,
There are 20 shillings in £1.

Therefore there are (23x20)s. or 460s. in £23, and so there are
480s. +15s., or 475s. in £23. 15s.

Again, since there are 12 pence in 1s. ; therefore there are (475 x 12)d,
or 5700d. in 478s. i.e. in £23, 15s.

Ex, 2. Reduce 2 tons, 7 cwt., 3 qrs., 24 Ibs. into 1bs.

tons  cwt. qrs. 1bs.
7 3 . 24
20
40 +7 or 47 cwt.
4

188+ 3 or 101 qrs.

28

1528

582
5348 + 24

or 5372 1ba,
Ex. 3. Reduce 27 acres, 1 rood, 32 poles, into poles.
acres roods  poles

27 .1 . 32
4
108+1=109 ro.
40
4360 + 32
=4392 poles.

Ex. 4 Reduce 73 days, 21 hours, 10 minQites, 0 seconds, to seconds.
days hrs. min, sce,
73 . 21 . 10 ., 9

.24
292
146__ .
17562+ 21=1778 hrs.
___ %0
106380 + 10
=106390 min.
_
(3834004 0
6383409 scc
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Ex. 5. How many inches are there in 108 miles, 8 furlongs, 25
perches, and 2} yards ?
fles  fur, 8
oo . ¢, B &
8
848+ 6 =854 fur.
40
34160+ 25 per.
=34185
5%
170925
170921
188017} + 2} yds
=188020
36
1128120
564060

0768720 in.

Secondly. T express a number of inferior denomination in units of a
higher denomination.

Rure. “Divide the given number by the number of units which
connect that denomination with the next higher, and the remainder, if
any, will be the number of surplus units of the lower denomination.
Carry on this process, till you arrive at the denomination required.”

Ex. 1. How many pounds and shillings are there in 5700 pence 1

Proceeding by the Rule given above,

12 | 5700
2,0 \_475
£23. 158,
In dividing 475 by 20 we cut off the 0 and & by Art. (43),
Reason for the above process.

8ince 12 pence =1 shilling ; therefore in any given number of pence,

for every 12 pence there is 1 shilling, so that in 5700d. or (12x475)d
there are 475s.

Again, since 20s.< £1 ; therefore in any given number of shillings, for
every 20 shillings there is £1.
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Hence, in 470s., or (20 x 23 +15)s. there are £23, and 18s. over.

Note. Since each of the above Rules is the converse of the other, the
accuracy of any result obtained by cither of them may be tested by working
the result back again by the other rule,

Ex. 2. In 272668 inches how many miles &c. are there? Verify the
result,

In this Example it will be convenient to bring the inches to half-yards
and the half-yards to poles. In a half-yard there arc 18 or 3 x 6 inches,
and in a pole there are 53 yards or eleven half-yards.

3| 2726681
3| 908891 }

1| 15148-1 half-yard or 18 inches
40 | 137717 po.

8| 84-2fur

4

{
Iﬂ(

-

therefore the answer is 4 miles, 2 fur., 17 po., 22 in.
miles  fur. poles in.
Proof 4 . 2 .17 . 22
8
34 furlongs
40
1360 +17
=1377 poles
1377
11
15147 half-yards
18
121176
15147
. 22

272668 inches.

»
Ex. 3. Reduce 5813456 pounds to tons, and prove the correctness of
tho result.
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" 8813458-0
mé{’

4| 207623-3 qis.
2,0 6190,5—5 cwt,

2595
therefore the answer is 2595 tons, 5 cwt., 3 qrs., 121bs.
tons cwt, qrs. lbs.
Proof 2595 .6 .3 . 12
20
51905 cwt.
4
207623 qrs.
28
1660984
415246
12
5813456 1hs.
Ex. 4. How many grains of gold arc contained in 9 lbs, 11 oz,

13 dwts,, 20grs.? Prove the result.

lbs. oz. dwlis. pgrs.
9.11.13.20

m{;‘ }1211».

12
108+11::119 oz. in 9 lbs,, 11 oz.
20
2380 + 13 or 2393 dwts. in 9 lbs,, 11 oz., 13 dwts.
24
9572
4786
57432+ 20
or 57452 grs. in 9 1bs,, 11 oz., 13 dwt.., 20 grs.

4 | 57452-0
1)
Proof 24 { ¢ | Ta03—5

2,0 | 239,3
12 | 119-18 dwts.

9-11 o3.
therefore in 87452 grs., there are 9 1bs,, 11 oz., 13 dwta., 20 gra.

} 20 grs.
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Ex. 5. Reduce 49 acres, 28 poles, 10 yards, 8 feet, 112 inches, to
inches. Prove the result.
ac. yds. fi. in.
49 .5%.10.8.112
4
196 ro.
4
7840+ 28
=7868 poles
90
236040
_1967
238007 + 10
=238017 yards
9

2142153+ 8
= 2142161 feet
144
8568644
8568644
2]4"’10]
308471 N 4 + 112
= 3084712968 inches

Proof
12 30847]"‘)6 4
144{ - }112 8q. in
12 !
9 | T 21421618 sq. ft.

‘V)m )] 7

Now, since 30} or 121 5q. yds.>=1 aq. po.,, we multiply by 4, which
reduces the sq. 3ds intp quarters of sq. yds,, and then divide that result
by 121, or 11 x 11, which brings it into sq. poles,

238017
4

-t | 952008 -7 } 40 quarters of sq. yds.
{11 | 86551-3) or10sq. yds.
8q.
48 _ 786,8-28 sq. po.

TR
49
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. Therefore in 308471296 sq. in., there are 49 ac., 28 8q. po., 10 aq. yds.,
8 sq. ft., 112 sq. in.
Ex. 6. How many half-guineas are there in 537 Lalf-crowns?

Here both the Rules are requisite.
By Rule 1,

537 half-crowns = (537 x 5) sixpences=20685 sixpences.

Next, to find how many half-guineas there are in 2685 sixpences,

By Rule 2,
21 {3 E__’_—O } 18 sixpences ;
71 895-6
i

therefore in 537 half-crowns, there are 127 half-guineas and 18 sixpences.

Ex. XXXIII

(1) Reduce (verifying each result) ;

i

[-J

£57 to penee ; and 613 guineas to farthings.

£15. 124, to pence ; and 5000 guineas to pence.

8s. 41d. to half-pence ; and £1. 0s. 33d. to farthings.

£87. 15s. 6]d. to farthings ; and £393. 0s. 111d. to half-pence.
738 half-crowns to farthings ; and 570 crowns to fourpenny
picces.

2673 half-guineas to farthings ; and 22} guineas to sixpences.

(&) l"md the number of pounds in 5673542 farthings, and prove the
truth of the result.

(3) ITow many half-crowns, how many sixpences, and how many
fourpences, are there in 25 pounds?

(4) In G300 fourpences, how many half-crowns are there, and how
many half-guincas ?

(5) In 351 scven.shilling-pieces, how many hnlf-guinens are there,
and how many moidores ?

(6) Reduce, verifying the result in each case, the following':

1.

P

591bs., 7 oz, 14 dwts,, 19 grs., to grains; and 37400157 gra
to lbs,

56332005 scrs. to Ibs. Troy; and 536 1bs. to drams and scruplea.
7 tons, 15 cwt., 2 qrs., 16 1bs. to ounces; md’7563241 drs. to tons,
5838297 oz. to tons ; and 33 tons, 17 cwt., 3 qrs., 27 lbs,, 15 drs.
to drams.
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6. 17lbs, 2 %, 2 D to grains; and 34678 grs. Apoth. to 0z. Troy.
6. 375 cwt., 2qrs,, 15 1bs. to stones; and 573421 stones to tons.
7. 8m, 7 fur., 8 po. to yards; and 573 miles to inches.
8 1364428 in. to leagues ; and 74 m.,, 3 fur., 4 yds. to inches.
9. 4 lea, 2 m, 2 in. to barleycorns; and 50 m., 3 po. to yards,
10. 7 fur., 200 yds. to chains; aund G cubits, 1 span to feet.
11. 84 yds, 1 qr. to nails; and 56 Eng, ells, 1 qr. to nails.
12, 83 Fr. ells, 3 qrs. to nails ; and 73 Fl. ells, 1 qr. to nails,
13. 35 ac., 2 ro. to poles ; and 56 ac., 2 ro. to yards.
14. 3 ro., 37 po., 26 yds. to inches ; and 3 ac., 30 po. to feet.
15. 15 ac, B ro. to links; and 50000 po. to acves.
18. 29 cub. yds. to feet ; and 1568279 cub. in. to yards.
17. 17 cub. yds., 1001 cub. in. to inches; and 26 cul. yds, 19 cub,
ft. to inches.
18. 563 gals. to pints; and 365843 gills to gallons.
19. 5 pipes, 1 hhd., 35 gals. to pints; and 487634 gills to tierces.
20. 6 hhds, 1 bar. of beer to pints; and 2307621 pints of wine
to hhds.
21. 760 bus.,, 3 pks. to quarts; and 2 qrs., 1 coomb, 3 pks. to gallons.
22, 3659712 pints to loads; and 7 1ds., 1 qr., 2 bus. to pecks.
23. 250 chaldrons to bushels ; and 186043 pks. to chaldrons,
24. 50 rcams, 19 quires to sheets; and 52073 sheets of paper to
reams,
25. 36 wks., 5d., 17 hrs, to seconds ; and 1 mo. of 30 days, 23 hrs,,
59 sec. to seconds.
(7) How many barrels, gallons, quarts, and pints are there in 1330381
half-pints 1
(8) One year being equivalent to 365 days, 6 hours, find how many
seconds there are in 27 years, 245 days.
(9) From 9 o'clock r.ar, Aug. 5, 1852, to 6 o'clock a.m., March 3,
1853, how many hours are there, and how many scconds 1
(10) In England there are 50535 square miles ; in Wales, 8125 square
miles ; in Scotland, 29187 square miles : how many square acres do they

all contain?
L[]

COMPOUND ADDITION.

117. Coxrouxp Abprriox isthe method of collecting several numbers
of the same kind, bt containing different denominations of that kind,

into one sum,
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Rute. “ Arrange the numbers, 8o that those of the ssme denomina-
tion may be under each other in the same column, and draw a line below
them. Add the numbers of the lowest denomination together, and find
by reduction how many units of the next higher denomination are con-
tained in this sum. 8ect down the remainder, if any, under the column
just added, and carry the quotient to the next column : proceed thus with
all the columns.”

Ex. 1. Add together £2. 4s. 7}d., £3. 5s. 10}d., £15. 15s., and
£33, 120, 113d.
Proceeding by the Rule given above,
£ d.
2. 4. 7}
3. 5.10%
15.15. 0
33.12.11}%

£54 .18 . O}

Reason for the above process.

The sum of 2 farthings, 1 farthing, and 2 farthings, =5 farthings, =: 1
penny, and 1 farthing ; wo thercfore put down }, that is, one farthing,
and carry 1 penny to the columnn of pence. Then

(14114104 7)d.=29d.= (12 x 2+ 5)d.
or 2 shillings, and 5 pence ; we therefore put down 5d., and carry on the
2 to the column of shillings,

Then (2+12+15+5+4)s.=38s.=(20 x 1 +18)s.= £1., and 18s.; we
therefore put down 18s, and carry on the 1 pound to the column of
pounds, Then (1+33+15+ 3+ 2) pounds=4£54.

Therefore the result is £54. 18s. 53d.

Note. The method of proof is the same as that in Simple Addition.

Ex. 2. Add together 34 tons, 15 cwt., 1 gr., 14 1bs,; 42 tons, 3 cwt.,
18lbe. ; 18 tons, 19 cwt., 3 qrs. ; 7 cwt., G Ibs; 2 qrs., 191bs. ; and 3 tons,
7 lbe, ‘

tons cwt. qrs.  lbs L

34.156.1. 14

42, 3.0.18 .«
18.19.3. 0

0.7.0.6

0. 0.2.19

3.0.0. 7 L

dns. 99. 6.0. 8
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Ex. XXX1V,
£ & 4 £ a. £ d,
Mm1.7.86 @ 25.17. 0 3 33.16. 3%
6. 0. 3 63.15.10 67. 0. 7}
5.11. 4 24.19. 8 73.19.10}
8. 8. 8 81.17.11 2.9, 9}
2.1.11 7. 0. 3 47 .16 . 8}
£ s d £ s d. £ I3 d.
(4) 5.17 .10} (6) 63.15. 2} 6) 528 .14 . 113
3. 0.11 83. 8. 9¢ 854.19. 4
7. 8. 4} a1, 0,118 578 .18 . 0}
73.19. 8} 6. 7.104 507. 0. 0}
30 .14. 5} 6,17, 1% 850 . 14 . 11}
tons. ewt. qrs. Ibs.- or. drs. sc. g Ac. YO, PO,
(7 16.17.2.25 ® 22.3.2.19 ©® 82.2.24
13.10.0. 20 56 .0.1.10 8.3, 14
17.15.2.19 d.2.2.1 20.1,27
8. 0.3.27 15.6.1. 9 56 .0. 0
11.11.1.11 79.4.1.10 45 .3.30

(10) Find the sum of £28. 14+.6}d., £27. 18+ 41d., £79.124. 8d., £19.
18s. 10}d., and £85. 14 33d.; also of £678.10s. 2d., £325. 6s. 5d., L£487.
18s. 9d., £507. Os. 11d., and £779. 10s. 8d. ; also of £3568. 105, 33d., £259.
195, 5}d., £188. 115, 43d., £157.95.83d., £13. 13, 514., and £779. 8s. 8}d.;
also of £941. 14s. 24., £888. 174. 93d., £309, 195, 10Ld., £679. 24, 113d.,
£455, 16s., and £447. 0. 73d. ; also of £3066. 1Gs. 93d., £2. 11s.73d.,
£3795. O, 2]d., £37. 178, 03d., £48. Ox. 03d., and £59000. 142, 6d.; also
of £6491, £3651. 10s. 33d., £B000. Os. 11}d., £5510. 195, 10}d., £50430,
12s. 1}d,, £316. 14s. 5d., and £4850. 184. 4d. ; also of £306217. 13s. 83d.,
£55. 02.9d., £450§l2. 158, 23d., £98737. 1s. 51d., and £2930.3s.113d. : and
prove the result in cach gase.

(11) Add together 21bs, 90z, 1 dwt., 23grs.; 8lbs, 6oz, 4 dwts,
20grs.; 11h, 10 0z, 5 dwts, 12grs.; 141bs, 11 0z, 14 dwts, 19 grs.; and
211bs, 8oz, 13 dwts,, 11 grs.; also 221hs,, 7 dwts, 15 grs.; 151bs,, 11 0z,
18grs.; 841bs, 9oz, 12dwts.; T41bs, 10z, 1dwt, 20grs.; and 461bs,,
110z, 16dwts., 19grs.: also 17400z, O dwts., 19 grs.; 41790z, 11 dwts,
14 grs.; 8497 0z., 12 dweis,, 22 grs.; 5620 0z, 19 dwts., 17 grs.; and 1038 oz,
4dwta, 14grs.: verify each result.

(12) Add togsther 3 drs., 2 scr., 19 grs.; 2 drs., 2scr., 11gran; 7 drs
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17 grs.; 6 drs, 1 scr., 9 grs.; and 5 drs,, 1 sor, 13 grs.: also 10 Ibs,,
8oz, 4drs., 1ecr.; 681bs,, 100z, 2drs.; 19 1bs, 9oz, 3drs., 2sor.; 551bs,,
@drs.; and 791bs, 11 0z, 4drs, lecr.: also 131bs, 6oz, 7drs., 2scr,
17gra.; 191bs, 110z, 1scr, 18grs.; 361bs, 3oz, 2scr, 19gms.; 6oz,
7 drs., 7 grs.; and 176 1bs,, 96 gra.: explain the process in each case.

(13) Find the aggregate of 181bs,, 14 0z., 6drs.; 9 Ibs, 60z, 15 drs.;
451bs., 9 oz., 8 drs.; 91bs,, 15 0z, 4 drs.; and 14 1bs, 120z, 12dre. : also of
1cwt, 2gqrs, 261bs, 10 oz.; 11 cwt, 18 1bs, 9 oz.; 13 cwt, 3 qrs,
171bs, 140z.; 7 cwt, 1qr, 251bs, 9oz; and 19 cwt., 2 qrs, 191bs,
14 0z.: also of 308tons, 15cwt., 2qrs, 151bs.; 731 tons, G cwt., 3 qus,
24 lbs.; 279 tons, 7 cwt., 101bs.; 86 tons, 9 cwt.,, 1qr, 171hs. ; and
10 cwt., 2 qrs., 16 1bs.: also of 23 tons, 12 cwt., 151bs,, 12 0z.; 68 tons,
17 ewt., 1 qr., 100z.; 67 tons, 3 qrs, 15 0z.; 19cwt., 271bs.; and 3 tons,
13 1bs,, 13 0z.: prove the results.

(14) Find the sum of 11 yds,, 2 ft,, 9in.; 27 yds., 1ft., 3in. ; 36 yds.,
2ft, 10 in.; 48 yds, 2ft, 11in.; and 51 yds, 1ft.,, 8in.: also of 26 m.,
7 fur, 23po, 3yds.; 22m., 5fur, 27 po, 5yds.; 37 m., 4 fur., 3yds.;
86 m., 6fur, 38po., 3yds.; and 25m, 1 fur, 29 po., 2} yds.: also of
14m, 7 fur, 23po,, 21 yds, 2ft, 11in.; 12m,, 5 fur.,, 1yd, 2ft., Sin.;
27 m, 2fur, 13po, 3} yds, 1ft, 10in.; 36m., 6fur, 33 po., 4} yds,
2ft, Gin.; and 76m,, 1 fur, 21 po., 3yds, 1ft, 7in.: also of 2 lea.,, 1 m.,
8fur, 103 yds.; 67 lea, 3 fur, 157 yds.; 11lea, 1 m., 93yds.; 9 lea, 2 m.,
& fur,, 87 yds.; and 34lea,, 2m,, 7 fur., 198 yds.

(15) Find the sum of 43yds, 2qrs, 3na.; 37 yds, 2qrs., 1na.;
23 yds., 3qrs,, 2na.; 41 yds,, 2 qrs,, 2na.; and 88yds,, 2qrs, 3na.: and
of 11 Eng. ells, 2 qrs,, 3na.; 13 Eng. ells, 2 qrs,, 1 na.; 39 Eng. clls, 4 grs.,
2 ma.; 37 Eng. clls, 4qrs,, 3na.; and 79 Eng. ells, 3na.: and prove each
result,

(16) Find the sum of 25 ac., 2 ro,, 16 po.; 30 ac., 2 ro., 25 po.; 26 ac.,
2ro,, 35 po.; 63ac, 1ro, 31po.; and 34ac, 2ro., 29 po.: also of 5ac.,
2 ro, 156 po., 25§ sq, yds, 101 sq. in.; Bac, 1ro, 35 po., 12} sq. yds.,
878q.in.; 42 ac,, 310, 24 po, 231sq. yds, 57sq.in.; 42 ac., Zro., 5 po.,
133sq. yds, 23sq.in.; aud 17 ac, 24 po., 30 sq? yds,, 113sq.in. : explain
cach process.

(17) Find the sum of 3¢.yds, 23 c. ft,, 171 c.in.; 17 c. Yds, 17 c. 1,
Slc.in.; 28¢.yds, 26 c.ft, 1000 c.in.; and 34c. yds, 23c. ft., 1101 c.in:
aleo of 12 po, 18sq. yds, 7sq.ft, 35sq.in.; 13 po., 24} sq. yds., 82q. ft.,
63 sq. in.; 14 po,, 29} sq. yds, 5 sq. ft,, 131 5q.4n.; 15 po, 19 sq. yds,
31q.ft,126 sq.in.; and 16 po., 28} sq. yds, 130 sq. in.

(18) Add together 39 gals, 3 qts, 1pt.; 48 gals, 2 qts, 1pt;
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36 gals., 1pt. ; 74 gals, 3 qtes; and 84 gals, 3qts,, 1 pt.: also 2 pipes,
42gals,, 3 gts.; 36 gals,, 1 qt.; & pipes, 48 gals. ; 12 pipes, 53 gals., 3 gts.;
and 27 pipes, 2 qts.,, of wine : also 10 hhds., 10 gals,, 3 pts.; 29 hhds.,
50 gals., 7 pts. ; 116 hhds., 46 gals,, 5 pts. ; 2 hhds., 2 pts.; and 235 hhds,,
1 bar., 3qts., of beer.

(19) Add together 14 qrs, 6 bus, 3 pks., 7 pts.; 37 qrs,, 5 bus,,
13 pts.; 43 grs.,, 2 pks,, 14 pts.; 57 qrs, 7 bus., 3pks, 12pts.; and
106 qrs., 4 bus., 13 pts.: also 371ds,, 37 bus,, 2pks.; 92 1ds,, 24 bus,
8 pks.; 136 1ds., 28 bus,, 1 pk.; 1571ds., 36 bus., 2 pks.; 5401ds., 1 pk.;
and 736 1ds., 39 bus.

(20) Add togcther 4 mo., 3w, 5d., 23h,, 46m.; 5mo,, 1d., 17h,,
57m.; 6mo., 2w., 1h.; 1w, 6d,23h., §9m.; and 11 mo., 1 w., 58 m. :
also 7 yrs., 28 w,, 38.; 26 yrs,, 5 w., 5 d.; 68 yrs.,, 6d., 23h., §98.; 43 w.,
23h,, 50 m., 12s.; and 124 yrs,, 14w, 19h,, 37s.

(21) When B was born, A’s age was 2 yrs,, 9mo., 3w., 4d. ; when
C was born, B’s age was 13 yrs., and 3 d. ; when D was born, C’s age was
9mo,, 2w, 3d.,, 23h.; when E was born, D’s age was 6 yrs,, 11 mo.,
23 hrs.; when F was born, E’s age was 7 yrs,, 3 w,, 5d., 15 h. What was
A’s age on F’s 5th birth-day ?

118. If other fractions of a penny, as well as those which denote
farthings, be involved, the process is exactly the same as the above ; those
fractions being first added together by the ordinary rule of Addition of
Fractions. For example, add together, £11. 45, 5}d.; £12. 2s. Tyd.;
£4.7s. 8§d.; £5. 3s. 2§d.; and £6. 10s. 0}d.,

£ . d

-

11 .

4. 5} Now(l++§++2d
12. 2. T =4+ +§+Dd =+ 3+ Py +35)d.
4. 7. 3% =(1+§8)d.=1}4d.
5. 3. 2%  we therefore put down }4d, carry on 1 to the
6.10. 0} column of pence, and proceed by Rule, Art. (117),
£9. 7. 6]¢ R

Ex. XXXV.

(1) Add‘together £2.0s.7§d.; £12.16s.0}d. ; £4. 144.84d. ; £10. Os,

03}d.; £1. 7s. 53d.; and £14. 15s. 7y3d.
* (2) Find the sum of £20. 16s. 5}d.; £14. 15s. 03d. ; £5, 13¢. 8}3d. 3

£33, 192. 13d.; and £1G 3s. 44d.
(3) Find the sum of £1.3s.63d.; £2.4s. 7%d.; £3. 52, 8§d. ; £4.9s.

133d.; and £0. 16s. 6}3d.
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() Add together £23. Gr. 03d.; £4. 0s. O}d. ; £57. 17s. BL§d. ; £96,
10s. 114, ; and £157. 7s. T31d.

(5) Add together £273. 165.733d.; £370, 11s. 34d. ; £621. 13¢.9}d.;
£107. 4s. 113d.; and 58yd.

COMPOUND SUBTRACTION.

119. Cosmrounp Suntiacrion is the method of finding the difference
between two numbers of the same kind, but containing different denomi.
nations of that kind.

Rure. “Place the less number below the greater, so that the num-
. bhers of the same decnomination may be under each other in the same
column, and draw a line below them. Begin at the right hand, and
subtract if possible each number of the lower line from that which stands
above it, and sct the remainder underneath. But when any number in
the lower line is greater than the number above it, add to the upper one
as many units of the same denomination as make one unit of the next
higher denomination ; subtract as before, and carry one to the number of
the next higher denomination in the lower line : procced thus throughout
the columns.”

Ex.1. Subtract £88. 18 8}d. from £146. 19s. 6}d.
Proceeding by the Rule given above,
£ . d
146 . 19 . 6}
38 . 18 . 8%

£8. 0.9
Reason for the above process.

Bince §d. is greater than }d., we add to }d. 4 farthings or 1 perny,
thus raising it to 5 farthings; and when 2 farthings gre subtracted from
& farthings, we havoe 3 farthings left ; we therefore place down id.: and
in order to increase the lower number equally with the upper number, we
add 1 penny to the 8 pence.

Now 9 pence cannot be taken from G pence; we thcmfore add 12
pence or 1s. to G pence, thus raising the latter to 18d.: we take the 9d.
from 18d.,and put down the remainder 9d.; then adding 1s. to 18s., the
latter becomes 19s.: 19s. taken from 19s. leave®io remainder: we then
subtract £88. from £146.,, as though they were abstract numbers, It is
manifest that in this process, whenever we add to the upper line, we also
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add & number of the same value to the lower line, so that the final differ

ence is not altered.
Ex. 2. Subtract 108 lbs, 11 o2, 18 dwts, from 144 lbs, 8 oz,
14dwts.
ib, od.  dwts.
14, 8. 14
106 .11 .16

37T. 8.10

Ex, XXXVI.

£ s« 4 £ . d
(1) 43.11.5 @ 149. 4.6}
23. 2.7 86 .13 . 2]
(3) 309 .13, 11} @) 5875, 0.0
119 . 19 . 10} 49086 . 19 . o
(6) 343 .18 . 5} ©) 663. 5.11}
1.18. 5% 349 .19 . 0}
ewt, qr.  lhs oz fur.  po. yds.
(7) 63.0.18. 1 ® 14.34.5
68.1.12.10 1.38.4
ac. o po. qrs.  bus. pk. gal
© 63.1.29 (10) 64.3.1.0
57 .2.38 8.56.3.1

(11) Subtract £456. 155, 113d. from £534. 13s. 10}4. ; and prove the

result. .
(12) Find the differcnec between the fullowing numbers, and verify
the results :
1. 426.1bs, 8oz, 1 dwt, 7 grs, and 388 lbs, 3 oz, 11 dwts.,
21 grs.
583G 1bs., and 4976 1bs., 7 oz., 13dwts., 19 grs.
26 tons, 2 grs., 23 11s,, and 19 tons, 3 cwt., 3 qrs., 18 Ibs,
806 tons, 14 ¢ét., 7 lbs., and 780 tons, 16 1bs.
144 1bs,, 9 0z., 4 drs,, 1 scr., and 129 1bs., 7 drs,, 3 scr.

O 1
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6. 418 yds., 1 gqr., 1 na,, and 387 yds., 3 qrs., 3 na,
7. 15 yds, 1 ft., § in,, and 13 yds,, 2 ft., 7 in.
8. 99yds., and 87 yds,, 1 ft.,, 11 in.
9. 13 m,, 6 fur., 35 po., 3% yds., and 12 m., 38 po., 4 yds.
10. 35 lea., 4 fur., 23 po., 4 yds., 1 ft., and 28 lea., 5 fur,, 39 po.,
4} yds,, 2 ft.
11. 56 ac., 2 ro., 34 po., and 48 ac., 3 ro., 38 po.
12. 3 ro., 28 po., 27 8q. yds., 7 sq. ft., and 1 ro., 39 po., 28} sq. yds.,
8 sq. ft.
13. 37 cub. yds,, 18 cub. ft., 857 cub. in., and 35 cub. yds., 24 cub. ft.,
1280 cub. in,
14. 203 tuns, 19 gals., 3 qts., 1 pt., of wine, and 187 tuns, 1 hhd.,
29 gals., 2 qts.

15. 83 bar,, 2 fir,, 7 gals,, of beer, and 77 bar., 2 fir., 8 gals., 20 qts,

16. 23 lds,, 2 qrs,, 5 bus., 3 pks., and 18 lds., 2 qrs., 6 bus.

17. 216 yrs., 9 mo,, 2 w., 4d,, and 217 yrs.

18 The latitude of St Peter’s at Rome is 41°, 53/, 5§4” north, and
that of St Paul's at London is 51°, 30’, 49” north. Find the
difference of their latitude.

19. What sum added to £947. 19s. 73d. will make £1000 ?

20. A furnished housc is worth £4759. 10s. 9}d. ; unfurnished, it
is worth £1494. 11s 93d. By how much does the value of
the furniture excced the value of the house ?

120. If other fractions of a penny than those which denote farthings
be involved, we must apply Rule, Art. (7G), in order to find the difference
of the fractions, and then procced by Rule, Art. (119),

Ex. 1. Subtract £0. 14s. 63d. from £14. 0s. 53d.

£ e a.

14. 0. 5}
9.14. G} (3-1)d.=358%d. = }d.
£4. 6. 11} )

Ex. 2. Subtract £7. 15s. 7}}d. from £10. 0s. 03d.
1} is greater than 3, therefore weadd 1 to §,

£ s @ which makes it .
0. 0. 03 Now ¥ -} =22 =31
.15, H We must repay*the 1d. by adding 1d.

£2. ¢. &} to 7d.
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Find the difference between

(1) £3.13s. 93d., and £2. 15s. 5}d.

(2) £20., and £16. 15s. 0§d.

(3) £23.13s 73d, and £19. 19s. Tjd.

(4) £416.10s 51d., and £305. 11s. Ofd.
(6) £2168. 1s. 7,44., and £364. 2s. 5}3d.

COMPOUND MULTIPLICATION.

121. ComrouNp MuLTIPLICATION is the method of finding the amount
of any proposed compound number, that is, of any number composed of
diffcrent denominations, but all of the same kind, when it is repeated a
given number of times,

Rure. “ Place the multiplier under the lowest denomination of the
multiplicand ; multiply the number of the lowest denomination by the
multiplier, and find the number of units of the next denomination con-
tained in this first product ; if there be a remainder, place it down, adding
on the number of units just found to the second product ; for this second
product, multiply the number of the next denowmination in the multipli-
cand by the multiplier, and after carrying on to it the above-mentioned
number of units, proceed with the result as with the first product; carry
this operation through with all the different denominations of the multi-
plicand.”

Ex. Multiply £56. 4s. 6}d. by 5.

Proceeding by the Rule given above,

L s+ 4
56 . 4 . 6}
[

. | 4281.2.8}

Reason for the above process.
3d. muliplied by & is the same as (§ +} +3+} + })d.= 5 half-pence
=2}d.; we therefore put down }d., and carry on 2d. to the denomination
- of pence:
6d. multiplied hy §= 30d.; therefore (2 + 0 x 5)d. =32d.=(2 x 12 + 8)d.
=2¢.4-8d.; we therefore put down 84., and carry on 24, to the denomina-
tion of shillings:
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4. multiplied by 5=20s.; therefore (2+4x5)s, = 22¢, = (20+2}s.
& £1+ 25, 5 we therefore put down 2s,, and carry on £1 to the denomine.
tion of pounds:

Now by Simple Multiplication £56 x 5= £280; therefore £(1+56 x5)
= £(1+280) = £281.

Therefore the total amount is £281. 2s. 814d.

122, When the multiplier exceeds 12 it will be the easiest method to
split the multiplier into fuctors, or into factors and parts: thus 16=38x 5;
17=8x5+2; 23=4x5+3; 240=4x6x10: and so on,

Ex. Multlply £55, 125, 9}d. by 23,

£
55 . 12 9}
4

222 . 11 . 1 = value of £55. 12s. 9}d. multiplied by 4.
b

1112 . 15 . 6 = value of £222. 11s. 1d. multiplied by &, or of
£55. 12s. 91d. multiplied by (4 x 8, or 20).
166 . 18 . 3} =valuc of £55, 12¢. 9}d. multiplied by 3.

£1279 . 13 . 8} =valuc of £55. 125, 9}d. multiplied by (20+3), or 23.

Note 1. When the multiplicand contains farthings, if one of the
factors of the multiplier be even, it will often be advantageous to use it
first, as the farthings may disappear.

Note 2. Should the multiplier consist of many factors, it will be found
in that case convenient to reduce the multiplicand to the lowest denomi-

nation contained in it, then to muluply this result by the mulupher, and
then to reduce the result back again.

Ex. XXXVIIL

Multiply

(1) £11. 13s. 6d. scparately by 2 and 5. '

(2) £2.18s. 71d. separately by 4 and 6.

(3) £1.16s. G}d. separately by 7 and 9.

(4) £2.15s. 2}d. separately by 5 and 8.

(6) £3.16s. 0}d. separately by 11 and 12.

(6) £7. 19s. 73d. scparately by 10 and 12. .

(7) £347. 15s. 93d. separately by 3 and 11.

(8) £683. 0s. 10d. separately by 13 and 16.
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(9) £1875. 13s. 83d. separately by 21 and 64.

(10) £721. 0s. 5}d. separately by 81 and 96.

(11) £5072. 12s. 8}d. separately by 112 and 128.

(12) £1100. 11s. 9}d. separately by 62, 82, and 93.

(13) £2579. 0s. 03d. separately by 147, 155, 474, and 2331,

(14) 86 1bs., 7 0z., 16 dwts., 11 grs. separately by 8 and 36.

(15) 3 toms, 27 1bs., 13 oz. separately by 11 and 76.

(16) 451bs,, 7 oz, 3drs,, 2sc. separately by 12 and 68.

(17) 67yds., 1qr., 2na. separately by 9 and 53.

(18) 70 yds, 2ft., 10 in. separately by 7 and 29.

(19) 67ro., 38po., 27 yds,, 2ft. scparately by 11 and 112.

(20) 380ac., 3ro., 32 po. separately by 12 and 106.

(21) 57 gals,, 3 gts. separately by 10 and 257,

(22) 76 qrs, 5 bus,, 2 pks. separatcly by 13 and 240.

(23) &5 wks, 6d, 181h., 14 m. separately by 11 and 339.

(24) 84hhds, 43 gals, 1 pt. of wine separately by 27 and 364.

(25) 43 bar, 13gals, 1qt., 1 pt. of beer separately by 39 and 764.

(26) A person huys 67 lambs at £1. 0s. 9}d. each; 73 sheep at
£2. 2. 11}d. cach; 12 cows at the average of £37. 0s. 23d. for every 3 of
them; and 17 horses at 37 guineas cach : the expenses of getting them
all home amount to 17} guincas. What money must he draw from his
bankers to pay for the whole outluy ?

(27) 'There are 7 chests of drawers: in each chest there are 18
drawers ; and in each drawer 8 divisions ; and in each division there is
placed £16. 4. 8d. How much moncy is deposited in the chests ?

123. If the multiplicand contain, instead of farthings, some other
Jraction of a penny, the process is cxactly the same as the above : thus,
Ex. 1, if we had to multiply £22, 15s. 4fd. by 43 ;

43=5x8+3
FA s d.
22, 15, 4}
8
' 182, 8.1  for fd. x8=40d.=0d.
5
010.15.5

68, 8.1} for fd x3=Yd.~1{d.
e, 1.6 8
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Ex, 2. Multiply £38. 10s. 0}4d. by 231.
231=T7%x33=Tx3x1l.

L d
36.10.0}¢
7

255 .10, 43  for H4d. x7=19d.= 4P d.
3

768 .11 . Ofy  for Bd.x3=4d.
n

£8432 . 1,34  for 8d x11={d.~3}d.

Ex. XXXIX.

(1) Multiply £6. 12s. 83d. separatcly by 3, 11, and 57.

(2) Multiply £75. 13s. 9}d. separately by 4, 15, and 88.

(3) Multiply £709. 17s. 111} separately by 6, 26, and 120.
(4) Maultiply £525. 14s. 0542, separately by 42, 44, and 163.
(8) Multiply £125. 10s. 113}d. scparately by 48, 144, and 577.

COMPOUND DIVISION.

124. Cowmrounn Division is the method of dividing a compound
number, that is, 8 number composed of several denominations, but all of
the same kind, into as many cqual parts as the divisor contains units; and
also of finding how often ons compound number is contained in another
of the same kind.

When the Divisor is an abstract number.

Rure. “Place the numbers as in Simple Division: then find how
often the divisor is contained in the highest denpmination of the dividend ;
put this number down in the quotient; multiply as in Simple Division
and subtract ; if there be a remainder, reduce that remainder to the next
inferior denomination, adding to it the number of that denomination in
the dividend, and repeat the division : carry on this process through the
whole dividend.*

Ex. 1. Divide £199. Gs. 84 by 130, M
Proceeding by the Rule given above,
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£ & 4
130) 199 . 6. 8 (1£
130
69
20
130) 1386 (104,
190
86
12
130) 1040 (8d. -
1040

Therefore the answer is £1. 10s. 84.

Reason for the above process.

We first subtract £1 taken 130 times, from £199. Gs. 8d., and there
remains £69. Gs. 84.

Now £69. 0s. 84.=1380s. 8d.; from this amount we subtract 10s. taken
130 times, and thero remains 86s, 8:.

Again, 86s. 84.=1040d.; from this amount we subtract 8d. taken 130
times, and nothing remains.

Therefore £1. 10s. 84. is contained 130 times in £199. Gs. 84.

Ex. 2. Divide £1076. 4s. 33d. by 527.

£ . 4
527) 1076 . 4 . 3% (2£
1054
22
2
444 (0s.
_1z
§27) 5331 (10d.
527
61
4
- 527) 247 (0g.
Therefore the result is £2. 0s. 10d., and there remains 247 farthings to
be divided by 527, whi¢h division will clearly not give so much as one
farthing.
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Therefore the quotient is £2. 0s. 10d. 0§47q.
Note. When the divisor is not greater than 12, the division can be
easily performed in one line: thus for example, divido £8. 18s. 6d. by 12.
£ [3 d.
12 I 8 .18 . 6
14 . 10
Since we cannot divide 8 by 12, we reduce the £8 to shillings, and
adding in the term 18s., we have to divide 178s. by 12; we obtain 14s.,
with remainder 10s. ; and since 10s.=120d. ; therefore, adding in the term
6d., we have to divide 126d. by 12 ; we obtain 104, with remainder 6d.:
and since Gd.=24q., we divide 244. by 12, and thus we obtain 2¢., or }d.

Ex. XL.
(1) £7.16s. 2d.+2, (2) £6.8s.9d.+8.
(8) £75. 8s. 63d.+ 2. (4) £19. 145 93d.+ 3.
(5) £245. 14s. 8d.+ 4. (6) £86. 16s. 5}d. - 5.
(7) £82.13s, 73d.+0. (8) £435. 17s. 2}d.+T.
(9) £409. Gs. 2d. = 8. (10) £605. 0s. 1}d.+9.
(11) £386. 16s. 5}d. =11, (12) £478. 14s. 6d.+12.
(13) £33.18s. Cd.+23. (14) £39. 1a. 5}d.+31.
(15) £12. 185, 4}d. 39, (16) £165. 15s. 83d.+139.
(17) £062. 1a. 7}d. 198, (18) £2728.+744.
(19) £1288. 1s. 8d.+754. (20) £37.3s. 1d.+74.
(21) £492710. 1s. 8d.+ 6352, (22) £162. 3s. 6d. - 156.
(23) £130264. 9s. 6d.- 9416, (24) £1748+2797.
(25) £2048. 185, 9d. = 357, (26) £344. 0s. 8}d. <129,
(27) 1283 cwt., 41bs. 75, (28) 178 cwt., 3qrs, 14 1bs. + 83,

(29) 206mo. of 28 days, 4 d.+26. (30) 684d.,8h., 9m.+47.

(31) 15cwt., 271b.,, 1102.+456.  (32) 76 cwt.=963.

(33) 75ac., 3ro., 39 po,+26. (34) 13ac, 1ro.-147.

(35) 91yds, 2qrs., 1 na.+903. (38) 97 qrs, 3bus, & pks.+107.
(37) £12+:000625 ; and £36-+-001875.

125, It may sometimes be found convement to break up the divisor
into factors : thus,

Ex.1. Divide £37. l4c.by24.
4x6. ‘
24{ 37 1.0
9. 8.6 ¢
£1.11.8
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Ex. 2. Divide £131. 2s. 8}d. by 48, and also by its factors 3 ard 3,

and shew that the results coincide.
£ o 4
48) 131, 2, 8} (24,
06

36
20
48) 702 (14s.
48

222
192

—

30
12

48) 308 (7d.
336
32
4
48) 130 (29
06
34
Therefore the quotient is £2. 14s. 73d. 3{q.
Now, dividing by the factors 6 and 8, we get
£. . 4.
6j131. 2.8}
8| 21.17.11) (‘."Ll{ -
2.14.7431 8 8 24)
* o Ex XLIL
In the following examples, divide by the numbers themselves, and
then by any factors composing them ; and shew that the results are the
same.

(1) £440. 162, 9}d.+15. (2) £678.19s. 0d.+ 32,
(8) £123.13%. 0}d.+99. (4)  £236.17s.+96.
(5) £371. 2. 0}d. M8, (©) £315.11s. 7}d. +42.

(7) £072.15:.10}d.+132,  (8) £860. 112 1}d.+198,
(9) £2016. 2. 21d.+108, (100 £3363, 0s. 113d.+528.
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126. If the Divisor be 10, 100, 1000, &c., the operation of Division is
usually performed, by pointing off as decimals, one, two, three, &c. figures
accordingly at the right hand of the dividend.

Thus, Ex. 1: Divide £5362. 10s. by 100.

Long Method. Usual Method.
£, . £. s
100) 6362 . 10 (634 5362 . 10
500 -2
362 1240+ 10s.
300 =1250s.
62 12
20 6004,

1240 + 10 =1250s,
100) 1250 (12s.

100
250
20
50
_12
100) 600 (Gd.
500
Therefore the quotient is £53. 12s. 6d.
Reason for the above process.
£6362 | 10s.
) - = — —_—
£8362. 10s.+100 100 + 100
10s. £62  10s.
GO o &hae 208
= £5362+ 100 £83+ 100 * 100
(62 x 20)s. | 10s,
=83+ 5006 e
- (1240+10)sa
£53+ oo —
1250s. .
= £53+ 300"
= £63+12'50s.
50s.
= £83+12s. 4+ 100 .
= £33+ 12,4+ 80X 12)d

100
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=£53+12s. +64d.
=£53, 125, 6d.
Ex. 2. Divide £1668, 15s. by 15C0.
1500=3x5x100;
first divide by the factors 3 and 5, and then by 100: it will bo found best
in all cases of this kind to do so.
8.

311668 . 15
5| cs6. 5

£1411. b
20
2:2bs,
12
8:00d. )
Therefore the quotient is £1. 2¢. 3d.
’ Ex. XLIL
(1) £396. 9. 2d.+10. (2) £1787. 10s.4100,
(8) £2025--1000. (4) £1447. 18s. 4d.+1000,
(5) £262. 10s.+2400. (6) £20380, 4s. 2d. 25000,

(7) 2lac., 3ro., 17 perches x ‘02 ; and £375. 3s. x 0507.
(8) 24ac., 3ro., 10perches x 112, and x11-2,
127. When the divisor and dividend are both compound numbers of the
same kind.
Rute. “ Reduce both numbers to the same denomination : divide as
in Simple Division, and the result will be the answer required.”
Ex. How often is 5s. 33d. containcd in £15. 81, 9d. 1
Proceeding by the above Rule,
s

d. £. s d.
5.8} 15.18.9
12 20
d3 318
_4 _12
255 3825
4
15300
255) 15300 (60
1530

Therefore 6O is the answer.
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Reason for the above process.
&e. 33d. =255 farthings,
£15. 18s. 9d.=15300 farthings ;

and 255 farthings subtracted 60 times from 15300 farthings leavc no re-
mainder.
Ex. XLIIIL

(1) £2. 125 3d.+1s. 43d.

(2) £65. 185.103d.+ £2. 8s. T3d.

(3) £160. 4s. 8}d.+ £1. 10s. 634,

(4) 4£401. 4s. 3d, - £2. 115, 51d.

(6) 44cwt, 2qrs., 11 1bs.+1 cwt., 2 qrs., 17 1bs.

(6) 272yds, 1qr.+7 yds, 2qrs, 1na.

(7) 9487 bus.,, 2 pks,--143 bus., 3 pks.

(8) 1416ac., 2ro., 16 po.+4 ac., 3r0., 27 po.

(9) 67lea., 1mi, 956 yds.+7 fur., 87 yds., 1ft., 5 in.

(10) 617 1ds, 1qr.=12qrs., 1pk.

128. We shall now add some cxamples of the Multiplication and
Division of numbers, comprising different denominations, but of the same
hind, by mixed numbers.

In the case of Multiplying by a mixed number, it will generally be
found advantageous, first to multiply by the integral part, and then to
add to the result thus obtained the result given by multiplying by the
fractional part.

Thus, for example: Multiply £2. Gs. 84. by 3.

(£2. 5. 8d.) x 3=£7.
(£2.6s.84) x 7 - £10. Gs. 84d.
10 10
Therefore (£2. Gs. 8d.) x 3, = £7 + £1. 12s. 84.= £8. 12s. 84.
In Division it will be found advantageous to reduce the mixed number
{o an improper fraction.
Thus, for example : Divide £80. 17s. 63d. by 103d.
103=19.

Now £89.17s.63d.+ Y= Mi_ﬁd_)’_‘_

=£1.12s. 8d.




Therefore the quotient is £4. 11s. 0} §d.

M
®
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m
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£ s 4
89 .17 . 6}
4

79) 359 .10 . 3 (4L

816
43

20

79) 870 (11,

79

80

79

1

12

79) 15 (0d.

Ex. XLIV,
£13. 12¢. 11}d. x 2. 0))
£40. 11s. 63d. x 575 @)
4 mi., 3 fur,, 37 po., 4} yds. x 5§. (6)
£50. 10s. 7d. 3. (®)
£9. 9s. Tofd. =31 (10)
£20, 18s. 25} 5d.+ 12} 2. (12)

£7. 0s. 04d. x 3§.

3 ro., 35 po., 27} yds. x 814,
84 tons, 13 cwt., 3 Ibe. x 23f.
507 cwt., 2 qrs., 8 1bs. + 13§,
6491 yrs., 8 mo.+ 375, .
871 yds., 2 grs., 1 na.--23§.

Miscellaneous Examples, depending on Arts. (116—128), worked out.

Ex.1. A person bought 500 yards of cloth at 156s. 9d. a yard, and
retailed it at 10s, 3d. a yard : what was his profit 1
His profit on 1 yard =16s. 3d.—15s. 9d.

=§d.,
therefore his whole profit = (6 x 500)d.

= 2508,
=£12. 104,

. Ex 2. Aspring of water, which yields 75 gallons an hour, supplies
600 families : how much water may each family use daily 1
The daily supply ofgwater = (75 x 24) gallons ;

therefore each family may use daily

75 x 24

600 or 3 gals.
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Ex.3, How many revolutions will a wheel, which is 4 yards in cir.
cumference, make in 3 miles ?
3 miles=(3 x 1760) yards=5280 yards,
and since the wheel passes over 4 yards in one revolution ;

E_i&o or 1320 = number of revolutions required.

Ex. 4. The value of a mark being 13s. 4d., and that of a moidore
275, how many half-crowns are there in 30 marks+ 40 moidores ? .

30 1narks + 40 moidorcs=(13s. 4d.) x 30+ 27s. x 40
= (160 x 30)d. + (27 x 12 x 40)d.

= (4800 +12960) d.
=17760d. .
1 half-crown=30d. ;
theref ber of half-crowns required = 17760
refore num q 3
=592,

Ex. 5. How many guineas, sovercigns, half-crowns, and shillings,
and of cach an cqual number, are there in £12467
Now, 1 guinea + 1 sovereign + 1 half-crown + 1 shilling
=(42+ 40+ 5 +2) sixpences
= 89 sixpences ;
and £1246= (12406 x 20 x 2) sixpcences = 49840 sixpences ;
the question thercfore is reduced to this : How often are 89 sixpences
contained in 49840 sixpences ?
. 49840
Number required =: 89—
= 560,

Ex. 6. How much water must be addedeto o cask containing 60
gallons of spirit at 12s. G4, a gallon, to reduce the price to 8s. a gallon?

Cost of cask = (12s. 6d.) x GO, .
=(150 x G0)d.
, 8i.=(8x12)d.;
therefore lg—oﬁ—g—o-. or 31—5 » or 93} =the numbew of gallons which the

omak must contain, in order that its contents may be sold at 85, a gullon.
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Therefore (933 — 60), or 333 =the number of gallons of water which
have to be added.

Ex.”7. How many yards of cloth, worth 3s. 73d. a yard, must be
given in exchange for 144 yards of cloth, worth 18s. 13d. a yard?
The value of 144 yards at 18s. 1}d. 8 yard, .
=(18s. 13d.) x 144,
= £130. 10s.
= 02640 half-pence;
and 3s. 73d. =87 half-pence ;

. 62640
therefore the number of yards required = 5 =1720.

Or thus, since 18s, 1}d.=(3s. 73d.) x 5,
it is clear that the nuwber of yards required =144 x 5,

=720,

Ex. 8. A traveller walks 22 miles a day, and after he has gone 84
miles another follows him at the rate of 34 miles a day ; in what time
will the second traveller overtake the first ?

The second traveller has to walk over 84 miles more than the first
before he can overtake him.

Each day he walks (34— 22) or 12 miles more than the first ;

therefore $4 or 7 is the number of days required.

Ex. 9. A mixture is made of 8 gallons of spirits at 12s. 10, a gallon,
7 gallons at 10s. Gd. a gallon, and 10 gallons at 9s. 1d. a gallon ; at what
price per gallon must the mixture be sold, 1st, that the scller may
neither gain nor lose by his bargain; 2nd, that he may guin £1. 13, by
it ; 3rd, that he may lose 7 guineas; and 4th, that he muy reserve 10
gallons of the mixture for himself, and scll the remainder so as to realize
the money he laid out? £ .

(3

8 gallons at 125, 10d. cost 5. 2. 8

' 7 gallons at 10s. 6d.cost 3 .13 . 6

10 gullons at 9s. 1d. cost _ 4 . 10. 10

therefore 25 gallons cost £13.7. 0
1st. If he is meither to gain or lose, he must sell 1 gallon !o-r-‘

%—7—" ;3 which, worked out, gives 10s. 84d. as the price required,
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2ad. If he is to gain £1. 13s.
25 gallons must be sold for £13. 7s. + £1. 13s., or ﬂ&;

therefore, 1 gallon must be sold for -—2—5 ; which, worked out, gives 12¢.

as the price required.
3rd. If he is to lose 7 guineas,
25 gallons must be sold for £13. 7s.— £7. Ts. or £6;

therefore 1 gallon must be sold for —9; which, worked out, gives

25
4s. 9}d. 34. as the price required.
4th. If he is to retain 10 gallons for his own use,
15 gallons must be sold for £13. 7s.;
therefore 1 gallon must be sold for -glz—'sz‘&; which, worked out, gives
17s. 9}d. 34. as the price required.

Ex. 10. A club, consisting of 56 persons, joined for a lottery ticket
of 12 guineas value, and it came up a prize of £7000: what sum did each
man contribute, and what did each man gain ?

56 persons subscribe 12 guineas ; .

therefore each person subscribes ﬁg—z—ﬁlﬂ,

or 4s. 0d.
56 persons receive a prize of £7000;
£7000
thercfore each person receives — 56
or £125;
therefore each person gains £125.—4s. 6d.
= £124. 15s. 6d.
Ex. 11. Divide £20 among 4 B, and C, so that R may have 2
guineas more than d, and that C may have 2s. less than B.

Now B's sharc = A's share + £2. 2s.
C's share == B's share — 25, *
= A’s share + £2. 25.—-2s.
= 4's share + £2.
b But, by the question, .

A's share + B’s share + C’s share= £20,
ur A's shave + (A's share + £2. 25.) + (A's share + £2) = £20,
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or 8 times A's share + £4. 25.= £20;
therefore evidently 3 times 4’s share = £20 - £4. 25,

=£15, 18s,,
or A’s share= £]631&' £5.6s.
B's share=£7. 8s. C's share = £7, Gs.

Ex. 12. Divide £8. 11s. 64, among 5 men, 6 women, and 7 boys;
giving each woman twice as much as each boy, and cach man thrice ns
much as each woman,

Since each woman's share =twice cach boy's share,
therefore 6 women's shares=12 boys’ shares,
Aggin, since cach man's share = thrice each woman's share,
therefore, 5 men's shares =15 women's shares,
= 30 boys’ shares,
but 5 men’s shares + 6 women's shares + 7 boys’ shures= £8, 11a. 0d.,
or 30 boys’ shares + 12 boys’ shares + 7 boys' shares=-£8, 11a. 0d.,
or 49 boys’ shares="£8, 11s. Gd.
=343 sixpences,
Therefore, each boy’s share= 7(; sixpences,
=7 sixpences= 3s. Gd.
Therefore, cach woman's share = 7.,
cach man’s share = £1. 1s. 0d.

DECIMAL COINAGE.

129, It may be well to notico here some of the advantages which
would result from a decimal coinage of pounds, florins, cents, and mils ;
the pound being of the same value as the pound sterling at present ; the
florin being=qy5th of £1; the cent being = yyth of a florin, or= Fyth of
£1; the mil (m.) being = Jyth of a cent, or=y}zth of aﬁorin, or= ydmth
of £1. The Table wou}d stand thus:

10 Mils make 1 cent, 1 c.
10 Cents ...... 1 florin, 1 fl.
* 10 Florins ...... 1 pound, £1.

130. In such & system, much of the labour of reducing superior to
inferior denominations, and the converse, would be done away with ; for~
we could at once sayp £24. 3. 7c. 2 m.=24372m, Since byperformln'
the operation of reduction at length, we obtain



126 ARITIIMETIO.

£ N e m
24.3.7.2
10
240+ 3, or 243 1.
10
2430+ 7, or 2437 c.
10
24370+ 2, or 24372 m
or we might say £24. 3f. 7 c. 2 m.=£24:372;;
- 3,7, 2
for £24. 311. Tc. 2m.-£(24+]0+ 06+ 1060
o 240004300470 +2
1000

Similarly, £24. 31l. 7c. 2m.=243T721l., or=24372c.
Conversely 24372 mils=£24. 3fl. Tc. 2m,,
for, proceeding by Rule (Art. 116), we get

10 | 24372
10 | 2437-2m.
10| 243-Tc.

21-311.

hence 24372 m.=£24. 3f1. 7¢c. 2m.;
or we might say 24372 m.=£24772 ;
. 24372 ,
for 24372 m.=£‘l-66—0— =£24 372.
Similarly 24372 m. =243-7211,, or=24372¢c.
Again, £18. 3. 9 m.=18309m,,
or, proceeding by Rule (Art. 116),
£ A m
18.3.9
10
180+ 3, or 18311
_10
1830¢.
_10 -

18300 4 9, or 18309 m.
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or we might say £18, 3. 9m.=£18'309 ;

for £18. 3. 9m.= £(1a+m lgo I:OO)

_£(19060+300+9

= £18309.
Similarly £18. 31, 9 m.= 18309 fl,, or=1830'9 ¢,
Conversely 18309 m.=£18. 31, 9m,
for, proceeding by Rule (Art. 116), we get

m,
10 18309
10 1870-9m,
10 183—-0c.

18- 31.
or 18309 m.= £18. 3f.. Oc. 9 m.
18309
Similarly 18309 m.=£: 1060 = = £18:300.

or 18309 m. = 183-09 fl., or=1830'0 e«

Again, £254. 5} c.=£254. 55 c.
L
25400 c.+ 55 c.
== 254056 ¢.
= 254055 m.
Also, £254. 5} fl,= £254, 52511,
10
2640 fl. 4+ 525 fl.
=~ 0545251,
‘ =254525 ¢,
= 254525 m,
Fx. XLV.
Reduce, expressing in each successive inferior demomination and
verifying each result :
(1) £15. 61..% mils, and 6l. 3¢c. 2m. to mils,
(2) £30, 9} fl. to mils, and £96. 11, 2c. 9 m. to mils,

—
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(3) £18. 8}o. to mils, and 9} fl. to mils.
(4) £10.1 m. to mils, and £46. 2} c. to mils,

131. The addition, subtraction, multiplication, and division of money
would also be much simplified by the adoption of a decimal coinage, as
will be evident from the following examples.

Ex. 1. Find the sum of £18. 6fl. 3c. 5m.; 9. 9m.; £24. 1 m.;
8c.2m.; 5}l

m. .
£18. 6 fl. 3 c. 5m.=18635, or= l§‘635,
9fl.9m.= 909, or= ‘909,
£24. 1 m.=24001, or= 24001,
3c.2m.= 32, or= ‘032,
5} fl.= “5‘235, or= 525,
" 44102m,, or:= £44102,

each of which results = £44, 1f.. 2 m.

Ex. 2. From £10, 3c. 2m., subtract £14. 4 fl. 9.

m. £.
£16. 3c. 2 m.=16032, or=16032,
£14. 41.9m, == 14409, or=14'409,

1023 m,, or=£1623,

cach of which results=£1. 6fl. 2¢. 3 m.

Ex. 3. Muliiply £16. 3c¢. 2m. by 23.
: £16. 3¢c. 2m.=16032 m., or= £16:032. '

m, £.
16032 16°032
23 .23
48096 48096
32004 32064
368736 m. £368736

each of the above results=.£368. 71l. 3 c. 6. m.

Ex, 4. Divide £368, 7fi. 3¢c. 6m. by 23.
In other words, divide 368738 m. by 23, or £368°738 by £3,
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m m. £ F 2
23) 368736 (106032 23) 368736 (16032
B 2
138 138
138 138
73 73
6. ®_
46 46
48 46

each of the above results=£16. 0fl. 3¢, 2m,

Note. Similar advantages would result from tho use of & decimal
system in weights and mcasures.

Ex. XLVL

1. Add together
(1) £76.8M. 5c. 3m.; £27. 01l Om. ; £84. 1c.; £56. 34. 6¢.2m. ;'
£19. Tm.
(2) £252. 211l ; £300. 2} c.; 41 4.; 5}e.
2. Find the difference between
(1) £19.51., and £16. 3. 9c.
(2) £20,and £19. 9. 9c. O m,
(3) £5. 5111, and £4. 4} c.
3. Multiply
(1) £76. 81l. 3 m. separately by 5 and G3.
(2) 91l 2} c. separatcly by 18 and 1008,
(8) £150. 5 m, scparately by 2005 and 18576,
4. Divide
(1) £194.5fl. 7c. 5m. by 5.
(2) £10764. 2. 4m. by 11,
(3) 4342130. 81l by 7380.

Ex. XLVIL
Miscellaneous Questions and Framples on Arte. (100—131).
Note.~Where the y is not exp d, & year is supposed to conalst of 365 days.
I

(1) Explain the lleaning of the term ‘Reduction.” Reduce 537983
half-guineas into seven-shilling pieces, and also into groats. .
9
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(2) What is the standard of the gold, and silver, and copper coinago
in this kingdom? According to the present law in England for what
sums respectively are copper and silver legal tenders?

(3) What is meant by *Compound Multiplication’? Can concrete
numbers of the same or different kinds be multiplied together? Give
the reason. What is the cost of school accommodation for 13750 chil-
dren at £1. 18s. 6}d. each ?

(4) How many nobles are equivalent to £26. 145.7

(5) A person bought 1763 yards of cloth at 5s 3}d. per yard, and
retailed it at Gs. 11d. per yard: what was his profit?

(6) A person’s weekly income is £14, and his quarterly expenditure
is £128. 10s.; how much will he have saved at the end of 8 years?
(supposing a year to consist of 52 wecks).

(7) An equal number of guineas, pounds, half-guineas, crowns, and
half-crowns amount to £398. &s. : how many of each sort are there?

(8) What quantity of water must I add to a pipe of wine, which
qost £90, to reduce its price to 10s. a gallon?

1.

(1) Explain the meaning of ¢ Compound Division’: what different
cascs aro thero of it? 1f £1844. 2s. 8}d. be divided cqually among 49
persons, how much will each receive {

(2) A house and its furniture are worth £6734. 52 9d.; but the
houso is worth 8 thmcs as much as the furniture ; what is the house
worth ?

(3) Dcfine “a squaro’, “acube’; shew clearly by a figure how many
cubic feet there are in a cubic yard. Reduce 4203239040 cub. in. to cub,
yds.; and find how many grains of wheat therc are in a load, if a pint
contains 7000 grains,

(4) Divide £3. 13s. 0d, betwaen two Jersons, so that one shall reccive
half as much again as the other.

(8) A jewcller sold jewels to the value of 934 guineas, for which he
reccived in part 1420 dollars, worth 4s. 6d. each ; what sum remained
unpaid ?

(6) The tax on & certain property amounts to £874. 16s. 31d. at tho
rate of 2¢. 2}d. in the pound. What is the valuc of the property?

(7) If I bottle off two-thirds of 2 pipes of wine into quarts, and the
‘nltinto pints, how many dozens of each shall I havel

(®) Aservant’s wages are £10. 8s. a yoar; how much ought he to
reccive for 7 weeks? (supposing a year to consist of 52 weoks).
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. I,

(1) What are the different uses to which Troy weight and Avoir-
dupois weight are respectively appliecd? Express 561bs. Avoirdupois in
1bs, &c. Troy.

(2) A factor bought 56 picces of stuff for £1509. 17s. 4d. at 4s. 104,
a yard: how many yards were there in cach picce ?

(3) How many farthings are there in § half'sovercigns, 5 half-crowns,
5 sixpences, and 5 half-pence ?

(4) Goods are bought at 61d. per 1b.,, and the cost of carringe is
1}d. per lb. ; they are sold at £4. 10s. per cwt. : what is the gain or Joss
per ewt. ?

(8) What is meant by a ‘mean solar day’? How does the ‘solar’
vear differ from the “civil’ year? State cloarly the methods which have
been adopted to correct the error arising therefrom.

(8) A gentleman laid up in the your 1851 £204. 1s. 6d., having spent
daily £1. 12s. 64.: what was his income in that year?

(7) Divide 198 guincas among 4 persons, so that the second may
have twice as much as the first, the third 3 times as much as the second,
and the fourth 4 times as much as the third.

(8) A person with £5. 7 florins, 9 cents, and 1 mil in his pocket,
goes to the sea-side for 2 days : he spends in Railway fure 6fl. 2¢. 5m.;
in cab fare 14l. 2¢. 5m.; and his Hotel bill is 134, 5c.  What sumn docs
ke return home with ?

1v.

(1) What are the standards of weight and capacity in England, and
how are they fixed ?

(2) Two persons buy postage-stamps at 12 a shilling ; one retails
them at 11 for a shilling, and the other at 13d. for a dozen ; compare tho
gains on selling the same number of stamps.

(3) How many Rubles at 3s. 4}d. each are equal in value to 370
Napoleons, at 15¢. 9}d. to the Napolcon ?

(4) A hundred soversigns all equally light; are worth nincty-five
pounds; what is the value of each in shillings ?

(6) Find,

1. The sum of £27.3¢. 9 m. ; £560. 23 fl. ; £30. 3¢. 7 m.
2, The quotient of £405. 5fl. 3c. 6m. by 16.
(6) A person lays out £43. 9s. 4d. in spirits at 5s. 4d. a gallon ; some
- of which leaked out in she carriage ; however, he sold the remainder for
£54, at the rate of 7s. 64. a gallon: how many gallons leaked out ?
(7) If a piece of ground contain 24 acres, and an inclosure of 17
-2
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acres, 3 roods be taken out of it, how many perches are there in the
remainder

(8) How many hours have elapsed since the birth of Christ to the
year 1832, supposing each year to consist of 365 days, 6 hours?

V.

(1) Explain how the statute defines ‘a yard’, with reference to a
natural standard of length. Find the corresponding linear unit, when
an acre is one hundred thousand square units,

(2) How many barley-corns will reach round the earth, supposing
the circumference of it to be 25060 miles ?

(8) 1If a single article cost 3s. 7d.,, how many dozens can be bought
for £86. 10s. 7

(4) A bankrupt owes £3549, and can pay 17e. 6d. in the pound.
What are his effects worth, and what loss do his creditors sustain ?

(5) A picce of money is worth 16s. 34, ; how many guineas are there
in 253 such picces?

(6) How many times will a pendulum vibrate in 24 hours, which
vibrates 5 times in 2 scconds ?

(7) If the sum paid for 247 gallons of spirit amount, together with
the duty, to £619. 11s.2d. ; and the duty on each gallon be }th part of
its original cost ; what is the duty per gallon?

(8) 12 persons on a journey cach spend £23.4c.6m, in board and
lodging ; G of them agree to pay the travelling expences, the share of
each amounting to £18.1m. Find the amount of cxpenditure during
the journcy.

VI,

(1) What is the meaning of the word ‘Carat’ as applied to gold, and
as applied to diamonds? How many ‘carats’ fine is standard gold? If
from 2793461 lbs, Troy of gold there be coined £130521465. 4s. 6d., find
the value of cach 1b.

(2) A wheel makes 514 revolutions fn passing over 1 mile, 467 yards,
1 foot : what is its circumference ?

(3 How much must I pay for 455 Nn})oleom, a Napoleon being
worth 10s. 4}d.?

(4) A grocor buys a hogshead of sugar, containing half a ton, for
£30, and retails it at 74d. per lb. ; how much money does he make ?

(3) A merchant buys 10 gallons of spirit at 12¢. a gallon ; 15 gallous
at 142, 6d, a gallon; and 18 gallons at 152 9d. a gallon: what will be
the price of a gallon of the mixture, s0 that 1@ may gain £2. 5s. Gd. on
his outlay ?
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(6) A gentleman distributed £41. 5s. among 12 men, 16 women,
and 30 children; to every man he gave twice as much asto a woman,
and to every woman three times as much as to a child: what did each
receive

(7) A chain, 11 yards long, is divided into 50 equal parts, called
links; find how many square links there are in an acre.

(8) A merchant expends £1636. 5s. on equal quantitics of wheat at
£2. 22, a quarter, barley at £1. 15. & quarter, and oats at 14s. a quarter:
what quantity of each will he have?

VIIL

(1) How many minutes are there in the 10 years, of which the first
is 18521

(2) Divide 425 tons, 15 cwt,, 2 qrs., 12 Ihs, by 27: and 1361 m,,
4 fur., 28 po., by 28: and find how many moidores are equivalent to
198 guineas.

(3) Two boys run a race of 1 mile, one of them gains 5 feet in every
110 yards ; how far will the other be left behind at the end of the race ?

(4) Light travels at the rate of 192000 miles a sccond: how many
days will it be in coming to us from the star « Centauri, supposed to be
20 billions of miles distant ?

(5) Divide £100. 2s. 6d. equally among 45 people ; supposing 20 of
them to have reccived their portions, and 10 of the remaining 25 to
have given up their portions to the other 15, how much would each of
the 15 receive ?

(6) A father left his eldest son £5000 more than he left his second
son, and the second son 1500 guincas more than the third ; to the third
he left 12000 guineas: what was the eldest son’s portion; and what sum
did the father leave to his 3 sons?

(7) A person buys 128 gallons of wine at 82. 64. a gallon : how many
gallons of water must be added to it, in order that he may gain £5 124
on his otitlay, and retail the wine at 5. a gallon ?

(8) A bankrupt hav good debts to the amount of £456. 184. 3d.;
and the following bad debts, £360. 7s. 64., £120. 13s., and £21. 4, for
which he rgceives respectively 4, 5, and 10 shillings in the £; his own
liabilities amount to £4558 ; how much can he pay in the £ 1

VIIL

(1) Can you attach any meaning (1) to the multiplication of Gs. 8d.
by £1. 2¢. 3d., (2) to the division of 1 yard, 2 fcet, 3 inches, by G feet,
8 inches? Statc reasons for your answer.
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{2) A carriage-load is found to weigh 1 ton, 3 cwt., 1 qt., and it
consists of 315 cqual packazes ; what is the weight of each ?

(3) A4 gives to B 98 gallons of brandy worth 25¢. 6d. 8 gallon, and
gets in return 39 guineas and 576 yards of cloth: what is the value of
the cloth per yard ?

(4) A person counts on the average 7000 shillings in an hour: what
sum will he count in 67 days, if he work 9 hours a day ?

(5) A gentleman’s average daily expenditure for the year 1852 is
£2. 0s. 1}d. ; and this allows him to lay by £50 at the end of the year:
what is his imcome?

(6) Shew how to perform the following operations: (1) the addition
of £806. 5 fl. 4c. 7m.; £301. 5. 3¢c. 8 m.; £23.9 c. 6 m.: (2) the sub-
traction of the second sum from the first ; and (3) the multiplication of the
third by 248; rcading off each result.

(7) A grazier left to his 5 children in equal portions 175 oxen, 2003
sheep, 563 pigs, and 87 fowls: what was the value of each of their for-
tunes, supposing the oxen to be worth 11 guincas each, the sheep a
guinea and a half each, the pigs half-a-guinea each, and the fowls 9d.
each?

(8) I hire a house at £00 a year; which is assessed in the rate-book
at 4ths of its rent; I agree to pay the rates upon it, viz,, 3 poor's-rates
of 9d., 10d., and 1s. 2d. respectively in the £, a church-rate of 84. in the
£, and a paving-rate of 1s. 7d. in the £: what is the whole annual cost
of the house?

IX.

(1) Explain the calendar as now in use. On June 21 of 1851 the
Duke of Wellington had lived 30,000 days. Find the day and year of
his birth.

(2) The fore-wheel of a carriage is 10 feet in circumference, and the
hind-wheel is 16 feet: how many revolutions will one make more than
the other in 100 miles ?

(8) A loaded truck weighs 4 tons, 3 gra, 1 Ib.; the truck itself
woighs a ton and a half, and it contains 758 equal packages: find the
weight of each package. R

(4) 4 has 35 ponies, each worth 15 guineas, and B has 24 horses,
each worth £24. 15s.: should they exchange, which of them ought to
give money also, and how much ?

(5) Sound travels at the ratc of 1142 feet a sacond : if a gun be dis-
charged at the distance of 4} miles, how long will it be, aftcr sceing the
flash, before I hear the report?
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(8) How many times will a clock, which chimes the quarters, strike
and chime in 18541

(7) How long will a person be in walking from Cambridge to Ely,
a distance of 16 miles, when he takes 110 steps of 2} feet every minute

(8) A manufacturer employs 60 men and 45 boys, who respectively
work 10 and 14 hours per day during 5 days of the week, and half the time
on the remaining day ; each man receives Gd. per hour, and each boy 2d. per
hour: what is the amount of wages paid in the year ? (a year=52 wecks).

X.

(1) What will be the expence of forming a railway 146 miles in
length, at 3 guincas a yard ?

(2) A gentleman's income is 2000 guineas ; he spends £18 per week
upon personal expences, and his annual subscription to charitics amounts
to £150: what will be the state of his finances at the end of 8 years?
(reckoning 52 weeks to the year).

(3) Find the value of 12 lbs,, 8 oz. of copper coin, having given that
12 penny pieces weigh 8 oz.

(4) What is the price of 7 packages of cloth, cach package contain-
ing 7 parcels, cach parcel 27 picees, and oach picce 81 yards, at the rate
of 1} guineas for 3 yards?

(6) A mixture is made of 6 gallons of spirits at 6 fl. 2 ¢, 5§ m.
per gallon, 4 gallons at 9 fl. per gallon, and 10 gallons at £1. 1. 1¢. 5 m.
per gallon ; find the price of a gallon of the mixture.

(6) 1f 5000 people took in hand to count a hillion of sovereigns, and
beginning their work at the commencement of the year 1852, could each
count on the average 100 sovercigns a minute (without intermission),
when would they finish their task ?

(7) 1 have a bank-note of £20, a note-of-hand for £6. 10s. and in
scveral coins, as follows; in copper, 13 farthings, and 45 hulf-pence ; in
silver, 36 three-pences, 58 groats, 96 sixpences, 67 shillings, 97 half~
crowns, and 126ecrowns; in gold, 65 half-guincas, 77 guincas, and 34
moidores: how much have I altogether?

(8) In a manufactory there are employed 5 foremen, each at 4s. 6d,
a day, 63 wirkmen, cach at 2. 0d. a day, 75 boys, each at 1a. 84. a day,
and 47 girls, cach at 1s. 4}d. a day ; they wcrk 6 days in the weck : how

" much will their master have to pay in wages per weck, and how much
per year? (a year=52 wecks).

' * XL

(1) Divide £6842. 144. 5d. among 3 persons, so that the first shall
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have £568. 14s. 4d. more than the second, and the second £728. 18s. 2d,
more than the third. .

(2) If a person spend £152. 10s. & week ; what must be his daily

income that in 15 years he may lay by £7522. 10s.7 (a year=252 weeks).

(8) Find how often 3 cwt., 2 qrs,, 27 1bs., 15 oz. is contained in
4 tons, 13 cwt., 2 qrs., 27 lbs., 7 oz. ; and verify the result.

(4) A person bought 4 bales of cloth, each bale consisting of 6 pieces,
and cach piece of 27 yards, at £16. 4s. per bale; what was the price of
the whole, and what the rate per yard ?

(6) Supposing 5000 persons, and 1500 carriages, to pass over
Waterloo Bridge daily, during the present year, the former paying a
toll of a half-penny each, the latter a toll of 2d. each ; what will be the
amount of toll raised at the year's end 1 :

(6) If a person spend 200 guineas during the first six calendar
months of the year 1853, what is his average daily expenditure ?

(7) What quantity of tca at 4s. 53d. per lb.,, must be given in ex-
change for 5 cwt., 3 qrs. of sugar, at 7s. 10}d. per stone ?

(8) A father left 5 sons ; and his property consisted of £500 in cash,
and 5 bills of £48, 10s. 6d. each. He ordered ££0 to be bestowed on his
burial, and his debts, amounting to £164, to be paid : then the residuc of
the property to be thus divided, viz., onc-third part to go to the cldest
son, and the remainder to the other four sons in equal portions: what
was the share of cach son ?

XH.

(1) A gentleman sent a tankard to his silversmith, which weighed
100 oz., 16 dwts., and ordered him to make it into spoons, cach weighing
2 oz., 16 dwts. : how many spoons did he reccive ?

(2) A gentleman's estate, for the 5 years ending with 1849, yiclded
£1227. 15s.: how much could he spend one day with another, so as to
lay by 135 guineas?

(3) The length ofa year being 365} days, and that of a lunar month
being 20} days, how many lunar months are there in 19 years?

(4) What is the value of a talent of silver, if silver be worth 5s. per
oz, and a talent consists of 1000 ehckels, each weighing 219 grains?

(8) Divide £17. 3s. 5d. by £14. 3s. 6d. to 4 places of decimals. Can
these sums be muliiplied together?

(8) A merchant bought 7 pieces of cloth, each 27 yards, for £53. 12s.;
and sold 568 yards at 5¢. 3}d. per yard; at what myst he sell the remainder
per yard in order to gain £3. 114. on the wholel
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() A cortain number of men, twice as many women, and three times
as many boys earned in § days £7. 15s.; cach man ecarned 1s. 64., each
woman 10d., and each boy 8d. a day. How many were there of each

(8) A bankrupt owes his creditors £2963, and pays them 64, 8}d.
in the pound. How much docs he pay them altogether?

REDUCTION OF FRACTIONS.

132. To find the value of a fractional part of a number of one denomi-
nation in terms of the same or lower denominations.

Rure. Multiply the given number by the numerator of the fraction,
and divide the product (if possible) by the denominator; if there be a
remainder, multiply the numerator of the fraction which remains by the
number of units connecting the given denominatien with the next lower
denomination, and divide the product by the denominator ; if there still
be a remainder, proceed with it in the same way as with the last re-
mainder, and so on, till you come to the lowest denomination. The
compound number formed of the integral parts reserved from the suc
cessive quotients, and of the result of the last reduction, will be the valuo
required.

Note. If the given number comprise different denominations of the
same kind : reduce the different denominations to the lowest denomina-
tion involved, and the above rule may be then applied ; or the value
may be found by the method shewn in Art. (129).

Ex. 1. Find the value of Z; of £1.

Proceeding by the Rule given above,

7x20, _Txh,

7
§0f£l——8 &= 2

35 -
= ?a.-:lds.,

| 1x12
and 3 of 1s.=~- 9 d.=0d ;

therefore the value required = 17s. 6d.
Reason for the above process.
‘Z’ of £1 is the same as 7 times %ot‘ £1,,

2 .1 20s. _ Bas.
.ndgof.ﬂ- 'é——'z‘ H
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Ex. 5. Find the value of § of £15+3§ of £1+} of § of §of£14+ §
of § of 1.,
2x15_ .30
of £15= 7 7

2 2x20 40
£7—_—7I—."~—7_‘ 57\'

5 5k12
ya="5 d.‘BM 3
therefore § of £15= ..‘.‘4. bs. Bld.
£33= L3+ £4.
3 3x20 60
o e g, = = 84
£7 7 7 8. =84z,

4 4%x12 0.
PR & d. --—,‘;-d.—ﬁ,cl.,
thercfore £33 = £3. 8s. 63,
§ of § of § of £1=} of £1.
20

= &

7
_2’3.’
6 6x12 72
Fo= d= y “d.=10%d. ;
therefore § of\? of § of £l 2s. 104d.
2x12

2
of7ofh ‘;ol‘] ————7-—d

=7’—d.‘—=39d.;

therefore required value == £4. 5s. 84d. + £3. 8s. 63d. + 28, 10§, + 33du
=£7. 174, b1d.
Ex. 6. Find the valuo of £ of a bushel - § of a peck.

=143,

-3 00

b 2
ﬁ of a bus. = i. .»é l,ks' = —‘;-} pkﬂ. 2z 28 pkl.,

pk =1)—§ qts. = qts.:l}qtl.;

therefore — of a bus.=2 pks, 1} qts,,

7 ofnpk —'-)—,58 qts. -‘.‘: qts.=54 qts.;
therefore required value =2 ks., 1] qts.— 5% gts.

=1 pk., 45 qts.
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Ex. XLVIIL

(1) Find tho respective valucs of

Lol ol i

I

1l
12,

13.

14

15,
16.

gof £1; 3 of £1; § of £1; 3 of a guinca; § of a guinea.

3 of £1.10s. 5 § of £2; % of half a-crown; § of 13s. 4d.

o2 of £1; {8 of 1s.; § of 6s. 8d.; 3 of 1s. Gd.; % of 3s. 6d.

23 of 7e. 6d.; § of £2.3s.9d.; ff of a moidorc; § of £135.
16s. 10} d. ’

2 of 45.7d. ;1§ of £1. 28, 9d. ; 4 x 13 of 21s.; ] of § of 9s. 103d.

3yl of 25, 6d.; U of £4. 14s. bd.; § of A of 10s. Gd. ; gy of
100 guineas.

g of § of 39 of 5 guineas; § of £16. 16s. 31d.; yy of £441.
12s. 6d.

w of a cwt.; i’ of a Ib. Avoird ; 4 of a mile; § of an acre.

¢ of amile ; % of s dny ; § ofn yard; § of3cwt 1qr., 141b.

7% of a 1b. Avoird.; 13 of a lb. Troy ; 23 of a gal.; 4,& of an
acre.

3y of a hhd. of beer ; 28 of a tun of wine ; 63§ of a bus.

2} of a load ; 3328 of a cub. yd. ; 9.5 guineas.

of 3 of 10§ hrs. ; £"2 (£ fr of a moidore.
3

8% 0
-,—3";_]—& of £16. Be. 13d,; 3 of 13 of 12} of % of £2x .

§of £1x53; gof 2 of £1+1.
193 of £5. 1s. 13d. 4§q.; 2§ of £8. 14s. 2.%,d. 84,

(2) Find the values of

1.

s 00

£ of £1+% of a guinea + 3s. 24.

Rof £143 of 24. 6d.+ § of 1a.

§ of L1438 of 1s.+hd.

o& of }2 of 10s. Gd. + fa.+ &y of 2s. Gd.

§of £1—-£ of 1s.+§ of a guinea—§ of a moifore.
£35+788.+4;

§ of £1— {of 25. 6d.+ § of 1s.

§ of 10s. 6d.+§ of 27s.— % of Gs. 8d. '
o of £1. 125+ % of £3. 8.+, of 1} guineas.

3 of § of £1+§ of § of 2s. 6d. +3 of 10§d.
}of2lo.+}of}of£l-—} of 3 of 8.+ } of § of 1a.

iofn5+lof—i of £1.12s. 4§ of 3d.
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13. %of-'—:—* of 2 guineas + —*——*of.l:s.

t-%
14. $ofaton+§ of a cwt.+§1b.

15. $1b. Troy + § Ib. Troy—§ oz. Troy.

16. i of a mile—§ of a fur.+ #rpo.

17. y§y cub. yds,+ 2] cub. ft.

18. §ofaqr.+4ofabus.—} ofaqr

19. § of 7 fur, 29 po., 3} yds. + § of 5 mi.,, 3 fur., 37 po., 44 yds.

20. 7% of 365} d.+ 3% of § wks.+ ¢ of 58 hrs,

21. ¢\ of 91ac., 3ro., 36 po., 2} yds.~% of Cac., 2ro, 17 po.
25} yds.

133. To reduce a number, or a fraction, of any denomination, to a frao-
tion of another denomination.

Rure. “ Reduce the given number, or fraction, and also the number
or fraction to the fraction of which it is to be reduced, to their respective
equivalent values in terms of some one and the samne denomination: then
the fraction of which the former is made the numecrator, and the latter
the denominator, will be the fraction required.”

Ex. 1. Reduce 3s. 5d. to the fraction of £1.

Proceeding by the above Rule,

3s. 5d.:: 41 pence,
£1 =240 pence ;
therefore fraction required = 4.

Reason for the above process.

£1, or unity, is here divided into 240 equal parts ; and 41 of such parts
being taken, the part of unity, or £1, which they make up, is represented
by o

Ex. 2. Reduce § of £1 to the fraction of 27a.

£ of £1=20 times § of ls.
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For 27s. is divided into 27 equal parts ; and § of £1 is divided into %

of such parts ; therefore the part of unity, or 27s., which the latter repro-
. 425

sents, is 2= 51"

Ex. 3. Express § of £1 as the fraction of a farthing.

% of £1=(% x 20 x 12 x 4) farthings,
= U420 farthings ;
1 farthing =1 farthing ;

therefore fraction required = __;'C'L.

1

o

For the unit, or fartlung, is dmded into 1 part, and £% contains 1-9-3-"
of such parts,
Therefore the fraction of unity, or 1 farthing, which $ of £1 represcnts,
9,‘_{ 1920
==
Ex. 4. What part of § of a ton is 24 of 1} of } of a cwt. ?
2§ of 13 of } of & cwt.=§ of 4 of } of & cwt.
=§x4§x}cwt.

& of a ton= 3P cwt.

}

Thercfore fraction required = §x 30’(

—Rxgx}x,ﬂ
=1fs-"

Ex. XLIX.

(1) Reduce

1. s 8d. to tho fraction of £1 ; and 3s. 1}d. to the fraction of
1 guinen.

2. b5d. to the fraction of 1s. ; and 3s. 4}d. Jo the ffaction of £1.

8. 7T3d. to the fraction of 27s. ; and 15 sixpences to the fraction of
13s. 4d.

4 £1. 3s 4d. to the fraction of £9. Gs. 8d.; and 22, O}d. to the
fraction of 10s. 6d.

5. £4. 17s. 6d. to the fraction of £5; and 16s. to the fraction
of £200.

6. £18.7s. 6d. to the fraction of £2; lnd&.ﬂd to the fraction
of 7s. 0d.
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7. 1s.2d. to the fraction of a moidore ; and 3s. 4d. to the fraction
of a half-guinea.
8. 3qrs, 191bs. to the fraction of a ton; and 01} lbs, to the frac-
tion of 4 oz.
9. 3grs, 41bs. to the fraction of 2ewt. ; and 5 oz., 2§ drs. to the
fraction of a grain.
10. 8ro., 27} po. to the fraction of an acre ; and 263 sq. yds. to the
fraction of 2 acres.
11, 126yds, 2ft., 6in. to the fraction of a mile ; and 6 cub.ft.,
100 cub. in. to the fraction of a cubic yard.
12. 2grs., 2§ na. to the fraction of an Eug. ell; and8h,, 3m. to
the fraction of a day.
13. 1 stone, 81bs. to the fraction of a ton ; and 1 sc., 13 grs. to the
fraction of a 1b.
14. 2ac., 1vo. to the fraction of Oac, 2ro.; and 15640 yds,, 2 ft,
9in. to the fraction of 2 miles.
15. 1ft., §in. to the fractior of a sq. yd. ; and 2 qts,, 1} pt. to the
fraction of a barrel.
16. 2 wks., 5 days, 7 h,, 27 m. to the fraction of a day; and 1 ro,,
20 po. to the fmctlon of an acre.
17. 4 bush,, 2§ qts. to the fraction of a load ; and 3 quires, 7 shects
to the fraction of a ream.
18, 2} guincas to the fraction of £2}; and 2} cwt. to the fraction
of 2 tons, 12 1bs,
19, 10§ months to the fraction of 13 months ; and 100} guincas to
the fraction of a groat.
20. 6ft., 3§ in. to the fraction of 13 ft., 8% in.; and 1} yds. to tho
fraction of 1} in.
(2) Reduce
1. 2 of a crown to the fraction of £1; and 4 of a farthing to the
fraction of 1s.
2. §of 1s. to the fraction of a guinea ; and } of 7s. to the fraction
of a crown.
8. $°of a guinea to the fraction of £1; and § of 27s. to the fraction
of 2¢. 6d.
4. 4 of a half-guinea to the fraction of £1; ‘and §§ of 1. to the
fraction of 24. Gd.
5. } of £74.13:.44. to the fraction of £28 ; and } of a mmdore to

the fraction of 3} guineas,



14
o

9.

10

11.
12.
13.
14,
15.

10.

®
L
2.
3.
4.
5
o
7
8.
0.
10,

ARITHMETIC.

§ of a dwt. to the fraction of 11b.; and § of 21bs. to the frac-
tion of 2} tons.’

g of alb. to tho fraction of a cwt.; and § of a yd. to the frac-
tion of a mile.

sy of £1 to the fraction of a penny; and 53y of & mile to the
fraction of & yard.

% of 4 of half-a-guinea to the fraction of 2s. 6d. ; and 1 oz. Troy
to the fraction of 1 0z. Avoirdupois.

# of a pole to the fraction of a league ; and 3] furlongs to the
fraction of 2] miles.

# of 7} of 16} yards to the fraction of a furlong ; and } of & of
a guinea to the fraction of 2s. 6d.

§ of 1Gs. 01d. to the fraction of 17s. 6d. ; and 5]y of & 1b. Troy
to the fraction of a pennyweight.

§ of a Ib. Avoird. to the fraction of 21bs. Troy ; and § of 2s. Gd-
to the fraction of 1} guineas,

§ of a French ell to the fraction of a yd.; and § of a crown to
the fraction of } of 7s. 6d.

13 of a 8q. in. to the fraction of a sq. yd. ; and } of a yd. to the
fraction of an English ¢ll.

Ty of a year to the fraction of a day ; £l—?g—z to the fraction
of a farthing.

What part of 7 guineas is § of a moidore?

What part of £0 is } of % of half-a-crown?

What port of a second is ygghgo of & day ?

What part of ¢ of a league is § of a mile?

What part of 4} guineas is 5§ of ¥ of £7 1

What part of 3 wecks, 4 days, is } of 5] sec.

What part of } of an acre is 25,8 po.?

What part of g of a min. is yi4 of a month of 28 duys?
What part of } of 4 tuns of wine is *} hhds.?

What part of 3 fathoms is & of § of a pole?

Emmplea‘, sweh as the following, are often given.’

Ex. 1. Compare the values of gy of £1, Jy of & guines, and } «f 3.

o}d.

20x12

o £1 "-—2'1—.‘-""?‘-.
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& of & guinea 21x12¢=Wd‘

}of 3s.93d. =} of 45}d.=(} x Y).=Pd
Therefore the equivalent fractions in one and the same denomination
(namely, that of pence) are respectively
%, W9, and 9.
Least common multiple of the denominators =7 x 11 x 8 ; thereforo the
fractions become respectively
80x11x8 _ 7040
Tx1Ix8 616
126»57 x8 _ 7050
11x7x8 616°
01x11 x7 "no,
8x11 X ‘ (116 g

thercfore A of a guinea is the greatest, »\y of £1 is the next, and } of
3:. 03d. is the least.

Ex. 2. Express £%—§ of & guinca as the fraction of half-a-crown,
: 9x20  bhx2)
’-'n'u‘ﬁ' of guinea= 10 g_...___e___,

= (9x2)s. ..C.‘J,

= B_‘_)___’ -5

Half-a-crown =2}s.=4s. ;

therefore the fraction required:% =}.

Ex.3. Reduce }}_ of {11,90 of £1—3 of 1s.} to the fraction of &

moidore.

* -3—}-of{-l-g ofﬂ-zoflt}

1
28 13 19 7
=—xuof{m x 20—~ 5 of 1}a,
286 19 7
-7 ot {7 -m
10
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§ ot ovs b

9
= (296)(%? 8.

A moidore=27s. ;

ol

1456
K o

therefore the fraction required = —-2—748—

Ex. 4.

to 15s.1

= 13x145
9x24x27

What fraction of a guinea together with 4s. 6d. is equivalent

In other words the question is, “ What fraction of a guinea is equiva-
lent to 15s.—4s. 6d., or 10s. 6d. 7"

Now

10s, Gd. =21 sixpences,
1 guinea =42 sixpences ;

therefore fraction required=31=1.

m
@

®
@
®)
©
®
®

Ex. L.

Compare the values of ¢; of £1, J&; of a guinca, and % of &
CTOWN.

Compare the values of § of £1, § of a guinea, and § of
158, T3d.

Which is the greater, s of a day, or  of an hour, and by
how much?

Express the difference between % of £1 and {; of a guinea as
the fraction of half-a-crown. R

Express the differcnce between $ of a guinea and § of £1 as
the fraction of half-a-guinea.

Reduce § of & crown +4 of a shilling to the" fraction of a
guinca.

Express § of 2s. Gd. + 4 of a guinea +§ of £1— (ks of & penny
as the fraction of £3.

Add together § of £3.7s. 64. and § of } of 4} guineas; and
reduce the result to the fraction of £2.
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() What fraction of £10 together with 3} guineas is equivalcat
to 5 guineas ?

(20) What fraction of 2} cwt. together with 3qrs.,, 14Ibs. will
give a ton and a half1

REDUCTION OF DECIMALS.

134. 7o reduce a decimal of any denomination {o its proper value,
Rure. “ Multiply the decimal by the number of units connecting the
next lower denomination with the given one, and point off for decimals as
many figures in the product, beginning from the right hand, as there are
figures in the given decimal. The figures on the left of the decimal
point will represent the whole numbers in the next denomination. Pro-
cecd in the same way with the decimal part for that denomination, and
so0 on."”
Ex. 1. Find the value of ‘0484 of £1.
Proceeding by the Rule given above,
ofi
‘D680s.
12
11-6160d.
4

2:4640¢.
therefore the value of "0484 of £1=11d. 2:4640q.

=11d. 240
=11} 7

Reazon for the above process.
484
‘0484 =
of £1 1006 of £1.
. o 9680 116160
10000* = Tcooo
Bl6x4

. = 1100 d. =11d.+ = 25 Pg,

1000
2464
= ]ld-+'l—'uuc

= 11442484 q.

=11} A%y d.
10-2
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Ex. 2. Findtl:evdmofls’sﬂ’wm

Acres.
133375
4
1-3500 ro.
%
140000 po.
therefore the value is 13 ac., 1 ro., 14 po.
Ex. 8. Find the value of ‘07 of £2. 10s.
£2.105. =508,
‘07
5o
350s.
_12
6-00d.
therefore the value of 07 of £2. 10s. is 3s. 64.

Ex. 4. Find the value of ‘0474809375 of £10. 13s. 4«.
£10. 13s. 4d. = 256G0d.
‘0474609375
2560
28476562500
2373046875
3 ﬁle?_‘f’18750
121-5000000000d.
4

2-0g.
therefore the value is 1213d. or 10s. 1}d.
Ex. 6. Find the value of ‘972916 of £1.

£.
1st method. 872017 .

_ 20
19°458340s.

12
5-500080d.

4
2-000320q.

therefore the value is 10s. 5}d. nearly.
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#

2nd method.

,9729'60*.‘:1____972916—97291

00000 of £1, Art. (97),

3708350 of £1= (—-wn)

467
=g, = 1
5 " 19+ 51d.

Note. The latter is generally the better course to adopt. .
Ex.6. Find the valuc of ‘375 of a guinea+ 54 of 8s. 34, +'027 of
£2. 155,
Guinea.
37
. 21
“arh
i)
T8 o,
12
105004,
4
2:000q,
therefore *375 of a guines-7.r 10},

54 of 8%. 8d. = ~‘H of‘}ﬁd =54d.= 45. Gd.

037 of £2.155. = (—21 of 55) s,

lwofbsc = t =18, G,

thercfore the value required = 7s. 101d. + 4s. 64.+ 1+, 0d,,

. =13¢. 10jd.
Ex.7. Find the value of 1 of 3] tons— 3405 of 1§ ams. + £l
of 2 cwt,, 102 lbc
ofsit ons = 3.})(15 =1;;’:ftom,
R S

=24m., 34qrs,, 21 1bs.
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3408 of 1§ qrs.= ( ofg)qu-,
- (3. x28) Ibs.,
= (2 ;729) Ibs. = 1533 bs.
'2_1,,32‘2‘5 of 2 cwt., 1021ba.= (21_3:'(;00:;3?4 x 2090 of 3zr) Ibs.
= 1RO s,
=213 ‘»‘?711.5

therefore the value of the expression

=24 cwt., 3 qrs,, 21 Ihs,— 1534 lbs, 4-213}§7 Ibs.
=24 cwt.,, 3 grs., 5.4 lbs. +1 cwt,, 3 qrs., 171{§1bs,
=1 ton, 6 cwt., 2 qrs., 22,'°8% 1bs.

Ex. L1

(1) Find the respective values of
45 of £1; 16875 of £1; ‘87708 of £1.

2. 28125 of £1; TY62 of £1 ; "359375 of £2.

3. 500625 of £1 ; 775625 of £5; "6875 of 10s.

4. 00625 of a guinea; ‘7635 oflOa 3 2625 of 1s.

5. 056713 of a guinea ; 276543 of £1; 1774375 of 10s.

6. 3040 of £1; ‘0425 of £100; 432 of 13s. 44.

7. *1875 of 5 guincas ; 1°05625 of 6s. 8d.; 875 of £3. 5s. Gd.
8. 310532 of 124. 6d.; 275 of 2s. 4d.; 41°375 of 8d.

9. 875 of a leas ; 2:5384375 of a day ; 6 of 1 1b. Troy.
10. 6156510416 of £4 ; 046875 of 3 qrs,, 12 lbs.

11, ‘85076 of a cwt. ; ‘07325 of a cwt.; "045 of a mile,
12. 4'10525 of a ton ; 3625 of a8 cwt.; ;05 of an'acre.
13. 383430falb. Troy; 2:46875 ofaqr.; 4'1060of 3cwt, 1 qr., 21 1ba
14, 38375 of an acre ; 35 of 18 gallons.
15. 925 of a furlong ; "34375 of a lunar month. *
16. 5006325 of £100 ; 38 of an Eng. ell.

17. 225 of 3} acres; 2:465 of 5 crowna.

18. 1°605 of £8. 2¢. 6d. ; 2°0396 of 1 m., 530 yds.

19, 4761 of 2 8q. yds., 7 sq. ft.; 20005 of £63, Ou. 3\d.
). zmofzmﬂu,lwdlsgumu
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(2) Find the respective values of

383 of £1; ‘47083 of £1; ‘4694 of 11b. Troy.

5740 of 275. 3 138 of 10s. 6d.; 26 of 5s.

‘142857 of 2 guineas ; 3:2095328 of 17s. Gd.

*063 of 100 guincas; 20138 of 35 moidores.

405 of 1} sq. yds. ; ‘163 of 2} miles ; 490 of 4d., 3 hrs,

3242 of 2} acres ; 09318 ¢ 2¢7 of 2°5 days.
‘5681

S S p O

(3) Find the difference between ‘77777 of a pound and 8s. 0:6C484.;
and between *70323 of a pound and 35646 of a shilling.
(4) Subtract § of a crown from £1-59375.
(5) Find the respective values of the following expressionss
68125 of £1 4375 of 13s. 4d. + 605 of £3. 2s. Gd,
87 of 6s. 84.— 40972 of a guinca + 275 of £30.
£634375+ 025 of 255.+ 316 of 308,
75 of Gs. 8d.— 184375 of 4s. +3 9796 of 25
281 of 365} daya+ 575 of & week —J of 5§ hours.
§ of %, of 3 acres—200875 square yards+ 0227 of 3} square
feet.
(6) Which is the greater, 0231 of a guinea, or *19 of a half-crown?

S ok PN

135. To reduce a number or fraction of any denomination,to the
dccimal of another denomination.
Rure. “Reduce the given number or fraction, to a fraction of the
proposed denomination ; and then reduce this fraction to its equivalent
" decimal.”
Ex. 1. Reduce % of £1 to the decimal of 1 guinea.

jofs1=> ’;2"..=e:.
[ ]

1 guinea=21s.
therefore the fraction required = f.

{7 80
a 3| 114285714

therefore the decimal required = 38005238,
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Ex. 2. Reduce 13s. 6}d. to the decimal of £1.
13s. 6}d.=162}d. =942,
£1=240d, H
e
. 4 649
therefore the fraction = 510 = 560"
960) 64900 (67
5760
7300
6720
580
We may work such an example as the above more expeditiously, by
first reducing 4. to the decimal of a penny, which decimal will be 25,
and then reducing 6'25d. to the decimal of a shilling by dividing by 12,
which decimal will be '520833, and then reducing 13:520833s. to the
decimal of £1 by dividing by 20, which process gives 67604166 as the
required decimal of £1.
The mode of operation may be shewn thus
¢ 100

12 | 625
2,0 \ 13520033

. *6760410
Ex.3. Reduce & bus, 1 pk. to the decimel of & load : and verify
the result.
4| 100

81325

5 500
‘08125
therefore “08125 is the decimal required. X .
*08125 1d.
b

40625 qrs.
8
325000 bush.
4 '
100000 pk.
therefore ‘08125 of a load =3 bus,, 1 pk.
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Ex.4. Addtogether} of 21s., § of 3 moidore, § of 7s. 64, and reduce
the result to the decimal of £1.

$ of 21e.=4P2.=8s, 44d.
£ of 278. =% a.=£1. 0s. 3d.
§ of 7s. 6d.=(3s.8d.) x 5=18s. 0d.
therefore the sum = £2. 7s, 44d.
Now to reduce £2. 7s. 44d. to the decimal of £1.
5|4
48
2,0 I_T-_«i
B
therefore the decimal required =237,
Ex. 5. Express the sum of “428571 of £15, }of ‘,- of 4 of £1.12s,,

and # of 3d., as the decimal of £10, “*
428571 of £16= $34173 of £15,
=7 of £15=: 44
= £6, 8s. 69d.;
of 4 of £1. 128.= 1 of \°; of $ of 32s.
= 10525 Md;
$ of 3d.= W¥d. = 14d.;
thercfore the sum = £6. 8+, 69d + 2s. 33d. + 11d.
—-6 lh
2,0
10 g 55

}of%

'655
.
thercfore the deciinal reqhired = ‘655,

Ex. 6. Convert £17.9s. 6d. into pounds, florins, &c. ; and verify the
result. *

First reduco 9s. 6d. to the decimal of £1.
12 ‘ 6o

* 20 ‘Tﬁ‘
T
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v £17, 99, 6d.= £17-475
=£17. 46l Tc. 5m.
Again, £17. 4l 7c. 5m.
=£17475
20

——

95600s.
12
6'000d.
. - £17.441 T e Sm.=£17. 9s. 6d.
Ex. 7. Express 1 shilling and 1 half-crown in terms of the decimal
coinage.
le.=£)s=Lyf5=£05=>5cents;
2. 6d.= £} = £330 = £125
=1f.2c 65m.
Ex. 8. Reduce the difference between a cent and a penny to the
decimal of 3s. 4d.
ld.=£3154 le.=£1}g;
-~ difference=£(ydo— skv) = £:3485 = £l
=(yfor x 20 x 12)d. = {d.
3s. 4d.=40d.

o traction= £ = o= 1385
. decimal =-038.

Ex. LII,

(1) Reduce

1. 6s. 4d. to the decimal of £1; and 8s, 83d. to the decimal of £1.

2. 4s.7}d. to the decimal of £1; and 15s. 111d. to the decimal
of £1.
8s. 4}d. to the decimal of a crown; and 3d, to the decimal
of £1. *
10s. 0jd. to the decimal of £1; and 5¢. 8}d. to the decimal
of £5 «
1s. 31d. to the decimal of 15s. ; and 12s. 1}d. to the decimal
of a guinca.
8s. to the decimal of 13s.4d. ; and 18s. 0d. to the decimal of 27s.
13s. 64. to the decimal of 10s. ; and £1. Os. 41d. to the decimal
of £1.

]

Np s e



9. 14s. 03d. to the decimal of 3 guineas ; and 27s. to the decimal
of 1} guineas.
10. G} guineas to the decimal of £5; and 1}d. to the decimal
of £100.
11, £8. 0s. 10d. to the decimal of 53d.; and 7 guineas to the deci-
mal of £5. 10, 11d.
12. 2oz, 13dwts. to the decimal of 11b.; and 41bs,, 2sc. to the
decimal of 1 oz.
13. 2qrs, 211bs. to the decimal of 1 ton ; and 3 cwt., Boz. to the
decimal of 10 cwt.
14. 2fur., 41 yds. to the decimal of a mile ; and 1 fur., 80 po. to the
decimal of a league.
15. 2sq. ft., 735q. in. to the decimal of a square yard; and 3ro.,
20 po. to the decimal of an acre,
16. 14 gals,, 2 qts. to the decimal of a barrel ; and 3 qrs,, 3 pks. to
the decimal of a load.
17. 4 days, 18 hrs. to the decimal of a weck ; and 11 scc. to the
decimal of 5 duys.
18, 1} guineas to the decimal of £1}; and 11b. Troy to the deci-
mal of 11b. Avoirdupois.
19. 21 inches to the decimal of 2} miles; and 1st., 6} lbs. to the
decimal of 3} lbs.
20. 33 pks. to the decimal of 3} qis.; and 27} gals. to the decimal
of 1§ qts.
21. 5} yds. to the decimal of 2 Fr. ells ; and 1 ton, 2} cwt. to the
decimal of 1 cwt., 2} qrs.
22, 3wks., 8} d. to the decimal of 53 hrs,; and 1 min,, 2} sec. to
the decimal of g of a lunar month.
23. 3 rcams to the decimal of 19 shects; and 3} acres to the decimal
of«B} sq. ygrds.
24. 33 yds. to the decimal of & mile; 3s. 53%d. to the decimalof &
dollur, a dollar being 4s, 34.; and 7s. 8 %4%d. to the decimal
¢ of 10s, Gd.
(2) Reduce
1. § of 13¢. 6d. to the decimal of £1; and $ of half-a-crown to the
decimal of 1s. ‘
2. § ofa crown to the decimal of 21s.; and 65 cwt. to the decimal

REDUCTION OF DECIMALS. 1565

£3. 115. 93d. to the decimal of £1; and also to the decimal
of £2. 10s.

of a ton,
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3. - 3 of a guinea to the decimal of £1 ; and £ pk, to the decima.
of 2qrs.
4. % of a guinea to the decimal of £2 ; and y2}sy of a year to the
decimal of a day.
8. § of P of 40 yds. to the docimal of } of 2 miles; and } of
3} 5q. yds. to the decimal of 2 acres, 1ro.
6. § of 44 hrs, to the decimal of 365} days; and 9:% of §3 pecks
to the decimal of 3§ qrs.
7. 3lbs, Goz. Troy to the decimal of 10 Ibs, Avoird.; and } oz.
Avoird. to the decimal of } oz. Troy.
(3) Express § of a crown +4 of a shilling as a decimal of 7s,
(4) Express # of half-a-crown +°4 of a shilling as a decimal of £2,
(5) Add together ] of a day, § of an hour, and 4 of 6 hours ; and ex-
press the result as the decimal of a week.
(6) Express the difference of 4 of a guinea and  of 7s. 6d. as the
decimal of a moidore. . ..
(7) Express the value of *83 of 8s,+ 05 of 2 guineas +1'8 of &s. as the
decimal of half-a-guinca.
(8) Find the difference betwecen 6} half-guineas and £3-525 ; and
reduce the result to the decimal of a crown,
(0) Add 63cwt. to 3125 qrs.; and reduce the sum to the decimal of
a ton.
(10) Convert the following sums of money into the decimal coinage
of pounds, florins, &c., and verify each result :
1. 6d 2. 10d. 3. 4}d. 4. bs
5. 10s. 6d, 6. 16s. 7. £5.12s 6d.
8. £54. Ts. 4d. 9. £20.19s 71d. 10. 15s. 43d.
11. 14s.816d. 12, £2.15s 110884,  13. £3.0s.11d.3:04q.

PRACTICE

136. Dur. Ax Aviquor PaRrT of a number is such apart as, when
taken a certain number of times, will exactly make up that number.

Thus, 4 is an aliquot part of 12, 6 of 18, &ec.
Pracrice is a compendious mode of finding the value of any number

of articles by means of Ariquor PaRTs, when the vdue of an unit of any
denomination is given.

Practice may be scparated into two cases, SiqrrLE and Coxpounp.

1. Simple Practice.

In this casc the given number is expressed in the same denomination
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. as the unit whose value is given : as, for instance, 26 1bs. at £2. 5¢. per 1b,;
or 330 articles at 5s. 6}d. each.
The Rule for Simple Practice will be easily shewn by the following
examples.
Ex.1. Find the value of 1296 things at 16s. 10}d. each.
The method of working such an example is the following :
Supposing the cost of the things to be £1 each;
then the total cost = £1296 ;

therefore
£

cost at 10s. 0. each =4 of the above sum...... =648 .

cost at &s. 0d. each=} the cost at 10s. each =321 .

cost at 1s. 3d. each=1 the cost at 5s. each ...= 81 .

cost at Os. 7Ad. each =} the cost at 1s. 3d. each= 40 . 1
therefore, by adding up the vertical coluns,

cost at 1. 10}d. =£1003 . 10. 0

The operation is usually written thus:
£. . d
10s.=} of £1 1296 . 0 . O:==cost at £1 each.
55.== 1 of 10s. 648 . 0. 0 =cost at 10s. ench.
15. 3d. =} of bs. 324, 0 . 0=cost at bs. cach.
7id.=3 of 15. 3d. | 81 . O . 0:=costat 14 34, cach.
40 . 10 . 0=cost at 7}d. each,

£1093 . 10 . 0=cost at 16s. 103d. cach.

OO
SCSOOORN

Note. The student must use his own judgment in selecting the most
convenient ‘aliquot’ parts ; taking care that the sum of those taken make
up the given price of the unit.

Ex. 2. Find the value of 3825 things at £2. 17s. 41d. cach.

£ . 4,
16r.=} of £1. 3825 . 0.0 =valucat £1 each.
2
7650 . 0 .0 =value at £2 cach.
® 8e.=3 of 10s. 1912 . 10 . 0 =value at 10s. each.
2s.=% of 10s. 956 . 5.0 =value at 5. each.
(v take } of £1912.10e.)| 382 . 10 . 0 =value at 2¢. cach.
4d.=} of 2s. 63 . 15 . 0 =value at 4d. each,
}d.=} of 4d. | ___7.19 . 4}=volue at }d. each.

£10072 . 19 , 4} =valueat £2.17¢. 434 ench,
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Ex. 3. Find the cost of 165F cwt. at £2. 5s. 6d. per cwt.
‘The cost clearly =165 times £2. 5s. 6d. +§ of £2. 5s. 6d.

£ . d
b5s.=}of£1.]165. 0.0 =cost at £1 each.

2
380 . 0.0 =costat £2 each.
6d.=gyof 5s. | 41 . 5 .0 =costat 5s. each.
4. 2.6 =costat6d. each.
375 . T .6 =cost of 165 cwt. at £2. 5s. 6d. per cwt.

§ of £2. 5. 6d.= 1 . 19 . 93 =cost of § cwt. at £2, s, 6d. per cwt.
£377 . 7 . 3} =cost of 1657 cwt. at £2, 5s. 6d. per cwt.

Ex. 4. Find the value of 6413 things at 4s. 10/yd. each.
£ s d.
4s.=f of £1 | 6413 =value at £1 each.
Od.=}ofds. | 1282 .12. 0 =valuc at 4s. each.
4d. =gy ofde. | 160 . 6. G =value at 6d. each.
ved.=ggofdd. | 106 .17 . 8 =value at 4d. each.
11 . 13 . 91} =value at yyd. each.
£1561 . 9 . 111} =value at 4s. 10454, each.

1I. Compound Practice.

In this case the given number is not wholly expressed in the same
denomination as the unjt whose value is given; as for instance, 1 cwt.,
2 grs., 14 ]ba. at £2. 2#. per cwt.

The Rule for Compound Practioe will be easily shewn by the follow-
ing examples.

Ex. 1. Find the value of 84 cwt., 3 qrs,, 14 1bs. of sugar at £12.11s. 84,

per cwt,
The method of working such an examplc is the following :
The value of 1 cwt. of sugar being £12. 11s. 84, -
£. s d.
the value of 84 cwt. of sugar............... =1057. 0. O

2qra.=} (valueoflewt)= 6. &5.10
1 qr.=} (valueof 2qrs)= 3. 2,11

141bs.=4§ (valueof 1qr) = 1.11. )
therefore, by adding the vertical columns, .
the value of 84 cwt,, 3 qrs, 141be.=£1008 . 0. £}



The operation is usually written thus:

1 qr.=} of 2qrs.
141bs.=1 of 1 qr.
21bs.= Jof 141bs.
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£. 5. 4
2qm.= fewt 12. 11. 8 =value of 1cwt
12
151. 0. O =value of 12cwt.
T
1057 . 0. 0 =valuc of (12x7) or B4 owt.
l1qr.=} of 2qrs. 6. 5.10 =valueof 2qrs.
‘14lbs.=} of 1 qr. 3. 2.11 =valucof 1qr.
1.11. 5}=valueof 141bs.
£1068 . 0. 23 =valuo of 84 cwt., 3 qrs., 141bs,
Ex. 2. Find the value of 319 cwt., 3 qrs., 16 1bs, at £2. 124, G/ per cwt,
£ 3 f.
2qra.=} cwt. 2.12. G =valuc of 1 ewt,
10
26, 5. 0 =valueof 10cwt.
4
105, 0. 0 =valuc of 40 ewt,
8
). 0. 0 =valuc of 320 cwt.
subtracting 1 6 =value of 1 cwt.

. G =value of 310 cwt.
3 =vnluc of 2qrs.
1} =value of 1 gr.

G} = value of 14 Iba.

. 0. l'l} =value of 2 1hs.

£830 . 14 . 4} value of 319 cwt.,, 3qrs., 161hs,
Ex 3. Find the value of 37 yds,, 2 ft., 7 in. of silk, at 8s.3]d. a yard,
£. . d.
1f=}oflyd. [0. 6. 3t  =valueoflyd
4
1. 1.1 =value of 4 yds,
9
. 9. 0 = value of 6 yds.
0. 6. 3t =value of 1yd.

N i0.15. of = value of 37 yds.
1fR=3oflyd j0. 1. 04 =value of 1ft.
6in=}of1ft. |0, 1. O/ = value of 11t,
lin=}of6in, |0. 0. 10}2 = value of Gin,

{0. 0. 1} =value of 1in.
£9 .19 . 6}dg}q =value of 37 yds, 2., Tin.
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Note. It will be found most convenient, in all examples of Practice,
to work with fractions of a penny, and finally to find the value of the
sum of these fractions in farthings, as in the above example.

Ex. LIII.

Find the value of
1. 645 things at 2s. 6d. each ; and 69 things at 10s. 6d. each.
2. 454 things at 2¢. 9d. each ; and 72 things at 1s. 7d. each.
3. 52 things at 8s. 9d. each ; and 1257 things at 6}d. each.
4. 020 things at 8s. 8d. each ; and 286 things at 12s. 1d. each.
5. 80 things at 45. 4}d. each ; and 37 things at 6. 5}d. each.
G. 138 things at £1. 14s. each; and 589 things at £1. 1ls. 6d.
each.
7. 95 things at £1. 2s. 64. each ; and 107 things at £24. 6s. 2d.
each.
8. 457 things at £1. 8s. 6d. each ; and 88 things at 1}d. each.
9. 111 things at £2. 5s. 10d. each ; and 9251 things at 14s. 11d.
each.
10. 4681 things at 83d. euch ; and 1209 things at 13s. 1d. each.
11. 1450 things at £1. 75. 84. each ; and 249 things at £2. 13s. 94,
each.
12, 898 things at 18s 73d. each; and 405 things at 10s. 8}d.
each.
13. 744 things at £19. 19s. each ; and 421 things at £4. 2. 63d,
each.
14. 1593 things at 9s. 03d. each ; and 6602 things at 7s. 13d. each,
15. 7383 things at £3.15¢.4}d.each ; and 5614 thingsat £14.14s.5}d.
each.
16. 6573 things st £5. 18s. 10}d. each; and 37271 things at £6.
13s. 03d. each.
17. 51143 things at £4. 17s. 9}d. each ; and 6293 things at £7. Os.
11{d. each.
18. 3027 things at £5.12s. 2}d. cach ; and 4945 things at £1. Os.
14d. each.
10. 733} things at £1. 9¢. 4d. each; and 751} things at £2. 17s.
10d. each.
£0. 1418} things at 7s. 9}d. each; and 1178} things at 16, 8d.
each.

21. 1762} thingset £1. 1s. 10}d. cach; and 55655§ thingsat Gs. 1034
each,



B

a1.
32.

34,

as.

38.

39.
40.

41.
42,
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4013} things at £2. 16s. 6}d. each; and 6005 things st 18e
33d. each.

6444}13 things at £10. 14s. 10}d. each; and 5109 things at
£4. 162, 4}d. oach.

4335 things at 8s. 11}d. each ; and 147-625 things at 19s. 71d.
each.

1430 things at 8§d. each ; and 7866 things at 2s. 8}d. each.

7400 things at 4s. 9:d. each; and 2841 things at bs. 104;d.
each.

6352 things at £1. 13s. 7{%d. each ; and 2731 things at £1. 8e.
9§d. each.

Find the value of 5 cwt., 2 qrs., 14 1bs. at £2. 5s. Gd. per owt,

Find the value of 33 cwt., 3 qrs., 7 Ibs. at £6. 7s. 8d. per cwt,

Find the value of 72 cwt., 3 qrs., 17 lbs. of sugar at £1. 4s. 6d
per cwt.

Find the valuc of 60 ewt,, 3 qrs., 12 Ibs, at £7. 13s. 6d. per cwt.

Find the value of 3 cwt., 2 qrs., 16 lbs. at £3. 7s. 6d. per cwt.

Find the value of 9 yds,, 2 ft., 10 in. at 5s. 7}d. per yd.

Find the value of 39 cwt., 10 lbs. at £3. 15s. 7{d. per cwt.

Find the cost of 30 cwt., 2 grs., 14 1ba. at £1. 17s. 8}d. per qr.

Find the value of 15 oz., 6 dwts., 17 grs. at 5s. 10d. per oz.

What is the rent of 23 ac., 3ro., 5 po. at 2} guineas an acre ?

What is the cost of 7 cwt., 1 qr, 16}1bs. at £2. Os. 7d. per
cwt.?

What is the rent of 225 ac., 1 ro., 19 po. at 13s. 2}d. a rood ?

Find the cost of 22 qrs., 4 bus, 3 pks. of wheat at 5s. 8}d.
per bus. :

Find the cost of 2 tons, 15 cwt., 27 1bs. at £5. 11s. 73d. per cwt.

Find the cost of 48 sq. yds., 8 sq. ft., 114 sq. in. at 13s. 73d. per
8q. yd.

Find the cost of 2 hhds., 1 bar., 5 qts. of beer at £2.0s. 64. &
bar. o .

« SQUARE AND CUBIC MEASURE.
CROSS MULTIPLICATION, DUODECIMALS.

137. Dzrixitions:

)

A Pamarazrodnams is a four-sided figure, of which the opposite

sides are parallel,

11



162 ARITHMETIC.

. {2) A Reoravere ilsright-&nglad parallelogram, - - -

(3 The Area of a figure is the quantity of surface: contuned
ipit; and is estimated numerically by the number of times or parts of a
time it contains a certmn fixed area, which is assumed for its measuring
unit,

(4) A Sowp is that which hath length, breadth, and thickness.

(5) The Caracrry, or Vorums of a solid, is the quantity of space,
cpmprehending length, breadth, and thickness, wluch it contains or
takes up.

. (6) The word Content is also frequently used to denote length, area,
and capacity or volume ; the length of a line being called its linear con~
tent ; tho area of a figure, its superficial content ; and the capacity or
volume of a body, or of a portion of space, comprehending length, breadth,
and thickness, its solid content.

(") A Panarrevorirep is a solid contained by six quadrilateral
figures, whereof every opposite two are parallel.

(8) A ReoTaNGULAR PARALLELOPIPED is one in which the several
angles of the quadrilateral figures, which contain it, are right angles.

138. By referenco to the Tables, Arts, (106, 107), and the ohservas
tions upon them, we sce that, in the sense there indicated, length multi-
plied by length produces ares, and area multiplied by length produces
capacity; the units in the products in these cases differing in kind from
the units in the factors; thus, a rectangular area, whose adjacent sides are
4 and 3 feet respectively, is divisible into (4 x 3) or 12 cqual squares, as
shewn by the accompanying figure, the length of 1_2 3 4
a side of each square being one linear foot. The JF ENENE
rectangular area in this case is said to be thepro- 3 5 (¢ | 7 | 8
duect of the two adjacent sides, represented respect-  |—— —
ively by numbers, the units in the numerical pro- 8 9lwjnj
duct being no longer linear feet, but square feet. Similarly, if the adjacent
edges of a rectangular parallclopiped be 3. 4, and 2 feet, respectively, the
capacity of the solid is equivalent to 24 cubes, each containing one cubic
foot ; and thus the capacity of the parallelopiped is correctly expressed
by the product of the three adjacent edges represented respectively by
numbers, the units in the numerical product being no longer linear feet,
a8 in the factors, but cubic feet.

Perhaps the rcadiest way of working examples in square and cubic
measure is that of reducing all the different denominations to the same .
denomination ; and procecding as in the examples subjoined;
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Ex. 1. Find the arves of o rectangular court-yard 17 fi. 6in. long,
and 13 ft. 4in. broad.
The area=(17ft. 6in.) x (13ft. 4in.)
_ (3540
=(gx3)ur
_‘m
= —ﬁ—q'ﬁ.

= 233} sq. ft.
= 25 8q. yds., 8sq. ft., 48sq. in.
Ex. 2. Find the expense of paving a floor, whose length is 331, 2in,
and breadth 18 ft,, at 6s. per square yard.
Area of floor=(33ft. 2in.) x 18 ft.
=33 ft. x 18R,

- ("’9 x w) sq. .

=5 x 5-)3(1 yds.

mo 052 e,

Thercfore cost, which= cost per yard x number of yards

)
il=(6 x ]9{:;. “)l.

= 308s.
= £19, 18,

Ex. 8. How many square yards, fee!, and inches will remain out of
400 square feet of carpeting, after covering the floor of a room 2188, 9in.
long and 16ft. L1 in. broad ?

Arca of the floor=(213 x 16H) sq. ft.

- (F N,
. =\q* 12}8(1- t.
: 29 x 203 _ 5887
axy =g 0t

Therefore the number, of square feet of carpet remaining after covering

e floor = 400 - 257
11—3
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_ 04005887
16
513
10
=32sq.ft., 9sq.in.
=38q. yds., 5 sq. ft., 9sq in.

Ex. 4. Find the capacity of a cube, of which each edge is 1ft. 8in.

Capacity =length x breadth x height,
=(1§ x 1§ x 1}) cub. ft.

= (g xg x g)cub.ﬁ.

_125
=g cub. ft.

=4 cub. ft., 1088 cub. in.

Ex. 5. A block of stone is 2 yds. 1ft. 3in. long, 1ft. 7 in. broad, and
2ft. thick ; find its solid content, and its value at 2¢. 3d. per cub. ft.
Its content=(2 yds. 1ft. 3in.) x (1 ft. 7in.) x 2 ft.
=71 ft. x 14, ft. x 2ft.
=(7} x1§; x 2) cub. ft.

=(2-9><1—9 x2)cub.ﬂ:.

2;’ "1129 cub. .= 22 cub. ft., 1656 cub. in.

29
Its value = (2}. x 22X 19) 1653

—éx—l'.; §o = J’ s, =£2. 11s. (7d

Note 1. Since lincar feet multiplied by lincar feet give square feet, it
follows that square feet divided by linear feet give linear feet. Similarly,
square yards divided by linear yards give lincar yards, and so on. Again,
since linear feet multiplied by square feet give cubic feet, it follows that
cubic feet divided by lincar feet give square feet, and cubic feet divided by
square feet give lincar feet.

Note 2. When surface alone is concerned, length and breadth, or
length and height, or breadth and height, have to be multiplied together;
hut never length and breadth and height to be multiplied together ; the
lutter only takes place where solid content is required.

Ex. 8. Find the expense of carpeting a room: 15 ft. 9 in. long, and
12 fu. 5 in. broad, with carpet § yd. wide, at 4s. per yard.
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Area of floor = (153 x 1244 ) s, . '
63 149 1
=\T*1 )"*’ yda

149
=(Z sq. ¥ yds.

It is clear that the required length of carpet in yards x given width of
carpet in yards must give the whole area of floor in square yards;

149

.. req® length of carpet in linear yds. x ~lmcar yd.= ( e 8q. yda.
.. req?. length of carpet in lincar yds. x %linear yd. (7 x !49 sq. yds,
= »
g—linear yd. '_ linear yd.
R 140 4 7 140
or, req”. length of carpet in linear yds. =::: i %57 1: 3

.~. cost of carpet= (4 x 4 :J%})

= £5. 158. 103d,

Ex. 7. What must be the length of a beam, the end of which is
18 8q. in., in order that its solid content may be the same as that of an.
other beam, whose width, depth, and length are respectively 4 ft. 6in.,
3ft. 9in., and 12 ft. 10in.?

Content of 1st beam = (length of beam in linear ft. x 13 x 13) cub. ft,

............... 2nd...... =(44 x 3 x12§) cub. ft.
By the question,
. (length of beam in linear ft. x 1' x1}) cub. ft.= (4} x82 xl2()cub.f!.;
9 7
..(length of beam in linear ft. rz ;)cub ft. é x -4- x =) cub. ft.
fi 3 '
G D EHED
15 7.2 2
or length of beam in linear ft. = FX1%6 %5 %5
=22 ~oep-061.30n.

y =32yds. oft. 3in.

Ex. 8. Find the expense of painting the walls and ceiling of a room,
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whose M.SM: length, and hreadtk are 17 f1, Bin, 851, 4in, and 20f,
respectively, at 73d. per sq. yd.
The area of 2 of the walls= 2 length x height,
eressseennes Of the other 2...= 2 breadth x height,
esssesrenns. Of the ceiling = length x breadth,
Therefore whole area to be painted
=2height x length + 2 height x breadth + length x breadth
=2 height x (length + breadth) +length x breadth
=2 x 17} ft. x (353 + 20)ft. + (85} x 20)sq. ft.

(2x - X 653+ -m—6x20) sq. ft.

—lgs—osq ft.= Zg?gx 1>sq yds.

therefore cost = (5 7030 91-) d.

=£9. 3. sz.

Ex. 9. Let it be required to find the expense of papering the walls
of the above room with paper § yd. wide, at 133d. per yard, there being
three doorways in it, which each measure 7 ft. by 41 ft.

Now area of walls to be papered

:(2)(17} x 55§ ~8x 7 x g) sq. ft.

»
= "g"gsq. ft. = (1_1058 ) 8q.yds,

«~ no. of linear yds. of paper req?. x § lincar yd.= 11053 %) sq. yds.

]1053 N 1 < 8
[ 935"
Therefore cost=( =% x “O"' x 2«8
2 X5*3
=£18. 8. 51«1

< no. of lincar yds. of paper req. =

139. It may be well to note that each of the foregoing Examples in
square and cubic measure might have been work~d by bringing all the
denominations into the lowrst denomipation, or by reducing the lower
denominations into decimals of the highest involved,
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There is however a method of working examples: in square and oubla
measure without reducing the different denominations to the same deno-
mination. This method is styled Cross MuLriptication or DvobErot-
aara, and it is generally employed by painters, bricklayors, &ec., in
measuring work. They take the dimensions of their work in feet, inches,
parts, &c., decreasing from thd left to the right in a twelve-fold propor-
tion; thus, 12 inches =1 foot, 12 parts = 1 inch, &c.: the inches, parts,
&ec., are termed primes, seconds, thirds, &c., and are distinguished by
the accents ’, ”, /, &c. placed a little to the right above the numbers to
which they belong.

‘The Rule for performing Cross Multiplication is the following :

Write the terms of the multiplier under the corresponding terms of
the multiplicand. Multiply every term in the multiplicand, beginning
at the lowest, by each term of the multiplicr successively, beginning
with the highest ; divide each product which is not of the denomination
of fect by 12, add the quotient to the next product, and place the re-
mainder under the term of the multiplicand just used, when the deno.
mination of the multiplicr is feet, one place removed to the right when
it is primes, two places when it is scconds, three when it is thirds, &e.
Add the products together, carrying 1 for cvery 12, and the sum will be
the answer.

Ex. 1. Multiply 4ft. 7in. by 9ft. Gin.

Proceeding by the Ruie given above,

. ,
4.7
9.6
41 . 3
2.3.067
43 .6 . 6"
which is the required product, and is =43 squarc feet + yp ths of a square
foot (or 6 superfirial primes, as they are called) + 4% ths of a superficial
prime, i.¢. y§gths ofa square foot ‘or 6 superficial scconds, as they are
called).
We mayeexpress this product in square fect and inches, thus:

6,0 - 621246y
(43+i2-+ﬁ4)sq.ﬁ._4ssq.ﬁ.+( T ) et
8
° =43ﬂ.ft.+f4iﬂ-ﬂ.

=43 sq. ft. 78 &q. in,
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Reason [or the above process.
9ft. x4ft.=36sq.11.;

9mx7'=<9xi?§).q.n,=f_;’sq.ﬁ.

60+ 3
= "1’2'“)“"“‘

—55qft+ ft.

3%
=5 sq. ft. + 3 superficial primes.

@'x4ft= (—- x4)sq. ft.=2—4sq.ft=2sq.ft.;

7
8’)(7':(12 lz)sqft 2 sqn=(Br0) e n= (u m)sqn
=3 superﬁcxal primes + 6 superficial seconds.

Now 38sq. ft. +5 sq. ft. + 3 superficial primes+2 sq. ft. + 3 superficial
primes + 8 superficial scconds

= 48 sq. ft. + 6 sup. primes + 6 sup. seconds

[
’(43+1_2 144)"‘“’
=(43+1~2-XG+ 8q. ft.

144
=43sq. ft. 78sq.in.
"ofe. Attention to the nccompanying geometrical figure may per
haps cxplain more clearly the A B
result obtained by multiplying P ¥
9ft. by 7 primes. .
Take AB=9 ft,,
AC=Tft.,
AD=Tin.
Then 9 ft. x 7 ft., or rect. 4B,
AC =rectangular figure ACE B,
which contains 63 sq. ft., and
9 ft. x 7 primes, or rect. 4B,
AD=rectangular figare ADFB, C . E
which is gyth part of G3 sq. ft.
For since there are 12 lines in 4C, each = 4D, it follows that there
are 12 rectangular figures, each =ADFB in rectangular figure ACEB.
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Ex.2. Multiply 17t 3 in. 6 pts. by 12 f. 6 in. 3 pta.

r
7.9 .6
12.06 . 3
-07 6 . ry
7.0, 0"
4.3 .10 ,06™
2]6 G o lolll 6"”
0 10
=216 &q. ft. +( timteant --:»10* “4) 8q. ft.
- 72 10 (i
2160q. N+ (144 Tx14 +l"x12xl44) 5. ft
10 .
=216 5q. ft. + 728q. in. + 1580 in. +]“sq.m.

Ex.3. Find by cross multiplication the capacity of a cube whose edgo
is 2 ft. 8 in. ; and prove the truth of the result by vulgar fractions.

2. 8
2. 8
5. 4
1. 9. 4
7.1. 4"
2.8
H 2. 8

4. 8.10.8”
Jﬂ 1. 6.8

ll 6 8

=18 cub. ft.+ i3 “4 1"28) cub. ft,
1584+72+8

218 cub. ét.+ i“:fé——— cub. ft

=18}444 cub. fl.

® =18cub. ft. 1664 cub. in.
Proof by Vulgar Fractions.
Content = (2% x 2§ x 2§) cub. ft.
8 8 8 512
o= (\5)(-5)( 3) b.ﬁ-ﬂ-‘,?,—-cub.ﬂ.

=18 cub. ft. 1604 cub. in.
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140, In the examples of Cross Multiplication we see that a mixed
decimal and duodecimal scale of notation is employed, the figures of the
feet being expressed and multiplied in the ordinary way; whereas in
other places the number 12 is always used instead of 10: Cross Multipli-
cation is not, therefore, properly tcrmed Duodecimal Multiplication or
Duodecimals; because, although the different denominations are con-
nected with cach other by the number 12, still the different digits of thoso
denominations are connected with each other by the number 10.

9

10.

11

x 12,

Ex. LIV,

Find the arca of a rectangular board, whose sides aro 2 ft, 9in,
and 10 ft. 4 in. respectively.
A room is 17 ft. 3in. long, and 13ft, 10in. broad; find tho ayca of
the floor in feet and inches.
Find the number of square feet and inches in a rectangular picce
of ground 9 ft. 3in. by 3 ft. 5in.
"The floor of a room, which is 15} ft. wide, contains 01 sq, yards ;
find the length of the room.
A rectangular plot of ground 26 ft. broad contains 92 sq. yds. 4sq. ft.;
find its length.
Find the breadth of a room, whose length is 22} ft. and whose area
is 3074 fr.
How many planks 12 ft. 6in. long, and 8} in. wide, will floor a
room 50 ft. by 16ft.7
Find the arca of a square building, whose side is 26 yds. & in.
An area, measuring 30ft. 8in, by 8 ft. 9in., is to be paved; what
will it cost at tho rate of 4s. 84. per sq. ft.?
Find the cost of a slub 5 ft. 7 in. long, and 3 ft. 8 in. broad, at 3s,
per square foot.
Find the area of a floor which measures 18 ft. 6in. by 12 ft. 8in,,
and the expense of carpeting it at 3s. persquare yard.
What will be the expense of painting the surfaces, which mea-
sure respectively as follows? .
(1) 23ft. Gin. by 20{t., at 4s. 6d. per sq. yd.
(2) 14ft. 3in. by 11t 11in., at 1s. 4d. per sq. ft.
(3) 13ft. 6in. by 8ft. 9in,, at 7s. 8d. per sq. yd.

13. Work by Croes Multiplication each of the following examples,

and prove the truth of each result by Vulgar Fractions.
(1) 18ft 9in. x by 14ft. Yin.



@
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@
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23 ft. 8in. x by 16 ft. 9in.

27 ft. 6. 9” x by 5ft. 3.

22 ft. 8} in. x by 16 ft. 7§ iu.

4ft. 6. 5" xby 9 ft. 4.7".

75 ft. 73 in. x by 38 ft. 3} in.

8yds. 2ft. 2in. 3pts, x by 5yds. 11in. 7 pts.

J4. How many yards of carpet } yd. wide will cover a room 401,
Gin, by 24ft. 6in.
.15, What length of paper } of a yard wide will be required to cover
a wall 15 ft. 8 in. long by 11ft. 3in. high?
16. Find the cost of a carpet 3 yard wido at 3s. 9d. a yard for a room
20 feet by 18,
17. Find the expense of carpeting the following rooms:

)
. @
3
@
*)

12ft. 4 in. long, and 12 ft. Gin. broad, with carpet ] yd. wide,
at 4s, 6d. a yard.

204 ft. long, and 14} ft. broad, with carpet §yd. wido, ut
3s. Gd. a yard.

15 ft. @ in. long, and 12 ft. 9in. broad, with carpet 24in. wide,
at 7s, 8d. a yard.

26} ft. long, and 18ft. broad, with carpet § yd. broad, ot
3s. 4d. a yard.

19 ft. 7in. long, and 18ft. 11in. broad, with carpet 25in.
broad, at 4s. 8d. a yard.

10. Find tho content, and ‘when required) the cost, of the following :

o

2)

&)
4

8
(0)

A picee of timber, whose Iength, breadth, and thickness aro
respectively 543 ft., 5 ft., and 2ft. 5 in., at 9d. a solid foot.

A cube, whose edge is 1 ft. 8in., at Gd. a solid inch.

Digging a cubical cellar, whose length is 12 ft., at 94, a solid
yard.

A cistern 6 feet deep, having a squarc bottom of which each
sidc ie 2} ft.

A wall 1000 ft. long, 10} ft. bigh, and 2 ft. 1} in. thick.

A cube, whose edge is 13t. 7. 7.

19. Find the number of feet and inches in the floor, and the number
of cubic feet and inches in the volume of a room 23 ft. 10in. long,
18ft. 4in. broad, and 11 ft. 3in. high.

20. Find the length of paper, §ths of a yard wide, required to cover
the walls of a room, whose length is 27 ft. § in., brecadth 14ft.7in.,
and height 12 ft. 10in.
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21. What would be the cost of painting the four walls of a room
whose length is 24 ft. 3in., breadth 15 ft. 8in., and height 11 ft.
G in., at 4s. a square foot ?

22. Find the expense of painting the walls and ceilings of each of the
first two, and the walls of each of the last two of the following
rooms :

(1) A room whose length is 16°ft. 8in., breadth 15 ft. 9in., and
height 14 ft., at 1s. a sq. yd.

(2) One whose length is 15 ft,, breadth 10 ft., and height 9ft.
9in., at 1s. 4d. a 8q. yd.

(3) One whose circuit is 41} ft., and height 8 ft. 5in., at 11d.a
8q. yd.

(4) One whose circuit is 72 ft., and height 10} fect, at 10}d. a
8q. yd.
And find also the expense of papering the walls of the first
two of the above rooms with paper 1 ft. 9in. wide, at the
following prices—the first at 3s. 6d. 8 yard, and the second at
1e. 2d. a yard.

23. The length, breadth, and height of a room are 7 yds. 1ft. 3in,,
5yds. 2ft. 9in, and 4yds. Gin., respectively. What length of
paper two feet broad will be required to cover the walls, and
what will it cost at 9d. per yard ?

24. Supposing the cost of a carpet in & room 25 feet long, at 6s. &
square yard, to be £6. 5s., determine the breadth of the room.

25. In a rectangular court, which measures 96 ft. by 84 ft., there aro
four rectangular gram-plot.s measuring each 22} ft. by 18 ft.;
find the cost of pavmg the remaining part of the court at 81d. per
square yard.

20. If a picce of cloth be 94} yds. Jong, and 1} yds. broad, how broad
is o piece of the same content, whose length is 743 yds. ?

27. How many sq. ft. and sq. in. remain gut of 313 aq; f*. of carpet-
ing, after covering a room 16 ft. 9in. by 12ft. 11in,? What is
the price of the requisite carpeting at 3s. 6d. a yard?

28, On laymg down a bowling-green with sods 2 ft. 6 in. long by 9 in.
wide, it is found that it requires 75 sods to form one strip extend-
ing the whole length of the green, and that a man can lay down
one strip and a quarter each day : find the space laid down in 8

20, A picce of land, whose length is 151 yds. 1} f., and breadth



SQUARE AND CUBIC MEASURE, 178

35 yds., is to be exchanged for part of a strip of land of the samo
quality, whose breadth is 15 yds. 2} ft. Find the length of the
equivalent strip.

30. Find the difference between the content of afloor BOft. 0 in. long
and 65ft. 6in. broad, and the sum of thu contents of three
others, the dimensiona of each of which are exactly one-third of
those of the other.

31, A reservoir is 24ft. 8in. long, by 12 ft. 9in. wide ; how many
cubic feet of water must bo drawn off to make the surface sink 1
foot

32. Divide 1532 ft. 98, in. by 81 ft. 9in. : and find the breadth of a
room, the length of which is 174 ft., and the area 250§ ft.

33. How many sq. fi. of glazing are contained in the windows of a
house of 4 stories, each story containing 12 windows, the breadth
of each window being 3 ft. Gin. ; the height of the windows on the
ground and first floors being 7} ft., on the second floor Gft. 10 in.,
and on the third floor Gft.? What will the cost bo at 10d. a
sq. fi.?

34. How many bricks will be required to build a wall 20 yds. long
71 ft. high, and 14 in. deep ; supposing a brick to be 9 in, long, 3}
in. broad, and 2} in, deep ?

35. How many tons of water are there in a cistern 18 ft. 8in. long,
18ft. 4in. broad, and 6ft. 9in. deep, supposing a cubic foot of
water to weigh 1000 oz. 1

36. How many rods of brickwork are there in a wall 77 ft. long,
16 ft. high, and 1 ft. 16} in. thick ?

37. Find the expense of painting the outside of & cubical iron chest,
whose edge is 2 ft. & in., at 1s. 3d. per sq. yd.

38. What will the painting of a room cost which is 20} ft. long,
18} ft. broad, and 10 ft. high, coutaining 2 windows whose dimen-
sions are 7 ft. by 4 ft. each, at the rate of 2s. 6d. per sq, yd.?

39. A piece of cloth 5 tjmes as long as broad cost £19 ; supposing the
price of cloth to be 4s. 9d. a square yard, find the dimensions of
the piece,

40. Whah length must be cut off a straight plank 1} ft. broad, and
2 ft. deep, in order that it may contain 11} cubic ft.?

41. A Turkey carpet, measuring 11ft. 6in, by 9 ft, 8in., is laid
down on the ﬂoor of & room measuring 14 ft. by 12 ft. 6in. ; detes-
mine the qummy of Brusscls carpet, 3 yd. wide, which will be



174 ARITHMETIC.

required to complete the covering of the ares; what will be the
cost of it at 3s. 9. & yard ?

42, Shew by Cross Multiplication and by Vulgar Fractions how many
cubic feet are contained in a beam 20 ft. 4 in. long, 1 ft. § in. broad,
and 10in, thick,

43. 1f 69 yds. of carpet, 4 yd. wide, cover a room which is 10} yds.
long, find the width of the room.

44. 1f a postage stamp be an inch long and 4ths of an inch broad,
how many stamps will be required for papering a room 16 ft. 10 in,
long, 15 ft. 9 in. broad, and 12ft. 6 in. high?

45, The length, width, and height of a room are respectively 36ft.,
24 ft., and 20ft. ; how many yards of painting are there in the
walls of it, deducting for a firc-place 6 ft. by 6} ft,, and two win-
dows, each 7} ft. by 8} ft.?

‘What would it cost to paper the above room with paper 2}t
wide, at 11d. a yard ?

48. How many bricks, each 9in. long, 4}in. wide, and 3in. thick,
will be required for a wall 100yds. long, 15ft. high, and 1ft.
10} in. thick ?

47. A gentleman has a garden 200 ft. long and 180 ft. broad, and a
gravel walk is to be made to run lengthways across it ; how wide
must the path be so as to take up Ath of the garden ?

48, A wall is to be built 15 yds. long, 7 ft. high, and 13 in. thick, con-
taining a doorway 6ft. high, and 4 ft. wide. How many bricks
will it require, the solid content of a brick being 108 cubic inches?

49, What would be the cost of paving a road of a uniform breadth
of 4 yards extending round a rectangular piece of ground, the
length of which is 85 yds., and breadth 56 yds., the cost of paving
a square yard being ls. 2d.1

£0. How many paving-stones, each of them & foot long and v of a
foot wide, will be required for paving a strect 45ft. wide, sur-
rounding a square, the side of which is225 ft.7

81. What will be the expense of paving a rectangular court-yard,
whose length is 126ft. and breadth 98 ft., with pebbles, at 9d. per
8q. yd.; and by how much will the expense be increased if &
granite path, 5} ft. wide, at 10s. 6d. per sq. yd., be laid down all
round between the outside walls and the pebbles?

62, A gentleman wishes to raise his lawn (which is 1902 ft. Jong and
1020 f, broad) 2ft; and for that purpose digs a moat round it
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17 yds. broad in every part ; supposing the depth of the moat to
be uniform, how deep must it be in order that Lhe may have soil
sufficicut for his purpose ?

53. Find the expense of lining a cistern, 10 ft. 8 in. long, 6ft. 6 in.
broad, and 5 ft. 4} in. deep, with lead, at £2. 2s. a cwt., which
weighs 8 1bs. per sq. ft.

64, How many imperial gallons will a cistern contain whose length,

"depth, and breadth are 7 ft. 3 in., 3 ft. 8in., and 2 ft. 10in. respec-
tively ?

141. Examples which are usually classed under particular Rules,
such as the Rule of Three, &c., can nevertheless be readily solved in-
dependently by means of the foregoing principles.

The following examples, which are worked out, are intended to exem-
plify various methods of reasoning. In the examples for practice which
follow them, questions will be found the solution of which may be easily
arrived at in a similar way : the number of such questions in this place
must necessarily be very limited, and thercfore the student is strongly
recommended to apply to all questions which are hereafter classed under
particular Rules, an independent method of solution, as well as the onc
denoted by the Rule to which they are respectively affixed.

Ex. 1. Express a degree (G0} m.) in metres, 32 metres being » 35 yds,
35 yards = 32 metres,

o lyard= gimetres H

+. 1 degree = (69} x 1760) yards= (139 x 880) yards,

= (]—m—x—;? a 32_) metres = 1118368 metres.

Ex. 2. If §rds of a lottery ticket be worth £220, what is the value of
gyths of the same?
® . grdsof the ticket = £220,
s 3rd of the ticket= £110.
». whale ticket = £(110 x 3) = £330.
330x 3

<« Yyths of the ticket=y} of £330=4£ 1

Ex. 3. A person hag 3ths of an estate of 4000 acres lcft him; he sells
§rds of his share: how many acres has he remaining, and what fraetion of
the whole estate will they be ?

= £90.
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2 .3 2
Henlh30f7 of 4000 acres, or 7of4000 acres,

. he has remaining (‘7’- of4000—-; of 4000) acres

- ; of 4000 acres=5713 acres.

Ex.4. The sum of £463. 16s. is to be raised in a parish, the assess-
ment of which is £6184 ; what is the rate in the £.?

£6184 produce £4634 or £ 232,

. 2319 2319 1
..£l.produceo£(——-x‘—i—lﬂ),or( 5 *Gisi x20)0.

184
2319
or m‘ or 1s. 6d.

Ex. 5. After taking from my purse 1 of my money, I find that § of
what is then left amounts to 7s. 6d.; what money had I in my purse at
first

Lot unity, or 1, denote the sum in the purse at first, After taking
sway }, 3 remains. Now by the questien

3 of = 3 ofnmty, org of of the sum in the purse at first=7s. 6d.

or 'ﬁ of the sum in the purse at first="7s. 64.,
v sum in the purse at first =15s.

. . 3“- 10§
Ex, 0. 4 met tw?beggars,BnndC, and having 7Py fn fuo
of a moidore in his pocket, gave B ,}- of -gof that sum, and C ; 3 of the
rcmainder ; what did each receivo?

40 (]
Aludatﬁntﬁ Tof—o{ﬂa., “...
7 '2'

B received 7of of a.,or%c.,orﬁd. v

A bad let afterwards (5 1) e.=2,

Lo Cmved i of® i d ic.,or ’lc.ad.



MISCELLANEOUS EXAMPLES WORKED ouT. 177

Ex.7. A farmer pays a corn-rent of 5 quarters of wheat and 3 quar-
ters of barley, Winchester measure : what is the money value of his rent,
when wheat is at 60s., and barley at 54s. per quarter, imperial measure;
32 imperial gallons being = 33 Winchester gallons?

Rent is 5 qrs. of wheat Win. mea. + 3 qre. of barley Win. mea.

0
But 1 Win. gnl.=g—; imp. gal,

C1Wi 32,
A in. qr.=g5 imp. qr.

32, a2,
o rentis 8x ?Ta imp. qrs, of wheat +3 x 3—3 imp. grs, of barley,
*. money value of rent= (5 x 2 60+ 3 x ot 54) 8.:= £22. Ba.
v 33 33 -

Ex. 8. If £1. sterling be worth 25 francs, GO centimes; and also
worth 6 thalers, 20 silber groschen; how many francs and centimes is a
thaler worth? (One thaler == 30 silber groschen, 1 franc=: 100 centimes.)

6 thalers, 20 silber groschen =25 francs, GO centimes,
or 639 thalers =25/ francs,
1 thaler= (253 + 63) francs
384
100

francs = 3 francs, 84 centines,

Ex.9. Standard gold contains 12 parts of pure gold to one part of
copper, and 20lbs. Troy are coined into 034 sovereigns and a half-
sovereign ; find the weight of pure gold in a sovercign,

Number of parts =12+ 1=13, of which ;g is pure gold.

By the question,

934} sovereigns weigh 20 1bs. Troy,

. Ly 20%x2
- 1Hov, weighs oy 1be Troy,
. 12 20x2
*. wéight of pure gold in a ”"‘=<‘1‘5 T
=1344}8 grs.
Ex. 10, If a persop, iravelling 13 hours a day, perform a journey

in 27§ days, in what length of time will he perform the same if he travel
10% hours a day ?

1b. Troy

12
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If he travel wﬁl\n.sday,hedouthojoumymﬂidm

SSROTT ¥ |t S .. (278 x 133 ) days,
PO . 104 hrs. ...... g somcesavessaessnesareresese . 2—7%;3&&’-,

which, worked out, gives 36314} days.

Ex. 11. If 858 men in 6 months consume 234 quarters of wheat,
how many quarters will be required for the consumption of 979 men for
three months and a half?

858 men in 6 months consume 234 quarters,
% 1 man in 1 month consumes 852834 ¢ Iss
. 979 x 234
.*. 979 men in 1 month consume g5 %G I™
079x234 7

.. 979 men in 3} months consume “858%8 * 2) qrs, or 155} qre.

Ex. 12. If 5 men or 7 women can do a piece of work in 37 days;
in what time will 7 men and 6 women do a piece of work twice as great?
5 men=7 women,

A § m=lzi woman,

R men=%’-’ women,

+ ‘7T men and 5 women= (ég +5) women=76—4 women.

Now by the question,
7 women in 37 days do the picce of work,
. 1 woman in (37 x 7) days does ...... crererenens
3Tx7
74
.14 3TxTx5 .
< 7§ Women in — 74 days do ......... 5.
.14 . BTIxTxEx2
< g women in 7
Ex.13. A bankrupt owes three creditors 4, R, and C £250, £330,
and 400 guineas respectively, and his property is worth £125; how
much will each creditor receive, and how many shillings in the ponnd?
Debts amount to £(250 + 330 + 420), or £1000.

.. 74 women in

or in 35 days do twice as much.
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I the bankrept has £1, he pays ;- part of debt,
125
cenreiseueees vee .eens £125........ * Joop Part of debt,

......... %— part of debt.

o A gets £31. 8¢s., B gets £41. 5s., and C gets £52. 10s. He pays } of
£1., or 2s. 6d., in the £.

Ex. 14. Gunpowder being composed of nitre 15 pdrts, charcoal 3
parts, and suiphur 2 parts; find how much of each is required for 16 cwt.
of powder.

The whole number of parts=(15+ 3 +2)=20.

Of every 20 parts,

15 3. . 3. 2 1,

90°T3 18 nitre, 5 18 charcoal, 55T ip 8 sulphur.

%of 16 cwt., or 12 cwt. = quantity of nitre required.
2% of 16 cwt, or 2§ cwt. = eeennnne charcoal ........... .
'l_lt-) of 16 cwt., or 13 cwt.=..cccoeeenne sulphur ........... .

Ex. 15. The price of a work which comes out in parts is £2. 16s. 8d.
But if the price of each part were 13d. more than it is, the price of the
work would be £3. 7s. 6d. How many parts are there ?

£2. 16s. 8d. + (number of parts x 13) d.= £3. Ts. 6d.
. (number of parts x13) d.=10s. 104,
=130d.
.. number of parts= 1 =10,

Ex. 168. Divide 1860 guincas between A4, B, and C, so that as

often as A gets £5., B shall get £4., and as often as B gets £3., C shall

get £1.
It is clcar that B’s share =3 times C's share,
¥ 4 times 4’s sharc=5 times B's share,

or, A's lhll!=§ times B’s share,
= (g x 3) times C's share,
but A’s share + B's share + C's share = 1800 guineas ;
o 1-:- C’s share + 8 C's share + C’s share = 1860 guiness,
12-2

L]
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or !;—54»4) C’s share =1860 guineas,

or :% C’s share =1860 guineas ;

- Cs 'MW:(BIEQ x :%) guineas = 240 guineas,

B’s share =720 guineas, and 4’s share = (240 x 1{) guineas =900 guineas,

Ex. 17. Of a certain dynasty, 3 of the kings are of the same name,
} of another, } of a third, and ¢ of a fourth, and there are 5 besides: how
many are there of each name ?

Representing the whole dynasty by unity, or 1.

= number of kings of onc name,

|

........................ of a sccond...,

........................ of a third...,

1]

T2 ierertereresterenenes of a fourth....

el o R T N LRI

1. 1 1 10
N0W§+i-+§+l—2=§4,
*. whole dynasty — 19 or 1__1_0 or 5 —no.of remaining kings in it.
* 24’ 247 24
But by the question,

5 5 ..
3 of unity, or % of the whole dynasty=5;

9.
. 1, or the whole dynasty, =5 x '{‘1".—-24;
.*. thereare 8 kings of the 1st name, 6of the 2nd, 3of the 3rd, and 2 of the4th.

Ex.18. A4 can do a piece of work in 5'days, B can do it in 6 days,
and C can do it in 7 days; in what time will 4, B, and C, all working
at it, finish the work ? Find also in what time 4 and B,working toge-
ther, 4 and C together, and B and C together, could respectively finish
it h

Representing the work by unity, or 1.

In one day 4 doss 3 part of the work,
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In one day B docs é part of the work,

R 4+B+Cao(} +6+7) ormpart-
~ time in which 4 +B+ C wou]d ﬁmsh the work

days = dnya~ 1]§# days.

107 '107

210
. 1 1 11 .
Again, in one day 4+ B do (—5- + (—;), orzys of the work ; therefore time

in which they would finish it=g3 1 ; or 24 days.
30

In like manner, it may be shewn that 4 and C would finish the work
in 2}} days; and B and C in 3y} days.

Ex. 19. It being given that 4 and B can do a piece of work in 2.8
days; that 4 and C can do the same in 2]} days; and that B and C can
do it in 344 days: find the time in which 4, B,and C would do the work :
working, first, all together, secondly, scparately.

In one day 4 and B do 1—1“-] of the work,

)
............... A aud C do ]—f ey
35
.............. Band Clo 3o v
.. by addition,
12 13 214
In one day 24 + 2B+ 2C would do w +35+ 12)" OF gjg- Of the work,
- ' 107
*. in one day A%+ B+ C do 210
. 210
time requm-d-m 107 days=1{83 days.
2i0
Again,
work done by 4+ B+ C in onc day —work done by B+ C in one day,
107 _13_1,
or.workd.onebydlnmdl =50"B" 5’

therefore time required, in which 4 would do the work, =8 days.



182 ARITHMETIC.

In like manner it may be shewn, that B would do the work in 6 days,
and that C would do it in 7 days.

Ex. 20. A cistern is fed by a spout which can fill it in 2 hours, how
long would it take to fill it if the cistern has a leak which would empty it
in 10 hours ?

In one hour spout fills % of the cistern,

.1
............ leak cmptic To e

Therefore in one hour, when the spout and leak are both open, the part
of the cistern filled by what runs in— what runs out,

- (-8

. time required for filling the cistern = 3 hrs.= g brs.=2} hrs.

Ol b3] =

Ex. 21. A can perform a certain quantity of work in § days, B
twice as much in 6 days, and C 4 times as much in 9 days; in what time
can 4, B, and C working together, perform a piece of work 11 times as
great

In one day A4 does % of the work,

2 1
............... B doces GOT g e
............... C does 54)‘

s in one day 4+ B+ C do (%+%+%) orgofﬂw work,

¢. they would finish this piece of work in % days,
. they would finish required piece of work in (:g x 11) orA1} days.

Ex. 220 4 and B can do a piece of work in 15 and 18 days respect-
Ively; they work together at it for 3 days, when B leaves, but 4 continues,
and after 3 days is joined by C, and they finish if together in 4 days ; in
what time would C do the piece of work by himself
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Representing the work by unity, or 1.
1 1
In one day 4+ B do (R +Tﬁ) of the work,

in 3 days they do (—;—5 + ili) X 3errrerer

.U
0 Fr IR IRIR

;—g of the work remains to be done.

In 3 days more 4 does i or- of the work ;

. whes4 is joined by C,

;-% - %, or — of the work remains to be done.

In 4 days more 4 does 1—5 of the work ;
*. work which has to be done by C in 4 days

.. part of work to be done by C in one day = 1 ’
.. time in which C would do the whole work =24 days.

Ex. LV.
Miscellaneous Questions and Examples on preceding Arts.
I
1. State the rules for the multiplication and division of decimals,
and divide 3417 by 3}.
2. What iséhc value jin English money of 155685 francs, when the
exchange is at 24°25 francs per £7

8. Reduce }+}+ f+ 7 to a decimal fraction. What decimal of &
ewt.is 1qr. Y1ba 1

4. Explain the principle of the Rule of Practice. Find (by Practice)
the cost of 365} tons of coals at 13s. 5}d. a ton; and the rent of
315 ac., 3 ro., 7 po. at £1. 16s. 84. an acre.

8. If § of an estatd be worth £1003. 17¢. 1d., what is the value of }
ofit :
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6. If a bankrupt pay 3s. 4d. in the pound, what will be received on
8 debt of £3678. 16s.?

7. A person possessing & of an cstate, sold # of :”:1. of his share for

£120§ ; what would  of 5 of the estate scll for at the same rate ?

8. A man, his wife, and 3 children carn £1. 7s. 6d. a week ; the
wife earns twico as much as each child, and the man three times as
much as his wife ; required the man's weekly earnings.

9. If £1. sterling be worth 12 florins, and also worth 25 francs, 56
centimes ; how many francs and centimes is one florin worth ? (100
centimes=1 franc.)

10. The wages of § men for 6 weeks being £14. 8s,, how many
weeks will 4 men work for £197

1L

1. What is meant by saying that one sum is a certain fraction (for
example 3) of another? 1If 26 francs are cquivalent to a pound, what
fraction of a shilling is a franc? Give the reasons for the process which
you adopt in answering the question.

2. Express § of 1§ of a mile in terms of a metre, supposing 32
tnetres =35 yards.

8. A, B, and C rent a pasture for £40. A puts in 8 cattle, B, 9, and
C, 11 : how much should each pay for his share ?

4. Reduce 334, to the decimal of 10s., and divide the result by 12'5.
Explain the process employed.

5. Find the value of 45 ac., 3ro., 20 po. at £111. 11s. 4d. per acre, by
Practice.

6. 1If the property in a town be assessed at £60000, what must be the
rate in the £ in order that £2500 may be raised {

7. If the circumference of a circle=Diameter x 314159 find the
number of revolutions passed over by a earrmgc.wheel 5 ft. in diameter
in 10 miles.

8. A farmer has to pay yearly to his lmdlord the price of 7} bushels
of wheat at 4a. 8d. per bushel, and 0} of malt at 5s. 3d,, and 6} of oats at
2¢. 4.  'What is the whole amount of his rent.?

If there were a decimal coinage of pounds, florins, &c., how many of
themn would he have to pay ?

9. 4 alone can do a piece of work in 10 hours, and B can do it in 12
hours, find the time in which both working together can do it.

10. Ten excavators dig 12 loads of earth in 16 hours, whilst 12 others
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can dig only 9 loads in 15 hours; in what time will they jointly dig 100
loads ?

L

1. Divide 28 tons, 4 cwt., 3 qrs. into 36 equal portions; and find the
value of one of them at £7. 10s. 8d. per cwt.

2. Reduce 186 yds., 2ft.,, 8 in. to the decimal of a chain. If one
chain=10 chainlets=100 links=1000 linklcts; express tue above in
chains, chainlets, links, linklets.

8. If £1 wterling be worth 45 Pauls, 9 Baiocchi (Roman), and be
worth 251 francs (French); shew that a Napoleon of 20 francs=
36 Pauls. (10 Baiocchi=1 Paul.)

4. If the rents of o parish amount to £2514. 7s. Gd. and a rate is
granted of £83, 16s. 3d.,, how much is that in the £? and how much
must be paid by an estate whose rental is £1145, 125, 6d.3

5. Ifa tradesman with a capital of £1000 gnins £00 in 7 months, in
what time will he gain £20. 5s. with a capital of £3151

6. What is the difference between simple and compound Practice

Required the price of 3ewt., 3 qrs, 1G1bs. at £4. Gs. 0}d. per quarter,
by Practice.

7. Determine the expense of papering a room 12 ft. high, measuring
20 ft. by 15 ft., at the rate of 2}d. per square yard.

8. In the civil year 97 days are intercalated in 400 ycars; what is
the average length of the year?

0. If 15 horses and 148 sheep can be kept 9 days for £75. 15s.,
what sum will keep 10 hiorses and 132 sheep for 8 days, supposing &
horses to eat as much as 84 shecp?

10. A, B, and C are three workmen: 4 can do half a piece of work
in 3 hours, being twice as much as B can do ; and 4, B, and C can togoe-
ther do the whole in 2} hours. Shew that C can do in 5 hours aa much
as B can do in 9 hours, ’

- 1v.

L J

1. Explain how whole numbers are represented in the decimal or
common system of notation. Multiply 720 by 37, and explain the
process.
2. Add together the fifth of a shilling, two-sevenths of a crown, and
four-ninths of a guinea ; and reduce the result to the decimal of £25,

3. Two persons gnined in trade £375; one having put in £500
and tho other £850; what part of the profit ought cach person to
reccive 1
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4. Taking the circumference of a circle at 3} times its diameter,
find the cost of a marble column of two feet breadth, and five yards
height, marble being at 15s. 6d. per cub. ft. (Area of circle =} circum-
ference x semi-diameter. )

8. If a certain number of men can throw up an entrenchment in 12
days, when the day is 6 hours long, in what time will they do it when
the day is 8 hours long ?

0. Find the entire cost of 101bs. of tca at 4s. 84. per 1b,, 18 1bs. of
coffee at 1s. 3}d. per Ib., 23 1bs. of sugar at 4}d. per lb, and 161bs. of
candles at 73d. per 1b,, and divide the amount equally among 14 persons.

7. Reduce 23753 Spanish dollurs to English money, the exchange
heing at 3s. 4d. per dollar. And find the value of 1,000,000 rupees at
2s. 3d. each.

8. The roller used for rolling a bowling-green, being 6f. 6in. in
circumference, by 2 ft. 3 in. wide, is observed to make 12 revolutions as
it rolls from one extremity of the grcen to the other; find the area
rolled when the roller has passed 10 times the whole length of it.

9, Divide £1400 among 4, B, and C, in such a manner that as
often as A gets £5, B shall get £4, and as often as B gets £3, C shall
get £2.

10. A fraudulent wine-merchant sclls, as brandy, a mixture of brandy
and rum at £2. 5s. a gallon, which is the proper price of his brandy, that
of his rum being a guinea a gallon. Supposing one-third of the whole mix-
ture to be rum, ascertain how much a gallon he gains by his dishonesty.

V.
* 1. Divide 550974 by 1472 ; find the quoticnt and remainder. Ex-
plain the operation, and prove the result.

2. Shew that the value of a fraction is not altered by multiplying the
numerator and denominator by the same number.

Express the fractions 3%, §, and ¢ by corresponding fractions having
the same denominator, and find the sum.

8. If11b. Avoirdupois be equivalent to 7000 grains 'roy, and 18G9
sovercigns weigh 40 lba, ‘I'roy, how many sovereigns will weigh 1 Avoir-
dupois ounce ?

4. A quarter of wheat is consumed annually by each perfon in Eng-
land ; if wheat be at 432, a quarter, and the population 27,500,000, wlnt
is the value of a quarter of a year's consumphon ?

8. A certain number of men mow 4 acres in 3 hours; and a certain
pumber 6f others mow 8 acres in 5 hours; how lon} will they be mowing
11 acres, if all work together?
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6. The depth of water in a cistern whose base contains 1344 8q.in. is
3ft.9in. Find (1) the number of cub. ft. of water in it, and (2) the
depth of the same quantity of water in another cistern whose base con-
tains 1088 square inches.

7. If a man can do a piece of work in 8} days by working 8 hours
a day, how many hours a day must he work to finish it in 5 days?

8. If 7 men or 11 women can finish a picce of work in 17 days, how
many days will it take 11 men and 7 women to finish it 2

9. A room is 20ft. Gin. long by 15 ft. 6in. wide, and 16 ft. high ; it
has two doors, each 8 ft. high by 3ft. 9 in. wide, and 3 windows, onc b ft.
by 7ft., the other two &5 ft. by 4 ft. each. What will it cost to paper the
room with paper » yard wide at 10./. a yard ?

10. A bankrupt owes 4 £515. 12s. 6d., B £407, and C £203. Gs. 84.;
his estate is worth £011. 19s. 4}d.; how much can be paid in the £, and
what will 4, B, and C each reccive ?

VL

1. Multiply £10. 17s. G3d. by 86764 ; and find by Practice thc value
of 8764 things at £10. 17s. 63d. each.

2. A bankrupt’s assets amounted to £542. 6+, and his creditors ro-
ceived 11s. in the pound : find the amount of his debts.

3. A piece of cloth, when mcasured with a yard measure which is
two-thirds of an inch too short, appcars to be 10} yards long, what is its
true length?

4. How many francs must be transmitted from Paris to Berlin to
discharge a debt of 420 thalers? a thaler being equivalent to 3 shillings,
and 24 francs to onc pound sterling.

5. Estimate the cost of a dish of almonds and raisins consisting of
six ounces of almonds and three quarters of a pound of raisins: supposing
almonds to be ten pence, and raisins elcven pence a pound.

6. If 5 cwt. 3qrs. 141ba. cost £6 per cwt., what will be the cost per
pound when the ocst of the whole has been reduced by £7. 16s. 84.1

7. A grocer buys 10cwt. 3 qrs. 211bs. of sugar for £30, and pays
122, 6d. for expenses; at what rate must he sell it per pound to clear
£15. 6s. 3d° by his bargain 1

8. Explain the difference between Cross Multiplication and Duo-
decimals.

Find the cost of papering aroom 20ft. long, 16} ft. broad, and 12ft. high,
the price of a piece of baper 12 yds. long and 3 qrs. broad being 4s. 6d.

9. If a mail, on the average, creep 2ft. 7in. up a pole during
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12hrs. In the night, and slip down 16in. during the 12hrs. in the day
how many hours will he be in getting to the top of a pole 35 ft. high?

10. The profits of a tradesman average £54. 6s. 5d. per week, out of
which he pays 3 foremen, 10 shopmen, and & assistants, at the rate of 2
guineas, 1 guinea, and 17s. 6d. per weck respectively: His yearly out-
goings for rent, &ec. amount to £723. 1ls 84, Find his net annual
profite

VIIL.

1. Whatis meant by afraction? Find thevalue of §of } of 13 guineas;
and then express the result as the fraction and decimal of £237. 10s.

2. By what number must £5. 6s. 3}d. be multiplied in order to give
as product £85. 0s. 4d.7 Divide £34. 13s. into 3 parts, one of which shall
be twice and the other 4 times as great as the third.

3. If a year consist of 305 242264 days, in how many years will its
defect from the civil year of 365} days amount to 1 day?

4. If 156 men take 17 days to mow 300 acres of grass, how long will
27 men take to mow 167 acrea

&. 1f 20 men can perform a piece of work in 12 days, how many men
will accomplish another piece of work, which is six times as great, in
a tenth part of the time ?

6. I am owner of § of 4 of § of a ship worth £5161. 3s. 9d., and sell
3th of the ship ; what part of her will then belong to me, and what will
it be worth?

7. A bankrupt owes -£900 to his three creditors; and his whole pro-
perty amounts to £675; the claims of two of his creditors are £125 and
£375 respectively ; what sum will the remaining creditor receive for his
dividend ? _

8. Shew that a cistern 13 ft. 4in. long, 8 ft. broad, and & ft. 3in. deep,
holds just twice as much water as another which is 7 ft. long, 6ft. 8in.
broad, and 6ft. deep.

#. There are in a manufactory a certain number of. workmen who
receive 60s. & week, twice as many who receive 31s. 6d. a week, and eleven
times as many who receive 14s. a week, and the total amount of the work-
men’s wages for one week is £06. 19s. ; find the number of wurkmen.

10. Reduce £405. 6s. 8d. to francs and centimes, at the rate of 253
francs to £1, and 100 centimes to a franc.

VIIL. '
L. Find the value at £3. 5s. per oz of 131bs. Doz. 3dwts. of gold
dust, ’

»



MISCELLANEOUS QUESTIONS AND EXAMPLES. 189

2. If aflorin be made the unit of money, what number will represent
£1.11e. 6}d.?

3, If £1. be worth 12 guldens, and one penny 3 kreutzers, what frac.
tion of one gulden is 5 kreutzers ?

4. A creditor receives on a debt of £296. a dividend of 12s. 4d. in the
pound, and he receives a further dividend, ujpon the deficiency, of 3s. 9d,
in the pound ; what does the creditor receive in the whole 1

5. Reduce 12ft. 4} in. to the fraction of a mile, and find tho corre-
sponding decimal,

6. 1f 29,040 copies of a paper be printed, each copy consisting of 8
sheets, and each sheet being 3} feet long, by 2 feet broad ; how many acres
will one edition cover?

7. A manhasan income of £200 a year ; an income-tax is established
of 7d. in the pound, while a duty of 1}d. per 1D, is taken off sugar ; what
must be his yearly consumption of sugar that he may just save his
income-tax ?

8. If 4 can do as much work in 5hours as B can do in 6 hours, or as
C can do in 9 hours, how long will it take C to complete a picce of work,
one-half of which has been done by 4 working 12 hours and B working
24 hours ?

9. Find the number of shillings and pence which are equivalent to
the recurring decimal '3333......of a pound.

10. The gross earnings of an undertaking average £3000, and the
expenses £775. 14s. 2d. per week, one-tenth of the remainder is put aside
for wear and tear, and the annual charges amount to £24141. 13s, 84,
‘What is the net annual profit ? (1 year=52 weeks.)

IX.

1. Explain the process of Long Division.

Reduce %%/ +1832342 to its equivalent whole number.

2. Shew how to convert any proper fraction into & decimal.

Reduce $ ahd y£&y t~ the decimal form,

3. State what kind of vulgar fractions can be expressed in finito
decimals.  Can the quantity §~}—; be so expressed ?

How maxy shillings should be given in exchange for %—:i of a pound ?

4. If two-thirds of an academic term exceed one-half of it by 13}
days, how many days are there in the whole term ?

5. Ina decimal coinage of pounds, florins, &c., how many of theso
may be obtained for £19. 17s. 6}d.1 How much is lost by tho exchange?
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6. The length of a rectangular field which contains 7 acres, 1 rood,
165 poles, is 453 yds,, 2 ft., 3in. ; find its breadth.

7. A butler concocts a bowl of punch, of which the following are tho
ingredients : milk 2} quarts, the rind of one lemon, 2 eggs, 1 pint of rum,
and half-a-pint of brandy., Compute the value of the punch, reckoning
milk at 3d. a quart, lemons at 2¢. a dozen, eggs at 16 a shilling, ram at
13e. per gallon, and brandy at £1. 4s. 84. per gallon.

8. A Cochin China hen eats a pint of barley and lays a dozen eggs,
while an English hen eats half-a-pint of barley and lays five eggs. Sup-
posing the eggs of the English hen to be half as large again as those of the
Cochin China, which is the more economical layer ?

9. If 72 men dig a trench 20 yds. long, 1 ft. 6in. broad, 4 feet deep,
in 3 days of 10 hours each, how many men would be required to dig a
trench 30 yards long, 2ft. 3 in.broad, and 5 feet deep, in 15 days of 9
hours cach ?

10. A crew consists of 420 men, and & certain number of boys; the
men receive each £3. per month ; and the amount of wages of the whole
crew is £1500. per month ; find the number of boys supposing cach to
receive £1. 10s. per month,

X.

1. Explain the rule for the addition of decimals ; add tegether § and
*061 ; subtract ‘003 from ‘02 ; and divide 0672 by *000.

2. Subtract § of § from § of y'r, and multiply the result by § of §.

3. If £1 sterling=10 florins=100 cents = 1000 mils, shew that £25,
10s. 73d. =255 florins, 3 cents, 1} mils.

4. If 6 men earn £7, 6s. 3d. in 7} days, how much will 10 men earn
in 114 days?

5. A person expends £72 in the purchase of cloth, how much can he
buy at the rate of 2s. 2d. a yard ?

6. What is the cost per hour of lighting a room with ten burners,
each consuming 4 cub. in. of gas per sccond ; the price of gus being 6Gs. for
a thousand cubic feet

7. What is the value of 8 qrs., § bushels, 3peckuofwhutu7c. 8d,
a bushel ?

If 8qrs., 6 bushels, 2 pecks of malt cost £21. 8s., what is the price per
bushel ?

8. What length of paper § ofuyardmdemll be required to cover 8
wall 15 f. 8in. long by 11 ft. 3in. high ?

9 *“Dchine & Rectangular Parallelopiped.”
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A block of wood, in the form of a rectangular parallelopiped, measures
along its edges 18} feet, 5} feet, and 3 feet, respectively ; determine its
value on the supposition that a cubical block, measuring 11 inches along
the edge, is worth 3s. 6d.

10. If 36 men, working 8 hours a day for 16 days, can dig a trench
72 yards long, 18 wide, and 12 deep, in how many days will 32 men,
working 12 hours a day, dig o trench G4 yards long, 27 wide, and 18
deep ?

XI.

1. Express ¢y as a decimal ; and thence find its value when unity
represents £300,

2. A parish containing 2456 acres is rated on a rental of £3070; a
rate of 8d. in the pound being levied, what on the average is the charge
per acre ?

8. Find the price of 2 tons, 16 cwt., 17 1hs. of sugar at 10d. for 2} 1bs.

4. If 1 cwt. of an article cost £7, at what price per lb.must it be sold
to gain ¢ of the outlay ?

6. Find in inches and fractions of an inch the value of 00003551136
of a mile. Explain the process cmployed.

6. Express each silver coin now current in England by a decimal of
23d. 1f Ysth of 2§d. be the unit of money, what decimal will express o
halfpenny 1

7. An American dollar is 4s. 334.,and is 5°42 francs; find the number
of francs in £1 sterling, and express both a dollar and a franc in terms of
the unit of money mentioned in the last question.

8. A and B can do a picce of work in 6 days, B and C in 7 days, and
A, B, and C can do it in 4 days; how long would 4 and C take to do it?

9. If a sheet of paper 5} feet long by 21 feet broad be cut into strips
an inch broad ; how many sheets would be required to form a strip that
would reach round the carth (25,000 miles) ?

10. A bag eontains a certain number of sovereigns, three times as
many shillings, and four times as many pence and the whole sum in the
bag is £280; find how many sovereigns, shillings, and pence it contuine
sespectively.
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RULE OF THREE

142, We may compare one number with another, or ascertain the
relation which one bears to the other in respect of magnitude, in two
different ways ; either by considering how much one is greater or less than
the other; or by considering what multiple, part, or parts, one is of the
other, that is, how many tiines or parts of a time, or both, one number is
contained in the other. Thus if we compare the number 12 with the
number 3, we observe, adopting the first mode of comparison, that 12 is
greater than 3 by the number 9; or, adopting the second mode of com-
parison, that 12 contains 3 four times, and is thus 12 or four times as
great a8 3. Again if we compare the number 7 with the number 13, we
obsecrve, according to the first mode of comparison, that 7 is less than 13
by the number 6; and, according to the sccond, that as 1 is one thir-
teenth part of 13, so 7 is seven thirteenth parts of 13, or Yzths of 13.

143. The relation of one number to another in respect of magnitude is
called RaTio; and when the relation is considered in the first of the above
methods, that is, when it is estimated by the difference between the two
numbers, it is called AriTamETICAL RATIO ; but when it is considered ac-
cording to the second method, that is, when it is estimated by considering
what multiple, part, or parts, one number is of the other, or, which is
sgen from above to be the same thing, by the fraction which the first
number is of the sccond, it is called GeoMeTRICAL RATIO. 'Thus for in-
stance, the arithmetical ratio of the numbers 12 and 3 is 9; while their
geometrical ratio is ¢ or 4. In like manner the arithmetical ratio of 7
and 13 is 6, while their geametrical ratio is .

144. 1t is more common, however, in comparing one number with
another to estimate their relation to one another in respect of magnitude
according to the second method, and to call that relationtso estimnated by
the name of Ratio. According to this mode of treatment, which we shall
adopt in what follows, “ Ratio is the relation which one number has to
another in respect of magnitude, the comparison being made by considering
what multiple, part, or parts, the first number is of the second, or how
many times or parts of a time, or both, the second is contained in the
first,”

145. It is plain that, for any two numbers, the fraction in which the
first is numerator and the second denominator, will correctly express the
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multiple or part, or both, which the first number is of the sccond, or the
number of times or parts of a time, or both, of a time the second is con.
tained in the first. Thus if we take the numbers 12 and 3, the fraction 32,
which is cquivalent to the whole number 4, shows the multiple which 12
is of 3, or the number of times 3 is contained in 12, And again, if we take
tho numbers 7 and 13, the fraction yiy will express the part or parts which
tho number 7 is of 13, or will express the part or parts of a timne that 13 is
contained in 7 : for 1is one thirtcenth part of 13, so that 7 must be seven
thirteenth parts of 13, that is, \'yths of it; and 1 is contained 7 times in 7,
so that 13 must be contained only yi;ths of a time in 7. We conclude
therefore that the ratio of one number to another may be estimated and
expressed by the fraction in which the former number is the numerator
and the latter the denominator.

146. The ratio of one number to another is often denoted by placing a
colon between them.  Thus the ratio of 7 to 13 is denoted by 7: 13. As
we have shown that the ratio of one number to another may be expressed
by the fraction in which the former is the numerator and the latter the
denominator, we sec thut 7 : 13is=,%. The two numbers which form a
ratio are called its terms; the first number, or the number compared,
being called the first term, or T AxrticepenT, and the second number
or that with which the former is compared, the second term, or Tng
CoxsequEnT, of the ratio. «

147. If the two numbers to be compared together be conerete, they
must be of the same kind. We cannot compare together 7 days and 13
miles in respect of magnitude ; but we can compare 7 days with 13 days;
and it is clear that 7 days will have the same relation to 13 days in reapect
of magnitude, which the number 7 has to the number 13, so that the ratio
of 7 days to 13 days will be the same as the ratio of the abstract numher 7
to the abstract number 13, and may be cxpressed by the fraction yi. If
however the concrete nunfhers, though of the same kind, be not in the
same denomination of that kind, it will he convenicnt to reduce them to
one and the game denomination in order to find their ratio. Thus, if one
of the numbers be 7 days and the other be 13 hours, the ratio of the former
to the latter will not be that of 7 to 13, but that of 7 days to 13 kours, that
is, 168 hours to 13 hours, which will clearly be the same as that of tho
abstract number 168 toghe ahstract number 13, and so will be expressed
not by y, but by 1. We see, then, that 7 days : 13 hours is the same
08 168 : 13, and that each is=38P, Thus it is plain that when the num-

13
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bers are concrete, we may reduce them to one and the same denomination,
and then, in considering their ratiq, trcat them as abstract numbers.

148. ProrortioN is the equality of two ratios; so that, when the ratio
of one number to a second is equal to the ratio of a third number to a
fourth, proportion is said to exist among the numbers, and the numbers
nre called PrororTionaLs. Thus, the ratio of 8'to 9is equal to that of 24
to 27, for the former ratio is §, and the latter ratio is 4, which is also
equal to §. The ratios being equal, proportion exists among the numbers
8, 0, 24, 27 ; and thus those numbers are proportionals,

140, When proportion exists among four numbers, that is, when the
ratio of the first to the second is cqual to that of the third to the fourth,
this proportion or equality is often denoted by writing down the two
ratios in the manner mentioned in (Art. 146) in one line, and placing a
double colon (::) between them. Thus the existence of proportion among
the numbers 3, 4, 9, 12, is indicated as follows,

3:4:90:12
which is commonly read thus, ‘three are to four as nine to twelve,” or
“ag threo to four o nine to twelve.” It will appear from what has pre-
ceded, that by the expression 3 : 4 :: 9 : 12, it is weant in fact that
=%

150. Inorder to form a proportion four numbers arc required. It may
indced happen that the second and third ave the same, in which particu-
lar case it might be said that only thrce numbers arc required ; thus
9:6::6:4; but cvon in such a case it is better to consider the sccond
and third as distinct numbers, and to regard the proportion as consisting
of four numbers, of which indeed two arc cqual. The four numbers
required to form a proportion are called its fcrms. In the proportion
3:4::90:12, we have 3 for the first term, 4 for the second, 9 for the
third, and 12 for the fourth term, of the proportion.

151, It hasbeen stated that proportion is thg equality «f two ratios, anc.
we have explained that the two numbers constituting a ratio must cither
be both abstract, or (if concrete) both of the same kind. In a proportion
if one of the ratios be formed by two abstract numbers, tiie other may
arise from two concrcte numbers. For it has been explained (Art. 147)
that if a ratio consist of two concrete numbers, we may reduce them
both to the same denomination, and then treat the resulting numbers as
abstract, the ratio of those abstract numbers being the same as that of
the two concrete numbers from which they have arisen, For the same
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reason, one of the two ratios constituting a proportion may be formed
from concrete numbers of one kind, while the other is formed from
concreto numbers of a different kind ; for 7 days : 13 days :: 7 miles : 13
miles, each ratio being in fact that of 7 to 13. Indeed it appears by
(Art. 147) that the ratio of two concrete numbers may always be ox-
pressed by a ratio of two abstract numbers. If both or either of the
rotios in & proportion be formed from concreto numbers, wo may thus
replace each such ratio by one arising from abstract numbers, aud in
this way every term of the proportion will become an abstract number;
60 that, notwithstanding the remark in note (Art. 26), any ono of the
terms may then be multiplied or divided by any other.

152. It is readily scen that if proportion exist among four numbers
taken in a certain order, it will exist also among the smme numbers
taken in the contrary order.  Thus the numbers 8, 0, 24, 27, being pro-
portionals in the order in which they stand, the numbers 27, 24, 9, 8,
will also be proportionals. For,

8 24
v 27’
8 24
. l+9 : l-i-ﬁﬁ,
[f] 27
°']xu""l"§1'

P 7
8”2’
a0
21 8°

or27:24::0:8,
1t is apparent also from (Art. 66) tlmtﬁ:ﬁ.

153. If only three of the numbers in a proportion be given, we can by
mcans of them fimd the fougth, and the method or Rule by which it may
be found is one of great importance in Arithmetic. We have seen thas
proportion exists among the numbers 8, 9, 24, 27. If the first three
numbers onl§ were given, and we were required, by means of these, to
find the fourth, the method or Rule to be adopted ought to determine a
number to which 24 would have the same ratio, as 8 to 9; or, which is
seen from the last article to be the same thing, it ought to detcrmine a
number which will ha®e the same ratio to 24, which 9 has to 8; this
number being of course 27. Almost all questions which arise in the

13-2
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common concerns of life, so far as they require calculation by numbers,
might be brought within the scope of the Rule of Three, which enables
us to find the fourth term in a proportion, and which, on account of its
great uso and extensive application, is often called the Golden Rule,

154. The Rure or THREE, then, is a method by which we are enabled,
from threc numbers which are given, to find a fourth which shall bear
the same ratio to the third as the second to the first, that is, shall bo
the same multiple, part, or parts of the third, as the second is of the
first; in other words, it is a Rule by which, when three terms of a pro-
portion are given, wo can determine the fourth.

As most of the practical cases in which this Rule is made use of relate
to concrete numbers, we shall express the Rule with especial reference to
such cases, adding however a short direction for cases in which abstract
numbers only are concerned,

155. Rure. “Leaving out of considcration superfluous quantities,
find, out of the three quantities which are given, that which is of the
same kind as the fourth or required quantity ; or that which is dis-
tinguished from the other terms by the nature of the question: place
this quantity as the third term of the proportion.

 Now consider whether, from the nature of the question, the fourth
term will be greater or less than the third; if it be greater, then put
the larger of the other two quantities in the sccond term, and the smaller
in the first term ; but if less, put the smaller in the second term, and the
larger in the first term.

“Take care to reduce the first and second terms to one and the same
denomination, and also to reduce the third o that it may be wholly in
one denomination ; remembering, however, that if the quantities involved
be all of tho same kind, it is unnccessary to reduce all the three terms to
the same denomination, but only the first and second terms to one and
the same denomination, and the third to a single denawmination, which
will not nccessarily be the same as the former., When the terms
have been properly reduced, multiply the sccond and third together, and
divide by the first, treating all three as abstract numbers. The quotient
will be the answer to the question, in the denomination to which the
third term was reduced.”

If the case be one in which abstract numbers only are concerned, the
question itsclf will show at once which of the-numbers will form the
third term of the proportion : the second and first will be determined as
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above explained ; and then the answer to the question will be found by
such multiplication and division as are directed in the Rule.

The arrangement of the given terms in the manner mentioned at the
beginning of the Rule, is commonly called stating the question. Sometimes
a word or two, or a letter, or other symbol, will be added to represent the
fourth or required term.

ote 1. The process denoted by the above Rule may often be much
abbreviated by dividing the first and second, or the first and third terms,
(but never the second and third) by any number which will divide cach
of them without a remainder, and using the quoticnts instead of tho
nuimnbers themselves,

For, 9 : 12 11 21 : 28 is the same as f =2}, which is tho same as
3=3%2, which is the samc as 3 : 4 :: 21 : 28, which represents the first
proportion after its first and sccond terms have each been divided by the
same number 3.

Again, 9 : 12 :: 21 : 28 is the same as % = §3, which is the samo
a8 % =3, which is the same as 3 : 12 :: 7 : 24, which represents the
first proportion after the first and third terms have each been divided
by 3.

Again, 9 : 12 :: 21 : 28 i3 the same as S, =3}, but this is not the
same as § == 5, which is the same us 9 : 4 :: 7 : 28, which represents
the first proportion after the sccond and third terms have cach been
divided by 3. Morcover ¢ is no! equal to 4, and of coursc 9 : 4 ::7 : 28
is not a true proportion.

Note 2. Although we have suid i the Rule, multiply the second
and third terms together and then divide their product by the first ; it
will be fouud in most cases advisable not to perform the actual multipli-
cation until we have discovered, by putting the expression in the form
of a fraction, whether therc be any factor or fuctors common to the
numecrator and denominator, and if so, have rejected such factor or
factors,

156. It may be propegto observe that the Rule of Three is applicable
in two different kinds of cases, according to which it is called the Rule of
Three Direct or the Rule of Three Inverse. Tho method just stated
(Art. 155) is applicable to both kinds of cases; but as the distinction
between the two is commonly noticed by writers on Arithmetic, it will
he right to show in what it consists.

The Rule of Three Dircct is that in’ which more requires more, or
less requires less; or, iff other words, in which a greater number requires
a greater answer, or a less number a less answer, Thus in the question,
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“If 4 acres of land cost £250, find the cost of 15 acres, after the samo
rate.” The 15 acres being more than the four acres, will require a larger
sum than £250 for their purchase, and so, in this case, more requirces
more. Again in the question, ““ If 15 acres of land cost £937. 10s. find
the cost of 4 acres, after the same rate,” the 4 acres being less than the
15 acres, will require a less sum than £937. 10s, for their purchase, and
thercfore, in this case, less requires less. Such cases belong to the Rule
of Three Direct,

The Rule of Three Inverse is that in which more requires less, or less
requires more: or, in other words, in which a greater number requires a
less answer, or a less number a greater answer. Thus in the question,
“ If 4 men can mow a ccrtain meadow in 3 days, find the time in which
6 men ought to mow it,” the six men being more than the four, should
perform the work in less time, and so, in this case, more requires less.
Again, in the question, “ 1f 6 men can mow a certain meadow in 2 days,
find the time in which 4 men ought to mow it,” the 4 men, being fewer
than the 6, will requirc a longer time for performing the work, and
therefore, in this case, less requires more. Such cases belong to the
Rule of Three Inverse.

Rule of Three Direct.

Ex. 1. Find the value of 37 yards of silk, when 25 yards cost
£4. Te. 0d.

There are here three given quantities, 25 yards, 37 yards, and
£4. 7s. 6d.,, and we have to find a fourth which will be the price of 37
yards. It is manifvst that the three given quantities, 25 yards, 37 yards,
£4. 75 0d.,and the required sum, must form a proportion, because the
25 yards must have the same relation in respect of magnitude to the 37
yards, which the £4. 7s. 6d. (cost of 25 yards) has to the required sum
(cost of 37 yards). Procceding then by Rule (Art. 155) we observe that
the £4. 7s. 6d. is of the same kind as the requled term, Viz. money ; we
make that the third term of the proportion ; and since the required sum
(cost of 37 yards) must necessarily be greater than £4. 7s. 6d, (cost of 25
yards), we make 37 the second term, and 25 the first,. We have thus
the first three terms arranged as follows :

25 yds, : 37 yds. :: £4. Ts. 6d.

And the entire proportion will be as follows:  «
25 yds. 3 37 yds. :: £4. Te. 64. : required cost.
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The first and second terms are in one and the same denomination, and
require no reduction. The third and fourth must be reduced to the
lowest denomination in cither of them, namely pence. Then since
€4. Te. Gd. =1050 pence, the proportion becomes
25 yds. : 87 yds. :: 1050 pence : no. of pence in required sum.
And by our rule we must now treat the numbers ad abstract, maltiply
the second and third together, and divide by the first,
1060
7
7350
3150
L5 80830
p - -
{ 7770
1554
The quotient 1554 gives the number of pence in the roquired sum oi
moncy, that being the dcnomination to which the third term was re-
duced. We must now then reduce the 1554 pence to pounds, shillings
and pence.

B
54

12 | 15544,
2,0 |_12.9-Gd.
£6. 5. Gd.
therefore the required answer is £6. 9s. 6d.
The above process would in common use be more compendiously

written down as follows :
yds.  yds. £ ¢ A
;37 2 4.7.6

20

87
12
1080
A
7350
3150
5 | 38830
5| 7770
12 1554d.
. 20 |~ 1200, 64,
£6. 9¢. 6d.

|
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Reason for the above process.

We have the cost of 25 yards given, viz. £4. 7s. 6d., in order to enable
us to find the cost of 37 yards,

It is manifest that the required sum must have the same relation in
respect of magnitude to £4.7s. 6d., which 37 yards have to 25 yards; that
is, the ratio of the required sum to £4. 7s. 6d., or of the number of pence
in the required sum to 1050 pence, must be equal to that of 37 yards to
25 yards.

Now the ratio of the number of pence in the required sum to 1050
pence, is the samie as that of the abstract number which indicates how
many pence the required sum contains to the abstract number 1050, and
may (if the former nurhber be called the rcquired number) be expressed
required number

1050 *

And the ratio of 37 yards to 25 yards is the same as that of the ab-

stract number 37 to the abstract number 25, and may therefore, in like

by the fraction ——

manner, be expressed by the fraction &

.)5'
, Yequired number 37
1050 =357

re gnn;g number x 1050 = —Z x 1050,

or required number x 1050 {_h x 1050

1050 25 ?

a7 K]O.)O. (Art. 66),

or required number = —,
° 1050 x 37
or =

25

This result shows that if we arrange the three given terms, 23 yards,
37 yards, and £4. Ts. 6d. in the following manner,
yds. yds £ s d.
25 : 24.7.6,
and then reduce the £1. 7s. 6d. to pence, the lowest denvmination con.
tained in it, so that the arrangement becomes
yds.  yds. d.
25 : 37 :: 1050,
and then consider the nunbers to be abstract, as if they had been written
25 : 37 :: 1050,
we shall obtain the abstract number which will show us how many pence
there are in the required sum by multiplying the recond and third terms
iogether aud dividing the product by the first ; and then by treating this
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number as concrete, that is, as 8o many pence, weo have the required
answer in pence.
The reason for the process may also be shown as follows ;
The cost of 25 yards is £4. 7s. 64. or 1050 pence ;

o' the cost of 1 yard is _1_(2):_0 pence 3

. the cost of 87 yards is ("%5',—0 x 37) pence = 10525" 14 pence ;
or if we arrange the numbers, after the reduction of the £4 7s. Gd. to
pence, in the form yds.  yds. d.

25 : 67 1 1050,
and then treat them as abstract numbers, multiply the second and third
together, and divide the product by the first, the quotient will give tho
number of the pence in the required sum of money.

Ex. 2. Ifa workman carn £17. 6s. in 102} days, how long will he be
in earning 50 guineas ?

Here the requircd quantity is time, and as the given quantity of that
kind is 102} days, we must place that as the third term in the proportion.
The carning of 50 guincas will require a longer time than the carning of
£17. 6s.: we must therefore place the 50 guincas as the second term, and
the £17. 0s. as the first. Then reduce, according to the Rule; observing,
that as there is half-a~day in the third term, we may, if we please, reduce
that term to half-days, in which case the answer will be obtained in half-
days, and must be reduced to days.

£17. Ga. : 50g. :: 102} days : required time,
2 2
346 1050 205
208
6250
2100
346) 215250 (622485 half-days
® 2076 .
765
o2
730
62
38
.. the rgquired time=0224f half-days,
=311, days.
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The process is briefly represented thus:
. . 1050 x 205

Required time = ——g 5— half-days= 31148 days.

Ex. 3. If the tax on £195 be £14. 8s.,, what will be the tax on £874?

The £14. 8s. being of the same nature with the sum required, must
be placed as the third term in the proportion; and as the required tax
must clearly be greater than £14. 8s. we must place £874 as the second,
and £195 as the first term.

£105 : £874 :: £14. 8s. : the required tax,
20

288
874
1152
2016
195) 251712 (1200143
195

567
300
17
1756

162
. the required tax is 1200}$# shillings= £64. 10} §32.
But }§3s.=(}§1 x 12)d. = \8A¢d. =9} §d.
And }38d.= (18% x 4)7.= { 9. =34 {Re.= 4. Hie
<. tho required tax is £64. 10s. 3jd. }i3¢.

Or thus, 195) 251712 (129,0s.
195 £G4 T0s.
: 567
300
7
1755
162 . .
12
105) 7943 (0d.
1755

189

4
1905) 756 (3¢.
)‘7’86(&"2«*

e a

e
The answer is therefore £64. 10s. 93d. 1{$9q.
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Required tax= "5 %28 _ c04. 100, 03d. $4s.

Note 1. The student who is expert in tho use and reduction of frac-
tions will very often find it convenient, after reducing the terms of his
proportion in the manner mentioned in the Rule, to defer the ectual
multiplication and division, and express the required result in a frac-
tional form ; to reduce the fraction as much as possible by the method
indicated in Art. 77, note 3 ; and to effect the requisite multiplication or

division or both, after the fraction has been so simplified.

Ex. 4 If I can travel 198 miles by railway for £2. 9s. 64., how far

at the same rate of charge ought I to be carried for £8. 0s. 103d.?
£2, 95, Gd. : £8.0s. 103d. :: 198 m. : required distance.

20 20

49 160

12 _12

594 1930

4 4

2376 7722
7792 x 198 _ 5861 x198

. Required distance = 56 miles = 6 miles

= I_!!:;Ol miles = 6433miles == 643} miles.

Ex. 5. The annual poor’s ratcs on a net rental of £305. 7s. 34,
amount to £36. 8s. 94.; what should bo the net rental of an cstate for

which the poor’s rates amount to £24. bs. 104, per annum ?

£36.85. 9d. : £24. bs. 10d. :: £365. Ts. 3d. : required rental.

20 20 20
728 485 7307
12 12 1z
8745 5830 87697
) . _ 87687 x 5820 , _ 87687 x 1168 ,
. Required rental = 745 d = T
=210, - 0220w 2

= 584584, == £243, 11s. 6d.
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Note 2. 'There are certain examples in which at first sight more
than three terms appear to be given, but they nevertheless in certain
cases come under this rule, as in the following instance.

Ex. 5. If the carriage of 5 cwt. 7 1bs. for 84 miles cost me £3. 184, 4d.,

what will it cost me to have 21 cwt. 1 qr. 141bs. carried the same dis-
tance ?

The 84 miles may cvidently be left out of consideration, since the dis-
tance in both cases is the same.

Procecding then according to our Rule,
Scwt. Tlbs, : 21 cwt. 1qr. 141bs. :: £3. 18s. 4d. : required cost ;
whenee it will be found that
Required cost == £16. 10s. 8}d. {q.

Rule of Three Inverse.

Ex.7. Ifa piece of cloth is 20 yards in length and § yard in breadth,
how broad is another piece which is 12 yards long, and which contains as
much cloth as the other?

As the length of the second picce is less than that of the first, its
breadth must necessarily be greater, in order that the content may be
the same. Thercfore in this case a less length requires a greater breadth,
and so the example belongs to Rule of Three Inverse.

We have the breadth of the sccond piece to find. That of the first
piece is 2 yard: place this therefore as the third term. Now the required
breadth is to be greater than this. ‘Therefore place the 20 yards as the
second term, and the 12 yards as the first.

12yds. : 20yds. :: 3qrs. of a yd. : required breadth in qrs. of a yd.
3
12 |60
8 qrs. of a yard 1} yard.

Or thus;
12yds. : 20 yds. :: 3yd. : required breadth in yds.

¢ roquired breadth = 22X yas

= %9 yds.'z- fyds. =1} yda.

The required breadth is therefore a yard and a quarter.
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Ex. 8. If 12 men can reap a field in 4 days, in what timo can the
same work be performed by 32 men ?

1t is clear that 32 men can perform the work in a less time than 12
men, and so the time required will be less than 4 days, the third term in
our proportion. We must therefore place the 12 as the sccond term and
the 32 as the first.

32:1

o

:: 4days : required time in days.

&l

32) 4
3

(135 days;

w9

-t
=21

. the required time is 137 days--1} days.
Or thus:
o

'3: 4 days=17 days - § days- 1} days,

Required time - !

Ex.9. What was the price of wheat per bushel when the penny
loaf weighed 8 ounces ; the statute being that it must weigh 10 oz. when
wheat is at 125, a bushel ?

Here are two numbers, viz. 1 bushel and 1 penny, which can cvidently
1ave no effect on the answer, for if any other measure had been named
n place of the bushel, and any other loaf in place of the penny loaf, the
wmswer would be the same.

Now as wheat is dearer, or as the price is more, the weight of any
fiven loaf is less, and converscly, as tho weight of a given loaf is lees,
he price of wheat is greater; so that the price required must clearly
‘e greater than 12¢., which according to our Rule must be the third
erm of the proportion. Thercfore the 10 0z must be the second term,
ind the 8 oz. the first.
8oz : 100z. :: 125
’ 12

8| 120

15#. the required price per bushel.

Or thus:
Required pricc:--l—pfl—za.: 103
. 8 2
Note 3. Examples, such as the following, are casily worked out by
he Rule of Three.

8.=1bs.
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Ex. 1. A clock, which is 4 min. 8,8 sec. too fast at half-past nine
A on Tuesday, loses 2 min. 45 sec. daily; what will be the time in.
dicated by the clock at a quarter-past five r.a. on the following
Friday ?

From 9] a.x. on Tuesday, till 5} p.m. on Friday, there are 797
hours.

o 24hrs. : 797 hrs. :: 2.45” : time lost by clock,
whence, time lost by clock == 988" ;
.. time by the clock at 5] r.t. on Friday
= 4.848,"+ 6 hrs. 16'—9.88"” = 5 hrs. 10 min.

Ex. 2. A hare, pursucd by a greyhound, was 130 yards beforc him at
starting ; whilst the hare ran 5 yards the dog ran 7 yards : how far had
the hare gone when she was caught by the greyhound?

For every 8 yards the hare runs, the dog gains 2 yards, and when he
has gained 130 yards he will have caught her.

s 2yds. : 130yds. :: 5 yds. : required number of yards ;
whence, required number of yards=325.

Ex. 8. A gentleman spends on the average 30 guineas a fortnight ;
what must be his daily income in order that with his savings at the end
of 31 years he may buy an estate worth £1719. 18s.7 (supposing a ycar
to consist of 52 weeks).

His expenditure in 3} years is (30 x 26 x 3}) guineas,
. his income in 3} ycars must be (30 x 26 x 3}) guineas + £1719. 18s.
= £4580. 8s.
< (81~ 364) days : 1 day :: £4580. 8s. : daily income,
whence, daily income = £3. 12s.

Ex. 4. ‘Two places, A and B3, are distant from cach other 324 miles
by railway. A train lcaves . for B at the same time that a train leaves
B for A; the trains meet at the end of 6 hours, the train from 4 to B
having travelled 16 miles an hour more than the other. Fow many miles
did each travel an hour ?

Each train is supposed to run with uniform speed: when the trains
mect, the whole distance must have been passed over by them.
< Ghrs. : 1 hr. :: 324 miles : miles passed over by both trains in 1 hr.,

whence, miles passed over by both trains in 1 hr.=- 54,
therefore by question, (54—16)+2, or 19=mil~s travelled per hour
by one train, and therefore 54—19, or 35=miles travelled per hour by
the other.
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Ex. 5. A gentleman, after paying an income-tax of 7d. in the £, has
£248. 109, 8. left ; what was his gross annual income ?
For every 19s. 5d. which he now has, he had £1. before he paid his
income-tax ;
o 196, 8d. : £248. 10s, 84. :: £1. : required income,
whence, required income = £256,

Ex. LVL

1. If 4 yards of cloth ccst 125, what will 96 yards of the same
cloth cost

2. If 9 yards of cloth cost £5. 12s., how many yards can be bought
for £44. 10s.7

3. If 7 bushels of wheat be worth £1. 16s. 0d., what will bo the
value of 3 bushels of the same quality ?

4. 'The rent of 42 acres of land is £63, how many acres of the
same quality of land ought to be rented for £2731

5. If the cost of 72 tons of coals be £55. 16s., what will bo the cost
of 54 tons ?

6. How much must be given for 13 articles at the rate of £3. 10s. Gd.
for 6 articles?

7. How long will & person be saving £3, if ho put by 1s. 6d. per
weck ?

8. Tind a number which shall bear the samo ratio to 9, which 20
doces to 15.

9. If 2 cwt., 3 qrs., 14 1bs. of sugar cost £6. 14s. 24, what quantity
of the same quality of sugar can be bought for £29. 15s.1

10. If 3 cwt, 3 grs. cost £6. 1Gs., what will be the price of
2 cwt., 2 qrs.?

11, Find the value of 23 yds., 1 ft. of cloth, supposing 4 yds, 31 in,
of the same quglity to cost £3. 16s.

12. What will be the income-tax, at 7d. in the pound, on £257. 10s.7

13. If an income of £185. 10s. pay an income-tax of £5. 8s. 2}d.,
what ought an income of 1000 guineas to pay ?

14. What is the tax upon £302. 3s. 7d., when £420. 84, 3d. is rated
at 13e. 64.7

15. 1f one bushel,of malt cost bs. 104, how much can I bay for
£27. 8s. 5d.1
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16. Find the price of 2 tons, 3 cwt., 14 1bs, at 8s. 93d. per quarter.

17. A pays half yearly an income-tax of £10. 1s. 3d.; find his
income, the tax being 7d. in the £.

18, Find the amount of a servant’s wages for 215 days at 2¢. 4d.
a day?

19. A Dankrupt’s debts amount to £204. 16s. and his assets to
£179. 45. ; how much in the pound can he pay ?

20. Find the cost of a stone of sugar at the rate of £08. 1. 2¢c. 5m.
for 1 ton, 8 cwt., 4 1bs,

21. A bankrupt pays 12s. 84, in the pound and his assets amount
to £950.; find the amount of his debts.

22, Find the cost of 1 ton, 4 cwt., 8 lbs, of an article, 3} stonc of
which are worth 6 1l. 1} c.

23. If 26 yards of butter cost 48s., what must it be sold at per foot,
in order to gain 4s. on the purchase ?

24. If a farm containing 400 ac., 2 ro., 20 po. be let at £841, 3 fl.
1 c. 2} m. for the year, what is the rent per acre?

25. Find a fourth proportional to the numbers 3, 375, and 40.

26. If 10 men can mow a field in 12 days, in how many days will
15 men mow it ?

27. If a man walk 062 miles in 3 days, in how many days will he
walk 80 miles?

28. How many yards worth 3s. 7}d. a yard must be given in ex-
change for 935} yards worth 18s. 1}d. per yard ?

29. A bankrupt pays 6fl. 7c. 6m. in the pound ; what sum will be
lost on a debt of £11793. 5f1. ?

80. Find the price of 2 tons, 1Gcwt., 17 1bs. of sugar at 10d. for
2} 1bs.

31. If a person travelling 12 hours a dav performm journey in 24
days, in what length of time will he perform the same journey if he travel
16 hours a day ?

32. If 3§ oz. Avoir. cost 7s., what will 303 1bs. cost ?

33. How many men must be employed to finish a piece of work in
15 days, which 5 men can do in 24 days?

84. If 356 ac,, 3 ro., 39} po. be rented at £0&1. 19¢. 10d., what is the
rent of 2 acres ¥
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35. If the rents of a parish amount to £2514. Ye. 64. and o rate be
granted of £83, 16s. 3d., how much is this in tho pound? And how
much must be paid by an estate whose rental is £113, 12s. 64,1

86. 1f 27 bus,, 2 pks. cost £10. 7s. 2}d., what is the price of 16} bus,?

37. How many yards of drugget an cll wide will cover 40 yards of
carpet Jyd. wide ?

38. A borrowed of B 400 guincas for 6} months, aftcrwards 4 would
requite B's kindness by lending him £910 ; how long should he lend it1

39. A ficld is 121 yds. long, and 86 yds. broad ; what will be its value
at £80 an acre ¢

40. If the price of 11b. of sugar he 5625 fl., what is the value of ‘758
of a cwt.?

4L If 3} shares in a mine cost £11. 5s., what will 283 shares cost ?

42, If 34} yards of cloth cost £12. 7s. 11§d., how many yards can bo
bought for £3. 195, 03d.1

43. Find the rent at 30+ an acre of a rectangular ficld whoso sides
erc respectively 50 chains 40 links, and 566 chains 25 links,

44. In what time will 25 men do a picce of work which 12 men ccn
do in 3 days?

45. If‘3of 4'5 cwt. cost L11. 5. Se., what js the prico per 1b.?

46. A picce of gold at £3.17s. 10}d. per oz. is worth £150; what
will be the worth of a piece of silver of equal weight at 54s. 6d. per 1b.2

47. If a picce of building land 375 ft. Gin. Ly 76 ft. Gin. cost £118.
2¢. 6}d., what will be the price of a piece of similar land 278 ft. 9 in. by
151 feet ?

48. A servant cnters on a situation at 12 o'clock at noon on Jan, 1,
1854, at a ycarly salary of &5 guincas, he lcaves it at noon on the 27th of
May following ; what ought he to reccive for his servicos ?

40. A was owner of 4 of a vessel, and sold ' of § of his share for

-
£400; what was the valuo of :Ti

50. A exchanged with B 60 yards of silk worth 7s. 3d. a yard for
48 yards of velvet ; what was the price of the velvet a yard?

51. A person, after paying 7d. in the £ for income-tax on his in.
come, has £1632, 18s. 10d. remalning ; what had he at firat ?

52. If a person's estate be worth 3000 guineas a year, and the land-
tax be assessed at 2s, 9}d. in the £, what is his annual income §

of § of the vessel ?

14



210 ARITHMETIC,

53. A wateh is 10 minutes too fast at 12 o’clock (noon) on Monday,
and it gains &, 10” a day ; what will be the time by thd watch at a
quarter past 10 o'clock 4.1 on the following Saturday ¢

b4, The circumference of a circle is to its diameter as 371416 : 1;
find (in feet and inches) the circumference of 8 circle whose diameter is
22} feet.

55. A bankrupt's estate amounts to £455. 1s. 83d., and his debts to
£037.10s. What can he pay in the £7 and what will a creditor lose on
a debt of £114%

58, If the carriage of 8 cwt. cost 10s. for 40 miles, how much ought
to be carried for the same price for 257 miles?

57. 1f I spend 20 guineas in a fortnight, what must my income be
that 1 may lay by £200 in the year 18557

58, The housc-tax upon a house rated at 175 guincas is £6. 172, 83d.;
what will be the tax upon one rated at £120?

59. A silver tankard, which weighs 1 Ib., 10 oz., 10 dwts, cost
£8. 3s. 9d.; what is the value of the silver per ounce?

60. A man, working 71 hours a day, does a picce of work in 9 days;
how many hours a day must be work to finish it in 4} days?

61. If a pound of silver costs £3. 6s., what is the prico of a salvet
which weighs 71bs,, 7 0z., 10 dwts,, subject to a duty of 1s, 6d. per ounce,
and an additional charge of 1s. 10d. per ounce for the workmanship ?

62, How much did a person spend in 63 days, who with an annual
income of £818 is 00 guineas in debt at the end of n year?

63. If 15 men, 12 women, and 9 boys, can complete a picce of work
in 50 days, what time would 9 men, 15 women, and 18 boys take to do
four times as much, the parts done by each in the same time being as the
numbers 8, 2, and 12

64. A person possesses £800 a year; how much may he spend per
day in order to save £48. 2fl. bc. after paying a tax of £5 on every £100
of income ? ’ N

65. 1f 3 cows or 7 horses can eat the produce of a field in 29 days, in
how many days will 7 cows and 3 horses cat it up?

68. How many yards of carpet } yard wide will cover & roomr
whose width is 16 feet, and length 27} feet ?

67. A person buys 100 eggs at the rate of 2 a penny, and 100 more

at the rate of 3 a penny: what does he gain or loseby selling them at the
ate of & for 24.1
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8. A church-clock is sct at 12 o'clock om Saturday night; at noon
on Tuesday it is 3 minutes too fast: supposing its rate regular, what will
be the true time when the clock strikes four vn Thursday afternoon ?

69. A person after paying a poors’ rate of 10d. in the peund has
£728, 6s. 8d. remaining; what had he at first?

70. If a piece of work can be done in 50 days by 35 men working at
it together, and if, after working together for 12 days, 16 of the men
were to leave the work ; find the number of days in which thoe remaining
men could finish the work,

71. Aregiment of 1000 men arc to have new coats; cach coatis to
contain 24 yards of cloth 1} yards wide; and it is to be lined with shal-
loon of § yard wide; how many yards of shalloon will be required ¥

72. If 5 ounces of silk can bo spun into a thread two furlongs and
a half long, what weight of silk would supply a thread sufficient to reach
to the Moon, a distance of 240,000 miles ?

73. How many revolutions will a carriage-wheel, whose diameter
is 3 feet, make in 4 miles? (Sce Ex. 54.)

74. 1f 8oz. of sugar be worth *5625s., what is the value of 75 of
aton?

75. The price of 0625 lbs. of tea is 4583s.; what quantity can bo
bought for £61. 12s.7

76. Two watches, onc of which gains as much as the other loses,
viz. 2. 8” daily, are sct right at 9 o’clock A.m. on Monday ; when will
there be a difference of one hour in the times denoted by them §

77. How many yards of matting, 2'5 feet broad, will cover a room
9 yards long, and 20 fect broad ?

78. A person hought 1008 gallons of spirits for £640; 48 gallons
leaked out: at what rate must he sell the remainder per gallon so as not
to lose by his bargain ? '

79. If a soldier be allowed 12 lhs. of bread in 8 days, how much
will serve a regfment of 850 men for the year 18567

80. If 2000 men have provisions for 95 days, and if after 15 days
400 mcn go away; find how long the remaining provisions will serve
the number left.

81. A gentleman has 10000 acres; what is his yearly rental, it his
weekly rental for 20 square poles be 13d. 7 (1 year =52 weeks.)

82. If an ounce obgold be worth £4:180583, what is the value of

*36822916 1be.
142
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83. 1f 1000 men have provisions for 85 days, and if after 17 days 150
of the men go awdy ; find how long the remaining provisions will serve
the number left.

84, What is the quarter’s xent of 1823 acres of lund, at £4'65 per
acre for o year?

85. A grocer bought 2 tons, 3 cwt., 3 qrs. of goods for £120, and paid
80s. for cxpenses; what must he sell the goods at per cwt. in order to
clear £01. 5. on the outlay ?

86, What must be the breadth of a piece of ground whose length is
40} yards, in order that it may be twice as great as another piete of
ground whose length is 145 yards, and whose breadth is 138, yards?

87. 1f 376 yards of cloth cost £3:825, what will 38 yds., 2 qrs., 3 mails
cost ?

88. Four horses and 6 cows together find sufficient grass on a certain
field; and 7 cows eat as much as 9 horses ; what must be the size of a
field rclatively to the former, which will support 18 horses and 9 cows?

89. A alone can reap a ficld in & days, and B in G days, working 11
hours a day; find in what time 4 and B can reap it together, working
10 hours a day.

DOUBLE RULE OF THREE.

187. There sre many questions, which are of the same nature with
those belonging to the Rule of Three, but which if worked out by means of
that Rule as before given, would require two or more distinet applications
of it. Every such questipn, in fact, may be considered to contain two or
more distinct questions belonging to the Rule of Three, and when each
of thoso questions has been worked out by means of the Rule, the answer
obtained for the last of them will be the answer to the original question.

158. The following example may serve .¢o illustras: the preceding
observations, “If the carriage of 15 cwt. for 17 miles cost mo £4. 5s.,
what would the carriage of 21 cwt. for 16 miles cost me ?”

We observe that this question, though of a like nature with those
which engaged our attention under the Rule of Three, is nevertheless of
a more complicated description ; and the student, without further expla-
nation, would find some difficulty in obtaining an answer to it by means
of a single application of the Rule. For we obsefVve, that instead of three
given quantities, we have five, every one of which must necessarily
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have a bearing on the answer, 8o that none of them can be superfiuous,
If however the question be divided into two distinct questions, each of
these, when superfluous terms are rcjected, will be found to comprise
only three given terms of a proportion, from which three terms the
fourth is to be ascertained ; and the student would have no difficulty in
working out each of these two questions by means of a single application
of the Rule, so that in this way he will obtain the correct answer by ap-
plying the Rule of Three twice over.

The first question may be this; “If the carriage of 15 cwt. for 17
miles cost me £4. 5s., what would the carriage of 21 cwt. for 17 miles
cost me ?” In this question the 17 miles would have no effect upon the
answer, because the distance is the same in both parts of the question,
and the answer would clearly remain unaltercd, if any other number
of miles, or if the words ‘o certain distance,” had been used instead of
the 17 miles. This number may therefore be neglected as superfluous,
and we have then three terms of a proportion remaining, and the fourth
is to be found. Solving the question by the Rule of Three, we find that
the answer will be £5. 19s.

The second question may be this: “If the carriage of 21 cwt. for 17 miles
cost me £5. 19s., what will the carriage of 21 cwt. for 16 miles cost me 3"
In this question, for reasons similar to those before given, the 21 cwt. will
be a superfluous quantity. Applying the Rule of Three to the question,
we find the answer to be £5. 12s.

From the connection of the two questions with that originally pro-
posed, wo observe that £5. 12s., thus obtained through two distinct
applications of the Rule of Three, must be the answer to the original
question.

159. We might give still more complicated instances, in which more
than two distinct applications of the Rule of Three would be necded, in
order to obtain the required answer; but the practical questions which
most commonly occur, of the kind we have been treating of, would
require only asdouble application of the Rule of Three, and, like the
question which has been used by way of illustration, would comprise only
five.given quantitics for the determination of a sixth which is not given,

160. The DounLe Rure or Tumkr is a shorter or more compen-
dious method of working out such quesuom as would require two or more
applications of the Rule of Three; and it is sometimes called the Rugx or
Five, from the carcnmstanee, that in the practlcd questior.s to which itis

applied, there are commonly five quantities given to find a sixth.
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161. For the sake of convenience, we may divide each question into two
parts, the supposition, and the demand: the former being the part which
expresses the conditions of the question, and the Iatter the part which
mentions the thing demanded or sought. In the question, “If the car-
riage of 15 cwt. for 17 miles cost me £4. 5s., what would the carriage of
21 cwt. for 16 miles cost me?” the words “if the carriage of 16 cwt. for
17 miles cost me £4. 5s.,” form the supposition; and the words, “ what
would the carriage of 21 cwt. for 16 miles cost me ¥ form the demand.
Adopting this distinction we may give the following rule for working ont
examples in the Double Rule of Three,

161°% Rure. “Take from the supposition that quantity which corre-
sponds to the quantity sought in the demand ; and writc it down as a third
term, Then take one of the other quantities in the supposition and the
corresponding quantity in the demand, and consider them with reference
to the third term only, (regarding each other quantity in the supposition
and itscorresponding quantity in the demand as being equal to each other);
when the two quantities are so considered, if from the nature of the casc,
the fourth term would be greater than the third, then, as in the Rule of
Three, put the larger of the two quantitics in the second term, and the
smaller in the first term; but if less, put the smaller in the second term,
and the larger in the first term,

“ Again, take another of the guantities given in the supposition, and
the corresponding quantity in the demand ; and retaining the same third
term, procced in the same way to make onc of those quantities a first
term and the other a second term.

“If there be other quantitics in the supposition and demand, proceed
in like manner with them.

¢ In cach of these statings reduce the first and second terms to the same
denomination, Let the common third term be also reduced to a single
denomination if it be not already in that state. The terms may then be
treated ns abstract numbers. ‘ .

¢ Multiply all the first terms together for a final first term, and all the
second terms together for a final second term, and retain the former third
term. In this final stating multiply the sccond and third terms together
and divide the product by the first. The quotient will be the answer to
the question in the denomination to which the third term was reduced.”

Note. In dealing with the final statement ob¢ained by our Rule, the
two notes on Article 155 (sce p. 197), will often be found uscful.
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Ex. 1. If a tradesman with a capital of £2000 gain £50 in 3 months,
how long will it take him with a capital of £3000 to gain £1751

The 3 months in the supposition correspond with the quantity sought
in the demand. We make the 3 months therefore the third term. Then
taking the capital of £2000 in the supposition, and that of £3000 ia tho
demand, and considering them with reference to the time in the third
term, we sce that if the amount of capital be increased, the timo in which
a given gain would be produced would be diminished, so that a fourth
term would be less than the third; therefore we place £3000 as a first
term and £2000 as a second. Again, taking tho gain of £50 from the
supposition, and that of £175 from the demand, and considering them in
like manner with reference to the time in the third term, we sce that ii
the amount of gain be incrcascd, the time in which a given capital would
produce it, must he increased also, so that hero the fourth term would be
greater than the third ; and therefore we place the £50 as a first term,
and the £175 as a second term ; thus we have the following statements ;

£3000 : £2000
£50 : L175
Proceeding according to bur Rule, we have the following statentent ¢
BECO 0 2 2000 % 175 5 B,
LON0 %175 %3
5000 %460
L 2x175
T b0
175

= gy T

} i 3m,

and the required uumber of wonths =

The required answer is therefore 7 months.

Reason for the above process.

The tradesman, with a capital of £2070 gains £50 in 3 months,
Let us first ffd, by the Pwle of Three, how long he would be in gaining
£175 with the sume capital. Thus

£30 : £175 :: 3m, : required fime.
5% 0
50
Bince then the tmdcsmnn with a capital of £2000 would gain £175

Required time= ( )months.

17 months lct us next find, by the Rule of Three, how long it
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would fake him to gain the same sum with a capital of £3000, and we
inust have the auswer to the original question. Thus

£3000 : £2000 :: ]7:(;( 3 months : required time.

Required time in months= (175 x3 2000) +3000

175
- 17832000 3000
) =175 x 3 x 2000 1
XX
' 50 3009
=175« 3 x 2000
503000
.. 2000x3x175

“3000% 60 °

whence it appears that if we arrange the quantities given by the question
as follows ;

£3000 : £2000 } 8
£50 : £175

and treat the numbers as abstract ; and then multiply the two first terms

together for a single first term, and the two second terms together for

a singlo second term; and then divide the product of the second and

third terms by the first, we shall obtain the answer in that denomination
to which the third term was reduced.

Or thus:
A capital of £2000 gains £50 in 3 months,
............... £1 ... £50 in (3 x2000) months,
. 3 x 200
. £1 e . £Llin (~—~50' )monthu,
. 3 x 2000
vevare s £°000 ...... £11in (;’ TEANO months,

N 3 % _000 x ] u)
prerarenienens £3C00 ...... L175 in ( 50 % 3000 months,

2000 x 175 x ! .
(W months;
that is, if we arrange the given quantitics as follows,
£3000 : £2000 } = 8m
£50 : £175 § 77

L J
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we obtain the required time in months by muliiplying the two first
terms together for a final first term, the two second terms together for a
final second term ; and then dividing the product of the second and third
terms by the first term.

Ex. 2. If atradesman with a capital of £2000 gain £50 in 3 months,
what sum will he gain with a capital of £3000 in 7 months ?

The £50 in the supposition corresponds to the quantity sought in the
demand. Make this £50 the third term. Then taking the capital of
£2000 in the supposition, and that of £3000 in the demand, and consider-
ing them with reference to the gain in the third term, we observe
that if the amount of capital be increased, so also will be the gain in a
given time, and thus the fourth term would be greater than the third;
therefore we place the £2000 as the first term, and the £3000 as the
sccond. Again, taking the 3 months in the supposition, and the 7 months
in the demand, and considering them in like manuer with reference to the
gain in the third term, we obscrve, that as the time is increased, so also
will be the gain from a given capital, and thus the fourth term would
be greater than the third; therefore we place the 3 months as o first
term, and the 7 months as a second.

We thus obtain the following statements @

£2C00 : £3000
3m:Tm ; i £50.
Proceeding according to our Rule, we obtain the following statcment:
2000>3 : 3000x7 :: 50,

. _.3000x 7 x50
and the required sum in pounds:: ~S00053

IxT x50 _
D = Tx 2= 176,

=

The answer is therefore £175.

Ex. 3. 1§ 7 horses he kept 20 days for £14, how many will be kept
7 days for £281

The 7 horses in the supposition correspond to the requircd quantity
(number of horses) in the demand. Make this the third tcrin.  Then,
taking the 20 days in the supposition, and the 7 days in the demand, and
considering them with reference to our third term, we observe that if the
number of days be diminished, the number of horscs which can be kept
in them for a given suth of moncy will be increascd, and thus a fourth term
would be greater than the third; we therefore place the 7 days in a first
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term, and the 20 days in a second. Again, taking the £14 in the supposition,
and the £28 in the demand, and considering them with reference to the
third term, we observe that if the sum be increased the number of
horses which can be kept by it in a given time will be increased also ; so
that here also a fourth term would be greater than the third ; we there-
fore place the £14 in a first term, and the £28 in a second. We thus
obtain the following statements:

7 days : %dnys} .
£14 : £98 :: 7 horses,

which, by our Rule, will give the following single statement ;

7x14 : 20x28 :: 7,

20x28x 7
7x14

=40.

and thus, the required number of horses =

The answer is thercfore 40 horses.

Ex. 4. 1f I get 8 oz. weight of bread for 64. when wheat is 152 o
bushel, what ought a bushel of wheat to be when I get 12 oz. of bread
for 4d.?

The price of a bushel of wheat is required ; to this the 15s. in the
supposition corresponds. Placo this as the third term. Then taking the
8 oz. in the supposition and the 12 oz in the demand, and considering
them with reference to the price in the third term, we obscrve that
the greater the weight of bread we obtain for a given sum the less will
be the price of a bushel of wheat, and so a fourth term would be less
than the third; we thercfore placo the 12 oz. as a first term, and the
B oz. a8 a second term.  Again, taking the Gd. in the supposition and tho
4d. in the demand, we consider that the less we pay for a given weight
of bread, the less will be the price of a bushel of wheat, so that here
also a fourth term would be less than the thir®; therefore we place the
Gd. as a first term, and the 4d. as a sccond. Thus we have the following
statements :

12 0z. : 8oz.) ..
d. ¢ 4d. } u 15

which, by our Rule, will give the following single statement ;
12x6 : 8x4 :: 15, ¢
and thus, the required price will be
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8x4x15 8x15 4x5 20
12x6 “T3xc" T g #Tg A8

Ex. 5. If 20 men can perform a piece of work in 12 days, find the
number of men who could perform another picce of work 3 times as
great in }th of the time.

The first piece of work being reckoned as 1, the sccond must be
reckoned as 3.

The 20 men in the supposition must be taken as the third term.
Then, taking the piece of work (represented by 1) in the supposition,
and the piece of work (represented by 3) in the demand, we observe that
if the work bLe increased the number of men to perform it in a given
time must be increased, and we thercfore place the 1 as a first term. and
the 3 as a second.  Again, taking the 12 days in the supposition and the
12 days in the demand, we observe that if the number of days be di-
minished, the number of men required to perform any given work will
be increased, and therefore we place the 4* days as a first term, and the
12 days as a second term.  Thus we have the following statements,

1:3 1.
12 days : 12 daysf
which, by our Rule, will give the fullowing single statement:
o 3212 120,
and thus the required number of men will be
8x12x20 3x12x20x5
A S

et
% 2

: 20 men,

.- 300,

Ex. 6. If 252 1mcn can dig a trench 210 yards Jong, 3 wide, and 2
decp, in 5 days of 11 hours each ; in Low many days of 9 hours each will
22 men dig a trench of 420 yds. long, & wide, and 3 deep ?

The first trench contains (210 x 3 x 2) cubic yds.

- o =1260 cubic yds.
The second ....oovveeeene (420 « 5 « 3) cubic yds.
=G6300 cubic yds.

On the supposition therefore that 252 men can remove 1260 cubic yds,
of earth in 55 hours, we have to find in how muny hours 22 mcn can ro-
move 6300 cubic yds.

The 65 hours corgespond to the quantity sought. Make this the
third term. Then, taking the 252 men in the supposition, and the 22
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men in the demarrd, we observe that if the number of men be diminished,
the number of working hours in which a given work can be performed
will be increascd, and we therefore place the 22 men as a first term, and
tho 252 men as a second.  Again, taking the 1260 cubic yds. in the sup-
position and the 6300 cub. yds. in the demand, we consider that if the
number of cubic yds. be increased, the number of working hours in which
a given number of men can perform the work will be increased also, and
therefore we place the 1260 cubic yds. as a first term, and the 6300 cubie
yds. as a second.

Then we have the following statements:
22 men : 252 men . 85h
1260 cub, yds. : 6300 cub. yds. §*° ours,
which, by our Rule, will give the following single statement :
22 x 1260 : 252 x 6300 :: &5,

and thus the required time

_ 2520300 58

T 22x1260

_262x5<55

22

working hours

working hours

= 3150 working hours

_ 8150 £ 9 working h

= g days of 9 working hours
= 350 such days.

Ex. 7. If 4 men earn £15 in 20 days, how many men will earn 10

guineas in 7 days !
£15 1 10 guineas
7 days : 20 days # 4 men.

The £15 and the 10 guineas, being in different denominations, must,
in accordance with our Rule, be reduced to one and the same denomina-
tion,

Thus, £15 being =300s., and 10 guineas being =210s., we havo

800s. : 210s. )
7 days : 20 days } i & men,

which, by our Rule, gives the following single statement:
300x7 : 210x20 :: 4,
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210x 20 x 4
T800x7
_2x2x4
- 8x7
2x4
8.

and thus the required number of men =

]

The answer therefore is 8 men.

Ex. 8. If 560 flug-stones, cach 1} feet square, will pave n court-yard,
how many will be required for a yard twicc the size, cach flag-stone being
i4in. by 9in.?

Superficial content of each of former flag-stones

=(1}x1}) sq. ft. == (} » 3) 8q. ft = § 8q. ft.

Superficial content of each of the latter flag-stones

=(}4 x %) sq. ft.= (§ x ) sq. ft.= § sq. ft.

Considering the first court-yard as 1, and thercefore the second os 2, our
statements will be

Teq.ft. : § sq.ft.
1:2
which, by our Rule, will give us the following single statement :
& $x2 560,
and thus the required number of flag-stones
=(¢»2x560)=1
= (4 x500x3)
= 225908 onmo.
Q%7

Ex. 9. If 10 cannon, which fire 3 rounds in 5 minutes, kill 270 men
in an hour and a half, how many cannon, which firc 5 rounds in 6
minutes, will kill 500 men in one hour?

The first 10scannon, firing 3 of a round in a minute, kill 270 men in
4 hours. It is required to find how many cannon, firing § of a round
in a minute will kill 500 men in 1 hour.

The 10 cannon in the supposition correspond to the quantity sought
in the demand. We make this the third term. Then, taking the § of
a round in the supposition and the § of a round in the demand, we ob-
serve that if the part of a round which is fired in a minute be increased,
the number of cannon €or effecting & certain slaughter would be dimi-
nished ; and therefore we place the § of a round as a first term, and the

} :: 560 flag-stones,
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4 of a round as the second. Again, taking the 270 men in the supposition
and the 500 men in the demand, we observe that an increase in the
number of men killed would require an increase in the number of
cannon; and therefore we place the 270 men as a first term, and the 500
men as & second. Again, taking the # hours in the supposition and the
1 hour in the demand, we consider that if the time in which a certain
number of men are killed be diminished, the number of cannon would be
increased; and therefore wo place the 1 hour as a first term and the
§ hours as a second. Our statements will thercfore be,

4 round : § round
270 men : 500 men } :: 10 cannon,
1 hour : £ hours
which, by our Rule, will give us the following single statement :
§x270x1 : §x500x 3 :: 10,
or 5x45 : 3x50x3 :: 10,
3x50x3x10 _

.% required number of cannon = 5w 20.

Ex. 10. A town which is defended by 1200 men, with provisions
enough to sustain them 42 days, supposing cach man to reccive 18 oz.
a day, obtains an increase of 200 men to its garrison; what must now
be the allowance to each mun, in order that the provisions may serve the
whole garrison for 54 days?

The 1400 men will belong to the demand : for the question is, what
must be the allowance to each man, when the garrison is increased to
1400 men, in order that the provisions may last 54 days.

The 18 oz. must clearly, according to our Rule, be the third term.
Taking the 1200 men from the supposition, and the 1400 men from the
demand, we consider that If the number of men be increased, the allow-
ance to each must be diminished, in order that the provisions may last 4
given time ; and we therefore place the 1400 men as a first term, and the
1200 men as a second. Again, taking the 42 days in the supposition and
the 54 days in the demand, we consider that if the number of days
during which a garrison must be sustained be increased, the allowance to
each man must be diminished ; and we therefore place the 54 days as n
first term and the 42 days as a second term. Our statcments will there-
fore be,

1400 men : 1200 men | 186
B4 days : 42 days § oz,
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which, by our Rule, will give us the following single statement :
1400 x 54 : 1200 x 42 ::

. required allo“ance—lom x 42 x 18
1400 x 54

=:120z.

0z.

so that 12 oz. will be the answer.

Ex. 11, If the carriage of 37 stone, Glbs. for 7 miles cost £2. 5s.,
what weight should be carried 12 miles for £3. 10s.7
37 stone, G 1bs. =524 lbs, ; £2. bs.=:45s. ; £3 10s. - T0s.
Our statements will be
12 miles : 7 miles
458, ¢ T0s.
which, by our Rule, give the following single statement :
12x45 : Tx70 :: 524,
", required number of 1bs, = ix ‘-,Q ;"24
%]
-- 47534 lbs.
= 475 1bs. 7oz, 11,% dis.
<33 st. 131bs. 7 o0z, 11,7 drs,
30 that the answer is 33 st. 13 1bs. 7 oz. 11,7 drs.

Instead of reducing the quantities to lower denominations, as in the
ibove operation, we might have kept them in the higher denominations,
5y reducing any part which was expressed in a lower to a fraction of
‘he higher denomination. Thus, observing that Glhs. -: % st.= Jst, and
58.= £}, and 10s. = £}, we have

12 miles : 7 miles ) | 373 stone
£21 : £3) (:: B7T% stone,

12x2} : 7x3} :: 874,

2 624 1bs.,

-3

* o
or, 12x$ ¢ Tx] et
a0 202

w5
49 262 49/"’(}

. 1 -— 2 ENIRA =017
.*. since E-x 7 =gy 7 #%131= 917,

required welght —7 stone =33 st. 131bs. 7 oz. 117 drs.

lh

or, 27 :
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Ex. LVI].

1. If 7 men can reap 6 acres in 12 hours, how many men will reap
15 acres in 14 hours?

2. If 3 men earn £15 in 20 days, how many men will earn 15 guincas
in 9 days, at the same rate ?

3. If 16 horses eat 96 bushels of corn in 42 days, in how many days
will 7 horses cat 66 bushels ? '

4. 1f 800 soldiers consume 5 sacks of flour in 6 days, how many will
consume 15 sacks in 2 days?

5. If 17 bushels be consumned by 6 horses in 13 days, what quantity
will 8 horses cat in 11 days, at the same rate ?

6. 16 horses can plough 1280 acres in 8 days, how many acres will
12 horses plough in 5 days ?

7. 1f11 cwt. can be carried 12 miles for £1. 5c. how far can 36 cwt.
231bs. be carried for £5. 21l. bc. 1

8. If the carriage of 8 cwt. of goods for 124 miles be 6 guincas, what
weight ought to be carried 53 miles for half the moncy ?

9. If 5 men on a tour of 11 months, spend £641. 13s. 4d., how much
at the same rate would it cost a party of 7 men for 4 months ?

10. If with a capital of £1000 a tradesman gain £100 in 5 months, in
what time will he gain £49. 5. with a capital of £225?

11, Ifit cost £59. 2s.11d. to keep 3 horses for 7 months, what will it
cost to keep 2 horses for 11 months ?

12, The carriage of 4 cwt., 3qrs, for 160 miles costs £3. 8. 5¢.;
what weight ought to be carried 100 miles for £6. 0s. 37d. 1

13, If 1 man can rca{) 345§ sq. yds. in an hour, how long will 7 such
men take to reap G acres ?

14, If 20 men in 3 wecks earn £00, in what time will 12 nen cain
£1502

15. If the carrlage of 1cwt., 3qrs., 21 1bs. for 52} miles come to
17s. 5d., what will be charged for 2} tons for 46} miles

16. If 10 men can reap a ficld of 73 acres in 3 days of 12 hours each,
how long will it take 8 men to reap 9 acres, working 16 hours a day ?

17. If 25 men can do a piece of work in 24 days, working 8 hours a
day, how many hours a day would 30 men have to work in order to do
tho same piece of work in 16 days?
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18. If the rent of a farm of 17 ac., 3 ro., 2 po., be £39. 4s. 7d., what
would be the rent of another farm, containing 26 ac., 2 ro., 23 po., if 6
acres of the former be worth 7 acres of the latter ?

19. If 1500 copies of a book of 11 sheets require 66 reams of paper,
how much paper will be required for 5000 copics of a book of 25 sheets,
of the same size as the former ?

20. 1f 5 men can reap a rectangular field whose length is 800ft.
and breadth 700 ft. in 3] days of 14 hours cach ; in how many days of

12 hours each can 7 men reap a field whose length is 1800 ft. and
breadth 960 ft.?

21, If a thousand men besieged in a town with provisions for &
weeks, allowing each man 16 oz. a day, be reinforeed with 500 men more,
and have their daily allowance reduced to 6§ oz. ; how long will the pro-
visions last them ?

22. 1f 20 masons build a wall 50 fect long, 2 fect thick, and 14 feet
high, in 12 days of 7 hirs. each, in how many days of 10 hrs. each will G0
masons build a wall 500 feet long, 4 thick, and 16 high ?

23. If 10 men can perform a piece of work in 24 days, how many
men will perforin another picce of work 7 times as great, in one-fifth of
the time ?

24, If 125 men can make an embankment 100 yards long, 20 feet
wide, and 4 fect high, in 4 days, working 12 hours a day, how many men
must be employed to make an embankment 1000 yards long, 10 feet wide,
and 6 feet high, in 3 days, working 10 hours a day ?

25. What is the weight of a block of stone 12 ft. 6 in. long, 6ft. 6in.
broad, and 8 fi. 3in. deep, when a block of the same stonc § ft. long, 3 ft.
9in. broad, and 2 ft. 6in. deep, weighs 7500 lbs. ?

26. If 100 men drink £20 worth of wine at 4s. Gd. per bottle, how
many men will drink £72 worth at 5s. per bottle, in the same time, at the
same rate of drinking? o

27. If 5 horses require as much comn as 8 ponics, and 15 quarters last
12 ponies for 64 days, how long may 25 horses be kept for £41. 5¢. when
corn is 22 shillings a quarter ?

28. If 42} yds. of cloth which is 18 in. wide cost £59. 14s. 2d., what
will 118} yds. of yard-wide cloth of the same quality cost ?

29. 124 men dig a’trench 110 yds. long, 3ft. wide, and 4 ft. deep, In
& days of 11 hours each ; another trench is dug by half the number of
15
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men in 7 days of 9 hours each ; how many feet of water is it capable of
holding ?

80. If the fourpenny loaf weigh 3:35Ibs. when wheat is at 4:75s.
a bus., what ought to be paid for 47} 1bs. of bread when wheat is at
13'4¢. a bus. {

81. A pit 24 ft. deep, 145sq. ft.'horizontal section cost £3 to dig
out; how deep will a pit be of horizontal section 7 ft. by 9 ft., which
costs £4. 10s. ?

82. The value of the paper required for papering a room, supposing
it § yard wide, and 4}d. a yard, is £2. 3s, 1}d. ; what would it come to, if
it werc 2 feet wide and 44. a yard ?

83, 7 men working 16 days can mow a ficld of corn 1320 yards long
and 880 wide ; what will be the length of the side of a field 1320 yards
broad which 4 men can mow in 42 days ?

34. A beam 16 feet long, 2} feet broad, and 8 inches thick, weighs
12801bs. ; what must bhe the length of another beam of the same material,
whose breadth is 3} feet, thickness 7} inches, and weight 2028 1bs. ?

85. 1f 12 oxen and 35 sheep ecat 12 tons, 12 cwt. of hay in 8 days,
how much will it cost per month (of 28 days) to feed 9 oxen and 12 sheep,
the price of hay being 4 guineas a ton, and 3 oxen being supposed to eat
as much as 7 sheep ?

36. If 1 man and 2 women do a piece of work in 10 days, find in
how long a time 2 men and 1 woman will do a piece of work 4 times as
great, the rates of working of a man and woman being as 3 to 2.

37. A person is able to perform a journcy of 142'2 miles in 4} days
when the day is 10164 hours long; how many days will he be in
travelling 305'6 miles when the days are 8-4 hours long ?

38. If the sixpenny loaf weigh 4'35 lbs. when wheat is at 5:75¢. per
bushel, what weight of bread, when wheat is at 18'ds. per bushel, ought
to be purchased for 18:13¢.% .

39. If a family of 9 people can live comfortably in England for 1560
guineas a year, what will it cost & family of 8 to live in Belgium in the
same style for seven monthas, prices being mppoled to be § of what they’
would be in England !
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INTEREST.

162. Der. INTEREsT is the sum of money paid for the loan or use
.of some other sum of money, lent for a certain time at a fixed rato;
generally at so much for cach £100 for one ycar.

The money lent is called TnE PriNcipAL.

The interest of £100 for a year is called Tue Rate pEr CenNr,

The principal + the intercst is called Tue Amounr.

Interest is divided into Simple and Compound. When interost is
reckoned only on the original principal, it is called Siurre INTEREST.

When the interest at the end of the first period, instead of being paid
by the borrower, is retained by him and added on as principal to the
former principal, interest being calculated on the new principal for the
next period, and this interest again, instead of being paid, is retained and
added on to the last principal for a new principal, and so on; it is called
Conpounp INTEREST.

SIMPLE INTEREST.

163. To find the Interest of u given sum of money at a given rate per
cent. for a year.

Rure. “ Multiply the principal by the rate per cent., and divide the
product by 100, as in (Art. 126).”

Note 1. The interest for any given number of years will of course be
found by multiplying the interest for one year by the number of ycars;
and the intercst for any parts of a ycar may be found from the interest
for one year, by Practice, or by the Rule of Three.

Note 2. If the intercst has to be calculated from ome given day to
another, as fur instance flom the 30th of January to the 7th of February,
the 30th of January must be left out in the calculation, and the 7th of
February must be taken into account, for the borrower will not have had
the use of the money for one day till the 31st of January,

Note 3. 1If the amount be required, the interest has first to be found
for the given time, and the principal has then to be added to it.

Ex. Find the sindple interest of £250 for onc year at 5 per cent. per
annum.

15—-2
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Proceeding according to the Rule given above,
£
250
.
£12°50
20
10°00s.
therefore the interest is £12. 10s.

Reason for the Process.

The sum of £100 must have the same relation in respect of magni-
tude to £250 as the simple interest of £100 for a ycar has to the simple
interest of £250 for a year; and thus the £100, £250, £5, and the
required intercst must form a proportion. (Art. 148.)

We have then

£100 : £250 :: £5 : required interest,
whence, required interest .62-5 0x5 (Art. 155),
which agrees with the Rule given above.
Examples worked out.

Ex. 1. Find the simple interest and amount of £417. 7, 9d. for

1 year, 10 months, at 4} per cent.

£ s d £ s d

417. 7.9 a47 . 7.9

43 3

1669 .11 .0 1252, 3.3

_156.10.4 156 . 10 . 43

£1826. 1.4}
20
521s.
12
2:50d.

i} £ ¢+ a

*. Int. for 1 =18 .56 56}

o Int. for 1 year ........ ..... =18 . )

=18.5. 25

Int. for 6 mo.,or } of 1 year= 9 . 2 . 7 /iy

Int. for 4 mo., or } of 1 ycar= 6 . 1 . B}3}§

s Int.for1yr, 10mo. .. .. ...=33 . 9. Gii}
. amount=£417. 7s. 9d. + £33, 9s. 6§3]d.
= £450 170, 83374,
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Note. In examples like the above we may reckon 12 months to the
year; but if Calendar months are given, the interest will then be best
found by the Rule of Three ; as for instance in the following example:

Ex. 2. Find the simple interest and the amount of £106. 18s. 4d.
from June 15, 1843, to Sept. 18, 1843, at 4} per cent.

£. . d
106 .13 . 4

4%

426 .13 . 4

53. 6.8

£480 . 0.0
20
16:00s.

. £4. 16s. is the interest for 1 ycar.
The number of days from June 15 to Sept. 18
=15+314-31+18
= 96.

Hence, 385 days : 95 days :: £4. 10s. : intcrest requived,
whence, it will be found, that interest required = £1. 4s. 1134, $§¢.;
.. amount = £106. 13s. 4d. + £1. 4s. 11}d. §§q.-- £107. 18s. 3]d. §§q.

164. Ders. CoauissioNy is the sum of money which a merchant
charges for buying or sclling goods for another.

Broxeragr is of the same nature as Commission, but has relation to
money transactions, rather than dealings in goods or merchandise.

INsuraNcCE is a contract, by which one party on being paid a certain
sum or Premium by anqther party on property which is subject to risk,
undertakes, in case of loss, to make good to the owner the value of that
property.

Questions on Commission, Brokerage, and Insurance, these charges
being usually made at so much per cent,, amount to the same thing as
finding the interest on a given amount at a given rate for onc year, and
may therefore be worked by the Rule given above for Simple Interest.

There is, howeves, one case of Insurance which it may be well to
notice by an example worked out.
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Ex. If goods worth £1200 be insured at £1. 10s, per cent, to what
smount must they be insured, so that in case of loss the party insuring
may recover the value of the goods and the premium ?

If they be insured at their actual worth the premium paid will be
lost, since the insurcr will get £1200 only.

Baut if every (£100~ £1. 10s.), or £98. 10s., be insured for £100, theu,
in case of loss, the value of the goods £98. 10s.+ £1. 10s. (the premium
paid) will be recovered.

Thus we have

£98} : £1200 :: £100 : sum which is required to be insured ;
whenee, sum required to be insured = £1218. 5s. 6d. nearly.

Ex. LVIIL

1. Find the simple Interest
(1) On 485 for 1 year at 5 per cent.
(2) On £310 for 1 year at 4 per cent.
(3) On £1000 for 1 year at 4} per cent.
(4) On £475 for 3 years at 5 per cent.
(5) On £936. 11s. 3d. for 2 ycars at 4 per cent.
(0) On £556. 13s. 4d. for G ycars at 5 per cent,
(7) On £945. 10s. for 2 ycears at 4 per cent.
(8) On £198, Gs. 8d. for 1 year at 3} per cent.
(0) On £236. Gs. 8d. for 2} ycars at 3 per cent.
(10) On £98. 15s. 10d. for § year at 2} per cent.
2. Find the amount
(1) Of £1000 for 2 years at 4} per cent.
(2) Of £2833. 6s. 8d. for 4} ycars at 3 per cent.
(3) Of £1050. 6fl. 2c. 5m. for G years at 4} per cent.
(4) OfF £139. 12s. Gd. for 3} years at 5} per cent.
(5) Of 1895 guineas for 4} years at 2] per cent.
(0) Of £1534. 6s. 3d. for 1§ ycars at 3} per cent.
(7) Of £411, 10s. for } year at 4] per cent.”
(8) Of £1595. 1. 2¢. 5m. for 53 years at 3} per cent.
3. Find the Simple Interest and Amount
(1) Of £875 for 3 years, 8 months, at 3} per cent.
(2) Of £446. 10s. for 3 years, 3 months, at 5 per cent.
(3) Of £220 for 7 months at 33 per cent.
(4) Of £243. 10s. for 2 years, 5 months, at 4} per cent.
(5) Of 10 guineas for 117 days at 3} per cent,
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(6) Of £684. 18¢. 8d. for 1 year, 11 months, at 4} per cent,

(7) Of 40 guineas from March 16, 1850, to Jan. 23, 1851, at 8}
per cent.

(8) Of £320. 15s. for 2 years, 35 days, at 4] per cent.

(9) Of £34.10s. from August 10 to October 21, at 4} per cent.

4. Find the brokerage on £715. 12s. 64. at 4} per cent.

5. What is the annual cost of insuring £4000 worth of property at
} per cent. ?

6. What must be the sum insured at 4} per cent. on goods worth
£1910, so that in case of loss the worth of the goods and the premium
may be recovered ?

7. At 7} per cent., what will be the cost of insuring property worth
500 guineas, so that in the cvent of loss the worth of the goods and the
premium of insurance may be recovered ?

165. In all questions of Interest, if any three of the four (principal,
rate per cent., time, amount) be given, the fourth may be found ; as, for
instance, in the following examples,

Ex. 1. Find the amount of £225 in 4 years at 3} per cent. sim-
plo intcrest. .

9%
!
675
12.10
£7°87 .10
20
17:50s.
12
G:00d.
~ Int. for 1 year = £7. 17s. Gd.
c-qreeeee 4 years= £31, 10s. 5
.~ amount is £225 + £31. 10s., or £2506. 10s.

Ex. 2. In what time will £225 amount to £25G. 10s. at 3} per cent,
simple interest ?

£256. 108, — £225. = £31. 102, which is the interest to be ohtained on
£225 in order that it may amount to £256. 10s.

But Int. of £225 for 1 year= £7.17s. 0d.; which must have the
same relation in respelt of magnitude to the £31. 10s. as the 1 year has
to the required time ;
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»o £7.17s. 6d. : £31. 10s, :: 1 year : required number of years,
whence, required number of years=4.
Ex. 3. At what rate per cent., simple interest, will £225 amount to

£256. 10s. in 4 ycars ¢
In other words, at what rate per cent. will £225 give £31.10s, for

interest in 4 ycars, or_£3]'4] 0s.
Then £225 : £100 :: £7. 17s. Gd. : required rate per cent.,
whence, required rate per cent.=3}.

, or £7.17s.6d. in one year?

Ex. 4. What sum of moncy will amount to £25C. 10s. in 4 ycars at
34 per cent. simple interest
£100 in 4 yrs. at 3} per cent. amounts to £100+ (3} x 4)£, or £114;
and this £114 must be to the £256. 10s. as the £100 is to the required
sum of money ;
. £114: £256] :: £100 : required number of pounds,
whence, required number of pounds = £225.

Ex. LIX.

1. What sum will amount to £150. 8s. in 4 years at 5 per cent.
simple interest 1

2. At what rate per cent. will £540 amount to £734. 8s. in 9 years,
at simplo interest ?

3. In what time will £350 amount to £402. 611 at 3 per cent. simple
interest ?

4. At what rate per cent. will £325, 1G+. 84, amount to £374. Gs. 0}d.
in 3} ycars, at simple interest ?

8. In what time will £142, 10s. amount to £227. 5s. 0d. at 3} per
cent. simple interest 7

G. At what rate will £157. 155 4d. amount to £295. 16s. 3d. in 25
years at simple interest {

7. What sum will produce for intercst £56. 14s. in 2} years at 4}
per cent. simple interest ?

8. What sum will amount to £105, 6¢, 0}d.'in 3} yeers at 4} per
cent. shnple interest ?
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9. What sum will amount to £387. 7s. 7}d. in 3 years at 4 per cent,,
simple interest ?

10, In what time will £1275 amount to £1549. 11s. at 3§ per cent.
simple intcrest

11. At what rate per cent., simple intercst, will £03G. 13s, 4d. amount
to £1157. 7s. 4}d., in 47 years?

12. Inwhat time will £125 double itsclf at 5 per cent. simple interest ?

13. What sum will amount to £425. 10s. 44d. in 10 years at 3} per
cent. simple intercst, and in how many more years will it amount to
£453. 11s. 7d.?

14 What sum of principal money, lent out at 5 per cent. per
annum, simple interest, will produce in 4 ycars thc same amount of
interest as £250, lent out at 3 per cent. per annum, will produce in ¢
years?

COMPOUND INTEREST.

166. To find the Compound Interest of a given sum of money at a
given rate per cent. for any number of years.

Rure.  “ At the end of each year add the interest of that year, found
by Art. (163), to the principal at the beginning of it ; this will bo the
principal for the next year; procced in the same way as far as may be
required by the question. Add together the interests so arising in the
several years, and the result will be the compound interest for the given
period.”

The reason for the above Rule is clear from what has been stated in
Arts. (162 and 163).

Ex. Required the compound interest and the amount of £720 for
3 years at 5 per cent,

Proceeding as in Simple Interest for the 1* year ;

£720
5
£3G00  »
£720 = 1 principal,
36 = 1" interest,

by addition, L7562 principal, of which find interest at 5 per cent.
&

£37-80
26

16:00s.
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£756 =2"“pﬁnﬂl’d,
37 . 16=2™ interest,

£798 . 16=3" principal, of which find interest as above,
5

£3969. 0
20 -
13-80s.
12
9°60d.
£793 . 16 . 0 =principal for 3" year,
39 . 13 . 9} =interest for 3™ ycar,

s £833 . O, 9% =amount of £720 in 8 ycars at 5 per eent.
compound interest.

The compound interest for that time

=sum of interests for each year,
= £36 + £37. 16s. + £30. 13s. 93d. = £113. 9s. 93d.

Note 1. 1t is customary, if the compound interest be required for any
number of entire ycars and a part of a year, (for instance for 5} years),
to find the compound interest for the Gth ycar, and then take jths of
the last interest for the ths of the 6th year.

Note 2. If the interest be payable half-yearly, or quarterly, it is clear
that the compound interest of a given sum for a given time will he greater
as the length of each given period is less ; the simple interest will not be
affected by the length of each period.

Note 3. As the vulgar fractions often in Compound Interest give
considerable trouble, any sum in this Rule may be worked by means of
decimals thus ;

Ex. Find the amount of £625 at the end of 3 years at 4} per cent.
compound interest.

£. L
625 Principal for 1* year

45
3125
2500
£28125 Int. for 1* year
£625 ¢

P

£653125 Principal for 2 year.
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#£653125 Principal for 2* year
45
3265625
2612500
£29-390625 Int for 2™ year
£653125
£682:515625 DPrincipal for 3@ year
45
3412578125
2730062500

£30°713203125 Int. for 3 year
£082:515625
£713-298828125
20
84576562500
»12

d. 69187500
4

g. 367500
<. Amount = £713, 42.62d. §J0.

Ex. LX.

1. Find the compound interest of £2000 in 2 ycars at 4 per cent.
per annum.

2. Find the amount of moo in 3 years at 3} per cent., allowing com-
pound interest.

3. Find the compound interest of £270 in 2 years, at 3 per cent.

4. Find the amount of £600 for 3 yecars at 4} per cent., compound
interest.

5. Find the amount of £230, 15s. for 3 years, at 5 per cent., compound
interest.

6. Find the differefice in the amount of £415. 105, put out for 4
years at 2} per cent., 1st at simple, 2nd at compound interest.
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7. Find the compound interest of £130 in 3 years at 4 per cent.
(interest being payable half-yearly).

8. What will £1760. 10s. amount to in 2} years, allowing 4 per cent.
compound interest ?

9. A person lays by £230 at the end of each year, and employs the
money at 3} per cent. compound interest ; what will he be worth at the
end of 3 years? )

10, TFind the difference between the simple and compound interest of
£4186, 13s. 4d. for 2 years at 2} per cent.

11. What is the difference hetween the simple and the compound
interest of £13,333. Gs. 8d. for 5 years, at 5 per cent. ?

12. Find the amount of £180 in 3 years at 4} per cent. compound
interest.

13. What sum of moncy put out to compound interest for 2 years
at § per cent. will amount to £1007

14. What sum at 5 per cent. compound interest will amount in
2 years to £204. 12s.7

15. A and B cach lend £256 for 3 ypars at 4} per cent. per annum,
one at simple interest, the other at compound interest: find the difference
in the amount of interest they respectively receive.

PRESENT WORTH AND DISCOUNT.

107. A4 owes B £500, which is to be paid at the end of 9 months
from the present time: it is clear that, if the debt be discharged at once
(interest being reckoned, we will suppose, at 4 per cent. per annum),
B ought to receive a less sum of money than £500; in fact such a sum
of money as will, being now put out at 4 per cent. interest, amount to
£500 at the end of 9 months. The sum which B ought to receive now is
called the Present Worth of the £500 due 9 months hence, and the sum
to be deducted from the £500, in consequerce of immediate payment,
which is in fact the interest of the Present Worth, is called the Discount
of the £500 discharged 9 months before it is due.

Der. We may therefore define Present Wortn to be the actual
worth at the present time of a sum of money due some time hence, at
a given rate of interest ; and we may define the Discount of a sum of
money to be the interest of the Present Worth of that sum, calculated
from the prescat time to the time when the sum wosld be properly
payable.
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PRESENT WORTH.

168. Rure. “Find the intercst of £100 for the given time at the
given rate per cent., and state thus:
£100 + its interest for the given time at the given rate per cent. : given

sum :: £100 : present worth required.”

Ex. 1. Find the present worth of £500, due 9 months hence, at 4
per cent. per annum,

Proceeding according to the above Rule,

Interest of £100 for 9 months at 4 per cent. is £3,
oo £103 @ £500 :: £100 : required present worth,
whence, required present worth- £485, 8s. 8,4%d.

The reason for the abore process is clear from the consideration, that
£100 in 9 months at 4 per cent. interest would amount to £103, and
therefore £100 is the present value of £103 duc 9 months hence: and
consequently we have

1* debt : 2™ debt :: 1* present worth : 2™ present worth.

Ex. 2. Find the present worth of £838, duc 19 months hence, at 3
per cent. simple interest.

Since the interest of £100 for 19 months, at 3 per cent.

= £ % 3)=£10 - £4],
.~ £1043 : £838 i1 £100 : required present worth,
whence, required present worth :- £800.

Ex. 3. What is the value, at 16 years of age, of a legacy of £1000
payable at 21 years of age, allowing simple intcerest at 4 per cent. ?

Since £100 at 4 per cent. simple interest will in 5 years amount to
£120, therefore the present worth of £120 duc 5 years hence will at that
rate be £100.

Hence £120 : £1000 :: £100 : required value,

whence, required value = £833, 6s. 84.

DISCOUNT.

169. Rure. “ Find the interest of £100 for the given time at tho
given rate per cent., and state thus:

£100 + its iirterest for the given time at the given rate per cent.: given
sum :: interest of £100 for the given time at the given rate per cent.:
discount required.”




‘Bx. 1. Find the dissount -of £500, due & months hence, at 4 pe;
tent. per annum,
Proceeding according to the above Rule,

The intercst of £100 for 9 months at 4 per cent=£8; therefore
proceeding according to the Rule,
£103 ; £500 :: £3 : tequired discount,
whence, required discount =£14, 11s. 3jpd.
The reason for the above process is clear from the consideration, that
43 is the interest for 9 months, at 4 per cent., of £100, the present worth
of £103 due at the end of that time ; and consequently we have
1¢ debt : 2" debt :: discount on 1* debt : discount on 2" debt
Ex ‘2, Find the discount on £1000, due 15 months hence, at 5 per
cent. per annum,
The interest of £100 for 15 months at 5 per cent.=£86, Se.
. £108, bs. . £1000 :: £8. 5s. : required discount,
whence, required discount=£58. 16s. 5}3d.
Ex, 8. Find the discount on £127, 2s, for half-a-year at & per cent.
£100§ : £127y% : £§ : required discount ;
whence, required discount = £3. 2s.

Note 1. Discount =given sum lese Present Worth ; Present Worth=
given sum /ees Discount.

Note 2. In the discharge of a tradesman's bill it is usual to dedact
interest instead of discount ; thus, if B contracts with 4 a debt of £100,
A giving 12 months’ credit, it is usual in business, if the intcrest of money
be reckoned at & per cent. per annum, and the bill be discharged at once,
for A to throw off £5, or for A to receive £95 instead of £100; but if
4 were to put out the £95 at 5 per cent. interest it will not amount to
£100 in 12 months; thercfore such a proceeding is to the advantage of
B: the sum of money which in strictness ought to have been deducted,
was not £5, the interest on the whole debt, but £4. 15s. 2¢d., the interest
of the present worth of the debt, i. e. the discount.

Note 3. Bankers and Merchants in discounting bills caloulate in-
terest, instead of discount, on the sum drawn for in the bill, from the
time of their discounting it to the time when it becomes due, adding
THRER DAYS 0F GRACE, Which days are allowed in England after the time
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a bill is NosxwaLLY due, before it is Lrearry due § which s of course an
additional advantage. When a bill is payable on demand, the days of
grace are not allowed.

Note 4. 1f a bill, without the days of grace, should appear to be duc
on the 31st of any month which contains only 30 days, the last day of
that month, and not the first day of the next, is considered as the day on
which the bill is due. Thus a bill drawn on tho 31st of October, at 4
months, would be really due, adding in the days of grace, on the 3rd of
March, Also bills which fall due on a Sunday, are paid in England on
the previous Saturday.

Ex. A bill of £1000 is drawn on Fcb. 16th, 1851, at 7 months' date 3
it is discounted on the 8th of July at 5 per cent.  What does the bnnker
gain by the transaction ?

The bill is legally due on Sept. 19; and from July 8 to Sept. 19 aro
73 days. .

"The interest of £1000 for that time =10 . 6
The true discount.............oocoecevn= 9,18, 8¢

v+ the banker’s gain.............. ) 1448
Ex. LXIL.

1. Find the Present Worth of
(1) £283.10s. due 1 year hence, at 5 per cent. per annum, simple
[interest.
(2)  £252.198. 8d. ceveveereriieririins 17 S e
(3) £676.13s. 4d. ... 6 months......... £ O N
(4) £284.185. 0.0 eooereeecnrens BF veevreniinee s
(5) £460.108. .07 oovorins .. 4 e e s
(6) £3v%0 T e B it e
(7) £572 w8 e, B creerrer e e
(8) £1261. 1s. 1 I IO
(9) £35 o e Bl e,
(10) £1250 T st
(1) #£2110 5 PR B e e e,
(12) £275.60.8d. .15 ..o .o .. ... A e
(18) «£918 . dyears ... B i e
(14) £500 ...10 months ....... BY o e e
(15) 800gs. ‘. 20 years ......... Bh v
(16) £2197 3 years ......... 4 ... .. compound interest
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2. Find the Discount on
£63. Gs. 84, due 4 months hence, at 4 per cent. per annum,
[simple interest.

(6]

(2)
(3

(4)

(6)
()
]
(8)
(9)
(10)
()

(12)
(13)

(14)

(18)

170.

ARITHMETIC.

£1380. 7s. 6d.
£107. 5s.
£125. 10s.
£487

£340

£3640

£813. 9s.
£250. 15s.
£565 . :
A bill of £649 is datcd on June 23, 185'! at 6 months, and is
discounted on July 8, at 3} per cent.; what does the banker
gain thereby ?

Find the true discount on a bill drawn March 17, 1853, at 3
months, and discounted May 2, at 53 per cent.

Find the simple intercst on £545 in 2 years, at 3} per cent.
per annum ; and the discount on £583. 3s. due 2 years hence,
at the same rate of interest. Explain clearly why these two
sums are identical.

Explain the difference between Discount and Interest.

Five volumes of a work can be bought for a certain sum,
payable at the end of a year; and six volumes of the same
work can be bought for the same sum in ready money : what
is the rate of discount ?

A tradesman marks his goods with two prices, one for ready
money, and the other for one year's credit allowing discount
at 5 per cent. ; if the credit price be marked at £2. 9s., what
ought to be the cash price ?

STOCKS.

If the 3 per cent. consols be quoted in the money-market at

963, the meaning of this is, that for £06. 7s. 4. of money a person can
purchase £100 stock, for which he will receive an acknowledgment which
will entitle him to half-yearly dividends from Government, at_the rate
of 8 per cent. per annum on the stock.held by him.

Similarly, if shares in any trading company, which were originally
fixed at any given amount, say £100 each, be advertised in the share-
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market at 86, the meaning of this is, that for £86 of money ane share
can be obtained, and the holder of such share will receive dividends at
the end of each half-year upon the £100 share, according to the state
of the finances of the company.

Der. Srock may therefore be defined to be the capital of trading
companies ; or to be the money Lorrowed hy our or any other Govern-
ment, at so much per cent., to defray the expenses of the nation.

The amount of debt owing by the Government is called the NaTionan
Deng, or the Fusps, The Funds represent the credit of the country,
which is bound to pay whatever debts are contracted by its Government,
The government, however, reserves to itsclf the option of paying off the
principal at any future time whatever; pledging itself, nevertheless, to
pay the interest on it regularly at fixed periods, in the mean time.

From a varicty of causes the price of stock is continually varying. A
fundholder can at any time convert his stock into moncy, and it will de-
pend upon the price at which he disposes of his stock, as compared with
that at which he bought it, whether ke 'will gain or lose by the trans-
action.

Note 1. Purchases or sales of stock are generally made through
Brokers, who charge £}, or 2« Gd., per cent. upon the stock hought or
sold : so that in practice, when stock is bought by any party, cvery £100
stock costs that party £} more than the market-price of the stock : and
when stock is sold, the seller gets £1 less for every £100 stock sold than
the market-price.

Thus, the actual cost of £100 stock in the 3 per cents. at 94}, is
£(04) + 1), or £94%. The actual sum received for £100 stock in the 3 pes
cents. at 94}, is £(94}— 1), or £04.

Unless the brokerage is mentioned, it need not be noticed in working
cxamples in stocks,

Note 2. When the price of £100 stock is £100 in money, the stock is
said to be at par.

When the price of 1.100 stock is more than £100 in money, the stock
is said to be at a premium,

When the price of £100 stock is less than £100 in money, the stock is
said to be at a discount.

All examples in Stocks depend on the principles of proportion : those of
most frequent occurrence will be now expluined.

Ex. 1. Required the sum which will purchase £15600 in the 3 per

cents, at 82,
18
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In this case £100 stock costs £82 in money ;
+ £100 stock ¢ £1500 stock :: £82 money : required sum of money;
whence, required sum of money = £1230.

Ex. 2. What amount of stock in the 3} pet cents. at 90 will £4050
purchase ?
In this casc £90 money will purchase £100 stock ;
s £00 : £4050 :: £100 stock : required amount of stock ;
whence, required amount of stock = £4500.

Ex. 8. If I buy £1520 3 per cent. consols at 93}, and pay £} for
brokerage, what does it cost me ?

Every £100 stock costs me £(93} +3), or £93% ;

< £100 stock : £1520 stock :: £93% : required sum of money ;
whence, required sum of moncy = £1419. 6s.

Ex. 4. What sterling money shall T receive for £1920. 13¢, 4d. in the
33 per cents. at 987, hiokciage heing L) per cent ?

£100 stock renlizes £987 — 1) = £98¢ ;
<. £100 stock : £1920% stock :: £98§ : required sterling money ;
whence, required sterling money = £1896. 13s. 2d.

Ex. 5. 1f Linvest £7927. 104, in the 3 per cents. at 943, what annual
income shall I receive from the investment ?

For every £94% 1 get £100 stock, and the interest on £100 stock is
£3; therefore for every £04% of money I get £3 interest ; '
o £943 1 £7927. 10s. 22 £3 : required annual income ;
whence, required annual income = £252.

Note 3. If it be required to find the income arising from a certain
quantity of stock, it is merely a question of simple interest.

Note 4. 1t may be noticed in the above examples, that when the
question was simply to find amount of stock, or money realized by sale of
stock, the 3, 4, or other rate per cent. never entercd into the statement ;
and when the question was simply to find income arising from any sum
invested in the funds, then the £100 never entered into the statement.

Ex. 8. Which is the best stock to invest £1000 in, the 3 per cents.
at 89, or the 3} per cents. at 98} ?

In the first case,

every £89} of money gives £3 interest ;
<. every £1 of money gives £§L , OF 51-%‘ interest.
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In the second case,
every £08} of money gives £3] interest ;

. , 3} T .
.~ every £1 of money gives £93§ , or £l o7 interest ;

7

. . (]
and comparing the fractions T and 107

17
since 7 x 179 is>0 x 197,
the 2™ fraction is greater than the 1%, and therefore the 2™ investment
the best.

Ex. 7. How much stock can be purchased by the transfer of £2000
stock from the 3 per cents. at 90 to the 3} per cents. at 96 ; and what
change will be effected in income by it ?

In order to find how much stock at 96 can be purchased for £2000
stock at 90, we must consider that the higher the price of the stock the
less will the quantity of it produced be by the purchase, so that we must
state as follows ;

96 : 90 :: £2000 stock : required amount of stock,
whence, required amount of stock = £1875.
Income in first case = £60, income in sccond case -~ £65. 12¢.0d.;
', income is increased by £5. 124, Gd.
ote 5. All questions of the transfer of stock from one kind to
another, belong to the Rule of Three Inverse,

Note 6. The last question might have been worked thus: first sell
out the stock at 90, and then invest the proceeds in 3} per cents. at 96,

Ex. 8. A person purchases £1000 3 per cent. consols at 97}, and sclle
out again when they have sunk to 83} ; how much does he lose by the
transaction ?

He loses on every £100 stock £(97}—83}), or £13§ ;
.~ his total loss = £(13§ x 10) = £136. bs.

Ex. LXII

1. Find the quantity of stock purchascd by investing :
(1) £2850 in the 3 per cents. at 75.
(2) £712 in the 3} per cents. at 89.
(3) £504 in the*4 per cents. at 9. ,
(4) £883, 51l in the 4 per cents. at 93.
162
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®
Y]
®
)
(10)
1
(12)

£3741 in the 3 per cents. at 87.

£500 in the 3 per cents. at 833, .

£800 in the 4 per cents. at 75].

£4311, 8s, 9d. in the 3} per cents, at 853.

2000 guineas in the 3} per cents. at 94.

£2353 in the 3 per cents. at 903, brokerage § per cent.
£3277 in the 4 per cents, at 105, brokerage 3 per cent.
10000 guineas in the 3} per cents. at 99}, brokerage 3 per cent,

2. Find the value in sterling money of

(1
(2)
(3)
(4)
(8)
()
(N
(8

)

£2600 in the 4 per cents. at 93.

£1920 in the 3 per cents. at 77}.

£3000 in the 33 per cents. at 921.

£2240 in the 3} per cents. at 817.

£3416 3 per cent. stock at 89 per cent.

£1743 8} per cent. stock at 82§ per cent.

£2675 4 per cent. stock at 91} per cent.

£1000 4 per cent. stock at 973 per cent., brokerage } por
cent.

£2153. 10s. bank stock at 188% per cent., brokerage } per
cent.

3. Find the yearly income arising from the investment of

(1)
(2)
(3
(4)
(5)
(8)
)]
®)

9

£1008 in the 3 per cents, at 84,

£5580 in the 4 per cents, at 93,

£1138, 61l in the 4} per cents. at 92.

£1638 in the 4} per cents. at 933,

£2000 in the 3 per cents. at 88}.

£3425. 18s. 2d. in the 3 per cents. at M}

£4788 in the 3% per cents. at 105.

£3500 in the 3 per cent. consols at 94}, brokerage } per
cent. '

5000 guineas in the 3} per cents. at 1024, brokerage § per
cent,

4. What sums of money must be invested in the undermentioned
stocks in order to produce the following incomes
(1) £60 in the 3 per cents. at 85.
(2) £288in the 3 per cents. at 67.

(8) £70 in the 3} per cénts. at 0.

.

(4) £83. 21. 5c. in the 4} per cents. at 84
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(8) £8Y in the 8 per cents. at 74}, brokerage § per cent,
(6) £37.10s. in the 4 per cents. at 83}, brokerage } per cent.

5. At what rate per cent. will a person receive interest who invests
his capital ? ‘

(1) Inthe 3 per cents. at 1.

(2) In the 3} per cents. at 94,

(3) In the 4} per cents. at 96}, brokerage } per cent.
(4) In the 5 per cents. at 102], brokerage } per cent.

6. If £7027. 10s. be laid out in purchasing 3 per cent. stock at 943,
what annual income will be derived from this investment, after deducting
an income-tax of 7d. in the pound ?

7. A person invested money in the 3 per cent. consols when they wero
at 90, and some more when they were at 80 ; find the rate of intcrest he
obtained in each case, and the advantage per cent. of the second purchase
over the first,

8. Find the income which will be derived from a capital of £2000, if
§ths of it be invested in the 3 per cents. at 08, and the remainder in the
O} per cents. at par.

9. If a person receives 4} per cent. interest on his capital by investing
in the 3} per cents,, what is the price of the stock, and how much stock
can be purchased for £1200?

10. How much moncy must a broker invest in the funds when con-
sols are at 90, s0 as to procure the samne income as if he had invested £1100
when consols were at 997

11, A person buys £500 stock at 983, and sells out at 103 ; what does
he gain by the transaction ?

12, A person invests 9000 guincas in the 3 per cents. at 81, and sells
out when they have sunk to 673 ; how much does he loso by the trans-
action?

13. When £100 stock may be purchased in the 3 per cents. for £80},
at what ratc may the same quantity of stock be purchased in the 3} per
cents. with equal advantage ?

14. A person invests his share of a legacy of £1000, which is a third,
in the 3 per cents. at 882 per cent., find his half-yearly dividends.

15. A person transfers £1000 stock from the 4 per cents, at 90, to the
3 per cents. at 72 ; find the alteration in his income.

16. What incomes will £5000 of 3} per cent. stock, and £5000
sterling invested in fhe 3} per cent. stock at 102§, respectively pro-
duce ?
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17. - Find the income produced by £12600 of 3 per cent. stock ; and
its sterling value, when the stocks are at 95. )

18. A person transfers £3000 stock from the 3 per cent. consols at
803, to the reduced 3} per cents. at 98} : find what quantity of the latter
he will hold, and the alteration in his income. _

19. Which is the best stock to invest £10000 in, the 3 per cents, at
90}, or the 4 per cents at 101?

20. A person invests £1037. 10s. in the 3 per cents. at 83, and when
the funds have risen 1 per cent. he transfers his capital to the 4 per cents,
at 96 ¢ find the alteration in his income.

21, Which is the better investment, the 3} per cents, at 96, or the
4 pér cents. at 111, and what is the difference per cent. between them ?

22. If £512 be invested in the 3 per cents. at 96, what will be the
half-yearly interest, after deducting an income-tax of 7d. in the pound?

23. How much in the 3 per cents. at 96 must be sold out to pay s
bill of £1654, 9 months before it becomes due, real discount being allowed
at 4} per cent. per annum ?

24. Which is the better investment, £1896 in the 3} per cents. at 87,
or in railway sharcs at £89 per share, the dividends in the latter case
being 33 per cent. on the sum invested ?

25. A person has £2950 in the 3 per cents. at 83}; when the funds
have fallen 24 per cent., he transfers his capital into the 5 per cents. at
108; find the alteration in his income.

26. Which would be the best investment, 3 per cent. stock at 873, or
shares at £233 each, on each of which a dividend of £7. 13s. 4d. is paid
annually? What sum must be invested in the former to produce an
annual income of £460 { and what in the latter?

27. If the 3} per cents. be at 91, how much must a person invest in
order that he may have a yéarly income of £460, after paying 7d. in the
pound for income-tax 1

28, The dividends on a certain amount of 3 per cent. stock accumu-
lated in 13 ycars to £3081. How much stock was there, and what will
it be worth if the stock be sold at 793 ?

29, A person possesses £3200 3 per cents., which he sells at 993 : he
invests the procceds in railway shares at £36 a share, which shares pay 5
per cent. interest on £45, the amount paid on each share. How much is
his income altered by the transaction ?

80. If 1lay out £1911 in the purchase of 3 ger cent. consols, when
they are at 794, at what price should I sell out my stock again in order
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commission on each transaction?

81. A person had £10,000 in the 3 per cent. South Sea Annuities, and
the Government offered to give £110 bearing interest at the rate of 2} per
cent. for every £100 of these annuities, or to pay the £10,000 in cash on
a certain day. The latter proposal was preferred, and on the money
being paid it was re-invested in consols at 93 How much would he
have lost in income had he accepted the first proposal, and what will he
now gain by the new investment?

82. What sum would be saved annually if the interest on a public
debt of £4,000,000 were reduced from 3§ per cent. to 3 per cent. ? If in
consequence the price of this stock fell from £101 to £953, how much
would ths whole property of the fundholders be diminished ?

PROFIT AND LOSN.

171. Der. All questions in Arithmetic which relate to gain or loss
in mercantile transactions, fall under the head of Prorir anp Loss.
Examples in Profit and Loss are worked by the principle of Proportion :
various examples will now be worked out by way of illustration.
Ex.1. If a cask of wine containing 84 gallons cost £112. 5s., what
is gained by selling it at 314. 64. per gallon?
The gunin := selling price less first cost ;
the selling price == (31} x 84)s. = £132, 0s.;
therefore the gain = £132. 65 — £112. 5. = £20, 1a.
Ex. 2. A ream of paper cost me 21s. Gd., what must I sell it at, so as
to realize 20 per cent.?
The reasoning in this case is, If £100 gain £20, or produce £120, what
will 21s. 6d. produce? °
.~ £100 : 218 Gd. :: £120 : required amount in pounds,
whence, required amount = £1. 5a. 93d.
Ex.3. If I buy hay at £4. 16s. a ton, what must I sell it at to lose
15 per cent.?
In this case, every £100 would realize £(100-15), or £85; -
oo £100 : £4%1%5., i £85 : requircd amount in pounds,
whence, required amount = £4, 14, 714,
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Ex, 4. A man buys 33 geese for £10; at how much per head must
he sell them to gain 10 per cent. on his outlay ?
11: this case,
£100 : £10 :: £110 : selling price of the geese in pounds,
whence, selling price=£11,
.. selling price of each goose=£]}}=6s. 8d.

Ex. 5. A person buys shares in a railway when they are at £10},
£15 having been paid, and sells them at £32. 9s. when £25 has been
paid : how much per cent. does he gain?

He buys each share at £19), and he afterwards pays upon it
£(25—15), or £10; therefore at the time he sells, he has paid on each
share £29. 10s.; therefore by selling at £32. 9s. he gains on each £29, 10s.
which he has paid (£32. 9s. - £29. 10s.) = £2. 19s. ;

s £20} : £100 :: £219 : gain per cent in pounds;
whence, gain per cent,-= £10, or gain is 10 per cent.

Ex. 6. What was the prime cost of an article, which when sold for
128., realized a profit of 20 per cent.?

Here what cost £100 would be sold for £120;

o £120 : 12s. :: £100 : prime cost in pounds,
whenee, prime cost= £} =10s.

If the above example had been, “ What was the prime cost of an
article, which when sold for 12s., entails a loss of 20 per cent.1”

then £80 : 125, :: £100 : prime cost in pounds,
whence, prime cost £} = 15s.

Ex. 7. If by selling a horse for £40 I lose 20 per cent., what must
I have sold him for so as to gain 10 per cent.?

Here what would cost me £100 must be sold in one case for £80, and
in the other for £110; and thereforc we get this statement; selling price
of £100 in I** case : selling price of horse in 4" case :: sclling price of
£100 in 2™ case : sclling price of horse in 2" case ;

or £80 : £40 :: £110 : selling price in pounds;
whenee, selling price =: £55.

Ex.8. A grocer buys 3 cwt. of sugar at Gd. a Ib., 2 cwt. of sugar at
10}d. alb,, and 2} grs. of sugar at 1s. a lb.; and mixes them : he sells
4 cwt. of the mixture at 9d. a 1b. What must hé sell the remainder at,
in order to gain 25 per cent. on his outlay
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£ s d
3 cwt., or 3361bs., at 64. a 1b., cost ......... 8, 8.0
2 cwt., or 2241bs,, at 10}d. a lb., cost ...... 9.16.0
2} qrs., or 70lbs,, at 14, & 1b,, cost ......... 3.10.0
. 6301bs. cost..21.14.0
In order to gain 25 per cent. on £21. 144, it must realize £27. 2s. 6d. ;
£ s d

.« he must scll 6301bs. for ... 2‘} . 2 (]
but he sclls 4481bs. for... 16.16.0

. by Subt® he must sell 1821bs. for ... 10, G. 6

0. 6s. Gd.
£10. 6s. Gd , or 13/4d.

. he must sell 11b. for Tome

Ex. LXIIL

1. Bought 5 cwt. 3 grs. 14 lbs. of cheese at £1. 12s. per cwt., and
sold it again for £2. 0s. 84. per cwt. What was the gain upon the whole ?

2. If5 ewt. 3 grs. 14 1bs. be bought for £9, 85, and sold for £11, 18, 11d.
what is the rate of gain per ewt.?

8. Find the total valuc of 43 articles at £4. Gs. 8d. cach, 57 at
£L11. 8s. Gd. cach, and 4 at £13.15s. 4d. cach. What is gained or lost by
selling them at the rate of 3 for £287

4. A person buys 400 yards of silk at £80, and sclls 300 yards at
5s. Od. a yard, and the rest, which is damaged, at 2s. 8 yard ; find how
much per cent. he gains or loses,

5. A grocer buys 2 cwt. of sugar at Od. per pound, and 4 cwt. at 43d.;
he sclls 3 ewt. at 5)d. per pound; at what rate per pound will he be able
to sell the remainder 80 as neither to gain nor lose by the barguin?

6. If a commodity be hought for £3. 8s. 6d. a ewt. and #old for 8d, a
1b,, find the rate of profit per cent.

7. Bought goods at Gid. per pound, and sold them at £4. 10s. per cwt.;
what is the gain or loss per ccnt. ?

8. An article which cost 3s. 6d. is sold for 3s. 104d. ; find the gain
per cent.

9. Goods were sold at 12 guineas, at a profit of 223} per cent.; what
was the prime cost

10. Ifa tradesman gain 5s. 64. on an article which he sells for 224,
what is his gain per cent. ?

11. A man sells a horse for £24. 12s., and loses £18. per cent. on what
the horse cost him ; what was the original cost ?
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12. By selling an article for 5s. a person loses 5 per cent. ; what was
the prime cost, ang what must he sell it at to gain 4§ per cent.?

13. The cost price of a book is 65. 84.; the expense of sale 5 per cent.
upon the cost price ; and the profit 25 per cent. upon the whole outlay ;
find the selling price of the book.

14. If by selling an article for £25. 10s. 8 per cent. be lost, what per
cent. is gained or lost if it be sold at £382

15. I bought 500 sheep at £2. 2s. a-head ; their food cost me 5s. 64.
a-head : I then sold them at £2.8s. 6d. a-head. Find my whole gain, and
also my gain per cent.

16. A person having bought goods for £40 sclls half of them at a
gain of & per cent.; for how much must he sell the remainder so as to
gain 20 per cent. on the whole ?

17. A vintner buys a cask of wine containing 36 gallons at 10s. per
gallon ; he keeps it for four ycars, and then finds that he has lost 6 gallons
by leakage ; at what price per gallon must he sell the remainder in order
that he may realize 20 per cent. upon his outlay ?

18. A person rents a piece of land for £120 a year. He lays out
£025 in buying 50 bullocks. At the end of the year he sells them,
having expended £12. 10s. in labour. How much per head must he gain
by them in order to realizc his rent and expenses, and 10 per cent. upon
his original outlay ?

19. A grocer mixes two kinds of tea which cost him 3s. 8d. and
4s. 4d. per Ib. respectively ; what must be the selling price of the mixture
in order that he may gain 15 per cent. on his outlay ?

20. A person has goods worth £30; he sells one-third of them so as
to lose 10 per cent.; what must he sell the remainder at so as to gain 20
per cent. on the whole ?

21. 1 buy a house for 800 guincas, and scll it immediately at a profit
of 30 per cent. ; what do 1 receive, supposing the expenses of the sale to
be § per cent.?

22. The prime cost of a 76-gallon cask is £23. 12s. 6d., but 13 gallons
are lost by leakage ; 9 gallons of water is then mixed with the remainder,
and it is sold at 7s. Gd. a gallon. Find the whole gain, and also the gain
per cent.

23. A stationer sold quills at 11s. a thousand, by which he cleared §
of the money ; he raises the price to 13s.6d. What does he clear per cent.
by the latter price?

24. A person sold 72 yards of cloth for £8. 1. ; his profit being the
cost of 11'52 yards: how much did he gain per cent.?



25. A smuggler buys 6 cwt. of tobacco at 1. 3d. per 1b.; he meets
with a revenue-officer, who seizes §rd of it : at what rate per 1b. must he
gell the remainder, so as, 1st, neither to gain or lose; 2nd, to gain &§
guineas; and 3rd, to gain cent. per cent.?

26. A person expends £3000 in railway shares at 15} per cent. dis-
count, and sells them at par; what does he gain by the transaction, and
what per cent.?

27. A wine-merchant bought 14} pipes of wine, which having received
damage, he sold for £112034, thereby losing 20 per cent.; find the cost
of the wine per pipe, and the selling price of it per gallon.

28. A farm is let for £96 and the value of a certain number of quar-
ters of wheat. When wheat is 88s. a quarter, the whole rent is 15 per
cent, lower than when it is 56s. a quarter. Find the number of quarters
of wheat which are paid as part of the rent.

20. A man having bought a lot of goods for £150, sclls Jrd at a loss
of 4 per cent.; by what increase per cent. must he raise that selling price,
in order that by sclling the rest at the increased rate, he may gain 4 per
cent. on the whole transaction ?

80. A person bought a French watch, bearing a duty of 25 per cent.,
and sold it at a loss of 5 per cent. ; had he sold it for £3 more, he would
have cleared 1 per cent. on his bargain. What had the French maker
forit?

DIVISION INTO PROPORTIONAL PARTS.

172. To divide a given number into parts which shall be proportional
to certain other given numbers.

This is merely an application of the Rule of Three ; still it may be
well to state a general Rule, by which examples which come under the
above head may be worked.

Rure. State thus: “ As the sum of the given parts : any onc of
them :: the entire quantity to be divided : the corresponding part of it.”

This statement must be repeated for cach of the parts, or at all
events for all but the last part, which of course may either be found by
the Rale, or by subtracting the sum of the values of the other parts from
the entire quantity to be divided. )

Ex. 1. Divide 40 ‘guineas among 4, B, aund C, so that their por-
tions may be as 7, 11, and 14 respectively,
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Procecding according to the Rule given above,
82 : 7 :: 40 guineas : 4’s share,
82 : 11 :: 40 guineas : B's share,
whence A’s share = £9. 3s. 9d., and B’s share = £14. O¢, 9d.
C’s share may be found from the proportion
32 : 14 :: 40 guincas : C’s share ;
whence C’s share = £18, 7s. 0d. ;

or by subtracting £9. 3s. 9d.+ £14. 8s. Od., or £23. 12¢. 64. from £42,
which leaves £18. 7s. Gd., as above.

The yeason for the above process is clear from the consideration, that
40 guincas is to be divided into 32 equal parts, of which A4 is to have 7
parts, B 11, and C 14.

Ex. 2. Divide £11000 among 4 persons, 4, B, C, D, in the propor-
tions of §, 3, 1, and }.

Sum of shares— [} ;
S §6 2 3w £11000 : A's share in pounds,
whence A’s share = £4285. 14s. 3id.
Similarly,
B’s share = £2857. 2s. 10§d., C’s share = £2142. 17s. 1§d.
D's share == £1714. 5s. 844,

Ex. 3. Divide £45000 among A, B, C, and D, so that 4's share ; B’s
share ::1 :2, B's:Cs :3:4,and C's: D's ::4: 8.

In this case, .
B’y share =2 A’s share, 3 C"s share=4 B's share,

4 D's share=5 C's shaye ;
«* we have C’s share=- § B's share =§ A’s share,
and D’s share = § C’s share =1 A’s share ;
‘. A's share + B’s share + C’s share + D's share
=A'ssharex(1+2+§+ ),
=9 A’s share ;
o A's share= £5000, B's=4£10000, C's ="£13333. 6s, 84.,
D’s= £16668. 13s. 4d.
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FELLOWSHIP OR PARTNERSHID,

173. Der. Fevtowsuip or PArTwERrsmie is & method by which the
respective gains or losses of partners in any mercantile transactions are
determined.

Fellowship is divided into SimpLE and Conrounn Frrrowsnie : in the
former, the sums of money put in by the several partners continue in
the business for the same time; in the latter, for different periods of
time,

SIMPLE FELLOWSHIP.
174. Examples in this Rule are merely particular applications of the
Rule in Art. (172), and that Rule therefore applics.

Ex. 1. Two merchants, 4 and B, form a joint capital ; 4 putun
£240, and B £360 : they gain £80. How ought the gain to be divided
between them ?

£(240 + 360) : £240 :: £80 : A’s share in pounds,
whence, A's share =: £32, and .. B's share - £48.

Note. The estate of a Bankrupt may be divided among his creditors
by the same method.

Ex. 2. A bankrupt owes three creditors, 4, B, and C, £175, £210,
and £265, respectively ; his property is worth £422. 10s.: what ought
they each to receive ?

£650 : £175 :: £422} : A's share,
£650 : £210 :: £422] : B’s share,
whence A's sharve - £113. 15s., B's sharc:= £130. 10s. ;
<. C's share -~ £172. 8s.

COMPOUND FELLOWSHIP.

176. Rure. “Reduce all the times into the same denomination,
and multiply each man’s stock by the time of its continuance, and then
state thus :

As the sum of all the preducts : eachpmculupmduct the whole

quantity to be divided : the corvesponding share. ’
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Ex. 1. Aand B enter into partnership; 4 contributes £3000 for 9
months, and B £2400 for 6 months, they gain £1150 : find each man’s
share of the gain.

Proceeding by the Rule given above,

£(3000 x 9 + 2400 x 6) : £(3000 x 9) :: £1150 : A’s share of gain,
or £41400 : £27000 :: £1150 : A’s share of gain,
and £41400 : £14400 :: £1150 : B’s share of gain ;
whence, A’s share=£750, and B’s share=£400,

The reason for the above process is evident from the consideration,
that a stock of £3000 for 9 months would be equivalent to a stock of 9
times £3000 for 1 month ; and one of £2400 for 6 months, to one of 6
times £2400 for 1 month : hence, the increased stocks being considered,
the question then becomes one of Simple Fellowship.

Ex. 2. There were at a feast 20 men, 30 women, and 15 servants;
for every 10s. that a man paid, a woman paid 6Gs., and a servant 2s. ; the
bill amounted to £41: how much did cach man, woman, and servant
pay?

20 men at 10s. each = 200 at 1s., 30 women at Gs.=180 at 1s., and 15
servants at 2s,= 30 at 1s.; and 200 + 180+ 30 =410,

Hence we have

410 : 200 :: £41 : 20 men’s share (in pounds) ;
410 : 180 :: £41 : 30 women’s share (in pounds) ;
410 : 30 :: £41 : 15 servants’ share (in pounds);
. 20 men’s shares = £20, 30 women'’s shares == £18,
and 15 servants’ shares- £3;
.. cach man paid £1, ecach woman 12s., and cach servant 4s.

EQUATION OF PAYMENTS.

176. Der. When a person owes another several sums of money,
due at different times, the Rule by which we determine the just time
when the whole debt may be discharged at one payment, is called the

EqQuarioN oF PavyEnTs,
Note. 1t is assumed in this Rule that the sum of the interests of

the several debts for their respective times equals the interest of the
sum of the debts for the equated time.

Rure. ‘“ Multiply each debt into the time which will elapse before
it becomes due, and then divide the sum of the products by the sum of
the debts ; the quotient will be the equated time required.”
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Ex. 1. A owes B £100, whereof £40 is to be paid in 3 months, and
£60 in 5 months: find the equated time.
Proceeding according to the Rule given above,
then (40 x 3+ 60 x 5) = (40 +60) x equated time in months,
whence, equated time =4} months.

The reason for the above process, in accordance with our assumption, is
clear from the consideration that the sum of the intercsts of £40 for 3
months, and £60 for 5 months, is the same as the interest of £(120 + 300),
or £420 for 1 month ; if therefore 4 has to pay £100 in one sum, the
question is, how long ought he to hold it so that the interest on it may
be the same as the interest on £420 for 1 month. The statement therefore
will be this:

£100 : £420 :: 1 month : required number of months;
whence, required number of months::4} months;
which is evidently the cquated time of payment, and agrees with the
result obtained by the Rule given above.

Ex. 2. A owed B £1000, to be paid at the end of 9 months: he
pays however £200 at the end of 3 months, and £300 at the end of 8
months: when was the remainder due?

In this case,

(200 x 3 + 300 x 8 + 500 x number of months required)==1000 » 9,
or 500 x number of months required - G000 ;
whence number of months required-.12,

Ex. LXIV.

1. A company of militia consisting of 72 men is to be raised from 3
towns, which contain respectively 1500, 7000, and 9500 men. How
many must each town provide 1

2. Divide £17. 11s. 8d. into two parts which shall be to each other
as5:16

8. Divide 4472 into parts which shall be to cach other in the ratio of
8, 5,7, 11; and also £500 into parts which shall be in the ratio of §, 3,
and 4.

4? A bankrupt owes 4 £256. Gs. 8d., B £203. 10s,, and C £141. 13s,
4d. ; his estate is worth £421. 1s.; how much will 4, B, and C receive
respectively

5. A mass of counterfeit metal is composed of fine gold 15 parts,
silver 4 parts, and copfler 3 parts: find how much of each is required in
making 18 cwt. of the composition.
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8. Two persons have gained in trade £720; the one put in £2200
and the other £1800; what is each person’s share of the profite !

7. In a certain substance there are 11 parts tin to 100 of copper.
Find the weight of tin in a piece weighing 24 cwt. 1

8. A man leaves his property amounting to £13,000 to be divided
amongst his children, consisting of 4 sons and 3 daughters; the three
younger sons are each to have twice the share of each of the daughters,
and the eldest son as much as a younger son and a daughter together;
find the share of each.

9. Two persons, 4 and B, are partners in a mercantile concern, and
contribute £1200 and £2000 capital respectively; A is to have 10 per
cent. of the profits for managing the business, and the remaining profits
to be divided in proportion to the capital contributed by cach ; the entire
profit at the year’s end is £800; how much of it must each receive?

10, Divide £100 among A, B, (, and D, so that B may reccive as
much as 4; C as much as 4 and B together ; and D as much as 4, B,
and C together.

11. Divide £11,875 among 4, B, and C, so that as often as 4 gets £4,
B shall get £3, and as often as B gets £8, C shall get £5.

12. A commences business with a capital of £1000, two years after-
wards he takes B into partnership with a capital of £15,000, and in 3
years more they divide a profit of £1500; required 4's share.

13. £700 is due in 3 months, £800 in 5 months, and £500 in 10
months ; find the cquated time of payment.

14. Find the equated time of payment of £750, one half of which is
due in 4 months, § in 5§ months, and the rest in G months.

15. A4 owes B a debt payable in 74; months, but he pays } in 4
months,  in 6 months, } in 8 months ; when ought the remainder to be
paid? ’

16. A, B, and C rent a field for £11. 6s.; A puts in 70 cattle for 6
months; B 40 for 9 months; and €50 for 7 months ; what ought C to pay ?

17. A, B, and C invest capital to the amount of £700, £500, and
£300 respectively ; 4 was to have 25 per cent. of the profits, which
amount to £450; what share of the profits ought C to have ?

18. A and B enter into a speculation ; 4 puts in £50 and B puts in
£45 ; at the end of ¢ months 4 withdraws } his capital, and at the end
of 6 months B withdraws } of his; C then enters with a capital of £70;
st the end of 12 months their profits are £2u how ought this to be
@ivided amongst them
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APPLICATIONS OF THE TERM PER CENT.

177. In Art. 162, and those which follow, wherever the term “ Per
Cent.” occurred it referred to £100 money, or £100 stock ; thero are
however many cases in which the term Per Cent. occurs, where the re-
ference is neither to the one nor the other, but to the number 100, where
the unit is an abstract number, or a concrete number of a different kind
from the above mentioned.

All such examples depend on the principles of proportion : some ex-
amples will now be worked by way of illustration, and others subjoined
for practice.

Ex.1. Find how much per cent. 7 is of 167
In other words the question is; find what number bears the same
ratio to 100, that 7 bears to 16.
By Rule, Art. 155,
16 ; 100 :: 7 : number required ;

»*» number required := 710: = 4375,

Ex. 2. In a parish school of 153 children, 125 learn to write. Wha!
is the percentage ?

In other words, what number bears the same ratio to 100, which 125
bears to 1531

<. 153 : 100 :: 125 : percentage ;
12500 107
. percentage = T3 =iz

Ex. 3. In 1842 the number of the members of the University of
Cambridge was 5853, and in 1852 the number was 6397, find the increase
per cent,

Subtracting 5853 from 6897 we obtain 544 the increase on 5853 mem-
bers ; the question then is this ; If 5853 members give an increase of 544,
what increase do 100 members give ?

.~ 5853 : 100 :: 544 : increasc per cent.;
.’ increase per wnh:y-@=911-23.
5853 ~ 5853

Ex. 4. 23 per cente of the population of a town containing 30000
people died of cholera ; find the number of deaths,

17
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1f 23 died out of every 100, how many died out of 30000 ?
100 : 30000 :: 23 : number of deaths;
.*. number of deatlls:y-(»x—x-)xﬁsloo.
100
Ex. 5. Between the years 1821 and 1831 the population of Norwich
increased by 22 per cent., and in the latter year it was 61116, What was
it in 18211
For every 122 persons in 1831 there were 100 persons in 1821;
«% 122 : 61116 :: 100 : number required ;

. 6
.*» number required = 3]—1—!]%;—&0 = 50095 nearly.

Ex. 6. If of a regiment of 750 men, 26 per cent. are in hospital, 32
per cent. in trenches, and the rest in camp, how many are in hospital,

trenches, and camp respectively
100 : 750 :: 26 : number in hospital ;

50 x 26
. 1 L 190X 26
number in hospital - 300 =195,

100 : 750 :: 32 : number in trenches;
Ik} )0 X 32

2 =2
*. number in trenches:= 100 40 ;

». number in camp =750~ (195 + 240) - 315.
Ex.7. The percentage of children who are learning to write is 65
in a school of 60 children, and 78 in another school of 70, what is the
percentage in the two schools together?

In the first school,
100 : 60 :: 65 : number who learn to write ;

*. number who learn to write __‘Eol;:ﬁ =39,

L.

In the second school,

100 : 70 :: 78 : number who learn to write ;
.. number who learn to write = 591(\)0‘ 8-642 :

+ in a school of (60+70) or of 130, there are 933 who learn to write ;
. 130 : 100 :: 93§ : pereentuge required ;

~« percentage requmd——— -’5"—"—’*—"2.



APPLICATIONS OF THE TERM PER CENT. 269

Ex. 8. Instandard gold 11 parts out of 12 are pure gold ; how much
per cent. is dross ?

In every 12 parts 1 part is dross,

% 12 : 100 :: 1 : percentage of droas;
». percentage of drom:-li(;)=8§.

Ex. 9. Archimedes discovered that the crown made for King Hierv
consisted of gold and silver in the ratio of 2 : 1. How much per ccnt.
was gold, and how much per cent. silver ?

Out of every 3 parts, 2 were gold, and 1 silver;

. 8 : 100 :: 2 : percentage of gold;
*. percentage of gold - 1—092 = 66y 3
and percentage of silw.-r = 33}

Ex. 10. The numbers of male and female criminals are 1235 and 088
respectively ; while the decrease in the former is 4'6 per cent., the increaso
in the latter is 98 per cent.; find the increase or decrcase per cent. in the
whole number of criminals.

1st. 100 : 12358 :: 4'6 : whole decrcase of male criminals ;

[ o
*. whole decrensc of male criminals - ]"—"‘i%zﬁx;bs'sl.
2nd. 100 : 988 :: 9'8 . whole increase of female criminals ;
.*. whole increase of female criminals = "m; (:Oq 8. 096824 ;

% in (1235 + 988) or 2223 persons there is an increase of
(96:824 - 56:81) or 40:014 persons.
o 2223 : 100 :: 40014 : pcrccntnge required ;

.. percegtage required := ——2, 3 to1s,

Ex. LXV.

1. What is the percentage en 56304 at }; £; 4; 73; 10; 15031
2. How much per cent. is 15 of 96; 19 of 81 ; 23 of 25G ; 185} of
732175 ; 53 of 11080°57
3. Write In a decithal form }; 23 ; 4} ; 5§; 26} ; 29005 ; 5000138
per cent.
173
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4. A cask, which contained 2005 gallons, leaked 27 per cent., how
much remained in the cask?

5. A malster malts 7500 bushels of barley, which in the process
increases 12} per cent., how many bushels of malt has he?

6. A grocer uses for a 11b. weight one which only weighs 1575 oz.,
what does he gain per cent. by his dishoncsty ?

¥. Out of 14804 cases of Small-Pox 1588 persons died, and out
of 2422 cases of Scarlet Fever 211 persons died ; find the rate per cent.
of mortality in each case, also the rate per cent. of mortality in the whole
number of sick people.

8. The population of Ireland was 7767401 in 1831, 8175124 in
1841, 6515794 in 1851. Find the increase per cent. in the first ten
years, the decrease per cent. in the second ten yecars, and the decrease per
cent. in the 20 years from 1831 to 1851.

9. The population of a city is a million ; it rises 1} per cent. for 3
years successively ; find the population at the end of 3 years.

10. A school contains 383 scholars, 3 are of the age of 18 years;
5 per cent. of the remainder are between the ages of 15 years and 18
years; 10 per cent. between 12 and 15 ; 35 per cent. between 10 and 12,
and the remainder under that age ; find the number of each class.

11. Sugar being composed of 49'856 per cent. of oxygen, 43:265 per
cent. of carbon, and the remainder hydrogen ; find how many pounds of
each of these materials there are in one ton of sugar.

12. At the Cambridge Borough Election, 1857, the votes given
were as follows :—double votes, M. and S. 724; A. and H. 685; split
votes, M, and A. 28; M.and H. 8; S.and A.1; S. and H. 5; plumpers,
M.15; S. 5; A. 20; H. 4. The number who did not poll were 222.
Find the whole number of voters on the register, and the percentage of it
which each candidate obtained.

13. A merchant buys 340 loads of whtat at 8s. a bushel, 2} per
cent. of it is wasted ; he sells 56 per cent of the remainder at 7s. 64. a
bushel, 20 per cent. at 8s. & bushel, and the rest at 10s. a bushel ; what
does he gain or lose by the transaction ?

14. If the increass in the number of male and female criminals
be 18 per cent., while the decrease in the number of males alone is 4'6 per
oent, and the inoreaso in the number of femaler is 98, Compare the
pumber of male and female criminals respectively.
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178. Questions are often given, in which the term “ Average” occurs ; a
few examples of such a kind will now be worked by way of illustration,
and others subjoined for practice.

Ex.1. A gentleman in each of the following years expended the
following sums: in 1845 £186. 0s. Gd., in 184G £189. 0s. 7d., in 1847
£260. 15s. 4d., in 1848 £245. 4s. 6d., in 1849 £368. bs. 6d., in 1850
£304. 1s. 2d., in 1851 £252. Gs. 11d. Find his yearly average expenditure.

The object is to find that fixed sum which he might have spent in
each of the 7 years, so that his total expenditure in that case might be the
same as his total expenditure was in the above question.

Adding the various sums together we obtain the total expenditure
which equals £1806. 3s. 6d.; this sum divided by 7 gives £258. 0s. 6d. as
the average yearly expenditure.

Ex. 2. In a school of 27 boys, 1 of the boys is of the age of 17 years,
2 others of 16, 4 others of 15}, 1 of 14, 2 of 14}, & of 13}, 10of 12}, and
2 of 10; find the average age of the boys.

The object is to find, what must be the age of cach boy supposing all
to be of the same age, that the sum of their ages may = the sum of
the ages in the question.

sum of ages in question =17 + 32 + 62 + 143 + 29 + 083 + 122} + 20=- 366 ;
346
< average age= =13} years.

Ex. 3. Inaclass of 25 children, 19 have attended during the week.
Days attended by children: 5 for 5 days, 6 for 4}, 3 for 4, 2 for 3},
1for 3, 1 for 2, 1 for § day. Find the average number of days attended
by each child.

The whole number of days attended by class
=(6x6+6x4}+43x4+2x3}+1x3+1x2+1x})
=25+27+12+7+3+2+} =76} days;

76y _153 306
25 50 _100”3.00&‘”'

Ex. 4 In a school the numbers for the week were :—Monday
morning 67, Tuesday morn. 60, Wednesday morn. 65, Thursday morn. 68,
Friday morn. 62, MondRy afternoon ‘6 more than the average of Monday
and Tuesday mornings, Tuesday aft. 69, Wednesday aft. °5 less than the

.. average attendance =
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average of Tuesday, Thursday the average of Monday morn. and Tuesday
aft., Friday aft. 60. Find the average attendanct for the week.
Number of children who attended on
Monday  =67+64;
Tucsday =60+59;
Wednesday =65+59;
Thursday =68+63;
Friday =62+60;
 the total number of children who attended on the 10 occasions= 627 3

.. average attendance —6—1 =027.

Ex. 5. A farm of 500 acres is let at a corn-rent equally apportioned
between wheat and barley ; it is valued at £930 a year when the average
price of wheat is 6s. a bushel, and that of barley 4. a bushel ; find the
rent when wheat rises to the average price of 7s. 6d. per bushel, and
barley to that of 5s. 3d. per bushel.

First we must find the number of bushels of wheat and barley at the
given rent of £930.

5= £465 the sum to be raised by each kind of grain ;

e 105 ; 20 =155 x 10:= 1560 bushels of wheat ;

o 416: 2. 465 x 5 =2325 bushels of barley ;

». rent in lutter case= (156560 x 7} + 2325 x 5} )s.
=£1191. 11s. 3d.

Ex. 6. A person's average annual income from 1830 to 1850 was
£374. 9¢. 8d. In 1830 his income was £369 18s. 10d, and in 1851 his
inoome was £360. 1s. 1d., what was his average annual income from 1831
to 1851 (inclusive) ?

His total income from 1831 to 1851 inclusive

= £374. 9. 8d. x 21 + £360. 12. 1d. — £360. 18. 10d.
= £7854. 5s. 3d.

= his average income = == 2% O — £374 0s. 3d.
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Ex. LXVIL.

1. In 1845 the rental of an estate amounted to £18607. 11s. 9d., in
1846 to £17292. 25. 10d., in 1847 to £20135. 125, 10d., in 1848 to £20078.
19s. 7d., in 1849 to £18582. 12s. 11d., in 1850 to £24048s. Bs. 1d., in 1851
to £21631. 0s. 1d.; find the average rental of the 7 ycars,

2. The number of quarters of grain imported into a country in 11
successive years were 20679438, 2058272, 3030293, 3474302, 2243151,
2327782, 2855525, 2538234, 3206482, 2601204, 3251901 ; find the average
importation during that period.

3. If 50 quarters of wheat are sold for 77s. 8d. per quarter and 100
quarters for 78s. 3d. per quarter ; what is the average price per bushel ¢

4. In a class of 23 children, 8 are boys, 15 girls. The age of the
boys—4 of 8, 2 of 11, 2 of 12. Of the girls—5 the average age of the
boys, 4 of 9, 2 of 10, 4 of 13. Find the average age of (a) the boys,
(b) the girls, (d) the whole class.

5. There are 25 children on the register of onc class in a school.
19 have been present at onc time or other during the week. The sum
of days on which the children have attended is 843. What is the average
number of days per week attended by each child ever present during the
week, therc being no school on Saturday or Sunday? Give the answer
in decimals.

6. In a school of 7 classes, the average number of days attended by
each child in Class I. is 45 ; Class 11,4 ; Class 111, 39; Class 1V,,41;
Class V., 36; Class V1., 42; Class V11, 33. Find the average number
of days attended by ecach child in the school.

7. A Farm is valued at the ycarly rental of £377. 10s.; one-third
of the rent is payable in moncy, one-fourth in wheat, and the rest in
barley, the average prices being as follows: wheat 6s. a bushel, and
barley 4s. 6d. a bushel. What will the rent amount to when the average
prices of wheat and barley are 7s. 9d. and 5s. 3d. per bushel respectively?

8. A tithe-rent of £310 per annum is commuted in equal parts into
a corn-rent consisting of wheat at 56s. per gr., barley at 32s. per qr., and
oats at 22s, per gr.; fihd its value when wheat is at 64s. per qr., barley
at 44s. per qr., and oats at 24s. per qr.
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EXCHANGE.

179. Der. Excnance is the Rule by which we find how much
money of one country is equivalent to a given sum of another country,
according to a given course of Exchange.

Der. By the Course of Excuance is meant the variable sum of the
money of any place which is given in exchange for a fized sum of money
of another place: thus, forinstance, in London one pound sterling, a fixed
sumn, is given for a variable number of French francs, more or less, ac-
cording to circumstances. By the Par of Exchange is meant the intrinsic
value of the coin of one country as compared with a given fixed sum of
moncey of another.

Exchanges between merchants are effected by written instruments,
called BiLLs or Excuange ; and a bill on London entitles the holder to
obtain gold in London for the value of the amount mentioned in the
bill.

Examples in Exchange worked out.

Ex.1. A merchant in Paris draws a bill of 1500 franes upon a mer-
chant in London for goods supplied : what sterling money will the latter
have to pay, exchange being 2425 francs for £1 sterling ?

Here 2425 francs : 1500 francs :: £1 : required amount of money in
pounds ;
whence, required amount of money in pounds=£61. 17s. 13§d.

Ex. 2. What is the course of exchange between London and Lisbon
when 594 milrees, 480 rces are received for £158. 165, 94.7 (1 milree = 1000
rees). .
llere 594 mils., 480 recs : 1 mil. ::* £158. 16s. 9d. : course of exchange,

or 594'48 mils. : 1 mil. :: 38121d. : course of exchange,
whence, course of exchange=64124...d.
that is, 64'124d. or rather more than ba. 4d. English money, would be
puid for 1 milrce of Portuguese.

Der. ARsBITRATION, OR CoMPARISON OF Excnanges, is the method of
fixing upon the rate of Exchange, called the PAr oF ArBrTRATION, De-
tween the first and last of a given number of places, where the course of
Exchange between the first and second, the second and third, &c. of these
places is known, It is called SimpLE or CoMPoUND ARBITRATION, a8 three
or more places are concerned.
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Ex. 1. If the Exchange between Paris and Frankfort be at 20
francs for 9 florins, 20 kreutzers; and the Exchange between London
and Frankfort 11 florins, 54 kreutzers for the £1 sterling, what is the
course of exchange between London and Paris? (1 florin=60 krout-
zers.)

9} florins = 20 francs, .. 1 florin=§Q francs,
11 fl. 54 kreutz., or 11\ fl. = £1, . 1fl.=£7%,
s £30 =8¢ francs,

or £1=(§2 x \}) francs =255 francs.

Ex. 2. £1 English being=25'4 francs, 375 francs being = 105
kreutzers, 60 kreutzers being =1 florin ; find in English money the value
of 1143 florins.

1143 florins = (1143 x 60) kreutzers,
375
= (1143 x 60 x “f()’.%) francs,
375 1
= £96. 8s. 6}d.

Ex LXVIL

1. Convert £1519. 17s. 6d. into francs and centimes, at 2345 francs
per £, sterling. (1 franc=100 centimes.)

2. Convert 4760 miirces, 280 rees into English money, at 64}d. a
milree.

3. Convert £246. 15s. 6d. into piastres and rials, exchange being at
474d. a piastre. (1 piastre =8 rials.)

4. A merchant at Lisbon draws a bill of 2000 milrecs upon London.
‘What sterling money will the latter have to pay, exchange being 1 milree
=68d.1

5. If London exchauges with Holland at a gain of 6} per cent.
when the course of exchange is at 35s. Gd. per £. sterling; what is the
par of exchange ? ¢

6. A bill bought in London at 25:G francs per £. sterling, is sold in
Lisbon at 172 rees per franc; what is the exchange between London
and Lisbon?

7. A merchant in London is indebted to one at St Petersburg 15,000
rubles: the exchange between 8t Petersburg and England is 50d. per
ruble, between 8t Petersburg and Amsterdam 91d. per ruble, and be-
tween Amsterdam and London 36e. 3d. per £. sterling: which will be the
most advantageous way for the London merchant to be drawn upon?
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8. What sum in English money must be given for 500 francs, when
25°6 francs is cxchanged for £17 What is the arbitrated price between
London and Paris, when 3 francs =480 rees, 400 rees=3_\a. Flemish, and
85s. Flemish = £11

9. A person in London owes another in St Petersburg a debt of 460
rables, which must be remitted through Paris. He pays the requisite
sum to his broker, at a time when the exchange between London and
Puris is 23 francs for £1, and between Paris and St Petersburg 2 francs
for one ruble. The remittance is delayed until the rates of exchange are
24 francs for £1, and 3 francs for 2 rubles. What does the broker gain
or lose by the transaction ?

10. A trader in London owes a debt of 508 pistoles to one in Cadiz :
is it more advantageous to him to remit directly to Cadiz, or circuitously
through France? the exchanges being £1=:25'4 francs, 19 francs=1
Spanish pistole, 4 Spanish pistoles = £3.

SQUARE ROOT.

180. The Squark of a given number is the product of that number
multiplied by itself. Thus 36 is the square of G.

The square of a number is frequently denoted by placing the figure 2
above the number, a little to the right. Thus 6 denotes the square of G,
8o that 6%=3G.

181. The Square Roor of a given number is a number, which, when
multiplied by itself, will produce the given number.

The square root of a number is sometimes denoted by placing the
sign 4/ before the number, or by placing the fraction } above the number,
a little to the right. Thus /36 or (36)! denotes the square root of 36;
so that ,/36 or (36)=:6

182. The number of figures in the integral part of the Square Root
of any whole number may readily be known from the following con-
siderations :

The square root of 1 is 1
100 is 10
10000 is 100
1000000 is 1000
&e. is &e
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Hence it follows that the square root of any number between 1 and 100
must lic between 1 and 10, that is, will have one figure in its integral
part ; of any number between 100 and 10000, must lie between 10 and
100, that is, will have two figures in its integral part ; of any number be-
tween 10000 and 1000000, must lic hetween 100 and 1000, that is, must
have three figures in its integral part ; and so on. Wherefore, if a point
be placed over the units’ place of the number, and thence over every
second figure to the left of that place, the points will shew the number of
figures in the integral part of the root. 'I'hus the square root of 99 con-
sists, 80 f:ar as it is integral, of one ﬁg\_xrc; that of 198 of two figures; that
of 176432 of three figures; that of 1764321 of four figures; and so on.

183. The following Rule may be laid down for extracting the square
root of a whole number,

Rure. “Place a point or dot over the units’ place of the given num-
ber, and thence over every sccond figure to the left of that place, thus
dividing the whole number into several periods. The number of points
will shew the number of figures in the required root (Art. 182),

Find the greatest number whose square is contained in the first period
at the left; this is the first figure in the root, which place in the form of
a quotient to the right of the given number. Subtract its square from
the first period, and to the remainder bring down the second period.
Divide the number thus formed, omitting the last figure, by twice the
part of the root already obtained, and annex the result to the root and
also to the divisor. Then multiply the divisor, as it now stands, by the
part of the root last obtained, and subtract the product from the number
formed, as above mentioned, by the first remainder and sccond period.
1f there be more periods to be brought down, the operation nust be
repeated.”

Ex.1. Find the square root of 1369.

1369 (37
0
67 | 469
| 460

After pointing, according to the Rule, we take the first period, or 13,

and find the greatest number whose square is contained in it. 8ince the

square of 3 is 9, and that of 4is 16, it is clear that 3 is the greatest
number whose square is contained in 13; therefore place 3 in the form
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of a quoticnt to the right of the given number. Square this number,
and put down the square under the 13; subtract it from the 13, and to
the remainder 4 affix the next period 69, thus forming the number 469,
Take 2x 3, or 6, for a divisor ; divide the 469, omitting the last figure,
that is, divide the 46 by the 6, and we obtain 7. Annex the 7 to the
3 before obtained and to the divisor ¢; then multiplying the 67 by
the 7 we obtain 469, which being subtracted from the 469 before formed,
leaves no remainder ; therefore 37 is the square root of 1369,

Reason for the above process.

Since (37)*=1369, and therefore 37 is the square root of 1369; we
have to investigate the proper Rule by which the 37, or 30+7, may be
obtained from the 1369.

Now 1369 =900 + 469 =900 + 49 + 420

=(30)'+7*+2x30x7

= (30)'+2x30x7+7*
where we see that the 1309 is separated into parts in which the 30 and
the 7, together constituting the square root, or 37, are made distinctly
apparent. Treating then the number 1369 in the following form, viz.

(80" +2x30x7+7*
we observe that the square root of the first part or of (30)?, is 30 ; which
is one part of the required root. Subtract the square of the 30 from the
whole quantity (30)*+ 2 x 30 x 7 + 7%, and we have 2 x 30 x 7 + 7* remaining.
Multiply the 30 before obtained by 2, and we sce that the product is con-
tained 7 times in the first part of the remainder, or in 2x30x7; and
adding the 7 to the 2x 30, thus making 2x30+7 or 67, this latter
quantity is contained 7 times exactly in the remainder 2x30x7+7 or
469; so that by this division we shall gain the 7, the remaining part of
the root. If we had found that the 2 x 30+ 7 or 67, when multiplied by
the 7, had produced a larger number than tle 469, the 7 would have
been too large, and we should have had to try a smaller number, as 8, in
its place.

The process will be shewn as follows ;

(30)*'+2x30x7+7 (30+7
(s0y
2x3047 2x30xT+7 ‘
2x0x7+7
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This operation is clearly equivalent to the following :
900 + 420 +49 (30+7
900
60+7 420+ 49
42()_-{- 319

This again is equivalent to the following :
1369 (37
9
67 | 469
L 469
which is the mode of operation pointed out in the Rule.

Note 1. The reasoning will be better understood when the Student
has made some progress in Algebra.

Note 2. The divisor obtained by doubling the part of the root already
obtained, is often called a trial divisor, because the quoticnt first obtained
from it by the Rule in (Art. 183), will sometimes be too large. It will be
readily found, in the process, whether this is the case or not, for when,
according to our Rule, we have annexed the quoticnt to the trial divisor,
and multiplied the divisor as it then stands by that quoticnt, the result-
ing number should not be greater than the number from which it ought
to be subtracted. If it be, the quotient is too large, and the number
next smaller should be tried in its place.

Note 3. 1f at any point of the operation, the number to be divided
by the trial divisor be less than it; we then affix a cypher to the root,
and also to the trial divisor, bring down the next period, and proceed
according to the Rule.

Ex. 2. Find the square root of 74684164,

73684164 (8642

» 64"_ .
{2x8=186} 166 | 1008
998
{2 x86=172} 1724 | 7241
6894
12 x 864 =1728} 17282 | 34564
R 34564

Therefore 8642 is the square root of 74684164,
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Ex. 3. Find the square root of 71690512350625.

.......

64

{2x8=16} 164 | 769
656
{2 x 84=168} 1686 | 11305
| 10116
{2 x 846 =162} 16927 | 118012
118489
{(2 x8467=16934) | 1093402 | 4233508
(2 x 84670 = 169840)} L'mmm

16934045 | 84670225
84670225
.. 8467025 is the required square root.

184. Again, since the square root of 01 is 11
‘0001 is 0T
000001 is 001
*00000001 is ‘0001
&e. &e.
it appears, that in extracting the square root of decimals, the decimal
places must first of all be made even in number, by affixing a cypher to
the right, if this be necessary ; and then if points be placed over every
second figure to the right, beginning as before from the units’ place of
whole numbers, the number of such points will shew the number of
decimal places in the root.

185. If there be no whole number, or integral part in the given num-
ber, we must, in pointing, begin with the sccond figure from that which
would be the units’ place, if there were a whole number, and mark
successively over cvery sccond figure to the right. If there be a wholo
number as well as a decimal, it will be the safest method to begin at the
units’ place, and point over every second figure to the right and left of it.
The number of points over the whole numbers and decimals will shew
respectively the numbers of figures in the integral and decimal parts of
the root. Thus if the given number were 611523, place the first point
over the 5, and mark from it to the right and left, thus 6115:23. If the
given number were 58'432, first make the decimal places even in number
thus, 584320, and then point thus 58:4320.



BQUARE ROOT. 271

186. With the above explanation (Arts. 182 and 184) on the subject
of pointing, the rule for extracting the square root of a decimal, or of a
number consisting partly of a whole number and partly of a decimal,
will be the same as that before given (Art. 183) for finding the square
root of a whole number. As the decimal notation is only an cxtension or
continuance of the ordinary integral notation, and quite in agreemcut
with it, the reason before given for the process, will in fact apply also
here,

187. To extract the square root of a vulgar fraction, if the numerator
and denominator of the fraction be perfect squares, we may find the
square root of each separately, and the answer will thus be obtained as &
vulgar fraction ; if not, we can first reduce the fraction to a decimal, or
to a whole number and decimal, and then find the root of the resulting
number. The answer will thus be obtained either as a decimal, or as a
whole number and decimal, according to the case. Also a mixed number
may be reduced to an improper fraction, and its root cxtracted in the
same way.

Ex. 4. Extract the square root of *4 to four places of decimals,
-40000000 (6324

36——
123 | 400
369
1262 | 8100
2524
12644 | 57600
| 50576
7024

Ex. 5. Extract the sjuare root of ‘C006 to four places of decimals.
-00050000 (-0244
4
44 [ 200
| 176
484 | 2400
. 1 1036
464
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Ex. 6. Extract the square root of ‘0365 to five places of decimals.

-0365000000 (119104
1

20 Fms
201
381 | 400
381
38204 | 190000
162816
37184
Ex. 7. Extract the square root of 53111-8116.

531118116 (23046

_4
43 l 131
129
4(‘,0.1:*1:2‘1181
18416
46086 | 276516
276516
Ex. 8. Find the square root of AR
520 (23 240i (49
4 16
43 [ 129 89 | 801

129 I 801
therefore square root requirede=33. '
Ex. 9. Find the square root of §. _
This may be done by first reducing § to a decimal, and then by e
tracting the square root of the decimal, thus §=-714285...
714285 (-845...
64
164 | 742
858
1685 | 8685
8425 : .

— e
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6x7 _ A/35
or thus, J7 J ‘ X7 =

35:000000 (5916
25
109 1000
‘)81
1181 1900
| Jlffl
11826 | 71900
| 70056
944

55016
therefore g =TE *845..

Ex. LXVIIL
1. Find the square roots of

(1) 289; 576; 1444 ; 4096, (2) 6561; 21025; 1730560,
(3) 98596; 37249; 11664 (4) 998001 ; 978121 ; 824404,
(5) 20506624 ; 14356521 ; 5345344,
(6) 236144689 ; 282420536481 ; 282475249,
(7) 295066240000 ; 4160580062300,

2. Fiund the square roots of
(1) 1679616; 28:8369: 5764801, (2) '3486784401 ; 30:15380320.
(3) 042849 ; ‘00139876 ; ‘00203401,  (4) 5774400; 5°774400.
(5) 120888:68379025 ; 240398012416,

8. Extract the square roots of

(1) 16; 1'8; "16; 016. (2) 2356; °1; 01, 5; °*

(3) -0004; ‘00081 ; 379864,  (4) 20}; 153]; }; #441.
3 504

() ¥ dri 23 - ©) fors Wi 231; 42

to four places of decimals in each case where the root does
not terminate.
4 Extract the square root of 0019140625 and reduce the result to
the corresponding equivalent fraction In its lowest ferms.

5. Find the side of®s square ficld equal in area to a rectangular field
700 yards wide and 2800 yards long.
18
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6. A square field contains 1ac., 22po., 7yyyds.; find the length
of its side.

7. A rectangular field measures 225 yards in length, and 120 yards
in breadth; what will be the length of a diagonal path across it ?

8. Find the length of the sideof a square enclosure, the paving of
which cost £27. 1s. 6d. at 8d. per sq. yard.

9. The hypothenuse of a right-angled triangle is 51 yards, and the
perpendicular is 24 yards, find the base.

10. A ladder, whose length is 91 fect, reaches from the extremity of
a path 35 feet wide, to a point in a building on the other side, which is
within 9 inches of the top of it ; find the height of the building.

11. Extract the square root of ‘0050722884, and find within an inch
the length of a side of a square ficld the area of which is 2 acres.

12. Two persons start from a certain point at the same time, the one
goes due east at the rate of 12 miles an hour, and the other due north at
the rate of 9 miles an hour; how far are they distant from each other at
the end of six hours ?

13. A ladder 36 feet long will reach to a window 28 feet from the
ground, on one side of a street ; and if the foot of the ladder be retained
in the same position, will reach to a window 26 fect high on the other
side. Find the breadth of the street.

14. A society collected among themselves for certain purposes a
fund of £45. 18s. 9d.: each person paid as many pence as there were
members in the whole society, Find the number of members.

15. The area of a circular lake is 295068 24 square yards, how many
yards are contained in the side of a square of equal superficies?

‘CUBE ROOT.

188. The Cusk of a given number is the product which arises from
multiplying that number by itself, and then multiplying the result again
by the same number. Thus 6x 6 x 6 or 216 is the cube of 6.

The cube of a number is frequently denoted by placing the figure 8
above the number, a little to the right. Thus 6* denotes the cube of 8,
80 that 6*=6 x 6 x 6 or 216.

189. The Cuse Roor of a given number is a number, which, when
multiplied into itself, and the result agsin multirlied by it, will produce
the given number. Thus 6 is the cube root of 216 ; for 6 x 6 x 6 is=216,



° CUBE ROOT. . 276

The cube root of & number is sometimes denoted by placing the aign
2] before the number, or placing the fraction § above the number, a
little to the right. Thus J2l6 or (216)! denotes the cube root of 216;
80 that 3/216 or (216)!=6.

190. The number of figures in the integral part of the cube root of
any whole number may rcadily be known from the following con-
siderations :

The cube root of 1 is 1

1000 is 10
1000000 is 100
1000000000 is 1000
&ec. is &c.

Hence it follows that the cube root of any number between 1 and
1000 must lic between 1 and 10, that is, will have one figure in its in-
tegral part; of any number between 1000 and 1000000, must lic between
10 and 100, that is, will have two figures in its integral part; of any
number between 1000000 and 1000000000, must lie between 100 and
1000, that is, must have three figures in its integral part; and so on.
Whercfore, if a point be placed over the units’ place of the number, and
thence over every third figure to the left of that place, the points will
shew the number of figures in the integral part of the root, Thus the
cube root of 677 consists, so fur as it m integral, of one figure ; that of
196999 of two figures ; that of 13310899D of three figures; and so on.

101. The following Rule may be laid down for extracting the Cube
Root of a whole number.

Rure. “ Place a point or dot over the units’ place of the given nun-
ber, and thence over every third figure to the left of that place, thus
dividing the whole number into several periods. The number of points
will shew the number of figures in the required root. (Art. 100.)

Find the greatest number whose cube is contained in the first period
at the left ; this is the first figure in the root, which place in the form of
a quotient to the right of the given number.

Subtract its cube from the first period, and to the remainder bnng
down the second period.

Divide the number thus formed, omitting the Jast two figures, by 3
times the square of thg part of the root already obtained, and annex the
result to the root,

18—2
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Now calculate the value of 3 times the square of the first figure in the
root (which of course has the value of so many tens) + 3 times the product
of the two figures in the root+the square of the last figure in the
root. Multiply the value thus found by the second figure in the root,
and subtract the result from the number formed, as above mentioned, by
the first remainer and the second period. If there be more periods to be
brought down the operation must be repeated.”

Ex.1. Find the cube root of 15625.

15625 (25

3x20=12 [ 7025
3x(20)*=3 x 400=:1200
3x20x5= 300
5= 25
1525
Multiply by 6

7625 | 7625

After pointing according to the Rule we take the first period, or 15, and
find the greatest number whose cube is contained in it. Since the cube of
2 is 8, and that of 3 is 27, it is clear that 2 is the greatest number whose
cube is contained in 15 ; therefore place 2 in the form of a quoticnt to the
right of the given number.

Cube 2, and put down its cube, viz. 8, under the 15 ; subtract it from
the 15, and to the remainder 7 affix the next period 625, thus forming
the number 7625. Take 3 x 2%, or 12, for a divisor ; divide 76 by 12, 12
is contained 6 times in 76 ; but when the other terms of the divisor are
brought down, 6 would be found too great, therefore take 5. Annex
the 5 to the 2 before obtained ; and calculate the value of 3 x (20)!+3
x 20 x 5+ 5% which is 1525 ; multiplying 1526 by 5 we obtain 7625,
which being subtracted from 7625 before formed leaves no remainder,

therefore 25 is the cube root required.

Reason for the above process.

* Since (25)*=15625, and therefore 25 is the cube root of 15G25; we
have to investigate the proper Rule by which the 25, or 20 +5, may be
obtaiued from 15625.

Now 15625 = 8000+ 7500 + 128 ;
=8000 + 6000 + 1500 + 125 «
=(20P+3x(20)'x5+3x20x5°+85%,
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where wo see that the 15625 is separated inte parts in which the 20 and
the 5, together constituting the cube root, or 25, are made distinctly ap-
parent. Treating then the number 15625 in the following form, viz.
(20)*+3 x (20)? x 5+ 3 x 20 x 5"+ 5%,
we observe that the cube root of the first part or of (20)® is 20; which is
one part of the required root. Subtract the cube of the 20 from the whole
quantity, and we have 3x(20)*x5+3x20 x5*+5* remaining. Multi-
ply the square of the 20 before obtained by 3, and we sce that the pro-
duct is contained 5 times in the first part of the remainder, or in
8x(20)*x 5; and adding 3 times the product of the two terms of the root
+the square of the last term of the root, thus making 3 x(20)*+3
x 20 x b + 5% we sec that this latter quantity is contained 5 times exactly
in the remainder 3 x (20)* x  + 3 x 20 x '+ 8%, so that by this division we
shall obtain the 5, the remaining part of the root.
The process will be shewn as follows :
(20)*+3 x (20)* x 5 + 3 x (20) x 5"+ 5* (20+6
(209
divisor =38 x (20), 3x (20 x5+3%x20x 5+ 8%
. 3

< 43% (2010 + 3 x 20x 5+ 8% x b= 3x(20) x5+ 3% 20x 61+ 5P

This operation is clearly equivalent to the following :
8000 + G000 + 1500 +125 (204 5
8000
3x(20)'=1200,and {888=5 | G0O0+1600+ 125
(1200 + 300 +25) x 5 = ;_9(_)!104» 1500 +125

This again is equivalent to the following :

15625 (25
. 8

3x2'=8x4=12,and §=5 | 7025
3 x (20)*= 1200
+3x20x5= 300
+5'= 25
1525
B

7625 * 7625

which is the mode of operation pointed out in the Ruls.
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MNote 1. The reasoning will be better understood when the student
has made some progress in Algebra.

Note2. The divisor which is obtained according to the Rule given
in (Art. 191) is sometimes called a trial divisor, because the number from
the division may be too large, as was the case in the above Example, in
which case we must try a smaller number. We shall readily ascertain
whether the number obtained from the division is too large or not,
because if it be too large, the quantity which we ought to subtract from
the number formed by a remainder and a period will turn out in that
case to be larger than that number, which of course it ought not to be,
and so we must try a smaller number.

Note 3. 1If at any point of the operation, the number to be divided
by the trial divisor be less than it; we affix a cypher to the root, two
cyphers to the trial divisor, bring down the next period, and proceed
according to the Rule.

Ex. 2. Extract the cube root of 95443993,
05443093 (457

=04
trial divisor =3 x 4'=48 ; 31443
3 x (40)* = 4800 314 .
Bx40x 5= GO l 4g B8O 0 times, but 6
5= 25 I will be found too large;
Tizs try
s -
7125 | 27125
trial divisor=38 x (45)*=0075 | 4318093
Now 45 has the value of 450 ; 43189 .
. 8x(450)*=0607500 “6o75 8oes 7 times, and we
3x450x 7= 9450 are led to conclude that 7 is
"= 49 the figure, because 73 = 343,
616990 and 3 is the final figure in
7 the remainder.
4318993 [ 4318003

Therefore 457 is the cube reot required.
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Ex. 3. Find the cube root of 223648543.

223648543 (607
6*=216
trial divisor=3x6* =108 7648 76 is not divisible by 108;

trial divisor =3 x (60)*=10800
3 x (600)" == 1080000
3x600x7= 12600

| 70648543 bring down the next period
and affix 0 to the root;
"= 49 {5458 goes 7 times, and 7
seems likely to be the figure
1092649 : required ; since 72-- 343, and
7 i 3 is the final figure in the

7648543 ! "648543 remainder.

Therefore 607 is the culx. root required,

192. Again, since the cube root of ‘001 is °1,
the cube root of 000001 is 01,
the cube root of 000000001 is 001,
&e. is &c.
it appears, that in extracting the cube root of decimals, the decimal
places must first of all be made three, or some multiple of three in
number, by affixing cyphers to the right, if this be necessary ; and then
if points be placed over every third figure to the right, beginning as¢
before from the units’ place of whole numbers, the number of such points
will shew the number of decimal places in the cube root.

193. If there be no whole number or integral part in the given num-
ber, we must in pointing begin with the third figure from that which
would be the units’ place, if there were a whole number, and mark
successively every third figure to the right. If therc be a whole number
as well as a decimal, it will be the safcst method to begin at the units’
place, and point over every third figure to the right and left of it: the
number of points over the whole numbers and decimals will shew
respectively the numbers of figures in the integral and decimal parts
of the root. Thus if the given number were 5623°453134, place the
first point over the 3, and mark from it to the right and left, thus
£623-453134. If the given number were 5-23, make the number of
decimal places equal to 3, by affixing a cypher thus, 5:230; place the
first point over the 5,«and the second over the 0: if the root to more
decimals than one is required, more cyphers must be affixed.
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'194. With the above explanation (Arts. 190, 192) on the subject of
pointing, the rule for extracting the cube root of a decimal, or of a
number consisting partly of a whole number and partly of a decimal,
will be the same as that before given (Art. 191) for finding the cube
root of a whole number, As the decimal notation is only an extension
or continuance of the ordinary integral notation, and quite in agreement
with it, the reason before given for the process, will in fact apply also
here.

195. To extract the cabe root of a vulgar fraction, if the numerator
and deneminator of the fraction be perfect cubes we may find the cube
root of cach separately ; and the answer will thus be obtained as a vulgar
fraction ; if not, we can first reduce the fraction to a decimal, or to a
whole number and decimal, and then find the root of the resulting
number. The answer will thus be obtained either as a dccimal, or as a
whole number and decimal, according to the case. Also a mixed number
may be reduced to an improper fraction, and its root extracted in the
same way.

Ex. 4. Find the cube root of 48228544,
463226544 (364

=97
3x =27 21228
3 x (30)'=2700
3 x 30 x 6 = 540 .
6= 36
3276
[
19656 19656
3 x (36)"=- 3888 1572544 o
38 x (360)= 388600
3x300x4= 4320
£=_ 18
303136
4
1572544 1572544 .

Thercfore 36°4 is the cube root required.
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Ex. 5. Find the cube root of ‘000007 to three places of decimals.
“000007000 (-019

1

['6ooo
3x(10)'= 300
ax10x 9= 270
9= 81
‘851
9

5859 5859

141

Ex. 6. Find the cube root of § to three places of decimals.
5 .- -5b5555555. .
555555555 (822
8= 512
3x8'=192
3 x (80)* = 19200
3x80x2= 480
2= 4
19684
2
39368 39368
3(82)*=20172 4187555
3 x (820)*=2017200
3x820x 2= 4920
2= 4

2022124

4044248 | 4044 248
143307

196. Higher roots than the squarc and cube can somctimes be
extracted by means of the Rules for square and cube root; thus the 4th
root is found by takmg the square root of the square root; the 6th root
by taking the square root of the cube root, and so on.
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1. Find the cube roots of
(1) 1728; 33756; 29791, (2) 54872; 110592 ; 300763.
(3) 681472; 804357; 041192, (4) 2406104; 69426531 ; 8365427
(6) 251239591 ; 28372625 ; 48228544,
(8) 17173512 ; 259694072 ; 926859375.
(7) 27054036008; 219365327791,
2. Find the cube roots of
'380017 ; 32:461759; 05443'993; ‘000912673 ;
001900624 ; ‘000024389,

3. Find the cube roots of
250

. 8. . a4

M 3 303, (2) 505 Gogs MO
12577728
@ 40578 Th; 300415, (4) 0001; —s,

to three places of decimals, in those cases where the root does not
terminate.

4. Find the cube root of 233744896, and also the cube root of the
last-mentioned number multiplied by ‘008,

5. The cost of a cubic mass of metal is £10481. 1s. 4d. at 10s. 5d.
a cubic inch. What are the dimensions of the mass?

8. A cubical block of stone contains 50653 solid feet, what is the
area of its side?

7. A cube contains 56 solid feet, 508 solid inches ; find its edge.

8. Find the cost of carpeting a cubical room, whose content is
21717639 solid feet, with carpet 21 inches broad, at 3s. 64. a yard.

9. A cubical box contains 941192 solid inches: find the cost of
painting its outside surface at 6d. a square fobt.

10. If the solid content of a cube be 37ft. G4in, shew that its
surface will be 66 ft. 96in.

11. The edge of a cubical vessel is 2 feet long: what is the length
of the edge of another cubical vessel containing 3 times as much?

12. Find the 4th root of 43046721 ; and the 6th root of -0000000040906.
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Exi’LXX.
Miscellaneous Questions and Examples on preceding Arts.
I

1. Explain how compound subtraction would be facilitated by the
introduction of a decimal coinage. Subtract § florins, 3 cents, 5 mils
from 9 florins, 6 cents, and shew that 8 times the difference equals £3. 8s.

2. What is the whole value of 6} yds. of cloth at 18s. Gd. a yard,
10§ Ibs. of tea at 5s. 4d. a lb., and 5 grs. 3 bush. of corn at 56s. a quarter?
Divide the sum among 4 people in the proportions 1, 2, 3, 4.

8. Assuming only the definition of a vulgar fraction, prove that the
numerator and denominator of any vulgar fraction may be multiplied or
divided by the same integer without altering its value.

(a) What fraction of a sovereign is 4}{—1044+97 — %3 of a
penny ?

(8) Find the value of } x 7 of §+(2} +5h) x 1%

4. The profits of a tradesman average £28. 3+. 2d. per week ; out of
which he pays 5 persons at the rate of 1 guinea, and 3 others at the rate
of 17s. Gd. per weck respectively; his yearly outgoings for rent, &c.
amount to £361. 11s. 10d.  Find his net annual income,

5. If 10 men or 15 boys can reap 20 acres of corn in ¢ days working
14 hours a day, how many boys must be employed to assist 3 men to reap
6 acres in 13 days of 8 hours a day ?

6. What is the height of a closet 8} ft. by 6§ ft. which will exactly
contain 12 boxes 4} ft. long, 3} ft. wide, 2} ft. decp?

7. Two lines are 41°06328 and ‘0478 of an inch long respectively.
How many lines as long as the latter can be cut off from the former?
What will be the length ¢f the remaining line ?

8. Explain the method of extracting the cube root of a number,
Find the area of the surface of a cube which contains 733626753859 cubic
inches.

9. Shares in a certain Railway pay £3. 5s. dividend per annum.
How much must I give for them to get 5 per cent, for my money ?

A person having bought 20 shares at this price sells them when they
have risen £7 each, aftl buys 3} per cent, stock at 90. Find the change
in bis income.
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10. What sum of money will amount to £845 in 2 years at 4 per
ocent. compound interest, and what will it amount to in 2 more years?

11. A merchant seclls 72 quarters of corn at a profit of 8 per cent.,
and 37 quarters at a profit of 12 per cent. ; if he had sold the whole at a
uniform profit of 10 per cent. he would have received £2. 14s. 3d. more
than he actually did ; what was the price he paid for the corn ?

12, The gross reccipts of a railway company in a certain year are
apportioned as follows ; 41 per cent. to pay the working expences, 56 per
cent. to give the sharcholders a dividend at the rate of 3% per cent. on
their shares; and the remainder, £15000, is reserved ; find the paid-up
capital of the company.,

II.

1. Express in figures one billion, three hundred thousand millions,
five hundred and seven thousands, three hundred and sixty four; and in
writing 236045978213478.

2. When the pound sterling was worth 24 francs, 75 centimes, a
traveller at Dover received 15s. for a Napoleon (20 francs). Of how much
was he cheated ?

3. Shew how by first principles to calculate values by Practice.
Find by Practice the value of 750 articles at £5. 8s. 4d. each ; and the
price of 3 cwt. 2 qrs. 18} Ibs. at £3. 7s. 6d. per cwt.

4. Explain the difference hetween a Vulgar and a Decimal Fraction,
Simplify

(o Pxlrgrdii
5x /1+§x.\/1
o 20
® "6 g
() (c,+2§)s+:" f‘};;’iigms of s+ 2004,

(8) 0576 x 1°07 + 142857 = 2} + ‘0454864

If the latter result represent a square in yards, find the length of its
side in inches.

5. A and B can finish a piece of work in 1} days, 4 and C in 2 days,
and B and C in 3 days. If 6s. be paid for the piece of work, what are a
day’s wages of each workman ?

6. A tax of £530 is to be raised from 3 towns, the numbers of
inhabitants of which are respectively 2500, 3000, and 4200. How much
should cach town pay, and each person in it ?
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7. 1f 15 men or 40 boys do a piece of work in 12 duys, how many
days would 10 men and 20 boys take to do a piece of work 7 timnes us
great?

8. Define Interest and Discount. Shew that the Intcrest and Dis-
count on £64, 10s. for 8 months at 4} per cent. per annum, differ by
1s. 11 d. nearly.

9. The breadth of a room is 14 ft. ; the cost of papering the walls at
1s. a square yard is £4; and that of carpeting the room at 4s. Gd. o
square yard is £56. 12s. Determine the height and length of the roowm.

10. Explain the following extract from the ¢ Times’ of January 3,
1857: “Consols which left off last evening at 94} to } opened at 4 to §,
and remained without variation to the close of business.”

A person has 200 shares in the North Devon Railway for which he
gives £100 per share. When they are paying £2 per cent. he sells them
all at £46 per share, and invests the proceeds in the 3 per cent. consols at
92. Find the alteration in his income.

11. A fixed rent of £1170 per annum is converted into a corn-rent of
one half wheat at the average price of 48+, per quarter, and the other half
barley at the average price of 30s. per quarter; what will be the rent
when wheat has advanced to 56s. and barley to 32s. per quarter?

12. If the estimated annual value of the property in o certain parish
consist of the yearly rent paid to the landlord together with the rates,
and the rates be calculated upon the rent after a reduction of 30 per
cent ; find the rutcable value of a tithe rent charge, the estimated annual
value of which is £884 per annum, when the rates amount to 3s, in the
pound.

111.
1. Shew from first principles how to divide one fraction by another.

Prove that the fraction ;ﬁ is greater than § and less than §.

Simplify
v por 225 11}
l*+ "g 1443 15 ‘
2. Express
(@) (3+)£+(}+¢) +(}+4)d. as the decimal of £1.
(8) 60 france as'the decimal of a guines, £1 being equivalent to
25 francs.
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3. A man contracts to perform a piece of work in 60 days, and
immediately employs upon it 30 men ; at the end of 48 days the work is
only half done; required the additional number of men necessary to
fulfil the contract.

4. The price of posting in Germany being 1} florins per German
mile, which =41} English miles; find the cost in English money of
posting 381 English miles in Germany.

£1 English =254 French francs; 375 francs =105 kreutzers;
60 kreutzers =1 florin.

5. A can do a piece of work in 12 hours, B in 4 hours, and C in 3
hours. 4, Band C all work together for half an hour, when 4 leaves
off. How long will it take B and C to finish the piece of work 1

6. Explain the method of pointing in extracting the square root of a
whole number, and also of & decimal.

(a) The surface of a cube is 86:64 square feet, find the length of
its edge.

(B) Given that the square of 10129 is 102596641, find the square
of 101293 without going through the operation of squaring,

(v) Given that the square root of 105625 is 325, find that of
10582009,

7. Define Present Worth. A person invests the Present Worth of
£30192 (due 6 months hence at 4 per cent. per annum) in the 3 per cent.
Consols at 92}. What will be his half yearly dividends after the
deduction of an Income Tax of 1s. 44. in the £.7

8, If a cubic foot of marble weigh 2716 times as much as a cubic
foot of water, find the weight of a block of marble 9ft. Gin. long, 2 ft.
3in. broad, 2 ft. thick, supposing a cubic foot of water to weigh 10000z.

9. A bankrupt has book-debts equal in amount to his liabilities, but
on £6000 of them he can only recover 13s. 4d. in the pound, and the
expences of the bankruptcy are § per cent. on the book-debts ; if he pay
13s. in the pound what is the amount of his liabilities ?

10. A publisher wishes to net 14s. for cach copy of a work ; what
price should he put upon it so as to be able to allow the trade 30 per cent.
discount ?

11. A man, buying goods, by means of false scales defrauds to tho
extent of 15 per ceat, and 15 per ceat. in sellinyg; find his whole gain
per cents
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12. Which would be the better investment, 3 per cent. stock at 87
subject to an Income Tax of 16d. in the pound, or railway shares at £230
each, yielding annually £7. 10s. clear of Income Tax ?

ILA

1. A stationer bought 40 reams of paper at 12s. 6d. a ream, and
60 reams at 15s. 6d. a ream ; find the whole cost, and the average price
per ream, and if the whole be sold at 15s. a ream, find the profit.

2. The following questions are to be worked dccimally, and the
answers given in the decimel coinage :—

(a) A baukrupt’s effects were worth £4265, and his estate paid
three dividends of 2fl. 5¢c.; 1l. 1¢c. 8m.; and 2fl. 9m, in the pound
respectively ; what was the whole loss sustained by his creditors ?

(8) If £2843. 7Tfl. 5c. be due from London to Paris when £1 is
worth 25 francs, how much must be remittcd when a guinea is worth
27 francs ?

3. Three men, working 9 hours a day, take 16 days to pave a road
315 yds. long and 30ft. broad; how many days will four men, two of
whom work 8 hours, and two 10 hours a day, take to pave a road
1575 yds. long, and 35 ft. G in. broad ?

4. The areas of two cubes are respectively 5359'375 and 5°350375
cubic feet ; find the diffcrence of the lengths of their edges in inches.

5. A person bought 4 Railway tickets to go 60 miles. Two were for
the 1st Class, one for the 2nd, and the fourth a half first class ticket for
achild. The cost of a second class ticket was § of that of a first class,
and the whole sum was £1. 112. 84. Find the price of each ticket, and
the rate per mile for the 1st Class,

6. When are four quantities said to be in proportion? Shew by
means of your definition that £191. 12s. 64.: £31. 10s. :: 365 days : 60 days;
and deduce the method of working the following question :

If 3 workmen earn between them £191.12s. 6d. in a year, in what
time will they earn £31. 10s.7

7. The Discount on a sum due one yecar hence at 5 per cent. per
annum interest is £15. What is the sum 1

8. If 8 variegated gilk scarfs, measuring each 3 cubits in hreadth and
8 in leagth cost 100 nishcas ; what will a like scarf 3} cubits leng and
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}ucubitwidecostintermlofdrmmu,pmcacinin,nndcowry
shells ? .

1 nishea = 16 drammas, 1 dramma = 10 panas, 1 pana = 4 cacinis,

1 cacini = 20 cowry shells.

9. A person invests a sum of money in 50 casks of sugar each con-
taining 11 cwt. 3qrs, 21bs. at 17s. 11}d. per ewt., what price must he sell
them at after 6 months to realize the same interest as he might have had
for his money at 4} per cent.?

10. It is agrced that the rent of a farm shall consist of a fixed sum
together with the value of a certain number of bushels of wheat ; when
wheat is 56s. 8 quarter the reut is £250, when wheat is 60s. a quarter
the rent is £260, what will the rent be when wheat is 80s. a quarter ?

11. A and B can do a piece of work in 10 days ; B and C in 15 days
snd 4 and C in 25 days; they all work at it for 4 days; A then leaves,
and B and C go on for 6 days ; B then leaves: In how many days will
C finish the work ?

12. A ship’s hold is 99ft. long, 40ft. broad, and &ft. deep, how
many bales can be stowed in it each 3 ft. 6 in. long, 2ft. 8 in. broad, and
2ft. G in. deep, loaving o gangway of 4 ft. broad ?

V.
1. (a) The French metre being 39-37 in., how many yards are there
in 3600 metres?

(B) 3 versts being = 2 miles, in what time will 8 man travel over
2500 versts at the rate of 10 miles an hour ?

2. State what fractions produce terminating decimals, and what
produce recurring decimals. Expluin the reason.

Reduce to decimals the vulgar fractions §, §¢, $9¢, and add them;
and divide their sum by ‘00003741 to two decimal places.

3. A silversmith purchases a large dish weighing 80 oz., and forms it
into 2 dozen of dessert-spoons, and one dozen of table-spoons. If the
latter weigh 28 0z., what is the weight of each dessert-spoon, and what is
its value at % of a penny per grain?

4 Add together § of § of £2. b, $ of 3 guineas, 37 of £1. 18+, 6d,
and 2154 of £2. 15¢., and reduce the result to thedecimal of 25 guineas.

8. How much may s person who has an annual income of £840. 5.
spend per day, in order to save £63. 9., 6 c., 6§ m. after paying an In-
come Tax of 16d. in the £.1
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6. Find the square root of 1-990]0021, and the cube root of 03.

1000

7. If a piece of work can be finished in 45 days by 35 men, and if
the men drop off by 7 at a time at the end of every 15 days, how long will
it be before the work is finished 1

8. Divide £16984 among 4, B, C and D ; so that 4's share : B's share
::6:5; Bsshare : C'sshare :: 2: 3; and C’s share : D's sharo :: 4 : 3.

9. What is the cost of paper for the walls of a room 30 ft. long, 15 ft.
broad, and 15 ft. high, the paper being 1} yds. wide, and its price 4}d. per
yard? What would be the cost for a room twice as long, twice as broad,
and twice as high, the paper twice as wide, and costing twice as much
per yard as before ?

10. If when 23 per cent. is lost in grinding wheat, a country has to
import ten million quarters, but can maintain itself on its own produce if
only 5 per cent. be lost, find the quantity of wheut grown in the country.

11. How many flag-stones, cach 576 ft. long and 415 ft. wide are
required for paving a cloister which encloses a rectangular court 4577 yds.
long and 41°93 yds. wide ; the cloister being 12:45 ft. wide?

12. (a) A man wishing to invest £1000 in the 3 per cent. consols
inquires the price of the stock, and finds it to be 86 per cent.; he delays
the investment however until the consols have risen to 87, What effect
has the delay on his income ?

(8) The value of money increases from 4 to 5 per cent.; supposing
this to have a corresponding influence on the funds, how much ought the
3 per cent. consols to sink ?

V1.

1. Explain our decimal system of arithmetic, and how it is that we
are enabled with digits to express any number, however great.

2. 1f 12 men or 18 bays can do § of & picce of work in 6} hours, in
what time will 11 men and 9 boys do the rest?

3. If Napoleons can be bought in London at 16s. 6d. each, and §
thalers 17} groschen can be obtained for cach in Berlin, where the sove-
reign is worth G thalers 20 groschen, what sum would be gained upon
each Napoleon by the operation {1 (1 thaler = 30 groschen.)

4. The net rental of an estate, afler deducting 74. in the pound for
Income tax, and 5 per Yent. on the remainder for the expenses of collect-
ing, is £059. 3s. 84., find the gross rental.
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5. Define discount. If the discount on £226. 2s. 8d. due at the end
of & year and a half be £12. 16s., what is the rate of interest

0. A hasstock in the 3 per cent. consols which produces him £300
anmum. He sells out one halt at 92, and invests the proceeds in the
South Devon Railway when a £50 share is worth £23. What dividend
per cent. per annum ought the South Devon Railway to pay so that he
may increase his income £50 per annum by the operation ?

7. A grain of pure gold can be drawn out into a wire 550 feet long;
find the cost of a wire of the same thickness which would extend round
tho earth, assuming the circumfercnce of the carth to be 25,000 miles,
and the value of gold to be £4. 5s. per oz. troy.

8 (a) Ifd =1}of B and C = 2} of B, find the ratio of 4 to C.

i 4
(8) Simplify i+ 7 of}& (44 4* 21) 43.
(v) Divide 10" 8‘36 by 51'6 and 10836 by 5'16 and also by 00516,
and prove each result by vulgar fractions.

9. A shopkecper buys } cwt. ot tea at 4s. 2d. per 1b, and mixes it
with tea which cost him 2s. 11d. per 1b. How much of the latter must
he add to the former that he may sell the mixture at 3s. 8d. per 1b., and
gain 20 per cent. on his outlay?

10. 4 ft. 4 in. being the area of a map which is laid down on the
ncale of an inch to a mile, required the number of acres represented.

11. () What must be the market value of the 3 per cent. consols
in order that after deducting an Income Tax of 1s. 4d. in the pound, they
may yield 4 per cent. interest?

(8) After paying an Income Tax of 10 per cent. s person has £1250
a year, find his gross income.

12. Inan clection of a member of parliament ' th of the constituency
refused to vote, and of two candidates the one,who is supported by 3§ th
of the whole constituency is returned by a majority of five, find the
humber of votes for each.

VIL
1. Prove that 20 multiplied by 15 = 15 multiplied by 20. What i
the difference between abstract and concrete numbers ?

2. On the roof of Covent Garden Theatre thore was a tank holding
18 tons of water. Supposing it cubical what would have been its dimen-
slons? One cubic foot of water weighs 1000 os.
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8. If it take 3’ to read over two pages of a book containing 30 lines
in each page, with an average of 10 words in a line, how many pages of
another book can be read in 20” when there are 50 lines in a page and 12
words in a line ? -

4. Required the expense of painting the outside of a cubical box,
whose edge is 3'5 ft., at 1'32. per sq. yd.

5. The wages of 25 men amount to £76. 18+ 4d. in 16 days, how
many boys must work 24 days to reccive £103. 10s., the daily wages of
the latter being one half those of the former?

6. If a bookseller gain ¥ th of the prime cost of a book by selling it
at 5s. Gd., what would be his gain per cent. if he sold it at 6s. 6.7

7. Brussels carpet is 2} ft. wide, and costs 5s. per yd.; Kidderminster
carpet is 3 ft. wide, and costs 3s. 43d. per yd.; drugget ix 4 ft. wide, and
costs 2s. Gd. per yd. These carpetings will last 10 yrs., 6 yrs., and 3 yrs,
respectively; which is the cheapest and which the dearest in wear in the
long run?

implify S1.of 1} 1 of 2}

8. (a) Simplify 159} T T of 25

(Fopefld _1y.1
\poof R4y 2137

() Find the value of 1 of 16s. Gjd.+} of 12s. 101d.+} of
£2. 45. 83d; and of (7, of 118, of 1102)= 0 1.

9. (a) A person investing in the 4 per cents reccives 5 per cent, for
his money ; what is the price of stock ?

(8) When the 3 per cents. are at 80, how much stock must be
sold out to pay a bill of £600. 3s. 9d. due 9 months hence at 3 per cent.
simple interest ?

and reduce to its lowest terms

10. A merchant has ffas worth 5s. and 3s. 84, per 1b. respectively,
which he mixes in the proportion of 21bs. of the latter to 11b. of the
former. How much will he gain or losc per cent. by sclling the mixture
at 4s. 6d. per Ib.?

11. 4 and B set out from the same place In the same direction,

A travels uniformly 18 miles per day, and after 9 days turns and goes

back as far as B has travelled during those 9 days ; he then turns again,

and pursuing his journey overtakes B at the end of 22} days after the

time they first sct out, Shew that B uniformly travelled 10 niles a day.
102
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12. 4, Band C do $th of a piece of work together in 24 days, 4 does
the same amount of work as B does in the same time, had either 4 or B
been absent, then the two others would have accomplished 5th of the
work in 28 days. In what time can each separately do the work ¢

VIIL

1. What is mecant 3y reducing one quantity to the fraction of

another ? ’

(2) What fractivn is 1s. 6}d. of 24 5d.7 and 5} of 4} 7 and $} of
41d. of 9s. T1d.? and g of £62. 14 T3d. of £57

(B) 1f Abe2§ of B,and Bbe 13 of C,and D be 7} of C, what
fruction is 4 of D?

(v) If23 of B=1} of (4+ 7 of ), find two whole numbers which
shall bear to each other the ratio of A to B.

2. A pound of silver is coined into 66 shillings, of which 62 only are
issued, If 19 half-crowns, and 15 sixpences are melted into bullion, and
sent to the Mint to be recoined, what sum will be re-issued ?

3. A person rows a distance of 1] miles down a stream in 20 minutes,
but without the aid of the stream it would have taken him half an hour ;
what is the rate of the stream per hour? and how long would it take hiin
to return against it ?

4. The shares in a speculation are £3. 15s. A person buys 77 shares
when they are at 4 per cent. below par, and sells them at 1 per cent.
premium, what is his gain ?

5. A and B engage to do a picce of work for 30s. A could do the
work alone in 4 days, and B in § days ; with the help of a boy it is com-
pleted in 2 days ; how should the money be divided ?

G. A bill of £099 is due in such a time that £80 would in the same
time amount to £83. 5s. What discount should be allowed for ready
payment ? ‘

7. If a clergyman commute his tithes, valued at £500, for wheat,
barley, and oats in equal portions, what quantity of each grain will he
receive, supposing the average price of wheat to be Gs. Gd., barley 3s. 9d.,
and of oats 23. 9d. a bushel ?

In the above question what will be the value of his living when the
price of each grain is advanced 1s. per bushel 1

8. Aroom 24ft. 7in. long, 20 ft. 5 in. broall, 15 ft. high, is to be

papered ; there is a door in it 6 ft. 6 in. by 3 ft., and 3 windows, each
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11 ft. 9in. by 2ft. 10in. Required the cost of papering the room at 2e. 4d.
per sq. yard.

9. How many times does 0009 of a shilling exceed ‘0000003 of a
shilling? What number will represent 116:0435 grains when 4:0015
grains is the unit of weight? Determine the heaviest unit for which
‘0064 ounces will be represented by an integer.

10. (a) Extract the square roots of 16:016004 ; (2) ‘027,

(8) Extract the cube roots 512768384064 ; (2) 42].

(7) The edges of a rectangular chest which contains 64 cubic ft.,
are in the proportion of 1, 2, 4; find the actual length of its edges.

11. A ship 40 miles from the shore springs a leak which admits 33
tons of water in 12 minutes. 60 tons would suffice to sink her, but the
ship’s puimnps can throw out 12 tons of water in an hour. Find the avernge
rate of sailing so that she may reach the shore just as she begins to sink.

12. A in 2 days can do as much as  in 3 days, and B in 5 days ns
much as ('in 4 days ; what time would B require to finish a picce of work
which 4 can do in 12 wecks?

IX.

1. Write down a rule for working examples—1st, in Simple Fellow-
ship; 2nd, in Compound Fellowship.

(a) A ship worth £1800 being entirely lost, of Mudx 1 th belonged
to 4, 1th to B, and the rest to C; find the loss which cach mll sustain if
she be insured for £1080.

(B8) A and B each invest a certain sum of money in a business. The
sum which 4 invests is § of that which Z invests. At the end of 7 months
A withdraws } of his capital, and at the end of 0 months B withdraws }
of his. The profits at the end of the year are £132. 12¢.; how ought they
to be divided ?

2. A personbuys 3 1b® of tea at 44. 54. per lb., and mixes them with
&5 lbs. of tea at 2s. 10d. What will 2 Ibs. of his tea cost him?

3. A person contracts to make a railway 189 miles long in 15 months.
He employs 129 men, but after 3 months finds that he has only finished
28 miles. How many men must he employ to finish it within the time
required ?

4. A pound troy of Englnsh standard gold, }1 ths fine, is worth £46.
12s. 64, find the valud of a coin weighing 7 dwts. 11 gra. in which the
per centage of fine gold is 92-4.



294 ARITHMETIC,

5. A cistern has 3 pipes, 4, B, and C; 4 and B can fill it in 3 and 4
hours respectively; and C can empty it in 1 hour. If these pipes be
opened in order at 3, 4, and 5 o’clock, when will the cistern be empty?

6. How many parcels of 61bs. and 81bs. each can a grocer make out
of a hogshead of sugar weighing 4 cwt. 3 qrs. 14 lbs,, 8o as te have the
same number of parcels of each sort ?

7. (a) If the interest on £264 for 20 days be 10s. 9d. what is the
rate per cent. per annum?

(8) Inhow many years will £936.13s. 4d. amount to £1157. 7s. 4}d.
at 45 per cent. per annum ?

(v) What must be the rate of interest in order that the discount
on £387. 7. T}d. payable a