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RAY’S

HIGHER ARITHMETIC.

I. INTRODUCTION.

Article 1. A definition is a concise description of any
object of thought, and must be of such a nature as to dis-
tinguish the object desgribed from all other objects.

2. Quantity is any fthing which can be increased or
diminished; it embraces number and magnitude. Number
answers the question, ‘“ How many?” Magnitude, ‘ How
much?”

8. S8cience is knowledge properly classified.

4. The primary truths of a science are called Prin-
ciples.

5. Art is the practical application of a principle or the
principles of science.

6. Mathematics is the science of quantity.

7. The elementary branches of mathematics are Arith-
metic, Algebra, and Geometry.

8. Arithmetic is the introductory branch of the science
of numbers, Arithmetic as a science is composed of defini-
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tions, principles, and processes of calculation ; as an art, it
teaches how to apply numbers to theoretical and practical
purposes.

9. A Proposition is the statement of a principle, or of
something proposed to be done.

10. Propositions are of two kinds, demonstrable and
indemonstrable.

Demonstrable propositions can be proved by the aid of
reason. Indemonstrable propositions can not be made simpler
by any attempt at proof.

11. An Axiom is a self-evident truth.

12. A Theorem is a truth to be proved.

13. A Problem is a question proposed for solution.

14. Axioms, theorems, and problems are propositions.

156. A process of reasoning, proving the truth of a prop-
osition, 1s called a Demonstration.

16. A Solution of a problem is an expressed statement
showing how the result is obtained.

17. The term Operation, as used in this book, is applied
to illustrations of solutions.

18. A Rule is a general direction for solving all prob-
lems of a particular kind.

18. A Formula is the expression of a general rule or
principle in algebraic language; that is, by symbols.

20. A Unit is one thing, or one. One thing is a con-
crete unit; one is an abstract unit.

21. Nurcber is the expression of a definite quantity.
Numbers sre either abstract or concrete. An abstract num-
ber 1s one in which the kind of unit is not named; a concrete
number is one In which the kind of unit is named. Con-
crete numbers are also called Denominate Numbers.



22. Numbers are also divided into Integral, Fractional,
and Mixed.

An Integral number, or Integer, is a whole number; a
Fractional number is an expression for one or more of the
equal parts of a divided whole; a Mized number is an
Integer and Fraction united.

28. A 8ign is a character used to show a relation among
numbers, or that an operation is to be performed.

24. The signs most used in Arithmetic are
+ = X = ¥

= - T O e 5§ 5 & o

25. The sign of Addition is [4], and is called plus. The
numbers between which it is placed are to be added.
Thus, 3 + b equals 8.

Plus is described as a perpendicular cross, in which the bisecting
lines are equal.

26. The sign of Sublraction is [—], and is called minus.
When placed between two numbers, the one that follows it
is to be taken from the one that precedes it. Thus, 7—4
equals 3.

Minus is described as a short horizontal line.

Plus and Minus are Latin words. Plus means more; minus means
less.

Michael Steifel a German mathematician, first introduced +
and — in a work published in 1544.

27. The sign of Multiplication is [ X ], and is read mul-
tiplied by, or times. Thus, 4 X 5 is to be read, 4 multiplied
by 5, or 4 times 5.

The sign is described as an oblique cross.

William Oughtred, an Englishman, born in 1573, first introduced
the sign of multiplication.

28. The sign of Division is [ =], and is read divided by.
When placed between two numbers, the one on the left is
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to be divided by the one on the right. Thus, 20 = 4
equals 5.

The sign is described as a short horizontal line and two dots:
one dot directly above the middle of the line, and the other just
beneath the middle of it.

Dr. John Pell, an English analyst, born in 1610, introduced the
sign of division.

20. The Radical sign, [ }/ ], indicates that some root is
to be found. Thus, 1/36 indicates that the square root of
36 is required; @125, that the cube root of 125 is to be
found; and y/625 indicates that the jfourth root of 625 is
to be extracted.

The root to be found is shown by the small figure placed between
the branches of the Radical sign. The figure is called the indea.

80. The Signss +7 T X, - ]/r are ﬂymbOIS of

operation.

81. The sign of Equality is [=], two short horizontal
parallel lines, and is read equals or is equal to, and sig-
nifies that the quantities between which it is placed are
equal. Thus, 3 +5=9—1. This is called an egquation,
because the quantity 3 4 5 is equal to 9 —1.

32. Ratio is the relation which one number bears to
another of the same kind. The sign of Ratio is [:]. Ratio
is expressed thus, 6:3 = § =2, and is read, the ratio of
6 to 3—=2, or is 2.

The sign of ratio may be described as the sign of division with
the line omitted. It has the same force as the sign of division, and
is used in place of it by the French.

33. Proportion is an equality of ratics. The sign of
Proportion is [::], and is used thus, 3:6::4:8; this
may be read, 3 is to 6 as 4 is to 8; another reading, the
ratio of 3 te 6 is equal to the ratio of 4 to 8.
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84. The signs [ (), ——], are signs of Aggregation—the
first is the Parenthesis, the second the Vinculum. They are
used for the same purpose; thus, 24— (84 17), or 24 —
8 + 7, means that the sum of 8 4 7 is to be subtracted
from 24. The numbers within the parenthesis, or under
the vinculum, are considered as one quantity.

86. The dots [. . . .], used to guide the eye from words
at the left to the right, are called Leaders, or the sign of
Continuation, and are read, and so on.

86. The sign of Deduction is [.-.], and is read therefore,
hence, or consequently.

37. The signs, =, : :: (), —— ...
are symbols of relation.

88. Arithmetic depends upon this primary proposition:
that any number may be increased or diminished. * In-
creased” comprehends Addition, Multiplication, and Invo-
lution; ‘“decreased,” Subtraction, Division, and Evolution.

39. The fundamental operations of Arithmetic in the
order of their arrangement, are: Numeration and Notation,
Addition, Subtraction, Multiplication, and Division.



II. NUMERATION AND NOTATION.

40. Numeration is the method of reading numbers.

Notation is the method of writing numbers. Numbers
are expressed in three ways; viz., by words, letters, and figures.

41. The first nine numbers are each represented by a
single figure, thus:

1 2 3 4 H 6 7 8 9

one. two. three. four. five. six. seven. eight. nine.

All other numbers are represented by combinations of
these and another figure, 0, called zero, naught, or cipher.

ReEMARR.—The cipher, 0, is used to indicate no value. The other
figures are called significant figures, because they indicate some value.

42. The number next higher than 9 is named ten, and
is written with two figures, thus, 10: in which the cipher, 0,
merely serves to show that the unit, 1, on its left, is different
from the unit, 1, standing alone, which represents a single
thing, while this, 10, represents a single group of ten things.

The nine numbers succeeding ten are written and named
as follows:

11 12 13 14 15 16
eleven. twelve. thirteen. fourteen. fifteen.  sixteen.

17 18 19

seventeen. cighteen. nineteen.

In each of these, the 1 on the left represents a group of ten

things, while the figure on the right expresses the units or

single things additional, required to make up the number.
REMARR.—The words eleven and twelve are supposed to be derived

from the Saxon, meaning one left after ten, and two left after ten. The
words thirteen, fourteen, etc., are contractions of three and ten, four and

len, etc.
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The next number above nineteen (nine and ten), is ten
and ten, or two groups of ten, written 20, and called twenty.

The next numbers are twenty-one, 21; twenty-two, 22 ; etc.,
up to three tens, or thirty, 30; forty, 40; fifty, 50; sizty, 60;
seventy, 70; eighty, 80 ; ninety, 90.

The highest number that can be written with two figures
is 99, called ninety-nine; that is, nine tens and nine units.

The next higher number is 9 tens and ten, or ten fens,
which is called one hundred, and written with three figures,
100; in which the two ciphers merely show that the unit on
their left is neither a single thing, 1, nor a group of ten
things, 10, but a group of ten tens, being a unit of a higher
order than either of those already known.

In like manner, 200, 300, etc., express two hundreds, three
hundreds, and so on, up to ten hundreds, called a thousand,
and written with four figures, 1000, being a unit of a still
higher order.

43. The Order of a figure is the place it occupies in a
number.

From what has been said, it is clear that a figure
in the 1st place, with no others to the right of it, expresses
units or single things; but standing on the left of another
figure, that is, in the 2d place, expresses groups of tens;
and standing at the left of two figures, or in the 3d place,
expresses tens of tens, or hundreds; and in the 4th place,
expresses tens of hundreds or thousands. Hence, counting
from the right hand,

The order of Unils is in the 1st place, 1
The order of Tens is in the 2d place, 10
The order of Hundreds is in the 3d place, 100
The order of Thousands is in the 4th place, 1000

By this arrangement, the same figure has different values
according to the place, or order, in which it stands. Thus, 3
in the first place is 3 wunits; in the second place 3 tens, or
thirty; in the third place 3 hundreds; and so on.



44. The word Units may be used in naming all the orders,
as follows:

Stmple units are called Unils of the 1st order.

Tens “ Unils of the 2d order.

Hundreds® “  “  Units of the 3d order.

Thousands  “  ““  Unils of the 4th order.
etc. etc.

46, The following table shows the place and name of
each order up to the fifteenth.

TABLE OF ORDERS.
15th. 14th. 13th. 12th. 11th. 10th. 9th. 8th. 7th. 6th. 5th. 4th. 3d. 2d4. 1st
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46. For convenience in reading and writing numbers,
orders are divided into groups of three each, and each
group is called a period. The following table shows the
grouping of the first fifteen orders into five periods:

TABLE OF PERIODS.

: k|
: ; g :
u-x:_.g u..,é ,,,,.,5 uag o
e ot o
= S = = =
w o '_é: w %
§ i i i :
o) w '3 2] g} m =] ] "a 7]
= g a2y o o= g 25 S
=2 5°3 s &8 5 58 =8 8 = B°E
TP Hee HER meR HeP
654 321 987 654 321
6th Period. 4th Period. 3d Period. 2d Period. 1st Period.



47. It will be observed that each period is composed of
units, tens, and hundreds of the same denomination.

48. List of the Periods, according to the common or
French method of Numeration.

First Period, Units. Sixth  Period, Quadrillions.
Second Thousands. Seventh Quintillions.
Third “ Millions. Eighth “  Sextillions.
Fourth  © Billions. Ninth “  Septillions.
Fifth “ Trillions. Tenth “  OQctillions.

The next twelve periods are, Nonillions, Decillions, Undecillions,
Duodecillions, Tredecillions, Quatuordecillions, Quindecillions,
Sexdecillions, Septendecillions, Octodecillions, Novendecillions,
Vigintillions.

PriNcrpLES.—1. Ten units of any order always make one
of the next higher order.

2. Removing a significant figure one place to the left increases
its value tenfold; one place to the right, decreases its value ten-
Jold.

3. Vacant orders in @ number are filled with ciphers.

ProBLEM.—Express in words the number which is repre-
sented by 608921045.

BSoLuTioON.—The number, as divided into periods, is 608-921-045;
and is read six hundred and eight million nine hundred and
twenty-one thousand and forty-five.

Rule for Numersation.—1. Begin at the right, and point
the number into periods of three fiqures each.

2. Commence at the left, and read in succession each period
with its name.

REMARR.—Numbers may also be read by merely naming each
figure with the name of the place in which it stands. This method,
however, is rarely used except in teaching beginners. Thus, the
numbers expressed by the figures 205, may be read two hundred and
five, or two hundreds no tens and five units.



ExAMPLES IN NUMERATION.

7 4053 204026 4300201
40 7009 500050 29347283
85 12345 730003 45004024

278 70500 1375482 343827544
1345 165247 6030564 830070320
832045682327825000000321

8007006005004003002001000000
60030020090080070050060030070
504030209102800703240703250207

ProBLEM.—Express in figures the number four million
twenty thousand three hundred and seven. 4020307.

SorLutioN.—Write 4 in millions period; place a dot after it to
separate it from the next period: then write 20 in thousands period ;
place another dot: then write 307 in umits period. This gives
4-20:307. As there are but fwo places in the thousands period, a
cipher must be put before 20 to complete its orders, and the number
correctly written, is 4020307.

Note.—Every period, except the highest, must have three figures;
and if any period is not mentioned in the given number, supply its
place with three ciphers.

Rule for Notation.—Begin alf the left, and write each
period in its proper place—filling the vacant orders with ciphers.

Proor.—Apply to the number, as written, the rule for
Numeration, and see if it agrees with the number given.

ExanmprLes .In NoTATION.

1. Seventy-five. 6. Nine thousand and seven.
2. One hundred and thirty-four.| 7. Forty thousand five hundred
3. Two hundred and four. and sixty-three.

4. Three hundred and seventy. | 8. Ninety thousand and nine.
5. Opne thousand two hundred| 9. Two hundred and seven thou-
and thirty-four. sand four hundred and one.
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