BOOK IIL

RATIO AND PROPORTION.

1. Arn reasoning is by comparison. In comparing two
guantities, we see that they bear a certain relation to each
other,

2. Rar10is the measure of the relation of two similar
quantities. It is found by dividing the first by the second;
thus, the ratio of 8 to 4 is §, or 2, the ratio of 4 to B is j_lg

3. The two quantities compared are called the Terms of
the ratio. The first is called the Antecedent, the second
the Consequent, and the two constitute a Couplet.

4. A ratio is indicated by placing a colon between the
quantities, or by writing the consequent under the ante-

cedent, as in division; thus, the ratio of 4 to B is written,

A: B, or 4
B

5. A ProprorTION is an expression of equality between
equal ratios; thus, the ratio of 8 to 4 equals the ratio of

6 to 3, and a formal comparison of these, as 8:4—6:3, is
a proportion.

6. The equality of ratios is usually indicated by a double

colon; thus, 8:4::6:3. This is read, the ratio of 8 to 4

equals the ratio of 6 to 3, or, 8 is to 4 as 6 is to 3.

7. There are four terms in a proportion; the first and

fourth are called the exiremes; the second and third, the
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means. The first and second together are the jirst couplet;
the third and fourth. the second counlel

¥. Quantities are 1n proporuon by Alternation, when ante-
cedent is compared with antecedent, and consequent with
consequent ; thus, if 4: B:: C: D, by alternation we have

Ll B,

9. Quantities are in proportion by fnwversion, when the
antecedents are made consequents and the consequents
antecedents; thus, if 4: B:: C: D, by inversion we have
Bz A ()

10. Quantities are in *pvr.)l')(:J'fiol] by Composition, when the
sum of antecedent and consequent is compared with either
antecedent or consequent; thus, if 4: B:: ¢: D, by com-
position we have, 4: 4 | B::C: 0+ D.

11. Quantities are in proportion by Division, when the
difference of antecedent and consequent is compared with
either antecedent or consequent; thus, if 4: B:: C: D, we
have, 4: 4 — B:: C:C— D.

A CoNTINUED PROPORTION is a series of equal ratios;
S L I P e R SR

ANarnysis.—The object of the theorems of this book is to derive the
principles of proportion. These principles are employed in the books
which follow. The method consists in regarding a proportion as an
equation, which it really is,—an eguality. of ratios. Thus, the pupil
should be taught to regard the proportion 4: B:: C: D'as equivalent
to A +— B=(C -+ D, and as soon as this idea is clearly fixed jn the mind
the 'subject becomes simple and easy. The first proportion is the ba
of demonstration for the others, and may be used as a test of the tx

all others.




GEOMETRY.

THEOREM 1.
If four quantities are in proportion, the product of the means
will equal the product of the extremes.
Take the proportion
A:B::(C:D; then we wish to prove
¢hat A=SET) = B
For, from the proportion we have
AT St
27 multiplying by B x D,
we have, 4 x D= B« C-

Therefore, if four quantities are, ete.

THEOREM TI.

1If the product of two quantities equals the product of two other
quantities, the quantities forming one produet may be made the
means, and the other two the extremes of a proportion,
Suppose we have
Ac D — R @ dividing by B x D,
we have, %:—.%; placing this in another form,
we have, ~4:B:: (: D.
Therefore, etec.
THEOREM III.
A mean proportional between two quantities equals the square
» root of their product.
Let B be a mean proportional between 4 and C; then
we have,
A=iBise By
whence (Th. 1), B —d ()
or, B /A S
Therefore, ete. :
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THEOREM IV,
If four gquantities are in proportion, they will be in proportion
2 by alternation. :
Suppose A:B::C:D; from this (Th. I.)
we have, A X D=B x C; dividing by D X C,
4 B
S D
deict-e R D,

Therefore, etc.

we have, whence,

Remark.—The proposition is evidently true, since we have the same
products when we take the product of the means and extremes as
before the change. This principle may be applied to several other
propositions.

THEOREM V.
If four quantities are in proportion, they will be in proportion
by inversion.
Suppose A:B::C:D; from this
A 0
Bas D
) B )
we have, = —== fiwhenee
i A C

Bl e,

we have, ; taking the reciprocal,

Therefore, ete.
THEOREM VI.
If four quantities are in proportion, they will be in proportion
by composition.
Suppose A:B::C:D; then

o . .
we have, =7 Adding one to each

C 2 :
we have, Sle— }) +1; reducing to a common denomi-
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GEOMETRY.

%B e C—z.l:_,; whence,
+B:B:: 0+ D:D.

nator, we have,

Therefore, etc.

THEOREM VIL

If four quantities are in proportion, they will be in proport a

by division.

Suppose A:B:: C:D; then
C :

%:; D’ subtracting 1,

g |
:—i— 1 :% — 1; redueing,

G B gy
we have, = — ; whence,

we have,

we have,

A—B:B::C—D:D,
Therefore, etc.
THEOREM VIIL
If two proportions have a couplet in each the same, the other
couplets will form a proportion.

Suppose A:B::0:D; and

A:B::E:F; then,
(04 A
—nd = —
B

E
— = e (A. 1
=7 2= hence (A. 1),

B
¢
Do P

Cor. If two proportions have a couplet in each proportional,

—2. whence C: D:: E:I.

the other couplets will form a proportion.
THEOREM IX.
Bqwimultiples of two quantities are proportional to the quan-
tities themselves.
Tiet 4 and Bbe any two quantities; then
A

B :%; multiply both terms of the first by m,
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mA 4
m B B
mAd:mB::A:B.

we have, ; whence,

Therefore, ete.
. THEOREM X,

If four quantities are in proportion, any equimultiples of the
Jirst couplet will be proportional to any equimultiples of the
second couplet.

Suppose A:B::C:D; then

Al

BiE D

mA n(C i

—— = ——; whence

mB nD’

we have, mA:mB::nC:nD.
Therefore, ete.

; hence, also,

we have,

THEOREM XI.
The products of the corresponding terms of two or more propor-
tions are proportional.

Suppose A Bl Cia ) Hind

NN Ot hien
we have, Aseaen B — R

M ¥ Q=N x P; taking their product,
we have,

AKX MX DY Q—BX NX (X P; whence (Th.IL)

we have, AV B s (SR S ()

THEOREM XII.

In any continued proportion, any antecedeni will be fo its
consequent as the sum of the anfecedents is to the sum of the
consequents.

Let A B Ol Bt

Then, since A Binz €' Dand
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A:B:: E: F; we have
Aol —— Bt and
A X F—B X E; adding
to these, A B=A % B, we have,
AX B+ AXDIAXF—AXB+BXC+BXE,
o, A (B4+D+F)=B(A+ C+ E);
whence, A:B:: 4+ C+E:B+ D F.

PRACTICAL EXERCISES.

1. If the first. three terms of a proportion are 12, 14, and 18, what is

the fourth term? } Ans. 21.
2. Given the proportion 8:12::5:20; what proportion have we by
composition ?
8. Find a mean proportional to 12and 27; to m and n.
Ans. 18; \/ﬁ,(ﬂ'.{(:
4. Tf the ratio of A to Bis ¢, what is the ratio of 3Ato2B2
Ans. %.
5. If the ratio of 3 A to 2 Bis g, what is the ratio of 4 to B?
Ans. 1.
6. What proportion is deducible from the equation M N = 4*— B2
Ans, M: A4 B:: A—B:N.

7. What proportion is deducible from the equation (' D) X 4 =

(44 By x 02 Ans. A: B:: C: D

THEOREMS FOR ORIGINAL THOUGHT.

::¢:d, prove that am: bn: : om : dn.

) B eatd
1cd, proyethat—: =1 —ai—
v e m n m n

c:d, prove that a:a -+ b::e:etd.
::e:d, prove that u+b:a—b::etdic—d

::c:dandm:c::n: d, provethat @z b::m: .
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AREAS AND RELATIONS OF POLYGONS.

1. Ta1s book treats of the area of polygons and thejr
relation to each other.

2. The ArEA of a polygon is its quantity of surface: it
is expressed by the number of times which the polygon
contains some other area assumed as a unit of measure.

3. The ALTITUDE OF A TRIANGLE i8
the perpendicular distance from the vertex
of either anglé to the opposite side, or the
opposite side produced.

The vertex of the angle from which the
altitude is drawn is called the vertex of the Triangle; the
opposite side is called the base of the triangle,

4. The ALTiTUDE 0F A PARALLELOGRAM is the per-
pendicular distance between two opposite
sides.

These opposite sides are called bases, one
is the upper base, the other the lower base.

5, The ALTiTUDE 0F A TRAPEZOID
is the perpendicular distance between its
parallel sides.

These sides are called bases; one is
called the upper base, the other the lower base.

_ 6. S1MILAR PoLYcoNs are those which are mutually
equiangular, and in which the corresponding sides are pro-

portional.
h#




