2.4 Ratiosand Proportions

RATIOS

A ratio between two nunbers compares their relative size, usngdivision, andthis relative size will not
change no matter how large or small the numbers may ge.

A
Theratio of two nunmbers, A and B, iswritten aseither A: B or g~
In words thisisread, A to B.O

Congder this: Two brothers, Kenny and Jimi decided to go into busnesstogeher selling
lemonade Kenny,theolde brother, contributed $10 to get the busness started and
Jimi contributed $6. When the profits were counted at the end of the summer,
Kenny got$75and Jimi got$45. Isthisafair sharing of the profits?

To answer this question, look at therelative size, based ontheratio Kenny : Jimi, of

10
(1) theinvestments each made $10:$6 or §

75
and (2) theprofitseach received: $75:$45 or 75

If these two ratios are equivalent, then the share of the profits is fair.
Oneway we can see if theratiosare equivalent isto smplify each and seeif they simplify to the
same ratio or fraction:

0 . 5
B smplifiesby afactor of 2to 3
o 5
725 simplifiesby afactor of 15to0 3

5
Since each fraction simplifiesto 3 , it is safe to condudethat the sharing of profits was fair.

A secondway to check if theratiosare equivalent is to set them next to each other and cross
multiply (the question mark over the equd sign meanswe®e tryingto find outif thefractionsare
equivalent or not):

10 2 75 Set the two fractions
6 45 next to each other.

Delw? ¢ Itipl
3 X45 ross multiply.
9 (Multiply the denominators across
10-45 = 6 - 75 the equal sign; the numerators
remain where they are.)

450 = 450
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If, after cross multiplying, the produds are notthe same, then we say that theratiosare not equivalent.

Example 1: Determinewhether or nottheratios are equivalent by cross multiplying.
6 215 8 7 12
d 2 10 b) 20 T 25
Procedure: Multiply thedenominaors, across theequd sign, to the numerators on the other
sde
6 215 8 12
Answer: a 2 - 70 b) 20 = 25
6 ' 15 8 &l 12
X0 20X 25
? ?
6al0 = 4415 8425 = 20412
60 = 60 200! 240
6 15 _ 8 12 :
So, 7 and 1p areequivalent. So, 30 and 35 arenotequivalent.

Exercise #1: Determinewhether or nottheratiosare equivalent by cross multiplying. Use
Example 1 asaguide
6 28 9 712 9 2 15
d 15 T 25 b) 5 =8 0 12~ 20

PROPORTIONS

When we set two equivalent ratiosequd to each other we form an equdion, called a proportion.

Exercise #2: Based on the definition of proportion, above which of these are propottions?
(Refer to Exercise 1.)
6 28 9 7 12 9 215
8 15 -~ 25 b) 5 = 8 0 12 - 20
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When apropottion has a variable within itN maybe in oneor both of the numerators or oneor both of
thedenominatorsN we can solve for tha variable by cross multiplying.

20
’ X =

X X+16
and 5 =715 -

I—\|I\J
NI~
I—‘|I—‘
[62(1\8]

W
Examples of proportion equations are g =

Of course, each propottion equétion has fractions so it common for usto solve by clearing the
fractions and cross multiplying allows usto dothat:

Clearing the Fractions of a Proportion
by Cross Multiplying
a

h

C
= ? Here is the proportion.

a
h

C
!::-i!—d Cross multiplving (multiplving across the equal sign).

We have cleared the fractions and have a new equation

ad = bc : L
i solve., one without fractions.

Caution:  If theequaioninvolves more than jug two equd fractions then it is not a propation
and we cannot us cross multiplicationto clear thefractions Here are some
examples of equaionswith fractionsand some examples of propations

Equationswith fractions Proportions
X X 35 X
4 +7=3 10 = 4
X+3 _X X+2 xDb1l
g P2 =5 = 2
N

We cannot use cross multiplication to solve these.
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Example 2: Solve for x in each propation.
X 3 5 10
d g =1 by 7 =%
Procedure: Use cross multiplication to get the equéaion into amore familiar form. Then solve
theresulting equdion.
X 3 5 10
Answer: a) 8 =1 b) 7 = X
xa4d = 8a3 58 = 4410
4x = 24 5x = 40
4x _ 24 5 _ 40
4 = 4 5 = 5
X =06 X = 8
Exercise #3: Solve for x in each propation. Use Example 2 asaguide
X 10 10 15
d T2 =15 by 7 =%
4 _x 20 _ 15
0 18 = 27 d X =79

If oneratio has novariable (is only numerical), then it might be able to besmplified before cross
multiplying. Simplifyingfirst is hdpful because the numbers are easier to work with.
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Example 3: Solve for x in each propation.
21 _x 10 _25
a 12 =8 b) X =30
Procedure: Simplify oneof theratios if posible. Use cross multiplicationto get the equaion
into amore familiar form.
21 _ x 10 _ 25
Answer: a) 12 = 8 b) X = 30
. 21 ... 25
First: Simplify 77 by afactor of 3 Simplify 35 by afactor of 5
X 10 5
Now cross multiply and solve: 4 =8 X =86
748 = 44x 1046 = x &5
56 = 4x 60 = 5x
56 _ 4x 60 _ 5x
4 = 4 5 = 5
14 = x 12 = x
X = 14 X = 12
Exercise #4 Solve for x in each propartion by first smplifyingthe numerical ratio. Use
Example 3 asaguide
8 X 18 15
d B = 75 b) X = 10
x _ 24 30 _ 20
¢ 35 = 70 d 12 = X
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Sometimes propottionshave unknown information in more than oneplace. For example, the propartion
. X+6 X . -
equaion 5 = 7 candtill besolved by cross multiplying.

First, though, we should recognize thaN because the division bar is agrouping symbolN theleft
sdenumerator isaquantity:

X+6 X .
KTZ =3 Now cross multiply.
(X + G} X

gy

(x+6)4&2 = 54&x
Aswe cross multiply, the paentheses remain until we distribute:
2x+12 = 5x
Now we solve as we do any linear equaionN by isolating the variable.

This process remainstrue even if both variable terms are in thedenominaor.

Example 4: Solve for x in each propation. Check the answer.
X+6 X 4 6
a) 5 =2 b) XDPI = Xx+2
Procedure: Use parentheses to groupall quantities; then use cross multiplication to get the
equaioninto alinear form. |solate thevariable by solving thelinear equation.
X+6 X 4 6
Answer: a) 5 =3 b) xP1 = x+2
. (x+6) X 4 3 6
Show parentheses: 5 =3 xPI) = X+2)
Cross multiply: (x+6)&2 = 5& 44x+2) = (xb1®
2x+12 = 5X 4 + 8 = 6Xx D6
Isolate thevariable: - 2x = -2X - 4X = -4x .
12 = 3x 8 = 2xb6
Check: +6 = +6 Check:
? ?
4+6 ° 4 12 3X 4 -~ 6
5 -2 3 =3 14 = 2x 7P1 - 7+2
107 14 2 4% 6
T2 4 =x 2 T2 5§79
2 =2 true R x=4 7 =X %:%true!
=77
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Solve each propottion. Check your answer.

Exercise5:
X+3 X w w+12
a) 5 =2 b) § =727
2xP2  3xP9 2yP4 3y
c) 4 = "2 d) 2 =5
2p+7 3 5 2c+2
€) p = 1 f) 8 = 4cb4

To this point, weQve worked with only whole nunmber values. However, many times aratio will indude
fractiond valuesin thenumerator or denomnaor.
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For example, if it takes % cupsof milk for 4 pancakes, then we can doubk therecipeto make 8

pancakes, butit will take 3 cups of milk.

2 4
3 3
Thiscan beseen inthepropotionwithratios milk : pancekes. 7 =g
2 1
. 4 . 1 3 13
It mightalso betha 3 isexpressed as amixed nunber, 13 : @ =8
Example 5: Solve for x in each propation. Write any imprope fraction answer as amixed
number.
3
2 _8 B x 3 __4
d x =3 b) 7 =5 ©) X = 2xD6
Procedure: Use cross multiplication to get theequéioninto alinear form.
2 _ 8 3 _ _4
6 = 8x | 3(4xD6) = 4x
6 8x
8 = 7§ 12x B 18 = 4x
- 12x =-12x
3
4 = X -18 = -8x
3 -18 - 8X
X=14 -8 = -8
3
15 _x 9
b) Z =5 z =X
Write this answer as a mixed number.
3 8
writels asan > _X x = o1
improper fraction 4 > 4
8
Cross multiply: = 5§ a5 = 4x
= 4x |
= X |
X=2
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Exercise 6: Solve each propottion. Write any imprope fraction answer as a mixed number.
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b)

d)

f)

15 _6
2 —wW
3 36
y — 6y+5
5 _ 8
33 M

page2.4 -9



Answersto each Exercise

|Section 2.4
Exercise #1: a 150! 120 by 72=72 c) 180 = 180
not equivalent equivalent equivalent

Exercise #2: a) notapropation b) isapropotion Cc) isapropotion
Exercise #3: a x=28 b) x=6 ) x=6 d x=12
Exercise #4: a x=6 b) x =12 0 x=21 d x=28
Exercise #5: a x=2 b) w=6 c x=4 d y=5

€) =7 f) ¢c=9

: 2 4 2 5

Exercise #6: a Xx=3 b) w=g5 ) X =3 d y=%

e p=4 fy m=6
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Section 2.4 Focus Exercises

Use cross multiplication to deerminewhether thepair of fractionsis equivalent or na.
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Solve for thevariable in each propottion.
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b)

f)
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11 4 D3y . X+6 : x B3

1) 7 = 14 ) 5 - 2
3. Solve each propottion. Write any imprope fraction answer as a mixed number.

3 X 1 10
d 14 =721 b) p =78

1

°2 11 X 8
9 W =% d 1 =5

8

S5X +2 X 4 16

€) 30 =3 ) X = x=+7
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