| SIMPLIFYING RATIONAL EXPRESSIONS

Introduction

This lesson introduces rational expressions. Rational expressions are ratios
that involve polynomials, Rational expressions can be used to model many reak
warld experiences. We'll look at a few examples later in this chapter,
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SIMPLIFYING RATIONAL EXPRESSIONS

A rational expression is a ratio of polynomials. Here are a few examples:
x x% -3 5x2y —19
x+17 9 T 4x +12x-1

Every polynomial is a rational expression, since you can always divide it by one
to make it a ratio of pokynormials.

2
—aX+5
For example: 52 B gt TERTE

Recall that real numbers such as 1 can be thought of as 0-degree polkynarnials,
50 ordinary fractions are included in the definition of rational expressions.

As with ordinary fractions, the basic rules governing rational expressions are:

Ac  A¢ A
Bc  BZ B
Bl e
B D BD
A T A+C
e T
B B B

The wariables in the rules above now represent polynomials. Factoring is the key
to effectively using these rules.
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SIMPLIFYING RATIONAL EXPRESSIONS

Let's review how to reduce a fraction to lowest terms: you find the prime factors
of the numerator and the denominator, and then cancel all the factors they have
in commaon.

] EXAMPLE A
Simplify — .
plify T

To reduce this fraction to 1owest terms, replace each number with its prime
factorization. Then cancel any factors common to the numerator and
denorminatar.

9  F-3_3
By a9 5

Extended Example 1a
Simplify L
364

3 of 17
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SIMPLIFYING RATIONAL EXPRESSIONS

EXAMPLE B
Sitmplify 12x°yz”
32:@:322 '

To reduce this fraction to Iowest terms, replace each nurmber with its prime
factorization.

Then cancel any factors commaon to the numerator and the denominataor.

1252y E-Z3fx N A Sz 3xz

32;{}:322 _Z'Z'E'E'z',f'?)g'y-y-f-f =8_}32

Motice that variables are treated just like the prime numeric factors.

Simplitying rational expressions can be made gasier by using the rules for
exponents. In the last example, there were three ='s in the numerator and two
z's in the denominator. YWe could have simply subtracted exponents as shown:;

4 of 17
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SIMPLIFYING RATIONAL EXPRESSIONS

Hecall the following useful exponent rules;

For our next exarmple, we'll redo Example B using the exponent rules above, and

. _ . _ |
this rule for multiplying rational expressions, —- — = —— .
£ D BD
EXAMPLE C
—_— 2.1*‘2'3
Sirmplify 7
Xy z

_52-5 5 .2-1 _1-3 _3-2  This method may seem like too
many steps at first. However,
e P R when you get used to this, you can
accomplish it with far fewer steps.

= L 3.x. L z Als0, when the exponents are very
93 32 large, it's impractical to write out
all the factors. Exponent notation
i 3xz turns the cancellation process into
gy simple subtraction of exponents.
S of17
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SIMPLIFYING RATIONAL EXPRESSIONS

Extended Example 2a
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SIMPLIFYING RATIONAL EXPRESSIONS

A5 with fractions, to reduce a rational expression to lowest terms, we factor the
nurmerator and denominator. Thenwe cancel any common factors.

EXAMPLE D

Simplify %.

First, factor the denominator (the numeratar is a5 factored as it can bel);

Sxy Sxw
Sx+10 5[3: +2) '

Then cancel any common factors:

WARNING! Do not cancel the x's in the numerator and denominatar. You can
only cancel a commaon factar, and x is not a factor of the denominator. The only
Y
x4+ 2

can be cancelled; common terms should never be cancelled. A factor is
rultiplied; a term is added (or subtracted).

factors in the denominator of

are (x+2) and 1. Only common factars

7of 17
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| SIMPLIFYING RATIONAL EXPRESSIONS

EXAMPLE E

Sitmplify x -1
2 -2x+1

First, factor the numerator and the denominator;

LA, _ (x+1)(x -1}
x2-2x+1 [t el

Then cancel amy common factors:

) (3T
(x-1) (-1

x+1

=1

You cannot simplify this expression further. The numerator has factor [x + 1) ,

while the denominator has factor (x — 1) . These factors are not equal, so nothing
more can be cancelled.
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| SIMPLIFYING RATIONAL EXPRESSIONS

EXAMPLE F

2 — —
Simplify —x2 B
x4 =5x-24

First, factor the numerator and the denominator;

x - 2x—15 _ (x+3)(x-5)
2 S oA - [x+3)[x—8)

Then cancel any common factors:

=25
r—8

Mote again that you cannat cancel the x's since they are terms, not factors. Only
common factors can be cancelled; common terms should never be cancelled.
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SIMPLIFYING RATIONAL EXPRESSIONS

Extended Example 3a

10 of 17
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SIMPLIFYING RATIONAL EXPRESSIONS

Fecall that a negative sign can be placed on the |eft side of the numerator, on the
left side of the denominator, or to the left of an entire fraction. These placements
are all eguivalent. The same is frue of rational expressions.

Signh Rule for Rational Expressions

3 A ” -N " N
il il -
A Word to the Wise

When there is more than one term in the numerator (or denominator,
you must use parentheses when placing the negative sign:
_a+bk  —latd)  a+d

c+d  c+d —[c+.:;t’j'

Recall that A— &2 = —( B — A) . Whether you realize it or not, you use

this rule every time you subtract a larger nurnber from a smaller ong.
Study the examples helow to see the application of this rule.

Terstlemeiflb
3-10=—-(10-3)=-7
20— 44 = — (44 - 20) = —24
You probahly solved these problems without thinking about the formula
A-B=—(B-4). Inalgebra, this property frequently proves to be
quite hanchy.

11 of 17
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SIMPLIFYING RATIONAL EXPRESSIONS

EXAMPLE G

airnplify 5

2=
First, factor the denominatar;

2—x [E—xj

i) B [x+2)[x—2)

Kotice that in the numerator you have factnr[E— x) . while in the denominataor
you have avery similar factor [x 2 2) _If we rewrite the numerator using the rule
A-EB= —[B - ﬂ) ,we can then cancel the identical factors that result;

Fa =g~y

[x+2:l|:x—2:l - I:x+ 2)[;{—2)

x+ 2 x+2

Note how the sign rule for rational expressions was used to move the negative
frorn the 1 in the numerator to the [eft of the entire rational expression.

1z of 17
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| SIMPLIFYING RATIONAL EXPRESSIONS

', EXAMPLE H

Simplify —— —
b 4+ Zabhta

First, factor the numerator and denominator;

L, (@ +&)(a—E)

B2 +2ab + a? (b+a)°
[cz +E:') [a —E:njl
(@ +5)°

Notice above that (5 +a) = (@ + &) . Finally, cancel the common factor;

13 of 17
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| SIMPLIFYING RATIONAL EXPRESSIONS

Extended Example 4a
W — 2w— 24

—24 +10w — w

Simplify -

14 of 17
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| SIMPLIFYING RATIONAL EXPRESSIONS

EXAMPLE |

452 - Bxy+10xw — 15_}:2

Simplify T

There are four terms in the nurmerator. In such situations, try to factor by
grouping

(477 - 6y} + (1007 =157} 2x(2x-3p)+ 5p(2x - 3)

Ax=3y 2x —3y

2% (2;{ = 3;13) + oy [2x = 3}?)
2% =3y

1:2.7: + 5}:) [2x = 3}»‘:]
[2:1: - 3yj

_ [2x+ 5}3)M
(2235

=2x 4oy

Module 10- Section 1- page 15



| SIMPLIFYING RATIONAL EXPRESSIONS

Extended Example 5a

6% — 108w + 9ew — 15w°
262 — 6w + 3tw — G

Simplify

16 of 17
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| SIMPLIFYING RATIONAL EXPRESSIONS

A Word to the Wise

When factoring, akways check to see if there are any factors cormmon
to all the terms of a polyhornial 25 a first stepl

5 Extended Example 6a
Sxz* —15xz—440x

Sxz® —10xz —495x

Simplify

17 of 17
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3]
(]
h

Simplify:

]

2 +10x5+ 25

xy+2lxz—-2y—4z

Simplify:
22+ y
Simplit —Sh+4a
implify:
6a’ — 254
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Introduction

kultiplying and dividing rational expressions is done the same way as
multiplying and dividing fractions. To multiply rational expressions, you simply
multiply all the numerators together and all the denominators together. Division
is accomplished by multiphyving the first rational expression by the reciprocal of
the second rational expression. Remember to simplify whenever possible!

1 of 15 [ ﬂﬂ s
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

This entire less0n can be summarized by the following two formulas:
A C _AC

R O R S

B D B C BC
In arithmetic, the vwariables in the formulas above represent integers. For this
lesson, they represent pokynomials.

Multiplying Rational Expressions

EXAMPLE A
B
15 12=x
First simplify each rational expression;
dx Bx  SerE e lrde X 2
15 12z =-3 Zz-3-% 3 3
Then multiply:
e
33
B 2x
9
AWord to the Wise
Always cancel before wou multiphy
RESTART “UBACK | X o )
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Extended Example 1a

Find the product e a :
T oz

[Hint )

STER1™

€ RESTART { BACK NEXT
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| MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

13ab  17ad

Find the product : .
' 3dcd Zbhe

First factor all the coefficients.

13¢b 17ad _ 13ab  17ad
34cd  26bc  17-2ed  2-13be

Then multiply, canceling amy common factors.

13ak - 17ad

T 17 2ed - 2+ 13be

3 }gah-ﬁa-d-

C M 2cd-2- e
ﬂz

4-:?2

EXAMPLE B

€ RESTART {BACK'] m‘_ NET o
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| MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

EXAMPLE C

x4+ 2x+1 med

Multiply: — ,
o xt+5x+46 xtl

Factor each polynomial in the rational expression on the eft
3 [x+1)[x +1:| . [x+2:|
B [x+2:l|:x+3:l (x+1)

Then multiply and simplify:

T ) (]

5+ (x+3) 1]

x+1

x+3

€ RESTART {BACK'] m;_ NET o
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

G Extended Example 2a
x5 —3x-40 .

xt4Tx+12

(Hint )

MUItiply:

€ RESTART { BACK NEXT
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| MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

EXAMPLE D
=  x—16

RALITT D Py : )
P B TT6 Pdn

Factor and simplify:

A(x+4)

XX

A(x+4)

Then multiply and simplify:
_xexe(x+4)
A(x+4)-x
£-x Ty
Ry
x

4

€ RESTART {BACK'] 'ﬁfﬁ"_ NET o
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

EXAMPLE E
27% +4x+2  9x” —18x°
3x% —6x 2x+2

MUIEply:

Factor out the greatest comman factors from each polynamial;
2(x2+2x+1) 9;{2[,1—2:1
3x(x-2)  2(x+1)

Factor each palynormial. Notice that the trinormial in the first numerator is 2
hinormial sgquared and can be factored:

L 2(x+1)? 333 (x-2)
T Bx(x-2)  2(x+1)

Multiply and simplify;
2[x+1:l-|:x+1:|-3-3x-x|:x—2j
Bx[x— 2) . 2[x+1)

[z ] (x4 1) 30 B x[P2)
Ty 2T

=3x(x+1])
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Extended Example 3a
4x%—49x  2x+20

ML 1y : :
: Oxd 4 24x 440 2x2_Tx

()

€ RESTART { BACK NEXT
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Dividing Rational Expressions

To divide rational expressions you multiply by the reciprocal:
Ao W B B

BB B @ Bo

EXAMPLE F
Divide: ﬂ i £ .
fx  15x
Restate the problem as multiplication by the reciprocal of the second rational
EXpression, — E . Simplity ﬁ E:
G 12 6x 12
Srdk  U5-0x
T B3R 24243
\3‘ vl }r 9%
X3 2.2-F
B B b
i e
Then multiply and simplify: _ 2edx
C3.2-2
B =-ox
R
B s
RESTART. “BACK | mxEm N |
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| MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Extended Example 4a
2ab® _ da’h

Bt Nbapt

(Hint )

Divide:

€ RESTART { BACK NEXT >
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| MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

EXAMPLE G
x2 —Sx 46 " J*:2 —4

Divide: = e ;
Pl et S i

Invert the second rational expression, factor, and simplify;
x4 —5x+6 _ x4+ dx+4

x4 —x—6 x4 -4
_x2—5x+6_x2+4x+4
C xi-x—6 x4 - 22
=[x—2)[x—3)_[x+2)(x+2j
[x—3)[x+2) I:x—E)I:x+2j
:I:x—EJM.I:x+2)M
M[x+2:l IZ:J:—E)IM
=(x—2)_(x+2)
(x+2) (x—E)
Multiply and simplify: B [I = 2) . [x i 2)
_[x+2)-[x—2)
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Extended Example 5a
oz gx-27 . x4z +45
Divide: =
x2 —14x 449  x®_5x—14

[bint )

STEP1™

€ RESTART { BACK NEXT
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MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

EXAMPLE H
2—9_ x%—x ;2x2+x—3
9x—x° 2x°—x-3 | x*+3x
Invert the last expression and change the division 1o multiplication. Then factor
each polynamial. This time nothing cancels ot

Simplity:

:49:2—9_ X —x _ 2%+ 3x
9x—x Cxt-x—-3 2x°4+x-3
Rt ) xlx+3)
(o) 2x-3)(x+1) (2x+3)(x—1)
_ (2x+3)(2x - 3) x(x-1) x(x+3)
A7) (2x-3)(x+1) (2x+3)(x-1)
[2x+3)[2x—3) x[x—lj x[x+3)

x(3+xj[3— x:l [2x—3)|:x+1:l [2x+3)[x—lj
hultiply and Simpiﬁﬁ']; [Ex + 3) [Ex - 3)):[;{— l)x(x + 3)
x[3+xj[3— x)[Ex— 3)[x+1)[2x+3)[x— 1)

S TQr i
T T (- x) Trmd) (4 1) (255 (1)

X

[3—xj[x+l) [3—x:l|z1+x:l

RESTAR ~ (BACK | FPReERl - NEXT ) |
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| MULTIPLYING AND DIVIDING RATIONAL EXPRESSIONS

Simplify:

Extended Example 6a

dy? - 422 __y_2+}¥ - 22— 2y

3p? 4 6yz +32¢ Zy— 2z

Sy Az

& HESTART

1 BACK

15 of 13
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a’ - bl + 3ah

Operate and simplify: :
(ab) +ab a-b

2x 48 s

Operate and simplify: ; : 1
+3x — 20 &=

2x
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1874 —8s%  18rs—12s°
Operate and simplify: ; : = :
9r® — 4z Ors+ 03
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| ADDING AND SUBTRACTING RATIONAL EXPRESSIONS |

Introduction

Multiplying fractions is easy; adding fractions is trickier. The same is true of
rational expressions. As with ordinary fractions, the key is in factoring and in
finding common denominators. In this section, we'll explore the process of
adding and subtracting rational expressions.
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

Fecall that to add or subftract ordinary fractions that have a common
denominator, wou simply add or subtract the numerators. The common
denominator is unchanged:
& 0 AR o R A i
+—= and S =

B B B B B B

Always simplify the result, if possible. For example:
8,6 _8+6_14 27 23

raliG T
T 7 7 7 =+

The same process also applies to rational expressions.

2 5 EXAMPLE A
ax —6_F2—x

Add: :
=2 x—Z

Since these rational expressions have the same denominator, we add the
numerators and then combine like terms:

C2xf-g42-xf x4
r—2 x—-2

Notice that the numerator is a difference of squares. Factor it and simplify:

_xi-2t (x42)(x-2)  (x+2) (37] o
T g [x—E) B i

7

ﬁi”":l' -'Lii' w‘ 2 of 17 ‘Illi\iiv
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

2y s EXAMPLE B
Subtract > o i
x—1 x—1

aince these rational expressions both have the same denominator, we can
subtract the numerators and keep the common denominator, Add parentheses
to show that the minus sign applies to the entire numerator,

_ ztoou(zreg

x—1

Distribute the minus sign to eliminate parentheses, and combine like terms:

xf-2-2x+43 x*-2-2x+3  x®-2x+1

x—1 xr—1 =1

Factor the nurerator and simplify:

_(x=y(-y _ -0
(x=1) (317

=x-1

RESTAR eAck | EEERll o |
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

. Extended Example 1a
2x2+9  x2+48x-6 :

x—=5 x—5

== ?

(H ]

& RESTART { BACK 17 | MAESE

Module 10- Section 3- page 4



ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

To add or subtract fractions with different denominators, we start by factoring the
denominators. Then use the property

A AC
B BC
to rmake the denominators the same. Mote that this property is really the

cancellation e, E = E ,but backwards. An equation is equally valid when

read from left-to-right or when read from right-to-left.

Once the denominators are the same, we can add the fractions as in the
previous examples. For exarmple:

Z ko &3 Txp
T S

3 D Bl e
1 3

15 15

T 15

The same process applies to rational expressions.

AFETAR o i .r._i m T =
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

EXAMPLE C
x 2y 3z

Shishes G

First, find the least commaon multiple (LCK) of all of the denominators—each
denominator must have the same factors. Remember, whatever you use to
rultiply the denominator you must also use to multiply the numerataor:

xx 2 3z=

2y 3
B

Yz  xz Xy ¥IXx  XZ¥y  X¥=Z

x% - 2}:2 + 322

xys
4 o - EXAMPLE D
simplify, — +—— :
3z bx 9l
First, factor all the denominators:
4 2 E;
i - —
3ex Ze3ex  Zexex
continted...

' RESTART ‘I.ﬁ ﬁ Tﬁ £ of 17 | ‘il Iﬂ "“'-i' ' i
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| ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

Example D, continued ...

2 3
+ s
2eB-x Zexex

Write in the factors needed to make all the denominators have their least
common multiple, 2-5-x-x = 6x2:

4.2 i P B 3.3

SexeZex Z2e3exex Zexexel
Bx 1 2x B g
6x2 6x2 bx

2

Combine the numerators over their cammon denominator, and combine like
terms:

Bx+2x-9
6>
10x-9
- 63

€ RESTART {BACK'] 'ﬁ; NET o
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

; Extended Example 2a
ol

3o

€ RESTART { BACK NEXT >
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| ADDING AND SUBTRACTING RATIONAL EXPRESSIONS |

. . EXAMPLE E
Add —+ :

x x—1
The least common multiple of these denominatars is z (x — 1) . Start by
multiplying the numerators and denominators by the factors needed to make the
denorninators equal to x (x — 1) :

_ 3[:{—1) 2%
B x[x—'lj * [x—l]x
[x—l) 2%
el e

Add the nurnerators over their common denorninatar and simplify (distribute and
cambine like terms):

3(x-1)+2x
x[x—l)
E i
x[x—l)
hE 3
- x[x—l)

XX

& RESTART.
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

A Word to the Wise
In a problem like that in Example E, students often make the mistake
af thinking vou can get common denominators by simply adding —1 to
the first denaominator {x ) to turn it into ( x — 1), like this:

i+ 2 = s + 21 This is wrohg!

Comrmon denorminators are created from factors, not terms—you need
to rnultiply, not add or subtract. What does work is to multiply both the
numerator and the denominator by the same factor, as shown in
Example E above. Remember, the word factor implies multiplication,
not addition or subtraction.

Note
e« With ordinary fractions, we perform the multiplication in the numerator and
the denominator at the end. However, as the factored form is considered
simpler in algebra, you should ordinarily leave polynormials in factored form.

RESTAR

CK 10 of 17 ‘HW\"' i
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

EXAMPLE F

Subtract; : = 223:—1 ;
x+3  xC +5x+6

Factar the denominator an the right;
4 2x—1
C ox+3 [x+2:||:x+3:|

The LCM of these denominators is (x +2) (x + 3) . Start by multiplying by the
factor needed to make the first denominator equal tolx +2) (x4 3):

4I:x+2) _ 2xr—1

(x+3)(x+2) (x+3)(x+2)

Subtract the numerators over their common denorminator and simplity (distribute
and combinge like terms);

d(x+2)-(2x-1)
[x+3:l[x+2:l
o dx+E-Z2x+1
- [x+ 3)[x+2)
2x+9
[x+3)[x+ 2)

AESTAR u'iw'. r " 11 nf?. “l.l Iﬂ “i "‘ ]
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

Extended Example 3a

1 1 .

: = 3 e
z=11 z<-52-66

(Hint )

& RESTART {BACK NEXT
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

EXAMPLE G

Simlify'z—1+3+ :
5 ey O ] [z+1)[f,—2)'

The least comman multiple of these denominators is (£ +1)(z - 2) . Start by
multiplying by factors that will make the denominators all egual to the LCM:

£ [$e2) 1- (¢ +1) 3-(e-2) 6
TN -2 (-2 4D @ D -2 @+ 0i-2)
3[3—2) (f,+1) 3[;—2) &

22 = + +
(t+1(-2) (e+1(e-2) (+0(t-2) (+1(-2)
Combine the numerators aver their commaon denominator and simplify:

_ E{=2) - (2 1 3~ 2)+E

(z+1){z-2)
-2t —143-646 14 -2—t-1+%-6+6
(t+1)(¢-2) B (t+1)(¢-2)
A
S (e+1)(e-2)

Notice that the numerator is the difference of two squares which can be
factored. The expression can then be reduced:

o (R VIO I VY R VP

C{t+0(e-2)  (e+1(e-2) Trd) (£-2) -2

ARESTART BACK 13 of 17 W
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| ADDING AND SUBTRACTING RATIONAL EXPRESSIONS |

; Extended Example 4a
d

a?—b2  a? 4 2ab+b"

[Hint ]

=7

€ RESTART { BACK NEXT
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| ADDING AND SUBTRACTING RATIONAL EXPRESSIONS |

, EXAMPLE H

Subtract; 5 = .
e

First, factor the denominators:
3 %

B [x+5)[x—5) [5—x)'

Motice that the first fraction abowve has factor [x - 5:] while the second has 3

very similar factor (5— x) . Recall that (5—x) = —(x—5), s0we can rewrite

the second fraction as follows. Notice how the two negatives then make 3

it . e @
positive, since — =——
b &

continted...

| & RESTART 15 of 17
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| ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

Example H, continued...

3 " 2
(x+3)(x=35) (x—35)

Mow rmake each denominator equal to the LCM of both denominators,
[:Jf + 5) [;{ - 5) :
2 E
% [x + 5:]
[x - 5:1 . [x + 5:1

_ + 2(x+5)
[x+5)[x—5j [x+5)[x—5)

Finally, add the numerators over their cammaon denominator and simplify the
numerator:

2+ 2x4+10
[x+5)[x— 5)

ax+13
[x+5)[x—5)

€ RESTART {BACK | F17 | WS
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ADDING AND SUBTRACTING RATIONAL EXPRESSIONS

Extended Example 5a
A

Subtract ———— - .
x“—64 B—x

& RESTART END O VBACK

Module 10- Section 3- page 17



Operate and simplify: + +
x+3 x-1 x-6+x

3
Operate and simplify: — +

= )
¥

Operate and simplify: ‘-3 —
Xy x°z

Module 10- Section 3- page 18



COMPLEX RATIONAL EXPRESSIONS

Intreduction

In this lesson, you will learn how to simplify complex rational expressions. Recall
that a complex fraction is a fraction that has a fraction in the numeratar and/or
in the denarninatar. Similarly, 3 complex rational expression is a rational
Expression that has a rational expression in the numerator andsar in the
denominatar,

4+l x+ 2
3 =2
1
] -2
2 x
A complex fraction. A complex rational expression.

1 of 15 [ ﬂﬂ s
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COMPLEX RATIONAL EXPRESSIONS

Cormplex rational expressions are simplified in the same way as complex
fractions. One way to transform a complex fraction into a simple fraction is to
first simplify the numerator and denominator independently. Then, invert the
fraction in the denarinator, and multiply it by the fraction in the numerator.
However, our first exarnple will demonstrate a much simpler way to accomplish
this.

EXAMPLE A
1 1
it
Simplify: % 2 .
36

The goal is to eliminate all of the denorminators in the numerator and the
denominator of the complex fraction. To accomplish this, find the least cormmon
multiple of all the denominators.

In this example, & isthe smallest number that 2, 2, and & all divide into
without a remainder. So we multiply both the numerator and the denominatar by
&, then distribute and simplify. First, factor using the prime factorization of 6:

(l+1]_2_3 1:2:9, 1-2.3 2:3, 3.3
s Tk _ 2 2 2 3
(E+i].g.3 228 5523 203 5niB
3 2-3 3 2-3 3 2-3
mh D e
B 2 3+ 2 a
T22F 5 3% 445 9
= .
CRESTART BACK EXEET) o
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COMPLEX RATIONAL EXPRESSIONS

When simplifing a complex rational expression, follow the same procedure that
was dernonstrated in Example A,

EXAMPLE B
1__2
Simplify: %.
A8 B

Notice that the least commaon multiple of all the denominators is A8 So, we
rultiply the numerator and denominator of the expression by A8

[i_i]_ﬂg 1-48 2-AR AR 248
A AB

s el AR _ A AR
31 3-AB 1-AB 348 _AB
i ¥, — . + +
(.43 ¢ B] 2 g B AZ B
42 AR

_ w e B—2 W B2

B 3A4E  AE 34+ 4 T

With practice, you'll be able to do rmuch of tis "in your head," jurnping to the
simplification in anly one or two steps. Just ask yourself what's left after all
ratching factors have been cancelled.

a-'i_.ﬂll.'. 1 = . o7 i ..EE— .‘- s
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COMPLEX RATIONAL EXPRESSIONS

Extended Example 1a

& RESTART { BACK e
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COMPLEX RATIONAL EXPRESSIONS

If there is only one fraction in the numerator and one in the denominator, it is
easiest to just invert and multiphy.

EXAMPLE C

dx
Sirnplify % .
3

4x.?x dxr 3 _4x-3_4+-3_12

5 Tx  5-7x 5 7%= 35

As with ordinary fractions, be sure to simplify whenever possible when warking
with rational expressions!

EXAMPLE D
3
Simplify £E3
X
it
Invert and multiphy:
3 m#d 3(x+3) _BLVST_3
 x+3 x _[x+3)x_Mx_x
AEETAR i _.=: .-.--fi -5 e - e =3
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COMPLEX RATIONAL EXPRESSIONS

Extended Example 2a

STEP 1™

€ RESTART { BACK NEXT
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| COMPLEX RATIONAL EXPRESSIONS

EXAMPLE E

Pl

Simplity; -
bt
X

Multiply both the numerator and the denominator by the least common
multiple, x:

Distribute and simplify;

& RESTART

1« BACK _ MNENT » _
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| COMPLEX RATIONAL EXPRESSIONS

EXAMPLE F

Simplify, ——
i+ z
T+l

Multiply the numerator and denaminatar by (x + 1) and distribute. Then cancel
and simplify,: x (x+1)

. [x+ xil]-[xﬂ)

xl':x+1:l

X
(x+1)+ (x+1
£ (x41) + 2 (x4

Jeitarba x2+x

x2+x+x x2+2x

Factor out an x from the numerator and denominator and cancel this common
factor:
-x-[x + 1) oz +1

+|:x+2) r+ 2

& RESTART.

Module 10- Section 4- page 8



COMPLEX RATIONAL EXPRESSIONS

Extended Example 3a

X

1+
simplify: —%= 1

€ RESTART { BACK NEXT >
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| COMPLEX RATIONAL EXPRESSIONS

EXAMPLE G
2

1
? B r—1 e
l‘+ 2r
e
The least common multiple is the product of the denominators, r[r - 1) .50,

multiply both the numerator and the denaminatar by -~ (= 1) .

(l— 2 ]-r[r—l)

r or—1

[%+r2_rl]-r[r—1)
1 sepe=1) _ Zreiritr=l)
o r r—1
l-r[r—ljl N Er-r[r—l)
e |
Er-r[r—lj
(r-1)

2r-r(r=1)

(r=1)

continted...

| & RESTART 10 of 15
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COMPLEX RATIONAL EXPRESSIONS

Example G, continued...

r[r—l) _ Er-r[r‘—lj
=)
Er-r[r—lj

(r=1)

[r—l)—Erz r—1-2p*

Er-rN
™~ _
Er-rN [r—1)+2r2 r—1+2r"
i)

-P-I:r— 1) 5

+

Rewrite these polkynormials in descending order:

3 —2rf o p—1
2r% 4p—1
MNote:
s LIsyally at this point you would factor the numerator and denorminator to see

if any factors cancel out. In this problem, the numerator does not factor, 50
no furthier simplification is possible.

& RESTART 11 of 15
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COMPLEX RATIONAL EXPRESSIONS

Extended Example 4a

& RESTART {BACK NEXT
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COMPLEX RATIONAL EXPRESSIONS

1 2

=1 x°+dx—5
5 -

2 4dx—5 x+5

Simplity:

First, factor the denominators: ,

EXAMPLE H

(x-1)

[x+5)[x— 1)

3

1

xe3)(x=1)

[x+ 5)

Multiply the numerator and denominator by the least commaon multiple,

I:x+5)|:x—1):

1 2
_ x—1 [x+5:||zx—1:l

]-[x +5:||':x— 1)

[ 3
(x+5)[x—l)

1-[x+5:l|:x—1:l

+x_1|_5J-|:x+5:]|:x—1:l

2-[':x+ 5)[x— ljl

x—1

[x+5)[x—lj

3-[x+5)|:x—1j o

1- [x+ 5)[;{—1)

[x+5)|:x—1:l

RESTAR

x+5

continued...

i.ii .-i-r-.i T DE o .imi 4 I
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| COMPLEX RATIONAL EXPRESSIONS

Example H, continued...

)[x—l)_E-[x+5)[x—1) [x+5)[x—1)_2[x+5)[x—1)
y xi— [x+5)[x—1) . [x—l) [x+5)[x—1)
5 [x+5)[x—1) . 1-[x+5)[x—1) 3[x+5)[x—1) P [x+5)[x—l)
I:x+5)[x—1) XD [x+5)[x—1) [x+5)
Cancel out the common factors and simplify:

| & RESTART 14 of 15
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COMPLEX RATIONAL EXPRESSIONS

Extended Example 5a

1 ¥

11 526,
Siglin 5 s Aoy 166 :

sy fE  Gimb

[Hint |

& RESTART END O on {BACK |
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a+h

a—b
a’— bl

Simplify:

xy+xy

Simplify:
&V

Simplity.
1
2w
1

2w

1+

1-—

3 2

Module 10- Section 4- page 16



Simplify:

Simplify.
2 3
_|_
£V .X-l-jf _
2 3
+
I+_}’ X =¥

Simplity.
21
x+4 x-5 _
1 3

x—5 x°_x-20

Module 10- Section 4- page 17



RATIONAL EQUATIONS

Introduction

In this lesson we'll use all that you have learned in the previous sections to sokve
rational eguations. A rational equation is an equation invalving only rational
Expressions. A slight modification of the technigue that you leamed to simplify
complex rational expressions can now be used to sokve rational equations.
Recall that solving an equation consists of finding values which, when
substituted in place of the variahbles inthe equation, make the equation true.

Aswas the case with complex rational expressions, first we factor all the
denorminators and find their least common multiple (LCK). Mext, instead of
multiplying the numerator and denominator by the LCM, we will multiphy both
sides of the equal sign by the LCM. This step changes all the rational
EXpressions into polynomials and eliminates all fractions.

Module 10- Section 5- page 1



RATIONAL EQUATIONS

IMPORTANT WARNING! When solving rational equations, you must ahways
check your solution. ¥ou can substitute 2 solution into the original equation and
vErify that both sides of the eguation are egual. But there is an easier way: you
rnay simply check that the solution you have found does not make any
denominator inthe original equation equal to zero. Assuming your algebra is
correct, the answer you get is valid unless it makes a denominatar zero in the
original equation. If your answer results in & Zero denominator, then instead of &
valid solution, your "answer" is an extraneous solution—a value for which the
eqjuation is not defined (since division by zero is undefined). You may also say
there is no solution in such cases.

EXAMPLE A

Salve: E+ e =il
x x—3

Look at the result when we multiply both sides of the equal sign by the [east
common multiple of the two denominators:

x[x—le-(%+ xiBJ:x[x—le-l
x[:x—B)-E + xl':x—B)-x
% x=3
#(x-3)-2 N XM'X _ 23,
= [

I:x—3:|-2+x2:x2—3x

= xl':x— 3)

2r—6+4 x2 = x2 - 3x continued...
 RESTART | eAcK | BWTEEY oot
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RATIONAL EQUATIONS

Example A, continued ...
Subtracting x% from bath sides of the egual sign removes it from both sides:

Dr—6+xt = x4 —3x

— X —Xz

2xr—6 =-3x

Mow we can sakve forx

continted...

& RESTART VBACK | m N o
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RATIONAL EQUATIONS

Example A, continued...

Mow we must check. 15 this really 2 solution to the original equation?
Substitute and see:

E+ ! =1 and xz=—
x =3
2 g . 2l
R S W R W Bt . i
& é & 6 2.3 =6
S o T B — 5.3
5 3 5 =
B E T 5 5 ¢ 5 5.2 ¢ pes
+ SR EE N Pt R PG R |
ek 5 8 5 5.3

Substituting a walue into the original equation can take timel Instead, you may
simply check that the solution you have found does not rmake any denominator
in the original equation equal to zero. So instead of all the work above, we could

have simply found that x = % does not make any of the denominators equal
to zero in the original eguation.

X

2
The original equation, — +
X r—13
The first denominator is zero only when x = 0, while the second denaminatar is
zero anly when z =3

= 1, has two denominators, = and x— 3.

Thus our solution, x = % ,i5 a valid solution.

& RESTART CK 4 of 23 ‘Hi‘fii v
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RATIONAL EQUATIONS

EXAMPLE B

Sokve S+ i = 1

x—1 Pl

This time we need to multiply both sides of the equal sign by the LCMW of the
denominators, 1 and (x — 1) . Using the LCM, {x — 1}, we distribute this factor
and cancel common factars in the denominators;

10x

x—1

[x—lj-[5+ i J:[x—l)-

x—1

[x—-U-lU _ [x—lj-lﬂx

(a1 54

x—1 x—il
i =) 10 _ (3~1] - 10x
=l T

S{x—1)+10=10z

Next, use the distributive property to eliminate parentheses and corhing like
terms:

Sxr—54+10=10x
Sx+5=10x

continted...
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RATIONAL EQUATIONS

Example B, continued...

Soklve for x:
Sx+5=10x
-5 — 5x
= o
_ 5x
g
N
=%

Howewer, this value of xwould make a denominator equal to 0 in the original
BCjUation:

sy 10 _ 10x =1 o Hr A0

x—1 x-1 P P

5+E=E
0 i

Since division by zero is undefined, the only possible solution, x = 1, does not
make the equation true (just undefined). So, this rational equation has no
solution.

€ RESTART CBACK PR NEXT )
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RATIONAL EQUATIONS

i
Sokve; 1-—— =

EXAMPLE C
- 3 E
¢ i

Wi'e first multiply both sides of the equal sign by the LCK of the denominators,
which is ¢ Distriouting this factor and canceling out the denorminators, we get

E—{i=3)=3

Mext, we distribute the negative to eliminate parentheses. Then we cormhing like
terms:

il A S
E=E43a 3
0+3=3
S

continued...

& RESTART
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RATIONAL EQUATIONS

Example C, continued...

The solution 2= 3 tells us mare than the obvious factthat 2 is 3 this is true no
matter what number ¢ happens to be.

The original equation is tue, no matter what £ is. 5o the solution is all real

numbers... except any that would result in a zero denominator in the original
eUation.

Looking again at the original eguation,

we Can see that the only problem occurs when ¢ = 0. So the solution consists of
all real numbers, except £ =0

& RESTART
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RATIONAL EQUATIONS

Extended Example 1a

€ RESTART { BACK NEXT
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RATIONAL EQUATIONS

EXAMPLE D

5 5 x—3
Sakve: + £ :
x+2  x-6  x*_4x-12

First, factor the denominatar on the right side of the equation. Then multiply both
sides of the equal sign by the least common multiple of all the denominators:

3 . 2 (x-3)

x+2  x—6 [x+2)[x—6)

5 2 [x—B)
x+2 T x_ﬁ]:f:x+2:l|:x—6:l- [x+2)|:x—6)

(x+2)(x— 6)-[

[x+2j[x—6:|-5 5 I':x+2:l|:x—r5:l-2 B [x+2:l|:x—6:l-[x—3:l

x4+ 2 x—6 [x+2:||':x—6:l

Cancel all matching factors,

Atf(x-6)5 (x+2)T=g 2 frroir—5t(x-3)
el =g 4

[x—rS)-5+|:x+2:l-2:x—3

continted...
"RESTART “VBACK PEREEE NG
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RATIONAL EQUATIONS

Example D, continued...

fe—=Bl-5+[2+2)2=22~-3 2 S(z-0)+2{z+2)=x-73
Eliminate parentheses and solve for x:
Sx—304+2x+4 = x-3

Tr—26 = x =73

A0 R
67126 = -3
+26  +26
6x = 23

6x 23

6 6

b )

& 6

23

P

6

Take a look at the denorminatars in the original equation, and you will see that
anly the values —2 and & make the denaominators zero. So our solution is walid.

Even though a solution is valid, it still is a good idea to check that the solution is
actually correct by substituting it into the original equation (not shown here). I a
computational error was made, it would be possible to end up with 2 " solution”

that does not result in a zero denominatar, but which also is not a solution to the
original equation.

RESTART'

11 of 23| WAESED)
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RATIONAL EQUATIONS

Extended Example 2a

STEP 1w

€ RESTART { BACK NEXT S
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| RATIONAL EQUATIONS

EXAMPLE E
11

6.
S0lve: — =
T ED i
Multiplying both sides of the equation by the LCM, x (x+ 3) , clears the
fractions:
x[x+5)-6 x[x+5)-11

x+5 x
(3456 w(x+5)-11
G T

6xz[x+5j-11

Mote that the last line is exactly what we would have obtained by simply cross-
multiplying the original equation:

6 11
.x+5l>:?

continted...

| & RESTART 13 of 23
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RATIONAL EQUATIONS

Example E, continued...

Solving for x , we get

fix :[x+5)-11
b = llxgss
=q41%. =11z
— 9% = iy
-5x 55

=Bl

hﬁ_x_
>~

x=-11

-11

This value does not make any of the denominators zero (onky =5 and 0 da), so
x=-11 s awvalid solution.

& HESTART

{BACK | = NEXT
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| RATIONAL EQUATIONS

EXAMPLE F
k% +9% 10

Solve: = :
k+10 &£+10

rUltiplying both sides of the equation by the LCK, &4 10| clears the fractions:

(£+10)- (K +9k) (£ +10)-10

E+10 k£+10

B4+ 0k =10

solving for &, we get:
K+ ok
=
k2 49k -10

(E+10)(k-1)=0

continted...

| & RESTART 15 of 23
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RATIONAL EQUATIONS

Example F, continued...

(k+10)(k-1)=0

E+10 = 0 k—=1=10
i 1 1
k=1

b

k=1

Looking at the original equation,

sk 10
k+10 k410

we see that a zero denominator occurs when £ +10= 0. This happens anly
when & =—10. 5ince &= —10 is one of our possible solutions, we know that
we cannot use thatvalue. The only valid solutionthenis k=1,

€ RESTART {BACK" P NEXT > |
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| RATIONAL EQUATIONS

Extended Example 3a

3

[Hint )

STEP 1w

€ RESTART { BACK NEXT S
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RATIONAL EQUATIONS

EXAMPLE G

Sl e

x x—4

This time we need to multiply both sides of the equal sign by the LCM of the
denominatar, x[x - 4] . Distributing this factor, and canceling out the
denominator, we get:

x[x—dl)-[E—E]: .

& x—4
x[x—4)-2— x[x—x4)-6 _ x[xx—_dl;l-x
ol e d) = 6x|:x—4j _ leix—él:l
: [ 4) x [x—4:|

5 - M

2x[x—4:l—6[x—4) = x2

2x(x—4)- Snffsct],_ 7 5

Mext, use the distributive property to eliminate parentheses. Then combing like
terms:

2x? _Sx—6x424=x°

Dxd —1dx +24 = x°

continted...
"RESTART " VBACK PeREEEl NG
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RATIONAL EQUATIONS

Example G, continued...

Subtract x* from both sides of the equation, and factor the resulting trinomial;

Dx® _14xd 24 = x?

—Xz —Xz

x%—14x+24 = 0
[x—lE)-[x—E): 0
3 ! i

r=12arx=2

Only 0 and 4 make the denominators 0, s0 our solutions are both walid.

€ RESTART, VBACK |FepEEE VEXT ) )
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RATIONAL EQUATIONS

Extended Example 4a

STEP 1w

& RESTART { BACK F 23| WAESE
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RATIONAL EQUATIONS

EXAMPLE H

Suppose Julie can paint a room in & hours, while Joe can paint the room in 8
hours. How lang will it take them to paint the room if they work together?

i
Suppose Julie works for ¢ hours. In that time she can paint 0 of the room.

To convince wourself of this, try substituting £ = & (hours) into the expression:

E:E: 1, one house. Mow try substituting £ =3 E:E: l . Indeed, it makes
6 6 6 6 2

sense that if she can paint the whole room in & hours she can paint half the
roorm in 3 hours.

¢
Similarly, if Joe works far £ hours he can paint - of the room.

£ o
So, if they both wark together for ¢ hours, they can paint g+ . of a room.

How long will it take them to paint one whole room? We need to solve the
ECjuation:

£ i
b
6 8
Factorthe denominatars:

2-3 2022

The LCM of these denominatorsis 2.2 2.3,
continwed...

CK 21 of 23 ﬂﬂ s

a-l'i j'_l I -'Lii' w‘

Module 10- Section 5- page 21



RATIONAL EQUATIONS

Example H, continued...

Ultiplying both sides of the equation by the LCKW, 2.2 2.3 to cancel the
denominators, we get:

IR oR L+ : =2.2.2.31
&3 Buded
2-2-2-3-£+2-2-2-3-£=24
23 2-2-2
Sl B2 B3R
= Sl =
df +3 = 24
Salving for ¢ we get:
Ti=24 — E:% g:%

_}.
Y 7 T
To make sense of this answer, we need to convert it to hours and minutes (there
i5 no needto calculate to the nearest second). Dividing, we get:

e % = 3425571425

50 it will take 3 hours, plus an additional 0428571429 of an hour. Convert that
fractional hour to minutes by multiplying it times &0 (since there are 60 minutes
in each houry:

Boue.

It will take about 3 hours and 26 minutes for Julie and Joe to paint the room if
they work together.

RESTAR _ (BACK | e NEXT ) |

0428571429 [ Homes | 60{“““”“} = 25.71428574 minutes
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RATIONAL EQUATIONS

Extended Example 5a

Suppose Sam can mow a lawn in 4 hours, while Tom can mow the same lawn in
3 hours. How long will it take both of them working together to mow the lawn?

[Hint )

& RESTART 'END OF LESSON {BACK |

Module 10- Section 5- page 23



3 2 7
Solve: - =
12x x 6
3 5
Solve —— =16
x x-1
Solve.
12 ; 11
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If it takes Katie 7 hours to construct a lamp, and it takes Fernando
9 hours to construct a lamp, how long will it them to construct a
lamp working together? (Round your answer to the nearest
minute.)

Module 10- Section 5- page 25



DIRECT AND INVERSE VARIATION

Introduction

In this lesson, you will learn how to solve problems involving direct and inverse
variation. Many reabworld quantities exist in certain fixed proportions. For
example, the ingredients in a recipe are in fixed proportions. As another
example, consider a molecule of water. A molecule of water is made of one
atorn of oxygen and two atoms of hydrogen. YWhatever the guantity of water, the
number of hydrogen atoms is always double the number of osygen atoms,
Froportional relations like this are examples of direct variation.

Other guantities behave in such a way that the larger one guantity grows, the
smaller the other becomes (and vice versa). For example, the faster you go, the
less tirme it takes to get to your destination. Such a relation is an example of
inverse variation. Mumerous applications of direct and inverse variation are
found in the real world.

Module 10- Section 6- page 1



DIRECT AND INVERSE VARIATION

Direct Variation
Yariahle y is said to be directly proportional to x (also stated as "y wvaries
directly as x "), provided that v = Kx for some constant &, the constant of

propottionality. To solve variation problems, we must first solve for the
constant of proportionality. The constant of proportionality allows us to
answer any gquestion concerning a given relation of variation.

EXAMPLE A

Suppose that ¥ is directly proportional to x, and ¥ = 10 when x = 5 . What is
P WRRI s T2

WWe are told that" v is directly proportional to x " This ranslates into the
equation:

y=£Kx,
for some constant & . The next information we are told is precisely what we
need to solve for the constant of proportionality, & . We are told that” » = 10
when x = 5" Substitute these wvalues inta the equation abowve, and then solve
for &£

v=Kx
4 Ny
y=10 Fi=h
Ny 4
= D
10 =5K
continued...
 RESTART | o
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DIRECT AND INVERSE VARIATION

Example A, continued...

10=5%
10 5K
¥ 35
S

5.
2= &

Mow substitute this constant of proportionality back into the original variation
equation:
v =Kx

Y=z

S0 y is always twice x . Mow we can answer the question that was posed,
"Whatis y when x=77"
= e el P ol

The previous example shows exactly what the constant of proportionality really
i5. In that example, we found it to be a magnification factor—guantity ¥ is

always twice guantity x . 5o the magnification factor & is set equal to 2 . With
direct variztion, the constant of proportionality is always & magnification factar
(or a reducing factor). For example, when you set the magnification factor on a
copy maching to reduce or enlarge a document, you are assigning a value to a
constant of proportionality.

RESTAR BACK 3 of 18 ‘Hi\ii'
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DIRECT AND INVERSE VARIATION

EXAMPLE B

Suppose that ¥ is directly proportional to x, and » =14 when =10 . What is
¥y owhen x=3%

WWe are told that" v is directly proportional to x " This franslates into the
equation:

PEkE
for some constant &, whose value we must find. Mext we know that we need to
solve for our constant of proportionality, &£ Ve are told that” » = 14 when

x =10 " Substitute these values into the above eguation, and then salve for &

y=Kx
v Ny
y=14 ¥ =10
N vd
14 =& -10
14 = 104
14 3 10
e
27 . 18K
&5 e
S=K
continued...
> RESTART | ‘I.}ﬁ r 'rg 4 of 18 S ‘il Iﬂ "“‘i’ ' ]
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DIRECT AND INVERSE VARIATION

Example B, continued...

Substitute this constant of proportionality back into the original variation
egjuation:

All variation problems are solved in the same way. First find the constant of
proportionality, £, and then answer the question that was posed.

€ RESTART CBACK EpFRy s NEXT )
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DIRECT AND INVERSE VARIATION

Extended Example 1a

Suppose that y is directly proportional to x, and y = 23 when x= % . What s
v owhen x =57

[Hint )

€ RESTART {BACK | NEXT )
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DIRECT AND INVERSE VARIATION

EXAMPLE C

Suppose that # is directly propartional to s, and & = 6.4 when s =47 2
What is ¥ when s =103 67

YWe are toldthat W = K Substituting 7 = 6.4 and #» = 47 2 into this
equation, we can solve for the constant of proportionality, &

W = Km

64 = K(47.2)
64 472K
47.2  47.2
6.4  AFIK
472 477
6.4
=k

wyhen a problem results in decimal nurnbers like this, it is best to express our
solution in decimal form. Using a calculator, we compute:
E=01355932203

Mow substitute this constant of proportionality back into the original variation
eqjuation:

W= Km
W=0 13559532203 m
continued...
RESTAR eack | EEET Vo0 |
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DIRECT AND INVERSE VARIATION

Example C, continued...
Use all the digits of precision you can at this stage of your calculation. Rounding
should only be done after all calculation has been completed. Otherwise the

rounding error may become greatly magnified by the calculation itself and cause
the final answer to be greatly inaccurate.

YWe can now answer the guestion, "What is ¥ when s =103.67%"

W =0.1355932203(103.6)
W =14.04745762

Finally, we should round our answer. Since the numbers given in this problem
are all given to the nearest tenth, we will round the answer to the nearest tenth:

W =140

Mote: Remember that the symbol = means "approximately:."

AESTART BACK IR X
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DIRECT AND INVERSE VARIATION

Extended Example 2a

Suppose that £ is directly proportional to 2, and ¢ = 1271 when
p=11.22. Whatis & when p=55557

(it |

STEP 1™
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DIRECT AND INVERSE VARIATION

EXAMPLE D

Suppose that v is directly propartional to x, and » = 1.7 when x = 7.3 What
is x when y=5.27

We are told that » = Kx . Substituting » = 1.7 and x = 7.3 into this equation,
we can solve for the constant of propartionality, £

A G

1.7 73K

R

_ 35k
it

7
§ §F
7

§ E4T
ﬁ: K — K=02328767123

Mow substitute this constant of proportionality back into the original variation
eguation:

v =Kx
=232 I6T 1255

continued...
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DIRECT AND INVERSE VARIATION

Example D, continued...

Rounding should only be done after all calculation has heen completed.
Otherwise, a rounding error could cause the final answer to be inaccurate.

YWe can now answer the guestion, "What is x when »= 527"
MOTICE!N This time we are asking for x instead of .

y=02328767123x
a=028087611 23
0. 2=T2328767123x

5.2 02328767123 x
0.2328767123  0.2328767123

5.2 AR x
0.2328767123 DAZARTETLNE

223294116 = x

Finally, we round the answer. Since the nurnbers given in this problem are all
given to the nearest tenth, we will round our answer to the nearest tenth:

X225

RESTAR
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DIRECT AND INVERSE VARIATION
Extended Example 3a

Suppose that & is directly proportional to g, and & = 32 lwhen p = 23.4
VWhatis p when 0 =12.37

(Hint )
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DIRECT AND INVERSE VARIATION

Inverse VYariation
Yariable ¥ is said 1o be inversely proportional I0 x (also stated as "y wvaries

K
inversely as x "), provided that » = — for some constant & | the constant of
X

proportionality.

As with direct variation problems, a good rule to follow is to give exact answers
when the problem is stated using integers. If the problerm is stated using
decimals, round to the same apparent unit as the given decimal numbers.

EXAMPLE E
Suppose that ¥ is inversely propartional to x , and ¥ = 14 when x =10 What
i5 ¥ when x=37

K
YWe are toldthat ¥ = —. Substitute ¥ = 14 and x = 10 into this equation to

X
i
solve for the constant of proportionality, £ y= —
X
i
14=—
10

1[]'14:1[:]'£
10

10K

i
10-

140 = &

continued...

i-'d‘-_."l." ] = ’ g i -135 .'l G
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DIRECT AND INVERSE VARIATION

Example E, continued...

Substitute this constant of proportionality back into the original inverse wvariation
equation:

Mow we can answer the question, "What is » when x = 37"

[ s
-390 = eE

¥

Anain, note how similar the above example is to the previous ones - first use the
given information to find &, and then answer the guestion that was posed.
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DIRECT AND INVERSE VARIATION

Extended Example 4a
Suppose that z is inversely proportional to £, and z = 12.83 when ¢ = 2.79 .
Whatis z when £=15.207

[Hint |
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DIRECT AND INVERSE VARIATION

EXAMPLE F
Suppose that » is inversely proportional to x, and y =12.9 when x=48.7.
YWhatis x wheny =3337

K
We are toldthat y» = —.
X

Substituting » =12 % and x = 48.7 into this equation, we can soke for the
constant of proportionality, &

628.25 =K

Substitute this constant of proportionality back into the ariginal inverse variation
equation:
il 62823
J_.? = — ..}? =
x
continued ...
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DIRECT AND INVERSE VARIATION

Example F, continued...

Mow we can answer the question, "“What is x when ¥ = 33 37" Substitute in
this value for ¥ :

| 628.23

X

628.23
3353 =
x

¥

Multiply both sides of the equation by x to eliminate the fraction:
H28 23
A e o
X

% 62823

e

33 3x=062823

333%=

Divide both sides of the equation by 23,3 to solve for

33.3%. H2E2S

253 355
Fd-d-x 028,23

preen s 33.3
x=18.86576577

FRounding this answer to the nearest tenth, we get x = 18.9 .

| & RESTART 17 of 18
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DIRECT AND INVERSE VARIATION
Extended Example 5a

Suppose that A is inversely proportional to B, and A = 24 when 8 = 36 .
Wwhatis B,if A=307

L3

& RESTART END O on {BACK |

Module 10- Section 6- page 18



If ¥ is directly proportionalto x,and y =12.2 when x =3.1,
find x when y=2.8

If ¥ isinversely proportionalto x, and y = 87.3 when

x=29.1, find ¥y when x = 4.3 (Round off your answer to the
nearest tenth.)
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If ¥ isinversely proportionalto x , and y = 32.1 when

x=21.2 find x when y =100 (Round off your answer to the
nearest tenth.)

If v is inversely proportionalto x, and y =51.9 when
x=11.3,find y whenx=123.4.
(Round your answer to the nearest tenth.)
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