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Maintaining Mathematical Proficiency

Properties of Integer Exponents

X7 . x?

Example 1 Simplify the expression a3

Proclct af Powers Property

Al exponents.

Cutient of Powers Praperty

Subvbract EXPENES

1}
Example 2 Simplify the expression { 2:1]

['1;& ) o sy
[ fi
22 . ()
= = |!: : Poveeer of a Product Propeety
455

= — Portrer of a Power Property
i

Poerer of a Quatient Property

simplify the expression.

£
A

.

6. [Mlm J

V2% = 1)

Rewriting Literal Equations
Exampla 3 Solve the literal equation =5y = 2x = 10 for y.
y=2y= 10 Wiite the equation
2y = 10+ 2 Al 2% b mach side
-5y =10+ 2x Samplily

3 _ 104
s = - Dracle each sk by =%,

y= =2 == Sampliy
Solve the literal equation for y.

7. 4c+y=12 . X — 1y 9, 2y—-9=13x
10, Zxy + oy =10 11 Sy —dxy=3 12. o4+ Ty =15

13, ABSTRACT REASONING [Isthe order in which you apply properties of exponents important?
Explain your reasoning.

Dynamic Solutions available at BigldeasMath.com




Mathematical |
Practices

Mathematically proficient shudents express numerical answers precisely.

Using Technology to Evaluate Roots
) Core Concept

Evaluating Roots with a Calculator
Example

siqare root |
Squeare root; Ved =3 : iy LC %

Cube oot Vied =4

N0 2560

loumth roat %

Fourth root: V256 =4 P L

Fifth rood; 17 = | Fifth root "

Approximating Roots

Evaluate each roof using a calculator. Round your answer Lo two decimal places.

a. V50 b V0 e VD d VS0

SOLUTION

Round down S (50
F.OFTGTE12
SIS0}

Bound down, 1 AELOT1400

e 2.5 A TS
Round ugs SRC5O
o BT T e

Round up

Monitoring Progress

1. Use the Pythagorean Theorem to find
the exact kogths of a, b, ¢, and o
in the figure.
. Use gcalenlator to approximate each kength
tor the nearest tenth of an inch.

. Wse g miler to check the reasomable ness of
YOUP ANSWETS,
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nth Roots and Rational Exponents

CONSTRUCTING

VIABLE ARGUMENTS

To be proficient in math,

you need to understand
and use stated definitions

and previously established

results.

>

Essential Question 1owcan you use a rational exponent to
represent a power involving a radical?
Previowsly, you learned that the nth roo of @ can be represented as
g = gl Prefimition of rational exponent
for any real nomber @ and integer o greater than 1.

TGRSRl Exploring the Definition of a
Rational Exponent

Work with a partner. Use a calculator to show that each statement is troe.

a. V9 = gin2 b V2 =21 e VE =g
i, -.}-'E = 313 e, '.j-"]_ = [giM i 1:'.-'E = | 204

s Ihile 'l VVriting Expressions in
— & Rational Exponent Form

Work with a pariner. Use the definition of a rational exponent and the properties of
exponents to write each expression as a base with a single rational exponent. Then use
a caleulator to evaluate each expression. Round your answer to two decimal places.

Sample
Y3
(V3] = @any 25198421
= 413
=131
a. (V5F b (¥3) e (Vo
d. (V10) e. (VIsY r. (Var)

L ENI[e L EN  Writing Expressions in Radical Form

Work with a partner. Uss the propertics of exponents and the definition of a
rational exponsnt to write each expression a8 a radical raised to an exponent, Then use
a calculator to evaluate each expression. Round your answer to two decimal places.

Sample 5% = (512 = (V5] ~ 2.2
a g2 b 6 c. 12%4
d. 107 e. 16 f. 20%

GCommunicate Your Answer
4. How can you use a rational exponent Lo represent a power invelving a radical?
5. Evaluate each expreszion wilfoud using a calculator, Explain vour reazoning,
a 40 b J2te o G253

d. 49 e, 12543 f. 10053

Section 5.1 nth Roots and Rational Exponents 237



Core Vocabulary.

ath roct of 2, p. 238
index of a radwcal, p. 238
Previous

sLare [l

cube raot

exponent

UNDERSTANDING
MATHEMATICAL
TERMS

What You Will Learn

B Find nth roots of numbaers,
P Evaluate expressions with rational exponents.
P Solve equations using nth roots.

nth Roots

You can extend the concept of a square root 1o other types of roots. For example, 2 is
acube root of & because 2% = B In general, for an integer # greater than 1, if 4" = a,
then & is an ath root of a. An rth root of 4 s written as ¥a, where n is the index of
the raclical.

Your can also write an nth root of a as a power of a. If you assume the Power of a
Porver Property applies (o rational exponents, then the following is e,

l;nll'l}': =ﬂ||ﬂ;l'i —_ HI' =
l;.dlﬂ}.’l =4::|””:"3 ax .|'i[ =4
I:.ﬂl'“'}" - ﬂ-III'-I:---l - ﬂ'l' =g

Because a"™ iz a number whose square is a, vou can write va = a', Similarly,
va = a'™ and ¥ = a'™. In general, ¥ = o' for any integer n greater than 1.

&) Core Concept

When nisevenand a = 0,

there are two real roots,
The positive root is called
the principal root,

>

Real nth Roots of a
Let s be an integer (n > 1) and let a be a real number.

it i= an even integer a 15 an odd integer
a < 0 Noreal nth roots a = 0 Opereal nth roo: Va = a'™
a=0 Onereal nth root: Y0 =0 a=0 Onerealathroot: ¥0 =0
a > 0 Tworeal nth roots: =%a = =ql™ jaz=10 Ope real nth root: €a = a'™

L

AN Finding nth Roots

Fimd the indicated real sth root(s) of a.
a4 5 =3a=-216 b. =4 a=8§81

SOLUTION

a. Because n = 3 iz odd anda = - 216 < 0, — 216 has one real cube root.
Because (—6)F = —216, you can wrile ¥ —216 = —6 oc {—216)'% = —6.

b. Because i = 415 even and a = 1 > 0, £1 has two real fourth roots.
Because 3 = 81 and (-3 = £1, vouo can wrile :":’EI =+3pr +8]H = =3

Hﬂﬂﬂﬂ'rfﬂg Prﬂﬂrﬂﬂf 41? Help in English and Spanish at BigldeasMath.com
Find the indicated real mth root(s) of .

t.an=4,a=16 2.n=la=—49
a=3a=—125 4. n=5a= 243

238 Chapter 5 Rational Exponents and Radical Functions



COMMON ERROR

ta enclose & rational

Without them, the
calculator evaluates a

power and then divides:
8*:/5 = 1.8.

exponent: 24{1/5) = 1.55.

Rational Exponents
!

A rational n.'r-.puﬂr:rli docs not have o be of the l'u'rn . Uiher rational numbers, such

a5 = : =and _E' can also be uzed as exponents. Two pmp:iufs of ratienal exponents are

shl:mn be:Tomwy,

&) Core Concept

Ee sure to use parentheses

>

Rational Exponents
Let '™ be an nth root of a, and let m be a positive integer.
amin = (glimym = (Wa )"

g e ] G
a F m-1 -'-1}'.'1 {ﬁ J"I" a

FEACIININ Evaluating Expressions with Rational Exponents

Evaluate each expression,

a 167 b 32739
SOLUTION
Rational Exponent Form Radical Form
3

a 1697 = (1617)° = 4 = 64 167 = (V16) =47 =

- 1 1 1 _ 1 -3 1 B RpTTI |
b 327 = e = eI =51 = e - ]

32 (325 228 iz ["."'31]' ¥ 8

When uzing a calculator to approxinate an sth rool, you may want to rewrite the nth
rood in rational exponent form.

Approximating Expressions with Rational
Exponents

Evaluate each expression using a ¢calculator. Round your answer to two decimal places,

a U8 b. 124 e (7Y
SOLUTION
et o 1. 551845574
b, 123 = 2.54 127C3/8)
S S |
¢ Before evaluating '['n.i-'r]_"rj, rewTite the FALTIEY C
expression in rational exponent form. 4. 30851701

(47) =78 ~ 430

Mﬂﬂﬂﬂfiﬂﬂ Prﬂﬂrﬁﬂ'ﬂ ‘ﬁ\' Help In Engish and Spanish at BigideasMath.com
Evaluate the expression without using a calculator

§. 4% 6 911 7. g3 8 1'®

Evaluate the expression using a caloulator, Round your answer toiwo decimal
places when appropriate,

9, 625 10. 64— 1. (¥T6) 12. (¥ =30)

Section 5.1 nth Roots and Rational Exponents 239



COMMON ERROR

When nisevenand & = 0,

be sure to consider both
the positive and negative
nth roots of a,

>

Solving Equations Using nth Roots

To solve an equation of the form u® = &, where 4 15 an algebraic expression, Lake the
mh root of each side.

AR  Solving Equations Using nth Roots

Find the real solution(s) of (a) 4% = 128 and (b) {x — 3¢ = 21.

SOLUTION

A dr® = 128 Write cniginal squation
xF =32 Drade eadch sde by 4.
x=V32 Take fitsh root of each side.
=2 Sirmphk,

P The solutionisx = 2.

b ix -3¢ =2 Write cnginal squabion
x -3 =242 lake fowrth roet of each side.
r=3=V21 Add 3 1o eadh side,
I=3+ ‘:-'"'ﬁ wrx=3- ‘:"'1"_1 Wiite solubions separately
x =514 or x = 086 Use & caloulator,

P The solutions are x = 5.14 and x = (.86,

SN Real-Life Application

A hospital purchazes an ultrasound machine for $50,000, The hospital expects the
mseful life of the machine to be 10 vears, at which time its value will have depreciated
to SR000. The hospital uses the declining balances method for depreciation. so the
anmuial depreciation rate r(in decimal form) i given by the formla

- (8

In the formula, n is the useful life of the ftem {in years), § is the zalvage value (in
dollars), and C is the original cost (in dollars). What annual depreciation rate did the

hospital use?
SOLUTION

The usefl life is 10 vears, son = 10, The machine depreciates to 33000, so0 § = 5000,
The criginal cost iz 330,000, g0 O = 30,000, 5o, the annual depreciation rate is

N | ls]”ﬂ_ ) [ Sg}g )'I.']E . ) {:I-\]'II'IU o
r=1 {-E' =1 30,000 =1 75 0.167.

B The annual depreciation rate is about 0,167, or 16.7%.

Hﬂﬂﬂﬂrfﬂﬂ Frﬂgrﬂﬂf ‘.E Heip in English and Spanish at BigldeasMath.com

Find the real solutionds) of the equation. Round your answer (o twao decimal
places when appropriate.

13 8¢ =64 14, é-.\d = 312 15. x+5Y =16 6. -2¥=-14

17. WHAT IF? In Examople 5, what is the annual depreciation rate when the salvage
value is F60007

240 Chapter 5 Rational Exponents and Radical Functions



5-1 EKEI‘ C|5E5 Dynamic Solutions available at BigldeasMath.com

— Vocabulary and Core Concept Check

1. VOCABULARY Rewrite the expressiona*" in radical form. Then state the index of the radical.

2. COMPLETE THE SENTENCE For am integer n greater than 1, if &* = g, thenbisainy ____ ofa.

3. WRITING Explain how to nse the sign of a (o determine the number of real fourth roots of a and the
number of real fifth roots of a.

4. WHICH ONE DOESH'T BELONG? Which expression docs nof belong with the ofher three? Explain
YOI [EAS0MINg.

(' (&a)" (¥a) ™ amn

Monitoring Progress and Modeling with Mathematics

In Exsercises S=10, find the indicated real nth moot(s) USING STRUCTURE In Exercises 21-24, match the
of &, (See Example 1.) equivalent expressions, Explain your reasoning.
vl
5. n=%a=8 6 n=5a=-1 21. (¥5) A, 5-14
3
7. n=2a=0 8. n=4,a=256 22, |V5) B. 54
9. n=5a=-32 0. n=6a=-729 73 |_ P 1
Vs
In Exercises 11-15, evaluate the expression withoul d o b
using a calculator. (See Exampie 2.) 4. —V5 p. 5%
11, 418 12. 14

In Exercises 25=32, evaluate the expression msing a
calculator. Round your answer to two decimal places

13, 5 4. 1 when appropriate. (See Example 3.)

15. (=243)\5 16. (—640% 25. /32,768 26. V1695

17. §-18 18. 16~ 21, 5% 28, 51

ERROR ANALYSIS In Exercises 19 and 20, describe and 29. 20,736'4 30. B4=HE

correct the errvor in evaluating the expression, 3 ARy |

s 31. {¥187) 32. (V=8]
28 = 1/

X a7 (277%) MATHEMATICAL CONMNECTIONS In Exercises 33 and 34,
=4a¢ find the radius of the figure with the glven volume.,
=51 33. V=21610" 34. V=1332cnt’

20,

x 256+ =({256) e

=4 ' & om

Section 5.1 nth Roots and Rational Exponents 241



In Exercises 35-44, find the real solutionis) of the
equation. Round your answer totwo decimal places
when appropriate. (See Fxample 4.)

35 x*=125 36. Sy = 1080
37 x4+ 100 = T0 38. (x— 50 =125
39. x3i= —48 40, Tx? =356

M, x¥+ 36 =100 42, ¥+ 4 =25
43, ixi =27 a4, xi=-36

]

45, MODELING WITH MATHEMATICS When the average

price of an item increases from py o @, over a period
of i years, the annal rate of inflation r (in decimal

1in
form) is givenby r = [‘;E:] = 1. Find the rate of
1

inflation for each item in the table. (See Example 5.

R
Potaioes (1b) 30016 50627
Ham (b} $0.251 32.693
Eggs {dozen) : $0.373 $1.933

HOW DO YOU SEE IT? The graph of y = x* is shown
inred. What can you conclode about the valoe of 2?2
Determine the mumber of real ath rools of 4. Explain
VOUT [easoning.

‘f —— -
2=
- —-
| L
¥
Y

47,

49,

30.

NUMEBER SENSE Between which two consecutive
intepers does V125 lie? Explain your reasoning.

THOUGHT PROVOKING In 1619, Johannes Eepler
published his third law, which can be given by

d? = 1*, where 4 is the mean distance (in astronomical
units) of a plapet from the Sun and { is the time

(in vears) it takes the planct to orbil the Sun, It takes
Mars 1.88 years to orbil the San. Graph a possible
location of Mars. Jnstify your answer. (The diagram
showvs the Sun al the origin of the xy-plane and a
possible location of Earth.)

&Y

, L9

=Y

Y Mot dranan o soale

PROBLEM SOLVING A weir is a dam that is bailt
acToss a fver to regulate the low of water. The flow
rate {2 (im cubic feet per second) can be calculated
using the formula O = 3367857, where £ is the
length (in feet) of the bottom of the spillway and A

is the depth {in feet) of the water on the spillway.,
Determmine the flow rate of a weir with a spillway that
is 20 fect long and has a water dopth of 5 feet.

REPEATED REASONING The mass of the particles that
a river can transport is proportional to the sixth power
of the speed of the river, A certain river normally
Aows at a speed of 1 meter per secomd, What muost jis
gpered be in order to transpont particles that are twice
as massive a5 nzual? 10 tmes as massive? 100 imes
as massive?

_Mﬂi Hfﬂiﬂlﬂg Mafhamaﬁﬂal Prﬂfiﬂiﬁ-ﬂ GT FicienE Wina [ ol Beaumed o pded Cu s gracdes and lessons

Simpify the expression. Write your answer using only positive e xponents,

41

5. 5.5 52. Fij

Write the number in standard form.

53. (z3)-?

{hliide Review Hangiook )

{Skillz Review Hondbook)

E]‘

sa. (2

55, 5 % 107 56. 4 x 1077
7. 8.2 ¥ 107 g, 693 x 1¢
242 Chapter 5 Rational Exponents and Radical Functions



Properties of Rational Exponents

and Radicals

USING TOOLS
STRATEGICALLY

Ta be proficient in math,
you need to consider the
tools available to help you
check your answers, For
instance, the following
caleulator screen shows
that V4 . VZ and VB

are equivalent.

R IEEY
(B

Ml

Essgential Qﬂ&ﬂﬁﬂﬂ How can you use properties of exponents o
simplify products and quotients of radicals?

SR L ENIIS RN Reviewing Properties of Exponents

Work with a partner. Let 2 and B be real numbers, Uss the propertics of exponenis
to complete each staterment. Then match each completed statement with the property
it illusirates.

Statement Property
. a7¢t=___  _a#0 A. Product of Powers
bofaby = __ B. Power of a Power
o @@= . Power of a Product
de o v it = D. Negative Exponent
43
e (;‘-1} - b0 E. Zero Exponent
A ﬂi = La%Q E CQuotient of Powers

G. Power of a Quootient

e Ihiel bl Simplifying Expressions with
Rational Exponents

Work with a partmer. Show that you can apply the propenties of infeger exponents
to rational exponents by simplifving each expression. Use a calculator to check vour
ANSWErS,

a. §UF . 540 b, 315 . 348 e (4
. g 733
d. l._lﬂ"'.:l'l' £s m f. ﬁ

Dl = Simplifying Products and
EXPLORATION 3
Quotients of Radicals

Work with a partner. Use the properties of exponents Lo wrile each expression as a
single radical. Then evaluate each expression. Use a caleulator to check your answers.

a. V3 V12 b V5.V e V2T -V3
Jon & -
o VR - p Y85
V2 V1024 Vs
Communicate Your Answer
4, How can you use properties of exponents to simplify products and quotients
of radicals?
5. Simpliry each expression.
a. V27 .V b ?;E e (5172 . 1EIHy
V15

Section 5.2 Properties of Rational Expenents and Radicals 243



Core Vocabulary

simplest farm of a radical,
P 245

conjugate, o 246

ke radecals, p 246

Previous

properties of integer
exponents

rationalezing the
demormanalor

abisolute value

COMMON ERROR

When you multiply powers,
go not multiply the

ex ponents. For example,

e 32 35 £ 310

244 Chapter 5

What You Will Learn

B Use properties of rational exponents to simplify expressions with

rational exponents.

B Use properties of radicals to simplify and wnte radical expressions

in sim plest form.

Properties of Rational Exponents

The properties of integer exponents that vou hiave previously learned can also be
applied o rational exponents.

&) Core Concept

Properties of Rational Exponents

Let @ and & be real numbers and ket /o and 1 be rational numbers, such that the
quantities in cach property are real numbers.,

N

Property Name Definition Example
Frodict of Powers a7 e gt = gmte 51-“2 . 53-’2 = 51;1-".?+.*I‘E:' = 5'.‘ = 29
Power of a Power (™ = g™ (3 = A -2 = 91 o 243
Power of a Product | {ab)™ = a™b™ (16+ 2 =16 0 =4.3=12
, e RN - 1 1

Negative Exponent A . kO | IR = ST " 2
Zero Exponent a’=1la#0 213% =1

am™ 449 , ) :
Quotient of Powers - | — = "% a4 # Ol == HI-10 = 42 = 16

; raym  gm [[?T i 2

s ek AL - = =

Power of a Quoticnt 1-!::! e b#0 454} A 3

Using Properties of Exponents

Use the propertics of rational exponents to sinplify cach expression,

a, TV LTI o T 1R T

b. (6!7 . 415 = (§U2)]

o {45 . 35)—1.!’:'- = [':."I - 3}5]—1.‘5 = UE_‘-:'—H! = 135 -1-15) = 121 =

" ['4]-'.’-}‘! = gl =0 . 4132 = Bl & 423 = § - 423

==

. . "‘L
Hﬂﬂﬂ'ﬂ'rmﬂ Frﬂgrﬂﬂﬂ' ‘?'1 Help in English and Spanish at BigideasMath.com

Simplify the e xpression.

1, 284, iz

’.-'ﬂm}j
3. (Slﬂ_

Rational Exponents and Radical Functions

3
2. 5

4. {5_]."! 2 TI.I'I}EI




Simplifying Radical Expressions
The Power ol a Product and Power of a Quotient properties can be expressed nsing
radical nodation when m = % for some integer n greater than 1,

&) Core Concept

Properties of Radicals
Let a and & be real numbers and let i be an integer greater than 1.
Property Name Definition Example

Product Property Vasb=¥a.0 | Va.V2=Vi=2

. @_va 162 iz w—
Quotient Property ‘?E‘ﬁ'“*“ e T-vﬁ-z

S EALIUNIFN  Using Properties of Radicals

Use the propertics of radicals to simplify e ach expression.

a V12 VIg=Vi2.18 = "3"'215 =4 Product Property of Radicals
TR ;

In, --EEI = ,TIIIEIiEII =16 =12 Quatient Property of Radicals
¥ Vs

An expression involving a radical with index n is in simplest form when these three
conditions are met.

+ Mo radicands have perfect nth powers as factors other than 1.
+ Mo radicands contain fractions.
+ No radicals appear in the denominator of a fraction.

To meet the last two conditions, rationalize the denominator by multiplying
the expression by an appropriate form of 1 that eliminates the radical from
the denominator,

FEAISNIEN  Writing Radicals in Simplest Form

Wirite each expression in simplest form.,

5
o VI3 b1
Ve
SOLUTION
a. ¥ 135 = ¥ IT+5 Factor out perfect mabe.
=VIT V5 Product Property of Radicals
=35 Sunpleby.
H 3
b ﬂ = il . ﬁ Make the rachcand in the denominator a perfect fifth power
Vs VE VA4
3
R
= E Product Property of Radicals
V32
5
= Y18 semplify.

I-\.h!

Section 5.2 Properties of Rational Expenents and Radicals 245



246 Chapter 5

For a denominator that is a suom of difference involving square roots, maltiply both the
numerator and denominator by the conjugate of the denominator. The expressions

.::1."3 + {"-"'E and ﬂ‘f@ - .;-‘.,."E

are conjugates of ¢ach olher, where a, b, ¢, and & are rational numbers,

AR Writing a Radical Expression in Simplest Form

Wrile in simplest form.
5+13
SOLUTION
1 .= | - V3 The conjugate of 5 + V3 is§ — V3.
54+v3 5+43 53
- Is - ﬁ’: Sum and Difference Pattem
51— (3]
_5-13 i
= sampdify

Radical expressions with the same index and radicand are like radicalz. To add or
subdract like radicals, use the Distribative Property.

SHALLRRN Adding and Subtracting Like Radicals and Roots

Simplify each expression.
a V10 +7V10 b. 2(8V%) + 1E1S) e Vi -2
SOLUTION

a V10 + 710 = (1 + W10 = §V10
b, 2(8Y7) + LINB'Y) = (2 + 100(8"%) = 12(8")
e VR -VI=VT - V2-V2=32-12=0-1W2=202

Hﬂﬂﬂﬂrfﬂg Prﬂgrﬂﬂg ‘ﬁf} Help in English and Spanish at BigideasMath.com
Simplify the ¢ xpression,

3
5. VZ7 -3 6 1 7. Viod s {2
V2
a, Eﬁr 10. 7912 =912 1. a0 + gy 12, V5 4+ Vao
6=z

The: propertics of rational expoments and radicals can also be applicd o expressions
involving variables, Becanse a variable can be positive, negative, or 2610, sometimes
absolute valoe is needed when simplifying a variable expression.

Rule Example

When n is odd Vit =y VS = 5and V(—5) = -5
Whennis even | 'y = |x| V3t =3 and V(=30 =3
Absolute valne iz not needed when all variables are assumed to be positive.

Rational Exponents and Radical Functions



STUDY TIP

You do not need to
take the absolute value
of y because yis

being squared,

COMMON ERROR

You must multiply both
the numerator and
denominator of the
fraction by +y so that
the value of the fraction
does not change.

>

EXAMPLE &

simplifying Variable Expressions

Simplify each expression, =
1 x4

a. W/ 64y*

SOLUTION

a Y61y = VB = VE G =4y

EXAMPLE 7

Writing Variable Expressions in Simplest Form

Wrile each expression in simplest form. Assume all variables are positive,

5 X l4xy!=
a. W dathls i '-i'? b W
SOLUTION

a. Vaabie = Vada e
= "3:.-35&“5':'5' P "-.::"I-'i.ﬂ:l’?"

Fackor ot perfted fifth prwers

Product Property of Radicals

= ﬂhlﬂ*:"'ﬁ Smplify,
b, '.i-"x? - 1::_% * % hake deneminator a periect aube,
¥ ¥
= I:—ﬁn Product Property of Radicals
¥
= T Simpify.
c %?:_i = ol =M -6 = Jyliylags

EXAMPLE 8

Adding and Subtracting Variable Expressions
Performeeach indicated operation. Assome all variables are positive.

a SF + 6y b 12V27 — V5ag
SOLUTION

& 3y + 6y =5 + by = 11y
b 12V22 — V5427 = 12028 - 3V = (122 - 39V22 = 9027

Monitoring Progress 4']}’:' Help in English and Spanish at BigideasMath com

Simplily the expression. Assume all variables are positive,

—
3 ;.||l-:-|I:I ﬁr:lﬂ.q — B0
13. 4/27g 14. 1|'r '_'}3 15. *iﬁn}l—'—'-m 16. Vou® — wiw?
Section 5.2 Properties of Rational Expenents and Radicals 247



5.2 Exercises

Dynamic Solutions available at BiglideasMath.com

s

— Vocabulary and Core Concept Check

VY

1. WRITING How do you know when a radical expression is in simplest form?

T

2. WHICH ONE DOESN'T BELONG? Which radical expression does nod belong with the other three?
Explain vour reasoning.

3 ax

Monitoring Progress and Modeling with Mathematics

In Exercises 3-12, use the prope ities of rational

exponents to simplify the expression. (See Evample 1)

3, E'l:'}i_i:.-'.*

Li]
5 T E.IT

g, {3—1."5 2 31-‘3}—1

25 , | G
Lt Lk

1.

In Exercizes 13-20, use the properties of radicals to
Amplify the expressfon.

13. V2 .72
15. V6.3
V186
3
Ve VT2
S

17

19

4. (17N

10, Ljh'? *5—.'!-"1]—'.-3

4007 , 407
ko

12.

[(See Example 2.)
1. V16 V32

16. Ve Ve

18. —

20,

In Exercizes 21-28, write the expression in simplest

form. (Ses f'.'.l..rmn'p i 3.}

21. V367
23. E
W
e u'%
. {2
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22. 2R

o =

'\.ur_,-I
V27
|'_IT
3T
26, V3

4/ 1296
¥ 25

24,

28.

In Exercises 29-36, wrile the expression in simplest

form. (See Exvample 4.}

1
28, —
1+ 3

3 5 i

. T

_?

V3 4+ V7
".-'ra

Vi -y

1.

33,

35,

30,

32.

36,

2415
11
95— Vo
2
'|r|";r
Vio - V2

In Exercises 37-46, simplify the expression,

(See Evample 5.
37. V11 + 3911
39, 311 + 911%™
M, V12 - 193
43, V24 + W7

45. 5(24'%) — 4(317)

28,

40,

42,

44,

46,

g3 - 12V3
13(8%) — 4(8")
76 + 71V150
™2 - V128

51 + 6i405™)

47. ERROR ANALYSIS [Describe and cormect the crmor in

simplifying the expression,

X

Rational Exponents and Radical Functions

3912 + 512 =(3 + By 24

=824
=8VB.3
=B.243
=16V3



48. MULTIPLE REPRESENTATIONS Which radical

expressions are like radicals?
@ 2
(¥5)
© Vs @ V5145 - VET5

By V5 +3V5

Fy 7VE0 - 2V40s

In Exercises 49-54, simplify the expression,

(See Exdample &.)

49, 4/81y*

53, "%"

50, VEirie
o

5.2- ? m

54, [ L
"_'E.p"l

55L. ERROR AMALYSIS Describe and correct the error in
simplifying the expression,

X

Jeani _ Vean:

V g*

{a®

s

24

g4

26. OPEN-ENDED Write two variable exprezsions
involving radicals, one that needs absolute value in
simplilying and one that does not need absolute valoe.

Justify your answers.

In Exercises 57-6d, write the expression in simplest
form. Assume all variables are positive, (See Fxample 7.

57. VSlabish

160m*

59- 4 """'.r'ilr"""'"
YW oV
VIEWE

[ Ew 1 13‘15.'\-1
2TTwi Il

61,

63.

58. Virsr

gp, AToM Y

6.2,

] —u3
ga; TP M

Section 5.2

In Exercises 65=T0, perform the indicated operation.
Assume all variables are positive. (See Evample 8 )

65,

66,

67.

69.

70,

1297 + 9y
11V - 5v2z
BT — 577
TVm + 3mt
V16w1® + 2wiws
@ py - V16

MATHEMATICAL CONNECTIONS In Exercises 71 and 72,
lind simplified expressions for the perimeter and area of

the given figure,
. P | ] T2,
- - « M3
axvE
AxlE
73. MODELING WITH MATHEMATICS The optimmm

74,

Properties of Rational Expenents and Radicals

diameter & (in millimeters) of the pinhob: ina pinhole
camera can be modeled by f = 1LO(53.5 = 10744,
where £ 5 the lengih (in millimeters) of the camera
box. Find the optimum pinhole diameter for a camera
box with a length of 10 centimeters.

L L
T S I - Tilmy
bl SRS — F 3
g B WS S |
FFFF I
Y

MODELING WITH MATHEMATICS The surface arca §
(in square centimeters) of a mammal can be modeled
by 8 = k™, where i i3 the mass (in grams) of the
rmamural and £ 18 a constant. The table shows the
values of & for different mammmals.,

Human Eat
575

Mamnial
Value of &

Rabbit
975

11.0

a. Find the surfsce area of a bal whoss mass is
32 grams,

b, Find the swrfsce areqs of a rabbit whose mass is
3.4 kilograms (3.4 % 10° grams).

¢ Find the sinclvce area of 2 human whose meass i
59 kilograms.

249



73.

MAKING AN ARGUMENT Your friend claims it iz nof
possible to simplify the expression 11 - ;s
becamse it does nof contain like radicals. Is your friend
cortedct? 1".'.'-;*11:\1'11 WO e AS0MLNgE.

PROBLEM 5OLVING The apparent magniude of a star
i & number that indicates how faint the star is in

2512
_ 2517 o
how many tmes Tainter a star with apparent magnitide

iy is tham a star with apparent magnitde me,.

relation to other stars, The expression

Star ::;:;ﬂte Constellation
| Vepa | 003 i Lyra

Altair 0.77 Adquila

Dench 1.25 Cypms

a. How many times fainter is Altair than Vega?
b Howw many times fainter is Deneb than Altair?

¢ How many tmes fainter is Deneb than Veza?

77, CRITICAL THINKING Find aradical expression for

the perimeter of the iangle inscribed in the square
shown. Simplify the expression.

2

\

B

— Maintaining Mathematical Proficiency

T8,

.

&l

1.

HOW DO YOU SEE IT? Without finding points, match
the functions fix) = V&4x? and g(x) = V 64r® with
their graphe. Explain your reasoning.

i 1
i

-3
ks
)

REWRITING A FORMULA You have flled two rowmd
talloons with water. Cne balloon contains bwice as
muxch water as the other balloon,

a. Solve the formmula for the volume of & sphere,
V= Zard, for r.

b, Substitute the expression for r from part (a)
inter the fornmula for the surface arca of a sphere,
§ = 4o, Simplify to show that § = @155V

o Compare the surface arcas of the two water
balloons using the fornmla in part (b,

THOUGHT PROVOKING Determune whsther the
expressions (r*)*% and (x'#)* are equivale nt for all
values of X,

DRAWING CONCLUSIONS Substitute different
combinations of odd and even positive integers for
m and n in the expression W™ When you cannol
assurme ¥ s posiive, explain when absolute value i
necded in simplifying the expression,

Identify the focns, directrix, and axis of symmetry of fhe parabola, Then graph the equation.

{Section 2.3}

82, v= ! 83, yi= —x

Wrile a rule For g, Deseribe the graph of g as a transfonmation of the graph of f.
8. )= -z gx=f0-3
8. fid=2"+ I = -lrr,ﬂ.r} = f{ir)

85, fix) =% — 3? — 2, p(x) = —fix)

B, fi="-450=fix-2

250
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B4, ¥ =4y

(heclion 4.7}
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Graphing Radical Functions

Essential Question 1owcan you identify the domain and range
of a radical function?

SN LENI[s VRN [dentifying Graphs of Radical Functions

Work with a partner. Match each function with its graph. Explain vour reasoning.
Then identify the domain and range of ¢ach function.

a. fix) = & b. fix) =% e fix) =¥ d. fix) =%
A. 4 B. 4
= {(T'. g .2 I ! P g
—d -
C. 4 D. A
=& [ & g

v
£

SN LENIlel S  Identifying Graphs of Transformations

Work with a pariner. Maich cach transformation of fiix) = o with its graph.
Explain your reasoning, Then identify the domain and range of cach function,

L px)=Vi+2 bhpix)=Vx—-2 o pX)=Vx+2-2 d gix)=-Vx+12
A 4 B. 4

P o r " __/_[;,zz 6

=B i.__q'.
--.____-_-.
LOOKING FOR & -4
STRUCTURE
ficient i .

T i Communicate Your Answer

SR U SORETY. B RALERIT DY 3. Hewr can you identify the domain and range of a radical function?

structure.

D 4, Use the results of Exploration | to describe how the domain and range of a radical
function are related to the index of the radical.

Section 5.3  Graphing Radical Functions 251



Core Vocabulary

rachcal function, p 282
Previous
transformations
parabala

circle

L

STUDY TIP

A powaer function has the
form y = ax®, where & is
a real number and b £ &
rational number. Motice
that the parent square
root function is a power
function, where a = 1
—and b = 5.

LOOKING FOR
STRUCTURE

Example 1{a) uses x-values
that are multiples of 4
50 that the radicand is
an integer.

What You Will Learn

B Graph radical functions.
B Write transformations of radical functions.
B Graph parabolas and circles,

Graphing Radical Functions

A radical function containg a radical expression with the independent variable in
the radicand. When the radical is a square rool, (he function is called a squuare mood
Sunction. When the radical is a cube rool, the function is called a cube mod fimetion.

&) Core Concept

>

>

Parent Functions for Square Root and Cube Root Functions

The parent function for the family of The parent function for the family of
square root functions is fix) = v, cube root functions is fix) = V.

]

Domain: x = 0, Range: y 20 Domain and range: All real nurnbers

FHNIEBN Graphing Radical Functions

Graph each function. ldentify the domain and range of each function.
1

& fix) = 4J5x
b. gix) = =33%
SOLUTION

a, Make a table of values and sketch the graph.

x L 4 B 12 16

y| o | 1 |141|073]| 2

P The radicand of a square roo monst
be nonnegative. So, the domain isx 2 0,
The range sy = 0.

b Make a table of values and skeich the graph,

X =2 =] i I 2

y | 378 3 0 -3 | -3.78

P The radicand of a cobe roof can be any real ELL L] L]
aumber. 5o, the domain and ange are all S L P
real mumbers, '
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LOOKING FOR
STRUCTURE

In Example 2(b}, you can
use the Product Property
of Radicals to write

glx) = —2¥%. S0, you can
alse describe the graph
of g as a vertical stretch
by a factor of 2 and a
reflaction in the x-axis

of the graph of f,

>

In Exampk: 1, notice that the graph of fis a horzontal streich of the graph of the
parent square root function. The graph of g i& a vertical sreich and a reflection in
the x-axis of the graph of the parent cube rool function. You can transform graphs of
radical functions in the same way you transformed graphs of functions previonsly.

©) Core Concept

EXAMPLE 2

Transforming Radical Functions

Transformation flx) Notation Examples
Horizontal Translation glx) = Vi -2 2 units right
. : Jax = h) sy .
Graph shifis left or right. gy =Vx+3 5 units left
Vertical Translation gx)=vx+17 T unitz up
Giraph shifts up or down. fo) +k glx) =+vx — 1 1 unit down
Reflection fi-x) px)=+v—-x in the y-axis
Graph flips over x- of y-axis. —fix) glx) = =vx in the x-axis
Herizental Stretch or Shrink gix) = Vax shrink h;.rla
Graph stretches away from o - Factor of 3
or shrinks toward y-axis. gix) = I.%: streteh by
factor of 2
Vertical Stretch or Shrink gix) = vx stretch by a
Graph stretches away from fx) facter of 4
s s T =
of shrinks toward x-axis. ) L= ke
| factor of §

Describe the transformation of frepresented by g, Then graph each function,

a i) = vE, gy =V — 3 + 4

SOLUTION

a. Nodice that the function is of the form
Hxy=Vx —h 4+ k owhere b = 3 and
k=4

P 5o, the graph of g is a translation
3 units right and 4 unitz up of
the graph of §.

i =1

b, fix) = ¥, gl = V—8x

b, Motice that the function is of the form
2(x) = ax, whereq = 8.

P So the graph of g is a horizontal
shrink by a factor of ; and a
reflection in the y-axis of the

iraph of f

Monitoring Progress 4’1' Help in English and Spanish at BigideasMath com

1. Graph gix) = Vx + 1. Identify the domain and range of the function.
2. Describe the transformation of f(x) = ¥ represented by g(x) = — 9% — 2.

Then graph each function.

Section 5.3
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Writing Transformations of Radical Functions

SEALIINEN Modeling with Mathematics

| The function Eid) = 0.25Vd approximates the number of seconds it takes a dropped
abject to fall  fect on Earth. The function M{d) = 1.6 « Eid) approjimates the
murmber of seconds it takes a dropped object to fall 4 feet on Mars. Write a rulke for M.
How long does it take a dropped object to fall 64 feet on Mars?

SOLUTION

| 1. Understand the Problem You are given a function that represents the mumber of
seCconds it takes a dropped object to fall & feet on Earth. Yoo are asked to write a
similar function for Mars and then evaloate the function for a given input.

2. Make a Flan Multiply (&) by 1.6 to write a mile for M. Then find MG,

A Solve the Problem Mid) = 1.6 s Ed)
= 1.6« 0.25Vd  Substitute 0.25Vd for E(d).
self-Portrait of = 0.4Vd Samplaly.
MASA" Mars Rover Curiasily Next, find M{64).

M{G1) = 04VE1 = 04(8) = 3.2
B [ttakes a dropped object about 3.2 secomds o fall 64 feel on Mars.
4. Look Back Use the original functions to check vour solution.
Eifid) = 0.25V64 = 2 Mi64) = 1.6« Ei6d) = 1.6 -2 = 3.2 v/

AN Writing a Transformed Radical Function

Let the graph of g be a horizontal sheink by a factor of E followed by a translation
3 units to the left of the graph of f{x) = . Write a rule for g.

SOLUTION
Step 1 First write a function & that represents the horizontal shrink of f.

flx) = fifx) Mudtiply the mputby 1 = .I = i
Check =Var Replace x with by an Fix).
3,-...-¢ Step 2 Then write a function g that represents the translation of k.
‘ ‘-7/ ?; FXy=8x+ 3 Subtrack = 3, or add 3, to the mput
_I‘ d = fm Replace x withx + 3 i M)
- = Var + [ §:1 Distrebutee Property

P The transformed function is gix) = V6 + 18.

Monit nring Prﬂgragg ‘\E Help in English and Spanish at BigldeasMath.com

3. WHAT IF? In Exarmple 3, the function Ad) = 2.4 « E(d) approximates the
number of seconds it takes a dropped object to fall & feet on the Moon. Write a
rule for N, How long does it take a dropped object to fall 25 feet on the Moon?

4. In Example 4, is the transformed function the same when vou perform the
translation followed by the horizontal shrink? Explain your reasoning.

254 Chapter 5 Rational Exponents and Radical Functions



STUDY TIP

Maotice v, is a function
and y; is a function, but
¥ = x is not a function.

Graphing Parabolas and Circles
To graph parabolas and circles uzing a graphing caleulator, first solve their equations
for ¥ to obtain radical functions. Then graph the functions,

FEAIEIN Graphing a Parabola (Horizontal Axis of Symmetry)

Use a graphing calculator to graph -}}“ = x. ldentify the vertex and the direction that
the parabola opens.

SOLUTION
Step1 Solve for y.

!,_:f'] =X Wnite thie sngmal equation
!,r? =y Klultiply #ach side by 2,
yo=*=Vir Take square oot of 2ach side,

Step 2 Graph both radical functions,
£

}I:TVE ‘ V/}
e - o[,
MJ

vertex 15 (0, 0) and the a
The i5 {(), 0) and the parabol
opens right.

Graphing a Circle (Center at the Origin)

Use a graphing calculator to graph x* + ¥ = 16, Identify the radius and the intercepts.

SOLUTION
Step1 Solve fory,

]

¥4 yi=16 Write the origmal equation
yi = 16 —x? Subtradct & from eadh ade,
y= V16— 2 Take sepuare goot of cach side

Step2 Graph both radical functions using r
a square viewing window, :

W = V16— x? oy /wl wiilg
= -V —x* \:_/1"3

r

B The radius is 4 units, The x-intercepts =1
are =4, The y-intercepis are also =4,

Monitoring Progress ‘ﬁj Help in Engish and Spanish at BigideasMath.com

5. Use a graphing calculator to graph —dy* = x + 1. Identify the vertex and the
direction that the parabola opens.

6. Use a graphing calcolator to graph x* + ¥! = 25, Identify the radius and
the infercepts,
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5- 3 EKEFCISES Dynamic Solutions available at BigldeasMath.com

— Vocabulary and Core Concept Check
1. COMPLETE THE SENTENCE Square roof funclions and cube root functions are examples of

funclions.

2. COMPLETE THE SENTENCE When gmphmb V= -.-‘ v — h + k. translate the graph of ¥ = aFvT

i unit= and & unit=

Monitoring Progress and Modeling with Mathematics

In Exercises 3-8, match the function with its graph. In Exercises 19=216, describe the transformation of
TEEY i i i frepresented by g. Then graph each function,

. fix)=Vx+3 8. hlx)=vi+3 (See Exanple 2.)

5. flx)=Vxr-13 6. gix) =k -3 19, fix)="3, gxi=Vx+1+8

Lo =¥x+3-3 g fiy=Vx-3+3 20. fix)=vx, gix)=2x—1

Aol tarl [ 11yl B [TTTTRT] 21. fix) = VX, glx) = VT - 1

LT L L 22. fi) =" gy =Vx+d4-5
‘—‘d——iﬂ' 23. fix) = x'7, plx) = }{~-x)"*

24. fix)=x"%, gx) = ;_T"'-‘ F &

C. D.
25 fiy=9% g0 =2Vx+5-4
26. fixy=9F gi0) =V -32r +3
=3 27. ERROR ANALYSIS I'."m;'r.ilz-e: am] correct the error in
E. E graphing fix) = Vi-2-2

In Exerclzes 9=18, graph the function. Identify the
domain and rangze of the Dumction, See Evample 1)

9. bx)=vr+4 0. gix)=vx =3 28. ERROR ANALYSIS Describe and correct the error in
describing the transfocmation of the parent square root

- - e
1. gix) Vax 12, fix) Sx function represented by g(x) = |[Tx + 3.
13. g0 =1vx -3 1. fi) =1V +6
' The graph of g1s a horizontal shrink by
15. fix) = (G + 3 16. gix) = —3x + 1y Hfﬂmrpf%_aw atranslation 3 units
= ; of the nt rect functlo
17. bx) = —F 18, Ax) = V2 i sl 0 i i
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USING TOOLS In Exercizes 28=-3, use a graphing
calenlator to graph the function. Then dentify the
domain and range of the funetion.

M., gx)=Vxl+x 30. hix) = Vxt — 2x
3. flx) =Viits 32, fx) =Vid—x

3. fin =Vl vx+ 1 3 hin = ﬁ'%:r? — x4+ 4

ABSTRACT REASONING In Exercises 35-38, compleie the
statement with some imes, afways, or never,

35. The domain of the function y = av'x is _xzh
36. The range of the function vy = avxis _____ y 20,

37. The domain and range of the function
_1-I='-5’.r'-h-+tm=_ all real numibers,

28. The domain of the function y = av' —x + &
i _xz0

39. PROBLEM SOLVING The distance (in miles) a pilol
can se tothe horizon can be approximated by
E(n) = 1.22vn, where 1 is the plane’s altitude
(in feet above sea level) on Earth, The function
Min) = 075E(n) approximates the distance a pilot
can see 1o the hortzon # feet above the surface of
Mars. Write a mile for M. What is the distance a pilot
can see tothe horizon from an altitude of 10000 feet
above Mars? (See Example 3.)

40. MODELING WITH MATHEMATICS The speed
(in knots) of sound waves in air can be modeled by

L |! K
wE) = 643,855 318

where K is the air temperature (in kelvin). The speed
(in meters per second ) of sound waves in air can be
miodecled by

= AEK)
K= Toar
Write a mule for 5. What is the speed {in meters per
second) of sound waves when the air termperature is
305 kelvin?

In Exercises 41-44, write a rule for g described by the
transformations of the graph of £, (See Evample 4.)

#1. Let g be a vertical siretch by a factor of 2, followed by
a translation 2 units up of the graph of fix) = v + 3.

42. Let gbe areflection in the y-axis, followed by a
tranzlation 1 unit right of the graph of fix) = W -1.

43. Let gbe a horizontal shrink by a factor r::f-i—, Tollowed
by a translation 4 units left of the graph of f(x) = Vr.

44. Let gbeatranslation 1 unit down and 5 unit= right,
followed by a reflection in the x-axis of the graph of
fi) = —2d% + 1.

In Exercises 45 and 46, write a rule for g.

45,

In Exercises 47=50, write a rule for g thal reprezents the
indicated transformation of the graph of f.

47. fix) = VX, g{x) = fix + 3)

48. fix)=1Vx—1.800 = ~fix)+ 9

49. fiy =V -2 glx)= —2fx+ 5)

S0, fix) = Vai+ 10x, gix) = Lfi~x) + 6

In Exerclses 51=-56, nse a graphing calculator to graph

the equation of the parabola, Identify the vertex and the
direction that the parabola opens. (See Exampis 5.)

! — —
S1. ;¥=x 52, Wl =x
53. _:B]’:‘f'z:.'t' 54 'I}ﬂs,'r--.:‘.
55, :+3=%_'|F 56, %1-:}-!_4

In Exercises 57-62, use a graphing calculator to graph
the equation of the circle. Identify the radius and the
intercepts, (See Example 6. )

57. xi+yi=0 58. xt+y =4
59, 1—yt=xt

1. —y*=x*-136 62, x!=100 —
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63. MODELING WITH MATHEMATICS The period of a
pendulom is the time the pendulum takes to complete
one back-and-Torth swing. The period T (in seconds)
can be modeled by the fanction T = 1.11VZ , where
£ iz the length (in feet) of the pendolum. Graph the
function. Estimate the length of a pendulum with a
period of 2 seconds. Explain your reasoning.

64. HOW DO YOU SEEIT? Dwoes the graph represent a
square root function or a cube root function? Explain.
What are the domain and range of the function?

65, PROBLEM SOLVING For adrag race car with a total
weizht of 3500 pounds, the speed & (in miles per hour)
at the end of arace can be modeled by 5 = 14,505,
where p is the power (in horse power). Graph
the function.

a. Determune the power of a 3500-pound car that
reaches a speed of 200 miles per hour,

b What iz the average rate of change in speed as
the power changes from 1000 horsepower 1o
1500 horsepower?

66. THOUGHT PROVOKING The graph of a radical
function fpasses through the points (3, 1) and (4, 0),
Write two different functions that could reprezent
Jfix + 2) + 1. Explain.

67.

MULTIPLE REPRESENTATIONS The terminal velocity
v, (in feet per secomnd) of a skydiver who weighs
140 ponnds s given by

v, = 337,140

A

where A iz the cross-gectional surface area (in square
feet) of the skvdiver. The table shows the terminal
velocities (in feet per second) for various surface areas
(in square feet) of a skydiver who weighs 165 pounds.

Cross-sectional Terminal
surface area, A velodity, v,
1 4329
3 2499
5 193.6
7 163.6

a. ‘Which skydiver has a greater terminal velocity for
each valoe of A given in the table?

b Describe how the different values of A given in
the table relate o the possible positions of the
falling skydiver,

MATHEMATICAL CONNECTIONS The surface area 5
of & right circular cone with a slant height of 1 unit
is given by 8§ = wr + wr®, where r is the radius of
the cone.

1 wimit

a, Use completing the square (o show that

1 w_1
rmcmi =g

b, Graph the equation in part (a) nsing a graphing
calculator. Then find the radius of a right circular
cone with a slant height of 1 unit and a surface

3
area of ;;F square nits.

— Maintaining Mathematical Proficiency meicunzunsiuisamet i proscus grasos and 1essias

Solve the equation. Check vour solutions.
69. [3x+2| =5 70. |d4x+ 9| = -7
Solve the inequality. (Section 361

732, *+Tx+12<0 M xX=10x+2524

(SEills Review Honadbool )
M. |[Zx - 6| =|x|

75 46> 13%

72. x4+ 8| =|x + 12|

76, ;;.1:1 +Xa =2
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5.1-5.3 What Did You Learn?

Core Yocabulary

nthroot of a, p. 238 conjugate, p. 246
index of aradical, p, 238 like radicals, p. 246
simplest form of a radical, p. 245 radical function, . 252

Core Concepts

Section 5.1

Real nth Roots of a, p. 238
Rational Exponents, p, 239

Section 5.2
Properties of Rational Exponents, p. 244
Propertics of Radicals, p. 245

Section 5.3

FParent Functions for Square Koot and Cabe Root Fanctions, p. 252
Transformations of Radical Functions, p. 253

Mathematical Practices

1. How can yvoo nee definitions to explain vour reasoning in Exercises 21-24 on page 2417
2. How did you nse strouciure to solve Exercise 76 on page 2507

3. How can you check that your answer is reasonable in Exercise 39 on page 2577

4.

How can you make senss of the ferms of the surface arca formmla given in Exercise 68 on page 2587

pummmmmmm Stucly Skills - = = = = === === - - e mmmm ————
Analyzing Your Errors

Application Errors

Yihat Happens: You can do numencal problems, bul you
struggle with problems that have context

How to Avoid This Error: Do not just rirmic the steps

of salving an application problem. Explain out loud what
the question B asking and why you are doing.each step
After solving the problem, ask yoursalf, *Does my solution
make sense?”



Find the indicated real ath root(s) of @ (Secien 5.0)

1. n=4 a=1%] 2. =5 a= =102

3. Evaluate (a) 16™ and (b) 12527 without using a caleulator. Explain your reasoning.
(Section 5.1)

Find the real solution(s) of the equation. Round your answer to two decimal places.
{Seciion 3.1

4. 2% = 1458 5. (x+ 6 =28

Sim plify the expression. (Secfion 5.2)
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10, .‘:.qu'.rld'}r Fxhee, (Sechion 5.3)

Write the expression in simplest form. Assume all variables are positive. (Seciion 5.7)

EF |

V3

5
W i

1. a6 12. 13. Vn'g + Tnifg

v

14, Graph fix) = 20 + 1_Identify the domain and range of the fonction. (Section 5.3)

Describe the fransformation of the parent function re presented by the graph of g.
Then write a rule for g, (Sectfon 5.3)
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18. Usc a graphing calculator to graph x = 3y' — 6. Identify the vertex and direction the
parabola opens. (Secfion 5.7)

19, Apla-'eler is sefting a stone ¢ in the shape of a regular octahedron. A regular octahedron
is a solid with eight ﬁil.l.l.hl‘lt'u'ﬂl triangles as faces, as shown, The formula for the volume
of the stone is V = (04757, where 5 is the side length (in millimeters) of an edge of the
sone, The volame of the stone is 161 cobic millimeters, Find the length of an edge of
the stone. (Seciion 5.1)

20. Aninvestigator can determine how fast a car was traveling just prior 1o an accident using SPEED
the model 5 = 4Vd, where # is the speed {in miles per hour) of the car and d is the length
iin fect) of the skid marks. Graph the model. The length of the skid marks of a car is LiMIT

90 feet, Was the car traveling at the posted speed limit prior to the accident? Explain vour 35

reasoning. (Secfion 5.3)
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Solving Radical Equations

and Inequalities

LOOKING FOR
STRUCTURE

Ta be proficient in math,
you need to look closely
to discern a pattemn

or structure,

>

Essgential Qﬂ&ﬂﬁﬂﬂ How can you solve a radical equation?

FReLENIs RN Solving Radical Equations

Work with a partner. Match each radical equation with the graph of its related
radical function. Explain your reasoning. Then use the graph (o solve the equation,
if possible. Check your solutions.

L Vx=-1-1=0 b, VX +2 - Vx+4=0 e V0-31=0
d.Vx+2-x=0 e V—x+2—-x=0 LY +1=0
A. 4 B. a
. 5 S
| -4
C 4 D. 4
—-.h‘-
-5 =l P -6 A 3
' \
— 4 -2
E 4 F a
i e = h"- &
/ \

SR Eale 'l Solving Radical Equations

Work with a pariner. Look back at the radical equations in Exploration 1. Suppose

that you did not Know how to solve the equations using a graphical approach.

a. Show how vou coubd use a nemerical appreach to 2olve one of the equations,

For instance, you might use a spreadsheet to create a table of values,

b Show how vou could nse an analviical apprach 1o solve one of the equations. For
instance, ook at the similarities between the equations in Explocation 1, What firsl
sep may be necessary so yvou could square cach side to eliminate the radical{s)?
How would vou proceed to find the solution?

Communicate Your Ancwer

3. Hew can you solve a radical equation’?

4. Would you prefer to use a graphical, mimerical, or analytical approach to solve
the given equation? Explain vour reasoning. Then solve the equation.

Vi+3—Vx—2=]
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Core Vocabulary

rachcal equatisn, p 262

extraneous salutions, p 263

Previous
rational ex P Bnts
radical expressions

solving quadratic equations

Check
Nitlsa
¥
24 = 4
s=a
Check
'
e -9 -1=
var-113
2=2
262 Chapter 5

What You Will Learn

B Solve equations containing radicals and rational exponents.
P Solve radical inequalities.

Solving Equations

Equaticns with radicals that have variabkes in their radicands are called radical
equations, An example of a radical equation iz 2Vx 4+ 1 =4,

&) Core Concept

solving Radical Equations
T solve a radical equation, follow these sleps:

Step 1 Isolate the radical on one side of the equation, if necessary.

Step I Raize each side of the equation 1o the same exponent 10 eliminate the
radical and obtain a linear, quadratic, or other polvnomial equation.

Step 3 Solve the resulting equation nsing techniques you kearned in previous
chapters. Check your solution.

EXAMPLE 1

Solving Radical Equations

Solve (a) Vr + 1 =dandib) Vixr -0 -1 =2,

SOLUTION
a. Xr+1=4
Vel =2

(Ve+1) =2
x+1=4

r=3

P The solmtion isx = 3.

b VZx-9-1=2
V-9 =3
(Ve —9) =

2 =9 =127

2x = 36

r= 18

Wite the onginal equation.
Diwicle each sede by 2

Sopiare each side 1o sliminate the radical,
Simphly
Subtract 1 from each side

Wiite the onginal =quation

Al 1 1o each side,

Cube each ade to ehminate the radscal
Simpliby.

Al 9 1o each side.

Mvade eaich side by 2

P The solotion is x = 15,

Mon Hﬂriﬂg Prﬂgrﬂﬂg ‘f«'} Help in English and Spanish at BigldeasMath.com

Solve the equation. Cheek your solution.

2. Vr+25 =2 3. Wx-3=4

1. VX =9%= =4

Rational Exponents and Radical Functions



AN  Solving a Real-Life Problem

In a hurricans, the mean sustained wind welocity v {in meters per second) can be
modeled by v p) = 6.3Y1013 — p, where p is the air peessure (in millibars) at the
center of the urricane. Estimate the adr pressure at the center of the hurmicane when
the mean sustained wind velocity is 545 meters per second.
SOLUTION
WP = 631013 - p Write the onginal functien
.5 =63Y1013 - p Substitute 54.5 for v gl
BB = VIOLE —p Devede each side by 6.3,
8.657 = (1013 - P ]‘3 Sepuare each side,
748 = 1013 - p Simphby.
~938.2 %= —p Subtract 1013 from each side.
0382 == Devide each <ide by —1.
ATTEND TO =
PRECISION P The air pressure at the center of the hurricane is about 938 millibars,

To understand how

extranec s salutions can 0 & ‘
b irdriads trekiat Monitoring Progress D etp in English and Spanish at Bigideastath.com

the equation Vix = 3. 4. WHAT IF? Estimate the air pressure at the center of the hurricane when the mean

This equation has no sustained wind velocity iz 483 meters per second.
real solution; however,

you obtain x = 9 after

nol solutions of the original equation. These solutions are called e xtraneous solutions.
When you use this procedure, you should always check each apparemt solution in the

ariginal equation.

squaring each side. D Raizing each side of anequation to the same exponent may introduce solutions that are

AN N  Solving an Equation with an Extraneous Solution
Solvex 4+ 1 =VTx + 15.

SOLUTION
¥+ 1=VIx+15 Write the onginal squation,
(xr+ 1) = {v7x + 15F Seuare each side.
¥+X+1=Te+15 Expind ket sidde sndl aumplify nght sede.
3t =5z =14 =0 Write in standard form,
x=THx+2)=0 Factaor,
¥x—7T=0 or x+2=0 Fero-Product Property
x=T o x= -2 Sabve for x.
Check A T T R T T
§ 2 Ve 12

s=5v 11 X

b- The apparent solution ¥ = =2 jg exiraneous, 5o, the only solution B x = 7,
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ANOTHER METHOD

You can also graph each
side of the equation and
find the x-value where the

graphs intersect.

q
Inta Ftll.'-"d'n-l'li
Te

A

264 Chapter 5

EXAMPLE 4

SolveVr+ 2 +1=%3-1
SOLUTION
Ve+2+1=V3-x
(Vevz+1) =(vV3 =%V
x+2+ 2k +2+1=3-x
Wr+2=-2
Vi+2=-x
(vVe+2) = (—xp
x4+ 2=xl
D=xt—x—72
O={x—2x+1)
x=232=0 of x+1=0

=7 o r= =]

'ﬂ‘2+2+li".-'3—1
9
Vite1dvi
321 X

Check

Solving an Equation with Two Radicals

Winte the ongmal equation

Sqpuare eadh sde,

Expand left side and ssmplify nght side,
Isolate radical expression

Drade each ade by 2.

Sqpuare eadh sde,

Simiplify.

Wite in stanelard form.

Faction,

Fero-Product Property

Sabve for x.

T
mﬂ?m
VI+1=14
2=2v

D) P The apparent solution © = 2 is extrancous. So, the only solutionisx = — 1.

" ) B
Mﬂﬂﬂﬂ'”ﬂﬂ Prﬂﬂrﬂrﬂg ‘E-"' Help in English and Spanish at BigideasMath.com

Solve the equation. Cheek your solutions),

E Vilr+9=x+3

6. Vir+ 5 =Vr+7

T Vvr+6—-2=vr-2

When an equation contains a power with a rational exponent, you can solve the
equation using a procedure similar to the one for solving radical equations. In this
case, you first isolate the power and then raise each side of the equation to the

reciprocal of the rational exponent.

EXAMPLE 5

Solve (259 + 2 = 10,
SOLUTION

(20 +2=10

Solving an Equation with a Rational Exponent

Winte the onginal squation,

(2P =§ Subtract 7 from each ade,
- _ Check
[(2x)7 = 849 Rase each ade to the lour-thirds.
¥
2x =16  Simplily (28 + 2 . 10
x=8 Devide each aude by 2. 16% +2 = 10
10 = 10

P The solutionis x = 8,

Rational Exponents and Radical Functions



=
Check (6+30)2 =4
1 L
G=46
T
(-5 + 30" = -5
25122 3
s2-5 X
Check
20
] —
¥ IV -1
- "'—._':I';rl
Intar gt isn
M=t T=12
=3

EXAMPLE &

Solving an Equation with a Rational Exponent

Solve (v + 30117 = x,

SOLUTION
r+ 3 =x Wite the onginal equation
[(x + 30017]F = x* Soueare each sida,
X+ 30 =x Samplilly.

D=x—x-130
0=(x—6ix+5)

Wete s staredand form

Factor,
x=6=0 o x+5=0 Zero-Froduct Property
1=6 o x= -3 Sobve for x.

B The apparent solution x = —35 is extraneous. So, the only solution is x = 6.

Monitoring Progress ‘ﬁj Help in English and Spanish at BigideasMath.com
Solve the equation, Check vour solution{s).
B, ()¢ = -3

0, (x+ 6=y 10. (x+2r%=8

Solving Radical Inequalities

To zolve a simple radical inequality of the form ¥4 < d, where i iz an alpebraic
expression and & i 4 nonpegative number, raise each side to the exponent ». This
procedure also works for =, <, and 2. Be sure to consider the possible values of
the radicand.

SFAC NN  Solving a Radical Inequality

Solve 3V — 1 < 12,

SOLUTION
Step 1 Solve for x,
Wr=1512 Write the onginal nequality
Vi—1<4 Deade eadh side by 3.
x—1%16 Squeare each side.
x= 17 Add 1 1o @ach side,

Step2 Consider the radicand.

x—120 Thee radwcansd cannot b megative

r=l fdd 1 to each sede,

P So the solutionis 1 < x £ 17,

Mﬂhﬁﬂt’iﬂﬁ Pl‘ﬂg‘l’ﬁ#ﬂ 41:“} Help In Engish and Spanksh at BlgideasMath.com

1. Solve () 2VF -3 = 3and (B) 4V + 1 < 8.
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Vocabulary and Core Concept Check

1. VOCABULARY Isthe equation 3xr — V2 = V6 a radical equation? Explain your reasoning.

2. WRITING Explain the steps you should use to solve Vi + 10 < 135,

Monitoring Progress and Modeling with Mathematics

In Exercises 3-12, solve the equation. Check your In Exercises 15-26, solve the equation, Check your
solutlon. (See Example 1.} solutlonish. (See Examples 3 avnd 4.
3, Var+1=6 4 Vir+10=% 15, x-6=Vix 16, & - 10 = Vox
5., Vx-16=12 6 VI -10= -7 17 VM -2t =x-10 18 Vi +30=x+43
7. —2VMr +13=-11 19. VB —1=2r—-1 20. V3 — & = 2x
g, V10 -15=17 21, Vax+1=Vx+10 22 Vir-3-Vx+12=0
9. Wir+10=5 1. Vix-i=0 B Vr-s-vVa+1=0
M. 265+7=15 12. Var —13=-15 2. Vix+5=202c+6 25 Vir—s8+1=Vr+5
13, MODELING WITH MATHEMATICS Biologists 26, Vx+2=2-x

have discovered that the shoalder height & (in
centimeters) of a make Asian elephant can be modeled In Exercises 27=34, zolve the equation. Check your

by fi = 625V + 758, where ! is the age (in years) of  solutlonis). (See Examples 5 and 6.
the clephant. Determine the age of an clephant with a 23 _ 32— 94
shoulder height of 230 centimeters, (Se¢ Exampls 2.) R . 2. =0

29. Y +3=0 30. 2 - 14 =40
N f+el=yx 32 S-0-%=0
33. Hx+11M=x4+3 34 (P-4 =g

ERROR AMALYSIS Im Exercises 35 and 36, describe and
correct the ervor in solving the equation,

e = VEx—8=4
x (¥3x-8) =4
Jx—8B=4
14, MODELING WITH MATHEMATICS In an anmascmme nt 3
park ride, a rider suspended by cables swings back Sx=12
and forth from a toewer. The maximom speed v (in x=4
mreters per secomd) of the rider can be approximated
by v = 'nl.'ﬁ, where i is ihe height (in meters) al the A By = 1000
top of each swing and g is the acceleration duoe to X B{x¥1)22 = 100027
gravity (g = 9.8 misec®), Determine the height at the By = 100
top of the swing of a rider whose maxinmum speed is
15 meters per second. x= 3_25
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In Exercises 37-44, solve the Inequality. (See Example 7

3r.

39.

a.

42.

45,

2% —523 3. Vr—-4<5
Wr-2>2 4. Tvi+1<?9
2Vr+3<8

Vx+ 723

-x +4 <12

—0.25VE - 6< =3

MODELING WITH MATHEMATICS The length &

(in inches) of a standard nail can be modeled by

& = 54477, where d is the diameter (in inches) of
the nail. What 1= the diameter of a standard noa) that
iz 3 inches long?

DRAWING CONCLUSIONS “Hang time” is the time
vou are suspended in the air during a jump. Your
hang time ! (in seconds) iz given by the function

¢ = 0.5Vh, where f is the height (in feet) of the jump.
suppose a kangaroo and a snowboarder jump with
the hang times shown,

a, Find the heights that the snowboarder and the
kangaroo .
h. Double the hang times of the snowboarder and the

kangaroo and caleulate the corresponding heights
of each jump.

. When the hang time doubles, does the beight of
the jump double? Explain,

USING TOOLS In Exercises 47-52, solve the nonlinear
system. Justify your answer with a graph.

47,

44,

y=x-3 48. ¥ =4x + 17
y=x=3 y=x+3
a4y =4 50. x4yl =15
y=x-2 y=—x+%
B2+ =1 52 xl+yi=4
y=%.r?—1 y=x+2

Section 5.4

25,

56.

Solving Radical Equations and Inequalities

53. PROBLEM SOLVING The speed 5 (in miles per hour)

of a car can be given by 5 = VY3084, where [is the
cocfficknt of friction and 4 is the stopping distance
{in feety, The table shiows the coefficient of friction
for different surfaces,

Surface Coeffickent of friction, f
dry asphalt 0.75
wel asphalt 0.30
ENowW 0.30
ice 0.15

o, Compare the stopping distances of a car traveling
45 miles per hour on the surfaces given in
the table.

b You are driving 35 miles per hour on an icy road
when a deer jumps in front of vour car, How far
away must you begin to brake to avoid hitting the
deer? Justify your answer.

MODELING WITH MATHEMATICS The Beaufort
wind scale was devised to measure wind speed. The
Beaufort numbers B, which rangs from O to 12, can
be modeled by B = 1.69Vs + 4.25 — 3,55, where
& i the wind speed (in miles per hour).

Beaufort number Force of wind
0 calm
3 gentle breeze
i1 stromg brecn:
o sirong gake
12 hiaricane

a. What is the wind speed for B = 07 8 = 37
b Write an inequality that describes the range of
wind speeds represented by the Beaufort model,

USING TOOLS Solve the equationx — 4 = V/2x,
Then solve the equationx — 4 = ~V2x,

& How does changing Vax 1o =V2x change the
sohlulion(z) of the equation?

b Justify your answer in part {a) using graphs.
MAKING AN ARGUMENT Your friend says it is
impossible for a radical equation Lo have two

exirancous solutions, Is your friend correct?
Explain your reasoning.

267



7.

USING STRUCTURE Explain how you know the

61.

MATHEMATICAL CONNECTIONS The Moeraki

radical equation Yy + 4 = =5 has no real solution Boulders along the coast of New Zealand are stone
without solving it. gpheres with radii of approximately 3 feet. A forrmla
for the radius of a sphere is
58. HOW DO YOU SEE IT? Use the graph to find the iy

B

solution of the equation 2Vx — 4 = —Vx —1 + 4.
Explain your reasoning,

WRITING A company determines that the price p of

a product can be modeled by p = 70 — VOU2x + 1,

where t is the number of units of the prodoct
dernanded per day. Describe the effect that raising
the: price haz on the mamber of units demanded.

62,

whene 8 is the surface area of the sphere. Find the
auirface area of a Moetaki Boulder.

PROBLEM SOLVING You are trving (o determine
the height of a truncated pyramid, which cannot be
measured directly. The height & and slant height £
of the truncated pyramid are related by the

formula below, %

¥ A
&= ,|=:r:i.[,[;.. - b J:' ":3
\ "1 i 1
4

In the given forrmla, &, and &, are the side lengths
of the upper and lower bases of the pyramid,

respectively. When £ = 5, b, = 2, and b, = 4, what

60. THOUGHT PROVOKING Cily officials rape off a 18 oo hagt o6 e, pyvaned

circular area to prepare for a concert in the park.

They estimate that each person occupies 6 square feet.
Describe how you can use a radical inequality to
determine the possible radius of the region when

F people are expected to attend the concert.

63. REWRITING A FORMULA A burning candle has a
racius of rinches and was imtially fr, inches tall. After
fmiputes, the height of the candle has been reduced to
hinches, These quantities are related by the formpla

, || )¢
Vil — k)

where iz a constant. Suppose the radius of a

candle is 0BTS inch, its initial height is 6.5 inches,

and b = 0.04,

a. Rewtite the formula, =olving for & in terms of 1,

b, Use your formnla in part (ap to determine the
! | height of the candle after burning 45 minutes.

'—Mainfaf"ing Mathematical Frﬂ'ﬁﬂfﬁﬂﬁf Eiiavirls whAL voll IS8ITAd i) P o s BFades and iasr

Perform the indicated operation.

(Sechion 4.2 and Sechon 4.5)
65, (2 4+l =dehy =% =3
67. (X'4+ 207 4 1lxt 4 ldy = 16) + (x + 2)

64, -2+ + D+ =T

66. (v 4+ %+ 1)ix® + 5)

Let fix) = x* — 4r* + 6 Wrile a rule for g. Describe the graph of g as a transformation of
the graph of f.  (Section 4.7)

68. gix) =fi-x)+4 69, gix) = fix) -3 0. gv)=—fix-1)+6
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Performing Function Operations

MAKING SENSE
OF PROELEMS

To be proficient in math,
you need to check your
answers to problems using
a different method and
continually ask vourself,

"Does this make sense?” D

Essential Question 1owcan you use the graphs of two functions to
sketch the graph of an anthmetic combination of the two functions?

Just as two real nombers can be combined by the operations of addition, subtraction,
multiplication, and divizion to form ofher real mumbers, two functions can be combined
to form other functions. For example, the functions fiix) = 2v — 3 and g(x) =37 - 1
cin be cormbined to Torm the sum, difference, product, or quotient of fand g.

iy + g =X -+ -1=x+2r -4

LA

fiy=—gXi=(Zr-N--1)=—-32+2r -2 difference

R eg = -l - =2 - - +3 prachact
o =3 £uic et
gy x* -1 l

EXPLORATION 1

Graphing the Sum of Two Functions

Work with a partner. Use the graphs of fand g to sketch the graph of £ + g
Explain your steps.

Sample Choose a point on (he
graph of g. Use a compass or a muler
b mmeasure ils distandce above of
beslow the y-axis, If above, add the
distance (o the y-coordinate of the
point with the same y-coordinate

o the graph of fI7 below, subiract
the distance. Plol the new point.
Repeat this process for several
points. Finally, draw a smonth curve
through the new poinis to obiain the
graph of f + 2.

Communicate Your Answer

2. How can you use the graphs of two functions to sketch the graph of an arithmetic
combination of the two fupctions?

3. Check your answers in Exploration 1 by writing equations for f and g, adding the
functions, and graphing the sum.
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What You Will Learn

B Add, subtract, multiply, and divide functions.

Core Vocabulary Operations on Functions
Previous You have kearned how to add, subiract, multiply, and divide polynomial expressions.
FCMmain Thesze operations can also be defined for functions.

g nifific notation

&) Core Concept

Operations on Functions

Let fand g be any two functions. A new function can be defined by performing
any of the four basic operations on [ and g.

Operation Definition Example: fix) = Sx. glxl=x+ 2
Addition (f + ghx) = flx) + glx) | (f+ ghx) =5x+{x+ =6 +12
Subtraction | (f— gMx) =fix) —glx) | (f— ) =Sx—(x+ D=ax -2
Multiplication | {fykx) = fix) « glx) Ugdx) = Sl + 2) = 52 + 10

{1 L B\ 9
Division (EJ![I} ) Eg}u} pitr

X

The domaing of the sum, difference, product, and quoticnt functions consist of
the x-values that are in the domains of both fand g, Additionally, the domain
of the quotient does not inchide r-valoes for which gix) = 0.

AR Adding Two Functions

Let fix) = 3vx and g(x) = —10+%. Find (f 4 gix) and state the domain. Then
avaliate the snm when x = 4.

SOLUTION
Cf + gHx) = fix) + glx) = 3vr + (—10VT) = (3 — 10vx = —Tvx

The functions fand g each have the same donain: all nonnegative real numbers, So,
the domain of f + g also consists of all nonnegative real numbers, To evaluate £+ g
whent =4, you can use several methods. Here are two:

Method 1 Use an algebraic approach.
Whenx = 4, the value of the sum is

(F+ gi®) = =TVd = —14,

Method 2 Use a graphical approach. 4
FTETi#T2
Enter the functions y, =3vk,  ~i— —. ‘]'E :
¥ = —10v% _ and BEH TR The value of
in a graphing calculator. Then o] F+ gid)is —14 J
graph ys, the sum of the two
functions, Use the frace feature I=t

to find the value of £ + g when
x =4, From the graph,
U+ g)d) = —14.
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| The domiain
| of fpis all
nonnedatne
| real numbers.

=
o

ANOTHER WAY D

In Example 4, you can also

evaluate (i) (16) &5

5109 =56

_ &(186)
(16
_%
B
=12.

FEACIINN Subtracting Two Functions

Let fix) = 307 = 2% 4 5 and gx) =17 = 327 + dx = 2. Find (f = gxx) and state the
domain. Then evaluste the difference wheny = =2,

SOLUTION
== - @)= -+ 5 - -+ - =2 + 32 = dx 4+ 7

The functions famd g cach have the same domain; all real numbers, So, the domain of
F = g also conzists of all real numbers, When x = =2, the valoe of the difference is

(f=B-H=N-2F +{~-F —4-J+T=2

FEANIJEIEN  Multiplying Two Functions

Let fix) = x* and g(x) = . Find { fgh(x) and siate the domain, Then evaluate the
product whenx = 9.

SOLUTION
(ENE) = filx) » gix) = 25VT) = 357 = 040 = 30

The domain of Feonsizts of all real numbers, and the domain of g congists of all
nonnegative real numbers. So, the domain of f consists of all nonnegative real
numbers. To confirm this, enter the fanctionsy, = 3% y, = Vi, andy; = v, - pdna
graphing calculator. Then graph v, the product of the two functions. It appears from
the graph that the domain of (¢ consists of all nonnegative real numbers. Whenx = 9,
the value of the product is

(fgie) = 050 = ()5 = 35 = 243,

SHANIZNNY Dividing Two Functions

Let fix) = Gvand gx) = x*_ Find {I }(,x,ln and state the domain. Then evaluate e
quotient when x = 16. ¥

SOLUTION
{I}(x] f[-"-:'_ "i"- = Gpil =34} = N

The domain -::f}’cnns!m. aof all real numbers, and the domain of g consists of all

nonnegative real numbers. Because gi(0) = 0, the domain of gis restricted to all
positive real numbers. When ¥ = 16, the value of the quotient is

{I)“q GLG)H = G(24)14 =

Mﬂ“ﬁﬂfiﬂﬂ Prﬂﬂrﬁfﬂ 4% Help In Engish and Spanksh at BlgidessMath.com

1. Let fix) = — 207 and p(x) = 7% Find {f + gh(x) and {f — gh(x) and state the
domain of cach. Then evaluate ( f + £)(8) and (f — gWE).

2. Let fix) = 3rand gix) = x'. Find ( fedix) and (g:i.rj and state the domain of

each. Then evaluate ()32} and ( 5}(32}.

Section 5.5 Performing Function Operations 21
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Chapter 5

Performing Function Operations Using Technology

Let fix) = v¥ and g(x) = V9 = ¥?, Use a graphing calculator toevaluate {f + 2hx),
{

(= grx), (fgdix), and lg}u} when ¥ = 2. Round your answers (o two decimal places.
\

SOLUTION

E:rl::-ri]'l_c functions y, = Vi andy, = V9 — x% in hm}ﬂﬂi‘i_ﬁmﬁ‘
a graphing calculator, O the home screen, ontor T2 I-Yei2d

¥i(2) + ¥y 2). The first entry on the screen shows NE;,,—J@“" ek
that y,{2) + y(2) = Ij.ﬁﬁ_ B0 u:’+ £M2) = 3.65. mz}”m?.mz?ﬂdﬁ
Enter the other function operations as shown, EipEnEETS

Here are the results of the olher function
operations rounded to two decimal places:

(F-gh) =~ -082 ()2 ~3.16 ( glm = .63

AL DANN Solving a Real-Life Problem

For a whiks thino, heart rate r{in beats per
mimtey and Life gpan & (in minmes) are related
to body mass m {in kilograms) by the functions

rim) = 241 m~0H

and
s(m) = (6 x 10°m"2,
a. Find {rs)im).
b. Explain what (rs)(m) represents.

SOLUTION i
&, (rEim) = rim) « S Defirw teon of mubtipheaton
= 241m~ 236 = 10%m"3) Wiite product of rim) and sl
= 2416 X 10y~ +0d Product of Powers Property
= (1446 2 10Epn =% Simpify,
= (1.446 > 10%)m 008 s saaendilic mrtalion

b. Multiplying heart rate by life span gives the total number of heartbeats over the
lifetime of a white thino with body mass m.

”ﬂﬂﬂ'ﬂ'riﬂﬂ Prﬂgrﬂﬂ 4{‘1} Help in English and Spanish at BigideasMath.com

3. Letfix) = Sy and gix) = 2 Use a graphing calculator o evaloate {f + g)x),

L= gHx) (fghin), and F }(.t]n whent = 5. Round your answers to two decimal
places. ]

4. In Example 5, explain why vou can evaluate (f -+ gh(3). (f — 2)(3), and { fz)3)
[
burt not {I 3).
o

5. Use the answer in Example &(a) to find the total number of heartbeats over the
lifetime of a white rhino when its body mass is 1.7 < 10° kilograms,

Rational Exponents and Radical Functions



5-5 EKEI'EISES Dynamic Solutions available at BigideasMath.com

— Vocabulary and Core Goncept Check

1. WRITING Let fand g be any two functions. Describe how you can use [, g, and the four basic

operations o créate new functions.

2. WRITING What r-values are nod included in the domain of the quaotient of two functions?

Monitoring Progress and Modeling with Mathematics

In Exercises 3=6, fimd { f + g)ix)and { £ — gix) and ERROR ANALYSIS In Exercizes 17 and 18, describe and
state the domain of each, Then evaluate f + g and [ — g correct the error in stating the domain,
for the given value of x. (See Fxamples 1 and 2.) 17
3 fix) = —5UF, g(n) = 199F: x = 16 ' A(x) = x'/% and g(x) = P2
fix) 5B s x The demaln of figls all

& 0 = V5 g = 11V Bx = 4 raalrumbers

5. fix) = 6 — dx? = T, g() = 9% — Smx = -1 .
fix) = 6 gix) =% — S x 18, X ) = 0 )

6. fixi=llx+28 g{x) =-Te -+ 4,0 =2 mirmlnﬂf_rlﬁal'l

g
,[ raal numbars sxcapt x = 2.
In Exercises 7=12, find { fg)ix) and (E ]{.tj and state the
domain of each. Then evaluate fg and I for the given 19. MODELING WITH MATHEMATICS From 1990 o
E 2000, the numbers (in millions) of fermalke F and

value of x. (See Examples 3 and 4.) male M emplovees from the ages of 16to 19

7. fix) = 2% gix) =¥ x = =27 inthe United States can be modeled by
Fif) = =0007# + 0.10¢ + 3.7 and
B. fiv) =2 p(x) =IVE:xr =4 M(r) = 0.0001F — 00098 + 0118 + 3.7, where 1 s
the number of vears since 1990, (See Example 6.)
9. fix) =dx, gix) = W x =9 a. Find (F + M)z
10, fi) = 11, p(x) = T x = =8 b Explain what (F + M)} ropresents,
1. fix) = 767 i) = —14x1%: x = &4 20, MODELING WITH MATHEMATICS From 2005 (o 2004,
the numbers of cruise ship departures (in thousands)
12, fix) = 4™ i) = 2% 1 = 16 froomm aroumd the world Wand Flonda F can be
mecdeled by the equations
USING TOOLS In Exerclaes 13—[5', LS 4 graphlng Wi = _5_5333;3 + 11__13,!1 + S09.1f + 11496

calculator fo evaluabe (F + gk OF — gha), (el and
Fit) = 12.58 - 60298 4+ 136.6¢ + 4881

where [z the number of vears since 2005,
a. Find (W = Fi({.

!
H r|[.=:]n when x = 5, Round your answers to two decimal
places. (See Example 5.)

12, fiz) = 4x; gln) = 24x0°
fix) nx) b Explain what (W — F)({) represents.

4. fix) = Tx53; p(x) = 423 i )
21, MAKING AN ARGUMENT “our frée md claims thiat

15. fix) = —2¢1%: g(x) = 5xit the addition of functions and the multiplication of
: Tunctions are commmutative. Is your friend cormect?
16. fix) = 47V gix) = 6 Explain your reasoning.
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22. HOW DO YOU SEE IT? The graphs of the functions
fix) = 3 = 2x = 1 and gix) = 3x 4+ 4 are shown.
Which graph represents the function f + g7 the
function [ — g7 Explain your reasoning.

InY |

23. REASONING The table shows the outputs of the two
fometions fand g. Use the table o evaloate (f + g(3).

(f = gKL) (fg)2), and {§}¢a;._

X 0 1 2 3 4
)| -2 | -4 O 10 [ 26
gl -1 | =3 | =13 | =31 | =57

24. THOUGHT PROVOKING Is it possible to write two
fumctions whose sum contains radicals, bat whiose

product does not? Justify your answers.

25. MATHEMATICAL CONNECTIONS
A triangle is inscribed in a square,
as shown, Write and simplify a &
function rin terms of x that
represents the area of the
shaded region.

26, REWRITING A FORMULA For a mammal that weighs
w grams, the volume & (in millilitersp of air bre athed
in and the volome o (in milliliters) of “dead space™
{the portion of the lungs not flled with air) can be
miodeled by

Iw) = 0007w and aiw) = 0002w,
The breathing rate r(in breaths per mdnute) of a
marmmal that weighs w grams can be modeled by
].-ll-l.-":"?y
Blw) — d(w)’
Simplify r(w) and calenlate the breathing rate

for body weights of 6.5 grams, 300 grams, and
TO000 grams,

Fiw) =

27. PROBLEM SOLVING A mathematician at a lake throws
a tennds ball from point A along the water’s edge 1o
point & in the water, as shown. His dog, Elvis, first
runs along the beach from point A to point £ and then
swine to fetch the ball at point &,

a. Elvismns at a speed of about 6.4 meters per
secomd. Write a function r in terms of x that
represents the time he spends ranning from point
A to point £, Elvis swims at a speed of about
0.9 meter per second. Write a function & in terms
of x that represents the time he spends swimming
from point 2 to point 5.

b, Write a function f in terme of x that represents the
total time Elvis spends traveling from point A to
point £ to point &.

¢. Use a graphing calculator to graph {. Find the
wvalue of x that minimizes §. Explain the meaning
of this valee,

'_M,ﬂiﬂtﬁiﬂiﬂg Mﬂfhﬁm,ﬂﬁﬁal Pmﬁﬁi&ﬂﬁ'f Faviewing what wou lBarmed in prévou s grades and lessoms

Solve the literal equation for .
28. Jxn =9 =0y

30. 3ab =51 — &g

32, (3, 4,4, 6% (1, 4. (2 -1
3‘4- tll E_:Ii {?r _3.}1 {.4II D:IP l.all ':':I

Determine whether the relation is a function. Explain.

(SEifls Beview Hanadbool: )
29, 5r=Tr + Enz

3+ 4t

3. =T

(Skidls Keview Hanadlook)
33" {_lpz:'rl;.jr-'r}lm:?.:lr{_lr_l}
35. {3'- g.:ll Lzr 5}| (gr S.Il {l _3'.:'
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Inverse of a Function

CONSTRUCTING
VIAELE
ARGUMENTS

To be proficient in math,

you need to reason

inductively and make a
— plauzible argument.

Essential Question 1owcan you sketch the graph of the inverse of

a function?

(FALEeLERIsl R Graphing Functions and Their Inverses

Work with a partner. Each pair of functions are inverses of each olher. Use a
graphing calculator to graph fand g in the same viewing window. What do you notice
about the graphs?

2 firy)=4r+3 b fix)=x'+1
3{,?}='r;3 g{;_';u:‘-f-"m
e fixy=vr -3 d. fix)= T : _;j'
=xl+3x20 :
#) oA
£ r—d

SAgRe PO FY  Sketching Graphs of Inverse Functions

Work with a partner. Use the graph of fto sketch the graph of g, the inverse function
of f, on the same et of coordinae axes. Explain your reasoning,

Communicate Your Answer

2. How can vou sketch the graph of the inverse of a function?

4. In Explotation 1, what do you notice about the relationship between the equations
of fand g7 Use vour answer to find g, the inverse function of

fix)=2xr =3,
LUsze a graph to check your answer.,

Section 5.6 Inverse of a Function 275



What You Will Learn

B Explore inverses of functions,
P Find and verify inverses of nonlinear functions.

Gﬂfﬁ vmmhrﬁ' B Solve real-life problems using inverse functions,

inverse funclions, g2 277

Previous Exploring Inverses of Functions

MR You have used given inputs to find comesponding outputs of ¥ = fi(x) for various types
ouiput of functions. You have also used given outputs o find corresponding inputs. Now you
'ﬁ"f' erse cperations will solve equations of the formy = fix) for x to obtain a general formula for finding

reflection

line af reflection

the input given a specific outpul of a function J.

276

SEAIINSR N Writing a Formula for the Input of a Function

Lat fixy = Ir + 3.
a Solvey = fix) for x.

b Find the input when the ousiput i —7.

SOLUTION
TR y=2r+3 Sel y equal o fxk
y—3=12x Subtract 3 from eadh ade
4 ; 3 =X Drade each side by 2.
b. Find the input wheny = =7,
Check x=- -{1_' 2 Sulbssiitute — 7 foi §
fi—-5)=2(-5)+3 = %} Subtract,

=—10+3

— -7 / = =35 LTS

Chapter 5

P So the input is — 5 when the output is —7.

g4 M
Hﬂﬂ{iﬂrlﬂg Frﬂgrﬂgﬂ' ‘1 Help in English and Spanish at BigideasMath.com
Solve ¥ = fix) for x. Then find the inputis) when the owtput is 2,
L. flxy=x-12 2. fix) = ¢ 3 fixk=—x"+13

In Example 1, notice the steps involved after substituting for x in ¥ = 2x 4+ 3 and after

substimting for v in x = ¥ 3

y=2xr+3 5=

Stepl Multiplyby 2. —__ % BStepl Subiract 3.

EE i T o .
Step2  Add3. i Step2 DHvide by 2.

in the reverse ordes

Rational Exponents and Radical Functions



MNotice that these steps ande each other, Functions thal undo each other are called
E) imverse functions. In Example 1, vou can use the equation solved for x to write the

UNDERSTANDING inverse of fby switching the roles of x and y.

‘?HEAHTF? gm ATICAL fixy=2x+ 3 onepreal lunction )= o

Becanse inverse functions interchange the input and outpot values of the original
function, the domain and range are also interchanged.

ineerse fumction

The term fnverse functions
daes not refer to a new

type of function. Rather, Original function: fix) = 2x + 3
it describes any pair of -
 functions that are inverses. £ | t—
2
7
7 |

The graph of an inverse function is a reflection of the graph of the original function.
The fne of reflection is ¥ = x. To find the inverse of a function alpebraically, switch
the roles of x and v, and then solve for y.

FHACAIN Finding the Inverse of a Linear Function

Find the inverse of f(x) = 3x — 1.

SOLUTION
Method 1 Use inverse operations in the reverse order.

fixy=3x-1 Rudtiply the input x by 3 and then subiract 1.
To find the inverse, apply inverse operations in the reverse order.

glx) = X Add 1 to the mput x and then disade by 3.

Check 3

X ]

l, o glx) = Sx + 5.

P The inverse of fis gix) =

Method 2 Set y equal to fix). Switch the roles of x and y and solve for v.

y=3r—1 Sel y equal to Ax),
r=k-1 Swatch x and y.
The graph of g appears to be a x+1l=17y Add 1 b eadh side.
reflection of the graph of fin the i+ 1
line ¥ = x, - Drade each sade by 3.
P The inverse of fis gix) = '; g1 of gix) _'317 %

Monitoring Progress 4% Help in English and Spanish at BigideasMath com
Find the inverse of the function. Then graph the function and ts inverse,

4. fix)=2x 5. fix)= =x+1 6. fix)=1x -2
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STUDY TIP

If the domain of Fwere
restricted to x = 0, then
the inverse would be

glx) = ¥,

>

Inverses of Nonlinear Functions

In the previons examples, the inverses of the linear funclions were also functions.
However, inverses are nol ahwvays functions. The graphs of fix) = 2 and fix} = ¥ are
shown along with their reflections in the line y = x, Notice that the inverse of fix) = ¥°
is a fanction, bat the inverse of fix) = x* is mot a function,

When the domain of f(x) = 37 is restricted to only nonnegative real mimbers, the
imverse of fis a function.

FHAARSEN Finding the Inverse of a Quadratic Function
Find the inverse of fix) = x% x = 0. Then graph the fupction and its Inverse.
SOLUTION

finy=rx Wite the onganal funcbon
y =yt Sel yr equal to fix),
r = Saatch x amed v, :
i ¥ (=2,
VT =¥ Take square root of each side. {xz0
The domain of fis restricted (o nonnegative A .
values of x. 50, the range of the inverse must i . ’f;;rt;:} = S|
alzo be restricted 1o nonnegative values. 11 --**{ I-—,-,

P So, the inverse of fis g(x) = Vx.

You can use the graph of a function fto determine whether the inverse of fis a function
by applying the horigontal lne test.

&) Core Concept

Horizontal Line Test

The inverze of a function fis also a function if and only if no horizontal line
interzects the graph of f more than once.

Inverse is a function Inverse is not a flunclion
Ardi kv di
P —

-17 r e # %
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Check
4
L
o
,-F g
_5 1-__'_.,,—-.— :
*
*
=3
Check

=

EXAMPLE 4

Finding the Inverse of a Cubic Function

Consider the function fix) = 2x® + 1. Determine whether the inverse of fis a function.

Then find the inverse.,

SOLUTION
Graph the function f. Notice that no horizontal line |m:l:—m1—”
infersects the graph more than once. 50, the inverse = 1—5,—
of fis a function. Find the inverse, [ it 4 B
y= 2+ | St y equal to fx),
L7
1=5+1 Setch x and ., _
—1=2 Subitract 1 from each side.
=1, ¥ Divide each side by 2,

2

Take cube root of each side.

- £ Ty W _I
P So.the inverse of fis gix) = T

EXAMPLE 5

Finding the Inverse of a Radical Function

Consider the function f{x) = 2Vr — 3. Determine whether the inverse of fisa
function, Then find the inverse,

SOLUTION
Graph the function f. Netice that no horizontal line T EEREEES
intersects the graph more than once_ So, the inverse ' -]
of fis a function. Find the inverse, el
fisa on W mverse ¢ !f}-.i';-r-ll' .
y=2'x-13 Sel v equal to fix). =T 'IE 1
L& I - | =
r=NYy-3 Sontch x aned ). . - i <
e i ]
= [2‘” - 3:]3 Saquare each sida
=4y =3) Sampliky, -T. EREEES 1_3";;
xt=dy — 12 Dastributive Propery
412 =gy Add 12 1o each side.
_-1—.\*’ +3=y Doade each side by 4.

Becanse the range of fisy 2 0, the domain of the inverse must be restricted tox = 0.

P So. the inverse of fis g(x) = }rf + 3, where x = 0,

Monitoring Progress 45\3' Help in English and Spanish at BigideasMath.com
Fine the foverse of the funetion. Then graph the function and its inverse,

Lfixy=-xx<0 g fix)=-x"+4 8 fix)=Vx+2
Section 5.6 Inverse of a Function 279
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REASONING
AEBSTRACTLY

Inverse functions unde

each other. 530, when you

evaluate a function for a

specific input, and then

evaluate its inverse using

the output, you obtain the
= griginal input.

>

| The racius rmust be positive, s

disregard the negative square reol

Let famd g be inverse functions, If fiay = &, then gilr) = a. So, in general,
Jgl)p=x and Flfix) =x

SN INNN Verifying Functions Are Inverses

X+ . -
Verify that fix) = 3x = 1 and gix) = L -iw! are inverse functions,

SOLUTION
Step 1 Show that fig(x)) = x. Step2  Show that g fix)) = x.
A Fine -
figix) = f{‘%} 2Ufix)) = g3y = 1)
A& E ix l == 1
_ 3{.1_.i I} - .
' 3
s34+ ]l =1 3

oy il

Monitoring Progress 411 Help in English and Spanish at BigiteasMath com
Determine whether the functions are inverse funclions.
10. flx) =x + 5. glx) =x — 5 M. fix) = 8%, gix) = VIx

Solving Real-Life Problems

In many real-life problems, formalaz contain meaningfol variables, such as the radivs r
in the formusla for the surface area 5 of a gphere, § = 4%, In this situation, switching
the variables to find the inverse would create confusion by switching the meanings of §
and r. S0, when finding the inverse, solve for r without switching the varables.

AR Solving a Multi-Step Problem

Find the inverse of the function that represents the surface area of a sphere, § = 477,
Then find the radivs of a sphere that has a surface area of 1007 square feet.

SOLUTION
Step 1 Find the inverse of the function, Step2  Evaluate the inverse when
5 5 = 100,
5 = e
s _ , — [T
A 4
' [5 . ey
J‘ = =" r = W25 =5

P The radius of the sphere is 5 foel.

Hﬂ“ﬂﬂrfﬂg Prﬂgrﬂﬂﬂ' ‘ﬁ} Help in English and Spanish at BighdeasMath.com

12. The distance o (in meters) that a dropped object falls in f seconds on Earth is
represented by d = 492 Find the inverse of the function. How long does it take
an object to fall 50 meters?
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5.6 Exercises

Dynamic Solutions available at BigldeasMath.com

—Vocabulary and Core Concept Check

1. VOCABULARY In your own words, state the definition of inverse functions.

2. WRITING Explain how to determine whether the inverse of a function is also a function,

3. COMPLETE THE SENTENCE Functions fand g are inverses of each ather provided that figix)) = and
FfE)=___.

4. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both™ answers,

Write an equation that represems a reflection of

Let fix) = 5 — 2. Solve y = fix) for x and then
the graph of fix) = 5r — 2 inthe x-axis.

switch the roles of x and y.

Write an equation that represents a reflection of

the graph of fix) = 5x — 2 inthe line y = x, Find the inverse of fix) = 5x — 2.

Monitoring Progress and Modeling with Mathematics

In Exercises 5-12, solve y = fix) For x. Then find the
Input{s} when the output is =3, (See Example 1)

5. fix)=3r+ 5 6 fl)=-Tx-2

T fy=1tx-3 B. fix)=—ix+1

9. fir)=3 0. fix) =2 -5

1M =g —-2¢=7
12, fixi=(x-5°7-1

In Exercises 13-20. find the inverse of (he function. Then
graph the function and its inverse, (See Evample 2.

13. f(x) = 6 14. fix) = -3¢

15. firy=-=x+5 16. fix)=6x—3

17. fix)= —sx +4 18, fir)y=1x—1

1 20. llﬂ.'l-::l = "%I'I" 5

19, fiy=ir—1

21. COMPARING METHODS Find the inverse of the
function f(x) = —3x + 4 by switching the roles of x
and y and solving for y. Then find the inverse of the
function fby using inverse operations in the reverse
order, Which method do you prefer? Explain.

22. REASONING Determine whether each pair of
functions fand g are inverses, Explain vour reasoning.

a [ | [
x 2| =2 )] a | 2
Bl 2| 1 | 4| 7 |10
N 2| 1| 4] 7|10 |
e —2 | —1 i I 2z

h. |

2 |

e : 5 |
(f_,.ﬁ 8 i - 2 ]

4 3 4 5 i)

i
L -

(] -
o

i

Section 5.6 Inverse of a Function 281



In Exercizes 23-28, find the inverse of the function. Then
graph the function and its inverse, (See Fomple 3

23, fih=4L x50 28, flr)=92x<0

25. fix)={x-3P 26. fix) = {x + 4y

27. fix)=2%.x20 28, fixy=-xSx20

ERROR ANALYSIS In Exercises 29 and 30, describe and
correct the error in finding the inverse of the function.

29,
X fix)=—x+3

¥y==x+3
—x=y+3
—x=3=y

X fx) = 2x%, x20
] :2'

a0,

USING TOOLS In Exercizes 31=-34, use the graph to
determine whether the inverse of f iz a function. Explain

Your reasoning,
3. 10 32, 10

\|_/

£y

WA

—10 =i

In Exerclses 35-46, determine whether the inverse of
Fisa function, Then find the inverse, |(See Evamples 4

39, fix)=2x-5 40, fix) =22 -5

4. fix=x+12 42, fixy=2¢" -5

L

o™
a3, fixy=Wr+1 44, _rm=—.:{h:'4
45, fix) = i—,f 46, fir) = —3,4'u

47, WRITING EQUATIONS What iz the inverse of the
function whose graph is dhown?

@& glx)=3x-6

® swy=gx+6 [

© gr)=3x-6

® s=ler1z AN

48. WRITING EQUATIONS ‘What is the inverse of

ﬁ.-"i']‘ = ""»;':'.1"""3?
A glx) = -4’ B gl) = 4vx
© =% D =V h

In Exercises 49-52, dete rmine whether the functions are
inverses. (Sec Evample &)

44, _.=’I,r,t=1r—'3‘_g{x}=§+9

-4
50. fix) = 5-14 2, gl = 4y + 3

51. fix) = {I]I.r-; 9

e =50 -9

52, fix) = T — 4, pix) = {.r _:' ,-;'J:arz

53. MODELING WITH MATHEMATICS The rmaxirmum hull
speed v (in knots) of a boat with a displace ment huall
can be approximated by v = 1.34V#, where £ is the
waterline length (in feet) of the boat. Find the inverse
function. What waterine length is needed to achieve a
maximum speed of 7.5 knots? (See Example 7.)

]

dirnel 3§

35 fig=x -1 36. fix)y=—-x+3

37 fo=Vr+4 38, fix)=Vr-6
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4,

ANALY ZING RELATIONSHIPS In Exercises 55-58, match

MODELING WITH MATHEMATICS Elastic bands
can be nsed for exercizsing to provide a range of
resistance. The resistance & (in pounds) of a band
can be modeled by R = '-;L — 5, where L i e total
length (in inches) of the sretched band. Find the
inverse function. What length of the stretched band
provides 19 pounds of resistance 7

Lenstr eteched

stretehed

the graph of the lunction with the graph of its inverse.

5.

56.

59,

60,

61.

62,

63,

REASONING You and a friend are playing a number-
gmessing game, Yo ask your friend to think of a
positive number, square the number, multiply the
resull by 2, and then add 3. Your friend’s final answer
ig 55, What was the original number chosen? Justify
WO AMEWGT.

MAKING AN ARGUMENT Your friend claims that
every quadratic function whose domain is restricted
to nonnegative values has an inverse function, [s your
friend correct? Explain your reasoning.

PROBLEM SOLVING When calibeating a spring scale,
you necd Lo know how Far the spraing stretches for

various welghts. Hooke's Law states that the length a
spring strefches is proportional

to the weight attached s ing with
to it A mode] for one unweighted  weight
seale is £ =05w + 3, SpA ing attached

where £ s the total

s

lengthy (in inches)y of the 3 ﬁ = T
stretched spring and w S - = 1
i the weight (in pounds) f Bw ' |
of the object. :

a. Find the inverss
function, Describe
what it represents,

h. You place a melon on the scale, and the spring
stretches to a total length of 5.5 inches. Determine
the weight of the melon.

¢. Werify that the function £ = 0.5w 4+ 3 and the
inverse miodel in part (a) are inverse functions,

BT drgean 10 Liplke

THOUGHT PROVOKING Do functions of the form
y = x™ where m amd n are positive integers, have
inverse functions? Justify vour answer with examples.

PROBLEM SOLVING At the start of a dog sled race
in Anchorage, Alaska, the termperature was 5°C. By
the end of the race, the
temperature was — 10°C,
The fornmla for converting
temperatures from degrees
Fahrenheit F o degrees

Celsins Cis € = 3(F - 32).

a. Find the inverse function,
Describe what it represents.

b. Find the Fahrenheit termperatures at the start and
end of the race.

¢ Use a graphing calealator 1o graph the original
function and its inverse. Find the temperature that
is the: zame on both temperature scales,
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64,

PROBLEM SOLVING The surface area A {in square
meters) of a person with @ mass of 60 Kilograms can
be approximated by A = 0.21954°7%% where k is the
height (in centimeters ) of the person.

a. Find the inverse function. Then estimate the height
of a 60-kilogram person who has a body surface
area of 1.6 square meters.

b Verify that function A and the inverse model in
part {a) are inverse functions.

USING STRUCTURE In Exercises 65-68, match the
function with the graph of its inverse,

65. fl=Vx-4
66. fix)=Vrx+4
67. fiy="YVr+1-3

68, fix)=Vr—=1+3

69. DRAWING CONCLUSIONS Determine whether the

.

12,

staterment is irue of false. Explain your reasoning.

a. If fix) = x° and n i a positive even integer, then
e inverse of fis a function.

b If fix) = x" and n is a positive odd integer, then
the inverse of Fis a function,

HOW DO YOU SEE ITT The graph of the function f
is shown. Name three points that e on the graph of
the inverse of f. Explain your reasoning.

ABSTRACT REASONING Show that the imverse of any
lincar fanction fix) = mx + b, where m 2 0, is also

a linear function. Identify the slope and y-imtercept of
the graph of the inverse function in terms of m and b,

CRITICAL THINKING Consider the function f(x) = —x.

a. Graph fix) = —x and explain why il is its own
inverse. Also, verify that fix) = —x isils own
inverse algebraically.

b Graph other linear functions that are their own
inverses. Wrile equations of the lines vou graphed.

¢. Use your results from part (b) to write a gencral
equation describing the family of lincar functions
that are their own inverses,

'_Maiﬂmiﬂiﬂg Mﬂfhﬁmaﬁﬁ.ﬂl Prﬂﬁﬂfﬁ.ﬂﬂ‘r Freiavar g whit you leamed i previous grades and lessons 1

Simplify the expression. Wrile your answier using only positive ¢ xponents,

(akills Review Meoardbook)

- 45 2\
s A ) 74, 2.0 75. 7 76. {i}

Daeseribe the x-values for which the function is increasing, decreasing, positive,
i Section 4.1)

and negative,

. 79.
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5.4-5.6 What Did You Learn?

Core Yocabulary

radical equation, p. 262
exiranecns sohotions, p, 263
imverse functions, p. 27

Core Concepts

Section 5.4

Solving Radical Equations, p. 262
Solving Radical Inequalities, p. 265
Section 5.5

Ciperations on Fanctions, p. 270

Section 5.6

Exploring Inverses of Functions, p. 276
Inverses of Nonlinear Functions, p. 278
Horizontal Line Test, p, 278

Mathematical Practices
How did vou find the endpoints of the range in part (b) of Exercize 54 on page 2677

C—
a

How did you pse structure in Exercizse 57 on page 2687

How can you evaluate the reasonableness of the results in Exercise 27 on page 2747

oW

How can you use a graphing calculator to check your answers in Exercises 49-52 on page 2827

g= === === m == ===~ Performance Task - - -

[
| rning th b
. Turning the Tables
|
' In this chapter, you have used properties of rational exponents
! and functions to find an arewer to the problem. Using those
| same propertes, can you iind a2 problem 10 the arswer?
1 r ']
| How many problems can you find? i
I =
I i
| T explore the answers to these questions and mofe,
; ao to Bigideas Math.com
[
L

O O O . O O . O O O . . . . S - - O - . S O -
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.
; c h a ptEI’ REUIEW Dynamic Solutions available at BigideasMath.com

nth Roots and Rational Exponents o 237 242)

a. Evaluate 5% without using a calculator.

Rational Exponent Form Radical Form
848 = (17 =24 = 16 3¢ = (VE) =24=16

b. Find the real solution(s) of x* = 45 = 580,

=45 = 580 Write onginal eguation.
Xt = 625 fuckd 45 to each side
x = +1/625 Fake fourth oot of each side.
X=5 or xr=-5 Simplify,

P Thesohtionsarex = Sandx = 5.
Evaluate the expression without using a caleulator.
y FEEE Ly PR W 3

Find the real solutionds) of the equation. Round your answer to two decimal places
when appropriate.

4 P+ 17=35 5 T& =189 6. (x+By=16

Properties of Rational Exponents and Radicals o0 290250

a, Use the properties of rational e xponents to simplify 5;1:‘; ..
() [T - oy -
b, Write /16" in simplest form.
-.;.f[EITj}',E:_;'f = ""1 dirl iyt gt Factor out peifedt fourth powers
= ‘-"'EE « Vg Product Property of Radhcals
= 29857 « Vi Sirmplafy,
Simplify the e xpression.
7. 1§—$] 8. ¥32.9% gL
Latd 2=VE
10. 4VE + 373 1. 238 -3 12. (515 . Py
Simplify the ¢ xpression. Assume all variables are positive.
13. Vizsg 18, 120 15. V102 — 2240z

=
-
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m Graphing Radical Functions (pp 251 258)

Describe the transformation of fix) = Vx reprezented by gix) = 2Vx + 5.
Then graph each function,

Modice that me l_umljrm iz of the form

px) = avx — h, wheee a =2 and k= —5.

P So, the graph of g is a vertical stretch
by a factor of 2 and a translation 3 units
left of the graph of f

Describe the transformation of f re presented by g, Then graph each function.
16, fix) = VX, glx) = -2V 17. fiy="T gx)="=x-06

18. Lt the graph of g be a refection in the y-axiz, followed by a translation 7 units to the right
of the graph of fix) = %, Write a rule for g.

19. Use a graphing cakulator to graph 2y = x — 8. Identify the vertex and the direction that the
parabola opens.
20, Use a graphing caleulator to E:I'“.’I.E'lh.'t"z t _1'3 = B1. Identify the radins and the intercepts.

m solving Radical Equations and Inequalities (pp 261 260

Solve 6Vr + 2 < 18

Step 1 Solve forx

6Vx +2 <18 Wiite the omginal inegualitg Check
Yx+2<3 Divade each ade by b
ity o O " St each side
x=7 Substract 2 from eadh side
Step2  Consider the radicand. =4 Trieraection
A=7 Tl
x+2z0 The radhcand cannol be negatnee -4
r 2z —2 Subtract 2 from each side
... 50, the solutionis —2 £ x < 7.
Solve the equation, Check your solution.
M. 4V +1 =20 22, Vdr—4=V5x—1-1 23 ()" =36
Solve the inequality.
24, N +2=17 25 Nix—-8 <M 26, W -3 2z 21

27, Ina tsunam, the wave speeds (in meters per second) can be modeled by s(d) = V.84, where
 is the depth (in meters) of the water. Estimate the depth of the water when the wave speed is
20 meters per second.

Chapter 5 Chapter Review
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m Performing Function Operations (pp 260 774)

Let fix) = 2r*? and gix) = x'¥, Find {! kx) and state the domain, Then evaluate
the quotent when x = §1.

-

The functions fand g each have the same domain: all nonnegative real nmimbers. Because g{0) = 0

the domain of i: is restricted to all positive real nombers,
When x = 81, the value of the quotient is
[ng:&l} = NB1YM = 2(B11H)Y = 2(3) = 2(243) = 486,

28, Letfix) = 23 — x and x) = 443 — x_Find ey and [g]l_x] and state the domain of ¢ach,
Then evalnate { fg)2) and (ﬂ;z;- '

29, Letfix) =3x*+ 1and gix) =x + 4. Find (f + g)(x) and (f — g)ix) and state the domain of
each. Then evaluate (f + gh(—5) and (f — gh(—5).

m Inverse of a Function (pp 275 284)

Consider the function fix) = (x + 5F. Determine whether the
inverse of f iz a function. Then find the inverse.

kJ

Graph the function f, Notice that no horizontal line intersects the graph
more than once. So, the inverse of fis a function. Find the inverse

¥ = (x + 5F Hel y equea to fx). £
r=(y+5P Swntchx and y. I
VX =y+5 Take qube root of each side
VX =5=9 Subdract 5 from each sde.

P So, the inverse of fis g(x) = % — 5.

Find the inverse of the function. Then graph the function
and its inverse,

30. fix) = ~5x + 10 M. flry=x'+8xr20
32. fiy=-2'-9 33. flx)=3VK+5

Determine whether the functions are inverse functions,

M. fix) =4x - Ilj?,gitp=i—;,r+11;? 35. fix) = —Ix + 6, glx) = —%.r +3

36. Omnacerfain day, the function that gives ULS. dollars in terms of British pounds isd = 1.587p,
where o represents ULS. dollars and p represents British pounds. Find the inverse function. Then
find the mumber of British pounds equivalent to 100 115, dollars.

Chapter 5 Rational Exponents and Radical Functions



1. Solve the inequality 5Vx — 3 — 2 £ 13 and the equation 5Vx — 3 — 2 = 13, Describe
the similarities and differences in solving radical equations and radical inequalities.

Deseribe the transformation of £ represented by g, Then write a rule Cor g.
2. fix) =X 3. fix) =% 4 fixy=v%

Simplify the expression. Explain your reasoning.

5. 6437 6. (=275 7. V/agg'F

9. Write two functions whose graphs are translations of the graph of ¥ = vx_ The first
function shoukd have a domain of x 2 <4, The second function should have a range of
ye =1

10, Inbowling, a handicap is a change in score to adjust for differcnces in the abilitics of
Mavers, You belong to a bowling league in which your handicag f is determined nsing the
formula i = 0.9 200 = a), where d is your average scobe. Find the imverse of the model,
Then find the average for a bowler whose handicap is 36.

11.  The basal metabolic rafe of an animal 5 @ measure of the ameant of
calories burned at rest for basic functioning. Kleiber's law states that
an animal’s bazal metabolic rate K (in kKilocakories per day) can be rabixit 25
modeled by B = 733%™, where w is the mass (in kilograns) of the

Animal Mass [kilograms)

anbmal. Find the basal metabolic rates of each animal in the table. sheep 50
hurman T0
lion 210

12. Let fix) = 677 and gix) x5 Find { f + g)(x) and { f = g)(x)
and ztate the domain of each, Then evaluate f + g)3(32) and { f — g3}

)
13. Letfix) = -11-1*'""' and gix) = &x. Find { fgkx) and 1.1.:': '{_::} and state the domain

of each. Then evaluate  fg)16) and (i]um.

14. A football plaver jurmps to catch a pass. The maxinmm height & (in feet) of the
player above the ground is given by the function & = E1i3"~ where # is the initial
speed (in feet per second) of the player. Find the inverse of the function. Use the
inverse to find the inatial speed of the player shown. Verily that the lunclions are
inverse functions,
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5 Cumulative Assessment

1. Identify three pairs of equivalent expressions. Assume all variables are positive. Justify

YOU Answer,
a gl Var gl
(va) Va" Wi a"
2. The graph represents the function fix) = {_t = ]? + Choose the correct

values Lo complete the function.

3. Inrowing, the boal spoecd & (in meters per secomd ) can be modeled by 5 = 4,624/,
where 1 is the mumber of rowers,

a, Find the boat speeds for crews of 2 people, 4 people, and § people,

b, Does the boat speed double when the sumber of rowers doubles? Explain,

¢ Find the time (in mintes) it takes each crew in part (a) o complete a
2000-meler race.

4, A polynomial function fits the data in the table, Use finite differcnces (o find the degree
of the fuwction and complete the table. Explain yvour reasoning.

b3
1k

X —4 =531 =% |=1 0 1

flx) | 28 p -G | =2| -B 18

5. The area of the tiangle is 42 square inches. Find the valoe of x.

X I

{x 4+ BYin
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10.

Which equations are represented by parabolas? Which equations are functions?
Place check marks in the appropriate spaces. Explain your reasoning.

Equation Parabola Function
¥y=(x+ 3
x=d4yt -2

y=1{x- 13" + 6

What is the soliton of the incquality 2¥x + 3 — 1 < 37

B x=<1 (B -3=zx<l

Ly -3szx<l I xz -3

o

Which function does the graph represent? Explain your reasoning.

(B y=-2|x+1]
) y=|x| -1

> D v=2|x+1|

Your friend releases a weather balloon 50 feet from you. The balloon rises vertically.
When the balloon is at height &, the distance o between you amnd the balloon is given by
d =V2500 + 4%, where i and 4 are measured in feed. Find the inverse of the function,
What is the heighi of the balleon when the distance between yvou and the balloon is

100 feet™

The graphs of two functions fand ¢ are shown. Are fand g inverse functions? Explain

VORI TE-a50MmIng.

=
-
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