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Maintaining Mathematical Proficiency

Simplifying Square Roots

Example 1 Simplify V8.

VB Factor using the greatest perfed square factor,

Prochct Progeity of Square Rools
A,

Simiplify f - o s d
i Jab =3 « Vb, where a, b2 0 |

Example 2 Simplify \'Ig?_s'

et
L

Vig Quatient Propeny of Square Roots

7
36 B

-.-.r
V7 | 4 2 whetea 2 Dandb > 0 |
'ﬁ Simpliky Vb
Simplify the expression.
1. V27 2. —vViz

18 [ 65

o - a

Factoring Special Products
Example 3 Factor {a) x? — 4 and (b) x* — 14x + 49,
e 22 Write as & i
=y +ix—2 Dufference of T Squanes Patten

P SoxX-4=(+2ix-2).

14y = 40 = yi W+ T7 Write as & 1ab = b
(x = T¥ Pertect Square Tnnemial Pattem
P Sor-l4ar+49=(r— T
Factor the pelynomial.
8, xi-=736 10, =0 11 4@ =125

12, ¥ — 22 + 121 13, £° 4 28x + 196 14, 49%< + 210x + 225

15. ABSTRACT REASONING Determine the possible integer values of @ and ¢ for which the trinomial
ar’ + &x + ¢ is faclorable using the Perfect Square Trinomial Pattern. Explain your reasoning.

Dynamic Solutions available at BigldeasMath.com




Mﬂfhﬁh’lﬂﬂﬂal | Mathematically proficient students recogrize the limitations
Practices e

Recognizing the Limitations of Technology
) Core Concept

Graphing Calculator Limitations

Graphing calculators have a limited number of pixels to display the graph of a function.
The result may be an inaccurate of misleading graph.

To corect this issne, uze a viewing window setling based on the dimensions of the acreen
{in pixels).

b

FEALNRN Recognizing an Incorrect Graph

Use a graphing calculator to draw the circle given by the equation 12 + y* = 6.25,

SOLUTION
Begin by zolving the equation for y,

y = VG258 — 3¢ Ecpuation of uppes semiarde

—
i

f -
y=—V625 — x Ecuation of lower sermarde

The graphs of thes: two equations are shown in the first
viewing window, Motice that there are two izsues, First,

the graph resembles an oval rather than a circle, Second,

the two parts of the graph appear to have gaps between them.

You can comect the first issee by using a square viewing
windew, a5 shown in the second viewing window,

Tocorrect the second issue, you need to Know the dimensions
of the graphing calculator screen in terms of the nomiber of
pixels, For instance, for a screen that is &3 pixels high and

05 pixels wide, use a viewing window sefting as shown at

1
the right. ->

-3 1

Monitoring Progress
1. Explain why the second viewing window in Example 1 shows gaps between the
upper and lower sermicirehkes, but the third viewing window does not show gaps.

Lise a graphing cabeulator to draw an accurate graph of the equation. Explain your
choice of viewing window,

R

2.y=Vx2-15 3, y=Vr—25 & 34y =1225
5. 2%+ yi= 2025 B, x4+ 4yl = 1225 7. dxt + ¥ = 2025
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Solving Quadratic Equations

Essential Question 1owcan you use the graph of a quadratic

equation to determine the number of real solutions of the equation?

SR LENIIs RN Matching a Quadratic Function with Its Graph

Work with a partner. Match each quadratic function with its graph. Explain your
reasoning, Determine the number of 1-intercepis of the graph.

a fiv)=xT - b fix) =x1—2vr + 1 e flx)=xT —2x+ 2
d. fix) = -3+ Xx e fx)=-x1+2x-1 L fx)=-x14+2—12
A, 4 B.

||E

C 4 D. 4
R f o e e I e e ] 1
—4 3

EXPLORATION 2

Work with a partmer. Uz the resulis of Exploration 1 to find the real solutions

MAKING SENSE (i any ) of each quadratic equation.
OF PROBLEMS aX¥-2x=0 bh2—-2x+1=0 exX-+2=0
To be proficient in math, d. =12 4+ I =0 g, =14+ =1=0 . =2 4+2x=-2=0

you need to make
conjectures about the

form and meaning of Communicate Your Answer

solutions.

D‘ 3. How can you use the graph of a quadratic equation to detérmine the number of
real solutions of the equation?

4. How many real solutions does the quadratic equation x* + 3x + 2 = 0 have?
Heew do vou know? What are the solutions?
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What You Will Learn

B Solve quadratic equations by graphing.
P Solve quadratic equations algebraically.

Gﬂfﬁ vmmlﬂrﬁ- B Solve real-life problems.,
Guadratic equaln in
oN% vanatle, B 34 Solving Quadratic Equations by Graphing

root of an equation, p. 94

raro of a function, p. 96 A quadratic equation in one variable is an equation that can be written in the

sandard formar? + by + ¢ = 0, where a, &, and ¢ are real numbers and a # 0.

Previous A rool of an equation is a solution of the equation. You can use various methods
properties of square roots to solve quadratic equations.
factoring

rationalzing the denominatorn

\ G) Core Concept

E} Solving Quadratic Equations

STUDY TIP By graphing Find the x-intercepts of the related function
Quadratic equations yp=art+bete
can have zero, ane, or Using square roots Write the equation in the form &* = o, where u is an
—twio real salutions. algebraic expression, and solve by taking the sqoare roo
of each side.
By factoring Write the polynomial equation ax? + br + ¢ = Oin

factored form and solve nsing the Zero-Product Property,

%,

Solving Quadratic Equations by Graphing
Solve cach equation by graphing.

ar—-r—-6=0 b. —2r% — 2 = 4x
SOLUTION
a, The equation is in standard form. b. Add —4y o each side to oblain
Check Graph the related function —2x! —4x — 2 = 0. Graph the
y=x'—x— 0. related function y = —2¢* —dx — 2.
XY=x=5=0
s
(=2F = :]—ﬁﬁn
44+2-6=0
1}=i}tf
¥—-x—6=0
32 - 'i—ﬁ.—?.qj
9_3_E='DJ The x-imercepis are —2 and 3. The x-infercept is — 1.
H=8 P The solutions, or roots, P The solution, or roa, is
rex =-Qandx = 3. x= -1

e E
Mon riurmg Pl’ﬂ'ﬂrﬁﬂﬂ' ‘ “ Help in English and Spanish at BigideasMath.com
Solve the equation by graphing,
1. x¥— 8 +12=0 2. 4x - 12x+9=0 3 xt=fr— 20
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Solving Quadratic Equations Algebraically

When solving quadratic equations using square rools, you can s properties of square
rocds Lo wrile your solutions in different forms.

When a radicand in the denominator of a fraction is not a petfect square, you can

multiply the fraction by an appropriate formof 1 to eliminate the radical from the
denominator. This process is called rationalizing the denominalor.

FEAUUNIFN  Solving Quadratic Equations Using Square Roots

Solve each equation using square rools.

a 42 — 3] =49 b 3 +9=0 ﬁ%(.r+3}i‘=5
SOLUTION
a. dx* = 3] =49 Write the equation,
4x? = B0 Aidd 31 1o each ade.
xt=120 Divide each side by 4,
x=+V20 Take square root of each sicde,
x==Y4 .45 Product Property of Square Rowls
r==2% Simghi by,
P The solutions are x = 2V5 andx = —2V/5.
b 3x2+ 9=10 Wirite the eoquation
It = -9 Subtract 9 from each side.
LOOKING FOR 2=-3 [vvide each sade by 3.
STRUCTURE P The square of a real number cannot be negative. So, the equation has no
Notice that (x + 3)' = 22 s teal solution.
of the farm w? = 4 where L8 %l’ﬁ' +33 =5 Wirine the eouation
u=x+3 75 rr
D x+3F= = Muldtiply each side by 7
STUDY TIP I+3== % Take squeare roat of each side.
Because Ei = 1, the value 5
V2 x=-3= = Subtract 3 from sach side.
V25 iz
of — does not change a5
LF = X=m =3 Cuotient Propeny of Square Roots
when you multiply by i 2
V2 V2s V2 Vi
E> TR e Multiphy by 2.
2 2 LF.
I==3= &E Simgplify,
2
P The solutions are x = =3 + %auﬂx = =3 = %

Monitoring Progress 4’3‘ Help In English and Spanish at BigideasMath.com
Solve the equation using square roofs,

4, L4+ 14=20 5. -2xt41=-4 6. 2x — 4 = -5
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When the left side of ax® + by 4+ ¢ = 0 is factorable, you can solve the equation using
the Zem-Product Property.

&) Core Concept

Zero-Product Property

Words If the product of two expressions is zero, then one or both of the
expre ssions equal zero.

Algebra [fA and B are expressions and AB = 0, then A =0 or 8 = 0.

FEANINIEN Solving a Quadratic Equation by Factoring

Solve x¥ = dx = 45 by factoring.

SOLUTION
UNDERSTANDING 5
Pr=4r=45 Virite the equation,
MATHEMATICAL B e e g s o
TERMS X = Write in standard Ferm
Fa real nomber ke sura x=9U4x+3=0 Factor the polynomaal,
af the function ¥—9=0 or r+5=0 Zeri-Produict Proferty
flx) = ax” + bx + ¢, then x=9 o x=-5 Solve for x.
k is an x=intercept of the
graph of the function, P Thesohtionsarcx = ~Sand x = 2.
and K is also & root of T" You know the x-intercepts of the graph of f(x) = alx — pi{x - g) are p and g.
equation ax’ + bx + ¢ = 0. Because the value of the function is zero whenx = p and when x = g, the numbers

D- p and g are also called geros of the function. A 2ero of a fanction [z an x-valoe for
which f(x) = 0.

SN EN Finding the Zeros of a Quadratic Function

Finud the 2eros of fix) = 2¢2 — 11x + 12.

SOLUTION
Check To find the 2eros of the function, find the 1-valoes for which f{x) = 0.
&
vt = 1lx 4 12=0 St Fixh equal to 0,
E / (20 = 3xr = d) =0 Factor the polynomaal,
-3 |z Zx—3=0 oF x—4d4=0 Fero-Product Property
Tare =15 or x=4 Solve for x.
x=1,5 v=1)
=4 h The 2eros of the function are x = 1.5 and x = 4. You can check this by graphing

the function, The y-intercepts are 1.5 and 4,

2 5
Monitoring Progress WD) i i o i i
Solve the equation by factoring,
T al4+l2e4+35=0 8. x-S =2
Find the zerods) of the function.

9. fix)=x* —8x 10. fix) = 4x + 28x + 49
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Solving Real-Life Problems

To find the maximum value o minirmim value of a quadratic function, you can firsl
use factoring Lo write the funclion in intercept form fix) = alx — pi(y — g). Because

the vertex of the function lies on the axis of symmeiry, ¥ = P%q. the maximem vahe

of minimum value occurs at the average of the zeros p and q.

Solving a Multi-Step Problem

A monthly teen magazine has 48,000 subscribers
when it charges $20 per annual subscription.

For each 1 increases in price, the magazine
lose s aboant 2000 snbscrbers. How rmach

should the magazine charge to maximize

anmial reveme? What is the maximuom

anmual revemea?

SOLUTION

Step 1 Define the variables. Let x represent the price
increase and K{xp represent the annual revenue,

Step 2 Write a verbal model. Then write and simplify a quadratic function.

Anmual BMumber of Subscription
FEVEnE _  subscribers . price
{dollars) (people) (dollars/person)
Hix) = (48,000 — 2000y - (20 + 1)
Rix) = { — 2000y + 48,0000 + 20)
Rix) = =2000{x = 24)x + 20

Step 3 Identify the zeros and find their average. Then find how much each
subscription should cost 1o maximize annual peveme.

The zeres of the revenie function are 24 and =20, The average of the zeros
|
13 M =

T meaximize veveme, each subscription should cost $20 + 52 = 522,

Step 4 Find the maxirmum annnal révenie.

Bi{2) = —2000(2 — 24K2 + 20) = $N8.000

P So. the magazine should charge $22 per subscription to maximize annual
revenie, The maximom annnal revenue is $968,000,

Monitoring Progress ‘ﬂf’ Help in English and Spanish at BigideasMath.com

1. WHAT IF? The magarine initially charges 521 per annual subscrption, How much
should the magazine charge (o maximize annual revenue? What iz the maxinmim
annual revenue?
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INTERPRETING
EXPRESSIONS

In the model for the
height of a dropped
object, the term — 16¢
indicates that an object
has fallen 1682 feet after
t seconds,

98

When an object is dropped, its height & (in feet) above the ground after § seconds can
be modeled by the function i = = 164° + J,, where &, is the initial height (in feet)
of the object. The graph of i = — 162 + 200, representing the height of an object
dropped from an initial height of 200 feet, is shown at the left.

The model i = —16% + &, assumes that the force of air resistance on the object is
negligible. Also, this mode] applies only to objects dropped on Earth. For planets with
stronger or weaker gravitational forces, different models are used.

AN Modeling a Dropped Object
For a science competition, stisdents nuist design a container that prevents an egg from
breaking when dropped from a height of 50 fect,

& Wrile a function that gives the height fr{in fect) of the container after § seconds,
Howe long does the container take to hit the ground?

b. Find and interpret (1) — fi(1.5).
SOLUTION

# The initial height is 50, 50 the model is & = — 16 + 50. Find the zeros of
the function,

= —16F + 50 Pnte the function,
0= —-16f + 50 Sustimate O for
-850 = —16F Subiract 540 from eadh side.
0. p Divide each side by — 16,
=16
= ‘I@ =
Vs i Take wpuare poot of each gde,
*] 8§ == Use a caloulator

P Reject the negative solution, — 1.8, becanse time must be positive, The
comainer will fall for about 1.8 seconds before it hits the ground.

b. Find &(1)and &1.5). These represent the heights after 1 and 1.5 seconds,
fl)= =16{1F + 50 = =16+ 50 = 34
M1.5) = —16(1.50 + 50 = —16(225)+ S0 = =36+ 50 = 14
Bl) = MlS5) =3 -=14=20
B So. the container fell 20 feet
bersvesn 1 and 1.5 seconds. You
can check this by graphing the
function. The points appear to

be aboart 20 feot apart, So, the
answar is reasonable,

Check
-

i M
Hunﬂurmg Frﬂgrass 413’ Help in English and Spanish at BigideasMath.com

12, WHAT IF? The egg container is dropped from a height of 20 feet. How does this
change vour answers in parts (a) and (b)?
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3.1 EHEI'EISES Dynamic Solutions available at BigideasMath.com

— Vocabulary and Core Goncept Check

1. WRITING Explain how to use graphing to find the roods of the equation ax* + bx + ¢ = 0.

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

What are the zeros of fix) = x* 4+ 3x — 107 What are the solutions of x* + 3r — 10 = 07

What are the roots of 10 — x* = 3x7? What iz the y-intercept of the graph of y = (x + 3)x — 2)7

Monitoring Progress and Modeling with Mathematics

In Exercises 3=12, solve the equation by graphing. 22. ANALYZING RELATIONSHIPS Which graph has
(See Excomprle 1.} r-imercepis that are equivalent to the roots of the
i 3\ 25 - i
5 WisE i Eh P T R equation | x — 2|° = 27 Explain your reasoning,
5 0=3-0 6 —-8=-x'—4
7. By = —4 — 4ot B. f=aix -3
9, 7=-xi—4x 10. v =x1+42
" #2+6=x 12 I =pl+5

In Exercises 13=20, solve the equation using square
rools (See Examnple 2.}

13. & = 144 14. &t =81

15. (z—6*F=25 16. (p—4)1 =49

7 4x-1P+2=10 18 2x+2°-5=8
ERROR ANALYSIS In Exercises 23 and 24, describe and

1_ S = =:. I_ 1 i -5 1
19. 7% -10 :’i 20. gx=+2=3x correct the errvor in solving the equation,
21. AMALYZING RELATIDNSHIPS Which equations have 23, e Em=2
roois that are equivalent to the x-intercepis of the x Ll
graph shown? 2(x+1)°=18
@) —x*-6c—-85=0 e T T &F (x+1)°=9
® o=@+a+y SN 5 =
s el e M| .
@ 0= -E+2)+4 00 5 s 24, S
® s-s-s-0 L B e
o 1 11 | ! —231'? =5
E> 4x+3)P-4=0 = =4
x=£2
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25. OPEN-ENDED Write an equation of the form =g
that has (a) bavo real solutions, (b) one real solation,
and () no real solution.

26. ANALYZING EQUATIONS Which equation has one real
solution? Explain.

A W +4=-24+8)

B Sii-da4=x'-4

) Ax+3)=18

D A*-5=19
In Exerclses 27=34, solve the equation by factoring,
iSee Exarmple 3.)

27. O0=x*+6x+ 9 28. 0=7—10z+ 25

29, x*—-Br=-12 30. ¥ - llx= =30
3. nt-6n=0 32, @ -49=0
33, 2w - 16w = 12w — 48

M, y+B+y=y+ 3

MATHEMATICAL CONNECTIONS In Exercises 35=38, find
the value of x.

35, Area of rectangle = 36 36, Area of circle = 25¢

1 iz
x+5

37, Area of trianglk = 42 Arca of trapezoid = 3

2+ 8

In Exerclses 33-46, solve the equation using any
method, Explain your reasoning.

39, ut=-9u 40. —D+3=15

M. ~(x + 97 = 64 42, -2x+20=5

43, Tix—47 - 18=10 44. Ff+81+16=0

45. @ +3x+ 46. ' —175=05

- o
Il
L]

100 Chapter 3

In Exercises 47=-54, find the 2erofsi of the funetion,
(See Exampic 4.)

4. gxy=x+6x+ 8 48. fix)=x-8r + 16

49, hix)=x'+Tx—-30 50 gix)=x+ llx

5. i =2¢-x~-12 52 fa)=43 -1+ 9

53, plxh =x" 4+ 22¢ + 121

54. hix) =x + 19¢ + 84
55. REASONING ‘Write a quadratic function in the form
fix) = x? + by + ¢ that has zeros & and 11.

56. NUMBER SENSE Write a quadratic equation in
dandard form that has roods equidistant from 10 on
the mumber line.

57. PROBLEM SOLVING A restaourant sells 330 sawdwiches
each day. For cach $0.25 decrease in price, the
restaurant sellz about 15 more sandwiches, How
mkch shoukd the restanrant charge to neaximize daily
revenneT What is the masimom daily revenoe?

(See Example 5.)

58. PROBLEM 50LVING An athletic siore sclls abomt
204 pairs of basketball shoes per month when it
charges 5120 per pair. For each 52 increaze in
price, the store sells two fewer pairs of shoes. How
much shonld the store charge to maximize monthly
revenie? What is the maximum monthly reveme?

59. MODELING WITH MATHEMATICS Niagara Falls
is made up of three waterfalls, The height of the
Canadian Horseshoe Falls is about 188 fect above
the lower MNiagara River. A log falls from the top of
Horseshoe Falls. (Ser Example 6.)

a. Write a fupction that gives the height & {in feet) of
the log after 1 seconds. How long does the log take
toreach the river?

b Find and interpeet #(2) — 3.

Quadratic Equations and Complex Numbers



60,

61.

G2,

63,

MODELING WITH MATHEMATICS According to
lepend, in 1589, the [talian scientist Galileo Galilei
dropped rocks of different weights from the top of
the Leaning Tower of Pisa to prove his conjecture
that the rocks would hit the ground at the same time,
The height f (in feet) of a rock after ! secomds can be
modeled by Bl = 196 — 168,

a, Find and interpret the 2eros of the functon. Then
use the zeros Lo sketch the graph.

b, What do the domain and range of the function
represent in this situation?

PROBLEM SOLVING You make a reclangular quilt that
is 3 feet by 4 feet. You use the remaining 10 aquare
feet of fabric 1o add a border of umiform width to the
quilt. What is the width of the bonder?

MODELING WITH MATHEMATICS You drop a seashell
inko the ocean from a height of 40 feel. Write an
equation that models the height & {in feet) of the
seashell above the water after ! seconds. How long is
the seashell in the air?

WRITING The equation /& = (019" models the
hedght f {in feet) of the largest ocean waves when
the wind speed is & knots. Cornpare the wind speeds
required to penerate 5-fool waves and 20-fool waves.

65,

6.

&7

i

Section 3.1

CRITICAL THINKING Write and solve an equation
Lo find two consecutive odd integers whose product
ig 143,

MATHEMATICAL CONNECTIONS A quadrilateral is
divided imto two tight triangles as shown in the figure.
What i5 the length of each side of the quadrilateral?

ABSTRACT REASONING Suppose the equation
ax! + bx + ¢ = 0 has no real solution and a graph
of the related function has a vertex that lics in the
secomd quadrant,

a Iz ithe value of g positive or negative? Explain
VOUE [eas0ning,

b Suppose the graph is translated so the vertex is
im the fourth quadrant, Docs the graph have any
X-intercepis? Explain,

REASONING When an object is dropped on any
planet, its height & (in feet) after § seconds can be
modeled by the function & = —%l‘ + M., where fi,

i the object’s initial height and g is the planct’s
acceleration due Lo gravity. Suppose arock is dropped
from the same initial height on the three plancts
shown, Make a conjectare about which rock will hit
the ground first. Justify your answer.

fdars:
g = 12 flfsec’

Earth:
g = 32 filked

hapiter:
g = 76 flled

PROBLEM SOLVING A café has an outdoor,
rectangular patio. The owner wants to add 329 square
fect Lo the area of the patio by expanding the existing
patio as shown, Write and solve an equation to find
the value of ¥, By what distance should the patio

be extended?

—— @At

15 ft - =15 fi—-x-
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69, PROBLEM SOLVING A fleacan jump very long
distances. The path of the jump of a flea can
be modeled by the graph of the Tunction
¥y = —0.180 + 24625, where x is the horizontal
distance (in inches) and y is the vertical distance
(in inches), Graph the function. Identify the
vertex and zeros and inderpret their meanings in
this sitmation.

HOW DO YOU SEE IT? An artist is painting a mural
and drops a paintbrush. The graph represents the
height i (in feet) of the paintbrush after § seconds.

Height of

—

:i e II'

Paintbrush

| I e e

8. What i the initial height of the paintbmsh?

b How long does it take the paintbrush to reach the
ground? Explain.

MAKING AN ARGUMENT Your friend claims the
equation 1 + 7x = 49 can be solved by factoring
and has a solution of x = 7. You solve the equation
by graphing the related fonction and ¢laim there is no
solution. Who is correct? Explain.

.

ABSTRACT REASONING Factor the cxpressions

x* = 4 apd x* — 9, Recall that an expression in this
form is called a difference of two squares, Use your
answers Lo factor the expression v* — a®. Graph

the related function ¥ = 1% — a®. Label the verlex,
A-infercepts, and axis of synuomelry.

12,

75.

DRAWING CONCLUSIONS Consider the expression
x4 g, wherea > 0,

8. You want to rewrite the expression as
(x + myx + n). Write two equations thal
art and m sl satisty.

b Use the cquations vou wrole in part (a) (o solve
for e and £ What can vou conclade?

THOUGHT PROVOKING You are redesigning a
rectangular raft. The raft is 6 feet long and 4 feet
wicks, You wand to double the area of the raft by
adding to the existing design. Draw a diagram of the
new raft. Write and solve an equation you can nse o
find the dimensions of the new raft.

I 6t |

MODELING WITH MATHEMATICS A high school
wants to doubke the size of its parking 1ot by
expanding the existing lod as shown. By what
distance x should the ot be expanded?

x| ewandedpartofior.
751t oladl bort:
165 T schac
| 300 ft T
751t

— Maintaining Mathematical Proficiency szt souieames i proous goses ans tessens

Find the sum or differenee. (5500 Review Handbood )

7. (X +2p+ (2 —-x)
F8, (=2 + 1= {=3x+x)

Fimil the product.
BD. [x+ 2ix —2)

(Skills Review Haraiboak)

B2, (7 —ajx—1)

7. @+ 2 -4+ (32 + 10)

79, (=37 4+ =-1=-(—art+3x-0

81. 2e(3 —x+ 5x)

83, lln-4+3r+8)

102 Chapter 3

Quadratic Equations and Complex Numbers



Complex Numbers

ATTENDING
TO PRECISION

To be proficient in math,
you need to use clear
definitions in your
ressoning and diecussions
with others.

>

Egsential Qﬂ'&ﬂﬁﬂﬂ What are the subsets of the set of

complex numbers?

In your study of mathematics, you have probably worked with only real numbers,
which can be reprezented graphically on the real nunober line, In thiz leszon, the
system of numbers s expanded to include imaginary mumbers. The real mumbers
and imaginary numbers compose the sl of complex mmbe .

[ Complex Numbers ]

[ RooiNumbers | (imaginary Numbers |

- .
Rational Numbers [ Irrational Numbers ]
| et
I B’
Integers The imaginary uit ¢
he o is delined as
| —
L ' . r i _I :
Whole Numbers )
o o
, J \
Matural Numbers

Classifying Numbers

Work with a pariner. Determine which subsets of the set of complex numbers
contain eaxch number.

a. V9 b. V0 e -4

e V2 L V-1

FAdRs LB sl PN Complex Solutions of Quadratic Equations

Work with a partner. Use the definition of the imaginary unit { to match each
quadratic equation with it complex solution, Justify vour answers.

=g =0 b x?41=0 G X=1=0
d32+4=0 el =-9=0 . 24+9=0
A, B. % cC 3

D. 2i E. I E 2
Communicate Your Answer

3. What are the subsets of the set of complex numbers? Give an example of a
number in cach subsct,

4. Iz it possible for @ nurober to be both whole and natural? natural and rational ?
rational and irrational ? real and imaginary? Explain your reasoning,.
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Core Vocabulary .

irmagenany unit J, g 704
compled number, o 70
imagimary number, g 104
pure imaginary number, o 104

What You Will Learn

P Define and use the imaginary unit J,
P Add, subtract, and multiply complex numbers.
B Find complex solutions and zeros.

The Imaginary Unit J
Mot all quadratic equations have real-number solutions. For exanmple, ¥ = -3

has no real-number solutions because the square of any real nomber is never a
negative number.

To overcome this problem, mathematicians created an expanded system of nuners
using the imaginary unit i, defined as i = V1. Note that # = — 1. The imaginary
unit i can be used towrite the square rood of any negative mamber,

) Core Concept

The Square Root of a Negative Number

Property Example

1. If 7 is a positive real number, then V—r = [VF, V=3 =13

2, By the first propenty, it follows that (ivr¥ = —. (W3) =i2.3 = -3

FAACIRRN Finding Square Roots of Negative Numbers

Fimd the sqoare coot of each number.

a V=25 b. V=72 e —5v—0
SOLUTION

a V=25 =V25 . V=1 =3i

b V-T2=V12.V-1=V36.V2.i=6V21=61V2

e —5V-0=-50. Vo1 =-5.3.0=-18

o o
Monitoring Progress 4# Help in English and Spanish at BigideasMath.com

Find the square roof of the number.
1. V-4 2. V-12 3. -V-36 4. 1/-54

A complex number written in stodand form Complex Numbers (a + bi)
iz a mamber a -+ & where a and & are real mambers, 7 Real I )
The: number « is the real parr, and the mmber & Numbers mmf
is the imaginary part. (3+0) | (a+b.b=0)
a+ b 2+3F 9=45
5
Ifd # 0, thena + b is an imaginary =L Pure
number. [fa =0and b # O, thena + & Imaginary
is a pure imaginary number. The diagram = i Numbers
shows how different types of complex numbers (0 + bi, b= 0)
are related. - -4f o
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Two commplex mumbers & -+ B oand ¢ + af are equal if and only if @ = cand & = 4.

AN Equality of Two Complex Numbers
Find the values of x and v that satisfy the equation 2y = 7i = 10 + yi,

SOLUTION

Set the real parts equal toeach other and the imaginary parts equal (o each other.
2x =10 Equate the real parts. -Ti=yi Ecuate the imapnary parts
x=5 Sobve for x. 1=y Sohve for y.

P So.x=S5andy=-7

Monitoring Progress 4% Help in English and Spanish at BigideasMath.com
Find the values of x and y that satl=ly the equation.
5. x+3i=9-yi 6. G+ayi=—-2x+3

Operations with Complex Numbers

) Core Concept

Sums and Differences of Complex Numbers

To add (or :ubiract) two complex mimbers, 3dd (or subiract) their real pariz and
their imaginary parts separately.

Sum of complex numbers: g+ b+ ic+dy=la+o)+ b+ d)i
Difference of complex numbers: a+biy—c+d=la—-cy+{b—d)j

AN EN Adding and Subtracting Complex Numbers

Add or subtract, Write the answer in standard form.
A (B =i)+(5+4i)
b (7 — 6i) — (3 — 6i)
e 13 — {2+ Ti) + 5i

SOLUTION
& B—0+5+4)=EF+53+(—1+4) Defiratian of complex additon
=13+ 3 Wite i standard form.
b (7 =6i)=(3=8)={7 =3+ (—6+ 0l Dehiretipn of complex subtraction
=4+ 0f Samplify.
=4 Write in standard fom.
e 3 -2+T)+5=[3-2)-T]+ 5 Defaretion of complex subbnscion
={11 =Ti)+5i Samplihe
=11 + {=T + 5} Defraticn of complex addinon
=11-2 Wnte an standard form
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STUDY TIP
When simplifying an
expression that involves

complex numbers, be sure

to simplify i¥ as —1.

>

FHALIININ Solving a Real-Life Problem

Electrical circuit components, such as resistors, inductors, and capacitors, all opposs
the flow of corment. This opposition is called resistance for resistors and rencianee fog
inductors and capacitors. Each of these quantities is measured in ohms. The symbaol
used for ohms is (1, the uppercase Greek letter omega.

Component and Resistor | Inductor | Capacitor <

symbol AW~ | i~ | -

Resistance or 30 41
reactance (in ohms) K L ©

Impedance (in ohms) R Li - Alter nating current souroe

The table shows the relationship between a compone s resistance or reactance and
its contribution to impedance. A series clrewil is also shown with the resistance o
reactance of each component labeled. The impedance for a series circnil is the sum
af the impedances for the individual components. Find the impedance of the ciroait.

SOLUTION

The resistor has a resistance of 5 olums, 5o its impedance is 5 ohms. The inductor has
areactance of 3 ohms, so itz impedance is 37 chms, The capacitor haz a reactance of
4 ohms, 80 it= impedance is — 4] ohms.

Impedance of cirenit = 5+ 3 + (—4i) =5 —1i
P The inpedance of the circnit is (5 — i) ohms,

To multiply two complex nombers, use the Distribative Property, of the FOIL method,
Just ag vou do when multiplving real nombers or algebraic expressions.

FENEEN Multiplying Complex Numbers

Multiply. Wirite the answer in standand form.

& F(=6+ i) b (3= 2} =4+ T)
SOLUTION
a =G+ i) = =24 + &4i? Distrbuteee Property
= -2+ 4-1) Use # = —1,
= —4 = Mj Winte inv standard form
b (9 — 2i0—4 + 7i) = —36 + 63{ + & — 14i¢ Mudtiply wsing FOIL.
= -36+ TLi — 14{—1) Sampdify and use £ = —1.
= =36+ Tli+ 14 Samaplify
= =224 7l Whate in standad torm

Monitoring Progress ‘? Help in English and Spanish at BigideasMath.com

7. WHAT IF? In Exarmple 4, what is the impedance of the circuit when the capacitor
is replaced with one having a reactance of 7 ochms?

Perform the operation. Write the answer in standard form.
B 9-+(-6+Ti 9 3+TH-(E-2) M. —4-{1+D-05+5)
M. (=33 (10) 12. i3 -1i) 1. 3 +iIH5-1)
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Complex Solutions and Zeros

A IINRN Solving Quadratic Equations

Solve (a)al + 4 =0 and (b) 2x2 = 11 = —47.

LOOKING FOR Sy
STRUCTURE i X+4 =0 Wnite grigpmal equation
Notice that you can use = =4 Subriradt 4 from each side,
the solutions in Example x==¥=4 Take square roof of eadh side,
Eﬂxﬂi t_;}i:‘in';;: + 43 x==2 Wnite an terms of
: D B The sohutions are 2 and —2i,
b 2x =11 = =47 Write original equation,
2t = =36 Add 11 1o each side,
= -1% Doade eadh side by 2.
r==+V-18% Take square oot of eadh side.
= =iV1g Worte i terms of £
X m ijjﬁ Simpliky radical,

B The solutions are 3i V2 and -3 V2,

AN Finding Zeros of a Quadratic Function

D' Find the zeros of fix) = 4x* + 20,

FINDING AN ST
ENTRY POINT ?
The graph of f does not A+ 20=0 St Filx) equeal 1o B,
intersect the x-axis, which 4= -2 Substract 20 from each wde.
means £ has na real zeros. 3= =5 Divede eadh side by 4,

f e
Sty Sk e comip o I E Y= Take square root of each side.

zeros, which you can find 2
algebraically, 3 = =iV Mrite in teoms of 1

T §7] P So. the zeros of fare i V5 and — V5.

Check
(V) =i V3 + 20=4.50 + W=4-5+20=0 v
fl=ivE) =al-/5Y + 20=4.50+ 0=4-5+20=0 v

g
- = = -
-4 -3y 2 | +x  Monitoring Progress "?J’ Help in English and Spanish at BigideasMath.com
Solve the equation.
14, x? = —13 15. x? = —38 16. x4+ 11 =3
17. xt — 8 = —36 18, 22— 7 = =31 19. 522 + 33 =3

Find the 2eraz of the fanet on,
20, fixy=xt 47 21. fix) = =x = 4 22, fix) =9 4 |
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3 " 2 EKEFCISES Dynamic Solutions available at BigldeasMath.com

— Vocabulary and Core Concept Check
1. VOCABULARY What is the imaginary unit { defined as and how can you use i?

Z. COMPLETE THE SENTENCE For the complex numbser 5 -+ 26, the imaginary part is and the
real part is ____

3. WRITING Dxscribe how to add complex numbers,

4. WHICH ONE DOESN'T BELONG? Which mamber does soi belong with the other three? Explain
VOUr reasoning.

34+ O 2 4+ 5 V3 48 O =TI

Monitoring Progress and Modeling with Mathematics

In Exerclses 5-12, find the zquare root of the number. 23. (12+4)-G—-7) 248 (2-130) — 4+ 3i)
(See Example 1.)

T P ) 25. (12-3)y+ (7430 2. (16-—9)—(2-—90)

7. V=18 8. V34 2L T-3+40+ & 28 16 —-(2-3—i

0. 1&g 10. —3V_a5 28, =10+ (6=5)—% 30. -F+@E+2A)+Ti
1. -4V "33 12. &-a 31. USING STRUCTURE Write each expression 4z a

complex number in sandard form.

In Exerclses 13-20, find the values of x and y that a. V-9 +V-4-V16
satisfy the equation. (See Evemple 2.} b VTR VA e

1B, dx+2U=8+yi
32. REASONING The additive inverse of a corplex

14, 3+ 6i=27+ ¥ nurmber £ is a complex number 2, such that
¢+ g, = 0. Find the additive inverse of each
15, —10x-+ 126 = 20+ 3n complex mumber,

a. 2=1+1i b z=3—i . z2==2+4+8
16, 9 — 18l = =36 + ov

In Exerclzes 33=20, find the impedance of the series
cireudt. (See Examgrle 4.)

18, —12c+ yi = 60 — 13i 33, 120 34, A

17. Zx—yi=14+ 12

19. 54 — 1yi =9 - 4 a9 + i Bl ai}

20, 15-3yi=zx+2i

35. Y] 36, 1411
In Exercises 21-30, add or subtract. Write the answer
29, (6 =i} + (7 + 3i) 22, (9+ 5) + (11 + 2i) 20 Al
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In Exercizes 37=34, multiply. Write the answer in In Exercises 55=62, find the zeros of the Munction.

stamdard form. (See Examgle 5.) {See Examgple 7.)

37. F{-5+i) | 26T -i) 55 fin=%+6 56. gpix)=Tsl+ 21

3 3= 2M4 + ) 40, {7+ 5B ~ &) 57. ) =+ 72 58. hx) = =5z = 125
A1, (4 - 24+ 2) A2, (94 509 - 50) §9. mix) = —x! - 17 60. pix)=xi 4098

43. (3 - 6i) a4, (% + 3y 61, rix) = —? - 4 62, fix)= -1 — 10
JUSTIFYING STEPS In Exercizes 45 and 46, jusiify each ERROR ANALYSIS In Exercises 63 and 64, describe
step in performing the operation, and correct the error in performing the operation and

45. 11 - (4 + 3i) +5i writing the answer in standard form.

63.
= [(L1 = 4) — 3] + 5i x (3 + 20)5 — )= 15 — 31 + 10— 21°
=15+ 7I— 2i?
= (7 - 30) + 5i
= -2+ 7i+15
=7 4 (=3 4 5)i
64. a 2 2
=7+ x (4 + &) = (4)* + (61)°
= 16+ 361
A6, (3 + 2MT — i
R =16 + (36)(=1)
=21 = 12i + 14i = 82 =—320

=21+ 2-8-1)
65. NUMBER SENSE Sirmplify each expression. Then

=21+ 2X+8 classily your resulis in the table below,
(—4 + T -4 =7
=30 4 2 S e B i)
b (2 =60} = (=10 + 4i)
REASONING In Exercises 47 and 48, place the tiles in the ¢ (25 + 15i) — (25 — 6i)
expression to make a troe statement. d (5 +i%8 - i)
7. (__-__ _D={__-__ _=2-4 e (17 = 3y + (=17 = &)
& 2 5 2 Lo(=1+20%11 =)
g (7 +50)+ (- 5)
48 i +____f)y=-18 —10& h (=3 + 6i)— (-3 — &i)
=2 2 z Real Imaginary | Pure imaginary

numbers numbers numbers

In Exercises 49-54, solve the equation. Check your
solutionyish. [See Example 6. )

49, 3'+9=0 5. x*+493=0

51. x -4 =-11
66. MAKING AN ARGUMENT The Product Property of
Square Roots states va& - Vb = Vab. Your friend
-3 conclikles ‘t"'—_ai = ‘I.-"—_ = ‘-"'H-_ﬁ = 6. Iz vour friend
cormect? Explain.

52. ¥ —-9=-15
53. ¥+ 4=
54, 3147 =-47
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67. FINDING A PATTERN Make a table that shows the
powers of | from ! to F in the first row and the
simplified forme of these powers in the secomd row.
Describe the pattern you observe in the table. Verify
the pattern continees by evaluating the next four

prewers of |,

68. HOW DO YOU SEE IT? The graphs of three functions
are shown, Which function(z) has real zeros?

imaginary zeros? Explain your reasoning,

In Exercizes 69-74, wrile the expression as a comple x
number in standard form,

69. 3+ 4)—(7-50)+ 289+ 120
70. 32 +S5D+ (6 -Ti)—(9+ D)
1. (34 502 =7i%

72, 235 - 1X)

73. 2+ 4%+(1-9%-03+iT)

A (B =24 (3 =TF) =4+

75, OPEN-ENDED Find two imaginary nombers whose
sum and product are real numbers, How are the
imaginary mumbers related?

T, COMPARING METHODS Describe the two différent
methods shown for writing the complex expression in
sandard form, Which method do von prefer? Explain,

Method 1
AH2 =3+ 4[1 = 21)=Bi= 12/ + 4 = Bf?

=Bi=12(=1) + 4/ = B[=1)
=20+ 12

Methed 2
412 — Bi) + 41 — 20)= H[(2 — 31) + (1 = 21}]

= 4{[3 = 5]
=12/= 2007
=12i— 20(-1)
=20+ 121

77, CRITICAL THINKING Determine whelther each
statement is frue or fadse, NI s true, give an
examiple. IT if is False, give a counferexample.

a The sum of two imaginary mambers is an
imaginary number.

b The product of two pure imaginary numbers 15 a
real nurmber,

o A pure imaginary number is an imaginary mumber,
d. A complex number is a real namber.

78, THOUGHT PROVOKING Create a cicnit that has an
impedance of 14 — 31,

—Maintaining Mathematical Proficiency r-coqzwatouisancs ioposos gases ans iessons

8 [ N

Determine whether the given value of x is a solution to the equation, (5P Review Hanadbook)
79 Mr-D+dr-l=x-Lix=1 80 P -6=n2+9-Inr=-5 8. —r+ar=Uty= 3

Write a quadratic function in vertex form whose graph is shown,  (Seclion 24)

¥l | 84,

[ ¥
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Completing the Square

LOOKING FOR
STRUCTURE

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

ar structure.

>

Essential Question 1owcan you complete the square for a

quadratic expression?

SN LENIIs NN  Using Algebra Tiles to Complete the Square

Work with a partner. Uss algebra tiles to complete the square for the expression

x- + G,
8. You can model x* 4+ Gy using one x7-tile and _J
gix x-tiles. Arrange the tiles in a square. Your
arrangement will be incomplete in one of _.] _J _J
the cormers, _J
b How mamy 1-tiles do vou need to complete
the: square?
¢ Find the valoe of ¢ s0 that the exprezsion
4+ -
1% a perfect square trinomial. -
d. Write the expression in pard (¢) as the square -
of @ binoimial.,

FCNeLENIls '  Drawing Conclusions

Work with a pariner.

a. Use the method outlined in Exploration 1 to complete the table.

Value of ¢ needed to | Expression written as a

EXpression | omplete the square binomial squared

e i S
P Hd4r+ e
X 4 By 4

34 10w+ o

b, Look for patterns in the 1ast colomn of the table. Consider the peneral statement
X ok by 4 o= (1 4+ J), How are 4 and & related in each case? How are & and o
related in each case?

¢, How can you obtain the values in the second colunm directly from the coefficients
of x in the frst column?

Communicate Your Answer

3. How can you complete the square for a quadratic expression?
4. Dwescribe how you can solve the quadratic equation x* + 6y = 1 by completing
the square,
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Core Vocabulary.

compleding the square, o 112

Previous
perfect square thnemial
verlex form

ANOTHER WAY

You can also solve the
equation by writing it
in standard form as

X = 16x — 6= 0
and factoring.

>

What You Will Learn

B Solve quadratic equations using square roots,
P Solve quadratic equations by completing the square.
B Write guadratic functions in vertex form,

Solving Quadratic Equations Using Square Roots

Previously, you have solved equations of the form &® = dby taking the square root of
each side. This method also works when one side of an equation is a perfect square
trinomial and the other side is a constant.

SN  Solving a Quadratic Equation Using Square Roots

Solve ¥ = 16w + &4 = 100 using square roots.

SOLUTION
¥ —16r+ &4 = 100 Write the equation,
x =82 =100 Write the left side as a binomial squared
I=8==10 Take smuare 1eot ot each side,

r=8=10 Add 8 1o each side,

.- =0, the solationsae y =8+ 10=lsandx =8 — 1 = =2

. . o
Hﬂﬂ ﬂﬂ'rmﬂ Prﬂgrﬂﬂﬂ' ‘11"' Help in English and Spanish at BigideasMath.com
Solve the equation using square rosts, Check your solutionds).

1. ¥+ de +4 =36 e —m+e=1 3 ¥ —22+ 121 =51

In Example 1, the expressionx® — 16y + 64 is a perfect square irinomial because it
equals (x — §)%, Sometimes you need to add a term to an expression x* + by to make it
a perfect square trinomial. This process iz called completing the square.

) Core Concept

Completing the Square
ol
Words Tocomplete the square for the expression x° + by, add |I g} :

Diugrams Incach diagram, the combined area of the shaded regions igx? + fr,

2
Mding{i—lr‘] completes the square in the second diagram.
&)
X b—h— X i
]
x| x2 b x| x2 {%}x
L}
i i by
| E o (B |(4)
| W —- -l

z]‘_ oY+ 2) = by
Algebra x -|-.!:u:+[i2 —[HJ:'+:H:¢+2 = :s:+2

b
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Solving Quadratic Equations by
Completing the Square

AR Making a Perfect Square Trinomial

Find the value of ¢ that makes x* + 14x + ¢ a perfect square trinomial. Then write
the expression as the square of a binomial.

SOLUTION

x 7
Step 1 Find half the coefficient of x. u_ 1
3 x| x ix
Step 2 Square the result of Step 1. 7 =49
Step 3 Replace o with the result of Step 2. ¥t + 14y + 49 T x| 49 E

P The expression ¥ + L4y + ¢ is a perfect square trinomial
whenc=49.Thenx® + My + 49 =+ Tx + T = (x + TR

Monitoring Progress 453' Help In English and Spanish at BigideasMath.com

Find the value of ¢ that makes the expression a perfect square trinomial. Then
write the expression as the sgquare of a binmnial.

& 3+ B + ¢ 5. X2 =2r+ ¢ 6. 1" =Ox+ ¢

The methad of completing the square can be used 1o solve any quadratic squation.
When you comphete the square as part of solving an equation, you must add the same
LOOKING FOR nuemier bo Polh sides of the equation,
STRUCTURE

Motice you cannot solve
the equation by factoring
because x’ — 10x + 7
is not factorable as a

SOLUTION
product of binomials. D

FEAINEN  Solving ax? + bx + ¢ =0whena =1

Selve x? — 1 + T = Oby completing the square.

=1k +7 =0 Wirite the equation.
¥ =1y = =7 Write lefr side an the Fom x7 + B,
i
—10x+25=-7+125 r-dm!?] = [229F = 2510 each side
(it =51 =18 Write lett side as a bimomial squared.
¥y-5==V1§ Tk sopuage rool of eadh side.
x=5=V18 A 5 1o each side.
r=5=3V2 Simplify radical,
B The solutions are x = 5 + 332 and Check
x = 5 — 3%2. You can check this by s

graphing ¥ = x¥ — 10x + 7. The _
x-intercepts ane about 9.24 = 5 + '5'1;"' 0 12
and 0.76 = 5 - 3V2, '

!l! 'J E".E-l-i.“.'li" =l
—24
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Check
4
] 4
LT
Tsh Ta=18
=16
114 Chapter 3

J Lk

FHALIINEN Solving ax? + bx + ¢ = 0whena # 1

Solve 3x? + 12x + 15 = 0 by completing the square,

SOLUTION
The cocthicient @ is not 1, 50 vou must first divide e ach side of the equation by a.
H+I12r+15=0 Wiite the equation,
¥+d4x+5=0 Divacke eadh sde by 3.
¥X4d4x=-5 Wtee et side in the fom x* + bx
R drtd=—5+4 addl2) = [} = 1o eachside.
2] 121
x+2y= =] Write left side as a binomal squared
x+2==+V1 Take square root of eady side,

x=-2=%v-1 Subriract 2 Froim each side,

x==31=] Wiite in terms of §

P Thesolutionsarex = =24 jandx = =2 - |,

Monitoring Progress 4@ Help in English and Spanish at BighisasMath com
Solve the equation by completing the square.

Foxi=dr+8=0 B x+8Ix=-5=0 o =3t =18r=-6=0
10, 42 + 32 = —68 M. Guix + 2) = —42 12. 2x(x - 2) = 200

Writing Quadratic Functions in Vertex Form

Recall that the vertex form of a quadratic function isy = a(x — &) + &, where (i, &)
is the vertex of the graph of the fanction. You can write a quadratic function in vertex
form by completing the square,

FALIININ Writing a Quadratic Function in Vertex Form

Write ¥ = x* = 12x + 18 in veriex form, Then identify the vertex.
SOLUTION
y=x—12x+ 18 Wite the hanchion

y+i=x-1x+7+1% Prepare to complete the square,

B =q7¥
y+3={*-12x+36)+ 138 Aok E} ; %} = 36 o eadh ace,
y+I6=(x—6+18

y=@x—6¢—18 Sobve for g

Write x7 — 12x + 36 a5 4 bmomial squared.

P The vertex form of the function is ¥ = (x — 6 — 15. The veriex is (6, —18).

P i
Monitoring Progress 4'1 Help in English and Spanish at BighisasMath.com
Write the quadratic function in vertex form. Then identify the vertex.

1. y=xr¥-8&+18 M. y=xr'+ e+ 4 15. y=x¥ -2t -6

Quadratic Equations and Complex Numbers



ANOTHER WAY

You can use the
coefficients of the original
function ¥ = f(x) to find
the maximum height.

bl _ . 96
f['ii] f( 3-16)
- #(3)

- 147

>

>

LOOKING FOR
STRUCTURE

You could write the zens

as3 = %E, but it is

easier to recognize that

3 = ¥9.1875 s negative

because V91875 is greater
= than 3.

AR Modeling with Mathematics

The height y (in feet) of a baseball { seconds i
after it is hit can b modeled by the function

Find the maximum height of the baschall.
How long does the ball take to hit the ground?

SOLUTION
1.

[

¥y = —166 + 96 + 3,

Understand the Problem You are given
a quadratic function that represents the
height of a ball, You are asked to determine
the maccimum height of the ball and how
long it is in the air.

Make a Plan Write the function in vertex
form to identify the maximum height. Then
find and interpret the 2eros to determine how
long the ball takes to hit the grownd.

Solve the Problem Write the function in vertex form by completing the square.
y = — 161 + 961 + 3
y==—=16(*—60++3

Wrete the funciren
Factor — 1% from first taro terms.

y+7==16(1*—-6{+7N+3
A {=16(F) = =160 — 61 +9) +3

y— 144 = 161 -3 + 3

Prepare to complate the square.
Ak { = 16)09) 1o each ade,
White £ — 6 + 9 as a binommial squared,
y = —16(1 — 3)* + 147
The vertex is (3, 147). Find the zeros of the function.

Sofve for i

0= =16{f =37 + 147
—147 = —18(t — 3)?
Q1875 = (1 - 3

Substimute O bor y,
Substract 147 from eackh side

Discke #ach sidde by —16,

=0 1875 =1 -3 Take square rogt of each side,
5+ V91875 =14 Ak 3 1o each ade.

Reject the negative solotion, 3 — VO.1875 = —0.03, becanse time must be positive.

P So, the maximum height of the ball is 147 feet, and it takes
3+ V91875 =~ 6 seconds for the ball to hit the ground.

Look Back The vertex indicates that the maximum 150
height of 147 feet occurs when § = 3. This makes
sonse becanse the graph of the function is parabolic
with zeros near I = 0and { = 6. You can nse a graph
to check the maxinmmm height.

a1
0 =3

0

=iy, 3

PR i
MUH rl'ﬂrlﬂg Prﬁﬂrﬂ-ﬂ'ﬂ 4:‘:' Help in English and Spanish at Bigideasiath.com
16. WHAT IF? The height of the baseball can be modeled by y = —168° + 808 + 2,

Find the maxinmum height of the baseball. How long does the ball take to hit
the ground?
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3 " 3 EKEFCISES Dynamic Solutions available at BigldeasMath.com

Vocabulary and Core Concept Check

1. VOCABULARY What rmust you add to the expression v + by lo complete the square?

2. COMPLETE THE SENTENCE The trinomial x* — &y + @isa__ becanse it equals

Monitoring Progress and Modeling with Mathematics

In Exerciss 3-10, 2olve the equation nsing square roosds, In Exercises 25-36, solve the equation by completing the

Check your solution(s). (See Fxample 1. square. (See Lxamples 3 arid 4.
3. xi—-Br+16=125 4. FA-10r+25=1 25, xP+6r+3=0 2. #+2-6=0
5. xi=1Bx+ 8l =5 6. m'+ fm+ 16 =45 27, x4 4x-2=0 28. £-8i-5=0
7. ¥ — 24y + 144 = —100 29, 2z+9 =1 30. xix+ 8)=-20
8. xi-—26r+ 169=—13 M. T4 MI+56=0 32 &'+b6r+12=
9, dwlt+dw+1=75 10, &xP-Bx+4=1 33, Sz +6)= =3 34, dwiw = 3) =24
In Exercizes 11=20, find the value of ¢ (hat makes ihe 35, 4P -3k =12+ 10x
expression a perfect square trinomial, Then write the
expression as the square of a binomial, (See Evoample 20) 3. I +Ey=20-9
2 g - "
L R e L& R ATt 37. ERROR ANALYSIS Describe and comect the error in
1. yl-12y+e R ST wolvig he squatim,
15, -6+ ¢ 16, 22+ Mx+ ¢ x 4yt + Z4x=11=0
Ax? +exl=11
17, -:.I—SE'FIZ' 18, x¥<4 9y 4 ¢ 4{1?+5.l:'+9}='1-1+5
19, wl+ 13w+ ¢ 20. ' — 264+ ¢ Hx+3)° =20
(x+3)'=5
In Exercises 21-24, find the valwe of ¢. Then write an i
expression re presented by the diagram. x+3==2V5
21, x_ 2 22, x 8 x=—3 +\/B
x| x| x| x| B 38. ERROR ANALYSIS Describe and correct the error
in finding the value of ¢ that makes the expression a
20 2% | ¢ a| &x c i perfect square trinomial.
il Sl
- . n x X'+ B30x+¢
; X .
L L ¥+ 30K +
2 . =
ol o x| x% | 10x < +30x+ 15
S _f__i 0] 10x | ¢ | 39, WRITING Can you solve an equation by completing

the square when the equation has two imaginary
solutions? Explain.
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40. ABSTRACT REASONING Which of the following are
solutions of the equation x® — 2ax + a® = b7 Justify

VoL ANSWELS.

(AY ab (B} —a-b
(C) & T a

(E) a-& Fa+b

USING STRUCTURE In Exercises 41-50, determine
whether you would use factoring, square roots, or
completing the square Lo solve the equation. Explain
your reasoning. Then solve the equation.

4. -4 -21=0 42, '+ 13x+ 2 =0

43. (x+4)* =16 44, (x-TF =29
45. ¥+ 12x+ 36=0
46. - 16x+ =0
47, f+dx=3=0
48, '+ 12x+1=10
49, - 100=0

50. 4r =20=0

MATHEMATICAL CONNECTIONS In Exerclses 51-54, find

the value of 1,

51. Arca of 52. Arcaof
rectangle = ) parallelogram = 48

X+ 10

X+ B

53. Arca of triangle = 40 54.  Arca of trapezoid = 20

=1

w

X+ 4

In Exercises 55=-62, write the quadratic iimction in

verfex form. Then identify the vertex. (See Exampie 5)

55. fivi=x"- 8¢+ 19
S6. gx) =xf—dr—1
57. () = x4 12¢ + 37
58. fix) =x* + e+ 90

89. M) =x¥+ 2r— 48

60.

61,

62.

63.

65,

fy=xt+ 6c - 16
My =xt—3x+ 4
gixy=x*+Tx+12

MODELING WITH MATHEMATICS While marching,
a drum major tosses a baton into the air and catches
it. The height & (in feet) of the baton ¢ seconds

after it is thrown can be modeled by the function

ft = =16i* 4+ 321 + 6. (See Example 6.)

a, Find the maximum height of the baton.

b The drum major catches the baton when it 15
4 feet above the groumd, How long is the baton
im thee air?

MODELING WITH MATHEMATICS A firework
explodes when it reaches its maxinmirm height. The
height & (in feet) of the firework f seconds after it is
lmnched can be modeled by i = ~ -1 + 120 4 10,
What is the masimom height of the firework? How
long is the firework in the air before it explodes?

COMPARING METHO DS A skateboand shop zells
about 50 skateboards per week when the advertised
price is charged. For each 51 decrease in price, one
ackditional skateboard per week is sold. The shop’s
revenue can be msdeled by y = (70 = 30 + x).

SKATEBOARDS
Quality

Skateboards

for $70

. Use the intercept form of the function to find the
ki weekly revenue.

b Write the function im vertex form to fnd the
maxinmum weekly revenue.

¢. Which way do you prefer? Explain your
reasoming,
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66,

67,

GE.

HOW DO YOU SEE IT? The graph of the function
Sfix) = (x = ) is shown. What is the x-intercept?
Explain vour reasoning.

¥ ¥
\ j{n )
- -
l x

WRITING At Buckingham Fountain in Chicago, the
height & (in fect) of the water above the main nozele
can be modeled by it = —168% + 8968, where ¢ is the
times (in seconds) since the water has left the nozzle,
Describe three different ways you could fnd the
roaximum height the water reaches. Then choose a
method and find the maxirmom height of the water.

PROBLEM SOLVING A farmer is building a
rectangular pen along the side of a barn for animals,
The barn will serve as one side of the pen. The
Tarmer has 120 feet of fence Lo enclose an area of
1512 siuare feet and waniz each side of the pen to be
at beast 20 feet long.

2. Write an equation that represents the area of
the pen.

b Solve the equation in part (a) to fid the
dime nsions of the pen.

69,

71,

MAKING AN ARGUMENT Your friend savs the
equation x? + 10y = =20 can be solved by either
completing the square of factoring. Is your friemnd
cortect ? Explain.

THOUGHT PROVOKING Write a function g in standard
form whose graph has the same x-intercepds as the
graph of fix) = 2x? 4 8x + 2. Find the zeros of

each function by completing the square. Graph each
function.

. CRITICAL THINKING Saolve =+ hr + ¢ =0by

completing the aquare. Your answer will be an
expression for ¥ in terme of & and ¢,

DRAWING CONCLUSIONS In this exercise, you

will investigate the graphical effect of completing

the: square.

2. Graph each pair of functions in the same
coordimate plane,

J,I=_t’2-=-l]:' :,|=.'I.'T—'ﬁ:'
y=ix+1) y = {x — 3§

b Compare the graphs of ¥ = x% + by and
2
y= (: + E—:} . Describe what happens to the graph
of ¥ = ¥ 4 by when you complete the square.

MODELING WITH MATHEMATICS In your poltery
class, you are given a lump of clay with a vislime
of 200 cubic contimeters and are asked to make a
evlindrical pencil holder, The pencil holder shoukl
be 9 centimeters high and have an inner radius of
3 centimeters. What thickness x should your pencil
holder have if you want 1o use all of the clay?

Top view

uMﬂthﬁiHiﬂg Mﬂﬂlﬁmaﬁﬂal Prﬂﬁﬂiﬂﬂﬂf Rawiowing what you leamed in pravious grades and lessons

Solve the inequality. Graph the 2olution.

M, k-3<5 73 4-8%y 212 76,

Graph the function. Label the vertex, axls of symmetry, and x-interce pis.
79. kix) = 2x(x —3)
81. fix) = 2z + 100{x — 12)

78. pix) = 6(x — 4)
80, fix}=x*+2r+5

{Skills Review Handbook)

e . |
3

Ak -

2
5:?-'-:3

{Feciion 2.2)
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3.1-3.3 What Did You Learn?

Core Yocabulary

quaciratic equation in one vadable, p, 94 complex number, p, J(H

rool of an equation, p, 94 imaginary number, p, J04
zero of a fanction, p. %6 pure imaginary number, g, J
imaginary unit [, p. 104 completing the square, p. 142

Core Concepts

Section 3.1
Solving Quadratic Equations Graphically, p. 94 Zero-Product Property, p. L1
Solving Quadratic Equations Algebraically, p, 85

Section 3.2
The Square Root of a Negative Number, p. {04 Operations with Complex Numbers, p. 105

Section 3.3
Solving Cuadratic Equations by Conpleting Writing Ciadratic Functions in Vertex Form g 144
the Square, p, 113

Mathematical Practices

1. Analyze the givens, constraints, relationships, and goals in Exercise 61 on page 101.

2. Determune wihether it would be easier to find the feros of the function in Exercise 63 an
page 117 or Exercise 67 on page 118.

PRI e N Study Skills = = = == == m e s n e r e e - -
Creating a Positive
Study Environment

« St aside an appropriate amaount of time for reviewing
your notes and the textbook, reworking your notes, and
completing homework

+ Set up a place for studying at home that 15 comfortable,
but not too comfortable. The place needs to be away
from all potential distractions

o Formm a study group, Choose students who study well
together, help out when someone misses school, and
Bncourage positive attitudes



Salve the equation by nsing the graph. Check your solutionis), (Seciien 20)
1. ¥ =-1x+25=0 2. 4+ 16= 1 3. xi=-2x+8

L1y | 4 e | 13x

Vi

e b

(100 = 22 — Tox + 25| (g0) = 2%2 — 12+ 16| (A} = =x2 = 2x + 8]

Solve the equation using square roots or by factoring. Explain the reason for your cholee. (Sectfon 2.0}
4 W'-15=0 5 f-x-2=0 G (x+3Y =8

I. Find the values of x and y that satisfy the equation Tx — & = 14 + vi, (Seclion 3.2)

Perform the operation, Write vour answer in standard form, «Section 3.2)
B 243+ (—4+3) & 3+9%) -0 —T7i) 10, (2 4+ 4i)—-3—5)

11. Find the zeros of the function fix) = 9 + 2. Does the graph of the function intersect the
x-axis? Explain your reasoning. (Section 3.2)

Solve the equation by completing the square, (Seciion §.3)
12, ¥ - 6Gx+ 10 =0 13. ¥+ 12x+4=0 14, 4xix + 6) = -40

15. Whntey = x% — 10x + 4 in vertex form. Then wdentify the verlex. (Sechion J.3)

16, A muzeum has a cafe with a rectangular patio, The musenm wants
to add 464 square feel to the area of the patio by expanding the
existing patio as shown. (Section 3.0)

a, Find the arca of the existing patio,
b. Wrile an equation o model the arca of the new patio.
¢ By what distance x should the lkength of the patio be expanded?

17. Find the impedance of the series circwil. (Seclion 2.2)

7l

51‘&{ }Jﬂ
&

18, The height & (in feet) of a badminton birdie § seconds after it is hit can be modeled by the
function h = =162 + 32 + 4. (Section 3.3)

a  Find the maximum height of the birdie.
b. How long is the birdie in the air?
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Using the Quadratic Formula

Essential Question 1owcan you derive a general formula for
zolving a quadratic equation?

(FAURS PSRN Deriving the Quadratic Formula

Work with a partmer. Amalyre and describe what is done in each step in the
development of the Cmadratic Fornmla.

Blep Justification
D. axt+ by + ¢ =0
REASONING I N—
ABSTRACTLY i 7
To be proficient in math, xi+ k==
you need to create a
coherent representation . h iy e (B
. of the problem at hand. sl ) Sl
b (BY _ _dac ¥
g 42 i . bl
et I s
[ ) b=t
R da*
e+ 2 = aAfl = dac
T TV A
b Vb — dac
2 2|

| The resultis the _—b =V —dac
- Quadratic Fermula. 2a

Using the Quadratic Formula

Work with a partner. Use the Quadratic Formula to solve each equation.

g 3t =dr+3=0 b 2 =2+ 2=0
G X+2x=-3=0 d. x*+dyv+4 =0
e X —gr+10=0 Lxl+dr+6=0
Communicate Your Answer

3. Heew can you derive a general formmla for solving a quadratic equation”

4, Summarize the following methods yvou have learned for solving quadratic
equations: graphing, using square rools, factoring, completing the square,
and using the Quadratic Formmula.
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Core Vocabulary .

Cuadratic Formula, p 122
discnmenant, g 1254

COMMON ERROR

Remember to write the
quadratic equation in
standard form before
applying the Quadratic
Formula,

What You Will Learn

B Solve quadratic equations using the Quadratic Formula,
P Analyze the discriminant to determine the number and type of solutions.
B Solve real-life problems.,

Solving Equations Using the Quadratic Formula
Previously, you solved quadratic equations by completing the square, In the
Exploration, you developed a formmula that gives the solutions of any quadratic
equation by cormpleting the square once for the peneral equation av® + by + ¢ = 0.
The formmula for the solutions is called the Cuadratic Formula,

&) Core Concept

>

The Quadratic Formula
Leta, b, and ¢ be real mumbers such that a # 0. The solutions of the quadratic
-b = VB - dac

5 ;

equation ax? + by + ¢ =0arex =

Solving an Equation with Two Real Solutions

Solve x? + 3x = 5 using the Quadratic Formula.

SOLUTION
¥4+ =35 Write omginal eguatien
M+ —-5=0 Wnte in standard form,
I= b= Vb — dac Cuadeatic Formula
2
. Bl arukd ek
=3 = LRL = ¢
x= it & = A et Substitute 1 for &, 3 for &, and <5 fore,
1)
-3 =20
XD em——————m Sarngeli Fy.
2
5 ] —3 — ifag
P So, the solutions are x = _;+1.,.-’2_; = | 19and x = 3T1E{? = —4. 19
Check Graphy =x%+4 3r — 5. L,
The x-intercepts are about \
—4.19 and about 1.19. -7 c

Lero
=1, 1035824 1=0
=10

e &
Monitoring Progress ‘:Jf Help in English and Spanish at BighteasMath.com
Solve the equation using the Quadratic Formula.
1Lxl=G4+4=0 2. it 4= =Tx 2 5l=x+8
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AN  Solving an Equation with One Real Solution

ANOTHER WAY Salve 25¢? — Bx = 12¥ — 4 using the Quadratic Formula,

You can also use factoring
tosolve 25x% — 20x + 4 = 0 SOLUTION
because the left side

factors as {Sx — 2)L. Mt =Gr=12r—4 Vilrite orngmal ecueation
Dv Bl —-Wxr+4=0 Wte n standard form
_ =(=20) = (-20) — 4(25)4) e
x= 223) d=Rb=<Mc=4
Check -
i -
¥ = 3'%.[3 Simplify
B -
¥ = 3 Sirmpdity
—0.5 {5 l |1.1'; . : _ _ )
L = = P So, the solutionisx = 3. Youcan check this by graphing y = 25x° — 2w + 4.
The only x-intercept is %
SENUGEIEN  Solving an Equation with Imaginary Solutions
Selve —x? + 4x = 13 using the Quadratic Porroula.
SOLUTION
=xt + 4x = 13 Wiike arginal equation
=x'4 qr=13=0 Wiite in standard form,
—4 *= V42 - 4(=1%(~13)
s it Sl 7. St = A b= r= 43
X 51 & Lb=4,¢ 13
COMMON ERROR  _4++T3 -
Remember to divide " —3 phily
the real part and the Eary
imaginary part by —2 K= Wiite in tems of £
when simplifying. 2
D’ r1=2=3 simph fy,
P The solutions are x = 2 + 3iandx = 2 — 3i.

Check Graphy = =x? + 4x = 13. There are no 10
X-intercopts, So, the original equation has
no real solations. The algebraic check for
one of the imaginary solutions is shown.

7
=(2+ 3P+ 42 +3)= 13

7
S—-12i+8+ 1= 13 -0

13 =13 U'(

—B T

Monitoring Progress ‘5}}' Help in English and Spanish at BigideasMath.com
Solve the ¢ quation using the Quadratic Formula,
4. x4+ 41 = —8x 5. —l =30x+ 25 6. S5x —Txl=3xr+4
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Chapter 3

Analyzing the Discriminant

In the Quadratic Formula, the expression #° — 4ac is called the discriminant of the

aszociated equation axi + hr 4+ o =10

X

_—b=Y¥ - 4ac ‘ disonminant
20

You can analyze the discriminant of 4 quadratic equation o determine the number and
type of solutions of the equation.

&) Core Concept

Analyzing the Discriminant of ax? + bx + ¢ =0

Value of discriminant | 52 — dar = 0 bl —dac =0 | ¥l—-4dac <0
HNumber and type Thwro real e real Two imaginary
of solutions solutions sohition solutions
Graph of - | - =
y=axi+bx+e ’ : 1

Two x-intercepts | One x-imercept | No v-intercept

EXAMPLE 4

Analyzing the Discriminant

Find the discriminant of the quadratic equation and describe the number and type of
golutions of the equation,

axi-—6+10=0 b.x!=6x+9=0 Cxl=6x+8=0

SOLUTION
Equation Hseriminant Solutionds)
ax? 4+ be +e=0 b — dac x=_bt1£:z-w

4l —-fr+10=0
bhx?=fx+9=0
GXt=+8=0

(—6F — 4{1H10) = —4
(=6 = 4{IHH =0
(=6} = 4{1)}8) = 4

Two imaginary: 3 =
Cine real; 3
Two real; 2,4

3 . 2
Monitoring Progress 4"1' Help in English and Spanish at BigideasMath.com

Find the diserininant of the quadratic equation and describe the number and
type of solutions of the equation.

7. 4x2 4+ Bx +4=0 g, }_.r1+:—l={:
9, Syl=gr —13 10. 7x! —3x =6
11, dx? + &y = =9 12, =53t + |1 =6 = ik

Quadratic Equations and Complex Numbers



ANOTHER WAY

Another possible

equation in Example 5 ic
du? — Ax + 1 = 0, You can
obtain this equation by
lettinga =4 andc=1. [>

AN Writing an Equation

Find a possible pair of integer values for a and ¢ so that the equation a? = dx + ¢ =0
has one real solution. Then write the equation.

SOLUTION
In order for the equation to have one real solution, the discriminant nonst aqual 0.

# —-d4ac=10 Wmnte the discrammant.
{(—4¥ —dac =10 Substitute — 4 for &,
16 —dac =0 Evaluate i paosier
—daec = —16 Subtract 16 from each side,
ac =4 Divide each side by —4,

Because ac = 4, chooss two integers whose product is 4, such asa = L and ¢ = 4.

P So, one possible equation isx? — 4x + 4 =0,

Check Graphy = x* = 4x + 4, The only x-intercept 8
is 2. You can also check by factoring. \[
X—-4r+4=0
- :
Rsdrel -3 gpi |7
=73 Lt 1 1=l

Monitoring Progress 45?' Help in English and Spanish at BigideasMath.com

13. Find a poszible pair of integer values for a4 and ¢ zothat the equation
ax® + 3x + ¢ = 0 has two real sohitions, Then write the equation.

The table shows five methods for solving quadratic equations, For a given equation, it
ey be more efficient to vze one method instead of another. Sugeestions about when
touse each method are shown below.

Concept Summary
Methods for Solving Quadratic Equations

Method When to Use

Graphing Use when approximate solulions are adequate.

Usze when solving an equation that can be written in the
form gl = &, where 4 15 an alpebraic expression.
Factaring Usze when a quadratic equation can be factored eazily.

Can be ased for any quadratic equation
ax? + bx + ¢ = O bat is simplest to apply when
& = 1 and & 5 an even number.

Quadratic Formula | Can be used for any quadratic equation.

Lising square roots

Completing
the square
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Solving Real-Life Problems

The function b = —16§% + it is used to model the height of a drapped object. For
an object that is lawiched or thrown, an exira term v must be added o the model
to account for the object’s initial vertical velocity v, (in feet per second), Recall that
i iz the height (in feet), §is the time in motion (in seconds), and A, is the initial

height (in feet),
h=—-161* + hy Obygect i< dropped
hi=-16"+ v+ Ry Obyect 15 launched or thrown

As shown below, the valoe of v, can be positive, negative, of 2ero depending on
whether the object is lannched upward, downward, or parallel to the groumnd.

X/,

Vg =0

Modeling a Launched Object

A juggler tosses a ball into the air. The ball leaves the juggler’s hand 4 feet above the
pround and has an initial vertical velocity of 30 feel per second. 'I"'hcjuE_B}r:r catches
the ball when it falls back o a height of 3 fect. How long is the ball in the aic?

SOLUTION

Because the ball is thrown, use the model b = — 1602 + w;i + b To find how long the
ball is in the air, solve for fwhen b = 3.

h= =168 4+ v+ Iy Write the height model,
3= =16 4 30 44 substitute 3 For b, 30 Bor v, and 4 for b,
0= =168 + 30t + 1 Winte im standard form

This equation is nod Factorable, and completing the square would result in fractions.
50, use the (madratic Formmla to solve the equation.

= . 16 b=30c=1
H—16) '
Y
= 'H]_—::W!ﬁ-ﬂ- Simpi iy
32
dme =033 or = 1.9 Use a cal oulator,

P Reject the negative solution, —0.033, becanse the ball's time in the air cannot be
negative, So, the ball is in the air for about 1.9 seconds.

T M
Mon I.’fﬂl'lﬁ_l'.j PI'DQFBSE' * * Help in English and Spanish at BighdeasMath.com

14. WHAT IF? The ball leaves the juggler’s hand with an initial vertical velocity of
40 feet per second, How long is the ball in the air?
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3-4 EKEI'CISES Dynamic Solutions available at BigideasMath.com

— Vocabulary and Core Concept Check

1. COMPLETE THE SENTENCE When a, b, and ¢ are real numbers such that a 5 O, the solutions of the
quadratic equation avtt+ hr+e=0aex =

2. COMPLETE THE SENTENCE Youcanusethe _  of agquadeatic equation to determine the
nurmiber and type of solitions of the equation.

3. WRITING Describe the number and type of solutions when the value of the discriminant iz negative.

4, WRITING Which two methods can yvou use to solve any quadratic equation? Explain when you might
prefer to use ome method over the other,

Monitoring Progress and Modeling with Mathematics

In Exercises 5-18, solve the equation using the 28. USING EQUATIONS Determine the number and type
Cuadratic Formula, Use a graphing caleulator to check of solutions to the equation x* + Tx = —11.

yourr solutlonds). (See Examples I, 2, ad 3.) 83 toomalwiindon:
Al

3. x¥—-4x+3=0 G +ar+3=0 (B) one real solution
T ¥+6x+15=0 g &l -2r+1=0 (00 two imaginary solutions
9, 5 - Jdx = =40 10, 2+ dx =30 (D) one imaginary solution
M. W+ 5=-2x 12. -Ir =1 -4 ANALYZING EQUATIONS In Exercises 29=32, use the
diseriminamt o mateh each quadratic equation with
13. -1y = —25 — ¥¢ 14, 51— 6= —4x the correct graph of the related function, Explain
FOIF Peasoning.

15, —dil+ 3w = 16, 2+ 121 = -2
’ X = =2 % 41 & 29, 2 —6:+25=0 30. 22 —2x+350=0

. —;?:— + - mr — i T
7 122+ 6 R S M W& -9=0 32 S-1k-35=0

In Exercises 19-26, find the discriminant of the A Tl T B
gquadratic eguation and describe the number and type e ‘* E"?f ——
of solutions of the equation. (See Evample 4 x el

19. 2+ 12%+36=0 W C=-r4+6=0 0000 =tttk

M. ' —-dn-24=0 22. - x¥*+Xx+12=0

23. ¥ =5x-10 24, —18p=p* + 81
25_ 2.‘1;" 3 - -13 - h: zﬁ‘ 111 r ﬁ = f_-.

27. USING EQUATIONS What are the complex soliions
of the equation 2v? — 16x + 50 =07
A 4+3i4-3 B 4+ 1254 -1

) 16+3,16-3 @ 16+12,16-12
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ERROR ANALYSIS In Exercises 33 and 34, describe and
correct the error in solving the equation,

3.
X ¥+ 10x+ T74=0

= =10 £110° — 4(1)(74)
2(1)
_—10+V-196
2
_=10=x14
=T
=—-12or2

4B+ B=2

_ =6 £16°— 4(1)(8)
2(1)
= —-6=V4
2
_—6=x2

=
=-2ar —4

X

X

OPEN-ENDED In Exercises 35-40, find a possible pair of
infeger values for o and ¢ 2o that the quadratic equation
has the given solution(s). Then write the equation,

(See Example 5.)

35, @ 4 4r 4+ ¢ = O two imaginary solutions
36. @ + &v + ¢ = 0 two real solutions

37, ar* = &1+ ¢ = O two real sohitions

38, @ = G + ¢ = 0 one real sohation

39. m? + 10y = ¢; ope real solution

40, —4x + ¢ = —ar®; two imaginary solutions

USING STRUCTURE In Exercizes 41-46, use the
Cuadratic Fornula to write a gquadratic equation that
has the given soutions,

g po—3EVETE 152 Vo218
- 10 22
4=y _ —9+1137
43| [ L _—M “r 'i. L T
45 yo—ax2 6. ¥ = 2__1;4
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COMPARING METHODS In Exercises 47-58, solve the
quadeatic equation wing the Quadratic Formuola, Then
solve the equation using another method. Which method
do you prefer? Explain,

47, A —-21=3 48, Sx°+385=3
49, vt -5 = |2r 50. x*=3r+15
5. ¥ -Tx+12=0 §82. 224+ 8 -13=0
83. S -5 =-135 S4 B+ 4x+5=0
55. =3=417+ 9% 56. -3lx+ 36=-1°

57. xi=1-x 58. WP+3ar+72=0

MATHEMATICAL COMNECTIONS In Exercizes 59 and 6,
find ibwe value for x.

59, Area of the rectangle = 24 m?

- L

(2% — 9 m

[ [
x4 23m

60. Arca of the tiangle = § fit*

61. MODELING WITH MATHEMATICS A lacrosse player
throws a ball in the air from an initial height of 7 feet.
The ball has an initial vertical velocity of 90 feet per
secomd, Another plaver catches the ball when it is
3 feet above the ground, How long is the ball in
the air? ¢ See Example &.)

62. NUMBER SENSE Suppose the quadratic equation
ar? + 51 + ¢ = 0 has one real solution. s it possible
for & and ¢ o be integers? rational mombers? Explain
vour reasoning, Then describe the possible values of
o and ¢,

Quadratic Equations and Complex Numbers



63.

65.

66.

MODELING WITH MATHEMATICS In a vollevball
game, a plaver on one team spikes the ball over the
el when the ball is 10 feet above the conrt. The
spike drives the ball dewnward with an initial vertical
velocity of 55 feet per second. How much time does
the opposing team have to return the ball before it
touches the court?

MODELING WITH MATHEMATICS An archer is
shooting at targets. The height of the arrow i5 5 feet
above the ground. Due 1o safety mles, the archer must
aim the arrow parallel to the groumd.

a, How long does it take for the arrow to hit a target
that iz 3 feet above the ground?

b What method did you use to solve the quadratic
edquation? Explain.

PROBLEM SOLVING A rockeiry club is lannching

model rockets. The launching pad is 30 feet above

the ground. Your model rocket has an initial vertical

velocity of 105 fect per second. Your friend's mode]

rocket has an initial vertical velocity of 100 fect

per second.,

. Use a graphing caleulator to graph the equations
of both model rockets. Compsare the paths.

b Afler how many seconds is your rocket 119 feel
above the ground? Explain the reasonablencss of
YOI answerish,

PROBLEM SOLVING The number A of tablet
compaters sold (in millions) can be modeled by the
function A = 4.51% 4+ 43.5; + 17, where | represents
the vear after 2010,

& In what vear did the tablet computer sales reach
65 million?
b, Find the average rate of change from 2010 to

2012 and interpret the meaning in the context of
the situation.

. Do your think this model will be accorate after a
new, innovative computer is developed? Explain.

67. MODELING WITH MATHEMATICS A gannet is a bind

69,

Section 3.4

that feeds on fish by diving into the water. A sannet
spots a fish on the surface of the water and dives
100 feet Lo catch it. The bird plunges toward the
water with an initial vertical velocity of —88 fect
per second,

. How much time docs the fish have to swim away?

b Anocther gannet spots the same fsh, and it s only
84 feet above the water and has an initial vertical
velocity of =70 feet per second. Which bird will
reach the fish first? Justify vour answer.

USING TOOLS You are asked to find a possible pair
of integer values for a and ¢ &0 that the equation

axt = 3x + ¢ = O has two real solutions, When you
sodve the inequality for the discriminant, you obiain
ac = 2.25. So, you choose the valuesa = 2 and

¢ = 1. Your graphing calculator displays the graph of
yourr equation i a standard viewing window. [5 your
sedution correctT Explain,

10

LV

=10

PROBLEM SOLVING Your family has a rectangular
pood that measares 18 feet by @ feet, Your famiky
wants to put a deck around the pool bat is nol sure
how wide to make the deck. Determine how wide
the deck should be when the tolal area of the pool
and deck s 400 square feet. What is the width of
the deck?

-+
X

T
x

x—lT
9 it

o]

x
ol e
I 181 :
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70. HOW DO YOU SEE IT? The graph of a quadratic

.

72,

function ¥ = ax? 4+ bx + ¢ iz shown. Determine
whether each discriminant of ax? + bx + ¢ = Ois
positive, negalive, or Zere. Then sate the aumber and

type of solutions for sach graph. Explain your reasoning.
. 1:-" b. ¥

e

=¥

=it =
X

CRITICAL THINKING Solve each absolute valoe
equation.

a |[xi-3r-14|=4 h x=|x|+6

MAKING AN ARGUMENT The class is asked to solve
the cquation 4° + 14z + 11 = 0, You decide to solve
the equation by completing the square, Your frio nd
decides to use the Quadratic Formmula, Whose methed
15 more efficient? Explain your reasoning,

ABSTRACT REASONING For a quadrabic aquation
ar’ + by + ¢ = 0 with two real solutions, show
that the mean of the solutions is —1—‘1;. How is this
fact related to the symmetry of the graph of
¥=ax® + by + &7

4. THOUGHT PROVOKING Drescribe a real-life story that

5.

could be modeled by & = =168 + i + k. Write
the height model for your story and determine how
long your object i in the air.

REASONING Show there is no quadratic equation
ax? & fx + ¢ = O guch that a, &, and ¢ are real
marmbers and 37 amd =28 are solutions,

MODELING WITH MATHEMATICS The Stratosphere
Tower in Las Vegas is 921 feet tall and has a “peedhs”

at its top that extends even higher into the air. A thrill
ride called Big Shot catapults riders 160 feet up the
needlk: and then ks them fall back to the launching pad,

a The height & (in feet) of a rider on the Big Shot
can be modeled by i = — 168 + v i + 921,
where §is the elapsed time (in seconds) after
lannch and v is the initial vertical velocity
{in feel per second). Find v, using the fact that the
meaxinmmm value of fis 921 + 160 = 1081 feet,

b A brochure for the Big Shot states that the
ride up the needle takes 2 seconds. Compare
this time to the time given by the model
h = =168 + vyt + 921, where v, is the valoe you
found in part (a). Discuss the acouracy
of the model.

— Maintaining Mathematical Proficiency ezt uicomed o prescus grades and iessons

Solve the system of lnear equations by graphing,

. x+2y=06 18. y=Ix—1
r+dy=2M y=x+1

. r+y=4 80. y=—x+2
Gr+ 2y = —4 -5x + Sy = 10

Graph the quadratic equation, Label the verfex and axis of symumet ey,

81. y= -2+ 2 +1

83 y=052+2+3

(Skilis Review Handbook)

82. y=21-zx+3

84, y= —31* -2

{Section 2,21
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Solving Nonlinear Systems

MAKING SENSE
OF PROBLEMS

Te be proficient in math,
yaou need to plan a
solution pathway rather
than simply jumping into
a solution attemnpt.

>

Essential Question 1owcan you solve a nonlinear system

of equations?

FALNe L ERIel M Solving Nonlinear Systems of Equations

Work with a partmer. Match each system with its graph. Explain your reasoning,
Then solve each svstem using the graph.

L y=1x b.y=x+x-1 e y=3r—-2r-5
y=x+2 y=x+2 y= =14 ]
d-}' o _.I_E =08 P _'I-'_.TE -2+ 1 r. y = .'I.": + 2 4 1
y= =xt=x+G y=—xl4+2x=1 y= =3t 4 x+2

Work with a parner. Look back at the nonlinear system in Exploration 1{f). Suppose
you want a more accurate way to solve the system than using a graphical approach.

a. Show how vou could use a samerics! approach by creating a table, For instance,
vour might use a spreadsheet to solve the system.

b, Show how you could use an analyiical approach. For instance, you might try
solving the system by substitufion or ¢limination.

Communicate Your Answer

2. How can you solve a nonlinear systém of equations?

4, Would you prefer to use a graphical, numerical, of analytical approach to solve
the given nonlinear system of equations? Explain your reasoning.
y=x+2r—3
y=-xi-2x+4
Section 3.5  Solving Nonlinear Systems 131



What You Will Learn

B Solve systems of nonlinear equations,
P Solve quadratic equations by graphing.

Core Vocabulary
sstem of nonlnear equations,  Systems of Nonlinear Equations

p 132 Previously, you solved systems of inear equations by graphing, substitution, and
Previous elimination, You can alzo use these methods (o solve a system of nonfinear equations,
system of insar equations In a system of nonlinear equations, af least one of the equations i nonlinear. For
cirche instance, the nonlinear system shown has a quadratic equation and a linear equation.

y=x‘+r—4 Equation 1 s nonhnear.
y=2x+3 Ecquation 2 s limnear

When the graphs of the equations in a system are a line and a parabola, the graphs
can intersect in zero, one, or two points. So, the system can have Zero, one, or two
solutions, as shown,

VAV &

Mer sealurtion O solution Twvon seluticams

When the graphs of the equations in a svslem are a parabola that opens up and a
parabola that opens down, the graphs can intersect in 2ero, one, of two points, So. the
system can have zero, one, of two solutions, as shown.

XA K

Mo solution Che solution Tweo solutions

FEALZNRN  Solving a Nonlinear System by Graphing

Solve the system by graphing.
y=xt-2y -1 Edqusation 1
y=—-2r—1 Equetion 2

SOLUTION

Graph each equation. Then estimate the point of
interzection. The parabola and the line appear to intersect
at the point {0, —1). Check the point by substitting the
coordinates into each of the original equations.

Eepuation 1 Eaquation 2
y=r2—-2r-1 y==2r—1]
¥ ]
-1 = (02 —2(0) — 1 -1==-2{h -1

S 4 sy yigh

P The solution is (0, —1).
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Check

‘Intarsect on

[ X=-1

Check

SEANINN Solving a Nonlinear System by Substitution

Solve the svste m by substitution, ¥e4dx=y= =] Ecpiation i
x+y=4 Equation ?

SOLUTION
Begin by solving for vin Equation 2,
¥y==x-+4 Sohve for y in Equation 2.

Ment, substitmte —x + 4 for y in Equation 1 and solve for x.

e | Wile Equabion 1.
HaEx=(-x+4)= =] Substinge —x + 4 bor .
¥+Iy=-4= =] Sampdify
P24+ -3=0 Wmte i standard lorm
+3xr—-1)=0 Factor,

T+3=0 o x=1=0 Lero-Product Property
x==3 o r=1 Suhve for x
To solve for y, substitute x = —3 and x = 1 into the equation y = —x + 4.
y=-xt+4=—-(-3)+4=7 Subshinme —3 for x,
y=-x+4=-1+4=3 Substinate 1 for x.

B The solutions are (—3, 7) and (1, 3). Check the solutions by graphing the system.

FEALIUNIEN  Solving a Nonlinear System by Elimination

Solve the system by climination. 2tt = Sx=y==2 Equationl
X¥+e+y=0 Equation 2

SOLUTION

Adld the equations (o eliminate the y-term and obtain a quadratic equation inx.
i =5x—-y=-1
X4+dy+y= 0

3 - 3x = -2 Add the equations
I -3x+2= 0 Wiete in standasd Torm
_3+=V1s

Lige (ke Duadsatic Fonmula,

i

h- Becanse the discriminant is negative, the equation 3x° = 3x 4+ 2 = 0 has no
redl solution, So, the original system has no real solution, You can check this by
araphing the systemn and seeing that the graphs do not appear (o intersect.

Muni’rﬂring Prﬂg ress 45-}) Help in English and Spanish at BigldeasMath.com
Solve the system uzing any method. Explain your cholce of method,

.y=-x+4 2.8 4+3x+y=0 3 2t dr—y=-2
¥y=—4r +8 2e+y=35 By =2
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I, Some nonlinear syelems have equations of the form
xi4yi=rt

This equation is the standard form of a circle with center (0, 0) and radins r.

Centes i When the graphs of the equations in a system are a line and a circle, the graphs
X

can intersect in Zero, one, or two points, So, the svstem ¢an have zero, one, or two
Point on  Solntions, as shown.,
cucle

T T N

Mo salution O solution Tweoa sonlticms

L‘h\-.-.
adius

r

SN  Solving a Nonlinear System by Substitution

Solve the system by subaitulion. 4y =10 Equation 1
y==3ir+ 10 Equation 2
SOLUTION
Substitute —3x 4 10 for v in BEquation 1 and solve for x,
COMMON ERROR »+y =10 Wnte Equation 1.
You can also substitute r R T 3 _ = ;
%= 3 in Equation 1to find 24 (=3 + 10) 10 Subrstatuite — 3 -+ 10 for j.
y. This yields two apparent X 4 Ot — 60x + 100 = 10 Expand the power
solutions, (3, 1} and 7
r r = — I
(3, —1). However, (3, = 1) 10 = Gy + 90 =10 Wite in standard forme
is ot a solution because it -+ 9=0 Dnacle eadh side by 10,
doas not satisfy Equation 2. A —
Youl can also sed (3, —1) xr—3p¢=0 Perfect Seuare Tnnemial Pattem
is not a solution from =3 Zero-Product Property
the graph.
D To find the y-coordinate of the sobation,
substitute x = 3 in Equation 2. Check

y=-3N+10=1

P The sobution is (3, 1), Check the
solution by graphing the system.
Your can see that the line and the
circle intersect only af the
point (3, 1),

Monitoring Progress ‘f'-} Melp in English and Spanish at BigiveasMath.com

Solve the system.
4 324y =16 5. 04y =4 6 x4+ y=1
sl e A AT
y=-x+4 y=x+4 y=sx+gz
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Solving Equations by Graphing
You can solve an equation by rewriting it a5 a system of equations and then solving the
system by graphing.

G Core Concept

Solving Equations by Graphing
Step 1 To solve the equation f{x) = g(x), write a system of two equations.
¥ = fix) and y = pix).

Step 2 Graph the syalem of equations ¥ = fx) and y = gix). The x-value of each
sofution of the system is a solution of the equation fix) = glxh.

ANOTHER WAY EXAMPLE 5
In Example 5{a), you can

alse find the solutions by Solve ()3 +S5r—1=—xl+ 2+ 1and(b) —(x — 1508+ 225 =2v(x + 1.5)
writing the given equation by graphing,

as dx! + 3x — 2 = 0 and

salving this equation using SOLUTION

the Quadratic Formula. D

Solving Quadratic Equations by Graphing

a. Step 1 Write a system of equations using each side of the original equation.

Equation Systemn
y=3*+5x-1
A+ —=1= =3+ v+ 1

-

y= =+ +2r+1

Step 2 Use a graphing calculator to graph the system. Then use the infersect
feature o find the x-value of each solation of the system.

3 |
=f & =5 \ &
Intarssclion Intarseclion
N=—1.17531 'I'l L N GFSIO0NE  |V=1_4680824

=K
The graphs intersect when x = — 118 and x =~ 043,

B The solutions of the equation aré & = —L.15 and x = 043,

b, Step 1 Write a svstemn of equations uzing each side of the original equation.

3 Equation Systemn
| " - ; y=—(x— 15+ 225
— I — 1.3 + L& = 20x + 1.5
\ (x i iy ] y=2u(e+15)
-5 : 4 Step 2 Use a graphing calculator to graph the systemn, as shown at the keft. Then
g pas the infersect feature to find the x-value of each solution of the svstem,
IREareBet s The graphs intersect when x = 0,
| %=0 ¥

=3 P The solution of the equation is x = 0.

Monitoring Progress 45}:' Help in English and Spanish at BigideasMath.com
Solve the ¢ quation by graphing,

T x—tx+15=—(x—-39%+6 L a+dix-1)=—2+3%%+4
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3 " 5 EKEFCISES Dynamic Solutions available at BiglideasMath.com

—Vocabulary and Core Goncept Check

1. WRITING Describe the possible solutions of a system consisting of two quadratic equations.

2. WHICH ONE DOESN'T BELONG? Which systern docs ned belong with the other three? Explain
VOUr reasoning.

y=3r+4 y=x -1 y=32 +dr+ 1 rry=4
y=xt+1 y= =3x+ 6 you= =5y =Jr+1 y= =y ]

Monitoring Progress and Modeling with Mathematics

In Exerclzes 3=10, solve the sysiem by graphing, Check In Exercizes 15=24, solve the system by subatibuiion,
your solution(s). (See Example 1.} (See Exanples 2 aond 4, )
1. y=x+12 4 y={x-3P+3 15. y=a+35 16. 2+ ) =49
¥ = 05(x + 2)° y=5 y=r-x+12 y=7-x
5, y=1x+2 6. y= =%l-30x -7l 17. ¥+ =64 18. x =13
¥y= -3 —5r—4 y=—3r—17 y=—8 -Ixi+ 4 —y=8
. y=x*+8+18 B y=-°-9 19, e+ dr—-y=-3 0, Zx-3=y+ 5
F - 21‘? e Iﬁr x 3.0 jl == ...'L'l.' = l = 11' " I||,| — . | JI = .-:-|.ll|_' z 3
P e T
9, y=(x— 2" 10, y= %H £y 2. y=x -1 22, y+lar — 22 =4y
_ ; —T = =gt~y A —-24r+28+y=0
y=-xr+4-2 y=—zxt +2
23. ¥4y e=T 4, Y4y =5
In Exercizes 11-14, solve the system of nonlinear x+ =1l r4+y= =]

equationz using the graph.
25. USING EQUATIONS Which ordered pairs are solutions

1. of the nonlinear system?
y = ;l_.ri — Sz + :'1,—1
B (L 6) B 3.0
> (8 25) @ (7.0

26. USING EQUATIONS How many solutions docs the
system have ? Explain your reasoning,

y=T-1lx+9
y=—-Tx"+5x -3
Ay 0 @& 1
@ 2 O 4
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In Exercises 27-234, solve the system by elimination.
(See Example 3.}

27.

30.

3.

33.

35.

36.

In Exercises 37-42, solve the system using any method,

M =-Ix—y=-5 B, -+ k-5=y

e e ol —r+2=—y

~3xt + y= —180 + 29
~3x — y = 18y — 25
y=—x! — 6x — 10
y= 3¢+ 18y + 22

y4+2r=-14
-3t =y =fx =11

32, y=xt44x47
-y =d4x + 7

y= =3 — 30x — 76
y =2+ M + 44

~1Ch? + y = —80x + 155
Sxf + y =4y — 85

ERROR AMALYSIS Describe and correct the emor in
using climipation to solve a svslem,

x _-,.-:—E.H‘?-l-aﬂr—'lﬂﬂ
=y=2x="14
O=18x— 126

126 =18x
=7

NUMBER SENSE The table shows the inputs and
oufputs of two quadratic equations. ldentify the
solution(s) of the system Explain your reasoning.

X ¥ ¥
=% 29 =11
-1 9 9
1 -3 21
= 25
9 9
11 57 -39

Explain your choice of method.

3. y=x1-1]
_}lulriq..l

39,

38, y= -4t - 16— 13
=31 4y 12y = I7

~+ 10+y="12 40, y=052- 10
y=—x*+ 14

a2,

. y==Mx—-4RF+ 6

x—4¢+2-y=0

__1.-2 +}|1= lm
y==x+14

USING TOOLS In Exercises 43=48, solve the equation by
graphing. (See Example 5.)

43.

Section 3.5

A+ 2r= a4

2 = 12— 16 = =6 + 60y — 144

XD~ =G -7

-2t — 16x — 25 = & + 48 + 95
x=2F=3=(x+3)—=x+9 ~-38
{(—x+4x+8)-4a2={x+INx+1)-1
REASONING A nonlinear systemcontains the
equations of a constant function and a quadratic

fupction. The system has one solution, Describe the
relationship between the graphs.

. PROBLEM 50LVING The range (in miles) of a

broadcast signal from a radio tower is bounded by
acirck given by the equation
xt 4 3 = 1620,
A straight highway can be
madeled by the equation
y= -_I;.r + 30,

For what lengths of the
highway are cars able to
receive the broadcast signal?

PROBLEM SOLVING A car passes a parked police

car and continues at a constant speed r. The police

caf beging accelerating at a constant rate wien

it i& passed. The diagram indicates the distance

a {in miles) the police car ravels as a function of
tirne ¢ {in minutes) after being passed. Write and solve
a system of equations to find how long it takes the
police car o catch up to the other car.

=08 mimin
o = 2 5§
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53,

335,

56,

51

THOUGHT PROVOKING “Write a nonlinear system
that has two different solutions with the same
y-coordinate. Sketch a graph of your system. Then
solve the system.

OPEN-ENDED Find three values for m so the syslem
haz no solution, one salution, and teo solutions,
Justify your answer using a graph.

3y =2+ 8x—7
y=mx+3

MAKING AN ARGUMENT You and a friend solve
the svstem shown and determine that x = 3 and

X = =3 Your pee Equation | to obfain the solutions
(3. 3), 03, =30 (-3 3) and (-3, =3). Your friend
uses Equation 2 to obtain the solutions (3, 3) and
(—3, —3). Who is correct? Explain your reasoning.

X4+y=18
X=y=0

Erueaticn 1
Equatvan 2

COMPARING METHODS Describe two different ways
you could solve the quadratic equation. Which way do
you prefer? Explain your reéasoning.

=263 4 12¢ = 17 =D = 167 + M

ANALYZING RELATIONSHIPS Suppose the graph of a
line that passes through the origin intersects the graph
of a circle with its center at the origin. When youn
know one of the points of intersection, explain how
voul can find the other point of intersection without
pedorming any calenlations.

WRITING Describe the possible solutions of a system
that contains (a) one quadratic equation and one
equation of a circle, and (b} two equations of circles.
Sketch graphs to justify vour answers,

39,

HOW DO YOU SEE IT? The graph of a nonlinear
system is shown. Estimate the sobation(s). Then
describe the transformation of the graph of the linear
function that results in a system with no solution.

MODELING WITH MATHEMATICS To be cligible for a
parking pass on a college campas, a sudent mist live
at least 1 mile from the campos center.

¥
campus center
o

: Oak Lane College

Lirye

L

Streat

&0,

— Maintaining Mathematical Proficiency ozt wuisame i provcos grases s esseas

w¥

aurk

2. Write equations that represent the circle and
Crak Lane.

b Sodve the system that consisis of the equations
inpart {a}.

¢. For what length of Oak Lane are students mof
eligible for a parking pass?

CRITICAL THINKING Solve the system of three

eiuations shown,

xi4yy=4
Zy=x' -2t +4
y=—-x+12

Solve the inequality. Graph the solution on a number line,  (SEils Review Hanaboolk )
-x+Ts4d=2%

61, d&x -4 >8 62,

Write an inequality that represents the graph.
64, B5.

A

- Ml

fakitls Beview Handbook)

] }t’_‘" o s e

-

63. -Ix-4zM
66, =
. I‘T'fi"r’t' .
B T
l=] A
;3 |
J.‘r
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Quadratic Inequalities

USING TOOLS
STRATEGICALLY

To be proficient in
math, you need to
use technological
tools to explore
your undenstanding
- of concepts.

>

Essential Question 1owcan you solve a quadratic inequality?

S EEN[e RN Solving a Quadratic Inequality

L

Work with a partner. The graphing

caleulator screen shows the graph of \ /
fixy=2+4+2x -3, -6 &

Explain how you can use the graph Lo \_//

solve the inedquality

WX =3<0,

Then solve the inequality,

SAGleLAl[el Bl Solving Quadratic Inequalities

Work with a partner. Maich each inequality with the graph of its related quadratic
function. Then use the graph to solve the inegquality.

axr—-—3x+2=20 b —4r+3<0 e r—-—2—-3<0
d.¥+x—-220 e —-r—2<0 [ 2—4=0
A, B. 4

71 [N
TV

-4 e |

a0
T

o [

\/

Communicate Your Answer

3. How can you solve a quadratic inequality?

4. Explain how you can use the graph in Exploration 1 to solve each inequality.
Then solve cach incquality.

a+2r—-3>0 bhr¥+2r—3<0 U +2r—-320
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Core Vocabulary .

quadratic inreguality m
two variabbes, o 140
guadratic inequality in
one variable, p. 142
Previous
finear inequality in
twio variables

LOOKING FOR
STRUCTURE
Motice that testing a point

is less com plicated when
the x-value is 0 (the point

is on the y-axis). I>

What You Will Learn

B Graph quadratic inequalities in two variables,
P Solve quadratic inequalities in one variable.

Graphing Quadratic Inequalities in Two Variables

A guadratic inequality in two variables can be written in one of the following fonms,
where a4, b, and ¢ are real mombers and a # 0.

yeaxr*+bx+¢ ¥rax+bhr+e¢
year+ hr+o¢ yzavr+hr+o¢

The graph of any =uch inequality conzsisiz of all solutions (¥, ¥v) of the inequality.,

Previonsly. vou graphed linear inequalities in two varjables. You can use a simalar
procedure to graph quadratic inequalitics in two variables.

G) Core Concept

Graphing a Quadratic Inequality in Two Variables
To graph a quadratic inequality in one of the formes above, follow these deps,

Step 1 Graph the parabola with the equation ¥ = ax? + by + ¢. Make the
parabola doshed for inequalities with < or > and selid for inequalities
with < or 2.

Step 2 Test apoint iy, v) inzide the parabola to determine whether the point is
a solution of the inequality,

Step 3 Shade the region inside the parabola if the point from Step 2 is a solution,

Shade the region outside the parabola if it is not a soltion.

NN Graphing a Quadratic Inequality in Tweo Variables

Graphy < —x? — 2v — 1.

SOLUTION
Step 1 Graphy = —x* — 2r — 1. Because HNENUTETLAR
the inequality symbol iz <, make the - L
parabola dashed, | [=4 | &N | 2 [x)
|- £l .'.;l-'l
Step 2 Test a point inside the parabola, = ;,f,;ﬁ":'i 1"||.' s
such as (0, —3). I
N I L]
y< —xt—2r~—1 ,‘5 B
3 T e
-3 € 02— 2(0) - 1 || e | |

-3 < -1 i‘{

S0, (0, —3) is a solution of the incquality.

Step 3 Shade the region inside the parabola.
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AN  Using a Quadratic Inequality in Real Life

A rmanila rope nzed for rappelling down a cliff can safely suppor a
weight Wiin poands) provided

W < 148041
where d is the diameter (in inches) of the rope, Graph the insquality and
interpret the solution,
SOLUTION
Graph W = 14804 for nonnegative values [ Manila Rope
of d. Because the inequality symbol is <, = TN y
muke the parabola solid. Test a point inside .'é' sonoh L T 1 L T JSISINIE
the parabola, such as (1, 3000). i, IP-D;'J}; d e (5 |_
W < 1480d7 g- e ] x. I
? E B 1000 —
3000 £ 1480417 ;‘ ' ij-.— 14804 I|
3000 £ 1480 05“%% 10 15 ID @
P Becanse (1, 30000 is not a solution, Diamarter: (chad)

shade the region ouiside the parabola.
The shaded region represents weights that
it be supported by ropes with various diameters.

Graphing a sysfem of quadratic inequalities is similar to graphing a system of
lincar inequalities, Frst graph each inequality in the system. Then identify the
region in the coordinate plane common to all of the graphs, This region is called
the graph of the sysiem,

FEAINIEN  Graphing a System of Quadratic Inequalities

Craph the system of quadratic inequalitics,

y<-x+3 Incquadity 1
Check . ;
Check that a point in the y2x+ixr-3 Inecquadity 2
solution region, such ag (0, 0, SOLUTION
is a solution of the syshem.
i Step 1 Graph v = —x* + 3. The graph is the red
St +3 region inside (bt not including) the parabola
0= 043 y=-x+3,
D<3 l’, Step2 Graphy = x? + 2 — 3. The graph is the
blue region inside and incleding the parabola
getkaean y=1+2 -3
e 4 ooy =3 Step 3 Identify the puaplo region where the two
0z-3 ﬂ/ graphs overlap. This region is the graph of
the system.

Monitoring Progress 4’3 Halp in English and Spanish at BigldsasMath.com
Graph the inequality.
1. y2x"+2x-8 2. psnt-x-1 2y> -+ + 4

4. Graph the system of inequalities consisting of y £ —x*and y > x* — 3.
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Solving Quadratic Inequalities in One Variable

A quadratic inequality in one variable can be written in one of the Tollowing lorms,
wheere a, &, and ¢ are real mumbers and g # O,

a4+ by +e<0 al +bhx+ >0 at+bx+cs0 av++c20

You can solve quadratic inequalities using algebraic methods or graphs,

SEANEN  Solving a Quadratic Inequality Algebraically

Solve x? — 3x — 4 < O algebraically.

SOLUTION
First, write and solve the equation obtained by replacing < with =,

F=3xr=4=0 Wite the related equation
x=4x+1)=0 Faclor
¥r=4 o x=-1 Zero-Prochet Property

The numbers —1 and 4 are the critical values of the otiginal inequality. Plot —1 and 4
on a number ling, using open dots because the values do not satisfy the inequality. The
critical x-values partition the number line into three infervals. Test anx-value in each
imterval to determine whether it satizfics the incquality.

| ————— e -
-3 -2 -1 & 1 2 4 & 8
Sl SRy Lk T

Testx = -2 | | Test x -U] | Test x = 5, |

(-2 -3(-2)-4=6£0 O1—HW) —d4=-4<0¢ $-3(5-4=6¢0

P So, the solutionis ~ 1 < x < 4,
Another way to solve ax® + by + ¢ < 0 isto first graph the related function
¥ = ax! + by + ¢, Then, because the inequality symbol iz <, identify the x-values

for which the graph lies be low the x-axis. You can use a similar procedure to solve
quadratic inequalities that involve <, >, or 2.

FEANINEN Solving a Quadratic Inequality by Graphing

Solve 33? - x — 5 > 0 by graphing.

SOLUTION

The solution consists of the x-vahes for which the graph of y = ¢ — x — 5 lies on
or above the x-axis. Find the x-inlercepis of the graph by letting v = O and using the
Quadratic Formula tosolve 0 = 3¢ — x — S for x.

_ === V(=1 - 403X -5) S g
*= =2 P TR

PR AL Simpliy,
The solutions are ¥ = =1, 14 and ¥ = 1.47. Skeich a parabola that opens up and has
—1.14 and 1.47 as x-intercepts. The graph lies on or above the x-axis to the left of
{and including) x = —1.14 and to the dght of (and incloding) x = 1.47.

P The solution of the inequality is approximately x < — 114 orx > 1.47.
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ANOTHER WAY

You can graph each side
of 2204 = £7 = 8000
and use the intersection

2204 — {7 is greater than
or equal to BO00.

points to determine when

>

USING
TECHNOLOGY

Variables displayed when
using technology may
not match the variables
used in applications. In
the graphs shown, the
length & corresponds
tothe independent
—yariable x.

>

FEACIENN Modeling with Mathematics

A rectangular parking o must have a perimeter of 4490 feet and an area of at keast
BOOO square feet. Describe the possible lengths of the parking lot.

SOLUTION
1. Understand the Problem You are given the perimeter and the mininmm arca of a

2.

parking lot. You are asked to determine the possible lengths of the parking lot.
Make a Plan Use the perimeter and area formulas to write a quadratic inequality
describing the possible lengths of the parking lot. Then solve the inequality.
Solve the Problem Let £ represent the length (in feet) and et w represeat the
width (in feet) of the parking lot.
Perimeter = 440 Arca = B
24 + 2w = 440 £w 2 J000

Solve the perimeter equation for w Lo obtainw = 220 — £ _ Substitute this into the
area inequality to obtain a quadratic inequality in one variable.

dw = BOOO Winte the area mequality.
£(220 — £) z 8000 Substitute 720 = £ for w;
220 £ — £7 2 8000 Dystbutiee Property
81422048 — 800020 Wimte m standard form,
Use a graphing calculator to find the £-intercepts of y = — £7 + 2204 — 8000,
L0 S000
a FFil 40
1010 \ LoTo
K=45 RAETRE Y= X=1F6. 03126 v=d)

— 5 — S0

The £-intercepts are £ = 45.97 and £ = 174.03. The solution consists of the
£-values for which the graph lies on o above the £-axis. The graph lies on o
above the £-axis when 45.97 < £ < 174.03,

B So, the approximate length of the parking lot is at least 46 foet and
at most 174 feet,

Look Back Choose alength in the solution region, such as £ = 100, and find the
widih. Then check that the dimensions satisfy the original arca insquality.
28 + 2w = 440 fw = 8000
201000 + 2w = 440 0K 1 20 ; ROOD
w = 120 12,000 = 8000 iP!

Monitoring Progress 41]}} Help in Engish and Spanish at BigideasMath.com
Solve the inequality.

5 24+ 3xrs2 G, =3 —dx+1<0 7. 234 2> —5x

8 WHAT IF? In Example 6, the arca must be at least 8500 square feet. Describe the

possible lengths of the parking lot,

Section 3.6  Quadratic Inequalities 143



3 -'E EKEFCISES Dynamic Solutions available at BigldeasMath.com

— Vocabulary and Core Concept Check

1. WRITING Compare the graph of a quadratic inequality in one variable to the graph of a
quadratic imsquality in two variables.

2. WRITING Explain how to solve x* + 6r — & < 0 uging algebraic methods and uzing graphs,

Monitoring Progress and Modeling with Mathematics

In Exercises 3—6, match the inequality with its graph. ERROR ANALYSIS In Exercises 17 and 18, describe and
Explain vour reasoning. correct the error in graphing y = =7 + 2.
3. ysxi+dx+3 8 y>=x+4r =3 17. = N
x T 7
5. y<xl—dr 43 6. y2x*+dx+3 E . AN
A, I’

18.

19, MODELING WITH MATHEMATICS A hardwood shelf
in a wodden bookease can safely support a weight
W {in pounds) provided W < 115x°, where xisthe

g =14 .|I..Ii-f'..|'l' e 1) - - F =
In Exercises 7-14, graph the inequality. (Se¢ Example 1.) thickness (in inches) of the shelf, Graph the inequality

7. y<—xt 8 yz4xd and interpret the solution, (Ser Evample 2.
9 y>x:-9 M. y<xi+3 20. MODEUING WITH MATHEMATICS A wire rope can
safely suppori a weight W {in pounds) provided
1. y=<a?+ 5x 12. y2 -2+ 9 -4 W < 800042 where d is the diameter {in inches)
of the rope, Graph the inequality and intepret
13, y>2x+ 3 -1 14 ys (x-1+3 the solution.

In Exercizes 21-26, graph the system of quadratic

ANALY ZING RELATIONSHIPS In Exercises 15 and 16, use inequalities. (See Example 3.)

the graph to write an inequality in terms of f{x) 30 point

P is a solution. 21. yz 22. y> 57
15 y<=—xt+1 y = 3xt—2
23, y<s-xi+dx—4 24, y2axl—4
yex*+ix—8 y5 -2+ Tx+4
5. yzlt+x—5 26, yzxt=-3x-6
y< =2+ Sx+ 10 y2xl+Tx+6
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In Exercizes 27=-34, solve the inequaliiy algebraically,
(See Example 4.)

27.

3,

n.

33.

e s 28, 24+ Wr+9<0
= 1lx = =28 30. 3 =13xr> =10
-8y —-3<0 32 424+ Bx—2120
I —x=4 M LA s

In Exercises 35-41, solve the inequality by graphing.
(See Example 5.}

35.

7.

39,

a.

43.

A —-3r4+1<0 36, 2l —dy+2=0

2+ =7 38, '+ 6r< =3

Jal =85 = 40, P+ 5r-3<|
P+ wz2 42, x4 4x 23
DRAWING CONCLUSIONS Consider the graph of the

function f{x) = ax* + bx + ¢,

a What are the solutions of ax® + by + ¢ < (07

b. What are the solutions of m? + by + ¢ > 07

¢ The graph of g represents a reflection in the
x-axiz of the graph of £ For which values of x
is gix) positive?

MODELING WITH MATHEMATICS A rectangzular
fouptain display has a perimeter of 400 feet and an
area of at least 9100 feat. Describe the possible widths
of the fountain. (See Examyple 6.

45.

47,

MODELING WITH MATHEMATICS The arch of the
Sydney Harbor Bridge in Sydney, Australia, can be
meodeled by y = —0,00211x% + 106y, where x is the
distance (in rmelers) from the left pvlons and v is the
height (in meters) of the arch above the water. For
what distances x is the arch above the road?

PROBLEM SOLVING The number T of teams that
have participated in a robol-building competition for
high-schoo] sedents over a recent period of time x
{in years) ¢an be modeled by

Tixy = 17155 + 195.68x + 23581.0 5 1 < 6.

After how many vears is the number of teams greater
than 1007 Justify your answer.

PROBLEM SOLVING A stody found that a driver’s
reacton tme A o audio stinil and his of

her reaction time Vix) to visual stiomali (both in
milliseconds) can be modeled by

A =00051xF — 031 + 15, 16 <sx < TD
Vixh = 0005x2 —023x + 22, 16 sx £ 70
where x is the age (in years) of the driver.

a. Wrile an inequality that you can use to find the
x-values for which Aix) is less than VWix),

b Use a graphing calenlator to solve the inequality
A(x) = Wix). Describe how you used the domain
16 = x = Tl to dedermine a reasonablke solution.

¢, Based on your resulis from parts (a) and (b), do
vou think a driver would react more quickly to a
traffic light changing from green to vellow o to
the siren of an approaching ambulance? Explain.
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4%, HOW DO YOU SEE IT? The graph shows a systemn of
quadratic inequalities.
T ar o
N T T
| [y .'f' _jt"r:..

| :l' % l
| :.'i,l_ . -UI_... S

I = i e
Bk A8
a. ldentify two solutions of the system.

b Arethe points (1, —2) and (5, &) solstions of the
svste m? Explain.

¢. Iz it possible to change the inequality symbol(s) so
that one, bat not both of the points in part (b), is a
solution of the system? Explain.

49, MODELING WITH MATHEMATICS The length L{in
millimeters) of the larvae of the black porgy fish can
be modeled by

Lix) = 0.001700* + 0.145x + 2.35.0 £ x £ 40

where x iz the age (in davs) of the larvae. Write and
solve an ineguality to find 3 what ages a larva's
length tends to be preater than 10 millimeters,
Explain how the given domain affects the solution.

-~

50. MAKING AN ARGUMENT You claim the svsiem of
inequalities below, where a and b are real numbers,
haz no solution. Your friend claims the system will
always have at keast one solution, Who is comect?
Explain,

¥ ix+ ay
< (x+ b

.

52.

53.

— Maintaining Mathematical Proficiency =-coozwst o icanes o peoss grases sns iessons

MATHEMATICAL CONNECTIONS The area A of the
region bounded by a parabola and a horizontal line
can be modeled by A = %b.'r, where & and # are as

e fined in the diagram. Find the area of the region
determined by each pair of inequalities.

| BT
-Iﬂbh‘ll-

T

e

a ¥vys -3+ 4 bh y2xi—-4x -5
¥y 20 y=7

THOUGHT PROVOKING Draw a company logo
that is created by the intersection of two quadratic
imcqualitics. Justify your answer.

REASONING A truck that is 11 feet tall and 7 feet
wide is raveling under an arch. The arch can be
modeled by ¥y = —0.0625%% + 1.251 + 5.75, where
x and ¥ are measured in feat.

a. Wil the truck fit under the arch? Explain.

b, What iz the maximum width that a truck 11 feet
tall can have amd stll meake 0 ander the arch'?

¢ What is the maxirmim heighit that a trock 7 feet
wide can have and still make it under the arch?

increasing and decreasing,  (Secfion 2.2)

Graph the funciion. Label the s-infercepiish and the y-intercept, Seclion 22
M, fixi=x+Tix-9 55. givd=(x-2-4

Fima the minimumm valee or maximwm valoe of the function, Then deseribe where the Tumction is

57. fix) = -4 - 6x - 10 58. h(x) = 3ix + 20 = 1

59, fixi=—-(x-3Nx+T 60, Mx)=x1+3x - 18

-

56. ) =-x"4+5r-06
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3.4-3.6 What Did You Learn?

Core Yocabulary

Chadratic Formuala, p. 722 quadratic inequality in two variables, p. /40
discriminant, p. J 24 quadratic inequality in one variable, p, T42
svstem of nonlinear equations, p, 132

Core Concepts

Section 3.4

Solving Equations Using the Quadratic Formula, p. {22
Analyzing the Discriminant of ar+ b+ = 0.p 124
Methods for Solving Quadratic Equations, p, f25
Modeling Lannched Objects, p. 726

Section 3.5

Solving Systems of Nonlinear Equations, p. {32
solving Equations by Graphing, p. 135
Section 3.6

Graphing a Quadratic Inequality in Two Variables, p. 140
Solving Quadratic Inequalities in Cne Variable, p. 142

Mathematical Practices

1. Hew can you nse technology to determine whose rocket lands first in part (b) of Exercise 65
on page 1297

2.  What question can you ask to help the person avoid making the error in Exercise 54 on page 1387

3. Explain yvour plan to find the possible widthe of the fountain in Exercise 44 on page 1435,

e e m— e — e ——————— Performance Task - - - -

Algebra in Genetics:
The Hardy-Weinberg Law

»ome pecple have attached eariobes, the recessive trait. Some
pecple have free earlobes, the dominant trait What percent of
people carry both traits?

o expiore the answers 10 this gueston and more, go 1o
Bigideas Math.com
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; c h a ptEI’ REUIEW Dynamic Solutions available at BigideasMath.com

m Solving Quadratic Equations (pp 90 702

In a physics class, students must build a Bube Goldberg machine that drops a ball Frem a
S-Tont table. Write a function & (in feet) of the ball after § seconds. How long is the ball in the air?

The initial height is 3, sothe model ish = - 1642 + 4. Find the zeros of the function.

fi = =16i% 43 Wnite the function
0= —16+3 Substitute @ tor f,
-3 = =16 Subtract 3 from each siie
2 = Davicle each side by —16
*\ ir:—i- =1 Take square root of eadh side,
1 16
+0% ) Le a calculatod

B Reject the negative solution, —0.3, because time must be positive. The ball will fall for
about 0.3 zecond before it hits the ground.

1. Solvex* — 2x — § = 0 by graphing.

Solve the equation ndng square roots or by factoring,
2 Iit=4=8§ 2 x+&=-16=0 4 ki=17x=-=30
5. Arectangular enclosure al the 200 i5 35 feet long by 18 feet wide. The oo wants to doublk:

the area of the enclosure by adding the same distance x to the length and width. Write and
sodve an equation to find the value of x. What are the dimensions of the enclosure?

tW Al Complex Numbers (pp 103110

Perform each operation. Write the answer in standard form.

8 (3-6)-(0+2)=3-TN+(—-6-Di b. Sif4 + 5i) = 20i + 25i¢
= —d4 — i = 208 +:25(—1)
= =15+ 20

6. Find the values ¥ and y that satisty the equation 36 — Wo=48 4+ 3i.

Perform the operation, Write the answer in standard form.
To (=2 3i)+ (T =160 B9+ 3)=(=2—-T) 9. 3+ Gi)=14+7i)

10. Solve 7xd + 21 =0,

11. Find the zeros of fix) = 20 + 32.
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EREN  Completing the Square (oo 117 178)

Solve x* + 12x + & = 0 by completing the sguare.

2+ 12t +E8=0 Winte the equaton
¢ 4 13 = =§ Vinte lett sice i the fomm x° 4 Bx,
A+ 120+ 36 = —8+ 36 ndd (2] = | 22 = 36 10 each side
14
x4+ &) =2% Winte left side as a binomial squared.
r+6=+v8 lake square root of eadh ade,

= = ‘f'ﬁ Subiract & froan each side
r==5= :'-.-'ﬁ Simpliby radical,

P The solutions are x = —6 + VT amd x = —6 — 2V7.
12, Anemploves at a local stadinm iz launching T-shirts from a T-shird cannon info the crowd

can be modeled by & = — 1612 + 960 + 4, Find the maximum height of the T-shirt.
Solve the equation by completing the square.

13. 2+ 16c+17=0 14. A9+ 16 +25=0 15. vixr — 6) = 81
16. Write y = x? = 2v + 200in vertex form Then identify the vertex,

m Using the Quadratic Formula e 1271300

Solve —x® + 4x = 5 using the Quadratic Formula.

-3t 4 4r =5 Winte the equaticn
-+ 4r—5=10 ¥Wnte in gtandard fom
——
~4 = V48— 4(-1)-5
. ¥ . .E n-3) . Vs o :
2(-1)
o — _4 = 1.II-_l-I ']
X= —— Samplahy.
4 =7 - -
I = = : Wrte in termes of &
S ':11Ir||'|||1'!|'

P The solutions are 2 + Jand 2 — i

solve the equation using the Cuadratic Formula.
17. x4 5x=2 18, 2 +5xr=3 19, 2 - 12+ 13 =0

Find the discriminant of the quadratic equation and describe the number and type of
solutions of the equation.

20, =32 = fix =0 =0 M. =M =9=( 22. B+ 0x+S5=0

Chapter 3 Chapter Review

during an intermiszion of a football game. The height & (in feet) of the T-shirt after § seconds
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m Solving Nonlinear Systems (pp 137 135

Solve the system by elimination, it =8ty 3 Equiation 1
? = 16x — y = =3] Fauation 2

Add the equations toeliminate the y-term and obtain a quadratic equation inx,

i — Br+y=-5
2t — e —y = =31
:_L;'i' — Mx = —36 Add the equatens
4it = My + 36 =0 Wite im standard form
=0t 49=0 Divide eadh side by 4
x—3¥=0 Perfect Saquare Tnnomial Pattemn
x=3 Zero-Product Property

T sodve for v, substitute x = 3 in Equation 1 to obtain ¥ = 1.
P So, the solution is (3, 1).

Solve the system by any method. Explain your choice of method.

23, i -2=y 24, -6+ 13=y 25. *+y =4
-y + 1 = ¥ -y = 2y 43 — &1 + 5 = 5_‘.
26. Solve —3x? 4 5x — | = 5x? — & — 3 by graphing.

Quadratic Inequalities (oo 139-140)

Crraph the system of quadratic inequalifies.
¥y -2 Trwecuealiny 1
y<—x2—-3x+4 Ineapality 2
Step 1 Graphy = x* — 2, The graph is the red region ingide
{but not including) the parabolay = x* = 2,

Step 2 Graphy < =x° = 3v + 4. The graph is the blue region
inside and incloding the parabola y = —x? = 3x + 4,

Step 3 ldentify the purple repion where the two graphs overlap.
This region is the graph of the svstem,

Graph the inequality,
27. y> x4 8x 4+ 16 28. y21l 4 6r+ 8 29, xi4+ysTx =12

Graph the system of quadratic inequalities,

30, P-Ax+8>v¥ 3. BP-xzy-35 32 - -sy+1
-2 +4x+ 235y 05> y—2x—-1 -l + x =55 —y

Solve the ineqguality,

33 4+ —-a0z0 M, - =102 3% 3zt 4 2 £ 5%

150 Chapter 3 Cluadratic Equations and Complex Numbers



Solve the equation using any method. Provide a reason for your cholee.
1. 0=+ 2xr 43 2, Gr=x147
3. x*+49=85 4 (x+dx=-1)==-x*++4

Explain how (o use the graph o find the number and type of sedlutions of the quadratic e quation,
Juaily your answer by usdng the discriminant,

5. tx43x+3=0 6. 474+ 16+ 18=0 7. x4+ ix42=0

Sodve the system of equations or inequalities,
8. x4 66=16x—¥ 9 yzla-2 10. 0 = 2% + 3¢ — 40
2x —y=18 y< = +3)4+ 4 y=x+4

11, Wrile (3 + 4i )4 — 6i) as acomplex number in standard form.

12, The aspect rafic of a widescreen TV is the ratio of the screen’s width
to jts height, or 16 : 9. What are the width and the height of a 32-inch
widescreen TVT Justify your answer. (Hini: Use the Pythagorean
Theorem and the fact that TV sizes refeér to the diagonal length
of the screen.)

13. The shape of the Gateway Arch in 5L Louis, Missouri, can be modeled by y = —0.0063x° + 4x,
where x is the distance (in feet) from the left fool of the arch and v i the height {in feet) of the
arch abowve the ground, For what distances x is the arch more than 200 feet above the ground?
Justify vour answer,

14. You are plaving a game of horseshoes, Cne of your tosses is modeled in the diagram,
where x is the horseshoe’s horizomal position (in feet) and v is the comesponding height
(in feet). Find the mascimum height of the horseshoe. Then find the distance the horseshoe
travels. Justify your answer.

a \'-\.Ill -
L----._-

-

Chapter 3 Chapter Test
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3 Cumulative Assessment

1. The graph of which inequality is shown?
Ay y>1i4x-6

By yeat+x2—6

2. Classify each function by its function famuly, Then describe the transformation of the
parent function,

a gplx)=x+4 b. Mx)=25
e hxy=x'-7 d pxi=—|x+3 -9
e gix)=Hx -2 -1 [ hix)=6x+ 11

2. Two baseball plavers hit back-to-back home mns. The path of each home run is modeled
by the parabolas below, where v is the horizontal distance (in feet) from home plate and y
is the height (in feet) above the ground. Choose the cormect symbeol for ¢ach inequality Lo
mixhel the possible locations of the top of the owtfeld wall.

A¥ | Srponid
BTy - — T I N - -
s -,."* | ™y |home
T | S yn
) R e R [0n P o, 1
AR = . PO First home ran: y —0002x + 082y + 3.1
£0) .f'i" grl lLH 1Bk .f"‘\.
£ .7 | First home run ‘ . :
j.‘,f TR -;-“E.. | Second home mn: v 00032+ 121x + 33
i B |
FxE | ISE1 I B 1S LN B I B I
N ) B o
’ e 120 180 340 200 360 48w

4, You claim it is possible to make a function from the given values that has an axis of
symmetry at ¥ = 2. your friend claims it is possible to make a function that has an axis
of symmelry at x = =2, What values can you use to support yoar claim? What values
support vour friend’s claim?

Your daim I
fixy= Xt + x+8 g ] =5 =
Your friend’s claim 1 3 5 12
fix) x? 4 ¥+ 8
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3. Which of the following values are Y-coordinatos of the solutions of the system?
1 = 6% + 14

_1|?.
y=L+7

6. The table shows the altitudes of a hang glider that descends at a constant rate, How long
will it take for the hang glider to descend to an altitnde of 100 feet? Justify your answer,

Time (seconds), t | Altitude (feet), y (A 25 seconds
. 450 (B 35 scconds
L] 350
: (T 45 seconds
20 250
0 150 (O 55 seconds

7. Use the numbers and symbols to write the expression x° + 16 as the product of two
binomials, Some may be used more than once, Jnstify vour answer.

2 = 16 X }
4 i 2 8 {

8. Chooss values for the constants & and & in the equation x = _iiu;}' - k¥ + ka0 that each
stdtement is troe

a The graphofx = l—{}' - _T 4 is a parabola with its vertex in the second quadrant.
b The graphofx = L—{v - i - is a parabola with its focus in the first quadrant.
o The graphofx = l{_'p - _F + is a parabola with its focus in the third quadrant,

8, Which of the following graphs represent a perfect square trinomdal? Write each function
in vertex form by completing the square.
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