LESSON
17 Property Revisited

The Zero Product

LEARNING OBJECTIVES

Q- b=0
» Today I am: looking at equations likea+ b+ c-d=0.

= =
» So that I can: tell when a factor will equal O. a- O or 0

» Il know I have it when I can: solve a problem like 7r> — 14r = —7.
\.

Opening Exercise

1. A physics teacher put a ball at the top of a ramp and
let it roll down toward the floor. The class determined
that the height of the ball could be represented by
the equation h = —16t? + 4, where the height, h,
is measured i-niet from the ground and time, ¢, is
measured in seconds. L| - [61‘9‘

hat do you notice about the structure of the

quadratic expression in this problem?

No |mear ferm , (OnGave down
n the equatlon explaln what the 4 represents.

Toifral heght ¢ 18 Cy-Tateml)

C. Explain how you would use the equation to di\e_rlgne the time it takes the ball to reach the

floor. h:O O’: *(6

@ Now consider the possible solutions for t. Which values are reasonable? What values would
make no sense in this situation?
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592 Module 4 Quadratic Functions

Throughout this unit, we've been putting equations into factored form so that we could find the
X-intercepts.

2. What is the y-value of all x-intercepts? Are there any exceptions?

W=

The x-intercepts give rise to the Zero Product Property. We've used this property since Lesson 11,

but now we'll explore it more analytically.

3. Consider the equationa-+b+c+d = 0. What values of g, b, ¢, and d would make the equation true?

=0 , bﬂo) C=0 , or A=0

Find values of c and d that satisfy each of the following equations. (There may be more than one

correct answer.) < ]
6 =X
4, ¢d=0 5. (c—5d=2
C=0 or A=0O Mana, Ssliflgns
6. (c=5d=0 7. c—5)d+3)=0
C-5=o o d=0 C~S5S=0 &« A+3=¢

C=5 C=5 or A =-3
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. The equation in the Opening Exercise, h = —16t* + 4, describes the height (in feet) of the ball
at different times (in seconds). If we want to find the time when the ball reaches the ground, we
would set h = 0. There are two ways you could approach the problem 0 = —16t* + 4 as shown

below. Complete each method’s example.

Factoring Method

Square Root Method

—4t+2=00R4t+2=0

-4t=-a af=-3

AHT oF fuo Suores

0=-16¢+4 —=> Y-[&T]
0 = (—4t + 2)(4t + 2) CA""*{-)(.Q"*f)

0= —16t*+ 4

16t> = 4

16t _ 4

16 16
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Practice—Factoring Method and Square Root Method

For the next two exercises, you and your partner will switch off using the Factoring Method and the

Square Root Method. When you are done, check your answers with your partner’s.

Partner A’'s Work

Factoring Method

Partner B’s Work

9. 0=3x*—108
0=3(x"-36)

o= Z(x+6Yx-6)

Square Root Method ¥ Only

frics

9. 0=3x— 108
a
Selve. Tor % IS

o]
o] = 3%

t2g = ¢t

16 =X
X=6 X=-4

7X -lingar Term

Ml'SSI.h_ﬂ.

joo:gb/(q_,

—-—

<

e =\

Y
1
N <

+

e

\)

X+E6=0 O X—§£=0
X=-6 X=6
Square Root Method

10. 0 = 4x* — 100
2

zgtx

Factoring Method

10. 0 = 4x* — 100
0=4(X-25)
0= 4 (x-5)(x+5)
X-5=0 X+Hh-0

X=g X=-5
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Back in Lessons 10 and 11, you explored the licorice-packaging problem. Recall, Isabella wrote the

2
equation for the volume of the sleeve in vertex formas V = —24(h — 2) + 150.

2

11. Isabella’s work to find the horizontal intercepts is shown below. Explain what Isabella did at
each step.

52
V= —24(h—§) +150

2

0= —24(h - %) 1150

s 5Y
—150 = 24(h 2)
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Additional Practice—Solving for Horizontal Intercepts

Isabella solved for h to find the horizontal intercepts. Use her method to find the x-intercepts for
each of the exgrcises w. Remember, y is zero when the function hits the x-axis.

Ve Y rv —
12.9= 3(x — 2)2 — 27 13. y=5(x + 1) — 20 (’i@: (x — 7)2 — 25
+a7 +27 <
] O =5 (Xtl)—=20
27 = 3020 120 +20

C
ﬂ(——aiﬁ
.‘.

3 LY
= a0 = 5 (XH)
=k><-9~) & s
a
= % -2 AT \J OX+1)

13 h
+2 t2

tg = X4
2t3 - X = |

l\ -lf?‘; X

242 or a-13
XELS or —f ~[* or -[-2

1 -2

15. What is the most difficult part of solving for the x-intercepts? Explain your thinking.

Practice Exercises 16-27

Solve. Show your work.

-2 = vhe N yorev N

-~ 4 U
x-1=%
2x¥r4= =0
x—LeU  X=L==\ -
41 4 *Z a2 2x+YT 2LX¥U=-b
X=t 2x=1 2X7 1o
27 2 T
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— !¢
18. 3x*+5x+2=0

Roclor /), X

a
IXN+BX+AX +D A+

3x(x ¢t )+ a(x+1) ;g
(3x+a)X+1)= O

(N}
DR

3X+a=p xX=~
x=-a
20.(x*—11x + 19 = -5
Facforing 15 +35

2, AX-lIx+a4 =0
83 _ _2| —
an (X-8Xx-3) =0
+ X~@=0 or X-3=p
X=g X=3
22. 7 — l4r=—T

@9

@(X3)2=27
e
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19. X —9x=—18
X

21. 71X+ x=0
>/(C‘7X+I) =0
X=0  TIX+1=0
x =l

V4

@ 2% + 5d = 12 ]_ong Facter
ad +sd -3 =0 <
24%+8d —2d~[a=0 9><3

ad(d+u)-3(a+4) s>
Cad=3)cd+4)=0

<3 -
(23 o5 27

27. 5(x —5)2+2 =22
-2

kN .

- - Z"D
@) T22.
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28. Write in the steps to solve for the x-intercepts.

Lesson Summary

When solving for the variable in a quadratic equation, rewrite the quadratic
expression in factored form and set equal to zero. Using the zero product property,
you know that if one factor is equal to zero, then the product of all factors is equal
to zero.

Going one step further, when you have set each binomial factor equal to zero and
have solved for the variable, all of the possible solutions for the equation have been
found. Given the context, some solutions may not be viable, so be sure to determine
if each possible solution is appropriate for the problem.

Zero Product Property

Ifab=0, thena=0o0orb=00ra=b=0.

Solving for the x-intercepts Steps

y=(x+12 - 16

0=(x+17-16

16 = (x + 1)
+16 = J(x + 1)
+4 =x +1

4=x+1lor-4=x+1

x=3o0orx=-5
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NAME: PERIOD: DATE:

599

Homework Problem Set

Solve the following equations.

1. &x—-1D(x+3)=0 2. (t—4)@Bt+1({t+2)=0
3. x*X—9=0 4, (x> —9)(x*—100) =0
5. x*—9=(x—3)(x—5) 6. x> +x—30=0

7. pP—Tp=0 8 p*—Tp=28

9. 3x*+6x+3=0 10. 2x*—9x+10=0
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11. x>+ 15x+ 40 =4 12. 7x*+2x=0
13. 7x*+2x—5=0 14. b2+ 5b—-35=3b
15. 6r> —12r=18 16. 2x*+ 11lx=x>—x— 32

17. Write an equation (in factored form) that has solutions of x = 2 or x = 3.

18. Write an equation (in factored form) that has solutions of a = 0ora = —1.
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19. Quinn looks at the equation (x — 5)(x — 6) = 2 and says that since the equation is in factored
form it can be solved as follows:

x—5x—6)=2
X—5=2o0orx—6=2

X=T7orx=28.

Explain to Quinn why this is incorrect. Show her the correct way to solve the equation.

For each problem, determine the x-intercepts, the vertex and the y-intercept.

20. y=—2(x +5)*+ 18 21, y=—(x—15) 22. y=%(x—1)2—3
x-intercepts: and x-intercepts: and x-intercepts: and
vertex: ( , ) vertex: ( , ) vertex: ( , )
y-intercept: y-intercept: y-intercept:
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x-intercepts:

vertex: (

26. y= —(x+2)?+25

and

y-intercept:

2

X-intercepts:

27. y= = (x +3)2— 18

and

vertex: ( ,

y-intercept:

23 y= 20+ 4y - 2L 24 y=—3(x+1)7+3 25. y=4(x + 2" — 4
x-intercepts: and x-intercepts: and x-intercepts: and
vertex: ( , ) vertex: ( vertex: ( , )
y-intercept: y-intercept: y-intercept:

1

28. y= —%(x — 12+ 27

x-intercepts: and

vertex: ( , )

y-intercept:




