K - Polynomials, Lesson 5, Zeros of Polynomials (r. 2018)

POLYNOMIALS
Zeros of Polynomials

Common Core Standard Next Generation Standard

A-APR.3 Identify zeros of polynomials when suita- | Al-A.APR.3 Identify zeros of polynomial functions
ble factorizations are available, and-use-the-zerosto- | when suitable factorizations are available.

constructarough-graph-of the-function-defined-by- | (Shared standard with Algebra 1)

PARCC: Tasks are limited to quadratic and cubic polynomialsin | Note: Algebra I tasks will focus on identifying the zeros
vyhlch linear and quadratic fa;ctors are available. For example, of quadratic and cubic polynomial functions. For tasks
find the zeros of (x-2) (x*-9) - that involve finding the zeros of cubic polynomial func-
tions, the linear and quadratic factors of the cubic polyno-
mial function will be given (e.g., find the zeros of

P(x)=(x=2) (*-9))-

LEARNING OBJECTIVES

Students will be able to:
1) Identify the zeros of a polynomial expression given its factors.
2) Identify the factors of a polynomial expression given its zeros.
3) Identify the zeros and factors of a polynomial expression given the graph of the

expression.
Overview of Lesson
Teacher Centered Introduction Student Centered Activities
Overview of Lesson guided practice €Teacher: anticipates, monitors, selects, sequences, and

connects student work
- activate students’ prior knowledge
- developing essential skills
- vocabulary
- Regents exam questions
- learning objective(s)
- formative assessment assignment (exit slip, explain the math, or journal
- big ideas: direct instruction entry)

- modeling

VOCABULARY

Multiplication Property of Zero: The multiplication property of zero says that if the product
of two numbers or expressions is zero, then one or both of the numbers or expressions must equal
zero. More simply, if x-3 =10, then either x=0 or y =10, or, X and y both equal zero.

Factor: A factor is:
1) a whole number that is a divisor of another number, or
2) an algebraic expression that is a divisor of another algebraic expression.

Examples:
o 1,2, 3,4,6,and 12 all divide the number 12,
sol, 2, 3,4,6,and 12 are all factors of 12.

o (x—3)and (x+2) will divide the trinomial expression x*—x—6,



so (x—3) and (x+2) are both factors of the x*—x—6.

Zeros: A zero of an equation is a solution or_root of the equation. The words zero, solution,
and root all mean the same thing. The zeros of a polynomial expression are found by finding the
value of x when the value of y is 0. This done by making and solving an equation with the value
of the polynomial expression equal to zero.

Example:
o The zeros of the trinomial expression x* + 2x— 24 can be found by writing and
then factoring the equation:
X +2x-24=10
x+6)x-41=10
After factoring the equation, use the multiplication property of zero to find the
zeros, as follows:

x+6)x—41=10
Lx+b=0andior x-4=10
Frx+6=0, then x=-6
Fx—4=10, thern x=+4
The zeros of the expression x* + 2x— 24 = 0 are -6 and +4.

Check: You can check this by substituting both -6 or +4 into the expression, as

follows:
Check for -6
x4
(—6)* + 2(—6) — 24
3—12-24
0
Check for +4
oy ix— 24

(41 + 2(4) - 24
16+ 8- 24
0

x-axis intercepts: The zeros of an expression can also be understood as the x-axis
intercepts of the graph of the equation when fixj = 0. This is because the coordinates of
the x-axis intercepts, by definition, have y-values equal to zero, and is the same as writing
an equation where the expression is equal to zero.




The roots of Flokl Flokz Flobs
~MEREFER-24

X2 +2x—-24=0 are

Xx=-6 andx=4. ::Egz.
These are the x wAy=

coordinate values of | ~%'5=

the x-axis intercepts. | “"'6=
B

BIG IDEA #1
Starting with Factors and Finding Zeros
Remember that the factors of an expression are related to the zeros of the expression by the
multiplication property of zero. Thus, if you know the factors, it is easy to find the zeros.

Example: The factors of an expression are {2x+2), (x+3) and [x— 1)).

The zeros are found as follows using the multiplication property of zero:
(2x+2(x+3(x-1)=0

L2x+d=0and x=-1
agindlorz+3=0and x=-3

agudiorz—1=0and x=1
The zeros are -3, -1, and +1.
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Be sure to input all factors.

BIG IDEA #2
Starting with Zeros and Finding Factors
If you know the zeros of an expression, you can work backwards using the multiplication
property of zero to find the factors of the expression. For example, if you inspect the graph of
an equation and find that it has_x-intercepts at x= 3 and x= -2, you can write:
x=13

L (x=31=0

andd
x=-1
Llx+2)=0

The equation of the graph has factors of (x—3) and {x+ 2}, so you can write the equation:
(x=-3x+2)=1

which simplifies to
x4 2x—3x— 6= A

X —x—6=Ax



With practice, you can probably move back and forth between the zeros of an expression and the_
factors of an expression with ease.

DEVELOPING ESSENTIAL SKILLS

Identify the factors, zeros, and x-axis intercepts of the following polynomials:

Polynomial Factors Zeros x-axis Intercepts
X*-x-6 = 0

X +7x+6=0

x*-5x-6 = 0

x*-2x-15 = 0

x*-3x-10 = 0

x’-2x-8 = 0

6x°+5x-6 = 0

6x* -15x—-36=0

ANSWERS
Identify the factors, zeros, and x-axis intercepts of the following polynomials:

Polynomial Factors Zeros X-axis Intercepts
X*-x-6 =0 (x + 2)(x - 3) ={-2,3} x={-2,3}
X +7x+6=0 (x +1)(x + 6) x={-6,1} x={-6,1}
x*-5x-6 = 0 (x — 6)(x +1) x ={-1,6} x={-1,6}
x*-2x-15 = 0 (x = 5)(x + 3) x =1{3,5} x =1{3,5}
x*-3x-10 = 0 (x = 5)(x + 2) x={2,5} x={2,5}
x*-2x-8 = 0 (x —4)(x + 2) x={-2,4} x={-2,4}

6x° +5x-6 = 0 (2x+3)(3x - 2) X:{_g g} X:{_g g}
2 3 2 3
6x* —15x—36=0 =3(x - 4)(2x + 3) X:{_g 4} X:{_g 4}




REGENTS EXAM QUESTIONS (through June 2018)

A.APR.B.3: Zeros of Polynomials

356) The graphs below represent functions defined by polynomials.

polynomials 2 and —3?
1) y 3) y
L

i e
\/

For which function are the zeros of the

4)

/ i

2)

__'T)”{“

Y

357) Which equation(s) represent the graph below?
I y=(x+Dx* —4x-12)
Il y=(x-0x+x-2)
I y=(x—1)(x" - 5x—6)

- N W s Om

4
1) 1, only 3) landll
2) 1l, only 4) lland Il



358) For which function defined by a polynomial are the zeros of the polynomial —4 and —6?

1) y=x*-10x-24 3) y=x*+10x-24

2) y=x*+10x+24 4) y=x*-10x+24
359) The zeros of the function fx) = (x+ Z)* - 25 are

1) -Z2and5 3) -5and?2

2) -3and7 4) —7and3

360) The graph of fx} is shown below.

Which function could represent the graph of fx)?
D) fx)=ix+ Dix +3x-4) 3) Axi=(x+ 2 +3x+ 4
2) X =(x-DE 34 4) A =(x- 0+ 3x+ 4

361) A polynomial function contains the factors x, x— 2, and x+ 5. Which graph(s) below could represent the
graph of this function?

1 11 11
y

T MR ES

1) 1, only 3) landlll

2) l, only 4) 1,11, and Il
362) What are the zeros of the function fx) = x4 - 13x-307

1) —10and3 3) —-15and?2

2) 10and -3 4) 15and -2
363) The zeros of the function fx) = x* — 5x— 6 are

1) -1and6 3) 2and -3

2) land -4 4) -Zand3

364) Based on the graph below, which expression is a possible factorization of p(x)?



£y A

1) (x+3(x-2(x-4) 3) (z+3Nx-5x-2)x-4)
2) (x=-3x+2(x+4) 4) (x-x+30x+ D (x+4)
365) Which function has zeros of -4 and 2?
) Ax=x+7x-3 3) gix)=x-Tx-3
2) 4) !
A f ; A 1 )

366) Which polynomial function has zeros at -3, 0, and 4?

1) fx=tx+ DKt + 4 3) flx)=xlx+3)(x-4)

2) fxi=ixt-Nx-4 4) Jix)=xx-3ix+4)
367) The zeros of the function Az = 2x* + 12x— 10x* are

1) {23} 3) {0,2,3}

2) {-1,6} 4) {0,-1,6}

368) Determine all the zeros of m(x) = x* - 4x+ 3, algebraically.

369) Wenona sketched the polynomial ~ix) as shown on the axes below.



Which equation could represent ix)?

D) Pz = ix+ Dix-2)° 3) Fix)=(x+1)x-1)

2) Px)I=(x-Dix+2)* 4) Pix)=(x-1)ix+3)
370) The zeros of the function p(x) = x* - 2x— 24 are

1) -&and3 3) -4 and6

2) —fiand4 4) -3 and8

371) A cubic function is graphed on the set of axes below.

y

[

A

g

Which function could represent this graph?

1) Afix)=(x-3x-1ix+1) 3) Alx)=(x-3)x-1ix+3)
2) glxl=(x+3x+1(x-1) 4) kix)=(x+3x+Dix-3)
SOLUTIONS
356) ANS: 3

Strategy: Look for the coordinates of the x-intercepts (where the graph crosses the x-axis). The zeros are
the x-values of those coordinates.

Answer c is the correct choice. The coordinates of the x-intercepts of the graph are (2, 0) and (-3, 0).
The zeros of the polynomial are 2 and -3.



PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials
KEY: bimodalgraph
357) ANS: 2
Strategy: Factor the trinomials in each equation, then convert the factors into zeros and select the
equations that have zeros at -2, 1, and 3.

STEP 1.
I I i
y=(x+ Dz —4x-12) y=-NE+x-2) y = (x— Dix* - 5x - 6)
¥={x+Dx-61x+2) y=(x-Tx+20x-1) ¥={x-1Nx-ax+1)
Zerozat-2, 6, and -2 Zerosat 3, -2, and 1 Zerosat 1, 6, and -1
{Wrong Choice) {Correct Choice) {Wrong Choice)
The correct answer choice is b.
PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials
358) ANS: 2

Strategy. Input each function in a graphing calculator and look at the table views to find the values of x
when y equals zero.

Flotl Flokz Flokz by W Wz b N Wy
g
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Answer choice b, enterred as ¥, has zeros at x=—-4 and x = —4.
PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials
359) ANS: 4

Strategy: Use root operations to solve fx) = (x+ Z)* — 25 for f{x) = 0.

A =(x+ D7 -25
0=(x+2)°-25
25 = (x+ )°

NPT o)

ti=x+2
-2x5=x

—Tand3i=x

PTS: 2 NAT: F.IF.C.8 TOP: Zeros of Polynomials
360) ANS: 1
Strategy:
STEP 1. Identify the zeros and convert them into factors.
The graph has zeros at -4, -2, and 1. Convert these zeros of the function into the following factors:
(x+4)(x+2)(x-1). The functiuon rule is f(x)= (x+4)(x+2)(x-1)



STEP 2. Eliminate wrong answers. Choices b and d can be eliminated because (x-2) is not a factor.

b. d.
Ax) = (- D+ 3x-4) Ax)=(x- D"+ 3x+ 4
{x— 2 1z not a factor, {x—2) 1snot a factor.
{Wrong Choice) {Wrong Choice)

STEP 3. Choose between remaining choices by factoring the trinomials.

a. C.
A=+ D+ 3x-4) Ax =+ Dix +3x+ 4
Jx) =+ Dlx+4)x-1) (x* + 3x+4) cannot he factored into (x +4)(x— 1)
Contans all three factors. (Wrong Choice)
{Correct Choice)
PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials

361) ANS: 1
Stategy 1. Convert the factors to zeros, then find the graph(s) with the corresponding zeros.
STEP 1. Convert the factors to zeros.
A& factor of x— 0 equates to a zero of the polynormal at==0.

A factor of x— 2 equates to a zero of the polynormal at =2

A factor of x+ 5 equates to a zero of the polynomial at s=-5.
STEP 2. Find the zeros of the graphs.

Graph | has zeros at -5, 0, and 2.

Graph Il has zeros at -5 and 2.

Graph 1 has zeros at -2, 0, and 5.
Answer choice a is correct.

Strategy 2: Input the factors into a graphing calculator and view the graph of the function
¥={xix—-2)(x+5).

Flotl Flotz Flots
SABCE N CH=2 0 (D
~vz=M
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._\_-ITILI= -U--
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~NeE=
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Note: This graph has the same zeros as graph I, but the end behaviors of the graph are reversed. This
graph is a reflection in the x-axis of graph | and the reversal is caused by a change in the sign of the
leading coefficient in the expansion of ¥ = (x)(x— 2J(x+ 5). It makes no difference in answering this
problem. The zeros are the same and the correct answer choice is answer choice a.

PTS: 2 NAT: A.APR.B.3 TOP: Zeros of Polynomials
362) ANS: 4
Strategy: Find the factors of fx) = x* - 13z - 30, then convert the factors to zeros.

STEP 1. Find the factors of fz)=x* - 13x- 30.



Ax=x-13x-730

)= (x-___)(x+___)
The factors of 30 are

1 and 30

2 and 15 (use these)
Axi=0x-15{x+2)

STEP 2. Convert the factors to zeros.
Ifthe factors are (x— 15) and (x+ 2,

then the zerosare atx = 15and x = -2,

DIMS? Does It Make Sense? Yes. Check by inputting fix) = x*-13x-30 into a graphing calculator
and verify that there are zeros when x = 15 and x = -2

Flakl Flokz Flok: " L T “q
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PTS: 2 NAT: ASSE.B.3  TOP: Zeros of Polynomials
363) ANS: 1

Step 1. Understand that the zeros of a function are the x values when fix) = 0.
Step 2. Strategy: Solve for x when flx) = 0.
Step 3. Execute the strategy

Al =x*-5x-6
0=x"-5x-1
O=(x+1)ix—6)
x=-1
x=10
Step 4. Does it make sense? Yes. Check by inputting the function in a graphing calculator and

inspecting the graph and table of values.
Flokl Flakz Flotz

VY - (o
wMe=

=
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364)

365)

366)

367)

i W1 o W
(-1 |l 0 "B
0 -h i -10
| =10 s "1z
c -1z x -1z
E N
L "B IE- 0
=1 =
PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials
ANS: 1

Strategy: Convert the zeros of the function to factors.

Zeros occur at | Factors are:
(-3,0) (x+3)
(2,0) (x-2)
(4,0) (x-4)
PTS: 2 NAT: A.APR.B.3
ANS: 4

The zeros of a function are the x values wheny = 0.

Strategy: Eliminate wrong answers.
a) Solve for 0= x* + Tx—§

O=({x+81x-1)

Eliminate this choice.

x=-Randx=1
b) Solve for 0=x* -T7x—-3

O=({xz-8)x+1)

r=8and xr=-1

Eliminate this choice.

c) The graph shows x-axis intercepts at [~2,0) and at (4,0, so the zeros are -2 and 4.

Eliminate this choice.

d) The graph shows x-axis intercepts at [~4,0) and at (2,0, so the zeros are -4 and 2.

the correct choice.

PTS: 2
ANS: 3
The zeros of a function are the x-values when y = 0.

Strategy: Convert the zeros to factors, then combine the factors to write the function.

NAT: AAPR.B.3 TOP: Zeros of Polynomials

Zeros Factors
r=-3 {x+3)
x=10 (x)

x=4 (x—4)

Jx) = (x+ 3)(x)(x - 4)

Check by inputting the function in a graphing calculator and inspecting the zeros

PTS: 2
ANS: 3
Strategy #1. Find the factors and use the multiplication property of zero to find the zeros.

NAT: AAPR.B.3 TOP: Zeros of Polynomials

This is



Flotl

INY z=11
ENY 3=
ENY4=
ENYs5=
NYe=
ENY 7=
ENY8=

Plot2
B\Y 18253 +12%X-10X°

22 + 12x-102% = 0
2% = 10x% + 12x = 0
2x(x* - Sx+6) =100
dxlx—-Nx-4=10

If the factors are 2x, x-3, and x-2, the zeros are 0, 2, and 3.

Strategy #2: Use a graphing calculator.

]
Plots
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PTS: 2
368) ANS:
Strategy 1:

Strategy 2:

Strategy 3.

NAT: A.APR.B.3

Use factoring.

Use the quadratic formula

TOP: Zeros of Polynomials

-dr+3=10

x—3x-11=10
=13}

—ht A b% —dac

*= 2t
(-4 + (-4 - 4(1) (D
- 2(1)
_ 4+ -f16-12
2
+ 2

r=2+1
x={1,3}

Complete the square




369)

370)

P -dzei=0

x—dx=-3
(x—2)% = -3+ (-2)*
(x—2)* =-3+4
(x—-21° =1
- =1
T—d=+tl
=211
x= {13}
PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials

ANS: 1
Note that the zeros (x-intercepts) occur at -1 and +2. This means that the factors of the equation are (x+1)

and (x-2). Eliminate 2(x) = (x— 1)(zx+ 2)* and P(x) = (x - 1){x+ 2) because they have the wrong
factors.

The choice is between P(x) = (x+ 1)(x- 2)* and P(x) = (x+ 1)(x-2). P(x)= (x+ ){x-2)* isathird
degree equation and P(x) = (x + 1){x— 2} is a second degree (quadratic) equation.

The graph is definitely not a parabola, so it cannot be the graph of a quadratic function. Eliminate
Pix) = (x+ D{x—2). The correct answer is Pz} = (x+ 1)(x— 2)*.

Check in a graphing calculator.

I 1 UH 1 1 I
Plotl Plotz Plot3
I\Y1B(X-1) (X+2)?
ENY2=N1
ENY3=
ENY4=
E\Ys=
NYe=
ENY 7=
ENYg=
PTS: 2 NAT: AAPR.B.3 TOP: Zeros of Polynomials
KEY: Al
ANS: 3
Strategy: Let z(x) =0 and solve the quadratic.
Notes Left Sign | Right Expression
Expression
Given pix) = xt—3x-24
Let pix)=10 0 = P P ¥
Factor 0 = (x—6)x+4)

By the zero property of multiplication: If 0 = (x - )}, then x = d.
By the zero property of multiplication: If 0= (x+4), then x = —4.



NOTE: The zero property of multiplication says that if the product of two numbers is zero, then one or
both of those numbers must be zero.

PTS: 2 NAT: A.AAPR.B.3 TOP: Zeros of Polynomials
371) ANS: 2
Strategy: Find the zeros of the cubic function, then convert the zeros to factors.
STEP 1
/ Zeros Conversions to Factors Factors
[TT11] x=-3 x+3=10 (x+ %)
x=-1 x+1=10 (x+ 1)
x=1 x-1=10 (x=3)

STEP 2: Combine all factors into one expression.
(x+3zx+Dx-1)
The correct answer choice is g{x) = (x+ 3ix+ Dix—1)

PTS: 2 NAT: A.APR.B.3 TOP: Zeros of Polynomials



