IO IAL

)W P e | Q M ANTO AT
Honers Math 3—~Spring 2618 Narme

Unit®: Polynomial Functions

2/27

Date _ Lesson Assignment
Monday | Introduction to Polynomials
2/12 p.1-7
Tuesday | Factoring Review
2/13 p.8-13 ,
Wednesday | Polynomial Graphs and Key Features
2/14 | p.14-20
Thursday | Transformations & Graphs of Polynomials
2/15 p.21-27 '
Friday | Polynomial Equations and Models
2/16 p.28-32
STEM Project (due Monday, March 5%)
Monday | Quiz
2/19 Long Division
p.33-36
Tuesday | Synthetic Division
2/20 p.36-39
Wednesday | Long Division & Synthetic Division
2/21 p. 40 - 42
Thursday | Rational Root Theorem
2/22 p. 43 - 45
Quiz
Friday | Analyzing Functions
2/23 46 - 51
Monday | Review
2/26 p. 52 -56
Tuesday | Test




VOCABULARY

A quadratic function is a function of the form f(x) = ax® + bx + ¢ where a,b,&c

are real numbersand @ # 0

2
Standard form of a quadratic equation Y = ax” +bx + ¢
Vertex form of a quadratic equation y = a(x —4)* + k
The vertex of a quadratic equation is the maximum or minimum point.

Zeros, solutions, roots are the values of x that make y=0. _
x-intercepts are the points where a graph crosses the x-axis, the real values of x that

make y=0.
N ey

The quadratic formulais x= >
[}

It can be'used to solve a quadratic in

standard form.
A complex number is any number that can be written in the form a + bi, wherea and

b are real numbers, and i=\/—_1 .

The complex conjugate of a + bils g - bi.

A monomial is an expression that is a real number, a variable, or the product of real
numbers and variables.

A polynomial is a monomial or the sum of monomials,

A polynomial function s any function with a rule that can be written in the form:
Pix)= ap" +ap X" + ... +ax+a, where a,#0, coefficients (ay, .., ag) are real
humbers, and exponents are nonnegative integers.

N
N

Any algebraic expression in the form a,x" + a,..x™" + ... +aix +ag is called a polynomial
expression.

The degree of a polynomial f(x) is the highest exponent on the variable, x.

The leading coefficient of a polynomial is the coefficient of the term with the highest
degree.

In standard form the terms of a palynomial are written in descending order by degree.

End behavior Is the behavior of a graph as x approaches +00 or -00 .

Muitiplicity is the number of times a zero occurs.
Synthetic division is a shortcut method for dividing a polynomial by a linear factor of the
form (x - al.



) Day 1 Polynomial Operations Warm Up
| 1.(19x% +12x +12) + (722 +10x +13)

2. (19 +9x + 16) - (Bx2 + 12x + 7)
3. —x*(x+5)
4. 3x(-x*+2x-12)

5. (4x — 3)(5x + 4)

") 6 (2x-3)ax+ 8x-2)



Unit 3 Polynomials

Introduction to Polynomials; Polynomial Graphs and Key Features

Polynomial Vocabulary Review

e Expression:

¢ Equation:

o Terms:

/ )
All Polynominls must have whole numbers as exponents!! . .

1
Example: 9x™' +12x% is NOT a polynomial.

o Monomial, Binomial, Trinomial, Polynomial

*  Degree:

o Constant, Linear, Quadratic, Cubic, Quartic

Exampie §: Fill in the table below.

Ve

POLYNOMIAL NUMBER | CLASSIFICATION | DEGREE | CLASSFICATION SKETCH THE
OF BY TERMS BY DEGREE GRAPH
TERMS
fix)=5
gx)=4x -3
p(x) = 2%’

w(x) =x* —dx +2

y=—4x*+x+9

h(x) =4x* + x*— 9x + 2

%\“-/;
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Math 3
Polynomial Notes

When we write polynomials we like for the

of the variahles.

Example:

2x+x7 +1 - x2+2z_c+1
sy ey —m— 5°+3y7 +y
xt+yt 4 3xy —_— xP +3xy +
Degree:

Name:

Date ;

terms to be in descending order of the powers

Degree of a Monomial: The sum of the exponents of the varjables,
Degree of a Polynomial: The highest monomial degree in the expression.

E—xa’inples: L ,

Polynomial Terms Degree of the Degree of the
terms polynomial

2x+7 2x,7 1,0 1

' +5x 3x% 5% 2,1 2

a’ +24° +1 a‘24° 1 6,3,0 6

Sx* —4a™b® 4 3x 5x¢ ~4a’p® 3x 48,1 8

Exponent Rules for multiplying and Dividing:

b " m+h

Multiplying same base: a’-a’ =a

Dividing Exponents:

Examplés:
L. (ilxzy)) (xr)

Power to power;

Multiply same bases:

bt}
a m=n
—— a

by

[#:

(23 x2=3y113 xmy”)

(chs 3 X’C} 3 )

JG+334)

8x"y
8x9y6

Power to a power: (a mr =g

_n 1 I H

Negative Exponents: a

2 18x2y3

6x5y
Reduce constants and subtract exponents.

&)
Bl

Negative exponents go to the denominator




. Name:
CW: Polynomials ' Date:

I Write zach-polynomial in descending powers of the variable.____
L14x +2 = 3x? + 553
2.8z -2z47-97°

3. 82" -3x 425 -5
4,722 +2-62% +52
5.16y+2y° =1+10)°

II. Classify each as a monomzai binomial, or {rinomial.

6. 4x —~9xy : 7. 7Jg;+2x 6y
8. 3x +2x-6_ _ 9. §y+6x
10. —3x* %2 - | 1. -2

UL Find the degree of each monomial

12, x7y* 13, x%y z3
Iv. S1mp11ﬁr each polynomial and write the result in order of descending powers. Then
give the degree of the polynomial.

14, 7x* + 6x* —9x° = 4x*
15, =3+ 2x + 5x2 +9—6x+]0x2

VII. Add or subtract the following expre:stons Write the result in order of descending
powers,

16. (- 20-3r+5)+ (3t~5r—2.r)=
17. (@a+10e - f)+(2a+4f)=

18 (' =627 =)+ (327 + 267 —9)=
19. {307+ 55 J+ (607 ~3ab+ )+ (20 + 7ab)=
20. ( 337)~(6x7 +8xy +3)7 )=
20, (6x* +9x -3) (42" 4115 -7)=
22, (mz +10m—13)—(m -7!?1—2):
23 (2x-9)+ (6x - 7)-(3x +1)=

24. (11a? - 7a+1)+ (2¢° =94 +13)- (170% +22-11)=
25, (195 + 75— 2)+ (4x + 11" - 7)- (15 +5x% ~9x)=
26. (9x* =2)=(7x +5)+ (3% ~2) =

LY
Hru
+
o
S

t
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b
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V. Multiply

22, (_2.‘"3)(57'2X52)= _

2. (2w} =

2. (20 [2a%8? f- 300 )=

25. (420 - ab’e?f =

- 26. (_Qx')(_sx;:yzx_fys); e

27, (~3ab’cx;2azbic2)?(Q Sa’bc’ )=

28. 2a2a% + 50+ 1)=

29. (3x5y"2 X._ 7x~mys)=

3L (6572 f (327257 )=

VL. Simplify

: N
3, 10w z”

4x2yz3 -

34.

38.




. VIL Multiply using the Box Method
8. (9x+ 4Y3x + 8)

39. (3w + 6w - 4)

40, (4x+5)°

42. 2z +3)5x% —4x +1)

41, (3y—6)(4y2 +2y-7)

43, (B_xz +2x -1 x2'+2x—3)




Greatest common factor (GCF)

G T Framents b=t AR S RS e s e

Definition; Coefficient and variables that are common to-al! terms in
a polynomial

Ex 1: 5x% +20x° GCF:
Factored Form:

Ex 2: 1257y -20x°y GCF:
Factored Form:-

Ex3:  10p°¢° -4p’s*-2p'¢*  ooF

Factored Form:

Practice

LooSxty +15x°y =

2. 337 -3y-9 =
3. 6ab-4ad+12ac=
90x’ 02t —12x"y* 2" +15x% %77 =

14250 121805 —35a%h "2 =

e

i

6 —dm* ~32m° +64m =

@)




Differences*“of"Sq e

Ex 5:-45x7 +203%2* =

Sums and Differences of Cubes

Try 2:3° +27 =

Ex3:8x* 27y =

Try 4: 64x° +125y° =

=)




o

Nazme: .

{Factors: Algebraic Identity )

Score:

Y

Factorize each polynomial using algebraic identity,

1)

3]

5)

7)

45°t% - 365

5k~ 125

m?n® - 49

2}

6)

8)

2_§u2__v2

9

3p’ - 48q?

98a% - 2h?

64x% - 16xy°

Printable Math Worksheets @ www.mathworksheets4kids.com
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TWHIe—ITnHe nl5cbl a1
Factoring Trinomials (a = 1)
Factor each completely,

1) b2 +8bh+7

3)lm2+m.—90 ?mc\ud"- 40 1-GD

Sums ¢ 2-45

230

(-3 Gax 10) 5-13
, o

5) n* = 10n+9

7 mz'+A2m - 24

9 k- 13k + 40

11) n* -n-1356

4
INGITIT

Date

2) n2—11n+10

4) n*+4dn-12

6) b2+ 16b+64

8) x%—4x+24

10) @+ 1la+18

12) n* =51+ 6

Period )

;
i

9




iy Algebry I

7N ety - ;

j Fuctoring Trinomials
L7x 4225473

od _\:' X+ 3
P(i\w_ Ty | Tx 2}!—(

1-
LheX Ix {1 x 3!
2% —l—
., Suvn
"_IXH\(K*?)\

4.6x  —1lx+4d

7.2x% -9y 18

N

10,55 = 22x+8

2. 8a% 104 +3

5. 24% +3a-14

8 6u+194+10

{1, 6a® -30—-4

Name:
Date:

3.3y +8y+5

G, 3x?+2x-16

12, 18x  +0xp 4t

X

N




CCIII Honers

Factoring GCFs and Formulas

Factor COMPLETELY!
1.15a%5 ~10ab? =

Name:
Date:

2. 2¢%y —x?y+ 5537

3, 16r* - 169 =

4. ' =49 =

5.2yt -242 =

6. x° +8=

7.8m 1=

8. 6*-81=

0. 2t +32r% £ 128 =

10, x* ~8x~16=

1. 4x% ~4x? =

12. 81x* -16 =

13. 5% +135y% =

14, 16,7 =247 +9 =

15. 44’ -12a+9 =

&)
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Day 2 Quadratic Formula Warm Up

The Quadratic Formula:

_ bk JB* —dae

y=
2a

Solve each equation using the Quadratic Formula.

I, 42 +11x=-20=0

5 Xt =—x+l

For quadratic equations: ax’ + bx+c=10,

2. X —35x-24=0

f) 43&’2 ——1 = —83{'

5




GRAPHS of POLYNOMIAL FUNCTIONS:

Constant function

y=2
Degree 0

Mmmammqempr e ——y— [ y

Cubic function
Y=x*-5x+2
Degree 3

Linear function

y=3x—-5

Degree 1

Quartic function

Quadratic function
y=x'+2x-3
Degree 2

y=x' =3 -2+ Tx+ 1

Degree 4

Degree 5

Quintic function
y =%~ 5% + 4x

END BEHAVIOR: Is the behavior of the graph as x approaches +oo or -oo

If the degree is EVEN, both ends have the SAME behavior
» If the leading coefficient is positive, both ends are up
» If the leading coefficient is negative, both ends are down
If the degree is odd, the ends have OPPOSITE behavior
» If the leading coefficient is positive, the right end is up, left down
» If the leading coefficient is negative, the right end is down, left up

Leading
Coefficient Degree Example X>-00 X2 oo
+ even f(x) = x* f(x)> f(x) >
- even £ = f(x) > () >
+ odd f(x) = x’ f(x) > f(x) >
- 0dd f(x) = -x’ fx) > f(x) >




(¢
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I'he number “k” 1s said to be a zero of a polynomial if f(k) = 0.

o “k”is often referred to as the root or solution

» If“k”is a real number, then f(k) = 0 means that the graph crosses the x-axis at that value. “k”
can also be referred to as an x-intercept

Check out the graphs below and identify any values that represent a zero/solution/root.

1.§%
o
LA
. n :
=0.f
-1 b
-L.0
A.
factored equation:
')v
A
w18k
wid e

C.
factored equation:

WATCH OUT! Multiplicities of Zeros

(:3,0) /\(M)

B. i i
factored equation:

factored equation:;

If ¢ is a zero of the function P and the corresponding factor (x ~ ¢) occurs exactly m times in the
factorization of P then we say that ¢ is a zero of multiplicity m. One can show that the graph of P
crosses the x-axis at ¢ if the multiplicity m is odd and does not cross the x-axis if m is even.

Suppase thal ¢ is a zero of P of mulupiauty wt. T hen the shape of lhe gr'lph 4
Paear ¢ s as follows. S .

Muttiplicity of ¢

¥

moodd, m > |

¥

Shape of the graph of P near the x-intercep"{_'i::

OR

¥k

i even, m. > |

- OR

i

Evgig
it e_zcxties

- ¥

“Odd ot lplicity

1"



Polynomial Graphs and Zeros

The degree of a polynomial function gives a lot of information...

y=ax..

y = ax”..

y=ax®..

y=ax®..

y=ax’ .. ‘j

Type of
Polynomial
Function

LINEAR

QUADRATIC

CUBIC

QUARTIC

QUINTIC

Domain

Range

Maximum
number of
solutions/zeros
(this is equal to
the degree of
the polynomial)

Maximum
number of turns
in the graph
{this is one less
than the degree
of the
polynomial)

Possible shape
of the graph

Positive a

Negative a

End behavior

Positive a

Negative a




Zeros of a Polynomial Function

Part 1: Look at the graph and state the x-intercepts; watch out for repeated roots!

x-intercepts:

equation:

x-intercepts:

equation:

X-intercepts:

equation:

Part 2: Use the calculator to find any exact roots.

A) fy=%"—6x*+11x~6

Zeros:

C) fiy=x—9x"420x-12

Zeros:

B) fiy=x"-9x*+27x-27

Zeros:

Factored Form of each function
A)

B)

Q)




Unit 3: Polynomial Graphs Homework

1. Fill in the missing information.
Polynomial Function

flx) =3x%*-5

Name (degree)

y=—-xt+6x—-1

g(x) = 6x

h{x) =5x% — 2x3 + 7x — 3

2. Identify the zeros of each function below. Be sure to state any multiplicity.

Name

Name (terms)

E

End Behavior

14“'\'
£
-~
7
A
A
i YT d
1 Yo
7 LA
] :
i
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Table of Values Graph

4. Given the graph, state the intervals where the graph is
increasing/decreasing and where the graph is
positive/negative.

Key features of the function

The y-intercept is (0, 7). The zeros
are located at x = 4 and x =7, There
is a relative minimum at (-5.5, 1.5)
and at (5.5, -2.5). A relative '
maximum is located at (-1, 8.5). The
polynomial is quartic.




Day 3 Polynomial Matching Warm Up

Without using a graphing calculator, match each graph below with the
function that it represents. :

S TR L. ¥=3x1
b.
Z o= %_2{12
L.
3. y=x-8
d.
4, y=x"=xPqdx+12
€.,
E y= Ix® gt +4x+ 2




(

y=x3—3
7 y = (x + 5)2
.
y=( x+1*
i3 H ] H
SESESEEERARS §
y=—x46 SR
) D rieE
B i

7

Linear

Math 3 Polynomial Parent Functions
Quadratic Cubic Quartic

[

Function Equation

State the type of Function

Words: The graph moved...
(compare to the parent function)

11




Function Equation Graph the function Words: The graph moved...
Parent Name {compare to the parent function)

y=(-2x—1)2+4 EEERREN

y=—(x+1)3*+2

- | General Form of a function f(xX)=a (x—h)+k
Summarize the different types of transformations

When a>1;

WhenO<a<1:

When a is negative:

When b > 1:

WhenQO<b<1;

When b is negative:

When h is added:
When h is subtracted;

When k is added:

When k is subtracted:

2




0

‘./ﬁ"._
S

3.8 I Know, What do you k_mw‘7

A Practice Understandmg Task

Use the information provided to graph and write out the
polynomial function in factored form.

Degree Given roots Leading | Equation (in factored and |
of poly. | (youmay have | coefficient | standard form):
to determine

others):
1] 3 -2,3,and 1 -2
2{ 4 - 2ul, 4,0 1
3| 2 vz -1

" If I xnow.., What do you know? For each problem, what I know about a function s given... your job

is ta complete the table of information with what you know.

RO
|

e

Mathematics Vision Project | MV p 2

Licensed under the Creative Commons Attrlbutian-NonCommercial-ShareAlike 3.0 Unported license. @
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Function: ‘
flx) = 2(x — 1)(x + 3)?

End héhavior:

as x = -0, f(x)—"——-—-
as x - oo, flx) -
Roots {with multiplicity):
Value of leading co-efficient:

Domain;

Range: All Real numbers

Graph:

Funcﬁun:

End behavior:
as x - —w, f(x) -
as x—= co, fx) - __

Roots (with multiplicity}:
(30} m: 1;
-1,0)m: 2
(0,0)m: 2

Value of leading co-efficient: -1

Domain:

Range:

Graph:

Licensed under the Creative Commons Attributlon-NonCommercial-ShareAltke 3.0 Unported license.

Mathematics Vision Project | MVp }
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Function Equation

State the type of Function

Sketch the function

Words: The graph moved...
(compare to the parent function)

®

y=—(x+4)

It : et | i T
A H i il ¥
e e
= 3 H ¢ -

H ¥ £
e ! .

ot : ! oo e

B
[} : i :

1 ] H

N i T

A

I i 1 5 5
! RN RN N
R -
b { .
y=—x*-2 S
; ) :
i T .)‘;
e 2 :
; 1
I v ™
o] :
{ : =
N y:—-(zx+1) +3 I ERRRRES
- drr
N
ek
£ it
T T i T
! ¢ ! ¥l
! 3 ..J_.
i 1
! o
y=-2x+5 ; :
i BN
"“i S0 O I P |
} i i
i N R
i ok g P
T T 1 4
CETTT 7
S Y
y =—3x |
A\ . ERE T
— I
1
ESnS: T
I ]




6. | Funiction:
End behavior:
as x-»—oo, f(x) » ___
as x-» oo, fix)y -
Roots (with multiplicity):

Value of leading co-efficient: 1
Domain;

Range:

Other: F(—2)=0

-...'!M

i

ety

. | o
-l

0

L
AR oy

syt

Without using technology, sketch the graph of the polynomial function déscribed. The term.

“imaginary roots" means complex zeros.

7. A cubic function with a leading coefficient _of -2, with two negative zeros and one positive.

B. A quartic function with a leading coefficient of 1, with two negative zeros and one positive double

ZETO.

9. A cubic function with a leading coefficient of -3, with an imaginary root and one positive double

root.

10. A quartic function with a leading coefficient of -2, with two negative zeros and one pasitive

~ double root.

Find all factors and sketch the graph of the polynomial functions.

11 f(x) = x? — 42

Licensed under the Creative Commons Attributlon-NohCommerciskShareAlike 3.0 Unported license, @ .

Mathematics Vision Project | MVP
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5. Given the graph below state the following information:

Zeroes: Degree:
Relative Maximum:
Absolute Maximum:
End behavior:
Decreasing Interval(s):
Domain:

Real zeroes:

Relative Minimum:

## of turns:

Absolute Minimum:

Increasing Interval(s):

Range:
Imaginary zeroes:

Write the equation in factored form:

Write the equation in standard form:

AL O g

6. Given the graph below state the following information:

Zeroes: Degree:
Relative Maximum:
Absolute Maximum:
End behavior:
Decreasing Interval(s):
Damain:

Real zeroes:

Write the equation in factored form:

Relative Minimum:

# of turns:

Absolute Minimum:

Increasing Interval(s):
Range:

Imaginary zeroes:

Write the equation in standard form:

(29)




Polynomial Equations and Models

DIAMONDS The weight of an ideal round-cut diamond
can be modeled by
w = 0.0071d° - 0.0904” + 0.484
where wis the diamond's weight (in carats) and 4 is
its diameter (in millimeters). According to the model,
what Is the weight of a diamond with a diameter of
15 millimeters?

CLOTHING The profit P (in millions of dollars) for a T-shirt manufacturer can
be modeled by P = —x* + 4x® + x where x is the number of T-shirts produced
(in millions}. Currently, the company produces 4 million T-shirts and makes
a profit of $4,000,000. What lesser number of T-shirts could the company
produce and still make the same profit?'

MP3 PLAYERS The profit P (in millions of dollars) for a manufacturer
of MP3 players can be modeled by P = —4x* + 12x° + 16x where x

is the number of MP3 players produced (in millions). Currently, the
company produces 3 million MP3 players and makes a profit of
$48,000,000. What lesser number of MP3 players could the company -
produce and still make the same profit?

SWIMMING POOL You are designing a rectangular swimming pool that is

to be set into the ground. The width of the pool is 5 feet maore than the depth,
and the length is 35 feet more than the depth. The pool holds 2000 cubic feet
of water. What are the dimensions of the pool?

BUSINESS For the 12 years that a grocery store has been open, its annual
revenue R (in millions of dollars) can be modeled by the function

R=0.0001{~1* + 125 — 77¢% + 6001 + 13,650)

where ¢ is the number of years since the store opened. In which year(s) was
the revenue $1.5 million?

19



Name:

¢ Polynomial Applications:

Perimeter, Area, and Volume

Directions: Find the PERIMETER of each of the following shapes.

1. 2,

X ~-Tx+2

3x% — Ax

17 +x- 12

4x* + 5x

S
S

9x% + 10x

4. The width of a rectangle is 5x — 4, The perimeter of the rectangle is 14x + 4, What is the length of the
rectangle?

a.2x—-6 —————— p———————————

b.2x+6

.9 +8

d.9x -8

K. Mitchell (Mitchell’s Math Madhouse), 2013

20



Directions: Find the AREA of each of the following shapes.

5. 7% +4x + 3 6.

A= . A=

7. Length of a rectangle is 4x” + 12x and the area of the rectangle is 24x* + 72x%, what is the width of the
rectangle?

a.6

b. 6x

¢. 6x*

d. 6x°

Directions: Find the VOLUME of the following shapes.

3xy

¢

V= V=

10. If the length of a rectangular prism is 4x%, the width is 6x°, and the volume is 48x®, what is the height of
the rectangular prism?

a.

b. 2x

C. 2%

d.2

N

K. Mitchell {Mitchell’s Math Madhouse}, 2013




GWEN THE PERTMELER, FIND THE MISSING SIDE.
Po=2x3 4 4x® +6x+3

.

(-~ s s
) ? 2074 2% = 4x+ 6

X - 7x~8

A) FIND THE AREA OF THE GARDEN.

B) FIND THE AREA OF THE WALKWAY AND THE
GARDEN,

V=22 + 17x% + 46x + 40

Volume = 40

5L
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Long Division Practice
Divide each of the polynomials using long division.

1. (4x2—-9)+ (2x + 3)

3. 2x2+5x=3)+ (x + 3)

5. (3x2—13x~10) + (x - 5)

7.(1Mx+20x2 + 12x3 + 2) + (3x + 2)

©
oY
|

2. (x2—4) + (x + 4)

4. (2% + B5x — 3) + (x — 3)

B. (3x* - 13x—10) = (x + 5)

8. (12x° +2 + 11x+20x) + (2x + 1)

X
o

10.

>
R

+

w




POLYNOMIAL DIVISION HOMEWORK
Answer the questions, showing all work, on a separate page

I
2
b)
5
9
9
2)
3)

4)

1) a)

Find the quotient and remainder, then write the division statement for each polynomial division.

(341352 +305 20+ (149) ) (P —100-154 722 )+ (x+8)

(2 —x2 185437 (x-2) 0 (4 ~13n-6)+ @2n+1)

(53 +332 — 5431 (x—1) by (6% + 532 - 25 - 24) (2 4 70+ 12)
243 ~112% + 70 +6)+ (a +6) D10a* —a® +1162 +7a+5)+ (502 +24-1)
[ ~12¢-20)+ (x-+2) D et +42 132 100 -5+ for? - 5)

One factor of 4x> +15x% —31x—30 is x—-2. Completely factor 4x3 +15x% —31x - 30,
Two factors of 12a% ~3942 + 80843 +12 are a—2 and 2a+1. Find the other factors.

When 10x> + mx? — x+10 is divided by 5x-3 , the quotient is 2x% +nx -2 and the remainder is 4.
Find the values for m and n,

ANSWERS
2 +13x% 4395 420 = (x+ N2 +4x+3)~7 £ ¥ +7x% ~10x-15= (x +8)(x% —x~2) +1
2 —x? 18437 = (x—2(x? +x+10)+57  g) 4n° —13n—6=(2n+1)(2n% —n-6)
5x3 +3x2 —5x 43 =(x~DGx2 +8x+3)+6  h) x> +5x% —2x—24=(x% +Tx +12)(x —2)
10a* —a® +11a% +7a+5
=(5a® +2a-1)(2a* —a+3)+8
6r* — 483 —131% 10 -5
=22 =532 + 20 +1)

—2a° —116® +Ta+6 =(a+6)(2a% +a+1) i)
x> —12x—20 = (x +2)(x% — 2x —8) —4 h
2) 4x% +15x% =31x =30 = (x — 2)(4x + 3)(x +5)

3) other factors are 3¢ -2 and 2g+3

4) m=-2ln=-3

Sl



EXAMPLES: Using Remainder & Factor Theorems

1) 1fP{x) = 3x° — x* = 5x + 10, find P{-2}) using synthetic substitution.

-2 3 -1 0 0 -5 i0

C—> e

Note: Plugging in —2 for x will give the same result!
2) a. If f{x) = 2x* — 8x* + 5x - 7, find £(3)

b. If p(x) = 6x° = 5x* + 4x — 17 find p(3)

c. If p(x} = 3x" + 2x° + 4x find p(-5)

3) Determine whether x = 2 is a zero of p(x)=3x" —x*+ 2 =5x* - 4

For x=2to be a zero of p(x), p(2) must evaluate to

4) Determine whether x = —4 is a solution of x°+5x° + 5x* + 5x* + 2x* = 10x—8 = 0

If x=~4is asolution, what must be a factor of the related function?

5) Is x — 2 a factor of f{x) = x* — 4x® + 5x* + 4x — 127

—2] 1 -4 5 4 -12

If the remainder =0,
then {x-2\ is a factor.

Find f{2), if it equals zero, then x ~ 2 is a factor!

6) Factor f(x) = 2x®> + 11x* + 18x + 9 given that f{-3) = 0. (means that x + 3 is a factor)

7) Factor f(x) = 3x* + 14x* — 28x — 24 given that x - 2 is a factor.
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8) Given that 2is a zero of f{x} = x> —2x’ = 9x + 18  Find all other zeros.

2 ’ 1 -2 -9 8

2 o -18
\
1 0 -9 0 |—> x'~9=0
x2=9
Xx=3,-3

9) Solve given that —% is a root of f{m} = 2m® - 5m? — 13m - 5.

10) Solve p(x) = %> +x + 10, if -2 is a root.

(HONORS) More finding zeros:

HINT: Use the sum/product rule to write a quadratic factor, then use long division to divide the given equation
by the quadratic factor you found. Set the quotient = 0 and find the remaining roots.

11.) Solve x" —6x> + 6x* + 24x— 40 = 0 given 3 +1is a root.

12.) Solve x* +x* + 6x* - 14x - 20 =0 if -1 + 3i is a root.

3%



Polynomial Division Worksheet
Divide using Synthetic Division
LGBy +2y"—32y+2) /(y=3)

2. 2%+ b7 =2b+3)/(b+1)
3.2 -3¢ +3c—-4)/ (¢ ~2)

4.3 =22+ 2 - 1)/ (x = 1)
5.8 =20+ -3t+2)/ (t-2)

6. (3 —6r° 20 +r~6) / (r + 1)
7.7 =322 - 22— 11z-4) / (z - 4)
8. (2b° =116+ 12b+9) / (b~ 3)
9. (65° =195 +s+6) /(s —3)

10. (x° + 2x* = 5x - 6) / (x — 2)
1L +3%°=Tx+ 1)/ (x— 1)
12. (n* - 8n* + 54n + 105) / (n - 5)
13, (2x* =5’ + 2x - 3) / (x = 1)
14. (2" - 62" + 4x* =3}/ (z - 2)
15. 3 +3y° +y- 1)/ (y+3)

Divide using long division:
16. (4s* =55 +2s +3)/ (2s = 1)

17. 2% = 3x> - 8x +4) / 2x + 1)
18. (4x* - 5x* — 8x — 10)/ (2x — 3)
19. (6§° — 28% + 19§ + 3) / (3] -~ 2)

20. (' -3y*-20)/ (y~-2)

-



Dividing Polynomials - EXAMPLES

Dividing by a monomial
1. (-30x%y + 12x°y* — 18x%y) + {-6x%)

Divide using Long Division
2.(6x° = x—7) < (3x + 1) 3. (4x*—2x+6)(2x-3)"

4. (4%° - 8x% + 3x ~ 8) + (2x - 1) 5. (2x°—3x" ~ 18x — 8) + (x — 4)

6. 2x* +3x° +5x-D +(x*=2x+2)

Divide using Synthetic Division

7.(2x° +3x—4) + (x - 2) 8. (x'=3x’+5x—6)+(x+2)

10. (x* = 2% + 6x° ~8x + 10) + (x + 2)

9, (2X° + 4x— 6) + (x + 3)

(HONORS) 11. (6x" —x* + 3x + 5) / (2x + 1)

4o



Zeros & Remainder Theorem, Factor Theorem Worksheet

#1-6 Find the zeros of the polynomials and state the multiplicity of each zero: \ )
1. f{x)={x+4)*(3x-4)

2. f(x)=2x" - 8x* - 10

3. flx)= (9% -25)" (x*+16)
4. f(x)= (P +x=2)2 (2~ 4)
5. f(x) =x (x+2)* (x—5)

6. f(x)=2x (x+3)4{dx-1)

#788 Write a polynomial equation in standard from having the given roots:

7. 2,3-1 6,2{,,"25/
8: 1 multiplicity 2, 0 ”'5) 1+L1 -
9. -2 multiplicity 2, 1, 2 @ ‘E) — )—Z / )

#10-15 Use synthetic division to show that c is a zero of f(x).
10.f(x) = 3x* + 8 = 2x* - 10x +4: c=-2

11. fx) = 4x*-9x*-8x-3; c=3

12. f(x) =2+ 5x*—4x~3; ¢=1

13. f(x) = 2" +* - 14x* +5x + 6 : c=-3
14. f(x)= 4 -6x"+8x—-3:c=¥%

15. f(x) = 27x* - 9x® + 3x* + 6x + 1; c=-1/3

91



16

17

18

19.

20

21.

22,

23.

24,

25.

26.

27.

#2
28

29

39.

31

32.

33

34.

35,

. Factor f(x) = 9x° + 6x% — 3x if vou know {x+1) is a factor.
. Factor f(x) = x* -—2xz —9x + 18 if you know (x+3) is a factor,
. Factory = x> —4x* —3x +18 if you know that (x+2) is a factor.
Show that =3 is a zero of multiplicity 2 of the polynomial function
P{x)= x" + 7% + 13x* — 3x —18 and express P (x) as a product of linear factors.
. Show that —1 is a zero of multiplicity 4 of the polynomial function

f(x)= x* + x* = 6x° — 14x* — 11x -3 and express f (x) as a product of linear factors.

Find a polynomial function of degree 4 such that both —2 and 3 are zeros of multiplicity 2.
Find a polynomial function of degree 5 such that -2 is a zero of multiplicity 3 and 4 is a zero of
multiplicity 2.
Determine k 5o that that f(x ) = x> + kx’~ kx +10 is divisible by x +3.
Find k so that when x* — x* —kx + 10 is divided x -3 , the remainder is -2.
Find k so that when x* — kx’= kx +1 is divided by x-2, the remainder =0
Determine k so that that f{x ) = 2k’ + 2kx - 10 is divisible by x - 2.
SOLVE x* + 4x* —5x = 0 completely.
8-35 HONORS
. SOLVE x* + 7x* —18 = 0 completely.

. Determine all values of k so that f(x ) = k%’ — 4kx +3 is divisible byx—1.
Find the remainder if the polynomial 3x*® + 5x% - 4x*® +2x*” - 6 is divided by x+1

3

Write a cubic equation having zeros 2, 4 and -1.

Write the quartic equation having zeros 27 and 3 ~/.
-2

Write the cubic equation having zeros 3 and 2 + 3/

SOLVE 2x*- 17x® + 47x* - 32x — 30 = 0 given that 3+ is a root.

SOLVE x*-x*+x*+9x-10=0knowing 1-2i isa root.

hL
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EXAMPLES: Find the possible rational roots, then find all the zeros.

1. 3x°-x*—15x+5=0 2. x =53 +9x*=7x+2=0
PRACTICE:
1. Solve 2x° +3x* —11x*+2x+4=0

2.
3.

Solve x* +5x2 -6=0

Find all the zeros of f{x}=x" - x* +2x*—4x~8
Find all the roots of f(x)=2x* —-x’ -8x* +x+6
Find all the zeros of f{x)=x> +3x” +3x+2

Find all the solutions of 0=15x* +68x> - 7x*> +24x—4

I
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Precalculus Name ID:1

Assignment Date Period

Find all zeros, Show your work, exact answers in simplest form

1) flx)=x®-64 ) fla)=x*-2x*-35
3) f(x)=x*-6x%+8 4y fx) =x° +5x° ~ 24x
5) flx)=x*-2x*—4x +8 6) flx)=x>—4x? + 3x
7y F(x)=x* - 18x% + 81 8) f(x)=x° +4x® +3x
9) f(x)=x%-64 10) 7/{x)=x%~16x> + 64

HY



Day 7 Polynomial Division Warm Up

1. Determine if {x—1) a factor of 3x* —4x* +x+2 _ Explain how you know.

2. Find all Roots/Zeros of x” +6x° +11x+6 .
(Hint: Use the calculator to locate a zero)

3. Solve by finding all Roots/Zeros of 2x* +7x” +4x* ~7x—-6=0.
(Hint: Use a calculator to locate a zero)

45
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3.3 All About Behavior

A Practice Understanding Task

Part I: For each situation: o : ‘ e
* Determine the function type, If it is a polynomial, also state the degree of the polynomial
and whether it is an even degree polynomial or an odd degree polynomial.
*  For each, state the end behavior based on your knowledge of the function
Usethe format: Asx — —oo, f(x) » ____and asx - o0 f(x) -

© 2014 ht_tp:j/www.fl!ckr.comfphotds/gazemnlv/

1. flx)= 3+ 2«

2. f(x)=x*=-16

3. flx)=3"

4, fX)=x*+2x%—~x+5 .

5 flx)=-2234+2x2~x+5

6. f(x)= log,x

7. F(x) = ~2(x - 3)fx + 4)

8 f(x)= vx-3

9. Fl)=3(x~x+2)(x—4)

Use the graphs below to describe the end behavior of each function. Use the same format as above,

10, 11.. iz,
' . i L ) / P ]
] L7 b : /! L
" 5 {\ i ' -2 F
LA | -
) Y o
']
. (1
| RER mamn
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13

13. 14, - 15.
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-
’/ \ 1 ~
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i : \ -5 < 7 3
RN : NE

[ ]

Part I1: Use the functions from problems 1-18 to answer the following without finding the solution
to each problem. Write a short explanation for each answer.

19. Compare problems 4 and 5: Which has the greatest value as x — o7
20, Compare problems 6 and 12: Which has the greatest value ag x — 07

21. Compare problems 8 and 10: Which has the greatest value atasx — o7 ' [
22, Compare problems 2 and 4: Which of these two polynomials has the highest degree? o

23. Compare problems 7 and 13: Which has the highest maximum value?

24, Compare problems 8 and 11: Which has the greatest average rate of change from [15, 2077
25. Compare problems 12 and 14: Which grows faster as x — «? '

26. Extension: Create three comparison problems of your ewn (be sure you know the answer).

Mathematics Vision Project | MVp

‘'Licensed under the Creative Commans Attribution-NonCommercial-ShareAlike 3.0 Unported license.
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Name | | Polynomial Functions| 3.3

© 22, 22 =5x4+6=0

Set
Topic: Determine the function type and state the end behavior,

11, f(x) = 22 +12x~1

12, g(x) = 4 #2%

13 h()=~x3+1

14, p(x) = —x? +3x—1

Use the equations above to answer the following:

15. Which function above has the greatest value at x = 1,0007
16. Which function above s a[wajs increasing?

17. Which function above is always decreasing?

18. Which function above has a relative maximum value?

19. Which function above has a relative minimum value?

Go

Topic: Solve for x.
20, x2-16=0 21, x*+4x+3=0
23, x244x= 12

24, (x+4)(x—3j(x+1)= 0 25. x(x*-6x+9)= 0

Topic: Multiply.

26. (x=TE+7) 27. (3x -'5)'(3':& +5)

28. x—=9N(x-9)

29, (x+1)(x+1)

Mathematics Vision Project | MV P ,

Licensed underthe Creative Commaons Attribution-NonCammercial-ShareAlike 3.0 Unported ficense
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Name

Ready, Set, Go!

Ready
Topic: Factoring Special Products

i

2.

4x%— 25
9x2 — 16y2
a’x* — b2
64x3 — 125
27x3 +8

1000x3 — y3

Set
Topic: Find all zeros of each polynomial, then sketch the graph. Use technology to check your answer.

7.

flx) = x*-25

8 g(x) = 4x%~9

9, h(x) = x(x* — 5x + 6)

Go

Topic: Multiply polynomials

10, (x=3)(x+3)

12, {x~2)(x%+2x +4)

Polynomial Functions 3.6

Lot

11 (r+4)(x+4)

13, (x+Dx%—x+1)

Mathematics Vision Project | MVP

Licensed under the Creative Commons Attribution-NenCommercial-ShareAlike 3.0 Unported license
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3.6 Seeing Structure
A Solidify Understanding Task

Claire and Carmella were having a discussion about how easy it is to
graph polynomial functions. Claire stated: “All you need to know to
sketch the graph of a polynomial function is the degree of the
polynomial. The degree will tell you the end behavior and the number of
times the graph will cross the x-axis.” Carmella mostly agreed, however,
thought there was something not quite right with this statement.

1. Modify Claire’s statement about sketching the graph of a polynomial function:

For each function, identify the.end behavior and roots (including the multiplicity) of the function.

2. | Equation: £ (x) = —x(x — 2)(x — 4) Graph:- :

Intercepts:
i
|

End behavior: |

as x= o, flx)->___ o _ _

3. | Equation: f(x) = x(x? + 4x + 4) Graph:

[ntercepts:

End behavior:

as x - —co, f(x} - ___
as x= o, f(x) » __

Mathematics Vision Project | MV p

Licensed under the Creative Cnmmon;Attribution;NnnCommercfa]-ShareAllke 3.0 Unported license,
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4. | Equation; f(x) = g(x) = x3 — x? Graph:
Intercepts:

End behavior:

as x= =, flx) > ___

as x- o,  f(x) - __.

5. | Bquation: () = x* — 16 Graph:
Intercepts:

End behavior:

as x—- =0, flx} > __

as x— o,  f(x) > ___

6. | Equation: f(x) = x% — 2x% — 3x Graph:

Intercepts:

End behavior:

as x——oa, f(x) - __...
as x= o, f{x) - ___

7. Explain how you are able to graph a polynomial that is not already in factored form?

8. If you know one root of a cubic function, can you find the others? Explain?

Mathematics Vision Project | MV

Licensed under the Creative Commons Atiribution-NonCommerciat-ShareAlike 3.0 Unported llcense.
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Unit 3 Review

1. Look at the graphs below and answer the following:

a) What is the degree?

b) How many zeros does the function have?

c) Describe the end behavior

d) State the interval(s) where the function is increasing
e) Circle any extrema

. L N
I R ¢ - .
; o ’ X
. L gl { L

" I o - i

i :
‘[ H
AU A !
| B e

2. Which polynomial function has zeros at 5, —4, and -3 ?

a.

b.

Axy = x2 - 60x% + 2x - 23 ¢ Ax)=2x3-1722 - 420x+ 7

Jx) =23+ 222 - 23x + 7 d. fix) = x3+2x3 - 23x - 60

3. Find the zeros of fix) = (x + 2)¢(x + 3)* and state the multiplicity.

a.
b.
c.

d.

~2, multiplicity 6; 4, multiplicity —3
-2, multiplicity 6; —3, multiplicity 4
6, multiplicity —2; -3, multiplicity 4
6, multiplicity —2; 4, multiplicity —3

Divide -z + 422 - x -3 by x + 2.
-x? + x - 13 C.

-x2 + 2z + 11, R =29 d.

~xt 4+ 2x+ 11

-x% + 6x- 13, R 23

Divide (x* + 12x3 — 9122 + 26x + 20} + (x—~ 5}

4 l7r-bx-4 C. x3 +12x2-22x+ 34

X3~ 22x2 — 79x + 34 d. x3 - 622 ~dx+ 17

51



8. Find the zeros of y = z{zx - 5)(x — 2). Then graph the equation.

a. 5,2 -5 c. 52
’ v / O)
« <) /
A v \ i
N ot I\ /
o o \ /
: : : 7
b. 0,5,2 : d. 0,-5,-2
y A y
. [ 6 |
N f !
. { Ml
N Vil
A Vi
2 1= i
W ‘ R * S
o \ A-I -
7. Determine which binomial is a factor of ~2x3 + 14x2 - 24x + 20,
a. x+5 b, x+20 C. x—24 d x-5

Find the roots of the polynomial equation

8. x3-2x2 4 10x+ 136 = 0 _
a. —3+5i+4 c. -3xi4
b. 3+5i -4 d. 3%/ 4



9 F e - I9x+ 0 =10

a. 3+1 3-14
2’2’4

b, ~3+2% -3-%
2 T2

4

10. Complete the following table

Convert {3 + 5}
factors o
roots

{x—3) (2% + 8}

Convert X=7
the roots
1o Tactars

fdentify
the
FACTORS
of the
raots
showe m
the graph

Factors:

Faetors:

WMulltplicity | Rootx =0, multiplicity =
af the Rootx =-1, multiplicity =
funclions Rootx =2, multiplicity =
graphed ‘
ahove

Rout x = -3, .multipiiciw =
Rootx=-1, multiplicity=
Rootx =2, multiplicity =

Multiphicity | [x-3){x+1)[x-2)°

root in the
function

¥ =2, multiplicity =

of the each | Root: x = 3, multiplicity =
X = -1, multiplicity =

{e-Apeiet3)®
Rootox = 4, multiplicity =
¥ =0, multiplicity =
X = -3, multiplicity =

11. Write an equation for the transformation of x3 three units left, two units up and reflected

across the x-axis.

12. Write an equation for each graph below as a transformation from y = x2

o4




Polynomial Review #2
. Is-3azeroof p(x) = 2x* + 9x% - 7x + 10 ? Why or why not?
. Is {x + 7) afactor of p(x) = x* + 9x3 + 15x2 + 5x ~ 14 7 Why or why not?
.Find p(3) for p(x) = 3x* - 11x3-x2 + 15x - 12 ?
. Factor p(x) =3x® + 14x2 - 7x- 10 completely, given p(-5)} =0

. Solve p(x) = %3 - 3x%- 11x -7 given that -1 is a zero.
. Factor p(x} = 6x® - 23x2 - 6x + 8 if (x ~ 4) is a factor,
. Solve #7.
. Sketch the graph of p(x) =-1{x-2)(x + 3){(x + 1) (no calc)
10, Solve p(x) =x3 - 11x2 + 36x - 36 if (x - 6) is a factor,
11. Solve p(x) =15x3-119x2 - 10x + 16 if 8 is a zero.
12. Divide x* - 3x3 + 18x2 -12x + 16 by x - 3 using long division.
13. Oneroot of 2x* -10x? + 9x -4 = 0 is 4. Find the other roots.
14.1f 3 + 2i is a zero of a polynomial, what has to be another zero?
15, Describe the end behavior of each: (a) flx)=x5-x3-x2+x+2; (b) h(x) = -x* - 9x?
16. Approximate to the nearest tenth the real zeros of f{x) = x¥ -6x2 + 8x -2. (Use a calculator)

1
2
3
4
5. Write the polynomial in factored form with zeros: 1 multiplicity 3, 0,-4 7
6
7
8
9

17. Fory =x(x + 3)(x - 1), determine the zeros and their multiplicity.

18, Write a polynomial function with zeros 1 and 2 (of multiplicity 3) in standard form.
19. Use synthetic division to find A-2) if f{x) = 4x5 + 10x* - 11x3 -22x2 + 20x + 10.

20. Factor: 2x3+ 15x2-14x-48 if (x - 2)isa factor.

21. Determine if the degree of the functions below is even or odd. How many real zeros does each have?

a) A b)

N\ '<\ A\

c) \

v

:/ o
-

VAR A%

/ N

(Honors) 22. Find a third degree polynomial with zeros -4 and 2 - 3i.

(Honors) 23. Write a cubic equation in standard form having zeros 3 and 2 + i.
(Honors) 24. Find a polynomial equation having roots -2 and 3 + i.

(Honors) 25. Find all zeros for p(x) = 2x* + 3x® + 6x2 + 12x - 8 if 2/ is a zero. (no cal¢)
(Honors) 26. Find all the POSSIBLE rational roots of p(x) = 3x*+ 10x3- 8x2+x- 15
(Honors) 26. Find all the roots for: f(x) = 3x*+ 14x3 + 14%%- 8x - 8 (no calc)
(Honors) 27. Find all the roots for p(x) = 3x3-x2-6x+ 2 (no calc)

W

5



3. Given the graph below state the following information:

Zeroes: Degree: # of turns:
Relative Maximum: Relative Minimum:
Absolute Maximum: Absolute Minimum:

End behavior:

Decreasing Interval(s): Increasing Interval(s):
Domain: Range:

Real zeroes: Imaginary zeroes:

Write the equation in factored form:

Write the equation in standard form:

3.

SRy WP DU IRY ER SVO S ;.

T

T
i
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B

4. Given the graph below state the following information:

Zeroes: Degree: # of turns:
Relative Maximum: Relative Minimum:
Absolute Maximum: __. "~ Absolute Minimum:

End behavior:

Decreasing Intervai(s): Increasing Interval(s):
Domain: Range:

Real zeroes: Imaginary zeroes:

Write the equation in factored form:

) Write the equation in standard form:

S







