a1-4.4

Chapter 4 Polynomial Functions

4.1: Graphing Polynomial Functions (pg. 158-161)

*  Apolynomial is an expression of algebraic terms
o Polynomials often consist of the sum of several terms that contain different powers of the same

variable(s)
L0 i s S B SRR B i i 7
¢ A Polynomial Function is a function of the form

a, is the leading coefficient

o
n is the degree

o

o 0 is the constant term

o Exponents must be whole numbers ({i.e.0,1,2,3,4,5..)
o Coefficients must be real numbers (no imaginary terms)

Common Polynomial Functions
Degree | Type Standard Form Example
0 Constant | f{x) = aq fx)y=-14
1 Linear D =ax+a Jx)=5x—-17
2 Quadratic | fx) = ay® + a;x + g, [ =22 +x-9
3 Cubic f@)=ax®+axt+ax+a, SO =x3 —x2+3x
4 Quartic  [f(x) =apt +axl+axi+ax+a, |f)=X+2—1

**CONCEPT 1: IDENTIFYING POLYNOMIAL FUNCTIONS**
1. Decide whether each function is a polynomial function. If so, write it in standard form and state its
degree, type, and leading coefficient.

a)f(i“?)=2x3+5x+8 & Sf b)g(x)=—0.8x3+\/§x4_12
D:3 T wese |LCr2 SF 9w = JZx' - 03 -1

D:{ T QuarTic LCZ
c) h(x) = —x? @ 4x d) k(x) = x2

7
Nt A Qo oML W A PooyloMa

Decide whether each function is a polynomial function. If so, write it in standard form and state its degree,

type, and leading coefficient.
2. f(x) =7 —1.6x* —5x 3.p(x)=x@+ 9.5 4.q(x) = x® — 6x + 3x*
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**CONCEPT 2: EVALUATING A POLYNOMIAL FUNCTION
5. Evaluate f(x) = 2x* — 8x? + 5x — 7 whenx = 3.

36)= 2643 +5) -+
=\bL -TL +\6 -+
$3)=9%

6. Evaluate f(x) = —2x* + 6x3 — 3x + 11 whenx = 4.

S()= -2 +(oLY 2y + 1\
= “HL + 3 - 1L+

S@= -2

¢ End Behavior: The behavior of a function’s graph as x approaches positive infinity ftier) or negative
infinity (=)
o For polynomial functions, the end behavior is determined by the function’s degree and the sign
of the leading coefficient

End Behavlor of Polynomial Functions

Degree: odd ; : RN - r Degree: odd
Leading coefficient: positive Leading coefficient: negative
y f fx)»+00 f0r) ~ +00 \ ¥
i as x —++00 as X = ~00 3 -
» X ) W
& &l e fx) =~
i asx =+
Degree: even Degree: even
Leading coefficient: positive Leading coefficient: negative
fo) ~ 4ok A¥ 4 fix)—+oo 4
agyx - —0o | , a5 X~ +00 LA
e 5 : g ~-0 /| 1) ~-oo0
asx-o-oo; *asx—-ﬂn
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7. Describe the end b **CONCEPT 3: DESCRIBING END BEHAVIOR**
ehavior of the graph Evaluate f(x) = —0.5x* + 2.5x2 + x = 1

D14 W -0
EveN /Negﬁ&le

A2 - 0 X>-® 2 o -n a5 X+

\¢ :‘ \
8. Describe the end behavior of the graph Evaluate f(x) = —0.3x3 + 1.7x2 —4x + 6

A NG SR W R\

x Q0D / Neg
SH)— +0 o x—>-0 3 §— -0 as X0
\ < v

Graphing Polynomial Functions

‘ , To graph a polynomial function, first plot points to determine the shape of the graph's
middle portion. Then connect the points with a smooth continuous curve and use what
you know about end behavior to sketch the graph.

**CONCEPT 4: GRAPHING POLYNOMIAL FUNCTIONS**
10. Graph (a) f(x) = =x3 +x? +3x -3

x[-2 |-t | o |\ |2 |FH
[ 3[4 ] -5 [ o )- i
Seay= -(a+ (A £ 36)-3= Fed-(-3= 3 A
S 7 P+ (A # 30N 3=l -3= -
S() = = (% (I +30) -3 = -1 1¥3-5=0 R
$(a)= - (3% + (@F ¥ 3@ -3 = -+l 3=
w  Di3doLe:-| o/Neq

| '%t}—" 0 0S X-»-00 ‘3' %\‘9 —m 0s X —>» +-00
T < x -

Y
]
z
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(b) f(x) = x* —x® —4x? +4 17 ]
; NN
T
X|-2 ~ O ‘ z ” l][l
: X N N
011 2 14 O[5 R
e kel Even /6. IR dRERREE
. : A
\ HHE
1K) xo0 0o X2-w0 % S)>+c0t FHHEHE
T < 0> X +00 -7
11. Graph f(x) = x3 + x% — 4x + 2
142 Vv le v |2 P
. - i m
RET I b "2 | o |® ENERIRRSRERES
E - . - i \ ! | 11
: D: 3 e\ oS / e85, HH¥ SEmERS
SR> -w es X>-®
3 o ‘
JA—> 40 &> x> ™
e —
12.Graph f(x) = —x* —x* + 2x* —x -3
x| -2 -\ (o) A\ 2
gbq -\ o | -3 -y -2
D g LLer-l eved/Ney. 1
S—bt\-a -00 oS K=y —O 3 ";
& —
S~ —© o5 X~ 400 ‘
& e

Scanned with CamScanner



41-44

4.2 Ad
ding, Subtracting, and Multiplying Polynomials (pg. 166-169)

**CONCEPT 1: ADDING POLYNOMIALS (pg. 166)**

1. (a) Add x3+2x2—x 7\and x3 — 10x?2 +8
3 2. 4)* 2-10y )

4& B - 3\ >
POLYNOMIALS (pg. 166)**

2. Subtract (a) (8x3 - 3x2 fx + 9) -l-(Zx -F'6x2 -\- x +-1)

\c.x A Tﬁf\

(b) 322 — z — 4 from 222 + 3z 7-1. "'37—- + "37_.*_1 .\.‘1)
\'Z o O \

3. (2x2 6x+5)+(7x -x-9) 4, (3x3-—8x —-x- 4)-\-(—5x34x2+'17)

\ A -"Tx -4 \ le T =% -2\ K

mNCEPT 3: MULTIPLYING POLYNOMIALS **

5. Multiply y 4+ 5 and 3y% — 2y + 2

3y -2y" +2y4

4 \53" B \El +\Q
333-‘\- \%31 == %‘3 +\0

)
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6. Multiply y —2and 2y2 + 3y + 5

**CONCEPT 4: MULTIPLYING THREE BINOMIALS**

7 Muﬁgy-an-l X+4,andx + 5
(x-1) (x+4 (xt5) (*2*"5* ¥ "'\

L

Y l{ -4 %3 4%x - Hx

K Tx 7 " Iyt oy -20
X2+ 3x-4

\:‘Bx +\Ix - Q\
8. Multupl\&t+2Xx 1)and€c 3)

= -x+42x = 2 ; 3\
. - X “ Z N
() (x4x2) T3 o 46

X )g"’axz'-%x t

Speclal Product Patterns

Sum and Difference Example
(a +b)(a-b) = a® - b? (x+3)(x-3) =2 -9
Square of a Binomial Example

(a+b) = a® + 2ab + b2
(a-8) = a? - 2ab + B2

(y+4° =y +8y+16
(2t = 5) = 48 = 200 + 25

Cube of a Binomial
(@a+5) =a +3a% + 3ap? + 5
(a - b)] = a* = 3a%b + 3ab? - b?

Example

(z+3) = 22 + 922 + 272 4+ 27
(m-2 =m® —6m> +12m -3

o
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**CONCEPT 6: USING SPEC
. . 1A TTi
9. Fmd’tﬁ%oduct. L PRODUCT PATTERNS**

a) (4n + 5)(4n — 5) b) (9y — 2)? c) (ab + 4)*

lowe9e  Oge2f)id)s (@0 + 300 () + 2(W) ) 4
%\‘\31-3%3 +4 o2o? +\2%l" + 4 + (A

10.3) 2n+7)(2n—7) b) (4y + 3)2 ¢) (ab +2)*

49 byttt ¢ @97 3T skol:

O\« oo+ 1200 + 8

N

Pascal’s Triangle

In Pascal’s Triangle, the first and last numbers in each row are 1. Every number other
than 1 is the sum of the closest two numbers in the row directly above it. The numbers in
Pascal’s Triangle are the same numbers that are the coefficients of binomial expansions,
as shown in the first six rows.

n (a+b) Binomial Expansion Pascal's Triangle

Othrow 0 (a +b)°

n

1 1

Istrow 1 (a+b)l = la +1b 1 1
2ndrow 2 (a + ) = 1a* + 2ab + 1b? 1 2 1
3drow 3 (a+b) = 1a° + 3ab + 3ab® + 1b° 1 3 3 1
dthrow 4 (a+d) =  la* +4a°b + 6a’h* + dab® + 1b* 1 4 6 4 1

Sthrow 5 (a+5) = 1a° + 5a%h +102%2 + 10a%° + 5ab* +16° 1 5 10 10 5 1
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**CONCEPT 7; USING PASCAL’S TRIANGLE TO EX};A;VD BINOMIALS
11. Use Pascal’s Triangle to expand (a) (x — 2)° and (b) (3y +1)

) (0\+\3\°’= | Tt 50\\>-\- Qo \31-\'\00}\)’5+ 60\\:3q + \‘065
P RN O T C RIS SR R &

@-236 SRR W[\ R [\ ';‘:BDX’)' 1+ W0x -32

B (e = 2+ 3% &+ bt + \033
ooty é\y\Y’ (w)* + '5(%@1(\) i 3(%3)( ) +
o=\ @\S\'“ 2'1\5 '\"2_1\0 + 0(\3 +\

17. Use Pascal’s Triangle to expand (x — 3)*

@\*b)q= od s HoPh + Gtk + Hab® + bY
A= W PN ’ﬂ&’-ﬁ . (o(x'z)(_gz *_,_h(_,)s) R (,5'1) -
b=-1% %3) ) § '1(

&-s)“ 0?4 B - (O 4 B\

e ————————

i

13. Use Pascal s Triangle to expand (2x + 4)3

Q\\vh\ o> + %ath + 2ol +\o3

(@r wf= s 30N + 3 « 43

D, B o v
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4.3: Dividing Polynomials (pg. 174-176)
Dividing Polynomials

* There are two methods for dividing polynomials. You will need to know both
1. Long Division
2. Synthetic Division

1. LONG DIVISON: g
When you divide a polynomial f(x) by a nonzero polynomial divisor d(x), you get a
quotient polynomial ¢ (x) and a remainder polynomial r(x).
f(x) r(x)

@~ 10 gy

**CONCEPT 1: USING POLYNOMIAL LONG DIVISION**

1. Divide 2x* 4+ 3x3 + 5x — 1 by x2 + 3x + 2 2 —L{x-“
2E -3 29 2% -AxtS + =
L L \ X “4%x +2_
X ebra LT

A ST ¢ Yy +\\
- . 7.— .s *,6 — S——
N N L PAER T Koyt L

<
- 34‘&7\1 +6x

+\\x =\
I -—5 F\Ox *\Q
2.(x®—x*-2x+8)+(x-1) t 1(?@ 1’3\5)-:-(x2—x+1)
i X’s{— 25"= ntS -':-(xq'-x+\)
y 2 x 3 ——
x'x*\r +7-x"-'X{-5
s -\-)(1'1-.)(
/ 3 ""'2x4~6
e 2 "\‘%x 1’—3—-
f pXt+Z
r *wZ
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2. SYNTHETIC DIVISION
* A shortcut for dividing polynomials by binomials of the form (x - k)
->»How to use Synthetic Division:

0 x\*corvcspr 2: USING SYNTHETIC DIVISION**

4. Divide —x3 + 4x% +9 by x — 3
e 8
3-\‘-‘ 0(\ -A ’\'X'\'q) x_.%
v -3 3 9

“\ | 3%

5. Divide 3x3 = 2x% + 2x by x + 1
(4

JYJ—q f "l\" _‘C) 1)3 )"&'\

1D -1 2 g 2x-Gx+ T - xH
\ -3 5 } '
3% 3

Divide using synthetic division

6.(x?—x2—2x+8)+(x—1) 7.2x° —x=7)+ (x+3)

\\\ -\ -1 g "2 o -\ -4

o olvla O | -t 8 -5
| O 2,0 27 R 59
e .

A2 v L o5
\ ' X'\—' X—ZI(QX'\'\ x.‘_s

10
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The Remainder Theorem

' If a polynomial f (x)is divided by x — k,then the remainder is r = S(k).

® You can use the Remainder Theorem to tell whether synthetic division can be used to

evaluate a polynomial function
* Your goal is to determine the remainder of the function

**CONCEPT 4: EVALUATING A POLYNOMIAL**
8. Use synthetic division to evaluate f(x) = 5x3 — x2 + 13x + 29; x = —4

419 -\ w99 TP X
R I R

DU a3x 3

Use synthetic division to evaluate the function for the indicated value of x.

9. f(x) = 4x* —10x —21;x =5 10. f(x) = 5x* + 2x3 — 20x — 6; x = 2
) al4 -10 -21 219 2 o -20 -0
\ zo % v 24 4% 66
0 p27 q 1. 2% 2% &

T}("H"\ \ [30=50 \

el

11
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4.4: Factoring Polynomials (pg. 180-182) §
Factoring Polynomials

«  You've previously factored Quadratic Equations of degree .

e You can also factor Polynomials with degree greater than 2

**pecall that a factor is a number that is multiplied to get a product
**CONCEPT 1: FINDING A COMMON MONOMIAL FACTOR**

1. Factor each polynomial completely
a) x3 — 4x? —5x b) 3x°5 — 48x3 c) 5x* +30x° + 45x?

X (x 4%-%) (X “‘\(o\ ("" + o "'ob

),(x 6\("*\\%_\ \}ﬁﬁ_’qu‘\-‘ﬂl \, Qg-r'b)

Factor each polynomial completely
2.x3 —7x% +10x 3.3x7 — 75x°

_ A (ETx o ?ms(x 2‘5\

‘ X (x-2)(x~5) \ \g,{v (x SYM%) 9

Special Factoring Patterns
Sum of Two Cubes Example
@ + b = (a +b)(a? - ab + b?) 64 +1=(4x) +1°
= (4x + 1)(16x? - 4x + 1)
Difference of Two Cubes Example
@ - b = (a - b)(a® + ab +b?) 272 -8 = (3x) - 2°

= (3x — 2)(9x* + 6x + 4)

12
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'"CONCEPTZ’ FA

: FACTORING
a,

Factor (a)%x3 - 125 ang (b) 16x5

.
,Oq Y \L‘D ) 'D\ \\oxs_‘_ca,_\x‘z_

SRS "‘3’“2‘3& 24 br23)
le?' (2% B)( " —Gox +4) \

5. Factor (a) x* — 64 and (b) —=16x5 + 250x2 completely

) x> (A b) -1bx®+2%0,%

A\ 2 (ord)
\ X \-‘)_\,?— (2:/- - “5) ("{\cl-l-\ox "').‘7)) \

THE SUM OR DIFFERENCE OF TWO CUBES**
+ 54x% completely

: **CONCEPT 3: FACTORING BY GROUPING*"'-
6. Factor x3 + 5x%— 4x — 20 completely. 7. Factor x3 — 2x%— 9x + 18 completely.

;z(x,( 5\:-_-3__(“‘)) xq'(x-zj ¥ q (x -2.3
N

e D)\ LA |

NCEPT-4-FACTORING POLYNOMIALS IN QUADRATIC FORM* "
8. Factor (a) 16x* — 81 and (b) 3x® + 15 18x2 completely.

a\\w‘f‘f/-/ B\ b) Bx 16" +ix>
B = o\\(l'\ X oh 3 (x"’ +9x> & (o)

@x-%Xle33(4¥lqu - & - )(x’-" B 33‘\

]
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9. Factor (a) 625x® — 256 and (b) 2x!3 + 10x? + 8x5 completely.

) (,L‘)t%— 256 b) 257 + \Ox" & %xﬁ)
(28 - 1o Y292 +10) 258 (x*+ &1+ §)

\@ - 4YHE ) (29 L) X 128 (% ”Y\*'“*l)\

The Factor Theorem

A polynomial f(x)has a factor x — k if and only if f() = 0. ?f‘w

**CONCEPT 5: DETERMINING WHETHER A LINEAR BINOMIAL IS A FACTOR**
10. Determine whether (a) x — 2 i |s a factor of f(x) = x2 + 2x — 4 and then (b) x+5isa

factoroff(x) = 3x* +15x° — x% + 25
T Y L . R 25 {*q{ﬁ 5
,L JL CB & -9 0 5_26
\ 04 e 5@

}<0 mQE\ Yes\. XS TS A TACR_ @

**CONCEPT 6: FACTORING A BINOMIAL**
11. Show that x + 3 is a factor of f(x) = x* + 3x* — x — 3. Then factor completely.

-%\\ 3 0 -\ -3 %\_ (DY X2 0)

¥-5 0 0 o
8(_1(\- OO\ %=\ ¥}
\ 0 O -\ 40
12. show that x — 2 is a factor of f(x) = x* — 2x3 4 x — 2. Then factor completely.

2\\ -2 0 1-2 §)- Q(—A(xﬂj
\ 10 % ?Q_o \_&*(v)}(x*\\(x —x+Q\
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