4.1-4.9

4.5 Solving Polynomial Equations (pg- 190-193) o -
e Repeated Solution: A solution that appears more an e
**CONCEPT 1: SOLVING A POLYNOMIAL BY FACTORING

1. Solve 2x3 —12x2 4+ 18x =0

X=0, 7% )’
'.’.CONCEI;TZ FINDING ZEROS OF A POLYNOMIAL**
2. Find the zeros of f(x) = —2x* fLp 16x2 — 32. Then sketch a graph of the function.

-2 Hlox*- 320 (0 C\-) Q) -0
'2( K 3&%"-\-\(0\ = O
"} (x‘-_ a4 Yo&-4 )=0
2 (x +2)(x-2 Yx-2)(e2) =0 »
=0 ®+1=0 { .

IR X-\Z':O x;;"f”l. x;%:n -1 -1 i

2-2,%,1 B M evex\’lwce,
(-1.0) (-1 0\ (.,,‘o\(q, 0\ () - os x-l:oo 1 ) - as

-
1

v

3. Find the zeros of f(x) = x* — 18x2 + 81. Then‘s’ketch a graph of the function. X=> '\".9;
- 19x* 46\ =0 (0.8 r Py
(K- A)x=9 179 p: L 3
(x-&‘m‘,%c-%\(x +3) =0 evep [ %S
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( B Core Concept

The Rational Root Theorem

ffx)=ax"+.-- + a)x + ag has integer coefficients, then every rational
solution of Jflx) = 0 has the following form:

- p _ __ factor of constant term a,
q factor of leading cocfficient a,,

e The Rational Root Theorem lists only possible solutions
o To find the ACTUAL solutions, you must test these values via Svnthet:c Division

**CONCEPT 3: USING THE RATIONAL ROOT THEOREM**
4. Find all real solutions of x3 —8x%2 + 11x + 20 =10
> ~

a
g-.'i\ g 'i 0 *20
% —“I -\— ‘ 5 ‘ ’

@ X'-9x +20=0
\ =% W 20 (X -uq)Xx-9 )=0

— q 5 -
D T L it ’(.4--\:3-\ ‘(-\":*:)
o=~ % \ 20 '
":.‘\‘,,3 a_-20 A XEA G \
1,7% 20 RO % A%
lx\ xg &=
5.Finda|lrealsolutionsofx3—2x2—5x+6=0
%’Sci\‘tl‘t’)‘i(g ’ .
X:.\ X =% "O.= O.

\\\ L -6 6 (R FLYx=V)z0

o L ot T 4220, Xbeo
L -\ -, &0 N
XL, x\ Xo &

| X=2 '51

15
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* %
**CONCEPT 4: USING ZEROS TO WRITE A POLYNOMIAL ’.jU'NCTIO’Yeading
6. Write a polynomial function f of least degree that has rational coefficients, a
coefficient of 1, and the zeros.—=2, 3 and 6. 2

K
S =1(x~ (D) (x-B)x-%)
A" CI P \% 7 7
X =lox-bx ¥ 3 5 J
(oD (KE- Ak + 1) S K2 T +30
7. Write a polynomial function f of least degree that has rational coefficients, a leading
86( coefficient(of 1\,and th)tl and 2. X.s 3 2 " L
= X)) Yx-2) - T . ‘
)= ( e Wz e e
K =2lw-x+l 5
(e OSB3 41) [ Gr): w4 X — WOx +% \
9 Core Concept

LThe Irrational Conjugates Theorem

Let fbe a polynomial function with rational coefficients, and let @ and b be
rational numbers such that Vb is irrational. Ifa + Vb isa z

ero of f, then
a—\/_l;isalsoazcmoff.

S ~
. 7. Write a polynomial function f of least degree that has rational coefficients, a leading - \3\}

coefficient of 1, and the zeros 3 and 2 + /5. 15‘ . “_‘3 (‘&—73 - =
5(x)= (X"' 2) (-_X" 1‘@1‘1’{:‘%\} 1,}3'\ :XX \
@\(*'%@"A‘RX(‘QK-ZH E—\ K4y

j?‘l&l +1lx +3

P vt T

8. Write a polynomial function f of least degree that has rational coefficients, a leading
coefficient of 1, and the zeros 2 and 3 + V7. % ‘5"‘—:\

g GNE-BRIDCGRY -
i, bl W . ach

( *'A‘_ (ﬁ-g\" _kﬁ\f\ \f(%\‘- x$"6x"+ % ‘:\ |

s
)[Rttt =T}
(2 ) (K ox + 2)
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4.6: The Fundamental Theorem of Algebra

J Gore Concept

The Fundamental Theorem of Algebra
Theorem If f(x) is a polynomial of degree n where n > 0, then the equation
J(x) = 0 has at least one solution in the sct of complex numbers.

Corollary If f{x) is a polynomial of degree n where n > 0, then the equation
f({) =.0 has exactly n solutions provided cach solution repeated
twice is counted as two solutions, each solution repeated three times

\ is counted as three solutions, and so on.

The table shows several polynomial equations and their solutions, including
fcpcatod solutions. Notice that for the last equation, the repeated solution x =
is counted twice.

-1

Equation Degree Sci!ution(s) stlll:llt,le;n:f
2x—-1=0 1 3 )
g3 = 2 +V2 2
»¥=8=0 3 2,-1+iV3 3
B3+x2—-x—-1=0 3 -1, -1,1 3

In the table, note the relationship between the degree of the polynomial f(x)
and the number of solutions of f(x) = 0. This relationship is generalized by the

m Fundamental Theorem of Algebra, first proven by German mathematician
Carl Friedrich Gauss (1777—1855). :
**CONCEPT 1: FINDING THE NUMBER OF SOLUTIONS OR ZEROS**

1.a)f(x) =x>+3x*+16x+48=0 b) f(x) = x* + 6x3 + 12x* + 8x =0

**CONCEPT 2: FINDING THE ZEROS OF A FUNCTION .

]

2. Find all zeros of f(x) = x° + x* —2x2-12x—8 .
’ Xt\=0
£l, 32, 44 ¢ AR

\—’\“ﬂ
o
=
—]
X
)
L5

— % Qk’r\\(_xli-“\\ =0 Yx—.-\‘-\ 1215
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| x| £225 24 26 29 12, +19, £36 ‘
4.1-49 q"'

v

3. Find all zeroes of f(x) = x5 + 3x* + 9x3 + 23x% — 36 J)g q\ﬁ 1 '6 O
K=y

= -2 X4+2)=
o quuq':’ 0\"’;1]\\ 40 330 X ks ﬂ( ite
EEEE) \L,. b B "}_% GANS +°‘\ 3
w sl w xtl=0, (1%:g
i 2 s -1 °J 2

x> RC X

-\ 3 -w | )K':"L\ X’-:-O\
- V)

3 102 - .
: | X= WL A e \ L)ﬂ‘-ﬂb
**CONCEPT 3: USING ZEROS'TO WRITE A POLYNOMIAL FUNCTION**

4. Write a polynomial functiqn f of least de

£1 and 3 and 3 gree that has rational coeffucnents a lead coefficient
Sy S (x-2) (X ox +19)
5(*\ -L\[-@Q‘Z( /f\ l x- (ox +10x

(%-7.\ [(x-s\ = uu C\ “Ly" 4 \2x =210 S
| Q("L\ L(*—’o\ - (Y -X [5(") = X- B + Ux- 2-0—\
' 7 (R-D) (x*-lx +4 = )

? 5. W te a polynomlal function f of least de
|
|
|
|
{

gree that has rational coefficients, a leading
coefficient of 1, and zeros 5 and 1 + i

§(x) (x-’)\[‘x- h\l‘j( (\ "ﬂ " )(3,1\,’-{_1,(
(-8) {ed - A TCD s i

(x-6) | -t - @]
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’ 4.7: Transformations of Polynomials (pg. 206-208)
P Core Concept .
Transformation f(x) Notation Examples
Horizont'al Translation fx- 8 g = (x— 95 S units right
Graph shifts left or right. g)=(+2'  2unitsleft
Vertical Translation x)=x'+1 1 unitu
+k & P
Graph shifts up or down. J) gx)=x—4 4 units down
Reflection f(—x) glx) = (—xy*=x* overy-axis
Graph flips over x- or y-axis. —fx) |gw=-x" over x-axis
Horizontal Stretch or Shrink g) = (20} shrink by a
factor of 3
Slax)
Graph stretches away from gx) = (,}:)‘ stretch by a
or shrinks toward y-axis. factor of 2
Vertical Stretch or Shrink g(x) = 8x* stretch by a
factor of 8
Graph stretches away from a-fx) gx) = %x‘ shrink by a
L or shrinks toward x-axis. factor of %
**CONCEPT 1: TRANSLATING A POLYNOMIAL FUNCTION i

1. Describe the transformation of f(x) = x3 represented by the gx)

graph each function.

4

= (x +5)3 + 2. Then

M W50

%] =L

“\

®

Yy

S| -9

-\

o

B

Q) 35 p HR. SrsFT G usT> LEFT
"3: A VERT,

2. Describe the transformation of f (x) = x3 represented by the g(x) = 2(x)3

each function.

Gb) 3 A Verr. Sweerad BY A TAcTor-
oF 2 A A yerT  SidT G uvid

Vo .

SHpFT 2 WATS

-

P,

Ll ]

5t

— 6. Then graph

X

L] -22

-
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*xk
**CONCEPT 2: WRITING A TRANSFORMED POLYNOMIAL FUNCT qu SN o N
3. Let the graph of g be a vertical stretch by a factor of 2, jg__k)_w_._ai_‘bv a translation 3 u p N
the graph of f(x) = x* — 2x2. Write a rule for g.

hi<)= 2-§(x) g(x\ = ,Q\(x\ -
by 2°(%*- 20) | 9 2 s> +3\
‘\b&\" D' =Y > gy ey

4. Let the graph of g be a vertical shrink by a factor of %, followed by a translation 4 units down
of the graph of f(x) = x5 — 2x2. Write a rule for g.

&(ﬂ: .7\:{%)9 ‘3(3\\" B\(X\' Y
My y (2" \‘gm T

4 - ‘6 L | P
) = FX> =% )
: \
5. Let the graph of g be a horizontal stretch by a factor of 2, followed by a translation 3 units to il
the right of the graph of f(x) = 8x3 + 3. Write a rule for g. \ 2\

A= S 0 9N I (x-3) e
e = (3973 bz (x-3Y) +3
h \*\". “3“@{,’:’\ 3 00 - 3 ER) ¢ XY + (4 +3
Ix\: %2 % ‘3@‘\" ’:," A%+ % ;2\1. o

L e

\A(A-: X‘s' A 2—‘ X -'Z.‘I\

20 3\»
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6. Let th i
b e graph of g be a vertical stretch by a factor of 2, followed by a translation 4 units to
the right of the graph of f(x) = %x3 + x. Write a rule for g.

he)= 2§ X
Qb = b (x- “\

B - 2 <) (*\ (x-'-\\ ¥ ?—(x-"‘\

lj\(‘\z \'B X N ¢ %(f\ x + ‘sb{\ (n.“.‘ ’5(%\("\\ ¥ l“‘\ + ’)_X"cb

R

\ A - 2% +60x —72_!
**CONCEPT3 MODELIN

—x — x2 represents the volume (in cubic feet) of the square p

7. The function V(x) = yramid

shown. #The function W(x) V(3x) represents the volume (in cubic feet) when x is measured
in yards. Write a rule for W. Find and interpret W (10).

. wi)= V()
whye - (oY w\m\

\N\*\— & (’a'% ) q’\

W) x> - &L\‘“\ % \00 z\

8. The function V(x) = x3 represents the volume (in cubic fe;et) of a cube with side length x.
The function W(x) =V (%x) represents the volume (in cubic feet) when x is measured in
inches. Write a rule for W. Find and interpret W (96).

wid) = v ( izx) w() = \1‘7.%(%\3
Wy = (LY ww,\ il 36)

/)
21

(x)= o Bl
R e
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4.8: Analyzing Graphs of Polynomials (pg- 212-215)

Concept Summary

Zeros, Factors, Solutions, and Intercepts

Letf(x) = ax" + @, " '+ 00 a,x + agbe apo
The following statcments are equivalent.

Zero: kis a zero of the polynomial function f
Factor: x — k is a factor of the polynomial Jx).
Solution: k is a solution (or root) of the polynomial equation f(x) = 0.

x-Intercept: If k is a real number, then k is an x-intercept of the graph of the
polynomial function f. The graph of f passes through (k, 0).

lynomial function.

.
**CONCEPT 1: USING X-INTkRCEPTS TO GRAPHA POLYNOMIAL**

1. Graph the function f(x) = %(x +3)(x-2)3 ‘ -§

E\p (x23) (x—z\" =0

-
ooy

LYY a4 +L A2

) S B 2 I TR

(-30) (3.0)(210) (2.9)
Sy Lew b even/Pes.

A ® -1=0 X-L:=Q -2
o =0 xf%_g X X-1:Q ®72=0

L]

y V- '

S(x\-a 4D 05 Xx2-00 3 g‘(ﬁ\#»m - % Xt
? e % i %y —

2. Graph the function f(x) = E(x + 1) (x — 4)? - '

2 ( x+)(x-9) = o $
%&o Xt+l=o Q_("'!)E‘— ]
XxH4= o .
X~ =\ 44; 4
(’\|°\ X.:'.‘-l“" J
vy Wi (H‘o\(q‘o\ '
00D/ ©9%. | -
: ‘ ; 22 ))\
g(*\-a 00 05 X -% 3 'S(ﬂ'? 100 @S X=»too
\ o= . n =
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Even and Odd Functions

fun i
A function fis an even function when f(-x) = f(x) for all x in its domain. The graph
of an even function is symmetric about the y-axis.

A function fis an odd function when f(-x) = - f(x) for all x in its domain. The

graph of an odd function is symmetnc about the ongm One way to recognize a graph

that is symmetric about the origin is that it ooks the same after a 180° rotation about
the origin.

Even Function Odd Function

\' I I \ g
(-x. ii) > e
\/\/ x \x

(-=x, -y
L Lt

For an even function, if (x, ) is on the For an odd function, if (x, y) is on the graph,

graph, then (-x, y) is also on the graph. then (-x, — y) isalso on the graph.

**CONCEPT 2: IDENTIFYING EVEN AND ODD FUNCT IONS"‘>"r
3. Determine whether each function is even, odd, or neither.

7\ a)f(x)—x3—7x b)g(x) =x* +x*—1 ) h(x) = x> +2
S5(4)- (—*\ =) 9= (—*\ +(- x\ = )= XY
S X +"lx gz XX -t NeR)= X+ L
LR = = \®° %ﬁ"\ = 3("\ V\\\m“ek\

'Ix
g T fr(x) ) wc:rmb\

n is even, odd, or neither.
a)f(x)——x +5 b)g(x)—x4—5x3—7

¢) h(x) = 2x° — 12x
L= - (X458 9E0- ) - 5(-!\3 1 9= 2(%°- |L(-><)
§e)= -xts §0e x e 6 T AR = -26+ 1%

SR = 54 \Nw:mep\ NENE -(2.* \’)A
‘ E-VG\J\ } &

N = -AX
h 5
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4.9: Modeling with Polynomial Functions (pg. 220-222) Q

**CONCEPT 1: WRITING A CUBIC FUNCTION**
1. Write the cubic function whose graph is shown

] I
Yea (x-k)(x-e)(x-1c) (0 h\ K=-4.12 :zr'zj,:'!m “\120(31,‘0
- » a(p+4) (0-1) (0-3)

- = a(@)(-)(2) \,

x Y

=

™
i

\La =-b
g

a\ = "ylz -09

A= e NoN0B) ok S 08 xn ) o)

2. Write the cubic function whose graph is shown

- Y=o (x-A(X*\‘X*\L\ \0 .’s\ \L' e\l 9.. ‘
3 alordo-Yo-D) e

AY ‘

o ——

5= o\(_ﬂ( (- -2) ‘ | ‘_“f'mz \, l‘”;,
; 29 o . ya. o | ]
a="3 ‘
G- o
Az Y,

S b)) \

24 .)
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