oate 5.1 Notes &) (A/J/VWMMJ Wd’f&ﬂd

Definitions:

\Monomlal— M \/ﬂMﬂbbu ora?mM M M_&M

Examples: & ' )( g )(

I B ‘ 3terms—/"h nNo

%) 7 ]
Definition of a Polynomlal Function is of the form: —> a .

Ex: 4x° — x+210 8 — degree= 7

Polynomlal—a_mMortheM_/ _i,_,&%[&ug ~ lterm= MMOW
’ 2terms—lall)@,4/w

>4tems—PoLt0n«oM

/
-
{Wk):aw X"+, X ’+~--+41X-E4¢ ;¥¢A44£&w
Degree of polynomial = of the power of x. - N ﬁ (/«

The leading coefficient is the _¥} 0] — 2€4D (AC—F,JC. s “Q_ 4‘, ' ; 9124

Special polynomial functions:

o Ifthe degree is \ , the function is 4 1 LMW )
e Ifthe degree is "2, the function is 'ﬁfm C.
e Ifthe degree is _i__ the function is WM c

e Ifthe degree is __Uir, ?he functionis W (%

. #
L #

Example: Wx:ite earelii%polynomial in standard form. Then classify by the degree and number of terms.

4

1. 3x+9x*+5 2. 4x— 6 +xtt =12 -
lq” >+ 3x¢C) (XT+4x +%x~ltk

QVLWWC ‘hﬂﬂowu qvum/-kz‘c, ‘pleﬂnow

. End behaVlor of a polynomial function.
If the degree is even, then the ends of the graph go in the M direction.

If the degree is odd, then the ends of the graph go in QPFQM directions.

The end behavior of a polynomial function describes what the graph looks like

asx——) m (xgetsveryM/ ]ts%end)

’ as X —> (ﬂ (x gets very loy 3 / ﬂ:@_‘k‘fend) " Hint: lookat the LM[% term.




Examples:

f(x)@5x+6 =

&)

Check with a sketch.

Cfco‘) _ (X 1 ?(}({-—7/) ﬁ\
- . . s

Left End of graph: Right End of graph: . I

s x>=00,y > CO asx—> 00 ,y—> GO

as x gets very sméll, y gets very kj‘_ﬂ as x gets very blg, gets very

In words: on the left, the graph M In words: on the right, the graph

Vv
f (x) :@ 5% +x+2 . Check with a sketch. ( Uie Tﬂ:>
S ' A

Left End: —~ Z ( "00)3—4 -koo Right End:

asic—-)"'w ,y—>a0 asx—> 00 vy~ .

as x gets very small, y gets very { as x gets very big, y gets very &M S

prd
<&
In words: on the left, the graph {* |\ &S - In words: on the right, the graph M &

Increasing Function

[

as x gets bigger, y gets AU_\_W

y

(Xz,‘i‘.t)

Given two points (x1s3’1) and (xz.}y2 ) 5

Cif x, > X, then ¥, 7 W

Decreasing I unction |

as x gets bigger; y gets _ gl eyr

/
Polynomial functions are often MQMM- for certain interval(s) and Mor other interval(s).

**Note: use the x -values for incr/decr intervals.

Example: Graph using your TI.
f(x)=-2x ~-x2+5x+6

Relative (or Local) Max. = M when X = “ 2 Q (nearest 100™)

Relative (or Local) Min. = l q q when X = ‘ OQ
Increasing Interval(s): — [, 0 4 LXK £ 01 V

Decreasing Interval(s): % < -’l .0 p) or X

201

v (10,2-34)

RGEL 91 4 S’> |

> x.




Relative (Local) Extrema (Maxima or Minima):

A polynomial function of degree 7 has at most Y l ZET0S.

' 1

A polynomial function of degree 7 has at most ﬂ - ! relative extrema or i points.
A polynomial function of degree 7 has at most [] - 2 points of inflection. (A point of Tflection is where the graph has a

LS
change in_CON LA V)

= s
— —

The following is a complete graph of a polynomial function /.

Is the degree of feven-or odd? MI“(/V\ ( gomre Al‘ r MM)

Is the leading coefficient of f'positive or negative? nbﬂ ( d,lel) >
X
What are the real zeros of, j’7 2 0 2
What is the smallest p0551ble degree off’
f(®

5 fwrrmiey pouwdl, 3 Zevrd
—»INn=6

Conclusions: Given a polynomlal function of degree _ ¥}

1. The#ofUturns—M:MA__L

2. The Domain of a polynomial function = __ge
3. End Behavior of a polynomial function

a) “degree js odd: ends g0 in ‘Q_F_p_ﬂzg _dm_w ;
b) degree is even: ends go'in M

4. The Range ofa polynomlal function
a) degiee isodd;R= AQL/ ,’E Vln“‘, (, ‘S

b) degreeiseven,R= W £ Z.
) degree is even \G } C Vor lt() (% e MK/\/“, M‘

Ex
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The following are equivalent statements about a real number b and a polynomial P(x)=a X" +a_x" +..+ax+a,:
p < n n-1 al 0

e x-bisa J_M of the polynomial 4P(x) .
o bisa €N of the polynomial function'y = P(x). ’
e bisa Y 004 (or solution) of the polynomial equation P(x)=0.

e bisan mwiofthe graphy = P(x).

Example. Given the function y = (x+2)(x—1)(x—3):
a) What are the linear factors"[ X+ L) ()4 "‘() ()( "5)
b) What are the zeros? =~ 2—- ) } 3

¢) What are the roots/solutions? =~ Z ! | ) 3

d) What are the x-intercepts? [,-2.1 a)(‘l 0)(3( 0)

¢) Graph the func’uon (Think: end behavmr") R
Jevm —» X3
Factor Theorem: x—bisa 4M of the polynomial P(x) <> MI
1. Find a cubic polynomial with zeros 1, -3, 5 - 2. Find a quartic polynomlal with zeros 1,1, 3 and 3.

= (x=0(xE-s) 40D “(x=3)(%+3)
’(x e xSy e (e )
Y= X 2 sz ISk - X T 42X + 1S S xt 2k 3 X _gxie leX =9
(’— K -3x=13x +14\ " :xf'fzﬁ’fix *x 19749

'~ Is there. nllore than one answer? Explain.
\iw - e chwtd, b :z., Ut m —‘Rrw% NoFenong b
_________________ mfo. to. £ Y S {Moe,q%bmsu

Multiplicity: The number of times the same number is a m

Compare the graphs using your TI:

f(x)=(x=3) gx)=(x-3) h(x) = (x=3)"

A

y

11
T v

A
A\

\ 4

=__ isa A,OM)OLQ (nO“’ x= g 1sa4’Y\0u, Ta'vﬁ" x=3_ isaQMf\bpu V'U"q/
(hwohss) (cros3e8) Chowoines )




Summarize your conclusions: f(x) = (x - c)k = (isa ZNV_ of multiplicity _E
N 1. Ifaroot has Q_M_ multiplicity, then the graph ML es the x-axis.
2. Ifaroot has @AMV multiplicity, then the graph AvMUA the x-axis

Analyze the function without graphing.  f(x) = (x - Qx - ZQx + 1;3)
Identify and analyze the zeros‘7 (Do they cross the x-axis or just touch it?)
cvvsses fvwoW/j

~ What is the y-mtef(éept" '
X0 — (—s-)(~z)a) = -20 Z(o; ~20 l

What is the end behavior? .

hm f (x)= ;and hm f x)=00

A & XX = ,<¢+....wf"‘.

e
Make a sketch based on your predlctlons Check with your TL go

__-...__'_—_-___________.._-.._________.___.-_____..__....-__-_.._.-____-__..__-..__..______..__.-_-__..__..__—_..__- __________

Using a polynomial function to maximize volume.

* The design of a digital box camera maximizes the volume while keeping the sum of the dimensions at six inches. If the
length must be 1.5 times the height, what should each dimension be?

Letx = V\Mﬁw °:€ -"V\L Comev?-

|
Write the volume as a function of x: L. W H’

- 7@=%(1.5K) (~2-5x
[ vix)=-3.75x3+9x>

Graph *he function. Calculate'the'maximum. What does each value tell you?

X = 7- 7 wtwn vl .
(vVolume) )

Write your solutlon to this problem in a complete sente

ln ovler o mmmm«wm
Voluwwe o f ’I“lw\ ; 3

Wl be [ n, e ww(/f"*— wouwld
be m.

wN
2.
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711

DR

Review:

i,

Factor Patterns:.

a-b =(0‘\.‘b J(A+b )

Difference of Two Squares:

Perfect Trinomial Squares:

a*+2ab+b’ =(@+b T

a*-2ab+b =(a b )?

Multiplying polynomials. Write your answer in standard form.

(D -D(x - 3)

x(x =1 (x+4) I
k™ D(X-%)

(x+D(x-2)(x+3)." .
(XAD(>+ X =€)
) PaxPbxtxErX—b

KPeaxdx] | Xax s

Solve by factoring and applying the ZPP over the complex numbers.
R

2x%° =32x> +120x =0 x +6x> —5%x-30,=0

XX~ LX r@o) =0 x+ ;,3 «g(xw)

Bz‘ + 2x>-SXK “‘/\

207 + 24+ T2 = 0
0 X -HZxJ—B(o =0 (Qx

81x* ~-16=

—‘—D(q)c %4)=0

(x ~sY ><+ =0 (X*@ - © (3x~2)(3x+2‘[01x+‘9=c
G- [(X=—vl Tx2x| acst
Sum of Two Cubes: a S4b’ = (n,{—-b )(A. o to 7’) W
leferenceofTWOCubes a-b = (0"(0 )(Az'}-ﬁb v ) -)(: j:ZU.
Mwm T tH \ 3
Examples: [-S 0 -A. PJ - T
ar-1000=(X)-(10) b 2 +27= (P’
- (x»;o)(X”HMHMﬂ S ,»W%Yx '3m ﬁ
9 8‘x’3"'1 (‘"?’x)?-\ o125y 4= (S vy 1
4 (2%~ )['-wc + LXK+ ‘\)\ l(&‘xa—q)(zf)( ~20x +le)
T S e— R
Solve algebraically. )
a{—+2}6x 11"2.)( 5)( b) x° +2x° =9x+18
7 - 3xr2x—| (X 2pox>Ax-1% =0
@K*’ | X(x — l) )("(;(4—2)—4()“-2,) =0
r::"/g .| (x =X+ =0
L L (x- 3)()(#33()“—») /o

o X +5=4x"+x..

ex-xr s 20

. What can you do if you can’t factor and soive?

X: T



Solving equations graphically: 2 different methods

Example (c): X° +5= 4> +x.

“ethod 1 _{ I NV AAT P—Method

Let ¥y, =X 3+5 Use color and label each one.
2 o
Y, = “bd 4’)( Give a viewing window that
provides a complete graph for

both equations. Label key points.

(343,687

X% =l aq 119,343

[-5.6 1 {~5 .80]
Xmin, Xmay Ymia ‘;j/ux

_ x3e5-4x =X =0

Method 2: 2_;61'_’ or x«]'[) Method
Let y,=x3_+)(‘_.)(+. 5

A2 xz"!.OQ[‘-”ﬂf
2.43

fvf)( wmonywuv(

The solutions are your_?i Mmﬂy Why? wa AN ¢ Qv\/tﬂ/b/ PD I/VVVI/@

In general, solve h(x) = g(x) by graphing:

Method 1: Ww Method
1. Graph y, = kl‘ i)and V=
2. Find each point of 1 5~

3. The solutions are the{ = M of each

point of intersection.

|

Method 2: . %22 or Xf('[k& Method

1. Rewrite the equation as [At g[ —6@ i =Q
2. Graph y, = !Af é )"96)‘)
¢ .

3. Find the {8 or Zevd S.
4. The solutions are the ¥ — V{7 Lited.

|
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Review:

Division Voca})ula[x

Example: 28+7 =4 —————> This example is written as a_{4 LA statement.

The dividend is 2’4% Rewrite as a “product” statement: ﬁ )(43 = Z@ :

*
The divisor is 7 - Rewrite as a “long division” problem:- . r_J'L»
o o : 1123
The quotient is i o __/i_

N g o N . - kz
| | _ 0.
Long &ivision with numbers: %M’h . . .
“ .Quotient Statement: © . or i Product Statement:
68416 =(16) 634 684:16 = Lpp + 1= 684= 421+ (2.

A2 et Lo SRVAS
Aiviste 94 JomaindLs @/+ _a!('_ l L(“L)COLQ t V:(
Long division with po@al funcfions: '
X —6x*+10x-8 _ o
x—4
x*-2xX 42
3 .
X -4 [xP-lx’+10x -8
_R-4xD L

“2f* +\0K
_Eyp> tex
T 72
-2 P
(o |
Write as a quotient statement: (Jc3 —6x>+10x-8)+(x-4)= X >- 2-7(’} Z

: 2>
Write an equivalent “product” statement: x'—6x*+10x-8= l X “"k‘) (5( — 2K+ L)

= &“"‘_" isa:%m of x* —6x>+10x-8.

1. Find the quotient and the remainder:




2. Find the quotient and the remainder:s (3x' - ;—_ 13 +(x+2)=

8x* +11x
2x° -~ ,'-t‘:("!‘z’
e 2] a0 ~0x X« |

I

—gr?-4€

- (K-t 2

¥ ALK
~ K +8X) |
3£ + | : :
X ‘ ,
3 + S

Write as a quotient statement: (3x* —8x” +11x+1)+(x+2) = 3X ’(ﬂX ‘V('{X ’!'5-')(-['2
Write an equivalent “product” statement: 3x* —8x* +11x+1= ( )(-l;i)( 32X ;-’b)( }4’ 4?(+3> -5

- x+2 is Mﬂafactorof3x4—8x2+11x+l.

Division Algorithm: : ) . - ‘ '
If a polynomial E ( ’X l is divided by a nonze;'o polynomial i 2( Z ’ , thenther¢ isa ﬁ‘ A0 4‘1&9\4—#
N P ‘
polynomial Q(x) and aMMpolynomial R(x) such that P(x)= ]24 5 ) Q (X ’ + % X )

3. Determine if x* +9 is a factor of x° + x* —81x —81. Write a product statement for your final answer.
X3 4 xF— ot |

X 7’4-6]’)(5—-})(44—0,( +O0K"-@IX %
5 44y "
-7 - 2 ]
X -qx ® 40X
+ax>

T —ayPax-9fF
- 3 — 4 x)
| —9qx*

/-{ XJ/

p—

go—

0
Final answer: x° +x* —81x-81= (x’:‘,ﬂ)()(’ 4,7( L,q X ’ﬂ‘>

\ (
r=0 7 XHA IS a fActr

Factor Theorem: H

A polynomial function P(x) hasa H LAY factor X“C/ < P(c) = “




[ » « v
Synthetic division is a shortcut to I 0 Q% M This shortcut only works on division with ‘ L LAY factors.

(* =x* =17x-15)+ (x+3) Try: (x° —x* =5x=3) +(x~1)

g ISl T UG N S

*c‘“\ ,"\‘o,([’_’_@\
A SaEmHe B

(@ —x? ~17x-15) = (x+3)= Xo 4K~ or (x I A N e~ Tl
x3—x2—]7x—15=é)( 4'5‘)[)( 7"(‘{)("{)

" 7o - -

Remainder Th.eorem: L ; l

If a polynomial function P(x) is divided by a h‘ NEeAY” factor 'Y" A = remainder= E ( &~ 2

LIf P(x)=3x" +2x* -1, find P(=2). Use substitution and syn. div. (find the%ﬂj_{\d_%

P(-?—) 3() w2 ﬂvl ( -2]3 2 O -

i ~-o % -

2. Find k so that x — 2 is a factor of x* —2x% + kx +6 Usetwo dlﬂ'erent methods

P() = (- Z(Zz)-‘*k/(w)—(—-(&\ __Z_) l“_.’u?/ o };_ .

c L+ { 2 ¢
0 /r( ¥ f” e T

Summary: The remainder _‘L, obtained in the synthetic division of P(x) by x —a, provides the following information:
1. The remainder gives the VA (UL of P at x = _A . Thatis r = P(&-).
2. Ifr= __O_ , then (x —&) is a factor of P(x).
3. Ifr=_( ,then (&,0) is an _,Vi— intercept of the graph of P.

3. Find the remainder when f(x) = x°* —10 is divided by g(x) = x—2 using two different methods.

L. Syn. Div. 11. Substitution /7
-\ (7 b_ -
&S\%}}D 0, % \¢ £y= 2710 5 SY|
T d 9k 22 \g‘f
Which method was easier? Is g(x)a factor of f(x)? xplain.

Gt hdion No! 70
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Rational Root Theorem:

- - ‘ . .
If a polynomial function has A‘ACM‘L coefficients, then its V‘WJ(\ Me zeros can be found by
using the MM = o S ‘/mm

pe - @% Ry XM A% €49

SN a{hu‘—" an +he WS?A‘O") Thenthe ' 4@_{{\/ _%
=0 facter oF e eading (/ouHﬂ‘uw{—/a )

1. Given f(x)%& -3x* 2x

a) Identify all possnble pandgq values and then all possible rational roots.

PrELES [T R TLe3 2L
qQ =t ‘, t2
\n\ b) Use syn. div. to find one of the'roots. Factor completely and find all zeros.

S 112 -3 -2 2, o Lot K09 - (x=D)(2K7-%-3)

-9 3 worF§ .

=2 -l a\J FCXYCX‘\(Z"’@@"D

Wl 2 -
TNV ow.ewt 0 wr _X/:L—/’l-‘——)‘

irs4 ¢
Helpful Hints: Fmdf(l) -‘7» 52432 -~ 0 — £f)= O:> )(...\ \S A ‘E:l(ftw

Findf(—l)ﬁz(‘\);f-?'(ﬂ) 2-2(-N+3 1f-D=0=>K+\ ¢§ a..F.u,—(-w‘ |
' = O — ” ,

et

2. Find the real zeros of f(x)=15x" - 32x* +3x+2

o Based on the Ratxonal Root Theorem, possilllggg_rggf
:t\ -l t2 ta*/*“/ s
% re + = T ’ 3,7 18,7 1%,
q‘ . { *+ S-'/ — ls— q/ ;.- / Z/‘ “
o Trythe easwst x=_|_ . f= —_—

(S-32+3+ 2 «:>x—1islﬂ-£a&d’_b\/

~\‘[{'§4"Z:® —

o  Find the positive zero (integer) on your TI and use synthetic division to finish the problem.

S -3%2 g
W -3t B 2

s -2 ~\ O
(x-)(1SK =2 X~ -\)
%({»(x) (2’ )(S‘X—\—\)(ZX")
%=, /3 |

(2°)




Complex Conjugate Root Theorem

If P(x) is a polynomial function with real coefficients and ‘L :th { m_ of P(x)=0
= a-bt Is ot a\.r'rﬁ.

Examples: Write the equation of a polynomial firction in factored form and standard form, if ..

Degree 3; zeros: 2 and 2/ —-2.\, . Degree 4; zeros: i and 3i /,-\‘, »31,

%(74') (X‘Z7(X ZL)CM-Zc ’g(x) (;(—w)[x—l-(.)()(-%t.)(x-l—%c)
£CX) = (X-2) (KZ=di?)' - (X-ﬁ)(x 9.

,__\

) £x)7 (x-2)(K* 4—4)! ! ,‘:(,)Q = (X -e—D(x M))
“:(x) —?_x —r'—%%l ,QO‘ 7( +\0x *+9 \

Explam what you know about the graphs of the related polynom1al func;uons (w/o using your TI) for1 1e above examples

one real 2—6\/0 : Y10 resd evss
__-:$>0V\£ )< - vt { ’;?W\ X ~untt(.
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The Fundamental Theorem of Algebra

If P(x)is a polynomial function of degree # 2 _l_ ,then P(x)=0 has fgggt(% n COMQJ&—X roots.

[Remember the complex numbers include the M_ numbers.]

L

1. Find all the zeros of 8x° +10x% -11x+2=0.

a) List the possible rational roots . b) Use your TI to find ore of the roots. Then use
pr=% \ 2 synthetic division to factor the equation.
-t *‘z'!‘-i"’ ~ 219 o -\ 2
VTR Z2l% Ny e -3
p
YA B
S
.. {V\}l)( y
¢) Factor completely. Show your equation in factored form and find all the roots. <
(12,1548

{x gsx L+ ) T
X 2)(x -0(2¥ - D
d) Sketch the graph of the related polynomial function w/o your TI:
P(x) =8x* +10x* —11x +2
e Atmost 2 U tumns (local max/min)
e Rootsare — & ' "Iﬁ ‘/ y '
. ‘Y-intércept is ( 3 jZ;_.) ‘
e  Endbehaviorp{ X —> Oo v -—)O(L(Y'\ [V A1 V"b>
a4 X =3 -0, u—afoonMLS >

Check with your TI.

€) Use your TI to find the local extrema values. Label on your graph.

o e e o = = = = o T —————

P15, e, B, *3, *% ta/ﬂ

2. a) Repeatfor —4x> +2x* —x+3=0 |2~

- -\ 3
42 703 ><=2i&+¢f’4)(%)

“F -2 -3 © , 2(4)

. z _ - > 7,5"5"\”:‘}3
(x-D(AX LXZ2 © =r-

b) Graph the related polynomtal function, P(x) = —4x* + 2x
o Root(s)_ , = Y4 T Wy

e Y-intercept: ( Q ] » !
o End behavior: _y™{ £-€A4 Lbﬁ’ Wj VTﬂ h4-
-4x?
Observation: The degree of the function is 5 and there are b roots to the equation above.
There is only real root. The graph of the related polynomial function has only l x-intercept.
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Can you recognize the pattern in Pascal’s Triangle?

1 Row 0
1 1 Row \

' Binomial Theorem:
" -"Fot ‘every positive integer n,

1Y @by = et fa b *ho bt .t B a1+ P

Where B.B,.., P are the numbers in the nth row of Pascal’s Tnangle

1. What is the expansion of (a+b)°®? ( vvw (4) ‘
0_ + (aw b + \S——a’*‘o ‘l'Wﬁ?b “—lgﬁq’b**@ﬂbs‘ bb‘

A

a‘:lﬁ

;2. What is the expanswn of 3x-2)° ?q/vw C)
(zx)'5 x 6[;)0‘*(-29 + 10[3x)3(2—) + )0(3)02 -z)’ +€'[3><)(~7—) r (25
lz%x ~210x¥ +1060X° 720 A+ 240 ¢ - 34

{

y & Sa?e:‘-j:m# ® —
' + @ )
a.ﬁ %\’q\; row H#-

3. Whatmthefourt_htermm(20+4b\@’ rb—ws ‘—‘5 { C.; | O lO
=

** Check out some of these websites to find interesting patterns and fun facts about Pascal s Triangle!
e http://ptril tripod.com/
e  http://www.mathsisfun.com/pascals-triangle.html
e  htip://mathforum.org/workshops/usi/pascal/pascal_numberpatterns.htm]
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~ Solve. [Factor. Use cr. #’s and region testing!]

Supp. Notes ﬁ?O (/l/dl/l/)/l?_ /

Graph the related polynomial function P(x) = x> —9x.

P R = A
x(x-3)(Xr3)7 0 X=°,-2,% 1
adorve Mgrv €.6: Wit
S T T S
(’f,@/—; Lyxco or X733 \/
Make the connection: - N

What information did the solution to the inequality give you
regarding the graph of the related polynomial function?

T svludion o A meq

Hy yifery A
PM a—!; Ty WL abowe e W-AXIS .

Solve. Factor, use cr. #’s and region testing. Check your answers by graphing the related func.on
b x'+9>10x

xt-lox 59 20
(- zo
(¥ —3)(54—3’)6«(%44)20

a) 4+ x* <6x
xex>ox < 0
K(K*&x-+) <=0
x (X +3)(x—2) &0

YHp—HE—

-3 0 2
\iX:X"a ov oéx@ |

your TIL. Sketch and use color.

o) (x*-x-6)(x*-2x+1)<0

(x-3Y#2)(x - 1)*£-0

-2 \ 3

% —24Xelor ILXZ?:
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