Math 1 Unit 3 Part 2: POLYNOMIAL MODETLING AND
FQUATIONS

Lavren Winstead, Heritage High Sebhoaol

Muin topics of instruction:
1) Polynomial Degree and §nd Behavior
2) Adding and Subtracting Polynonuals, Degree and Zern
1) Multiplying and Dividing Polynorials
4) Intersections of two graphs as 10x)

wi % )

Day 1: Polynomial Degree and End Behavior

Standard Form of a Polynomial: ,A-,"E(_),(),E,M%__‘*',bx’l il O, % (-l.
Degree: :ll«,{,_!a;.ﬂhn&kﬁﬂ;qo erent 1 a_HAandard Lo

¢ Y,
¥l .(‘Q’IMI‘ LA O B

P(x) = 2x* —5x2 = 2x + 5 ;
Degree Name Using Polynomial Example Number |  Name Using |
Depree of Terms | Number of Terms |
o) enstant PLI=4 | W“-‘ﬁﬁiﬁi‘:’:..\x
| [vruear Px)=3x+2 | 2 | \ugrmiod |
2. Wro:ﬁc P()L)" Q_xz—(gx-!-% \ E \ ‘%‘f‘r\b‘rﬁjoﬁ 11
3 o1 PR = S 242 Sx- ) 4 \ vl el
4 q\}t.kaf-l’\c PL) 2 Bxd-x3 e -4nrl s, \';‘:ioabajwm,o-ﬂ
5 QOUJVH'I(—' Pz 2x5-4x8+32- 2% O \ Pnﬁﬁnmuo.o
1:You try! Write the following polynomial in standard form and classify by degree and number of
erms.

P(x) = 3x3 — 32x2% + 48x + x3

PR 4%x>-22x2 1 45x
Degree: ?) Name Using Degree: (o1, Name Using Number of Terms: :EMQ,QJ

Sometimes, the polynomial is in factored form and looks like this:

y = x2(—2x + 12)(—2x + 4)3

De‘gree: jp_ Name Using Degree: h ¢ ¥4 C, Name Using Number of Terms: P_Q_L_Aﬁwv\l(
Mulihply & ookl g (252 £1203) (- 20+ 4) (F2x+4) 2w+ 4)
Y= 4yt BxB 2453 +4T%2 (-21-!—4)‘-‘2*“4)
We bt 3253+ ABxE (-2044) (-2x+4)

m%t‘b = =Fx® +\kpx"+(a4-x4- 1283 >-Alox® +\A2y* (-?».-:+4')
polynema . -- =, = -8&? t;..?,(jy\"i‘ -—27_4:.(3'*‘\612&2'('21&4'4')
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Domain: m\_L Se- U‘( G_M PU‘-’T’:“»’LL . ‘\J&‘QJ..A.Q__F- oY O ‘EW‘C_“.‘JN v

Range: “The &e4d O‘r O_.Qﬂ, r'(j"q-\‘ﬂ ’\JO.QJJ-LF"-

‘I}V"'C“ﬂ i ¢/.’(_,f:)
What are the domain and range of I’(x) =

(-, o)

Let’s say that this polynomial represents a football player’s average speed over the amount of
What is the practical domain for the function now’ What i1s the

2z tx +
32x% 4+ 48x - Qorof’,'

time he has been at practice,

practical range? Mn 5 L-O P 2.]
Rarge : (0,20.2]

Comparing Models
For the following set of points, which type of model fits best? A linear, quadratic,

Example 1:
Lirvar: o5 123+ 5. 24

or cubic model? Make sure you turn your diagnostics on!

[x Jo]5 10 | 15 | 20 rz =65
[ vy [101] 28 [ 81 [ 16.0] 17.8 o TP 3 Oleat- 124t
rt= "o
You try! Which model fits the data best? Cuboie: U—‘ =03+ 43 '%C
near: \= ~Olx+14.4 V"é‘-r"‘:i-[ T e e 0:9:0'
-y oS o’lx:;'--";;*g-ﬂ"[ y [11.2]143]21.1]152 ] 9.8 o
:B ?- - 00433 +.01x2 +. 41x410.43 v2= 90
nvestigating End Behavior for Polynomial Functions
\ .
Graph each function on your calculator. Use your graph to fill in the chart.
; Does the Does the
rgh | 128275 | coficnt posve | T2 o | 1t e o
or negative? lef1? eidii?
L y-x eNen Poerhive viS€ iSL
2. y-x* v on Dos‘-hvez rise Y S
[3y- % | even hoann& -?o..Q.Q faQ0
[4 vy x| even V\Qaﬂ Jave, £0.00
5y < | odd pOSIHve ﬂcuw rise,
[6. vy odd T?O‘%rh\r& £a.900. \SL,
17 y=-»" add 2GR Y\Se -QL_Q,Q__
By < | odd gohve | viee, | £alQ
[ End Behavior of a Polynomial Function
[ Leading coefficient is Positive Leading coefficient is Negative
| Left ‘g;‘ 04 Left Right
[Degreesodd | TagQ | pobie | ise | L400
[ Dearee is even risé viel .QQ%
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SUMMARY: The end behavior of a polynormial depervls on
1. Whether the degree of the polynomeal 1s @€y or Qdd :
2. The S\SV’\_ of the leadnwy coefficient

I, .. 5L, S R e
Eqanlmn Degree Lrndmg_r_(_.f_ﬂu ent ] —— ﬁ_r_i_-f__i_k_f_l'l_rv{ or
e odd | poshve | Lol [eine,
& ys-2x'*Tx -6 LVON vicoahwe | Lall /$atl
3. y=-3"+x"+10x-5 | odd neaahvt | wvee [ (a0l
4. y:Bx‘ollx’+5x' L8 ’?O'thve{ 'ilc_"‘l:_ "_l:_;f-;, g
n = Py
e ¥ -2x°-5 A Tad ) l".fl?)ﬂh"p_l [ '[O.Hr‘f"_l g;:hr 4 .
END BEHAVIOR----HAIJD EERAVIOR } 8
ST (R P [ rer— e
Coefficient | Behavior Behavior
(x —)—c:n) {x —;m)
Even Positive y S y o Q_I’:o‘o
N
— —D —3 —m [ /_.\
Even Hegative x Y I
&L
Odd pOSIhVE )"'_}"‘n }" —>m /_lt?a
Odd Hegative et F=r=m *"{““\'}
L
Multiplicity
What is multiplicity? 12 numbe r nCbtaos 2 solutien O pponvS

'n A pefianomin 0 (e g Lyponerdt suderde e Biisovo
1 A" L) L]

J

Example 2: In each of the following factored polynomials, what is the multiplicity of each

zero?
D y=(c-DE+22@-3 A -1Bx+ D] o y=[(5x—47(3x-6)
x-1=Q [¥2120 | x-3=p [A=Y #*-4=0]2x+ =0 |5x-420 | 324, :c"\
Z =2 ! ‘mu=2) | MUt [ b=
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Rules of Multiplicity:

= A multplicity ol ‘ will A0 Mrouc ‘ 4 « ,qy'_:;Jy}L { 4 y A J—0OrAS

= Amultiplicity of 22 will erunce o- (£ Ut H-0xrSe

«  Amultiplicity of & will (g4 vt "oy '!#)F’n Ve 2-0xa
Using what you know about end behavior and multiphicity, sketch cach of the polynomials from fo
Iixample 2. LC . pus. Deo, L o (r:‘ﬂ/’\ LC: pos. Dex .- 2 (xse

I))__;J(Zx - 4)°
)f[2x-4=0

a) y=(x~—1Kx+2)%x - 3)
X=1=0 [R12=0|x-3=0

3x 4+ 1) ¢) y=W5x-M)3Ix—-6
Zy4 120

Use the graphs below to write polynomials that would fit the graphs, based on their zeros, end
behavior, and multiplicity. .%
(ﬂ*

=\
ST '
{/?) ( — 1—?.) ‘] i L~ {

A Vi VA

"V S el (N

; (‘)('2 A =0 e

e e IR ’-(uv(x—z e

P00 (D -—z) i 7 DY

Domain: (-O9, OQ.) Domain: (-<° O'“-") Domam TR C’%——
Range: (-©O0 ,09 Range: (-O= )B:I Range: [__-1 00)

Suppose oceanographers are using the first graph to study the days of the month when the
temperature of the ocean is below zero. What is the practical domain? l 0.2 ' What is

the practical range? O
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Day 2: Adding and Subtracting Polynomials, Degree, and Roots

Adding and subtracting polynomials is all about L‘JW‘I\.’)\T\(Y\G h\(_(d *VJ mSs

Example 1: Simplity (=4k* 4+ 14 4 3k?) + (=3k* — 14k? — #1). Put answer in standard
S —ALY - 14 - B BL? - 14kt _
ANtk [P -6 |

You try! Simplify (9r* + 5r? + 11r) + (=2r* + 9r — 8r?). Put answer in standard form.
0'|r.3+§r1+llr ~2v>+8, - 8%

2
‘7 ¥ * =D ¥ IO
Example 2: Simplify (12a® — 6a — 10a®) — (10a — 2a® — 14a*). Put answer in standard
G 12a3- e ~10a3- 100+ 2%+ |4 ot

|Aa® - -\0a?+l4a?
1405+ [4at -10a3- 1o \

You try! Simplify (8n — 3n* + 10n2) — (3n2 + 11n* — 7). Put answer in standard form.
Bn—.%n“'-HOn 2Nt -Hn —|

Bn -14nt1n? T

Writing Polynomial Equations “4nt + TN T+3n+ |

Yesterday, you wrote polynomial functions from graphs, like this one:

Roots: x = -3 with multiplicity 3
x = 0 with multiplicity 1 —_——— s
x = 2 with multiplicity 2 ™

y=(x+3)3x-0)(x—-2)
Could you do it without a graph?

Exam ple 3: Write a polynomial function in standard form with roots at x = 4, multiplicity 2,
= -2, multiplicity 1, and x =2, multtphcny 3. (_X Q‘-

(x-\—2) (2x-1)* |V)‘ (X-4)2(%*?)(2X'Di

You try! Write a polynomial function in standard form with roots at x = -8, multiplicity 1, x =
Y, multiplicity 3, and x = 0 multlpllcny (x_‘_%j\

(A% -3)° (%) , ﬁ (y+3) ( Ax-DP @
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Imaginary and Irrational Root Theorems

Rale 1 1 polynominl has o root of Yr, it also has o et of © : Y.

Rule 20 01t a polynomial has aroot of g 4 fr, it also has a root ot (1 j )'"
Rule 3: 11 a polynomial has a root of bi, it alse has a root of = k' v
Rule 4: It a polynomial has a root of a + bi, it also has a root of (- !.CJ L _

LY Does not apply to real rational roofs.

Example 4: A polynomial has roots at 4 — V6 and V3. What are the two other roots?
44V ard -Jz

You try! A polynomial has roots at 2 and 4 + i. What are the two other roots”?

Tvide G{)LLQ‘S—hOn ' Tt 1S Df\‘y} ot olbher at 4 - s

;«‘ialrzﬂg (:S -Find a 3" degree polynomial equation with rational coefficients that has -5 and
Y= (x 6)()4;(;_;.))@(: (1+ l))
= SOl 140 .
g= (x+3) ("% ko woa ) K ()
9= ) o -2+ | - (-1))
0= AR (2%, _

R
J* (2 -2x% 412 x+ S5x2-10x+0) :L(g},.%xz ~ B+

gou try! Find a 3" degree polynomial equation with rational coefficients that has roots at -2 and
i.

Y= (HD)(x-50) (x+50)

Y= (2-\-2) (xz-l—ﬁm,:,‘étf-'ZSi?)
V)= ()14—2,) (x2+25>

= WP+ 25 x ¥IRE+50
[‘5:. X +2x* ¥25x+50 |
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Day 3: Factoring, Multiplying, and Dividing Polynomials

Sum and Difference of Cubes

a4+ b3 = ( .'.{_,I,'. -)(,J: - ol -:?i.")

Coannd. S
oppee e 8
a:‘_b:‘=(p‘l L')(”.,J |.‘“_l : | “-,c..._- )
’,._‘_.. I A
‘-:-—_1:.:.{'..:._._.}‘_,:__4__, - _._.,n__,.,..! n ( 12500 -z;/‘. 4=

eppos tL Sy

Example 3: Factor and solve 3 — 8 = 0 using Difference of Cubes.

s ., . .
1,} = B @ﬁ = z’) .}_/'-_?“ f' l - —_.:]_ & \T;}‘Z ')- 5 o | 1) {'»";, . - -7 7 - >
C ‘ (=2 (| TR = .
—— 4 Sila¥ | . y e ,I.- E —~
| . et
Youty!  @27x3-1=0 b)24%® +192=0  — el -
a:= 5'2713 = 3)( (3)‘—'\ 6],{2 +3)( 4\ ?’4{)('5 & (5\] = (/ (V.&-'T::-f/:/’z-l—l,;{'{"& Z__-
| 2 3,‘"‘;0 xe-3% (3)’-4' (q)(;) (y-?) 1 %j;O / - i ‘;' o b 4 .G_‘;;'—Tl.f_t\(’«"
| o= 31 =\ Bx=| 2@) o= A ‘”"’3"-01 e e i
s 7 ) =2 =zl 20
Not. wﬁﬂw x> B|lx= 35 =20 | 21 5.6 11—~ il
M ' oﬂ- Factoring by Substitution 1% - __:__I___...- 1 "’_?;32‘__,1}
S @™ % { 2
Lo Example 4: Factor and solve x* —2x* =8=0 = -2t ’o‘bﬁ -+ INE! {z-3% 7,}.\@:
== T T
. o =

ke, Z=r?
hee W TT S Tg=0 (D) x2-4) =0 Fiw’___«gg;_ b Bt =Fir &
(g-z .-4?1*2?"% =0 X"’:Zf:zo 2= A ( 4_4 ?%_z gV '}-_ o ) é
- ~a)=0 X*=-2 [[®x=12 x*- AxTpLx>-SF0 (x3 2 J(x> %=
2(z -4) *2(2-4 { S3(x2-4) *2(x*24)=0 x2r2-0 | x> 470

(pgree é%% (&> 42, (x*-4)=0 x:= x>=4

Yolﬁ'!__‘%z n* + 4n? = =0 ) 3 47 2 —
< _’E’,’ Q_W +4=0
6.2 -2
(n‘*-y (gn%—lnz ,1ﬂ:0 (5\4\14 oW 2\,\;"'4—4):0
n2(n*+0) r?.(n”'ﬂa)?—o
(n?-2) (n2+0) =0

e
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Write a function for the volume of the box, then sketch the graph.
L= Wo-2 X

e1-2x  VAwh = (1o-2x) (2 2x) (%) e

A=A

*n? 1Ox4+13)

. iy % y Il 2 ) o q
¥ A— 1ot o J " A "_ g ! . oo
L8 u] PO ER AN PR CRP YT oY e N P vl en E*s-) | A A
- * 4 . » b - & |‘f{ A A }: ¥ / e - . -
pLYy - '")"4'{-" (wJ{r, A)'Jf:’ Ayt > — ‘elli!"" LA \
TRETeY R e ¢ e s re——— y d ' - el
4 W™ I,l__,__d_-’ __A""‘S 2 x f.-"' ?.-Iff'. V (’) .J’)f, P LAY D) i r I {,I
. i ssmmpr '
........... w0y
1" Qf
i Real List of All Zeros (Exact — no decimals)
Il upetion Zeroy
Zeroy (2 pts)
(1 p1) .
(1 pt) ‘
- Y e -~ (2 I

4 | 2 x=tiJ2 , Xx=12

21 | w2225
A

= 3 -2 _ 2t 5-44.43 |3z g,,?‘
Multiplying Polynomials e i 2

Example 5: Multiply and simplify (3x - 5,)(_932 - 3x_9),
ol ) )(_3 .-4 x'z--z—f b fngi- I‘Sx +45 El_é_//"“»

,4)(3— AxT-12x+45

| -

You try! Multiply and simplify 3x(x — 4)(x + 7).
(Bx2- 120 )(x+)

23+ 21xT- 1252 -FA XK =13x3 +Ax2- ?4—)(—\

Let’s apply! A metal worker wants to make an open box from a 12 in x 16 in sheet of metal by
cutting equal squares fr,cL)m each corner.

o -2 %

. 2 I '
Draw a picture: el .
12-2%
=4 o

Find the maximum volume of the box and the side length of the cut — || "1
out squares that generates that volume. A ¢ Zt’kc‘.,:;, CALL j

N = L EanmEaniEnE HH
(2.26,104.07) y e T
Mox v plume = {(7{4-.0’] “,h?s.

Cut ot = 2. 20N,
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we for this problem”

You answer! What are the practical domain and priv tical ror

Porvain: (0,) PRarge: (0,194 .01

ctangular picture is 12 in. by 16 in. When ench dimension 1s increased by the

Youtry! Arc
represents the number of inches by which each

. e | .
same amount, the area is increased by 00 in®. I x

dimension is increased, which equation could be used to find the value for <7
. I\e jhe T (Mo x D124 1) = 294
X A 1 )
\Z [AZ n” 1A2+00= 252 [1zen  |1AZ slox+Taxb X o
n* RAZ+25xr2"" 292
22428 x -0O=0

Pascal’s Triangle Prd zevus
. R L
AL, EV‘;'K_/T&“Q_{.H’),{_" .-_‘;f’:""e ‘- T:j
J 0 '

- A e

po I | J
Draw the triangle: | Follir :
S ! ! |wf:"‘"2 lo) S‘&P \. d{fjrt.z.*- [ = voon 0rd
l pr 2 lvowwr 3 Je oz . .d
I 2 3 lew4 Ox S WS |
Il 4 © 4 |vww5 Stye 2 Pud In Sardush tn pr &
| & 1010 &5 vl worvn birnemiol torms

o 122012 b lvowT Sty 3. \nser exponer™s
Bop 41 Inserr Corfboe™

Example 6: Expand (a + b)>. oeaver~+ | = rew w JderonsS M&QG\ S'IWT‘L
()aY v (SY6T0) +1FF 0305 Had 0 i)
l: 0L6 + 5&4,0 e |Oa3b'). + Ioazb‘b ra 50LL74+l95

Example 7: Expand (2x + 4)3.

XZx)g +( 5)(2702'(3)' + (37( Zx)'( 3)2 & (l)( 4)3
[ Bx®+ Blox® « S4x+ b4

You try! Expand (—3x + 2)*.

(30« (A)Y35E) BT+ @B +(D2)
[+ Blxt -240x% + 21ox> - A% +o |
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Day 4: Dividing Polynomials, f(x) = g(x) as a Solution

Polynomial Long Division

Polynomial long division helps us -Gr]d m—& ‘_C Whﬁm;dg Q]{_C'Q(;}m& D-C ﬂ‘uv\.ﬁ.f
polxﬁmw PVES

Example 1: Let’s review simple long division first.
21)6
il
42
4z
O

Now, let’s try the same process with polynomials.
ox+r2 |
2¢+1)6x"+7x+2

- bx*+3x L
4w +2
—4x -2
_——-——_
(@]

What was your remainder? i ) This means that 2x + 1 isa ga citﬂ of

6x% + 7x + 2!
~TV2 &
Prove it! Factor 6x? + 7x + 2 like you’re used to doing.
e

(tpsz% 3x+—2>
2x(3x+2) +1( 3¥+?—) / WHhest arve the Somz {acteve
Cz,x-i—!) (z.x*z) \Be»uv Lound Ut lcm% BINSI167

You try4y +2
x+5)4x2 +23x-16

- 4x2*20x

3x.-lo Ax+3 Q_-3J
-2%-15 . ;

=31
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You try! This time, be very careful about any missing terms you might have!

Is x? + 1 a factor n1 Ixt — Ax? 4 12x2 4+ 59
- +A9

%2+ Ox+| I?Jx" AP 4\ 2x240Ox+ S 1. 4 " /
-2 0x3-3x* x4 x+9
Lo 1 0 Au-4 |
AX3 *‘oxl 1'4 % SRR R P
AR* +4 5 +5
Synthetic Division -~ qQx? - Ox -9

4x :
Synthetic division can be a great simple tool, but only when :Ik\_p‘f WIS ey ﬁL_'_p__.'—_‘, R

l@nd‘:n@ wedbcent of |.

Example 2: Use synthetic division to divide x? — 14x2 4 51x — 54 by x + 2.
Step 1: Set x + 2 = 0 and solve for x. X= "2_

Step 2: Put that number in the upper left box and list your coefficients next to it. Bring the first
coefficient down.

Step 3: Multiply the coefficient by the box number (the divisor). Add to the next coefficient.

Step 4: Continue multiplying and adding through the last coefficient. i
2L 1 -4 51 -84 [eoipx+e3 m-zzoJ

Y -2 32 -1l B
| -l 23 -220

"\ olioaus emainder!
You try! Use synthetic division to determine if x — 7 is a factor of x® — 57x + 56. Watch for
missing terms! ;}:—-‘ii ®) 1 [ ' O N 5_] D(o I +7 . %
N ! |
l I =% O b il

e

Apply it! The polynomial x* + 7x* — 38x — 240 expresses the volume, in cubic inches, of a 4 ,.
shadow box. What are ThL dimensions of the box? The length is greater than the height.

QR EB. K Use graph Jo-firde o Sacker! x-p (x-0)

e \ 1 { ply
1= :
I —l ) AL “ VW&o wvad
¥ {-F | 9 L ‘{ \ . ';' P i
. -
A - f +& .'/ b X )
| l; ,f: li" ) Rt ;,.‘.(‘-.j,{‘
{ -’ k o i v d ~ AT
} > 4 X WJ
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The Remainder Theorem: [ you divide o polynomial by x < a, the rerander will h*T ﬁ)

Example 3: Given that I' = x* = 2x' = x? + 2, use the Remainder Theoremn to find if x = s a '

factor of P(x). (5)5 9 (3)3'_ (3)2 + 2 f” .é} on 4

..-:7 |82 @ [x-2 5 NOT a Lo r;.‘m,r ]
rtvaiinder S

You try! Find the remainder if P(x) = x* — 3x* = 28x + 5x + 20 is divided by x = 4. f
(4)%- B(4)*- 28 (4)*+5@)20 Puging
l024 <168 -1192 +20+20 |- 149,

Finding the Solutions of Two Polynomials, f(x) and g(x) S ———

A few days ago. you worked on graphing polynomials, given their end behavior and multiplicity.
But, what if you graphed two at once? What would their solutions be?

Example 4: Sketch f(x) = 3x® + x? 4+ 10x — 5 and g(x) = 2x — 8. What is the solution set?

hag s
x= f-,%ﬂg

e

{

‘1— -
IS dln

|

|

| |

You try! What is the solution set for%f(x) and —%g(x) if f(x) = 8x* + 11x3 + 5x2 and

g(x) = x — 2? Be careful of your coefficients! - 4 2
Yl - 4 (g)( 4—\‘)(31'55(

\/2'. '% (X-—Z) (-1'4;2@

Let’s apply! Alphonsus is running through the woods on a path that matches (- b, ‘)
a(x) = —2(x — 5)* + 10. Tyler is running on a path that matches t(x) = —2x + 8. When will
the two of them see each other? x represents the minutes they have been running. T . x':'g' |-4I t%

[niersechons: (3.5,0.4)
(6.7,-53)

Thuy witl see 2ach othen o 3.5 and j/\L
A |

(0.1 Seemds.
Scanned by CamScanner




