Class_05 May10 Solving and Graphing Polynomials

Plan For Today:

1. Question about anything? Hand back Test 1 - please return to me in class.
2. Finish Chapter 3: Polynomial Functions

O 3.1: Characteristics of Polynomial Functions (Review?) Factor Completely Using Synthetic Division
O 3.2: Dividing Polynomials (Finish) F(x)= 2% + 54 4537 +20x =12 x=-3 =a
O 3.3: Factoring and Solving Polynomials T ST T 2
O 3.4: Characteristics of Polynomials Graphs 3| 2 5 5 20 -12
5. Work on practice questions from Textbook b 6 3 98 12
Page 124:
#1-2, 3a, 4c, 5b, 6-8 |2 -1 8 4 10
Page 133: ¢ 1 0 4
#1-4, Sace, 7bd, 9, 11
Page 147: 2 0 8 ‘ 0
#1-2, 3ac, 4ac, 5, 9ae, 14, 16

X—_
4

\ =

—

23 53 45T + 200 =12 =2(x+3) J(_\'J +4)

1. Finish going through practice question from 3.2-3.4 in textbook. Focus on completing
the questions in the chapter 3 assignment.

#* CHAPTER 8 ASSIGNHENT DUE HONDPAY, MAY 18TTY

2. You will start Chapter 4 Trigonometry on Thursday (tomorrow). Have a look through
these sections to prepare for tomorrow.

#* TEST 2 O HONDAY, HAY I1STH (O CH8 & 4.9 FROMN THURSDAY)

Please let us know if you have any questions or concerns about your progress in this
course. The notes from today will be posted at egolfmath.weebly.com after class.
Anurita Dhiman = adhiman@sd35.bc.ca

Susana Egolf = segolf@sd35.bc.ca
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Review

f()=x"—4x +2x" +x+4 f(x)=—x" +6x"-11x+3

1. Degree = 1. Degree =

2. Leading coefficient = 2. Leading coefficient =

3. End behavior = 3. End behavior =

4. Possible number of x-intercepts = 4. Possible number of x-intercepts =
5. value of y-intercept = 5. value of y-intercept =

6. domain = 6. domain =

7. range = 7. range =

x—3

Dividing Polynomials

Long Division Synthetic Division
2x* +x =5
2x° —5x* —8x+15 3‘ 2 -5 -8 15
2y —6x7 6 3 15
2 ] 2 1 5|0
X —oX Remainder
x* —3x
—Sx+15
—5x+15

Remainder 0
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Section 3.2-3.3: Practice Dividing Polynomials

Do long division AND synthetic division for each of the following and write the division
statement at the end.

1. (x“ +7x° +l4x+3)+(x+ 2)

Division Synthetic Division
2
® +5x +4 X+2| 2 +7x° +14x+3
x+2)x° + 76+ 14x+3 [
St ) 7 V4 3
—_— |1
- +\4x
XZ-HO%- — \ (‘VQ ,le ¢ g
A 7 A s
— 4~ +3 l l \l \2

2z -5

Remsindor =€)

ﬂ\omavmd = A

emamdor = P (R) = () [¥7( 114(D +3
berif
\%Nv@ -Es

Division Statement: a g L\. 5
2 2 = A FToXFT —
xx3 =
x’+ 7% x4 x4
]

e

5
xXt2

12 i

TN
—

aébz e 7%y B £3)(*D =(7—z+ Sx *‘B(x‘t% >
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3.2 Remainder Theorem

Synthetic Division Synthetic Division
Synthetic Division can only be used if the divisor is a linear factor. Synthetic Division can only be used if the divisor is a linear factor.

1. Write down the coefficients of the dividend (insert dummy
terms if necessary).
2. Change the sign of the constant in the divisor.
3. Bring down the first coefficient of the dividend. k
4. Multiply, add, repeat.
5. The answer is the sequence of coefficients of the new |
polynomial but one degree less than the original polynomial. " a b+ ka | D
6. The last term is the remainder, put that over the divisor.

Coefficients of quotient Remainder

Divide ax’ +bx’ +ex+d by x—k

a b c d

I T A R N

Example:

2 E le:
Divide 2x'+6x’+29 by x+4 Xampie

Divide 2x°+6x+29 by x+4

4 2 6 0 29 -4| 2 6 0o 29
_ L ool /,3'/.-32, ! 8. 48, .32,
(27 27 8| T =" &) [3]
Coefficients of quotient ~ Remainder Coefficients of quotient  Remainder
; ) ) 3
(2x +6x°+29)+(x+4) =2x - 2xr+8-— (2x° +6x% +29)+ (x+4) =2x" - 2x + 8- =
x+4 x+4

-3
Find the value of P(—3(}: for P(x}(:%i:‘ +3’i‘2 _5i+2 . —> 2 (-’Ebgi- 3(’3)2'5(’3> 1+

-3 -3 -3 p(’g) -
Remainder Theorem:

When a polynomial, P(x), is divided by a binomial, x — a, the remainder is P(a). -2 = P(@

If P(a)=0, then the binomial x—a  is a factor of P(x). X+ —> P(-Q)
If P(a)#0, then the binomial x —a s not a factor of P(x).

Example
a) Use the Remainder Theorem to find the remainder when P(x) = 8x° +4x* =19 is divided
by x+2

ox

P(Y:z) -8 6—2}3 x 4(“’);\" 19 \
-fe] 8 4 O —19

b) Check your answer by using synthetic division. P

— lfl(°4'24¢43

A LEGPTE
€' - 12 +24 —GT_
¢) Use the Remainder Theorem to find the remainder when P(x) = 83" + 4x” =19 is dividedz42
by x—1.

p(3) = (1Y +4() -19

$e0

\
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N\
_\q' Example 2
Q Apply Polynomial Long Division to Solve a Problem

The volume, V, of the nested boxes in the introduction to this section,
in cubic centimetres, is given by V(x) = x* + 7x* + 14x + 8. What are
the possible dimensions of the boxes in terms of x if the height, h, in
centimetres, is x + 17

Your Turn

The volume of a rectangular prism is given
by V(x) = x’ + 3x* — 36x + 32. Determine
possible measures for w and h in terms of x
if the length, 1, is x — 4.

p- 12\ >3+ 3% —2bx 32 wh
x- 4
-26b 32

-4

| 3
- X 7-4 ,-28 22
xI 1% 727 3 o
wh = 2 +7x -8 >pada,'
woh = (z-\-slxl:\') _—
W
n B 24 2
.\()P\_ f)L-k&r -

? 8. For each dividend, determine the value of
: +6 v
k if the remainder is 3. #5 6

a) (X¥*+4x* —x+ k) +(x—1) c\r\Z HW

/b) (x* + x>+ kx — 15) = (x — 2)
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a) |
b) (
) (
d) (

X'+ 4x* — X4+ k) - |x— 1) badbd A

S+ x24+kx—15) = (x — 2)
P+ kx4 x4 5) = (x+ 2)
kx* 4+ 3x+1) = (x+ 2)

X
X

bvomia\l z -1

K:V(\)‘—‘?D
(\\?,_\—5((\\1—'\‘?\4: 3
a4 e =3

g T4l -2+5 =3

Al -5 =3
5
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3.3 Factor Theorem

2 (105" 370" + 37046 ) = (x+2)
divide 2x* + 3x* —4x + 15 by x + 3
Synthetic Division !

N s 2x* 3% —4x 15
x+2 105" +37x" +37x+6 b

3] 2z 3 -4 15
2] 10 27 3 6 -
- l; 2,3 L L
X o 1 37 0 ‘+_ | 6 -9 15
\:-v-‘"f',;"“‘“z & Remandd x| 2723750
,07,_7' V7% * 3 AC;?O remalinder
2 4 x, +
Loy R |

MNotice yom can factor the quadratic further:
(2" +3x" —4x +15) + (x+ 3)=2x" —3x + 5

5_1(27‘;@ +l (ijg Restriction: x + 3 # 0or x £ —3
B D(2 D)

I this ease this palyptmial can lly factored to the following:

(v+2)(Bat) (243 =10x"+37x" +37x+6

T

R=0 bfc it was a Sastor
‘2 gon can Sactor Ahis phynan)

Remainder Theorem Synthetic Division

If a polynomial f(x) is divided by (x~ ), the remainder is f(a). Synthetic Division can only be used if the divisor is a linear factor.
f(x) = (x—a) Qfx) + f(a)
Divide ax’ +bx’ +ex+d by x—k

Factor Theorem
k| a b c d

A polynomial f(x) has a factor (x — a) if and only if f(a) = 0.
+

iv)\'/'ka"" KV '+tk/'v

(a  btka ) [ ]

Coefficients of quotient Remainder

Example:
Divide 2x°+6x+29 by x+4

e-Cale 12— Unil | -41 2 6 0 29
Bre-Cal n}éu I 24 : =
3.3 The Factor Theorem P(O-)=° v / -8 v 2 8' sl ! +

For each binomial below, find the remainder when Pir) = v —40™ + x+6 is divided by WOMS g 5% 2 8 3
xa 1S

the binomial, Which of the following hinomials are factors of P{x)= 5" — 4" + 146 7
Coefficients of quotient =~ Remainder

al .rﬂ(—bd—\);—i\(—ﬁd--)ﬂm x /f}‘(()z (Y-4()"4 146 aSoctor -

=0 VES A =4 NO zs @< +6x1+29)+(x+4)=2x1-1t+8—;—i—4-
b2 (D) = o P u2 (@D =0 YES
NO ‘

c) a3 ?(—’9 = -(00 NO iy x-3 e(;‘) =0 YES .

Factor Theorem: x - ais a factor of a polynomial, Pix), if and only it Pa) =0 ‘

Example
Consider the polygomial: Py =o' =70 - 2R+ 20,

0, what binomial must be a factor of P(x)?

Sactor is (& +10)

u) Given tha

b} Factor P{x) completely.
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Integral Zero Theorem:
Ifx— @ is a factor of a polynomial with integral cocfficients, P{x). then o must divide
evenly into the constant term of the polynomial Px).

The Zeros or Roots of a Polynomial Function

The relationship between the factors of a polynomial and the constant

Graphically: the real zeros or real roots of a polynomial
B Y s term of the polynomial is stated in the integral zero theorem.

function are the x-intercepts of the graph.
The integral zero theorem states that if x — a is a factor of a polynomial
function P(x) with integral coefficients, then a is a factor of the
constant term of Plx).

integral zero
theorem

* if x = ois anintegral
zero ol a pelynamial,
Bix), with intogral

Rational Zeros Theorem: If a polynomial function has rational coefficients, thenaisa
zeros, they will be a ratio of the factors of the constant to the :4‘ tar ;l;“! constant
factors of the leading coefficient. term of Fixl
Example: flx) = 2x* = 9% + Tx + 6
6iLI2 A6 | 4 os e e
2:+1, 42 !
Pre-Cale 12 - Ui 1
age 25
Example

PGS
1) According to the integral zero theorem, which values could possibly give factors of this
polynomal?
& lode o anstont term —> 3 datermine Lactes

bip Use the remainder and factor theorenms o find a facior. 2

251 Socwrs & dotemire whidh one gives e > ible
/rwp:)wro¥ 2ero t‘I x3 @ws

= a-s(340) 2= D) -y
P>D = sup

Factor fully without using technology:

) What is the fully factored form of 20" -5 —dy+37

I€2D €20 CC2D)

L
xuze xye, Caxty, w3 E
x=-1 xz Floxel  N\em2

i Graph 2x' - 52° —dx+ 3 on a graphing caleulator, Find the values of its .v.innm:n:pb

X-intercepls
Cv, GG

¥3 ndossyn.
Your Turn
9 _\‘9 What is the fully factored form of x* — 3x* — 7x* + 15x

/ W e A= ar vS dao
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R

Your Turn
Q_\‘b\ What is the fully factored form of x* — 3x* — 7x* + 1:\.\

4 otz 3 26, 57,218
anee =
find TWO
Soctors by
Yestig
+#5 _ _ __ T 1,23, 25, £9H5 E4s.

\73\ \1walwm
—;c —2 = 7% 15 -t\%

notrce /

“‘“:M'L* < 1\,,13, tg/i(,/i‘)/tlz

\3;”“";6% Test p(>=24 (D -3(Y U B +®
e O P = O

X©o .
M) S}\{\} V)L)(db / P(S) =10
\9\,&"’520' P(H= ——

AT >3

Q

11 l ﬁ\ 7"4’ 7"3 18
1 =/ -3/ %’ o v

2
W~ 4 -2z +\¥

@ \73’ _4 <3 1%

yaaune Taaea 7 Sogror
(% -2 D)
Fully Factored Con = collectall bnommle
(%D~ -HxxD

0 (x+ \)(1—3)2(1—\"3
Example 4

Solve Problems Involving Polynomial 7
Expressions 50\\)& 2 n= - \/ —5/ 2
An intermodal container that has the

shape of a rectangular prism has a

volume, in cubic feet, represented
by the polynomial function

Vix) = x* 4+ 7x* — 28x + 20, where
X is a positive real number.

What are the factors that represent
possible dimensions, in terms of x,
of the container?
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Your Turn

A form that is used to make large rectangular blocks of ice comes in
different dimensions such that the volume, V, in cubic centimetres, of
each block can be modelled by V(x) = x* + 7x* + 16x + 12, where x is in
centimetres. Determine the possible dimensions, in terms of x, that result
in this volume.

Unit 1 Transformations Page 10




3.4 Equations and Graphs of Polynomial Functions

Graphing a cubic function with transformations: follow the steps for transformations

you learned in Chapter 1.

Graphing Polynomial Functions using Transformations

The graph of a function of the form v = a(b(x — h))" + k is obtained
by applying transformations to the graph of the general polynomial
function v = x", where n € N. The effects of changing parameters
in polynomial functions are the same as the effects of changing
parameters in other types of functions.

Your Turn

Transform the graph of y = x” to sketch the graph of y = —4(2(x + 2))* — 5.

0"

C\f\’B 11a) Give the mapping that shows what happens to points on the base function, y= % . when

1 1 i
the equation is changed to y=;[—;.¥—l} -2

2 3
facw 'j""i(""z' (x-\-a)) -

b) Fill in the table of key points for the base function. Using the mapping, create the table of

image points that result when the original points are transformed. Sketch the transformed
graph on the grid.

y=x*
BNl
-2 -3
2
o0
i
23

INTERCEPTS AND ZEROS

To find the x-intercepts of y = f (x), set y = () and solve for x.
x-intercepts correspond to the zeros of the function ROOtS

Pex—220 ﬂx):;f‘—x—z
: Multiplicity of roots
1.0 » i /@0

(x+Dx-2)=0

Single root Example: Factor (x+2)
x==1 x=2
root: -2
To find the y-intercepts of y = f(x).
set x = 0; the y-intercept is £ (0). 0,-2) graph goes straight through root
A0)=(02-0-2
=-2 )
double root Example: Factor (x-1)2
root: 1 (M2)
graph goes through the root like a
auadratic

Unit 1 Transformations Page 11
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To find the x-intercepts of y = f (x), set y = () and solve for x.
r-intercepts correspond to the zeros of the function
x)=x?-x-2
x2-x-2=0 N y
(x+Dx-2)=0
10N /@0

To find the y-intercepts of y = f(x).
set x = 0; the y-intercept is £ (0). 0,-2)
S0 =(0P-0-2

x==1 x=2

Roots

Multiplicity of roots

Example: Factor (x+2)
root: -2

Single root

graph goes straight through root

double root Example: Factor (x-1)2
root: 1 (M2) /\
graph goes through the root like a
quadratic
triple root Example: Factor (x+4)°
root: -4 (M3)
graph goes through the root like a
cubic

\
\/

If you factor the polynomial, you can see the value of the x-intercepts (roots)

and the corresponding multiplicity

Real roots are x-intercepts.
To find the roots, we let y = 0 and solve for x.

Example: Find the roots for the following.

y=(x+5)x-3)2x+4) Roots: -5, 3, -2

y=x(x—4)"(3x+1) Roots: 0,4 (M2),-L

y=x'(3=x)x+4)" Roots:0(M2),3,-4 (M3)

To find the y-intercept, make x=0 and solve for y:

Example: Find the y-intercept for each

y=(x+5x=32x+4) y-intercept: (0, -60)

v=—x"+2x" —x?+3x+20 y-intercept: (0, 20)

y= X’ (3—x)x+4 )'J' y-intercept: (0,0)

To graph a polynomial function:
1. Determine the y-intercept by making x=0
2. Determine the x-intercepts by solving the polynomial
when y=0
(or you can use your graphing calculator to find these
characteristics)
3. Use the degree and leading coefficient to determine
behaviour.
4. Use the table of values to estimate the relative and/or

Unit 1 Transformations Page 12

HOW TO FIND

X & VINTERCEPTS

GRAPHICALLY & ALGEBRAICALLY

f(X)=x2+5x+6 [ + ausi mmanas|
x-intercept (x,0) y-intercept (0,y) } A MSEE: Sh Hetet
0=x+5x+6 y=0"+50+6 R
0 = (x+3)(x+2) y=6 NG H
x=3 x=2 (0,5) HHHTHHH
iatin BHRRE S

3 2
y=22r-x-13x-6




3. Use the degree and leading coefficient to determine
behaviour.

4. Use the table of values to estimate the relative and/or -6
absolute Max's and Min's and get other points. .~
5. Draw the curve with the correct behaviour. Coordinates of relative maximum

Pre-Cale 12 - Unit 1

Page 26

3.4  Equations and Graphs of Polynomial Functions
As we just saw, the solutions of an equation match up with the x-intercepts of the graph.

Example
a) Graph the function f(x) = x" +x7 = 10x7 = dx + 24 aimmphinueeehmebess, What

are its x-intercepts? 1y\-\-,¢9nwl —zero +Mem _—j

b) Use the results from part (a) to help fully factor f{x)=x"+x —10x" —4x+24,

P():0 P(-2)=0

H,x22

Vv

% 2xx2 24,20,
CD X @ 13,1 12
@ 2£-2 1t - 10% -4 x + 24 + 24

-2 I

\

Ll 2,6 .8 %

¥ 14 3/ -4/ -1/ ov
\_/_//\/_\/

@ 4
2
P4 \ 3 4 a2
2

- \ .2 ,2 , R
xT 77 1/ -7 0Y
-;7' + 2 -6
Zx*%Yi’a)(x"dx'a
2
'P‘i') = (1 1-3y'1 ‘.q x‘a) \ M\'.‘Pl:(-ﬂ}

o x
¢) What are the solutions 1o the equation: [.\" +x =10x" —d4x+24=0 4-

7‘=_31 -9‘/ 2
\/‘/__—)
Pese ort Htereepts
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Example

Pre-Cale 12 - Unit 1
Page 27

Factor completely, then analyze and sketch the graph of this polynomial function without

using technology:

Sl =x" #3762 CH)

X, 52,24, 18
P(D = (N +3() —6()-2

Degree

Leading coefficient

End behavior

Zeros/x-intercepts

y-intercept

Interval(s) where function is

positive or negative

+ -4 L{x <)
- =) & L2 1

If a polynomial has a factor x — a that is repeated n times, then x = a is
a zero of multiplicity, n. The function f(x) = (x — 1)*(x + 2) has a zero of
multiplicity 2 at x = 1 and the equation (x — 1)*(x + 2) = 0 has a root of

multiplicity 2 at x = 1.

multiplicity

(of a zero)

* the number of times

a zero of a polynomial
function occurs

the shape of the graph
of a function close to
a zero depends on its
multiplicity

VA

<&

o
)

zero of
3 multiplicity 1

yA /
X

zero of
¥ multiplicity 2

A
~— |
o

zero of
ik multiplicity 3
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Pre-Calc 12 - Unit |
Page 28

Multiplicity of a zero — the multiplicity of a zero is the number of times a zero of a
polynomial occurs.

zero of
multiplicity 2

zero of

multiplicity 1 multiplicity 3

Example
Find the equation for the given graph. 4

O xnterepts + makphaly

S

IR

Your Turn

For the graph of the polynomial function shown, determine

« the least possible degree

* the sign of the leading coefficient

* the x-intercepts and the factors of the function of least possible degree

¢ the intervals where the function is positive and the intervals where it
is negative

| €0ty
\l I
4
(\\
F X
_\_~_,'_’55__‘_ _
a (20l |1 *(3_0] &
-
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Your Turn

Sketch a graph of each polynomial function by hand. State the
characteristics of the polynomial functions that you used to sketch
the graphs.

a) gx) = (x — 2)'(x + 1)

b) f(x) = —x* 4+ 13x + 12

Unit 1 Transformations Page 16




C_05 Key and Poly Graph Equations WS

Wednesday, September 22, 2021 7:16 PM

For each polynomial graph, determine
- Coordinates of its x-intercepts
- Coordinates of its y-intercept
- Equation of the polynomial, in factored form
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Polynomial Graphs

#1 #H2

(0,6\

#3 #a

#5 #H6

(‘l‘\

#7 #8

.
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Polynomial Graphs \462

#1 odd #2 even
1, 0) r It al
__\(a. A-int \ 0‘(‘ % -int
("43) | \ Jo (-\,0)
(1,07 (z,o)
(3,0) : (3'0)
T g nd NV - -9
/ " (0,%) - 5 v (0,0)
Y= (x+D(x*2)(x-3) ! v = (x4 ) (x-D¢%-3)
#3 evey | ! oY
| NEG / 3
©3) s VA .
———t— N SN \-“’3:9 £ (0 “) (="5,9)
/ _ \ \94"") ——% — (0)‘1)
(0,2 o
#5 oy | #6 eve
NEG NEG
¥ -1ad 2 it
CM (-4, =2,°)
\ — B .(a'O) (-‘[O)
., \ (2",) ( 3)33
, (5,9)
| -\ i J .
7: =X (X‘\Lf) (x-2) (0,0) (9' /0 ()HZ\ (x“\("‘»(x&) 7‘:':.'}
#7 - ) #8 oD °)-3)
+
¥ -ind ~MEG
(-2, °(2,3) 2 owh
/\_ M Gl °) o~ (3,9
1 @,2) \/ = (5)9)
/' (3)") .
N (€)0) -‘7—1;1
) wont '( bel
- see beiow
Y= L a2 d ey xes) 07~ (3 (xog)  foryimercens
'8 (see below

for y-intercept)

VL A YA (A g ) T
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97

(x4 2 J(X31) (¢- 3)} /x'S)\
9

bt X206 ?-.-nwwr*:
(2)0) () (5)
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Lot ¥=0
y=~ ()
<= (a)(-5)
= 4_5
(O,Ll 5)



