itiplying and Factoring Polynomial Expressions

Lesson 1

tuse a chart to organize my terms
like we did in class. The shaded
columns have the same factor in
3y?(124% ~ 5x°y* + 9y%) / . eachterm.

I-.. Factor out the greatest common factor.

36x2y? — 15x°y* + 27y°

36x%y* | 2 | 2 3 x x 1252
~15x%y* i -1 5 ¥ L ox | x ¥ ~Bxty?
= 3
27y 13 | 3 vy Y
your < GCF: 3y*

2. Multiply.
ey | notice this is the square of a binomial;

(k +5)° I need to expand the expression and apply
(k+5¥ ={k+5)k+5) . the distributive property.

= k% + 5k + 5k + 25

=k*+ 10k + 25

i can also use (a + b)? = a? + 2ab + b?
and the patterns in this equation to rewrite
the expression.

lesson &: Muitiplying. and Factoring Polynomial Expressions
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and the patio take up the entire back yare. T
and the lerigth by x + 4. The width of the en

i
£

These expressions
represent the

2x~ 2 length and width
of the pool and
the surrounding
patio,

/

2x + 2
a.  Write an expression to represent the area of the entire vard (larger rectangle).
. z_.
(2x = 2)(2x + 2) ordx* — 4 | use the difference of squares to
Since g = 2x, and b = 2, rewrite the product.
. b 2
the product con be rewritten as (2x)% — (2)%, a® = b% = (a+b)a—b)
which is equal to 4x% — 4,
b. Write an expression to represent the area of the pool (inner rectangle).
x—-x+4orx® - 16
€.

Express the area of the surrounding patio as a polynomial in terms of x. {

Hint: You will have to add
or subtract polynomials to get your final answer.)

Subtract the pool's are from the entire yord’s area:

(4%2-4)-(:{2—~16)24x2~—4-x3~i-16:3x2+7{2

Since we are subtracting the second
expression, | remember to add the opposite of
both terms when | remove the parentheses,

2 Lesson 1:

Muftiplying and Factoring Polynemial Expressions EUREK A L
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Lesson 2: Itiplying and Factoring Polynomial Expressions

Factoring Trinomials
1. Factor the trinomial x2 — 1 — 90 as the product of two binomials, and check your answer by multiplying.

The first terms in esch binomial must muftiply to X°, so use x ond x. The lost terms in eoch binomiol
must muliiply t0 —93, so use — 18 and 9.

(x — 10)(x + 9}

Check to see if (x — 10)(x + 9) can be rewritten as x° — x — 90 using the distributive property.
(x =10 {x +9) = (x — 10)(x) + (x — 18)(9)
= 2% — 10x + 9x — 90
= x% — x ~ 90

2. Factor completely, and check your answer by multiplying.

2
a. 5p°—30p+40 | factor out a 5, the GCF, from

5(p* —6p+ 8)=5(p-4)p-2) ' each term. Then | factor the
remaining quadratic expression

as we did in class.

Check: 5(p~4)p—2) =5(p* ~2p—4p + &
=5(p* —6p + 8)

= 5p% ~ 30p + 40

[ know the GCF is 2. The remaining
b. 98x2 — 200 binomial is the difference of two squares,
so | ¢can use

2 e e .
2(492% — 160) = 2(7x — 10)(7x + 10) a2 — b% = (a + b)(a — b) to factor it.

Check: 2(7x — 10}{7x + 10) = 2(49x% + 70x — 70x — 100)
= 98x% + 140x — 140x ~ 200

= Q8x% — 200

Lesson 2: Multiplying atrd Factoring Polynomial Expressions 2
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Factoring in a Real-World Appiication

3. The square parking lot is going to be enlarged into a rectangle so that there will be an additional 10 ft, of
parking space in the front of the lot and an additional 20 ft. of parking space on the side of the lot, as

shown in the figure below. Write an expression in terms of x that can be used to represent the areg of
the new parking lot.

The arec of o rectangle is given by the formulg, 4

= length x width, so the arew can be represented
25 (x + 10)(x + 28) or x% + 304 + 200,

t check my werk by finding the area of
each rectangle, The area of the
square is x2. The other rectangular
areas are 10x, 20x, and 200,

4 Lessor.2;

Muttiplying and Factoring Polynomiat txpressions
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Lesson 3: Advanced Factoring Strategies for Quadratic

Expressions

The last terms in each binomial must
multiply to 7. Ican use +1 and +7 or
+7 and +1. | can check by multiplying
3(3x% +22x+7) =3(3x+ D(x +7) to see if the middle term is 22x.

1. Factor the quadratic expression 9x% + 66x + 21.

| can factor out a 3 first. Then, 3x2 must
factor into 3x and x since 3 is prime.
These are the first terms in each binomial.

2. Factor each expression completely.

2
a. 100p“+180p + 81 | need to consider combinations

Since ail terms are positive, use only positive numbers. of the factors of the first and last

that when | multipl
Factor pairs of 100: 1-100,2 - 50, 4- 25, 10 - 10 eriose Crtpten Lmitidy.
| get the original expression.

Factorpoirsof 81: 1-84,3-27,9.9
100p? + 180p +81 = (_p +_ ) p+_)
Trydand 25 and 3 and 27.
(4p +3)(25p + 27) = 100p* + 75p + 108p + 81 = 100p? + 183p + 81
This is not the carrect foctorization.
Try 10 and 10 and 9 aond 5.
(10p +9)(10p + 9) = 100p” + 90p + 90p + 81 = 100p? + 180p + 81
This is the correct foctorization,
100p® + 180p + 81 = (10p + 9)(10p + 9)
= (10p + 9)?

I can rewrite this using exponents
since the factors are equal.

EUREKA Lesson 3: Advanced Factoring Strategies for Quadratic Expressions
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b, —6x?—25x — 25
Fogtorpairsof6: 16,23
Foctorpoirsof 25: 1 .25, 5.5
ising 2 ond 3 ond 5 ond 5: 2(5) + 3(5) = 25

~(6x* +25x+25) =—{_x+_M_x+_)
= —(2x+ 5)(3x + 5)

I factor out a —1 first to make the problem
easier. | need to arrange my factors of 6 and
25 so that when | multiply and sum them,
they equatl 25.

Check by muitiplying:
—(2x+8)(Bx +5) = ~(6x* + 15x + 10x + 25) = ~6x% — 25x— 25

6 Lesson 3: Advanced Factoring Strategies for Quadratic Fxpressions E@REXA

MATH

© 2015 Great Minds eureka-mazh.org
ALG 3-WA-HWH-1.3.0-10.2015




Lesson 4: Advanced Factoring Strategies for ¢

ALGERRA ¢

Expressions

PO DSPDSIIED

Factor completely.

d.

16x% — 324 First, | factor out the common factor 4,
16x% — 324 = z%(éx'z — 31} Then, | use the difference of two

= 4(2x + 9)(2x — 9) squares where a = 2x and b = 9.
6x%+37x + 6

The product of (a)(c) is {(6)(8) = 36. The foctors of 36 are (1,36), (-1, ~36,(-6,~6),(6,6),
{-"“3: ﬂm}-z}; (3; ﬁg}; (4'7 9}1 {...,4‘; ;,_9;}3 {21 18}; {—2? mg‘g}"

| can use a table and put the
. first term in the upper left and
the last term in the lower right, ix +6

The factor pair of 36 that
adds upto 37 is 1 and 36.
This gives me the terms of

the other diagonal.

top.

6x 62 'J 36x |
Now [ record the GCF of f
each row and write the +1 1x 6 ;
other factors along the i

The foctorization of 6x% + 37x + 6 s (6x + 1) + 6).

The area of the rectangle is represented by the expression 1652 + 60b — 100 sgilare units. Rewrite
the expression to show the dimensions in terms of b.

fhe GCFis 4. The product of (@) () is (4)3(~25) = —100. I need two numbers

4(45° + 155 - 25) = 4(45% + 20b — 5p - 28] that multiply to ~100
P _ : and add to +15. 20
= 4[(46% + 20b) — (5B + 25)] and —5 work.
=4[4b(b +5) — 5(b + 5]
= 4(46 — 5)(b + 5)

The 4 neads to be included in one of the dimensions. Possible tlimensions would be 165 — 20 by
B+ 5. The dimensions 45 — 5 by &b + 20 would oiso work,

Lesson 4: Advanced Factoring Strategles for Quadratic Expressions
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Lesson 5: The Zero Product Property

Solve the following equations.

1. x*+x~20=0
Rewrite this sum as a product. The original equation

(x+5){x—4)=2¢0 L is true if either factor is equal to 0, which results in a

X+5=0prx—-4=10 compound equation,
x=—-horx=4

The splution setis {5, 41

2. (3x—3)Ux+2)=0

3x—3=0w4x+2=19 | set each factor equal to 0 and
1 solve for x.

x=4rx = ——
P

The solution set iz { — %« i},

3. t2—-t=0
-1y =0
I=0prt—10=29
t=0ort=10

The solutien sefis {0, 10).

4. 5x2— 4dx 4120 — —30 + 11x | need to add 30 to and subtract
S 11x from both sides of the equal
5x* — 55x+ 150 = 0 sfgn and then factor out the GCF,
5@2 —11x + 3@} - which is 5 from each term.

5(x —5){x—6)=10
x—-b=80orx~6=20
x=horx==56

The spiution setis [5, 6.

8 Lesson 5: The Zero Product Property SU“M .
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5 a -—36=(a+6)(a~2)

(a-i—é){a =6} = (a+6)(a~2) : -
{af + 6){& - 6} ~(2+6)a—~2)=0 tcannot divide by (a + &) without
{a+ 6}(& — & (g~ 2}) o -1 changing the solution set. | see that
the GCF is (a + 6) when all terms are
(@+6)(—4) = on the same side of the equation.
a+6=0 o

a= -G

The solution s —6,

lesson 5: The Zero Product Property
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Lesson 6: Solving Basic One-Variable Quadratic Equations

Solve Quadratic Equations
1. 4x?2—10=14
4x% - 10+ 10 =14+ 10

4x? = 24 N
Every perfect square of a non-zero positive
%fi - %f% number has two square roots, so this equation
4 4 _ has two solutions.
x*=6

x=+6orx= -6

The solution set is {6, —/6}.

| take the square root of both sides of the
equation because the inverse operation of
2. (d+2)*=28 squaring a number is taking the square root.
Jd+2% =8
d+2=+Bord+2=—8

d=-24+VBord=-2-+8

The solution set js {2 + V8, -2 — V8l.

Apply Quadratic Equations to Real-world Situations

3. A ballis thrown upward from the ground. its height, & in feet, after t seconds is represented by the
equation b = 56t — 16t%. Determine how many seconds it will take before the ball returns to the
ground.

The bojl will hit the ground when its height is equof to O fegt. et h = O, and solve for €.
56E - 1687 = 0

I need to use factoring to solve this

8i(7-26)=10 equation because there is a t* and
Bt=0or7-21=0 atterm.
7
t=0ort =

2

The hall’s height will be O feet when t = 0 seconds or t = 3.5 seconds. The ball storts from a height of
O feet and retumns to the ground after 3.5 seconds.

10 Lesson 6: Solving Basic One-Variable Quadratic Equations Eukﬂu U
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Lesson 7: Creating and Solving Quadratic Equations in One

Yariable

Application Problems Involving Quadratic Equations | know thatlgngth width = 48, }

1. The width of a rectangle is 2 meters fess than the length. The area is 48 square meters. Find the
dimensions of the rectangte.

tet { represent the length of the rectongle.
Since the width is 2 meters less thon the length, an expression Forthe width Il — 2,

g Ty
[{l-2)=48 = To use factoring and the zero
2—2{-48=0 product property, one side of

(-8Vi+6) =0 the equation must equal 0.
A

The solutions to this eguation ore B ong —6.

t know that —6 cannot be a
solution because length

The dimensions of the rectangle ore 8 m by 6 m. ‘\\& cannot be negative in this

The length is 8 m and the width is 2 meters less thon thot number.

context.

vy

A picture frame is 2% inches wide. The actual picture is 3 inches longer than its width. if the area of the

picture is 180 square inches, what are the dimensions of the frame?

From the diagrom, the picture’s width is x inches, and fts
fengthis x + 3 inches.

x{x +3) = 180
x4+ 3x = 180
X +3x— 180 =0
(x+15)(x~ 121 =0
The solutions to this equotion ore —15 and 12,
The width of the pictare is 12 inches ond the fengthis 15 inches {12 + 3 = 15).

The dimensions of the frome ore as follows:

Widih: 124+ 2.5+2.5=17 _ I need to add 2.5 twice to both the
length and the width of the picture

length: 15+ 2.54 2.5 = 20 - .
to get the frame’s dimensions.

The width is 17 inches ond the length is 20 inches.

Creating and Solving Quadratic £quations in One Variable
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3. Find two consecutive even integers whose praduct is 840,
From the example in elass,

I remermnber to add 2 to the
w(w + 2) = 840 first number to get the next
consecutive even number.

Let w represent the first integer and w -+ Z the next even integer.

Zz -
Wit dw -840 =0 To find the product,
(w+30)(w—-28)=0 F need to muitiply
w= —300rw = 28 the integers.

The solutions to this eguotion are 30 and 28,
In this situation, a

negative solution
if the first integer is —3Q, then the next one is —28. makes serise.

if the first integer is 28, then the next one is 30.

12 Lesson 7: Creating and Selving Quadratic Equations in One Variabie S“REK A :
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Lesson 8: Exploring the Symmetry in Graphs of Quadratic

Functions

1. Consider the following key features discussed in this lesson for the four graphs of quadratic functions
below: x-intercepts, y-intercepts, line of symmetry, vertex, and end behavior.

Graph A

Graph B

| know this is the-
vertex point.

4

is a vertical line
through the vertex.

e ""\"W -</ The iine of symmetry f -]

i
i

NI

) ;

v,

St b

et

S

This graph has two
x-intercepts.

I know this is the

{ y-intercept point.

Lesson 8:
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Which key features of a quadratic function do graphs A and B have in common? Which features are

not shared?

Same—-ling of syremetry and vertex i S?e that graph A has no \E
x-intercepts, and graph B

Different—y-intercept, x-intercepts, and end behavior has two x-intercepts.

Compare graphs B anhd C, and explain the differences and similarities between their key features.
Some—iing of symmelry, y-intercept, x-intercepts

Different—vertex ond end behovior

Compare graphs B and D, and explain the differences and similarities between their key features.
Same-—line of symmetry ond end behavior

Different—y-intercept, x-intercepts, ond vertex

d. What do alf four of the graphs have in common?

They off have the some line of symmetry.

| see that all of the graphs
have a line of symmetry of
x =1

N

Use the symmetric properties of guadratic functions to sketch the graph of the function below, given
these points and given that the vertex of the graph is the point (0,3).

£ach point on the left is
reflected across the y-axis.

After | plot the vertex
and the image points,
| can draw in the
graphi of the
guadratic function.

Under this transformation, the
image of each pdirat has the
opposite x-coordinate and the
same y-coordinate.

o

at (0,3), the line of
symmetryisx = 0
or the y-axis.

i4
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Lesson 9t Graphing Quadratic Functions from Factored Form,

fix)=alx -m)(x —n)

Graphing Quadratic Functions in Factored Form
Graph the following on your ewn graph paper, and identify the key features of the graph.
1 f(0)=-2Cx+1)Bx+1)

The x-intercepts are solutions to f(x) = 0.

~Z2(3x+1){(3x+ 1) = Owhen 3x + 1 = 0. Thesolutionis ﬁ%,

. .1
The x-intercept is — 7 2

When o quadratic function has only one x-intercept, the vertex is the ‘
A-intercept point. it TN s

. o f 1
The vertex is ( 3 ’Q)’ | can use the symmetry
The v-intercept is F{D). fine to find the image
FO)=—2(3. 04+ 1X3-0+1) = -2 of the y-intercept.

The y-mtercept s 2.

The voiue of a is negotive, so the groph opens downword.

S NS VYE DI -

gx)=x*-9
The x-intercepts are solutions to g(x) = 6.

X5 =G =0
(x4+3(x~-3)=0

Fhe solutions are 3 and —3. The x-intercepts are 3 ond —3.

The x-coordinote of the vertex is the averoge of the x-intercepts:
-3+3

Z

To find the y-coordinote of the vertex, evolucte g at x = B,
g0 =02 ~-9=—9g

The vertex is (0, ~9),

The y-intercept is g{i) = —9,

The value of a is positive, so the groph opens upword,

Lesson S Graphing Quadratic Functions from Factored Form i5
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© 2015 Great Minds eureka-miath.org
ALG I-MA-HWH -1.3.0-10.2015




Applications of Graphs of Quadratic Functions in Factored Form

3. Adiver jumps from a diving hoard into a pool. The height of the diver is given by the function

h(x) = ~16x? + 8x + 24, where the height h is measured in feet, and the time x is measured in
seconds.
a. Sketch the graph of the motion of the diver.
’ ) | learned to factor
Factored form: A(x) = —8(2x% —x—3) = —B(Zx - H{x + 1) when the a value
Hey feotures: isotherthan 1 in
Llesson 3.
The x-intercepts gre 1. 5 and — 1,
The y«ntercapt is 24.
i5-1
The vertex x-coordingte is —— = 0,25, I can use a calculator to evaluate
h when x is a rational number.
h{G.25) =125 N\
Vertex: (6.25,25) ' ¢
The graph opens downword becousea < 4. |
f don’t need to plot the
values where x is
negative in this situation.
b. When does the diver hit the water?
The diver hits the woter when h is 0. So, .
the diver hits the woter ot 1. 5 seconds. ;
c.  When does the diver reach his maximum height?
The diver reaches his maximum height ot the vertex (0.25,25). The time is 0. 25 seconds.
d. What is the maximum height the diver reaches?
The diver’s maximum height is the y-coordingte of the vertex, 25 feet.
2. What is the value of h{0), and what does it mean for this problem?

ALGEBRAG

R(0) = 24, This means that the diver was af on initial height of 24 feet above the water. 5o, the

height of the diving boord was 24 feet high.,

ie

Lesson 9 Graphing Quadratic functions from Factored Form
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Lesson 10: Interpreting Quadratic Functions from Graphs and

Tables

in algebra class, students launched model rockets to hetter understand quadratic functions. Janice’s rocket
launched at 19.6 meters per second (m/s) from a 2-meter tall platform. Kelley's rocket launched at 14.7 m/s
from a 4-meter tall piatform. The graph of y = h(t) fepresents the height of Janice’s rocket as a function of
time since it was launched. A table that shows the height g(t) of Kelley’s rocket at various times ¢ in seconds
is also given. Use the graph and the table below to answet the guestions.

Janice’s Rocket 1 Kelley’s Rocket
0 4.0
05 10.1
1 138
. \ 2.5 10.1
\ 3 4.0
s a4 45 | |

[ can use the table to see the
times and corresponding
heights of Kelley’s rocket.

[ can estimate the starting height, maximum height,
and time when Janice’s rocket will hit the ground
from the graph.

a. According to the graph and table, when did each rocket reach its maximum height? Explain.

The graph shows that Janice’s rocket reached its moximum height ot 2 seconds. The line of
symmetry for the graph is t = 2, which passes through the vertex. The t-coordingte of the points
on the graph gives the times when the rocket is at 2och height, given by the y-coordingte of the
points on the groph. in the table, g(¥) gives the helght of time t. The largest height occurs when
L= 1.5, fcon see thot the heights In the toble are symmetric about this time, so § cop conclutde this
is indeed the maximum height,

Lesson 10: Interpreting Quadrafic Functions from Graphs and Tabies 17
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b. According to the graph and table, which rocket went higher into the air? Explain your answer.

The groph shows that the maximum height of Jonice’s rocket is approximetely 21,5 meters.
The table shows the moximum height for Kelley's rocket is 15 meters. Janice’s rocket went higher,

c. How long was each rocket in the air?

The groph shows thot Janice’s rocket wos in the olr for approximotely 4. 1 seconds. The table
shows thor Kelley’s rocket was in the oir for 3. 25 seconds.

/ [ observe that the graph shows thatt = 4.1

From the table, the height when y = {, which is the positive {-intercept
is 0 at 3.25 seconds. or zero of the function.

d. Find h{0) and g(0), and explain what they mean in the problem.

The graph shows that h{0) = 2. The table shows that g(0) = 4. This meons thot Jonice’s rocket
started at g height of 2 meters, and Kelley's rocket started of o height of 4 meters.

ig Lesson 16: Interpreting Quadratic Functions from Graphs and Tables E@REK A . s
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