Polynomials

Objective Who uses this?
Add and subtract Business owners can add and
polynomials,

subtract polynomials that modeli
profit. (See Example 4.)

Just as you can perform operations
on numbers, you can perform
operations on polynomials. To

add or subtract polynomials,
combine like terms.

EXAMPLE

Add or subtract.

B’ 15m®+6m2 4 2m®
15m® + 6m? 4+ 2m?
15m2 + 2m3 + 6m?
17m° + 6m?

3x245-7x24+12
3x2 45 —7x2 4+ 12

constants or terms 2 5

with the same 3x"—7x" 45412

variable(s) raised to —4x* 4 17
the same powerl(s),
To review combining

Like terms are

0.9y° — 0.4y° 4 0.5x° + y°

like terms, see " 0.97° — 0.4y + 0.55° 4 y©

Lesson 1-7. : 5 s . ;

r———— 0.9y° — 0.4y° + y® + 0.5x
1.5y° + 0.5x%

D] 2x%y—x% —x%y
2x%y —x%y — x%y
0

Adding and Subtracting

Adding and Subtracting Monomials

Identify like terms, _
Rearrange terms so that like terms are together,
Combine like terms,

Identify like terms.
Rearrange terms so that like terms are together,
Combine iike terms,

fdentify like terms.
Rearrange terms sa that like terms are together,
Combine like terms.

All terms-are like terms.
Combine.

“This o

ne pretty much sums it up

Add or subtract,
 la. 2524352 45
le. 2x8 4 7y8 — x®

Polynomials can be added in either vertical or horizontal form.

In vertical form, align the like terms
and add:

5x?+4x+1
4+ 2x2 4+ 5x 42
7Tx249x+3
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1b. 42% -84+ 1621 4- 2
1d. 9b%? + 5b%c? — 13h3%c2

In horizontal form, use the Associative
and Commutative Properties to
regroup and combine like terms:

(5x2 +ax+1) + (252 + 5w + 2)
= (5x% + 2x2) + (dx + 5£) + (1 + 2)
=7x>+9x+3




EXAMPLE

When you use
the Associative

and Commutative
Properties to
rearrange the terms,
the sign in front of
each term must stay
with that term.

EXAMPLE

p

Adding Polynomials

Add.
(2x% — x) + (x2+3x—1)
{(2x* —x) + (Jc2 +3x— 1) Identify like terms.
(sz + xz) + (—x+ Sx) +(=1) Group like terms together,
3x2 1 2% ~1 Combine like terms.
B (—2ab+b) + (2ab + a)
(—2ab+b) + (2ab+a) Identify like terms.
(—Zab +2ab)+b+a Group like terms together,
0+b+a Combine like terms,
b+a Simplify.

(4b° + 8b) + (3b° + 6b — 7h° + b)
(4b° + 8b) + (365 4+ 6B —7b% + b)  Identify like terms.

(4b5 + 8b) + (_4},5 + 7b) Combine like terms in the second
4bh5 + 8b polynomial.
+—4b5 +7h Use the vertical method.
0 +15b Combine like terms.
150 Simplify.
(2022 + 6y +5) + (L.7y% — 8)
(20.2)/2 + 6y + 5) + (1.7_]/2 — 8) Identify like terms.
202y* + 6y +5 Use the vertical method.
+ 1.7y*+0y—8 Write Oy as a placeholder in the
‘ second polynomjal,
219y +6y—3 Combine like terms.

EHEER, 2. Add (5a° + 34 — 6a + 12a2) + (7a® — 10a).

To subtract polynomials, remember that subtracting is the same as adding the
opposite. To find the opposite of a polynomial, you must write the opposite of
each term in the polynomial:

—(2%7 —3x+ 7) = —2x* + 35— 7

Subtracting Polynomials

Subtract.
(2x2 + 6) — (4x2)
(2x2 + 6) + (= 4x2) Rewrite subtraction as addition of the opposite.
(Ex2 + 6) + (—4x2) Identify like terms.
(222~ 4x?) +6 Group like terms together.
-2x% 4+ 6 Combine like terms.

B (a*—2a)— (3a*—3a+ 1)
(a*—2a) + (— 3a%+ 3a — 1) Rewrite subtraction as addition of the opposite.
(a4 - 2{1,) + (— 3a' +3a — 1) Identify like terms.
(a4 —3a 4) + (—26! + 3a) — 1 Group fike terms together.

) —2a*4+a—1 Combine like terms.
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Subtract.

| (3x2—2x+8)—(x*—4)
(3x2— 2x + 8) + (—x2 + 4)

3x?—-2x 48
+—x%40x +4
2x% - 2x +12

(112% - 22) — (22 —5)
(1123 - 22) + (= 23 + 5)

(112% - 22) + (=2%+5)
1128 =2z 40

+ =284+ 0z+5
10z — 22 4+ 5

(8.1\72 - 2x + 8) + (wxz + 4) Identify like terms,

Rewrite subtraction as addition of the opp,

Use the vertical methad,
Write Ox as a placeholder,

Combine like terms.

Rewrfte subtraction as addition of the Opposit
Ideritify like terms.
Use the vertical method,

Write 0 and 0z as placeholders.
Combine like terms.

EXAMPLE Business Application

The profits of two different
manufacturing planis can
be modeled as shown,
where x is the number

of units produced

at each plant.

(—0.03x2 + 25x — 1500)
—{~0.02x% + 21x — 1700)

(—0.03x2 + 25x — 1500)
+(+0.02¢% — 21 + 1700)

~0.01x*+ 4x + 200

3. Subtract (2x% — 3x2 + 1) — (x? +x+1).

40.03)(2 + 25x — 1500

Write a polynomial that represents the difference of the profits at the
eastern plant and the profits at the southern plant.

Southern: :
—0.02x2 + 21x — 1700

Eastern plant profits
Southern plant profits

Write subtraction as addition of the opposite.
Combine like termes.

4. Use the information above to write a polynomial that
represents the total profits from both plants.
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Objective
Multiply polynomials,

EXAMPLE

When multiplying
powers with the
same base, keep the
base and add the
exponents.

X2 e x3 = X243 = x5

EXAMPLE
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Multiplying
Polynomials

Why learn this?

You can multiply polynomials

to write expressions for areas,
such as the area of a dulcimer.
(See Example 5.)

To multiply monomials and
polynomials, you will use some of the
properties of exponents that you learned earlier in this chapter.

Multiplying Monomials

Multiply.
Al (55)(4x°)
(5:7)(4x%)
(5- 4)(x2. x2) Group factors with like bases together.
20x8 _ Mutltiply.

(—3x%%) (axy?)

(—8x%?) (42°)

(-3-4)(x* x)(y?-y%) Group factors with like bases together.
—12x%y7 Multiply.

(%ag'b) (a2?)(6b2)

(%asb)(azcz)(sbz)

(-é- . 6) (a® - a®}(b - p?)(c?) Group factors with like bases together:

3ahic? Multiply.

Multiply.
1a. (3x%)(6x2) 1b. (2r20(5¢%) ic. (%xzy)(mx?’zz)(y‘izf‘)

To multiply a polynomial by a monomial, use the Distributive Property. -

Multiplying a Polynomial by a Monomial
Multiply.
5(2x% + x+ 4)

5(2x> + x + 4)
(5)2x%+ (5)x + (5)4 Distribute 5.
10x% + 5x + 20 Multiply,




Multiply.

2x%y (3x — y)

A TN
(2x%)(3x - )
(2x2y)_3x + (2x%)(~)

@32 x )y + 2 () y)
6x’y — 2x2y?

4a(a®p + 2b%)

aala?p + 2b%)
(4a)a’b + (4a)2b?
@)a-a?)(®) + (4-2)(a)(p?)

4a3h + Bab?

Distribute 2x?y.

Group like bases together,
Multiply.

Distribute 4a.

Group like bases together.
Multiply.

Multiply.
2a. 2(4x2 + x + 3)

2b. 3ab(5a% + b)

2e. 5ris%(r — 3s)

To multiply a binomial by a binomial, you can apply the Distributive Property

more than once:
(x+3)(x+2) =x(x+2) +3(x+ 2)

/AN AT
=x(x+2) +3(x+2)
=x(x) +x(2) +3(x) +3(2)
=x*+2x4+3x4+6

Distribute x and 3.

Distribute x and 3 again.

Multiply. -

=x*+5x+6 Combine like terms.
Another method for multiplying binomials is called the FOIL method.
F ®
1. Multiply the First terms, {K +3){X “3"2) =X X=X
o) ® |

2. Multiply the Quter terms. {X *3){3@ +2} = ¥ 2=2XK !
_ [ ‘ .

o\
3. Multiply the Im}eﬁérms. (X +3)(x +2} =2 3+ X =3X
L

, N
4. Multiply the Last terms. {X “3“3){2@ %’2) =2 3.2=06

I ARKTN

(x+3)(x+2) = 22+ 2% +3x'+ 6 = X2+ 5x + 6
D . B

F O

H
i
E— i
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EXAMPLE

Multiplying Binomials

Multiply.
B (x+2)(x—5)
(x+2}(x —5)
x(x — 5) + 2(x — 5) Distribute x and 2.
2} + x(~5) + 2(x) + 2(—5) Distribute x and 2 agajn,
x%—5x+2x—10 Multiply.
x¥*—~3x— 10 Combine like terms,
In the expression
(x + 5)% the base (x+5)°
is (x + 5). : (x + 5)(x + 5) Write as a product of two binon
(x+5)7= Fex} -+ (xo8) + (5ax) + (5. 5) Use the FOIL method.
(x -+ 5)(x + 5) X*+5x+ 5x 4 25 Muftiply.
- X%+ 10x + 25 Combine like terms,

(3a2 - b) (a2~ 2h)

3a%(a%) + 3a%(~2b) — b(a?) — b(—2b) Use the FOUL method,
3a* — 6a®h — a%h + 2p° Muiltiply.

3a* — 7a%b 4. 2p2 Combine like terms,

ity 3a. (a+3)(a ﬁ 4) 3b. (x - 3)? sc. (2a-p?)(a+ a1

simp!

To multiply polynomials with more than two terms, you can use the Distributive
Property several times. Multiply (5x + 3)}iy (2x2 4 102 — 6):

(5% +3)(2x% + 10x — 6) = 5x(2x2 4 105 6) + 3(2x% + 10x - 6)

= 5x(2x% + 10x - 6) + 3(2% + 10x — 6)
= 5x(2%?) + 5x(10x) + 5x(—6) +3(2x2) + 3(10x) + 3(—6)
= 10x° + 50x2 - 30x + 6x2 + 30x — 18

=10x% 4 56x% — 18

You can also use a rectangle model to multiply polynomials with more than
two terms. This is similar to finding the area of a rectangle with length

(2x% + 10% — 6) and width (5x + 3):

2x* + 10x -6
5x 10x3 50x2 —30x Write the product of the monomjals
) - coftimn,
+3 6x2 30x _18 in each row and colum

To find the product, add all of the terms inside the rectangle by combining
like terrns and simplifying if necessary;

10x% + 62 + 50x? + 30x — 30x — 1g
10x* + 56x2 — 18
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¢ A polynomial with

m terms multiplied

by a polynomial

‘ with n terms has a

- product that, before
simplifying, has mn

- terms. in Example

© 4A, there are 2 + 3,

- or 6, terms before

EXAMPLE

Another method that can be used to multiply polynomials with more than
two terms is the vertical method. This is similar to methods used to
multiply whole numbers.

6x% + 30x — 18
+ 10x® + 50x% — 30x

Multiply each term in the top polynomial by 3.

Multiply each term in the top polynomial by 5x,
and align like terms.

10x° +66x* +0x—18  Combine like terms by adding vertically.

10x* 4 56x* — 18  Simplify.
Multiplying Polynomials /
Multiply.

(x+2)(x2—5x+4)

(x +2)(x2 - 5x + 4)

x(x2 —5x + 4) + 2(x2 — 5x + 4) Distribute x and 2.
x(xz) + x{=5x) + x(4) + 2(x2) + 2(~5x) + 2(4) Distribute x and 2 again.
Simplify.

Combine like terms.

34 2x2 —5x2— 10x+4x -8
x*-3x>—-6x+8

(8x — 4)(—2x3 + 5x—6) ,
(3x — 4){—2x3 + 5x — 6) |

—2x%+ 0x*+ Bx— 6 Add Ox? as a placeholder ;
X 3x— 4 "
Multiply each term in the to .

83+ 0x% — 20x + 24 Py i

polynomial by —4.
+ —6x* + 0x3 + 15x% — 18x Multiply each term in the top polynornial
by 3x, and align like terms.

Combine like terms by adding vertically, |

—6x* 4+ 8x° + 15x% - 38x + 24

(x—2)°
[(x—2)(x-2)](x—2)

[xex+x(—2) —2-x-2(-2)](x - 2)
(X2 — 25 — 25+ 4)(x — 2)
(x* —4x+4)(x—2)
(x—2)(x2 — 4x +4)
ax? —dx+4) + (~2)(x? - 4x + 1)
x(x2) + x(—4x) + x(4) + (=2)(x?)
+ (~2)(—4x) + (-2)(4)
X3 —4x 4+ 4x-2x*48x—8

Write as the proddct of three binomials.

Use the FOIL method. on the first two
factors. i

Muftiply,

Combine like terms.

Use the Commutative Property o
Mutltiplication. ‘
Distribute x and ~2.

Distribute x and —2 again,

Simplify.

x¥-6x>+12x—8 Combine like terms.
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Multipiy.

2

(2x + 3)(x% — 6x+5)

X —6x +5
2x 2x3 —12x2 10x
+3 3x7? —18x 15

Write the product of the monom
in each row and cofump,

2x3 — 9x% — 8x + 15

2x% 4+ 3x? — 12x% — 18x + 10x + 15 Add alf terms inside the rectangf
Combine like terms,

o

Multiply.
4a. (x+3)(x% — 4x + 6)
4b. (3x + 2){x2 — 2x + 5)

EXAMPLE Music Application

A dulcimer is a musical instrument that
is sometimes shaped like a trapezoid.

A=2h(b, + by)
=2h[(h—1) + (h+1)]
= 2 h(3h)

Z%hz

The area is represented by%hz.

A= %hz
— 3292
=3 (22)

- %(484) — 726

The area is 726-square inches,

Simplify.

by = 2h —
Write a polynomial that represents the area of the dulcimer shown.

Write the formula for area of a trapezoid,
Substitute 2h — 1 for by and h + 1 for b,

Combine like terms.

Bl Find the area of the dulcimer when the height is 22 inches.

Substitute 22 for h.

&

Use the polynomial from parf a.

5. The length of a rectangle is 4 meters shorter than its width. _
a. Write a polynomial that represents the area of the rectangle.
b. Find the area of the rectangle when the width is 6 meters.

method
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Rectangle
model

vertical |}
method Ji -




