Unit 6

Polynomials

Topic A: Introduction to polynomials

=  Polynomials
=  Degree of a polynomial
=  Combine like terms

= Removing parentheses

Topic B: Multiplying and dividing polynomials
=  Multiplying and dividing monomials
= Multiplying / dividing polynomials by monomials
=  FOIL method to multiply binomials

Unit 6 Summary

Unit R Self-test
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Topic A: Introduction to Polynomials

Polynomials

Basic algebraic terms:

Algebraic term Description

A mathematical phrase that contains
numbers, variables (letters), and
arithmetic operations (+, —, X,

Algebraic expression
-+, etc.).

Constant A number on its own.
Coefficient The number in front of a variable.
A term can be a constant, a variable, or the
Term product of a number and variable.
(Terms are separated by a plus or minus sign.)
. The terms that have the same variables
Like terms

and exponents (differ only in their
coefficients).

Example
3x-4
5a°-b+3
12)°+ 72— 5y +§
2y+5
-9x? coefficient: -9
X coefficient: 1

constant: 5

x=1-x)

23+ Tx* -9y — 8
2%, Tx%, -9y, -8

-Tx
2

Terms:

2x and

42 and 9y

2 2 2
0.5pg* and 3P4

Polynomial: an algebraic expression that contains one or more terms.
The prefix “poly-” means many.

X, Sax —9b , 6x2—5x+§, 7a*>+8b+ab-5

There are special names for polynomials that have one, two, or three terms:

Example:

= Monomial: an algebraic expression that contains only one term.

Example: 9x, 4x?, 0.8mn?,

12
g ab The prefix “mono” means one.

» Binomial: an algebraic expression that contains two terms.

The prefix “bino-" means two.

92 -2t

* Trinomial: an algebraic expression that contains three terms.

Example: Tx+9, 0.3y + %

Example: ax*>+bx+c, —4gp*+3g+5

The prefix “tri-” means three.

Polynomials in ascending or descending order: a polynomial can be arranged in ascending or

descending order.

= Descending order: the exponents of variables are arranged from largest to smallest number.

5a3—-3a’+a+1
19y* +31y° —y? + 2y — =

Example:

The exponents of a decrease from left to right.

The exponents of y decrease from left to right.

= Ascending order: the exponents of variables are arranged from smallest to largest number.

2 —0.3x + 4.5x% — 7x3

7+;W+4W2—8W3+W4'

Example:

The exponents of x increase from left to right.

The exponents of w increase from left to right.
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Degree of a Polynomial

Classification of polynomial: polynomials are classified according to their number of terms

and degrees.

Degree of a term:

» The degree of a term with one variable: the exponent of its variable.

Example:  9x3

= The degree of a term with more variables: the sum of the exponents of its variables.

Example:  -8a2 b3 ®

= More examples:

The degree of the term: 3
The degree of the term: 5

The degree of the term:

Monomial Degree Reason
4x 1 x=x (xx has an exponent of 1.)
Txy* 4 1+3=4
_Six2y4z 7 2+4+1=7 (z=2Y
13 0 13=13-1=13-x"=13 =1

Degree of a polynomial: the highest degree of any individual term in it.

Examples:

Polynomial Degree Reason

7x® + 5x° + 8 8 The highest exponent of the term is 7x® .

3a® + 4a*b® + Ta*bS2
2 2+3=5 4+5+2=11

11 The highest degree of the term is 7a

b3,

Example: Arrange polynomials in descending order and identify the degrees and

coefficients.

a) S+2a—4d*+d’
Descending order: @ —4a*+2a+5
Coefficients: 1 4 2

Degree of the polynomial: 3
b) —2xy+9x’+5xy+ 43 + 7x? — zlx4
Descending order:
1

Coefficients: 5 3 9 7
Degree of the polynomial: 6

5x°y— Zix4 +9x° + Tx? — 2xy +4§

2

Q2+3+6=11)
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Combine Like Terms

Like terms: terms that have the same variables and exponents (the coefficients can be different).

Examples:
Example Like or unlike terms
7y and -9y Like terms
6a’, -324*, and -a? Like terms
0.3 x%y and — 4.8 x%y Like terms
22 il %u2v3 Like terms
-8y and 78x Unlike terms
6m* and -9m? Unlike terms
9uw? and -9w’u? Unlike terms

Combine like terms: add or subtract their coefficients and keep the same variables and
exponents.
Note: unlike terms cannot be combined.

Example: Combine like terms.

a) 3a+7b—9a+ 15b= (3a - 9a) + (7b + 15b) Regroup like terms.
= -6a +22b Combine like terms.
b) 2y2 —4x+ 3x— 5y2 = (2)/2 — 5y2) + (-4)C + 3X) Regroup like terms.
= -3_)/2 —1x Combine like terms.
=-3"—x
) 8x)% — X2y + 4x2y — 6x)?
= 38X Zz - x2y + 4x2y — 6x 22 Or underline like terms and without regrouping.
= 2x)2 + 3x%y Combine like terms.
d) 2(2]’)1 + 31’[) + 3(7}1 - 41’1) = 4_m +6n+ 3_]’)1 —12n Distributive property.
=Tm — 6n Combine like terms.
e) 8v + 4(2\/’ - Mz) + 3(u2 + V) = & + & - 4u2 + 3”2 + Q Distributive property.
= —uz + 19y Combine like terms.
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Removing Parentheses

If the sign preceding the parentheses is positive (+), do not change the sign of terms inside the

parentheses, just remove the parentheses.

Example: (x—-5)=x-5

If the sign preceding the parentheses is negative (-), remove the parentheses and the negative

sign (in front of parentheses), and change the sign of each term inside the parentheses.

Example: -(x-7)=-x+7

Remove parentheses:

Algebraic expression Remove parentheses Example
(ax + b) ax+b (5x+2)=5x+2
(ax—b) ax—b 9y —4)=9y—4
-(ax tb) -ax—b -(%x+7)=-%x—7
-(ax—b) -ax+b -(0.5p—24)=-0.5b+24

Example: Simplify.

a) O +7-(22—2)=9x2+7—2x2+2

=72 +9

b) (-8y+5z)—4(y—Tz)=-8y + 57— 4y + 287
=12y +33z

©) -(a*+4a—4)+3(4a>—6a+7)

Remove parentheses.

Combine like terms.

Remove parentheses.

Combine like terms.

Remove parentheses.

=-3a>-4a+4+12a*—-18a +21 Distributive property.
=9a*>—-22a +25 Combine like terms.
d)  -5w?-3u)+3Qu—4)—(5-3u + 4u?) Distributive property.
=502+ 15u + 6u — 12— 5 + 3u — 4u? Remove parentheses.
=9+ 24u—17 Combine like terms.
e) 8(pg—4cd)—3(-pg+ 5cd)=8pg—32cd +3pg — 15cd Distributive property.
=11pg—4T7cd Combine like terms.
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Topic B:

Multiplying and Dividing Polynomials

Multiplying and Dividing Monomials

Basic rules of exponents:

Name

Example

Product of like bases
(The same base)

2322 =23"2=23 Since 2°2°=(2:2:2) (2:2)=2°

Quotient of like bases | ™ _  m-n| *° _ 5-3 _ 2 Since © o EEEZX _ 3
(The same base) an 52 2 xXxx
1 —_ 1 — 1 1
Negative exponent a"m == 372 = —=1=0.11
a " a 3 . 9 .
Since 371 =-=1+3, 372=—=-=0.11
3 33 9

Example: Simplify the following.

a) x=xtti=y
-6
y -6-3 -9 1
b = = = —
) FE=Y y 30

Multiplying monomials (one term):

= Regroup coefficients and variables.

Example: 1) (-4x*)%) (7x° y) = (-4

=28 x4+3 y3+2 =28 x7y5

2) G a2b3cz) (% abzcz)

Dividing monomials:

Divide coefficients.

Divide variables (subtract exponents

Multiply coefficients (the numbers in front of the variable).

Multiply variables (add exponents with the same base, apply a” a" = a™™).

7)) 007

Regroup the coefficients & the variables.

Multiply the coefficients & add the exponents. a”a”" = a"""

= (% . %) (aZa) (b3b2)(czcz) Regroup.

1
=Ea3b5c4 a=a' m on

— mtn
, ad"d"=a

m

with the same base, apply & =am).

a'ﬂ.
4a’ 4, a5
Example: 1) loa? = (E) (; Regroup the coefficients & the variables.
_1 52_113 - .
2 a =L a Divide the coefficients & subtract the exponents.
t? _ L 2-7 -5 am _ 1
2) 7 t t =T o =g ", g "= e
—12x%y -12, x% 5
3) 4-x3y5 ( p ) (x_3)(; Regroup.
— —_ m
— 3x2 3y5 5 ‘Z_n = gmn
= —3xy 1y0 == 11 _1 0o_
3x"y XTEaE y'=1
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Multiplying / Dividing Polynomials by Monomials

Multiplying a monomial and a polynomial:

= Use the distributive property: a (b +c)=ab + ac

=  Multiply coefficients and add exponents with the same base. Apply a™ a" = a"*"
Examples:

1) 323 (5x2-2x) = (3x%) (5x%) — (3x°) (2x) Distributive property: a (b+ ¢) = ab + ac
=(3:5) (x*x}) - (3:2) (x* x1) Regroup x=x
=153 -6 (T Multiply the coefficients & add the exponents.
= 15x° — 6x* an-a'=am

2)  Sab* (2a’b + ab*—a) Distribute.

= (5ab?) (2a*b) + (5ab?) (ab?) + (5ab?) (-a) Multiply the coefficients and add exponents.

— (52) (a1+2 b2+1) 4 (5a1+1 b2+2) _ (5a1+1b2) b=b' , a=da
= 10a°b> + 5a*b* — 5a*b? am-a'=ag""
Dividing a polynomial by a monomial

= Split the polynomial into several parts.

= Divide a monomial by a monomial. Apply Z—T: =gmn,
12x2+4x-2
Example: —_—
4x
Steps Solution
. L 12x2+4x -2 _ 12x? 4 2
= Split the polynomial into three parts: e Z =
4x 4x  4x  4x
. . . 1 "
» Divide a monomial by a monomial: =3x+1- py = =g
a
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FOIL Method to Multiply Binomials

The FOIL method: an easy way to find the product of two binomials (two terms).

(a+b) (C+d)=gc+fgl+1;‘f+bl‘f Example
F - First terms first term x first term (a+b)(c+d) | (x+ 5) (x +4)
O - Outer terms | outside term x outside term (a+ b)”(c:+\d) (x+5)(x n 4)
I - Inner terms inside term X inside term (a+ ’Vb)r(‘é +d) | (x+5) (x+4)
L - Last terms last term X last term (a+b) (f +d) | x+5) (x+ 4)
FOIL method Example

(a+b)(c+d)y=ac+ad+ bc+ bd
F O 1 L

(x+35)(x+t4)=xx+x4+5x+54=x>+9x+20
F o I L

Multiplying binomials (2 terms % 2 terms)

Example: Multiply.

1) (2x+3)(5x—6)=2x-5x+2x(-6)+3-5x+3(-6)

F

=10x*— 12x + 15x - 18
=10x* +3x - 18

2) GBr—t)(5r+6)=3r-5r+3r-£—t-5r—t-
=157 +3rf* = 5r1 - 1°

3) Wy @ytx)=xt 27yt x by 27y yx
=2y + 3% +xy

Hoa-YH=p2-1q-1 — Iyl
Hh @ Ha-H-d-ita—ita+(- (-

2
3

1

The FOIL method.
() | L

anamzan+m

Combine like terms.

FOIL

an am = an+m

FOIL

atam" =qntm

Combine like terms.

FOIL

5 Combine like terms.
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Unit 6:

Summary

Polynomials

Basic algebraic terms:

Algebraic term

Description

A mathematical phrase that contains

Example
3x—4, 5a*-b+3

Algebraic expression | numbers, variables (letters), and arithmetic

operations (+, —, X, =+, etc.).
Constant A number on its own. 2y+5 constant:
042 P
Coefficient The number in front of a variable. ox coefﬁcu.ant..
X coefficient:
A term can be a constant, a variable, or the 7a*—6b + 8
Term product of a number and variable. Terms: 7a’, -6b, 8
(Terms are separated by a plus or minus sign.)
Like term The terms that have the same variables 2x and -7x
1ke terms and exponents (differ only in their -4y and 9?
coefficients).
Polynomial Example
Monomial (one term) 0.67x
Binomial  (two terms) dy— 2
3
Trinomial (three terms) 2a*—ab +5
Polynomial (one or more terms) 2xy, 43+ 11 . = Z?x +x-5y+4

Descending order: the exponents of variables are arranged from largest to smallest number.

Ascending order: the exponents of variables are arranged from smallest to largest number.

Degree of a term/polynomial:

= The degree of a term with one variable: the exponent of its variable.

= The degree of a term with more variables: the sum of the exponents of its variables.

» Degree of a polynomial: the highest degree of any individual term in it.

Like terms: terms that have the same variables and exponents (the coefficients can be different.)

Combine like terms: add or subtract their numerical coefficients and keep the same variables

and exponents.

Remove parentheses:

= If'the sign preceding the parentheses is positive (+), do not change the sign of terms

inside the parentheses, just remove the parentheses.
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= If the sign preceding the parentheses is negative (-), remove the parentheses and the
negative sign (in front of parentheses), and change the sign of terms inside the parentheses.

Basic rules of exponents:

Name Rule Example
Product of like bases aat=a""" (a#0) 2302=23t2=25=3)
(The same base)
Quotient of like bases | @™ _ m-n Y _ 32 _ 1_
(The same base) an (@#0) y2 y =y =Yy
Negative exponent a™" | g~" = — (a#0) 472 = Yo i

Multiply monomials (one term):

*  Multiply coefficients.

=  Multiply variables (add exponents with the same base, apply a”a”=a"*").
Dividing monomials:

» Divide coefficients.

= Divide variables (subtract exponents with the same base, apply - =am).
Multiplying a monomial and a polynomial:

= Use the distributive property: a (b +c)=ab + ac

= Multiply coefficients and add exponents with the same base. Apply a” a" = a™*"
Dividing a polynomial by a monomial

= Split the polynomial into several parts.

= Divide a monomial by a monomial. Apply ‘;—7: = g
The FOIL method:

(a+b)(ctd)=ac+ad+ bc+ bd
F O I L

F - First terms first term x first term (a +b) (c+d)
O - Outer terms | outside term x outside term (a +'b) (c+d)
I - Inner terms inside term X inside term (a+b) (b +d)
L - Last terms last term x last term (a+ b) (c +\‘d)
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Unit 6: Self-Test

Polynomials

Topic A

1.  Identify the terms of each polynomial.
a) 5x° - 8x2+2x
b) —)*+9a>+a-1
2. Identify the coefficients and the degree of the polynomials.
a) 2a°-7a*h*+9b+ 11
b) -8x)°— 3%/4 +11x5° + 42 - 23y + 65
3.  Identify each polynomial as a monomial, binomial, or trinomial.
a) 3x°-Tx
b) -29x)°
¢) 8mn’+7Tm—45
4.  Arrange polynomials in descending order.
a) 3+8x-23x%+15x°
b) -3y’ —45)2+4y+ 3%/4
5.  Combine like terms.
a) Tx+10y—8x+9y
b) 12a>—-33b+2b— 64>
¢) 12uv* —5u2v + 1512y — 8un?
d) 50t—6r)+3(t+7r)
e) 13n+ 5(6n—m*) +72m*+ 3n)
6. Simplify.
a) 15a*+9—(5a*>—-4)
b) (-13x+9y)—6(x — 5y)
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) -(722+6z-15)+2(7z>—5z+8)
d) -1107-3y)+4Q2y-5-(13-6y + 9?)
e) S(ab—2xy)—6(-2ab + 3xy)

Topic B

7.  Simplify the following.

a) a’a
-4
X

b I
t3

C) t_9

d) (-6a4° b) (7a* b%)

0 (Bors) (Boe)

Hn =
36y3
) —-81m3n°
g Im*n®

8.  Perform the indicated operation.
a) -4x° Bx*—7x)

b)  94°b (3ab* + 24> b* - a)

35a% + 5a — 4
) —0
5a

d Gy-7@+9)
e) (7r—2t) (Br+4p£)
f)  (2ab*+3b) (54°b + 3a)

9 (-)E-3)
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