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4.1 — Introduction to Polynomials

Algebraic Expression: A mathematical phrase that combines numbers and variables connected
by mathematical operations.

Polynomial: An expression with one or more terms separated by U\AAlSﬁO . or
SO o on

e Monomial: A polynomial with one term, for example _— 57( .

e Binomial: A polynomial with two terms, for example 50\ t ?b

A
e Trinomial: A polynomial with three terms, for example R\M 1 3\(\/\ - %

Variable: A symbol used to represent an unlnOuuN _ number or quantity.

Term: A single number, or variable, or an expression formed by the product of numbers and
variables.

Coefficient: The number part of a term that is VV\U\{"I ()\126. by the variable.

Constant: A term with no variable.
Degree:
e Degree (of aterm): The SUM\_ of the exponents on the variables in a single term.

e Degree (of a polynomial): The value of the highest-degree term in a polynomial.

Example 1: Identify Coefficients and Variables

In the table below, identify the coefficient and variable(s) for each expression.

Expression Coefficient Variable(s)

25x 1H X
S|y £

Iw l L w

2.5 1.9 None.
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Example 2: Identify the Degree of a Term

For each term in the table, state the degree.

Term Degree
5x? a\
L _
X — (_\eafeeJ iy 3 degee = | th=3
a3bc? 6 ep = 5{'\"'9\:6
4 O dﬁ%

Example 3: Classify Polynomials

Classify each polynomial by the number of terms, polynomial type, and degree.

] Number of .
Expression Terms Polynomial Type Degree
2 .
5w \ monomi ok | A

6y — 2 binomiced)

ol \
3x2 — 9xy'+ y? 3 Yrinomi oo A\
Y | fouc e piynomied | 4
\ O

m'+rr£n'—3n+5

124 0RO (|
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Algebra Tiles

We can use algebra tiles to model algebraic expressions.

X Textboot vses colours

ro( +'ve Jr‘.les an0
B[] white for —ve Yiles

+X —X +1 -1

Example 4: Model Each Expression with Algebra Tiles

3x%2 42 2x% —x—3

Wl > W

Example 6: Identify the expression from Algebra Tiles

-2y IV

@ﬂ

Practice: Textbook pg. 112/# \ O\CQ‘P/ 3-7/ Cf ) 'OI 'L'l/ H)
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4.2 — Adding and Subtracting Polynomials

Zero Pairs: Two tiles that represent OWH )51 &Q, values.

e The sum of the two tiles is O.

A
2
emm(g\es +1 ond - / + X ar\d*X/ +X"and - X

Like Terms: Terms that have the same variable(s) and the same €X|DOI’1€V\JFS on the
variable(s).

e Constant terms are “like”.

e With algebra tiles, like terms have the same shape and size.

<] @ oo

+X -x !
Example 1: Identifying Like Terms

-Xg*

Identify and collect the like terms for the following polynomials.

a) C39Had -4 402+ 5 b)@@+1—3m@

Q%a+xa/3x+x+uﬁ5 fo*+;lx&-3x+x+l—3

= Bx;-;x +9. = éxa—;u -
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Example 2: Add Polynomials

What is the sum of each pair of polynomials?

a) 3x+6and2x +1

Loy,

Name:

Method 1: Use a model

(Bx+b)+{Ax+1) = 5x+7F

b) x? —5x + 2and 2x% + 5x — 3

Method 1: Use a model

Method 2: Solve algebraically

@ o
JM@WW

@

(LT “Z”"

%%% :

(P-5¢ + Q) + (At + By -2 D

-X&+2Xa-5x15x+21—3
\_/;-\g\./

P

le—l

—
—

—\'(nv\s

Method 2: Solve algebraically
W@ E 2 (3x+b) + (2x+1)
%%HYMM@ ”% - Ly Xt e
; ! F 3 des bl T g
2% +b " Ax
- > "B ; —}Y :
0BG - Bx ++4 X Combine lille 7o
] @E’
a7
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c)(ax + 3) and(4x-3)

Name: KQ\L
0

Method 1: Use a model

Method 2: Solve algebraically

i

A%+ 4y -3
BEN" s
oot/ -o
o

(Ax43)+ (4x-3) = bx

(Ax+3) + (4x-3)
. x+4x +&8 -%
= AX +9X

= bx,

Example 3: Subtract Polynomials

Simplify the following algebraic expressions.

a) Ux+3)—(x—-1)

Method 1: Add the opposite using algebra
tiles

Method 2: Solve algebraically

(Yx¢32) + (-x+1)

B [

B N

foAg0 e
@@@ pEBY

(Wx +2) + (—x+1)
- Ux -X + 3 +|
- 3x 44

(Wx+3) ~(x-1) = 3x+Y
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b) (2x% —2x+3) — (3x% —4x + 4)

Name: V-Q\X/
0

Method 1: Add the opposite using algebra
tiles

Method 2: Solve algebraically

(R *- 2 +3)+ (-3 +ux -4)

@@Uﬂ%@
[ )68eR o
e

2exD «)0‘\ (S

— ;—{ E]@ = :-XA+2X’|

(90(1*9\**%)* (-3x>sux -4)

=1X1-3xa—9\x +4x +3 -4

A
= =X +Ax -

c) 5x+4)—-(2x+1)

Method 1: Add the opposite using algebra
tiles

Method 2: Solve algebraically

(5% +4) + (~2x-1)

El
\Zcro ()mrs

_ J%W Hag

= 3Ix t+3

(Bx+4)+{-2x-1)
- Bx -2Ax +4 -~

= 3Ix +3
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Example 4: Model and Solve Problems with Polynomials
The table shows the costs involved to rent a banquet hall.

Charge Type Fixed Cost (§) | Cost Per Person (S)

Banquet Hall 1500 0

Service Charges 0 5
Food Costs 500 45
Drink Costs 100 20

a) What is the cost to hold a banquet for 200 people?

C = |B00O + 5(200) + 5oo + H5(00) + (0D + A20(300)

| 500 + (000 + 500 + QpOO + (00 + HOOO

B lb, 100

)

b) Write an expression for each charge type for n people.

Let w= # of people.

73angue7l Hall 150D

Food (heds. 500 + U5n
§£rviae, CMrg€S3 An

Deinl Coste: 100 + A0n
c) Write an expression to rent the banquet hall for n people. Simplify the polynomial

|BO0 + Bn + BoO+45A + 100 + A0n
2100 + 30n

d) Verify that your expression works by using it to determine the cost of a banquet for 200
people.

C (ADD) = A10D + F0 (300>

= 2100 + 14,000
= (6, 100

Practice: Textbook pg. 123/# | | 3/ ‘—f/ [3/ 7&&/ C]/ ”, [2
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4.3 — Multiplying and Dividing Monomials

Multiplying Monomials

Recall: Exponent laws.

a4 b
32 x 3% = 2 -3
Now, if the bases were a variable we have,
a4 b
x2 X x4‘ = X = K

To multiply two monomials:

e Multiply the coefficients
e Multiply the variables, using exponent laws

When we use a model, we can think of multiplying monomials as finding the W €\

rectangle.

Area = length X width

of a

5cm
2cm
Example 1: Multiply each pair of monomials.
a) (5x)(2x)
Method 1: Use a model Method 2: Solve algebraically
s V] [0y ez (5><)( %)

UOLDD 52
A/

= /Ox*

= =N
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/ X.
b) (3:)(2) D length
Method 1: Use a model Method 2: Solve algebraically
b= =g =y <3><>(2})

0 i) v
i\ 2) vz vz,

:3'9\’X’?/
=6x2L

Example 2: Write a monomial multiplication statement for each set of algebra tiles.

= bxy

) b
| e | e — —

(R)(-2x) = -4x* (- 2)(3x) = —bx*

Example3: Determine the product of each pair of monomials.

a) (—4x)(2x) b) (B3y)(7y)
= -4-k- XX :3'7~?-%/
- -Fx> . Lata
c) (5x)(—3y) d) (6m)(—0.2m)
= 503Xy = b-(oX)-m-m
-15 X?’ =~ . Armn

10
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e) Gm(12n)

Y
= (3 |7¢\ N-Nn = 27
Dividing Monomials
Recall: Exponent laws
25 5 - 9\
7=

Now, if the bases were a variable we have,

To divide two monomials:

e Divide the coefficients
e Divide the variables, using exponent laws

When we use a model, we can think as if we know the area of the (&CJTOW_?\ € and one of
the side lengths and we need to find the missing side length by dividing.

Example 4: Divide each pair of monomials.

a) (8x2) + (4x)

Method 1: Use a model

Method 2: Solve algebraically

(o) =) Teeeer] [eceets]

Az
DULY

= AX

Y S

C%x‘l)% (4x)
= (9+4) Cxlﬂ
A K

1l

11
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—4xy
2y

Name: KCL&/

0

Method 1: Use a model

Method 2: Solve algebraically

(272722 7777

[
o

= - X

__7{5(
o

= - AX

Example 5: Write a monomial division statement for each set of algebra tiles.

a)

I
| ..

Y= 9% = 2x

b)

—dx? = 3K = - X

Example 6: Determine the quotient of each pair of algebra tiles.

-

= -7 lm

.
s
b) 2

:5)(

3

:%g

-2y

x

12
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Example 7: Apply monomial multiplication.

A Triangle has a base of 12x cm and a height of 3.4x cm. What is the area of the triangle?

1 A= bxh

gﬁx A L
_ (10BUx) VA3 XX
] Ax A ; - ~
34X X

:E@Hx&c@j

Example 8: Apply monomial division.

What is the missing dimension of the figure?

A= Lxw
? A = 15x?
[,\):A
L

|/Q__L5><"'( 5x
- BX

W= 3Ix

The W\lssi/\? d\lmem%lo«\ & B

Practice: Textbook pg. 132/# | - ’:l"/ \O ) \aCkCC, l%CKCQ,/ \L\

13
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4.4 — Multiplying Polynomials by Monomials

Example 1: What polynomial multiplication statement is represented by each area model?

a) b)
3x 5

4x
2.1m

5m

(4x)(3x + 5) o) (2.1 +F)

Example 2: Use an area model to determine product.

a) 3x)(2x+1) b) (4d + 3)(3d)
4d +3

AL |

SA A( = \)da AL:%

37\ A= [))(a A3

A= 124*+4ad
A= bx?+ 3x
Example 3: Determine the polynomial multiplication statement shown by the algebra tiles.
) £ 2K b) 1 AX -3
1 III [ 1  uimim

- X -
VR 4 “l
[

(Ax+3) (%) = Q43K -t
(30 (Ax-3) = ~x74 br

14
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Example 4: Use a model to expand each expression.

a) (4x+1)(2x) b) (—x)(x +4) c) (2x)(3x—-1)

G 4 [ —— e e e O
wpese | [ YEEZ)
A= 5x* s ax ) = X Zzz

()3 -1 = bx*- Ax

Distributive Property: When multiplying a monomial by a polynomial, multiply the MONOWi x|
by each term in the polynomial.

a(x+y) =ax +ay

Example 5: Use the distributive property to multiply polynomials by monomials.

VoY <
a) 4(B3x—5) b) —7y(2x — 4y) ¢) 2x(6x%+3x —1)
= (W)~ (D6) = (‘7\?)(700 - [’73)(‘4?) = (Q)b®) + (x)(3x) (21
_ B _ 3 N
= [AX = A0 :_!%Xb[-l_gqg?a |3\)( + bx” -

Give it a Try: Use the distributive property to multiply the polynomials.

a) (4m+ 1)(3m) b) (—4x)(2x — 3) ) Cm+4)(-9m)
= (Um)Be) + (DB 90D - C496) (—%m)("?m) £ ((-9m)

= am® + 3m =~ x> - (-1) = =bm?- 3m
= —¥x? 12X

15
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Example 6: The length of a cement pad on a playground in 3m longer than the width. The width
is 5x m.

a) Write an expression for the area of the cement pad.

l ’5>< A =55 + 3D
53 A‘—ijai-l‘ix

b) If x = 2 m, what is the area of the cement pad?

A= A5(a) + 15
= A5(4) + 3D

= oo + 20

= 12o0m*

Practice: Textbook pg. 139/# | — 5) (Y- 6> oce, %CACC/ q oce, HO\Cﬂ/ | 3

16
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4.5 — Dividing Polynomials by Monomials

Example 1: What polynomial division statement is represented by the algebra tiles? Determine
the quotient.

b

i I N ) I .
2
N | |
O [ | [ | [ |
| | | |

bx Y + A

6)( & 6>< v - = AX +|
SR N AX
5%
Example 2: Use algebra tiles to divide each of the following expressions.
a) 9x_23—;x b) 4xi:6x C)
2
e I ] | ezl 7zzzza) 2

ZA7m
Al g‘/ 7

§

N
:
:
;

NN

NN N
INN N
o

Q:]:l —

S S S|
NN N

— Longth x
Ad ] Bl=s lm iy
ey
— @I SN 2,
22
= - 2%+ | = AX+3

= 3x+2?



11
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e When dividing a polynomial by a monomial, divide each term in the V\\)(Y\Q_(Oklmf by
the denominator and apply the exponent laws.

Example 3: Divide the following expressions.

15x2-20x
a)
5x

3 4
Bx* 564
BX  PX
3x -4

18k2 -9k
9k

@)
~

L’
A e X
F B E
= -3¢+ Y- &

16m%+20mn
b) —
iam

7 5
_ Jw* , 30vfo
Hoft AA

= Ym + Bn

12m+18mn
d ——

a —6m 3
_ l/:fan+ & win
T Bh A

= -d-3n

f) 1.4d%+1.8dk-1.6d
2d

_ L4d* 13K
ETEREFY

_ e
R

O0.7d + 09K - 0.3

"

Example 6: You are decorating the bulletin board in your classroom with pictures of your
classmates. Each picture covers an area of 4x cm?. The area of the board is 4x? + 16x cm?.
Write an expression to represent how many pictures are required to cover the board.

Arem 04 bDo«d - Area (n(‘ P(c)rure

Hx* 4 lbx
4x

(7!
Yx % s WX
AX  HUx

- X + 4

X+ 4 Pidures ove req/u"/ed
Jo cover he boevd.

18
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Example 7: A rectangular lawn has a width of 3x m. The area is 15x2 + 45x m?. You wish to
put a fence around the lawn.

a) What is an expression to represent the perimeter of the lawn?

L A=dw - )5+ Y5x P= 20+ 2w
a | - A X
3% | 1Bx +45%| 3x =0 - 15¢% ysx P = A5 +15)+ A3

25 | Bx P =[0x 130+ X

hx + |5 E(é;xir%()m

b) You are placing a post every 2 m. Find an expression to represent how many posts will

L

(

be required.
[6x + 3D
#'Opp%% = A
_ |bx | 30
IERE

= ¥x +15
l%K+|5jwosnls wall be reiui/ejcﬂ

Practice: Textbook pg. 146/# | — 5/ b —O\/ \OO\\O/ |3 I \7)
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