Functions 11

Course Notes

Chapter 2 - Polynomial &
Rational Expressions

FACTORED FORM SAVES THE UNIVERSE

We will learn to
¢ Determine whether algebraic expressions are equivalent
o Add, subtract, multiply, and factor polynomials
« Simplify rational expressions
¢ Add, subtract, multiply, and divide rational expressions
» Identify restrictions on the domain

*This time X is 7. Last time it was 4. And the time before
that it was 12, Maybe X should take some time to reflect
and decide for ftseff what & really wants to be.*
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Chapter 2 — Polynomial & Rational
Expressions

Contents with suggested problems from the Nelson Textbook. These problems are
not going to be checked, but you can ask me any questions about them that you
like.

Section 2.1
Read Example 3 on page 87 for another view on equivalence
Pg 88 — 89 #4bdf, 57, 10— 11 $-6 ot

For the adventurous: Pg. 90 # 15, 16 (especially 16!)

Section 2.2
Read Examples 2 and 3 on Pgs 92 — 93 (In Ex 2, do you prefer Fred’s or Atish’s
solution? Why? In Ex 3 which solution do you prefer? Why? Are both entirely
reliable?)
Pg 95 #dace, 5, 6ace, 7 (Hint: Lee > Mathias...WHY do I make that claim?), 9, 11

Section 2.3
Watch the factoring videos
Problems sets will be distributed next day.

Section 2.4
Pg. 112 — 114 #lac, 2ab, 3bc, 4acf, 5, 10, 15

Section 2.6
Pg. 121 — 123 #lab, 3, 5, 6abc, 7ab, 8, **Try 13 for a fun challenge**

Section 2.7
Pg 128 — 130 #1bc, 3b, 5c, 6ad, 7acef, 8¢, 9ac

Chapter 2 Practice Problems:
Pages 132 — 133 #7abcd, 8ace, 10cd, 12ac, 13b, 14, 15bef
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Chapter 2 — Polynomial and Rational Expressions
2.1: Adding and Subtracting Polynomials (so easy it’s ridiculous)

Learning Goal: We will learn to determine whether polynomial expressions are equivalent

Definition 2.1.1
A SINGLE VARIABLE POLYNOMIAL is a mathematical expression constructed by

combining (through addition/subtraction) POWER FUNCTIONS. The polynomial is
(usually) written in decreasing order (degree) of the power functions (and no “power”
has more than one “term”). MULTIVARIABLE POLYNOMIALS also exist, but for
FUNCTIONS 11 we will only consider polynomials with a single variable.

Definition 2.1.2
A POWER FUNCTION is of the form y'=c-x" where “n” is the power, and “c” is a

real number called the coefficient.

e.g. of power Functions (with their orders): e voldve o e iy
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e.g.’s of Polynomial Expressions (with their orders):
single variable multivariable W
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One word that requires a closer look: TERM

Definition 2.1.3
In any expression a TERM is CONSTRUCTED BY MULTIPLYING FACTORS TOGETHER.

Terms are separated from each other by addition and subtraction. Polynomials contain
“many terms” (in fact “polynomial” literally means “many terms”.) THE TERMS OF A
POLYNOMIAL EXPRESSION ARE ALL POWER FUNCTIONS. (We will look at this again!)



Two power functions are called “like terms” if they have the same order/degree/power (but

they certainly can have different coefficients!).

"fX‘dZ an() 6*‘52‘
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e.g.:
o Ly 3 4
) 3ay> and Txy
NOT hke
When simplifying and adding/subtracting polynomial expressions we combine like terms by
adding/subtracting the coefficients of the like terms. Think ot he leamy 3
e ) bvw
Example 2.1.1 & s
a[)ff‘fg/ cotolnky, - .

a) Simplify: (4x* —5x° —=5)+(2x" —4x+2)
- 2
Hx ‘?%3+2x3 —Yx -<r2
;—;”x?' -’Bxg -4y -3
= =3x% 44y~ =3

b) Subtract 4x* —3x+1 from 6x” +x
—d (&dm)’B)

o, fom b méuns b-a
iféxzﬂ’\) "\_."Hz - 3% £1)
Ext Ly =yt 3k - |

Zx% 4 Yy - |

Polynomial Expressions (or functions too) are considered equivalent if they
contain exactly the same terms. So, you can tell if two expressions are
equivalent just by looking at them to see if they contain the same terms...OR we
can tell that two mathematical objects are equivalent if they have no difference

(eg. The mathematical objects a and b are equivalent if a—b=0)

Final Note:

Success Criteria:

o I can recognize that functions can be equivalent at only a single value but not all values

¢ [ can add and subtract polynomials by collecting like terms

Olvw oy -0 TO "
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Chapter 2 - Polynomial and Rational Expressions .
2.2, 2.3: Multiplying and Factoring Polynomials

Learning Goal: We are learning to simplify polynomials by multiplying. We are
reviewing and extending our factoring skills.

2.2: MULTIPLYING REQUIRES THE DISTRIBUTIVE PROPERTY
Here we see two “new” concepts (in addition to what you saw last day):

1) The Distributive Property (for multiplication over addition)
A~ N\ ‘
0((\,3+c> = ad» + &C .

Note: you may also see the
2) The Associative Property (for multiplication) Commutative Property, but it’s

Q ( \0 (;) p— ( ab) C - b ( ClC) not so !important to today’s' stuff
ak =bq

Example 2.2.1:

Expand and Simplify:
a) -'x(iscz —3x+2)

=6x*-An® + 6%

— ——

b) (2x/— 5)(3x;1) Double Distributive
. = -
=65 —isx =%
254 2x —IsX O yrer
- é v / nnés
“bx° -8y - % L et
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c) (5-2x See Example 3, Pg. 93
— ( /Z;Jﬂ about equivalence
- {5 S x)

= 25'-"07( ~lox +9x°

= 25 -20% 44yt
T YT 0% #4285

&) (x+2fx - +59)] Associate!!
= (x+1)(2x2 Flsn-x =S) molhrly 2 6‘6:(5 s
’ e desd w/
= (xvr2) (2™ +H¥x -S') ren +4,.\,;!//
é_ 'J:J_// ‘

3 (4
= 2,7 $)Yxt ~Sr + byC +Wx-0 = X" #2005 t23%x ~\0

) (x-2y+32)°

- (X-ZLZ) 7"221+32)
= %= 2wy F3xZ —2wy ruyl —{yz +3x2 - 6b2y+12°
- — ., ASAya

=X _ygyyt 3z +4y° —izyz +92°

2.3: FactorING UNDOES THE DISTRIBUTIVE PROPERTY

On the class video pége (linked in Edsby) you will find videos demonstrating the
skills necessary for factoring. Watch those videos. Next day we will have a full

period to practice the skills seen in the videos.

Success Criteria:
¢ [ can expand polynomials using the distributive property (FOIL)
¢ I can factor polynomials using a variety of methods (GCF, a=1, decomposition,
difference of squares, perfect squares)



Aon() MCRIU
Math@TD

Chapter 2 — Polynomial and Rational Expressions
2.4: Simplifying Rational Expressions

Learning Goal: We are learning to define rational functions, and explore methods of

simplifying the related rational expression. 2 T
plifying P 2x%, s (¥
4 ..
A RATIONAL EXPRESSION is constructed by “DIVIDING” dne POLYNOMIAL EXPRESSIOI\\b}
another. — ——
/ X
3x—dx+1 . : Wx-4 .
e.g. 2. is a rational expression, but 5— is not.
x - x

SIMPLIFYING RATIONAL EXPRESSIONS REQUIRES 4 THINGS:

1) Factoring any polynomials which can be factored \
Algonim 2) Stating any restrictions on the variables ¥ N eve Adde by 2 €rp .. S}\z“/’ wh,
3) Cancelling any common factors, top to bottom Qs,\,a s
/ 4) Writing the rational expression in simplified form @Hﬂ(m)

()('H 2
Note that stating restrictions MUST BE DONE BEFORE CANCELLING!!!! If you cancel X

before stating the restrictions, YOU RUN THE RISK OF EXPLODING THE UNIVERSE. Don’t do it.
FOR THE SAKE OF ALL HUMANITY, PLEASE DON’T DO CANCEL BEFORE STATING
RESTRICTIONS!

RESTRICTIONS ON A RATIONAL EXPRESSION

-
e
o

Consider the rational expression

. Because x is a variable, we can substitute different

x+2
(varying) values for it and calculate different values for the rational expression.
x=1 Aea A= 3= -] x=0 Hea A<= X
> 2

)(:S H(,\A—__E

However, there is one Vz e which we cannot substitute:

—

X =2-2 T a rashAchon becawe +be \e/zwma/nz«\
wo\a Le ZérZ)\



Example 2.4.1
3 ! g ,%i YA
Simplify, stating any restrictions on the variable: T r@eS‘)’ﬂcﬁd_Yé__‘
(a+b)(g—~26)

= 3a atbe #0
m 5(-)/ la # -b
a-2v #0O
Example 2.4.2 go/ J Ol_'% _Zg\
Simplify — = =0 & Dift of

(2+x)(3-x) Sy vare§
Kest

— C)H'S)G"ij Y3 = =2y . Lo
| . P
(zw)(';—'j) “-(3-% S (;?Tq

I

- —B’f?(x*'@ -
. , ' 2% ¥#0
T

- _____.__Q__tBl Xt3
Exam%iz';(AS erx
3 +t-2
Simplify, stating any restrictions on the variable: ———-.
2.2 ;‘é! Ot —6t
E{Cbr Numemb‘( = .
T2k (36 (342

¥ -26 —2 > £l _@f_gt.
3y = 20 ' - e f7o.
{3¢-2 ) (€9 2 (-
(e2)(£1) 3F-2 #O

73]

Success Criteria:
e I can simplify rational expressions by dividing out the GCF

® I can determine the restrictions from the factored form of the rational expression
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Chapter 2 — Polynomial and Rational Expressions
2.6: Multiplying and Dividing Rational Expressions

Learning Goal: We are learning to multiply and divide rational expressions.

This concept extends what we learned in section 2.4: Simplifying Rational Expressions., BUT
we are adding a small (but ridiculously fun) twist.

Now we will consider more than one rational expression at a time, and MULTIPLY OR DIVIDE
them. Since Rational Expressions are analogous to fractions, we need to remind ourselves of the
rules for multiplying and dividing fractions.

MULTIPLYING FRACTIONS

The Rule is: /v\()”)f"'/ Fe Nu~ezjor <. Mu/ﬁ‘/ly 7”’1" O\ehf)"'\l\rzGJ'N‘,

Simpliey  (eloe 0 afkr)

) , S
._2 @ ..,:.{_ — _> %i’:'z; = -%,
7 2 +‘7L'|
f
‘\/ .
3. 3
RZ, |
DIVIDING FRACTIONS

The Ruleis: 0O NOT gimp) F/ F}rg-"
Flip #o Secnd fachn ( He 3 usor)

/Ml by £ Simg
S __:’_ 2 - E o __\b{\;‘. - LQ
‘Z/' . tf 3 3
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When MULTIPLYING RATIONAL EXPRESSIONS we need to do the following (familiar) things:

5) Factoring any polynomials which can be factored

6) Stating any restrictions on the variable(s)

7) Cancelling any common factors, top to bottom (even from one expression to the
other)

8) Writing the rational expression in simplified form

When DIVIDING RATIONAL EXPRESSIONS, we do the same four things, BUT when stating the
restrictions, there is one small twist BECAUSE WE ARE NOT ALLOWED TO DIVIDE BY
ZERO. (Sorry, I shouldn’t be shouting, but this is important. It would be terrible if you divided
by zero, and then were taken away by the math-cops for endangering the universe).

Examples ~
) 3(x~2Y » % - ..G-L-
le a7
2

A

f %
[’ Why have I coloured |
| the denominators? '

2 2 ¥
-1 b) x7 =25 ><6x7—13x+6 fﬂCf"Ote, )
43 3x"+x-2 2x"+7x-15

:M(X-S’) v (2, ‘ |
.;;/hz)im—\j 5(,%63(2%”33 o .9

6)‘_ ¥
x =S )
; } K' A ¢ é )’\ g) %/ ?x(>\— - %(er
. X
_ 30
2 S
~ Z)‘ .
¢ 51 G )0 'S
» 2» = ;i.

3 x('Lx
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(@x+1°  —4x-2

25x* 1 20x+4

§ s

(2> H)_(}t’)t _ Ywxl

(¢*-) 9(./;*'&) -Ex ¥

4y-12 18—6y
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Success Criteria:

I can multiply rational expressions by following the appropriate steps

I can divide rational expressions by multiplying by the reciprocal of the divisor, then
following the multiplication steps

I can determine the restrictions from the factored form of the rational expression

11
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Chapter 2 — Polynomial and Rational Expressions
2.7: Adding and Subtracting Rational Expressions

Learning Goal: We are learning to add and subtract rational expressions.

This is it. The pinnacle of Rational Expressions. The most difficult thing you can do with
Rational Expressions is to add or subtract them. That’s right! Adding and subtracting is the
most difficult thing. Thankfully, you all can handle it!!

COMMON DENOMINATOR

Getting a Common Denominator is the key to the whole scene. A “COMMON” denominator must
contain enough FACTORS (or better: THE CORRECT FACTORS) to “KEEP EVERYONE HAPPY”, SO
to speak. Keep in mind that we STILL MUST STATE RESTRICTIONS when faced with
factors containing variables!!!

In order to simply Rational Expressions being added or subtracted, you must:

1) Factoring any polynomials which can be factored

2) Stating any restrictions on the variable(s)

3) Determine the COMMON DENOMINATOR by identifying all needed factors

4) Writing the rational expressions with the needed factors so that each expression
has the same denominator.

5) Add/Subtract the numerators of the expressions (which may require some
expanding so that you can collect like terms!)

6) Check to see if the simplified numerator can be factored, and if it can, factor it.

7) Write the sum/difference in simplified (factored) form

Example 2.7.1 ‘ y
Simplify, stating any restrictions. L CD:! ( ¢ Y ) ( Z'> ( §_> = JO t
3 1 3
—t———

2t 5t

2 (9 | [ (S’«‘z_)‘~ _E,@fj.)
Fioy | 26t () E@e)

20 + 5‘:2" ge> , reshiches + #0
o+t

((

1

12
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Example 2.7.2
Simplify and state any restrictions.

g +46ic+8 % —zz—lo /-D:’f X ?-_'_?_Q_,E f_gx_zj_i?i
Cor Mm\yd—ur \ - D
= ,__bl_’_(___-— = 2 ] 2 .
(xF X X+2) ( k-s'}’wZ) | = X - 32 %
Lco s (xr xe2)(x-5) 1 v
y | = A ( x=32)
— - x+Y — S

(D (xe2) (< -5) (x-€)(¥ +2)(>< FU

= g{x (x<)) - [3x(xf«):\
| x# N(*+2) (x —s-)

Examéxle 2.7. 3

R@S‘l": X# "ZJ—L)/{

pr1 salaBs lﬂ’ —ap-12 ,:qc:vr\
P +2p=35 p’—2p-24<p’+2p-15

- M LP/O(H'Z) Resi: ¢7 -7 S,
- 3 "ot " (s )es) 6,35

£+ (PF2)
(PZXpP-%) ' (Prs) co: (P p-I(75)

S @) g EXes) - (Fréers) KR

(pr)(p-<) (€*s) (er) prae=s) p
= P tspogsp <6 s
Success Criteria: -
e [ can add and subtract expressions through determining the LCD Pd'?) [P ;) (ﬂ f'J')

o I can recognize that the LCD is not always the product of all the denominators
e [ can identify restrictions from the factored form of the LCD

13
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Chapter 2 — Polynomial and Rational Expressions
Chapter 2 Review

In this chapter we have not worked with functions. Instead we flexed our
“algebraic muscles” through simplification of expressions.

Polynomial Expressions
The main thing here is that we add/subtract LIKE TERMS
Keep in mind the distinction between Term and Factor!

Rational Expressions
Restrictions...Restrictions...holy cow RESTRICTIONS
Cancelling...Factors are the only things which can be
cancelled...FACTORS
Get your Restrictions BEFORE YOU CANCEL
Don’t forget the small twist in finding restrictions for division problems!

14



