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Unit 3 - Quadratic Functions MCF3M

Homework

Contents with suggested problems from the Nelson Textbook. You are welcome to ask
for help, from myself or your peers, with any of the following problems. They will be
handed in on the day of the Unit Test as a homework check. Please post the work you do
to OneNote, as you complete

HW 1- Section 3.2 — Page H42- (}9-14+2—
#3,5, 10bcde, 11, 12, 13bced, 14, 15

HW 2 —Day 1 : Section 4.1 — Page 203
#1,3,4,6,8,9, 10
HW 2 — Day 2 : Section 4.2 — Page 214

#6, 7 (do not graph), 8-11

HW 3 - Section 3.4 — Page 162
#4ace, 5ace, 6ace, 7ace, 8-14

HW 4 - Section 4.3 — Page 222
#3,6,8,9

*Section 3.6 — Page 177
#5-11, 14
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3.1 Properties of Parabolas and their Algebraic Forms

Learning Goal: We are learning about the three different algebraic forms of parabolas and their
properties. We will learn to convert between the standard and factored forms of a quadratic function.

This lesson is a review of some of what we learned about quadratics in Grade 10. &
In Grade 10, we studied the three different forms of Quadratic Functions, and the information each
gives.

(0,)

1. Standard Form f(x) = ax? + bx + ¢ //\

Information: T—i & dw‘,(—.
@a>0— Of.w lAf: n
R{LO0— OFJJ\! Do~

2. Zeros/Factored Form f(x) =a(x —r)(x — )
Information:

4 — Divechion 7[ O{wﬁ /(‘ /]\
1oe U (A 0)'\/.( 5,9)

& <0 /\/
8m5/x-—ipi'¢fuf,l§-/rao4s A ods

3. Vertex Form f(x) = a(x — h)? + k
Information:

(hk)



Unit 3 - Quadratic Functions

The three different forms are equivalent, meaning that they generate the exact same information or graph.
Let’s see if we remember how to convert between forms using simple algebra. We'll do converting Standard to
Vertex Form in a later lesson since it involves a process called “Completing the Squares”. Today, we'll test our
learning and the skills acquired from the first unit and try the following two conversions:

Question 1: Convert f(x)=3x" +18x—48 to the Factored Form.

f{-n.) =3 ('Ll-l’ bw — ’b)

= 3[1(-4—8) [1.—?—)

Question 2: Covert g(x)=-2(x—35)(x—3) to the Standard Form.

Do you recall the concept of the_Axis of Symmetry?

1. The Axis of Symmetry (AoS) is

Line M/b%m&f& Moo, yolex ood

o

drides oo porsbela ido firo deatizat holiee—

2. We can, therefore, write the coordinates of the

vertex as C l ] LF)
7

Vv

Determine the equation of the AoS and the Vertex for the given graph above.

Aog--'%‘l" \/cu/zx AKS/ jzk[/h&)

S e 11
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MCF3M
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2
Example 3.1.1 (#) = O‘(L' L’) +k
Given the quadratic function f(x)= ! (x -+ 3) —1, state:

a) The direction the parabola opens

b) The coordinates of the vertex

c¢) The equation of the axis of symmetry
d) Domain and Range

0)”‘:1{” _'.OM(/#) Tf
HVHD= =10

Ax,j: x=h = x=-3
f b xR ;K- H(»)eﬁ/ftwp -

VELY

Example 3.1.2 @ ) O I.’}L ()(.'9
()=

Given the quadratic function —2 x + 3 State

a) The direction the parabola opens

b) The zeros of the quadratic

c¢) The equation of the axis of symmetry
d) The coordinates of the vertex
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a)

MCF3M
Complete the table, then graph the function. /\/
2 . A ads c ( ‘) 3 Maxil';l‘um
f"ﬁf A(L'A)[‘—"y 7‘:(")5 av +L‘“ e * l] ' ) or
Axis of Minimum
Factored Form Standard Form Symmetry | Zeros | y-intercept | Vertex | Value
R(x) = (40 — x)(10 + x) | R(x) = [=x + 30x + 400 | X% = IS "‘:,‘3“ Yoo (Isl(,z.s) Max = (2
dofe- l(-o) Gc+1e0) 7

AcM’S =Y4o-lo - 30_ IS
e e —
2~ K 2- )
L=RCS
1_::‘; /’
>

ﬂ(_lf) chO*'s)(goi'lS); (2_9(&; = 6285 :k

#13 from your text. Complete the table.

t %= K (“.,.‘L) ,j(‘)’ = 6‘() ;}'{:;):Ax:f—txa»o
A ond S Axis of Maximum or Iunctioni 7| Function in
Zeros Symmetry | Minimum Value | Vertex | Factored Form | Standard Form
a) 2and 8 xz=S 6 (s, &) fOdm-Z(x-2)(x-3) f(x)='3-’—'*a'+ 20x-4%
I :
h- A.:’S (x &f(&): o(x-2)(x-8)
h= 248 10 o € - a(s-2)(s-8)
> Z = o (3)(-®
6= a(-9
foy=-2 (%-2X%~8) [ ,
3 :-’—. z 0~
-A
= -2
= -2 _zo
3
> -
2
2 -2x%203 - 32 (
3 3 3
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o [%=r)(x-5)

g1 flx) Find the equation of the parabola in both Factored form and
Standard form.
6 (4,6) = oxHbrre
P
: e
2 fmnteroteon [
X
T T 7 - G [')
2/ 4 6 é a (6)
¢ - 7‘( 6)
o= __‘,. < |
¢

g ng;" f(v) =1 (23

The last thing I want to do is word problems. DON’T OVERTHINK OR OVER COMPLICATE
WORD PROBLEMS. First of all, you will most likely be given a function to work with. Then,
understand the CONTEXT of the problem.

The height of a football kicked fromthe ground is given by the function ( l, k)
h(t) = —5t + 20# where h(2) is the height in metres and ¢ is the time in ( k
seconds from its release. ‘\U:) b ‘ o ‘\'ﬂ“’

a) Write the function in factored form.
b) When will the football hit the ground?

c)ill the football reach its maximum height?

d) What is the maximum height the football reaches? ) ,
e) Graph the height of the football in terms of time without using a table of values. 0 L,.

0) l\U") = —ﬁ:ﬁ-zo{—

= —S‘t({;"‘l)
= -S(t-o)(t-4%)

b)?tbo%‘u heks ‘nv-O(Du/J af Y Sec-

v———-——— -3

Qf",u,.u cenches i mox baght o 04 o Dse

A) l\ = '.5*:'%& ='§("),‘f"2‘°(7‘=-?—° + 40 = 20m.
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11. The height of a rocket above the ground is modelled by the quadratic

B function 4(z) = —4# + 32¢/where /(¢) is the height in metres Wb
t seconds after the rocket was launched. (Y )
a) Graph the quadrartic function.
b) How long will the rocket be in the air? How do you know?

¢) How high will the rocket be after 3 s? ? "\
d) What is the maximum height that the rocket will reach? & 8’
O
L(E)- -¢b% 324 b) § oc-
o) h (=3
- 4 (t9) )h(t=2)

= —?(3}'7'3 o3
-t -o)(4-8) = ¢ (9)+9¢

=
(S
x
)
~ .
-
)
>
+
xR
\]
&P
1]

— - 361 9¢
2 = 6om h \
k= ‘A (‘éf—g)f.-—-ll't -f-32_t' OS&C.JL ofﬁ/ j \
= =4(%)%32.(+) |
= -d¢+l2yg A) - )\UIM

>Elfm.
= 6%

VUK = (4 88

Success Criteria
e [ can convert standard form into factored form by factoring the function
e [ can convert factored form into standard form by expanding the function

e I can identify the zeroes, vertex, max/min, axis of symmetry, and y-intercept of a quadratic
function
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3.2 Vertex Form-Maximum or Minimum

Learning Goal: We are learning to determine the maximum/minimum value of a quadratic function.
One very important aspect of quadratic functions is that they all have either a maximum (if the

associated parabola opens down) or a minimum (if the parabola opens up). Max/Min’s have so many
applications in the real world that it’s ridiculous.

The BIG QUESTION we are faced with is this: How do we find the

Maximum or Minimum Value for some given Quadratic?

But before that, let’s do a quick review to reinforce our understanding of the vertex form.

e

Question 1: Convertf f(x)=3(x+4)" - lﬂlo the Standard Form.

7[{;_) z3 (u,+ %) (r+4) =18

x"_,_ ex +ex 2+ /b
469 -3 8x 198
fo) - 1x % 2%%+ 4 & - 18

E

Question 2: Given [g(x) =—4(x+5) +3

range.

, state the vertex, axis of symmetry, direction of opening and

VERTEX : (—s, 3)
Aos: x=-S

Do.0 :ar-t¥<o ﬂ
ﬁxuaa : {&Oﬁﬂ(}&ms 33
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Question 3: Given the vertex (-3, -8) and the coordinate (-6, 37), determine the equation of the parabola.

l\L) [3 8’) 3748 = Gou
7&("")'&(1’ )+k S5 = 9o~
) = A( +3)—

37—. al-3)_g

;. ERuATied ][(1)= s(x+23-8

Okay, Great!!! Now let’s go back to the maximum and minimum.
In the Vertex Form, the / and k& form together to give the coordinate of the vertex (h,k).

The maximum or minimum value of a quadratic function is the y-coordinate of the vertex.

So, clearly we do need to find the vertex. It’s easy if the vertex form is given. If not, we need to find
using algebraic techniques.

In order to find the vertex using algebra, we will consider the following techniques:
1) USING THE ZEROS, TO FIND THE AXIS OF SYMMETRY, and then the vertex (this is the

easiest technique, assuming we can factor the quadratic).
2) COMPLETING THE SQUARE to find the vertex (this is the toughest technique, but it’s nice
because you end up with the quadratic in vertex form).

Example
Determine the max or min value for the function f(x)=-3x" —12x+15 by finding THE ZEROS of the

quadratic. b

{(1.): ~3x% (2w IS ! *y /‘:

_~_}(9;’+q—m—-‘$') W \/;b‘_c ”k
e A

. 230 12 +1S

R I

] = - S 9

= 27
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Example
COMPLETE THE SQUARE to find the vertex of the quadratic and state where the max (min) is and
what the max (min) is.

— 2
g(x)=2x +8x-5 )= a ["—" h) ‘i// V

-L@+2')"f’)"5- J(;\,k)s (_,Z,—/3)

= 2(r+2)- @5

M.‘,\ = -3 qf:x:/%

= 2(x-r2):(3

Another Example
COMPLETE THE SQUARE to determine the axis of symmetry, find the vertex and state the min or
max value.

h(x)=_§_)£2_+1 x-3
P
= 5(‘{—’:!-37\.) -3
=5 (hr3n )—.3

e f((x-(-c->’>: 2.28 )—3

2~
= S (x+r5) - 253

= 5[1,4— /-S)’;I‘r-zf
o (€ -h) "+ k

/Los.' x=-5
yotex \/(4£)= [——I-S‘,—/tr.zs) 10

Ml‘l\' = //lf'zs
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I € (RACTICE

Example:

g() =42’ ~ 4017
Ty =%

= -(l'(x”-u—lc,)-?

Sl S
= —‘r( (= +5):z€)—7

= —4(xts5)"4(00-7
= —4(x+s)5 93

\/(L‘L)z (-5, ?2)

Example:

= 9§ (lﬂ)’:«rcp{-c

\

0-5 (x+7) Zavsk

D.;(;ﬂ)‘:.,g.{&

J(hb)- (-7,_,3.;\/

=
-
W
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Example:

The height above the ground of a bungee jumper is modelled by the quadratic function
’ h(t) =55(t—0.3)" +1 16] where height, A(2), is in metres and time, ¢, is in seconds.

~a) When does the bungee jumper reach a maximum height? Why is it a maximum?  |io¥) <~ -~ -

(0.3,110)

b) What is the maximum height reached by the jumper?
=

—_— - —_——
c¢) Determine the height of the platform from which the bungee jumper jumps. T :
|

0°38ec

0) Mo [\“,'d,{.r ok 0-3s5ec. AJ-CAW Vw(’yc = /0'3>/”y

QMM ;\ud,(j = 110m

9 LU; - ——:T[(:"Oﬁj-r- lro
(L-o)(t-3)
Qt"_ 0- 3t 03t +0- 09

h(Be —s (2 >0ttt 5 D410

Lt) - ~st"3 3 —04SH10

W—S*?z«e +@
[
U

Success Criteria:
e [ can recognize when a function has a maximum or minimum value (based on “a”)
e I can find the max/min (vertex) value using various methods (partial factoring © )

12
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3.3 Solve Quadratic Equations

Learning Goal: We are learning to solve quadratic functions in different ways.

1. Solving by Factoring

Steps

1) Make one side of your equation equal to zero (stuff = zero)
2) Factor. The solutions will be the x values when each factor is set equal to zero

Example 1:
2
Solve x* —9x+12=-8
x"_ﬂx +)|2-+8=0

11—91\ +20 =90

/~
-4 -g
x-4)(x-5) =0
x(q/)o \z-r-.-_o
-t = -7‘1.=S'
Example 2:
Solve 16x* —25=0 .
> e Difperene~
CHO ﬁg‘r«ﬁ
(Hx—s) (Un+S) < .

‘1:&'5/=° Yx +S=0
YxzS Y = -5~
7‘.={_- oy Xy —_‘_'S_’ = =].2%

Example 3:

Solve 2(x+3)? =5(x+3)
2 (x+ 3)1:-5(:.4—3) =0

<x+3/ (Qﬁ)—s): o

(xr2)(2n48-5)"°

&4-? (Q_x-f l):o
7 \3,“4:0
rxe3 =0 2% = =)

13
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Example 4:
The profit of a skateboard company can be modelled by the function IP(x) =—63+133x— 14x2/ where
P(x) is the profit in thousands of dollars and x is the number of skateboards sold, also in thousands afdelars.

When will the company bfeak evemyand when will it be profitable?
%: 0

D:-14x%133x-63

e —7(211.)—'—"}7(. 4_Q)
—-'-
D:-—?( 2 = 18x — % £ ) 22':_’ f‘ gleatboards
0$xwo:/ ﬁ “&

= =7 (?,x—l)(x 7)\2 —

x - / qr,eoo
| £

Example 5:
The path a dolphin travels when it rises above the ocedn’s surface can be modelled by the function

h(d)=-0.2d* + 2d| where h(d) is the height of the dolphin above the water’s surface and d is the
horizontal distance from the point where the dolphin broke the water’s surface, both in feet. When will
the dolphin reach a height of 1.8 feet? ( d)

hd)=-02d"24d

v ‘8
< -—0-?—4 + 2d (
0 =(~02d +2d 18
QUl;Dgp‘::V x= - Lt L yac Shve 46?-6‘! +C=0
U —_
H‘"‘) ooks 2ca a(,s_:_ﬂ;_""'_L- ok o
Lhan ,f.,,bﬂ"a wr — o —o%  —o.4
O e ? di=
(N 2
QUA°

-0t —~o%  -o4
710_"_ d;‘=ﬁ

14
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2. Solving by using Quadratic Formula (especially useful when not factorable)

The quadratic formula is the one formula to solve them all. With great power, comes great
responsibility. It is a tricky formula, but once you learn how to properly use it, you will be that much
happier. The key is to write and communicate your math carefully. D= b*Y%ac

aeaT () D 2o 2D Two SoLuTionS

Diset
(-") D=0 = onNE SotuTion

Given|ax® +bx+c =0/, then[x =
=

STANSARD —— () D<o = no ReAL CoLyTienss
fol

Two notes:
1. Inside the square root, you start with 4>, No matter what you plug in, you get a positive number. If
b=9, b*=81.1f b=-5, b*>=25. Why do I make note of this? I have seen many people do it wrong,

so don’t be one of those people.

2. Since we are calﬁq@g_a_s_qw we havte three options.Jf the number inside the square root is

positive, there are two solutions. [f the number is zero, there 1s only one solution. If the number is
negative, there are no solutions since you cannot square root a negative. This is a fact. Don’t try to
square root a negative as it absolutely 100% cannot be done. Please don’t try to do it. It doesn’t work.
No solution is an answer, so do not fret. If you don’t like the negative, double check your work.

FINDINGZEROS/WILLYOU

15
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Example 1:

3x% —24x+45=0

'*L'311'l§—.>o
ozl , b=-8 , c=IS

X282 = 10 = S
)L':..g,;':,b:-,q,a‘° S o

,.’—___
20
_(~8) t )% w1 Cs)
)'~='_£ 9) QEL% )'x.»z -2 - 5_ 2
2
=8z ¢$—-690 - gt 2
2 2~

Example 2:

3x3 +2x+15=0

- x has 1o ceal Solutions

Example 3:
4x* —8x+10=2x+7

Yx'=gn +10 -0
G- 10x+3=0

~ (0+ 7
= (0% [ (00-v2 x,x0+72

8
¢ X = 25

X2 =035
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Example 4: The profit on a school drama production is modelled by the quadratic equation

P(x) =—60x" +790x —1000, where P(x) is the profit in dol ars and x is the price of the ticket, also in dollars. K
@ se the quadratic formula to determine thg¢'break-even prlce for the tickets. o

S® caecamye

b) At what price should the drama department set the tickets t ¢ their profit?
?—
VeRTEX h k ]
0 ve (
® M:— - 40X 740x — 1000 ) m—)
("(7’]‘ " 75
~ 0 “: &
0= bx"792 +1(° —

=99 +¢2-
%) 7—,—;— Qmw,aw

— o (1754 )42
2- =]?6'5'7
X = "im._., at (3801 29+ 62~
(32— = 12—
h/,)cm ~ 79— {2
Another Example: 12
8. The population of a region can be modelled by the function
P(r) = 0.4:7 + 10z + 50, where P(¢) is the population in‘tlﬁgﬂdg and
t is the time in years since the year T995.
“a) What was the population in 19952
b) What will be the population in 2010?
¢ In :v.h%_ }iea?r will the population be at leasxp]ain your answer.
: . -
Y P(t==04(p) > r0(0)+57 =60 - *
5. In 1998, Hhse wesr 50,000 people 2
b) 1995 2010 D t= (S ; )
- _(oz .2~
P(‘f:—,f):o.?( ‘)’_'f Io( )’?‘5.0370_,_10;‘0-{-51’:.270 - _ﬁ_zfj——
. Oc
‘. Iq 2010, POPAM“’ = 2,70/ Ooo. 8'\<
2 _— 4,265
j p- 4o, t={ ~qs0= o-‘ff + (ot +57 {:215
p = 0-4t ot ¢ SO- 450
0= p %t + lot —Yoo
+ 915 +22= 2017

Success Criteria The pop. is 450,000 in 20/7
e I can solve quadratic functions by factoring, then setting each factor equal to zero

e I can solve quadratic functions by using the quadratic formula

17
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3.3 cont... Zeros of Quadratic Functions

Learning Goal: We are learning to determine the number of zeros of a quadratic function.
é 0

Before beginning we should look at the difference between a Quadratic FUNCTION and a Quadratic

EQUATION. A function such as| f'(x)=3x" —5x+1 has a graph with infinitely many points. On the
other hand, a quadratic equation (in standard form) looks like:

(pc,’O). . (1&2—19
/

3x"=5x+1=0

(What is the difference between the function and the equation?)

As it turns out, solving a quadratic equation is Exactly the Same as finding the zeros of quadratic
functions.

Quadratic functions, therefore can have @) , ( ,or L ZEROS.

Remember — FUNCTIONS CAN BE DESCRIBED AS A SET OF ORDERED PAIRS, where the “ordered pair” is a
pair of numbers: a domain value and a range value which can look like (., f(x)). We have talked

about the vertex of a parabola. Consider a parabola opening down (which means it will have a maximum
value.

The vertex of that parabola is NOT the maximum. Instead, the vertex is a POINT which is made up of
two special numbers. The domain value is WHERE the max occurs and the functional value (the “y”
value) is the maximum.

When we talk about the ZEROS ofa
quadratic we need to understand
what we mean by that. Consider
sketch of the graph of the
quadratic function

f(x)=-2(x=3)*+2

the

a<o
k>0

x—W}'

@ /(\\/f o s Zioo 18
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\ mc}

oﬁ‘ey '
AD0 / /v
k=P

\/ot¢0 a>0 O <O
k:—o k 70 J /<<O

gl

Finding the Zeros of a Quadratic

We can find those pesky zeros in a number of ways:
1) Writing the quadratic in zeros form (by factoring)
2) Using the quadratic formula (but the quadratic MUST BE IN STANDARD FORM -

f(x)=ax’> +bx+c)
3) Using graphing technology (lame, but legit)

Example
Determine the zeros by factoring:
a)/f(x)zx"-3x—4 b) g(x)=2x"+x—1
0= 2:%%3%-x-/
0>(25- )04/
ot (= O
0 =x = 3x-Y D129

0- ( /f**) o

z,= Y4
. AAC 0.5 “"’/ C’I, 0)
.(}‘/”W(;r/o) e (-1,2) - '5‘/05 ( /0) 19
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Example
Using the quadratic formula, determine the zeros of the quadratic:
’ 2
In case you’ve forgotten, the quadratic formula is x = bt 5 —dac .
a
a) f(x)=2x"+3x-7 b) g(x)=3x"-2x+4
2 - 1'—— e\ + #
0: yr> 1‘37‘-‘7 0= 2~ 2
> o () 7) x= - (-2)TLPTq()14)
= =24 _ -
r= =3t 34 210
2(>
) L = 2ZJ1-48

7:_11—0.(/ <0

) — o
p. —_— _D:
i . ,,:M/{[ os.
x. - o ;‘m/

— G
XZ_3x4 0L
¢
,';a/—-]+5’ 0t i
) (_f_ q;
%, = |2¢L5 ln«”ﬂp

(1265,0) i (2752)

20
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The Discriminant

The Discriminant of the quadratic formula is called the DISCRIMINANT because

The Discriminant = ,D J @
2

1) If b* —4ac > 0, then the quadratic has

Z€Tros

(

2) If b*> —4ac =0, then the quadratic has Zeros
3) If b* —4ac <0, then the quadratic has /\/) D Zeros
Example
Determine the number of zeros using the discriminant:
a) f(x)=2x"+3x~2 b) g(x)=—x>+4x—4
D = b ’— Lfob
b- Db =Heer
2-
:_-,7-[—/4 >’f""f’(’9(-y
a 25 = ( b -/ £
= O
D>o -+ 2 Bers

¢) h(x)=3x>+5x+6
D= Ftec
25Z (D)

= 2(-’7V

Success Criteria:
e [ can recognize that a quadratic function may have 0, 1, or 2 zeros
e I can use the discriminant of the quadratic formula to determine the number of zeros

21
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3.6 Creating a Quadratic Model from Data

In this section, we get to use a fantastic piece of software which will allow us to take some data, and
compute a quadratic regression model. Yes, it is as exciting as it sounds. A regression model is a very
important thing in mathematics. You input data into a spreadsheet or other software, and you create a
line or curve of best fit (a best estimate). With this line or curve, you also get an equation which allows
you to make predictions or fill in the gaps.

Question: A ball is thrown into the air from the top of a building. The table of values gives the height of
the ball at different times during the flight. What is a function that will model the data?

Time (s) 0 1 2 3 4 5
Height (m) 30| 50 60| 60| 50| 30

Step 1: Turn on computer and open GeoGebra (that’s a combo of Geometry and Algebra)

Step 2: Click “View—Spreadsheet”

Step 3: Input the Time values in one column, the Height values in the adjacent column. The first column
must always represent the “x” axis, or the independent variable.

Step 4: Highlight the data, right-click it, then click “Create—List of Points”. The points should show on
the graph.

Step 5: In the input box, type FitPoly[list1,2]. This will create the parabola, and you should now see the
equation of said parabola.

Now we can figure out the zeros, vertex, or anything else of significance!

22



