|,3/|JI-A — Investigating Quadratic Functions in Standard Form: y = a{x + h)* + k Veﬁ’

Graph y = x? using a table of values

¥ N | Quick way to
y=x K. graph:
2_ X y 2 .
ﬁ= -3 =1 3|9 : | Use a basic
Y =(-0)* = 4 214 \‘ )! | count:
H: y=d e IO \ : ; | Start at vertex:
Y= 0% =1 e l AL . in this case
i i (0,0)
3: ‘). - ‘ 2 ‘f s - = Lj h R
etc. 3|9 o i Over1, up | |
il 3 | back to vertex |
| Graph Shape: the graph shape = ; Over 2, up ¥
| iscalleda Oambo]a | back to vertex
. and occurs when the equation = - Over3, up 9
hasan X~ ferm as l'liqllé]l dcqree 3 over L{‘ wp )b
’ v i ; e QA e
' Parabolas have a__Vertex , amiddle point. Fory =x2,itis (0O, O)

Parabolas have an AXIS OF SYMMETRY, a reflection line that splits the parabola into ‘+WQ
5}‘;1 Mme;hr\'c,a,f b rano)nz.s . It can be shown with a dashed line.

In this example, the equation of the axis of symmetryis ) = O

Parabolas open WP Wdﬂ‘l or Jownwﬂm( . If they open upwards, they go up forever
and ever, but only éo down so far. Therefore, they have a _M\i pi MU value. In the
example above, the minimum value is u=0 . If they open downwards, they go
down forever, but only go up so far. Theref\olre, they have a ___ Mg ximum value.

For any graph, you can find the dOMtLl‘ﬂ ; é For any graph, you can find the _ (& nge.

3

How far left does the graph go? How far right? & How far up does the graph go? How far down?

In this example, " In this example,

Iﬂ""\*’ ‘Foreve{" f‘g\‘r ‘Rﬂ‘ev(’f SO—H\JL LLF H){QV'U y l{GWﬁ as {C}Ld as 5'.: (@)
domain is all veluss O]f X - (the mini muaw)

z é R all real
belongs Fo At bers

tange 13 33 O

A quadratic function is a function that has a second degree polynomial (has an x* term, but

nothingdhigher. The graph shape that results is a PARABOLA.
rge

Examples: y= X2+l , H =X 4 x -5 )'P(L) = 9 (1.3)2 +7

*Note: f(x) is the same as y




a) Graph y = x? using the basic count:
Start at (0,0) and go over 1, up ]

over 2, wp Ll‘

© over 3, uP a‘

b) Graph y = x* + 4 using a table of values: |

x [y JEELFE=4EY=13
313 Y=l rH=turi=%
-2 8 "_:""I‘J.‘ \.":'..5-

2l Y Cz) ¥ d

0 |H 3: 0°+4 =Y

1|5 ete

2 |38

3 (13

Notice: y=3(*+1t is the same paaboly
as y=2%, ov\la Hrans luteoh CMOVﬂD up

Lf units. This s due o o 'k vadua |

O'P ” in "’M'ﬂkkﬁkw’l-

Vertex: (O, Y4)
AofSeqn: )=
Max/Min: min @/3: b
Domain: ¥ & IR

Range: g = L,.

y=x’z+k

*»‘.-J'-‘-u-:—i-:-.‘-I f.-.a-e!'v'

..'"

c) Gré;;h y= x? —3 by count method:
kvalueis: =3
Vertexis: (0 )—3)
Then do basic count: over |, wp
2 4

)

Vertex: (O, .3) AofSeqn: 3 =

Max/Min:

Mmin @21:—:3

Domain: x & [R.

Range: 5 =23

The kvalue: Hrynglabes dhe fara\ao'a up (it ks ‘?oS;‘ﬁ\.tz) or down

(f ks neﬂodwe).



h value

y = (xzh)?

Practice

a) Graph y = x? using the count

b) Graph y = (x - 4)2 using a
table of values

Y =(1-9*=(-3"=1

X |V
101 y= (z-w*=(2"=N
2t G
4o y=Urwr=oro
o5 | etfe .- '
e |#
i 7 1

'paralnka:s y=2> except it's

ranslied ¥ unifs rig T 15|

‘Quetr the h value oF %

| Vertex: (4 ,0)
AofSeqn: x =L

| Max/Min: pin@ y=0
Domain: 3% &R

" Range: yz0

| Notice: H-(x—-i})z 18 e seme |

4 A A A
)i |
)
]

\ }1 \|/ |

\ \ ! \|/ [

L,

Y /\\ /

" h value Mental SW|tch

| switch the s %ﬂo-Pm concluwm e mems

o gef i h' val.

| c) Graph y = (x + 3)2 using the count method:

Vertex: (-3)O> Domain: € R
AofSeqn:y¢c= 73 Range: H; o
Max/Min: m\n@gco

y=(x -}‘h)2 ke el translotion Vertex Notes: ( h , k)

hOrnz.w\l-w' ‘)‘mulcd'!on
(Sljﬂ switch necejsavj)

Example Graphy = (x + 2)2
using the count method

vertex is (-2,-5)
from verka , cownt

over |, upl
2 4
> 9
4 b

Vertex: (-'l,'S) Domain: XER
© AofS eqn: y= - Range: &2’5’

Max/Min: W\f"\@, 5= -5

VA
after
5:3

SWt‘l'dn

i aamams




{: B — Investigating Quadratic Functions in Standard Form: y = a(x + h)? + k

a value

y = ax?

' a)Graph y = x? using the count.

{ b) Graph y = 2x” using a table of

I
values 81‘2 -2(9) =18
ST YraGP-an=s
28 y=26p-20) =2
112
0olo Y= 2GP=als)=0
1|2 i
2 |9
3 |1¥
Notice: the Paml)olk U:Z){," is skinnier
(it cises Fns&r) OOM,M»’&(“b Y =x?

 Thisis duedo e 2’ value of 2,

which doubles The y value compased
o He hase pac aholu Y= y ot

The a value: galfes the ‘\qo’cwvd’

-if a>1, parbola is sklanier

~if a<|, rlwd’olu 1S wider

Graph y =—x’using a table of values

x|y Y=BP=
31 y=-Y=""
-2 | -k e =

-1 |~

0|0

1 |~

5 | ~4

3|71

Vertex: Lo)o) Domain: & JR

AofSegn:xy=¢0 Range: Séo

Max-@ y=0

Max/Min:

P

s N
F 3

™ ]

|

2

P el

,
- .

—_—

c) Graph y = %xz using the count method:

verex 10,0)

over |, wp L Chalf +f D
2,up 2 Cheif of B)

3,\&;? u.S
b, up 8

."

R

A .

'as

EEEE

T

=




-

The —a value: Pam\pold opens doun

50 all Up cowd'r lpeuww. ‘down'

CDU.U\‘\"S
Graph y = —2x?using the count method 7
| V@f“““ LO,O) _ | | ) | 1T
Cover |, down 2 (dowiie 1) A BEEEEEEEN /A WEEEEEEE
- over 2, dowa & (double Y) : \
over 3, down 1€ lf! - 1\1
| aEEm
| . N - v R
. e
Standard Fcz'm ) ! Notes: Vi | (-h) E) .
=¥alrzhk) x k ' afder sign Swy-
4 1 Nechaal At S x= he”

horizonts] e o F
Mf wwd' 6] 0"‘20";’]_0 Traashition MAX i = k
or down (ount (<) (5@11 switeh)

o

Graph a) ! x
f(x)=2(x+6) -3 -
1 2 "
andb)y:_/d:—a(x_s) +4 F 3 -
| | i X
For each, find the \\ If :
axis of sym eqn ¥ \
- max/min AV 11/ \
domain
/
range 4 \
a)Vertex: (-{,-3) b) Vertex: ( ‘\
: ('l,‘)l}) g !
AofSegqn:x=-6 AofS eqn:ng Vv ¥
Max/Mm ‘d Max/Min:MM@\o__-L[, @ over | up ) 0,) werl,ofoan -11
min = g i
: - oier 2, wp 8 2 2
Domalnxew\ Domain: v ¢ R 3))“{’”5 3 ts
Range: g Range: U4 8
y>3 =1 s



x-ints Thinking back to last chapter, what are x-intercepts?

W here +he grapl\ towches o ¢ Crosses the X awis.

How many x-intercepts for a quadratic function? O, |, or 2

M

What are the methods we learned to identify x-intercepts?

set Y+ O and so)ve by ~Fad-pr:«3) wuplete The squace, or quud cahic focmule

Example 1 — Determine the number of x-intercepts for each quadratic function, and also
determine the y-intercept of each.

a) y=-2(x-7)?%-1 b) y=05x2-6

c) y=—-2(x+1)>?
verdex (7, -1) \/er{o,sc[o)—la) vertex (<)) 0)
“below x awux Le‘lou X aws s ofN Hae x-axa$

a=-2 s it sfens down Q=05 o op/t U So
% Twp ks g
o NO x-iwts e 4 et
' -vat e ak s
-t sek x=0 §-vat 3 Y-n
= "é - - (ut

Y= -2o-TP- Y= O'Zw y=-2lo

= <2(49)-) e Y= -1

= -q3-|

<= -99

Example 2 — Write a quadratic function with a maximum of 3, axis of symmetry equation
x=-1, that passes through (1, 1). u¥

A value's 0

j= a(x+1 43 \ |= ka3
!

roush (1)

passes Hhrough (I 5)

_.2‘?— L"g\ M: '-]2-(1+\)1+3
| = a (141 +3 0="%

|= a(2+3




2.l — Finding the Equation of a Parabola

Example 1 — Determine the equation of the following parabola:

erkex (5,3)

over |, up 2
over 2, wy 8

So a= L
Y= 2(¢-5)+32

10

[+,]

5 10

Example 2 — Find the equation of a quadratic function whose graph has vertex (4, 8) and an

x-intercept of 6. 2
O=a(2)"*38
= - 2‘+
y-ale-wr+8 (g
x ¢int of [ weans H | e | )
Vﬂﬂﬁol« ra.sses ‘H/wovsl\ (é,O) § = ta U: -2 (’l- L,l) + 8
p & 3 *2_ ;a
D=a(6-17+3
Example 3 — A parabola with vertex (1, -2) passes through the point (4, 1). Find the equation.
4= a(x-0*-2 |= 9a -2
(ijf'j) fzﬁﬁ Hzt'gtx"l)l'z
[=a(4-1y-2 | 377
|=a(3)-2 |

Example 4 — Find an equation of a quadratic function with points (3, -4), (-3, 2), & (1, 2).
(-3,2) asd (1,2) are Sﬂmmdﬁc due $o Now H: a (242 +2-4a
o same Y valae . Sothe axs °'F"‘3mw’\“}

how Sub iv dwothar pbu‘/d', say (3,'4)

must be miduuﬂ behieen =3 and |, so -
“Y=a(3+)%2-Ya

so h=-|
so y=a(x+) rk U= lba +2-Ya
sul in apoi/dnfa:j (')1-) 4= 12« k = 2-4a
a= -4 =7 =2
= 242

2= a((1+D* +k
2= Ha +k T IEN
ey) T

k=2-Ua y= Ll




2.2 - Completing the Square

completing When quadratic functions are in GENERAL FORM [y = ax? + bx = c], they can
the square be changed into STANDARD FORM [y = (x % p)? + q] using a technique called

(o M?le,{-iv}é +He Sq Usase

Example 1 - Rewrite y =14 +10x + x?in standard form by completing the square.
y

Then sketch the graph. Calculate the x-intercepts.

lllsth-fPs: O (d=z,2+|0x"- tt

1) Rearrange so squared @ a=1, b=1o, c=IY4
term is first and x term is | o
second. @ b=10, 2=5,57=28

2) Find the g, b, c values ,

3) Take half the b-value 8 H:xf*;{)z #2825+ ¥

| (you’ll need this later), _

; then square it. @ gsfx"rlﬁx ,.zy) -8+ I

| 4) Add and subtract the . |

' result to your quadratic 3= (2'+;) -

function after the x
term. .

' 5) Make sure the new term o /
you added is the third ¥
term.

6) Factor the trinomial and
add the two last terms.

Shortcut for factoring the]

\
!
‘\
When searchi \enr ‘J‘“’ BIF .
|
\
\

[l
) 4

- qumbers fhat muH’lplj e * m |

nd add o b, Moo 1

umbers will Wﬂjs be Hhe =

halved 'b" value 0 -,
s [}'

YA

Example 2- Change y = x” —4x—1 into standard form, then calculate the x-intercepts.

H; Y-Yx-| y: (lz-‘-h('f‘o Y K -ints 5€/’g‘O
a:’, L’ 'lf,(,="‘ N S' 0-’-(,1'2)1'5‘
T N R G A 8

FfF= xX-2

bo z“'{"" ~
Y=Xx xt+y-y- o




Whena#1 When the g value is different from 1, there are a few more steps.

Example 3 - Change y = —2x” +4x + 5 into standard form and then find x-ints

: = (-2 24 +5 l Xiuks :
STEPS @U (-2x7 +hx) e AlxV 7

| 1) Group the first two - 2 N
terms together. @ Y= A(x 'Z") § :i_ = (x-N°
' 2) Factor the g value out. e
' 3) Find the b value. Take @ b= 2 s 1 :E = x-|
half and square it. _ 2 +€

4) Add and subtract the ® Y= A (X 2xH -1) | £ J":g =

result IN THE
BRACKETS. ® y= 2>Vt 5 || + 3__'11 - x

| 5) Get the subtracted

N = 2 g
result out of the Y= 2o+ 248 2+ [y _ %
brackets by multiplying 5 2 ¥
to the coefficient in @ y = A (1”) +77
front of the brackets. \

6) Factor the trinomial.

Example 4 - Change y = 3x* —12x +11 into vertex form, then calculate the x-ints.

i 2

= (30-122) + ) 0= 3(x-2)"-|
y={ ) AT
3:: 3(17’-L|x,)+” -13--‘—(1'137' 3

-hy-2y j\P;: x-2

= 3(4x+y-4) ) )
4= 3 RNESE

y= 30w s

y=3x-2)" - \TH

Example 5 - Change y = 5x —3x +1 into standard form. Do this both in ‘fraction
form’ and ‘decimal form’.
= (32 +Sx) + |
{ :(;3'1," *S-x)+| 3 (’ )
J Y= -3(x*- l.e6T) +
Y= 35 | b= -h6b7 ;033 5 0,694
/—-—’__4—___'_'\
- o - 4 2 : .
b= § ;= ; T‘S; H;_3611_,'m,;»ro.w'ho.ew)+)
ggE=—————— 2,

Y= 3(0gar25A) +| =3 Le- 1Tt DHY) ¥ 2085+

3¢ H: “3 (1—0‘83)1 + 3 093

3= 30 > 47) AT

=

y=-3(x2)*: %21_




2.4~ - Applications of Quadratic Functions

Example 1 - The path of a rocket fired over a lake is described by the function

h(t) = —4.9t% + 49t + 1.5 where h(t) is the height of the rocket, in metres, and t is time in
seconds, since the rocket was fired.

a) What is the maximum height reached by the rocket? How many seconds after it was
fired did the rocket reach this height?

b) How high was the rocket above the lake when it was fired?

c) At what time does the rocket hit the ground?

d) What domain and range are appropriate in this situation?

e) How high was the rocket after 7s? Was it on its way up or down?

@ Nax 'iju ocemss Ut ﬁ/U’ bér"f-fx, S0 ‘ﬁmo‘w.q mm/' ﬁe Lﬁuﬁdﬁshﬁﬁ

MY = (498 +4at) +15

L= —l{.‘i(f"-—lot) +H-S R ] ‘ ] o]
MO = -9 (-0t rIS 2 S B & )
W= -y q(£2-101+25) H22S TV |

iD= 49 (4-5)"+ 124 ,

ordex (5,12%
\’;”IM,MM@ huyh/‘%moéw/éjﬁb rocket 15

[2Ym / Vc‘ve SC',L‘fJnf/J jnto ifs Hr7 Wt
@ £=0 when rocket fred.

-—yafo-sy+1* |1/ |
;’lf)ot g (-sprPYF -4.9 (25) H2Y EO— o

h(s) = 1325 124 | o ?
h(0): |-Sm The ket was [-Tm above The

ﬂ,,,,w( whon Fired
@ h=0 when roozlw{'}u",: 7vvwd Domain § 0 < £+ <10.03s or Zf [o.été)a'u}j
O = 44(ES/ Y Range: 0% h € 124m or fnochéineg
50, ¢ M) = 49 (7-5)*+ 124

c03=t-§ LL7): ~49 (})1 +12Y

i L N h(7)= - 196 + 1Y

ro t: { %0 b i
[ viatd h(7) = 10%F-Hw

On vis “".‘j down

*Keep in mind that the question presented this function in general form. Sometimes, in
problems like this, the function is presented in standard form, which will make it much easier




Example 2 — At a concert, organizers are roping off a rectangular area for sound equipment. There

is 160m of fencing available to create the perimeter. What dimensions will give the maximum area,
and what is the maximum area?

Steps:
1) Write an equation for perimeter, and write an equation for area for a rectangle.
2) Use the two equations to create a quadratic function in ge.neml form.

3) Complete the square to change the quadratic function into Stm.lml form.

4) Identify the maximum area, and then the dimensions for the maximum area.

Let x= leagth oad y = wi é
‘wj %2y G) A= Ex* +80x) T (40,1609) .
A= xy A 1’(1}’80@ | e
'@—éﬂ ) lé‘io "Zix A=-1 (x’—801+léoo-lbr\f~' T 1264
y80- gl (sontlim) v o |/
fox(50-9) g —(x-ko)r1b00 S|
A =§0x-1" Verdex Ugg, IbAocD “F'
A= - +80x Verdet petils af max of |
/)Mai-o[a s : e it ? S o
() The maximum area i< jéoiﬁ"’”l x= length

The /P/f‘j#‘ of th rwlsj/e//'fw/'w/ﬂ“f Jor max area i< YO

The width ¢s: 2(40) 12y =éo om
g0 +Zj= )60
23‘}5’0

—
-

Example 3 — A rancher has 800m of fencing to enclose a rectangular cattle pen along a river bank.
There is no fencing needed along the river bank. Find the dimensions that would enclose the

I ) =
argest area. Lef x Im% 2| \ =

T

Ly/’g = width-
| = ¥00

2>c+3=800
A=Y

H g00 “2
A =2 [800 ”@X)

A =8 00x 22"
A= I F+H00 ¢

A= -2(% Ypox)
A= —l(x"—lfaoz&‘-foom"foomﬁ
) = -2(x>-Yoox+Yo vag) +-80 000
A= -A(x-208) +80 o000
vertec (209, 804”9

o, &

2xty
2(200) .fﬁ =500
L}'OO ..}.j = K00
3‘: L}GO
The dumensions that

give e max area of




Example 4 — A sporting goods store sells basketball shorts for $8. At this price their weekly sales
are approximately 100 items. Research says that for every $2 increase in price, the manager can
expect the store to sell five fewer pairs of shorts. Determine the maximum revenue the manager
can expect based on these estimates. What selling price will give that maximum revenue, and how
many shorts will be sold?

le;{» x= # 070 97 jacrenses in /9/‘1'*66 |

Shoets sold = [00-Sx IR SRS N
Price = §+2% = =

R&VMW; (fn‘a)(# fO[‘O
R = (g+zx)000’5x)

R = 00+ 20050~ H0x =10

A Wy T%
@

- G315

.=

ﬂ eirtinue (L)

R= -10x* +]60x +& 00 ‘_5 - | T, S— .I.‘.-,__

R = («/Ox/z"/’/é 070) 1800 s 2: #IJ/ SfQ /'AZI‘CI&.\ZJ
R= o (x?-Ibx) +800
o~ -lo(x?~l6x 16} ~6¥) 1 80°

=10 (57—l 69 1640 1500

R=~lo(x-8)*+ 4o
xR

rrgs = §420= §+2(8) =2
shocls sold = 100-Sx = foo~SE) = b0 M
izt revehus [“/#L/o)/#*/u shoeks she

fo " $olhea and GOpairs Vill be sold per week-

fO/B(' ﬁf



