5.1/5.2A - Investigating Quadratic Functions in Standard Form: y = a(x + h)? + k l‘(e,%

Graph y = x’ using a table of values

; N Quick way to
y= x2 L b gragh:
e X y ki |
5-‘— (9] =9 3| 9 il | Use a basic
5‘(‘1 *= Y 2|k ‘\ - )" count;
Y= -y =\ -1 :) X‘ 7 Start at vertex:
 g? =i 0 B4 in this case
4= % 1! r (0,0
‘1: ‘ - ‘ 2 Lt % 3 = = =3 ~ =% I LR |
T ehe. 3109 : | Overl, up |
_ 3 f back to vertex
' Graph Shape: the graph shape ; | Over2, up i
is called a lpa_ra o,a E 4 back to vertex
and occurs when the equation 3 . Over 3, up 9
hasan X ferm as hiqbesl degree over U, wp 1b
7 7 K - efe
parabolas have a __ Vertex , a middle point. Fory=x’,itis (O, O)

Parabolas have an AXIS OF SYMMETRY, a reflection line that splits the parabola into '+WQ

Sjmme&ncd b rant‘)nd . It can be shown with a dashed line.
In this example, the equation of the axis of symmetryis ) = O
Parabolas open UL[.)WdFCl or cfnwnwam( . If they open upwards, they go up forever
and ever, but only go down so far. Therefore, they have a __ (Wi nt MU o) value. In the
example above, the minimum value is & =0 . If they open downwards, they go
down forever, but only go up so far. Therefore, they have a __ Mid X1 MU value.
For any graph, you can find the dOMﬂ.i n .  Foranygraph, you canfindthe _fange.

How far left does the graph go? How far right? = How far up does the graph go?
In this example, In this example,

ledF 'Borwerj ri,j]\--}. forever sethe wp Liaver , Jon ails
GIOMlu'AlS all valugs or p (the mi

x ERe
e all res L
l'elooth to NUmbel3

A quadratic function is a function that has a second degree polynomial (has an x?

nothing higher. The graph shape that results is a PARABOLA.
deqcee

Examples: y= x| p lj':-).’}-+ 2x -5 3 _P(x) = 2 (1-3)2 + 7

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

Fange S 32 O

How far down?

w al 5‘; Q
mmu.m)

term, but



k value

y=x°+k

’,1" 1.
| AN
a) Graph y = x? using the basic count: Irt’\' 1 FFF/
Start at (0,0) and go over 1, wp | ll' :
over2, wp L} "p\k—r f
' J y /
| " over3, u{)q : | ‘ :
| |
. . = | AN /
| b) Graph y = x* + 4 using a table of values: & 5t :L’ . S BN ; ]K T
% H-_-_L«?,)'Z-I-H':“if“l:l_?) § -
EEYIE 5=C-2)”\1‘““"':8 i A
| 2 8 5_;{_,)2_‘,L‘ = 5 { z
G - | ‘
0 L-I H: 0 +"" = L} | =
1|5 ete ' =
2 |8
3 |13 |
Notice: g:x‘.’,l_t is the same ()aﬂ'—lvo\ﬁ . c) Graph y = x> —3 by count method:
as ‘j"j}/ or\la rans ludeh (W\ovazl) up kvalueis: —3
B wnits. This is due o Yo 'k vedua | .
Vertexis: (0 —3)
of W in the funckon. | | ’
' | Then do basic count: ever |, WUp )
2 4
vertex: (O, 4) 3 9
AofSeqn: ) =0 Vertex: (O, .3) AofSegn: x =
Max/Min: min @ :‘f
: Max/Min: Domain: x & IR
Domain: y & R Min @/:1__3
Range: g = L,‘- Range: H =-3
y=x*+k

The kvalue: +vn¢|ates e [)ﬂra\oo,a up (nt k s pos;'ﬁve) or down
(f ks neﬂwf'we).



a) Graph y = x? using the count eyl / A
h value b) Graph y = (x - 4)2 using a ﬁ
table of values 1
y=bePl L, =0 (-3'=4 VR AV /
TTT y-Gowret LGHAVERD
21y G0 N7
i| 4 o 3:(1{_-‘*)1: 01:0 T =1 -1 =] °{ 3| -7~ - b : 1 I D 2 Lt
| 5 ! ek .- ~/
L6 | % ]
-7 (1
Notice: Httx-l})z is e Suma | T
prabole as y=1> except it's | %
trarlofod W onfs right Th 15 | ——— =
{ | hvalue Mental Switch:
Idue%ﬁw h \IQlw, olc Y- . switek Hie St of Fhe wn(laan Y bmﬁkeh
- Vertex: (L))o) _ 1o get i ‘h! value.
AofSean: x =l c) Graph y = (x + 3)’ using the count method:
Max/Min: pyin @ U=O Vertex: (-3 ,O) Domain: X € R
Domain: . &, |
LER AofSeqn:yc= 3 Range: 3? 0O
Range: 3 =20

Max/Min: min @3:@

. y=(Xi7‘h)ziK:_/v&r{'l‘0‘J fraas/ﬂﬁo"‘ Vertex Notes: (1"]) k)

herizontal Framslution after
(sign switch necessa '[j) ggm ks
Example - Graphy = (x + 2)2 -5 4 1\
Practice using the count method 2 \ »
vertex is (-2,-5) \ o
from verken | cownt T
over |, upl :
2 Y 11 .
3 9 . . 17 oy |
# 'b ¥ g 1] - - od 1 I- .
-
Vertex: (-'2,'5) Domain: LER \ y
AofS eqn:y = -2 Range: %; -G
Max/Min: M‘i'\@ 5= -5 1




5.2B - Investigating Quadratic Functions in Standard Form: y = a(x + h) + k

a value

y = ax?

l

values
X Y
3| ig
218
12
0|0
1|2
| 2 8
| 3 |I¥

X 1V .
-3 -9
2| -k
|~
0o
1 |~
L,
3 | 71

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

| b) Graph y = 2x*using a table of

y=20)) =2l =18

y=a@P-a =8

y=2602- 20) =2

y=20Y= als)=o0
et .

U

. Notice: the FAmLoMH:Z)(," is skinnier

(if rises fasker) 0"”1"»""( b y=x?

| Thisis due o e 2’ valwe of 2,
which dodles They vilwe compared

o Hee buse pua%ia Y=

| The a value: ales tha ‘\qo’Couvq"
=i a=1| parabola is slinnier
~if a<l, rﬂmiola (S wider

Graph y = —x’using a table of values

Domain: y £ JR

AofSeqn:y=p Range: 350
Max/Min:

Ma@ Y= 0

v M

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

verdex 0,0)

over |, wp £ Onalf5f D
l,u,\o I(thFﬂ“'})
3/\«,\9 b.S
b, up 8

v

A

L




The —a value: pacabola opens doun ?
so all ‘up! courts bewsme ‘down’ 1
ounts &

Graph y = —2x” using the count method

Vex W (o )O) . : 2|
| over ) ) down 2 (Dlou\.lc ]) WEEEEEEERE % e
over 2, dowa & (Jouble U) | -

over 3, down 1€ =
| \

. f A
Standard Form: :l Notes: VeHex U\;k) |

=fa (I,i k)‘ tk | A after sign swileh
ﬁ P N verkiaal Aot s x=he” |

P i SR L) PR

or down st () (Signswitch)

Graph a) | { f 3
f(x)=2(x+6) -3

1
and b)y—‘fd=—5(x—5)2+‘-|-

For each, find the \\ ? :' )/ \

vertex
- axis of sym egn ? \
- max/min V [ \
- domain T

range / \
5 1 \

a)Vertex: (4,,-3) b) Vertex: (5‘, l}) ;
AofSeqn: x=-6 AofS eqn:x,t)' \{/‘r

Ma_x/nl\;ﬂ‘i'r‘]:@ 31_3 Max/Min:mM@\szl- Q]‘) WEI'\,MP}- (jr) Werzl,ofwn b
Domain: Domain: v ¢ R, Oder 2) “?3

1
2

1ER 3 1 1§ 4s
]

5
Range: yz 3 Range: 3$ L’, 2 .




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

Wk6“3+hlgMWL'ﬁudusor Crosses the X awis
How many x-intercepts for a quadratic function? or 2

1 'S ? ] o

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

se} y O and Solve |33 ﬁ&oﬁnﬁ) ww(:ld-e‘ﬂu squase, or quid rahic 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=05x%-6

c) y=-2(x+1)?
verdex (7,-1) V&ﬁl&x[o)vb) verdex. (-1, 0)
“below x axar Le,‘!oy.) XL aws 18 ofN Hae x-axs
A= -2 o it opeas down Q=08 So ofe/ls Up So
2 Two wints .
12 M0, i TWO 2L~in 1 x-int
| LR -\at s
ﬂ"ﬂ"" S‘gl» 1=0 H Iﬂ“’o 3 "
Y= '1,(0:1)‘4 y= 0-S(oF-6 y=-2le Y
= <2(49)-) Yy=-6 Y= -2
= —q3 -l
= -99

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

(»] 3) A value s neq
y=a(x+) +3 j; “Mg

s e 00 | g a3
|= a1+ +3 a="%
|= a(27+3




5.3 — Finding the Equation of a Parabola

Example 1 — Determine the equation of the following parabola:

lerkex (5,32)

over |, up 2
over 2, wp &

S» a= L

Y= 2(¢-5)+3

10

5 10

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

x-intercept of 6. )
) O=a(2)"+*38
= x— 4
y=a (e8| (g
x <int of b means Hu Demn | i
pmﬁol« (ufes ‘h'wo\glx (é,o) 8 = ta gz =) (7_- y)+4g
p & 3 -'2_ =a
O=a(6-1+3
Example 3 — A parabola with vertex (1, -2) passes through the point (4, 1). Find the equation.
H’_‘QLI'DZ—Z | |= 9a -2
D fzq“ y=3 002
[=a(4-1p-2 |37
|=a(3)*-2 |

Example 4 — Find an equation of a quadratic function with points (3, -4), (-3, 2), & (1, 2).
(*’3,2.) and (L, 'Z) are. S’tjmmd'\'-'c, due S fow H: " (z+n2+ y
}o same \ld V&lM . Sothe aws -:-'F Sjmmﬂi‘cj

how Sub in awother PU(A+, say (3,-4)

must be miduay | ehueen =3 acd |, so —|
—U=q(3+D)%2-%a

so h=-\
so y=a(x+) rk ~lt=lba +2-%a
sub in apom\';faj (1,2) 4= 12a k = 2-%a
2= a(\+)* +k = 2~ (-4
2= Ha +k = 2'-':),2_

k =2-Ha




5.4 - 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

om?leﬁvﬁ +Hhe Sq uare

Example 1 - Rewrite y =14+10x + x2in standard form by completing the square.

Then sketch the graph. Calculate the x-intercepts.

' sTeps: © y=r+loxrit

1 1) Rearrange so squared @ a=), b=19, c=IY4
term is first and x termis .
second. (® b=, 12=5, 5%=25
2) Findthe g, b, c values
3) Take half the b-value 8 y=1}+’0" }—)S"?SH'{'
(you'll need this later),
then square it. @ yz(ng,wi F25) -5+ 1Y
4) Add and subtract the ' +5)> I
result to your quadratic ﬂ" (5
function after the x
term. !
- 5) Make sure the new term — A':
you added is the third
term.
6) Factor the trinomial and .
add the two last terms. v
[Shortcut for factoring the{

trinomial:! |
When seardmj for wo = K\F
KU.MLQIS M mu'h[’lj "'D C ' b :
and add fo b, Pefue b ik
I |
\
¥

Wumbers will dwﬁs be Hhe
halved b value

\ /

¥

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

%‘: X*-Yx-| yz (12—‘1‘)(*") -4 x-;nh: ;alg;o
a=l, b=-¥,c=-l s 0 =(x-2)*-$
g o, (rey Y= O 2[5
2ty + Yy A5 = X2
g x=2tl5




Whena #1

When the a 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

STEPS: 0 y- (22 +p) +s | XTE
-_ “ 0= -Alx-0"+7
é 1) Group the first two s 2 -
' terms together. @ Y= 2(x -Zx) § :;— = (x-N°
| 2) Factor the a valueout. L=-25 =13 |
3) Find the b value. Take B b="4; i 1= %
* half and square it. , 2 +5
4) Add and subtract the @ g’ ')‘(Z’ -2t =) |+ Jij}'x—: L
result IN THE m 3 =
= ~-2xt)-1) t+
I OX Moot e
et the subtracte
2ere =l o 2
| result out of the Y= 2(x ~2x ) #2148 2+ _ %
| . . =
brackets by multiplying 2 2
' tothe coefficient in Q y= 2 (1") +71

front of the brackets.
6) Factor the trinomial.

Example 4 - Change y = 3x
B: (31’-\21)-} ]
5: 5(1"-—‘4)(,) + 11
-4y -25 Y4
U: 3(1’.‘.‘4){,4""”) 1

y= 3 (x> yxay) 72

y=3 (3-2)* -

~12x +11 into vertex form, then calculate the x-ints.

= 3(x-2)*-|
0 ¢+ {3
3

L - (x2) L
3 (x-2)

T = Y-
-_+§ W=

22 EB

i’t% =2

'X}

Example 5 - Change y =5x — 3x% +1 into standard form. Do this both in ‘fraction

form’ and ‘decimal form’.

3 =) (;3'1,,' +S‘x)+ l
Y= '3(1,"-*%1) +I
b= F5%

Y= '3(1’ S +25-2A5) +|

36 3
= '3(1 v.f*; +4 )+
g 4

=35 Y

Y= (3245 + \

Y= -3 (x> LebTn) +1
b=-1bb7;-033 0.69%
y= 'W.bqw) +)
Y="3 b&-l.mmobqq) +9.085+|
5 =-3 (1—0-3_-3)" + 2,083

»5‘




5.6 — 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?

@ fhox l’\uqu ocents ﬂj'ﬂ\y W*I'(X) So 'ﬁm(}wn Mu.)/‘ ﬁe CW;Q:}'RW

WO = (498 Hat) +1S
L(f b -‘,ﬂéfz' ’ot) +,r -1«55.'1J ’ - | ! X N ¥ | ’__5:_—'
A(,'é) - *V.?C’t}'lvt +2S-ZSj +)-3 LA @

()= -4 (¢>102+25) Y ARILY
W)= -49(£-5)"+I24

ortex (5,121% | |
";’kz, may }wy‘tf‘geaoéw/ f)’ﬂ’ rocket 13 g
[2Ym, five Seco Into (f3 H{ju' N

@ £=0 whon rocdeet fired.

h(u) = _l?aﬁ(o..-g)?' ‘f’/)-q-
i) = g P ey = 4

h(o)= —1223 t12Y LN
h(0)= |.Sm The ookt was 1-5i o bove The

(tny (O   -.©__

ground when fird

© h =0 when rocket hits jrvwd s D LS IR, o2 Z't' Ioétémtﬁj
O = -HI(t-SV+24 Range: 0% h & 124m or fh|och 2]
26306 = (65" ® W)= -4a0-sy 13

§.03=t-§ W)= 49 +12Y

#2/9.033 r h(7)= -19.6 + 1Y

by it h() = 10 o

On ds “"ﬂ 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,nerol form.

3) Complete the square to change the quadratic function into ::hm’.ud form.

4) Identlfy the maximum area, and then the dlmensmns for the maximum area.

Let x= leagth and y = width T : T T -
‘ :’}0_ i;‘ +2y OLE ExZ+80x) (#0,1609)
L jb0-2x A =-1(x*-80%) s
@ 23 A=-l (x’—801+léoo—1649¥“-- |
J @_ A=-l sz—gt)n‘rlb'oo) t16oo § \
A.: x(QO"Z) A= —(1‘40)14' 600 ‘;3‘ i |
A =80x-x" Verde (M0, 1699) T
A: ~x/1+80x UW gcwﬂ d_w ; .
famlola R e e
| X lengH |

@ TM fLaimum aned i< /éOUM
The /%5#‘ of the batwj[,/,%\%d/wf Jor max area i< YO

The width is: 2(40)+2y =160 40 m So YOm0 m
go+zj=)é0 ——

:g’[)

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

largest area. [ef x= /wg#\
fot 4= vidth 2| \F

2x+y =800 | f= -2(x’-00%) 2(1 . ¥
- DR Az00) 1y =
A i('_j)r /q:' "'2()(( -lfUD;L#LfOOﬂ') 9019") qoo T; - 500

H ’<§D{) _29 /) = 12(:2:2.({001-1' Yo ocx)~/-5’0 000 E qoo
A= -2 (x-2098) 180 ooo Y
vertee (200, 89 0oo) The dumensions that
)
o8

A 3;»«:#@ maX orea of
HOUMm X 200 pa

= x (800-2%)

A =8 00x -2
A= I +¥00 ¢ g0000m* are




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?

l"f x= # 07[ 92 increnses in /on‘ce |

(hoets sold = J00-Sx | el
Price = §+2% AR

Revenue= (f/‘/‘u)(# §o[4)
R=(g+2x)(loo-53)

K= Foo+ 200t ~H0x —Ox*

Koitinie ()

R= 102> +]60x+8 00 I 10 S SRV

R = (—lox? +160x) 1800 = # A 92 ,'Agmuej
R= ~Jo(x2-l6x) +800
- —lo(x*~(6x 161 -6Y) #§00

R=-10 (%% [6x164) +6¥0+§0C

R = ~lo(x-8)*+ )40

x” R

Prige= §+42x=8§+2(8) = $24
Slnor‘fs soM: [00-$% = o0~ ) =60

izt revenus [‘/#L/o)/m shoehs chould be

e le sold per week.

fo/e( ﬁr $¢’2qu/ II/N/ &0,54,43 will



