3.1/3.3 - Investigating Quadratic Functions in Standard Form: y=a(x + h)* + k

Graph y = x” using a table of values
& 4 Quick way to

y=x s graph:

>
<

\ Use a basic

H = (“3})2 =9 -3 a1 ('31’3) [ t
o 4 (24) | Foume
4=2=4 1

\
e RUE f‘ Start at vertex:

AL L/ in this case

l
0
l <] ¥
ot (0,0
L\L %] =l ol =] =i -5 =4 = =d] -1 '<.-!n-f'.<-,"r
?

Over 1, Wp l

back to vertex
3 Over 2, up Y
back to vertex

2

-

w N RO

Graph Shape: the graph shape
is called a_Do(0bola. ;
and occurs when the equation = Over 3, "‘r %
has daﬁ ree 2
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Parabolas have a VP[’+€ X , a middle point. Fory =x",itis (O, O)

Parabolas have an AXIS OF SYMMETRY, a reflection line that splits the parabola into ﬁMQ
S\IIV\AM\Q’fV'r'c.aj \.r}r(;L WAVAS . It can be shown with a dashed line.

In this example, the equation of the axis of symmetry is 7&1 O

Parabolas open WD Wd.r'bt or d OWY\MLF'EL. If they open upwards, they go up forever
and ever, but only goldown so far. Therefore, they have a MiNI WA 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. Thereﬁsre, they have a MAXAMUM _ value.

For any graph, you can find the AO MAIA . For any graph, you can find the _ Y An4€ .
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,
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A quadratic function is a function that has a second degree polynomial (has an x* term, but
nothing higher. The graph shape that results is a PARABOLA.

Examples: \‘ﬁ = )CL_J}. H’ 5 \lj: )CZ”Z)C +5 ) WKCC) - (I + é}?»__ L7L

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




k value

y=x>+k
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a) Graph y = x? using the basic count: % i
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Notice: ﬂ: X4 WY is the came Jara bo (a al c) Graph y = x* -
Y= Iz-) owxij Translated (moved) Up 't unis.

Ths s due fo The 'k value of Y ia

kvalueis: —3

3 by count method:

Vertex is: (()) —3)
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h value

y = (xzh)?

Practice

a) Graph y = x? using the count

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

x |y y= (1=yY
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A= Y c) Graph y = (x + 3)2 using the count method:
Max/l. =0 Vertex: (,3 O> Domain: éﬁ
Domain: ) X
é IZ A of S eqn:l_ ,_,3 Range: -
Range: = B O
)0 o) - o 47
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3.2/3.4 — Investigating Quadratic Functions in Standard Form: y = a(x + h}i +k ¥
)
\p “h— 4
a)Graph y = x? using the count. 4‘ 41\1 .0. ’*‘3?'%
a value ) | y ]
b) Graph y = 2x” using a table of % i é
y = ax? values "‘ T
& \AR TS T
X _Jé_ ﬂ 2(_.3) ) )Kl\ 1UTe
3| _ \NEW 7
2|8 2‘("\ . N “\ <
1|7 =¥ LR G I
o|¢C !
1|2
2 | &
3118 ;
Notice: {ly pasabola =127 ' narrouer il
(i vises {"as fer - 0. verhel. e annon) cpufmtal =
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Graph y = —2x”using the count method
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Standard Form:
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X-ints

Thinking back to last chapter, what are x-intercepts?
where your Oraf'n -fvww/mszs he 7 ays
How many x-intercepts for a quadratic function?
01, or 2
What are the methods we learned to identify x-intercepts?
Luclorna, quodie Borusda
gy Quociivhie Torusda, (ouglofe Th (fuare

Example — 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 ) y=-2(x+1)*

verdex (7,-1) verdex (0,-6)  verdex (1, 0)
t J 7

below X aws befow . arss ON ¥ avil
D=-2 lopeat dowr) 005 Sharehort,

Threfor N0 y-ints (D?m m{)) ONE 2-imt.
R Yurefore o

WO X -ints .



3.5 — Finding the Equation of a Parabola

10

Example 1 — Determine the equation of the following parabola:

verder of (5

3)

over I,u1,7. s0 A=2

y=2 [x-5)"+3

10

x-intercept of 6.

x= -1, that passes through (1, 1).

vortex (-1,3)

hedut (both have Y of 2) S0
X valw o‘P vertey L\A(@vaﬂ

boisen =3 and || whuch 151
W= a be+1) +k

|= a(1+1)+2
Y=a(xt43 | | =la+3
| —2=ka

V= a(z-hprk | 07 Al
Y= a{z=w)+8 | D=Hat8
x-nt of 6 is (6,00 | Ha=-8
1+ K
¢ Y a=-2

*Enrichment: Find an equation of a quadratic function wit

(-3,2) and (1,2) are of came]| sub (3,71) info eqn

=034tk
Y =lba +l
k==]pa-Y

So -.

E . (e-1 ~lba~t

Example 2 — A parabola with vertex (1, -2) passes through the point (4, 1). Find the equation.

9 ;A(ﬁ'f‘jl)% |2 aly-1)>-2] a=F =4
o ( . 2
Uzabzfifi /lj;(z ’ Y= %(z-/)l—z
sub (4,1) infor 2,Y 37: qa

12 solve for 'a’ -

Example 3 — Find the equation of a quadratic function whose graph has vertex (4, 8) and an

§= 2 r-4rg

Example 4 -Write a quadratic function with a maximum of 3, axis of symmetry equation

h points (3, -4), (-3, 2), & (1, 2).

Sub 1a (1,2) k=-lba-4
2=allt1) a4 | k= {5)-
2=Ha-lba-4 le=§-%
b= "1xa ="
o= -1 \/:’%(I-lfl‘)z'l"f




4.1 - Completing the Square

completing
the square

When quadratic functions are in GENERAL FORM [y = ax? + bx + c], they can
be changed into STANDARD FORM [y = (x + h)? + k] using a technique called

@mp[ehnﬁ the square

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

Then sketch the graph. Calculate the x-intercepts.

2
STEPS: u=X"+0x+IY
1) Rearrange so squared j b; [0 - 25 Vé’{‘x ('5; ‘H)
term is first and x term is )7 l
second. ‘ 0=
2) Findthe g, b, c values 3: 221’1'101*25"’9\\?#[ LIL over | y '

3) Take half the b-value y
(you’ll need this later), y.—,éLz-/»[ijlﬁj"‘Z;fl i *
then square it.

4) Add and subtract the

result to your quadratic 3: (74 +§)2_”

function after the x
term.
5) Make sure the new term

you added is the third
term.
6) Factor the trinomial and =
add the two last terms. T
Shortcut for factoring the] -
rinomial: 1
i
"(N ‘W\"yo V\V\W*b«'—fsl e v I I T
Are just the \ .
! \ 1
halved b value \ T
A |
\ / d
.-;'

Example 2- Change y = x> —4x —1 into standard form, then calculate the x-intercepts.
b 42,4
5:ﬁqu4%—w-l Dféizrff
Y= -5 |2f=5
verdex (2,-5) y-2=*[c
x=2x[5



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

STEPS:
1) Group the first two
terms together.

2)
3) Find the b value. Take
half and square it.
Add and subtract the
result IN THE
BRACKETS.

Get the subtracted

result out of the

4)

5)

brackets by multiplying

to the coefficient in
front of the brackets.
6) Factor the trinomial.

Factor the a value out.

Leinds

y= (<227 H‘x) +5

§ . 0=20-1)+7
\/- 2(76 -21)+ el
b=-2,-1, I -71-=éé'l)z i
y:—ml)% x—lfffgj— =

j’*“l( “Zx+l)+2+§ I’|'+r
15 G

_ 2+{1H

V= =2(x-1)+7
(7

7
Example 4 - Change y =3x”> ~12x+11 into Sta%dard form, then calculate the x-ints.

V= (32129 +l
= 3(-42) +I
b=—Y4,-2,%

= S0t 4) o)

Example 5 - Change y =

Y=E3r2+53+

Y =3[ty ) - 12411 \ | x2- S

Y= 3(x2)- \d%f)
x-ints
0 =3
| =3(x2)

5x —3x* +1 into standard form using exact values.

y= 35

36 13
_afy:_5
1 3(x 3x)+| Y= -3(1~25)Z+T3ll
Verdex ( _Sé,: ! %)
RS T

i |

N, 7S |

=30 5



4.3 — 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?

AR\ MKy i< (LJr Vertex <o e H{, Yhe ¢ Mre/{v c}m ver"k)(
" 1 J

h(f)= @-‘Hﬁl Y1) +15
WA= -4 (tP-pl) )5
b=-10,-5,25
hit)= -4 4(E= bt 1529 +15
hik)=-41 (’3-(%1)5’%!22.9;5
hit)= -4 (£ -5) 4124
Vordex (5, 124) The max heigit of T
rocket was \1‘1}"\, retch 5 aP{U )aumd\
) Hired 4t £0

h(o) =440y +41(0) + 1S
h(o)=1-5 T+was|-5m above Y (ahe

b\/ky\qcirﬁo'
@ L\:O whan fo()u'f hils sroww(

O = —Ha(t-5/+I12Y

S U (-5 Tig codket bt
25.306 = (£-5)* Y 9fwndp

- +’ — }0'03:’ at
‘Z‘.“S_' TI25. %304 lﬂ“_‘l‘\{z[ﬂ

L-5=15p3
s 10,02)’9/%&df

*Keep in mind that the question presented this function in general form. Sometimes, in

heiaht (m)

3

@ |

1455

h.03,0)

problems like this, the function is presented in standard form, which will make it much easier



*Max/Min Problems:

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 general form.
3) Complete the square to change the quadratic function into standard form.

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

P=2xr2y L
x O (Lo=2x+12y k (‘W)“’oo)‘
H‘ PGDA:X&R | I
T2 | _ _.m; / G E—
h- 20 | WTRF _%? _
A= -x"+80x '\f‘“ & & \

gt o e, | ke G i)
L

is The max - area _
IF x=t0, whet s y

= - (x*-80x) b
=-§0, -4o0, 100 160 =2(40) + 2y 5NN

A:.‘i(xl_KD»aL[bDO'lém) 23 iis ’Dim&tﬁonj 01[\ LLLOW\ \oy 40w a|low
\ J for o maximum orea of 1600m2.

T
|
v
1

2
A= = (x-t0) +1600
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. indl .
i C— i ST Lloow) Find ) ﬂ
"y R .
'r/‘i*““ | b="YHo0,~200, 40000 goo 2(200)
%00 = 400+ 4
! ! A= -2(w™ Yoow + 40000 ~fo000) 1= oo
i |
= A= ~2(w*Yopw + Ho008) +£0 000 The Aimong ons ot
s 2 wil{ enefote & max
A=£W A= -2 (w-200)"+20 000 area of €0 0w
w j /&wu/of
A"' W(?OD’ZW) Wwidth rea

A~ -2w>+800w




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?

LQ/‘\‘ = H\t WUWLLf 010 41 T T : T
hereases tn price - _}}31\‘%*")

Revonue = (THms Sold)( Prce)

\Pr(t@-'— 2+2x
THems Sld = 100 -5y

K= (8+2x)(100-5%)
K= =10x2+160x +900 ' ),
R = (-lox*1160%) +800 EBE 1

R= =10 A*l6x) +800 Numbe 1 of ¥2 price ingrases
L: _/é ) "8/ é'f

A= 16 (~l6z +64-54) 900
R= [0 (x4 +4%) + 640 +80D
R = ~/0 (76-3);"' 440 APH'C@ O‘P 321{ per ,%Lir Wllﬂ

Verfex (9) /LfL/O) cause 60 pairs o]c st fo be
[ . Sold por weel, (esulhny in &
MAK rovinue o(& 4y,

1243 =5 1 . | - Jadk o)

, 1% oxep vl

|—651.5 foz . i

Jncreades )

Price = @42x = 8¢ 2(8)
=+

Ttems Sold = (00-5n
(00-508)

bo



