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Section 2.2
Quadratic Functions

Graphs of Quadratic Functions
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Graphs of Quadratic Functions
Parabolas

f(x)=ax’ +bx+c
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Quadratic functions are any function of the form
f(x)=ax’+bx+c where a # 0, and a,b and ¢ are
real numbers. The graph of any quadratic
function 1s called a parabola. Parabolas are
shaped like cups. Parabolas are symmetic with
respect to a line called the axis of symmetry.

If a parabola 1s folded along its axis of symmetry,

the two halves match exactly.
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Graphing Quadratic Functions in
Standard Form

The Standard Form of a Quadratic Function
The quadratic function
fixy=a(lx —h¥?+k, a#0

is in standard form. The graph of f is a parabola whose vertex is the point
(i, k). The parabola is symmetric with respect to the line x = k. If a = 0, the
parabola opens upward; if @ < 0, the parabola opens downward.

Graphing Quadratic Functions with Equations in Standard Form
To graph f(x) = a(x ~ h)* + k,
1. Determine whether the parabola opens upward or downward. If a > 0, it
opens upward. If a < 0, it opens downward.
2. Determine the vertex of the parabola. The vertex is (A, k).

3. Find any x-intercepts by solving f(x) = 0. The function’s real zeros are the
x-intercepts.

4. Find the y-intercept by computing f(0).
5. Plot the intercepts, the vertex, and additional points as necessary. Connect
these points with a smooth curve that is shaped like a cup.




121004 2.2 Quadratic Functions.notebook October 04, 2012

Seeing the
¥
V N =
Asis of symmetry: x = /i 1 Aols of vjmestryz X = A
, Vartez: (11, k) i
slx) = — sk ' , - 2L
gixl=alx-h*+ k : Vertes: (0, 0] ﬂ\ glx)=alx - h)*+ k
L] JI' X
- flx) = ar? :
1
Mx) = ax? i :
Y Vertax: (h, k) |
. ' :
Yertex: (0, 0) i |
Figure 3.2(a) Figure 3.2(b)
a = (: Parabola opens 11]1\\',"‘[. a < {: Parabola opens downward.

Using Standard Form

f(x)=-2(x-3)" +8 RS IR LU I
R R,

vertex(h,k) V(3.8) T O S 1 O
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axis of symmetry x=3

finding the x intercept, let y=0 T
) R O O Y
A oo
-8 2(x-3)° EEEEEN
_8 = —“(x 3) S
-2 -2 S T B A

4=(x-3)? REREENT N,
i o
3+2=1x, (5,0)(1,0) '
finding the y intercept let x=0

y=-2(0-3)* +8  y=-10 (0,-10)

a<0 so parabola has a
minimum, opens down
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a bR+ K
Graph the quadratlc function f(x) = - (x+2)*+ 4.
- OU@
a4 )
» (o+;2) +Y
G2 2o’ iifi? "
(wg) Lf S50 = s
miﬁ ¢ (OJO) >
XA =T 2 ~
= 2 a2 -2
X = O w= -
(o,0) C4, o)
h «
Example | Graph the quadratic function f(x) = (x-3)?-
Si)=0
&-»)++ -0
(x-2)2 =
-3) =%
X-32=2 x—-3=-2
XS5 X=
CH=Y. G, 0)
B‘M«Z}
3()= (@ 2)* 4
=Cx)T ¢
=S
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Graphing Quadratic Functions
in the Form f(x)=ax*=bx+c

We can identify the vertex of a parabola whose equation 1s in

the form f(x)=ax’+bx+c. First we complete the square.

fix) =ax> + bx + ¢

;o b
=dqy X° + =X tC Factor out a from ax™ + bx
a J

[ 5 b b b
= tfl X+ =X T _,l T C H(_, |
\ a da/ \

Complate the square by By completing the square, we added
adding the square of half y

b . .
the eoalficient of x. Y L To aveid changing fhe

Tunetion’s squation, we mast
subtract this term.

} h\‘ h. n.'.'.'-l." m 5 The
i X — ¢ — Squara ( ramnomial ana
3") da mplify the constant ter
Compare this form of the equation with a quadratic function’s standard form.

Standard form fix) = alx }!1]- '

b bt
D"——E ;\. (—E

Equation under discartion
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The Vertex of a Parabola Whose Equation Is f(x) = ax® + bx + ¢

Consider the parabola defined by the quadratic function f(x) = ax” + bx + ¢.
b b
R—— Y )|
e parabola’s vertex is r f >

Graphing Quadratic Functions with Equations in the Form
fix) =ax* +bx +c¢
To graph f(x) = ax* + bx + ¢,

L. Determine whether the parabola opens upward or downward. If 2 = 0, it
opens upward. If @ < 0, it opens downward.

: ) - b b

L Determine the vertex of the parabola. The vertex is (- 2 f( - E))

< L Fittd any x-intercepts by solving f(x) = 0. The real solutions of
ax* + bx + ¢ = 0 are the x-intercepts.

4 Find the y-intercept by computing f(0). Becawse f(0) = ¢ (the constant
term in the function’s equation ), the y-intercept is ¢ and the parabola passes
through (0, ¢).

5 Mot the intercepts, the vertex, and additicnal points s necessary. Connect
these points with a smooth curve.

Using the form f(x)=ax“+bx+c

fx)=x*+2xr+1 a=1.b=2.c=1
b (-bY 2
Vertar[—,f[—” X= =-1
2a 2a 2x1

Axis of symmetry x=-1

Finding x intercept

-

O=x-+2x+1

O0=(x+D(x=+1
x+1=0
x=-1 (-1.0) x intercept

Finding vy intercept

g
y=0"+2x0+1 a>0 so parabola has a
y=1 (0.1) y intercept minimum, opens up
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Example

Find the vertex of the function f(x)=-x?-3x+7
o= s> c¢=
o Z+b x +C [ b2 e

Ver—“‘ﬁx: (‘5) g(”i))

—Q):——g\»—fg
20-1) = T T

=
‘}gf’—é%);— 2z )47

“F Lo

L./.
| = 2g _2 Bjr)
=t o v L (’;T)'»T
_ 3=z
L./_
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Example

Graph the function f(x)= - x*- 3x + 7. Use the
graph to identify the domain and range.

--------- i e R it e Rl Tl 7 R Tl e e e e s e
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

Minimum and Maximum Values of
Quadratic Functions




121004 2.2 Quadratic Functions.notebook October 04, 2012

Minimum and Maximuom: Quadratic Functions
Consider the quadratic function f(x) = ax’ + bx + c.

.. b .
1. If a > (), then f has a minimum that occurs at x = — - This minimum
o b 2a
value is ,l‘(—_|—).
' =
. b . .
2. If a < 0, then f has a maximum that occurs at x = ——. This maximum
. h ir'"
value is _.f( -,,—)
=

In each case, the value of x gives the location of the minimum or maximum

- by . . .
value. The value of y, or .,f( = |, gives that minimum or maximum value.
2a,

Example 3 b=
=

For the function f(x)= - 3x*+ 2x - 5

Without graphing determine whether it has a
minimum or maximum and find it.

Identify the function’s domain and range.

= <O -2 _
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Graphing Calculator — Finding
the Minimum or Maximum

Platl Flotz Plokz

Input the equation infg1¥y=x:+24-5 |
%Trace to get Calculate. Choose #%

Maximum or #3 for Mini

]
o
1 ruam

-
SHmax1mun
:intersect

Move your cursor to the left (left bound) ¢f tHe ..
relative minimum or maximum point that you [want:-=
to know the vertex for. Press Enter.

Then move your cursor to the other side of the
vertex — the right side of the vertex when it aslgs&*fm;.."‘:\..ﬁ —

the right bound. Press Entér:":

When it asks to guess; you can or simply press
Enter.
The next screen will show you the coordinatéséf:: 1 -

the maximum or minimum:

Haxirumm
wW=,23333509 1V=-4.666667

Applications of Quadratic
Functions

11
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Quadratic Regression on the Graphing

A consumer decided to record their electric use |M Kwh
in hundreds of kilowatt hours. The first column
for the month of the year. Put the data into List]l & P79
List2 in the graphing calculator. b e 16
L1 Lz L 2| To do that Press|STAT,
1 F.7 5| [ _ _ 3 6.25
g 818 then 1 for edit. Type in
f ik b
s B.z8 numbers. 4 5.39
7 B.78
Lzih=8, 79 Press|STAT, move the . -
BuadReg i C '
H=EE§E?555?62 cllllrsor to thefrlght ro
a=. B & 8.61
Z15783374584- | then press 5. DrQué eg
c=18.97428371 The quadratic equation that
. . 7  Morggors the
describes power use is nelxt slide.
y=29x"-235x+1097 8 10.96

Quadratic Regression on the Graphing

EH-EF]GE e the scatter plot of these data pomts
EDU - et STAT PLOT. Press press 2™
2:PTot2. 0FF - NTER on #01 If Plot 2-3 are ON, then
= u change those to OFF. You can turn all plots
38 E?:‘S?{F o off by pressing #4. Then return to this screen
44Plots0ff and press #1 to turn this plot on.
DH&*E Flots This is the Plot1 Screen. Press ENTER on
upel B 1= dm the word On. Cursor down and choose the

o HEe H T style of graph that you want. The firstis a
m ig% 'l:; scatterplot. The XList should be L1, and
Mark: B + - YList L2. Ch&ose one of thﬁgpks for your

2" rah For L or 2 prss

O
By pressi@PH you will get

the graph that you see at left.
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Strategy for Solving Problems Involving Maximizing or Minimizing
Quadratic Functions
1. Read the problem carefully and decide which quantity is to be maximized
or minimized.
2. Use the conditions of the problem to express the quantity as a function in
one variable.
3. Rewrite the function in the form f(x) = ax’ + bx + ¢.

b o b . ..
4, Calculate — — Ifa = 0, f has a minimum at x = ——. This minimum
L il
- b . _ : b .. -
value is f == If a < 0, f has a maximum at x = —= T'his maximum
Fti Fay |

: b
value is f( - ,’—‘)
24

5. Answer the question posed in the problem.

Example

You have 64 yards of fencing to enclose a rectangular
region. Find the dimensions of the rectangle that

maximize the enclosed area. at is the maximum
area?

This is the part
that Mr. Wee did
not show you.
Make a generic
formula

(3)1 - X> (x) = 5()
23—y = S

AT =32

~ 32

2(-1)

B
S(ie)= Ga-1g)(1£)

= (e ) 1€

(25 )
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Graphing Calculator

Graphing our previous problem.
Change the viewing rectangle to [0,32.4] and [0.260.20]
Why are we using this Window?

What is the maximum point on the graph? Use your

to find the maximum.

Flotl Flotz Flot=
WBKCIZ2=-RKD
wNe=

October 04, 2012

graphing calculator's Maximum function under Calculate

WIMDOL
“miln=a
AMAx=32
Aacl=4
Ymin=@a
Ymax=268
Y=cl1=28
ares=1

Problem continued on the next slide

Graphing Calculator- continued

Flotl Flotz Flots
“WARHO3IZ-RD

Does the Table (2™ Graph) show the same maximum?

mHEs
S Y4
1% 47
1y ZEZ
15
'_I?____'EBE__J
ZEZ
ﬁﬁllll Zy7
An=19

14
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Find the coordinates of the vertex for
the parabola defined by the given equation.
f(x)=2(x-4)" + 5

(a) (2.5)
(b) (-2.-5)
(¢) (—4.5)
(d) 4.5)

Use the graph of the parabola to

determine the domain and range of

the function. f(x)=x* +6x—4

(8)  D[3%) R(-%2)
(b) D) R[-132)
(C)  Di(—==3] R[-13,)
(d)  Di(=-3) Ri(-13%)

15
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Assignment 2.2
Pre-assignment notes
Classwork 1-12

Homework 17-43 odds
Extra Credit: 57-76

DUE MONDAY

Assignment 2.3, 2.4

Pre-assignment notes
DUE MONDAY --> signature for credit

October 04, 2012

16
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