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characteristics of p‘abaas.
¥ Graph plirabolas. "
=~/ Determifie a quadratic function’s minimum or maximum va‘e.

~* Solve p@plems involving a quadratic function’s minimum or maximum value.







Polynpmial Functiobs

A polynomial function is of the form:

fX) = QX" + QX1 + QpoX2 + ﬂﬂ(‘_ + do

There are n+1 terms




The §tahdard Born®of a Qdafiratic Functign

~/ The parabola is symmetric with respect to the line X = h (axis of symmetry).
[f a > 0 the parabola opens up (concave ur), if a < 0, the parabola orens down
(concave down).




Grapfls of Quadr@fic éunctions Parabolas

f(X) = ax2 + bX + C
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Graphige Quadratic Funckons withiEdhations in Standard Form‘

~t/ To grarh f(x) = a(x - h)2 + k.
1. Determine the direction. a > 0, up a < 0 down

2. Determine the vertex. (h, k)

3. Find the intercerts. The zeros, f(X) = 0, are the X-intercepts.
f(0) determines the y-intercept

4. Find the additional points as necessary (remember the symmetry), plot
the points and grarh. Keep in mind the graph is a parabola (u-shared).




Seelg ghe Trabsfobiation

/

Axis of symmetry X =0

A) \
\
!
A
I
\

f()ld =(X-h)2+k

\ ¢~ Vertex (h,k)
\ ‘
-~ f(x) =x2 k | Axis of symmetry
= R=h
Uertex (0,0) | | h |

STUDY TIP

The standard form of a quadratic
function 1dentifies four basic
transformations of the graph of
y = x2.

a. The factor |a| produces a
vertical stretch or shrink.

b. If
n

a < 0, the graph 1s retlected
the x-axis.

¢. The factor (x — h)? represents

d

horizontal shift of /2 units.

d. T

e term k represents a

vertical shift of £ units.




Examplé: Graphineja Quadrdtic Function Ib

it -
~}/ Step 2 The vertex (h, k) is (1, 4).

~L/ Step 3 The X-intercepts 0=-(x-1)2+4 -4=-(x-1)2 (x-1)2=4
X-1=12 X-1=12 X=1+2

The X-intercepts are -1 and 3

y=-(0-1)2+4 y=-(-1)2+4 y=-1+4
The y-intercept is 3




Examplé: GraphinQQa Quadrdtic Function Ib

Stan@ard Form

The vertex (h, K) is (1, 4).

The X-intercepts are -1 and 3

The v-intercept is 3




GenegaliForm 1o Stahbard Fdrm !

~+* To convert the general form f(x) = ax2 + bx +c to standard form f(x) = a(x - h)2 + K

vvvvvv

irectrix

We ... ... complete the square.

2
f(x)=ax?+bx+c f('x):a(x: b | +C-a bzz
b p N 23) 4a
f(x)=a| X°+=X |+C / \2 2
\ d f(x)=a X:b :466 p
(b \ . 23) 4a 4a
f(X)=a| X*+—X+_ |+C- ?
— - / \ P2
\ d J f(x)=a| X- Zba | 48231’
con)al w20 (OY ). o oD N
(x)=a \X to K+ 23, / +C-4d \2a) Note that the axis of symmetry is
b
X =

23




The Yertex of palidiola Whbse Equationis !

L/ Consider the parabola defined by the quadratic

f(x) = ax2 + bX + c.

. (p ( b
The parabola’s vertex is f
X 23 . 23/)
b

The X-coordinate is of the vertex is T

The y-coordinate is found by substituting the X-coordinate into the function and

evaluating f/ b

. 24,




Graphing Qhadraftic Fdhctiogswith EqQuagions ih the Form f( x)=ax?-+bx+ra

1/ To grarh f(x) = ax2 + bxX + C.

1. Determine the direction. a > 0, up a < 0 down

(p [ p )
f
\ 23 \ 28))

2. Determine the vertex.

3. Find the intercepts. The zeros, f(x) = 0, are the X-intercepts.
f(0) determines the y-intercept

4. Find the additional points as necessary (remember the symmetry), plot the points
and grarh. Keep in mind the grarh is a parabola (u-shared).




Example f :

f(x)=2X°+8X+2
f(X)=2X"+8X+__+2—-___

f(x)=2(x°+4x+ J)+2-

0=2(x+2)°—-6

6=2(x+2)° 3=(x+2)°
+J3=X+2 X=-2++3
f(X)=2(x°+4X+4)+2-8 X-intercepts
f(x)=2(x+2)_6 f(0)=2(2)-6 f(0)=2

The vertex is (-2,-6). y-infercept




Grarj

The vertex is (-2,-6).

X-intercepts X=-2+ \5

y-intercept f(0)=2




Graphing Qhadratic Function! With Equagions inh the Form f( x)=ax2+bx+ra

s of Symmetr ry

~L/ Grarh the auadratic function f(X) =-X2 + 4x + 1.

eeeeee

sssssssss

st s
~~ Step 2 The vertex.

. . b_ &
The x-coordinate IS R T T

The y-coordinateis f(2) =-(2)2+4(2)+1=-4+8+1=5

The vertex is (2,5).




Graphing Qhadratic Function! With Equagions inh the Form f( x)=ax2+bx+ra

The vertex is (2,5).

L/ Step 3 The x-intercepts 0 =-X2 + 4X + |

2 2
_—bxb*-4ac _ 4xVb*-4C-N() _4:V20 4:25 _, &

A 22 20_1) 2 2

The x-intercepts are 2-.5.2++/5

The v-intercepts f(0) =-02 +4(0) + 1

The v-intercept is 1




Graphing Qhadratic Function! With Equagions inh the Form f( x)=ax2+bx+ra

s of Syr

L/ Finally: Grarh f(X) = -X2 + 4X + 1.
The vertex is (2,5).
The x-intercepts are 2-5.2++/5

mmetry

The v-intercept is 1

2-5~2-22=-.2
2+6~2+2.2=4.2




Minipuin and axi’num: @uadratic Funcijons §

s of Symmetr ry

L/ Consider the quadratic function f(x) = ax2 + bx + c.

1. (fa >0, then f has a minimum that occurs at x = zb
. by “
The minimum value is f 2%
\ y
2. [fa <0, then f has a maximum that occurs at X = zba

[ p )

The maximum value is f
. 24,

value of the function f.

Axis of Symmetr

L2y (f(x)) is the value of the maximum or minimum of f. ¥ determines the range of f.

20/27






Obtainige [hformatiagh abob_r dl Quadrati@ Function from (18 Equatiog

or a maximum value.

a=4: a>0. Thefunction has a mihimum value.

b 16
2a 2(4)

f(2) =4(2)2-16(2) + 1000 =984

2

X =

The minimum value is 984.




Obtainige [hformatiagh abob_r dl Quadrati@ Function from (18 Equatiog

a > 0, the function has a minimum value.

The range of the function is (984, )




SolvihgiProbleins (BVBIving Maximizihg Of

MinifiZing QuadraticiFunciiens

1. Read the problem carefully and decide which auantity is to be maximized or
minimized.

2. Write the quantity to mihimized or maximized as a function ih one variable.

3. Write the function in the form f(x) = ax2 + bx + C.

(b ([ b

4. Find the vertex\ Za,f \ Zanf the function.

5. If a < 0, the function has a maximum at the vertey, if a > 0 the function has a
minimum at the vertex.




Example: Maxitnizibig) Ared

1. Given: 120 feet of fencing to enclose a rectangle.

2. Question: What is the maximum rectangular area?

3. Variable: Let w = width of area.

4. Perimeter = 2width + 2length
Area = length x width




Example: Maxmizi.ne Ared

of the rectangle that maximize the enclosed area. What is the maximum area?

Perimeter = 2width + 2length
120 = 2w + 2length 60 - w = length

Area = length x width

Area=(60-wlew =(60-wlw Afw)=-w2+ 60w




Example: Maxitnizibig) Ared

Alw) =-w2 + 60w

L/ a <0, so the function has a maximum at this value.

. b , b .
Find the vertex f of the function.
b 60 This means that the area, A(w), of a rectangle
W= = 2" 30 with perimeter 120 feef is a maximum when one

of the rectangle’s dimensions, w, is 30 feet.

[ p) ini |
f(_D)_ 202, 60030)—900 The minimum value of the function

. 23, (Area) is 900 ft2,

The dimensions of the rectangle are 30ft x 30ff.




