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arabolas.
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parabolas.

ine a quadratic function’s minimum or maximum value.

>~/ Solve problems involving a quadratic function’s minimum or maximum
value.
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- A polynomial function is of the form:

i

fIX) = apX" + QX1 + Qp-oX2 + .. X1 + Qp

vl

h iS 3 hoh-hegative integer (if is 0 in the last ferm)
The degree of the function is b
£+’ There are n+1 terms

vl

v

i
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The $fahdard formeaia Quadrratic Functiop

N

The general form of the auadratic function is
f(X) =ax2 + bxX + C

The standard form of the quadratic function is

f(x) =alx-h)2 + Kk .
The graph of the quadratic function, f, is a parabola. /™

i
S

v
A

-

- 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 opens down (concave down).

v

i
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Grapf§ af Quadratic Rinctionst § Parabolas

f(X) = ax2 + bX + C
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Maximum  __—  T—
\ |

1 Ty

D G ;G &G S cGB eaG;B aea;|R eoaaea e e G g g &g &
l»-) (\O] w ENN ()] (@) ~ oo O
| | | | 1 1 |

X
| | | | | | | ] ] | l | | | | ] AN
| | | | | | 1 | | | | | | | /!
<4 3 2 W Y2 3 4 5 6 7 8 9 71
_\
D+

Minimum




Grarhing QuadgaticlEdnctiohs with

Equatohs in StanddrdaForm

L/ To graph f(x) = a(x-hJ)2 + k.

/

i

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

2. Determine the vertex. (h, k)

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

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

f(lx) = (x-h)2+K

AXis of symmetry x =0 -

é )
y:)l

\

-~ f(x) =x2

k | Axis of symmefry

X=Dh

>

Vertex (0,0) 1 ya

STUDY TIP

The standard form of a quadratic
function 1dentities four basic
transformations of the graph of

P
y = X°.

’

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

b. If a < 0, the graph is reflected
in the x-axis.

¢. The factor (x — h)? represents
a horizontal shift of /& units.

d. The term & represents a
vertical shift of & units.




Exampleé: Graphingl Ruadeafic Function i@

Stan&ard Formj

.- ——

~+/ Graph the quadratic function f(x) = -(x - 1)2 + 4.

-/ Step | a=-1,a<0. The parabola orens down.
-~ SteP 2 The vertex (h, k) is (1, 4).

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

The X-intercepts are -1 and 3
- Step 4 The y-intercept y=-(0-1)2+4 v=-(-1)2+44 v=-1+4
The v-intercept is 3

i

j

i

i

vl
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Exampleé: Graphingl Ruadeafic Function i@

Stan&ard Form)

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

The X-intercepts are -1 and 3
The v-intercept is 3




GenegaliForm 1 St@a@ard Bofm

\ "
s

f(x)=ax°+bx+cC

f(x)=a

f(x)=a

f(x)=a

,

\

Xz

b )
+—X

a’,

+C-a

(b

23

f(x)=a

,

f(x)=a

f(x)=a

\
,
\
.

\

X

... cOMmPplete the square.
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X

X

'Za/
b\

'Za/
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28/

+C

- To convert the general form f(x) = ax2 + bx +c to the standard form
f(x) =a(x-h)2 + k we...

bZ

-
43°

4ac b?

43

4a

4ac — b?

4a

Note that the axis of symmetry is
b

23
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The Qeritex of 3 Pa AbD(a Whdse Equation

~L/ Consider the parabola defined by the auadraftic

f(x) = ax2 + bX + c.

. (p ( p )
The parabola’s vertex is f
\ 28 \ 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 /1 p

f\ 24
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Grarhing QuadgaticlEdnctiohs with

Equatobs if; tn? Formif(x)=aR2+bx+C

~L/ To graprh f(x) = ax2 + bx + C.

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

( b (b \ )
f

23\ 2a3),

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).
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Examplé

./ Write the f(x) = 2x2 + 8X + 2 in standard form

- ——

i

L~

-~ The parabola opens up.
0=2(x+2)°-6
6=2(x+2)° 3=(x+2)°
+J3=X+2 X=-2+3

i

f(X)=2X°+8X+2
f(X)=2X°+8X+ +2-

f(x)=2(Xx°+4Xx+ )+2-

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). v-intercept
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Grarg

The vertex is (-2,-6).

x-intercepts X=-2++/3

yv-intercept f1(0)=2




Grarhing QuadgaticlEdnctiohs with

Equatols in the FOrmf(x)2ag2+bX+C

~1/ Graph the quadratic function f(x) =-X2 + 4x + 1.
E;_Z a — ']9 b = 4’ C = I

vl

~/ Step 1 a=-1,a<0.The parabola orens down.

~L/ Step 2 The vertex.

o oy D& _,
The x-coordinate is 232 2(-1)

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

The vertex is (2,5).
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Grarhing QuadgaticlEdnctiohs with

Equatols in the FOrmf(x)2ag2+bX+C

The vertex is (2,5).

L

v

- Step 3 The X-intercepts 0 =-X2 + 4X + 1

2 2
_—bi\b*-4ac _—4xb* - 4(-1)(1) :—4im:—4i2\/§:2i\/§

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
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Grarhing QuadgaticlEdnctiohs with

Equatols in the FOrmf(x)2ag2+bX+C

£+ Finally; Graph f(X) =-X2 + 4x + 1.
The vertex is (2,5).
The x-intercepts are 2-+/5,2++/5

e

i

The v-intercept is 1

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




Minimuh and NMaxigtm: Qbadratic

FuncRofs

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

I. Ifa> 0, then f has a minimum that occurs at x = 2‘;
- (b
The minimum value is f
Ly
2. [f a <0, then f has a maximum that occurs at x = >3
()

The maximum value is f

. 24,
~L/ [n either case, the value of X determines the location of the minimum
or maximum value of the function f.

/-y (or f(xJ) is the value of the maximum or mihimum of f.
y determines the range of f.
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Examplé: Obtainindiaformation abourt a

Quadeatic Fundtion Te@m [ts Bauation

~}/ Consider the quadratic function f(x) = 4x2- 16x + 1000

-

/

- Determine, without grarhing, whether the function has a minimum
value or a maximum value.

i

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

b 16
2a 2(4)

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

L/ Find the minimum value. x = 2

The minimum value is 984.
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Examplé: Obtainindiaformation abourt a

Quadeatic Fundtion Te@m [ts Bauation

~1/  Consider the quadratic function f(x) = 4x2- 16X + 1000
£/ [dentify the function’s domain and range (without grarhing).

Like all quadratic functions, the domain is (-co, )

- —

- We found that the verteX is at (2, 984).

/

i

a > 0, the function has a minimum value.

The range of the function is (984, )

~ ®F BTRE ' B ''*E 23/ 28



SolvibgProblems ImvalvingiMiaximizing or

Minimizing Quadratl¢ Functiohs

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

2. Write the quantity to minhimized or maximized as a function in one
variable.

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

[ p )

f of the function.

4. Find the vertex
23 23),

5. [f a <0, the function has a maximum at the vertex, if a > 0 the function
has a mihimum at the vertex.
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Exampleé: Maxinizi#giarea

~L/ You have 120 feet of fencing to enclose a rectangular regioh. Find the
dimensions of the rectangle that maximize the enclosed area. What is
the maximum area?

Wi

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
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Exampleé: Maxinizi#giarea

~L/ You have 120 feet of fencing to enclose a rectangular regioh. Find the
dimensions 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-w)ew =(60-wlw Afw)=-w2+ 60w
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Exampleé: Maxinizi#giarea

A(w) =-w2 + 60w

- ——

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

(b ( b))

Find the vertex \ 2a,f\ 2 ) of the function.

v

i

This means that the area, A(w), of a
w-_P2 __ 60 _ 23 rectangle with perimeter 120 feet is a
2a  2(-1) maximum when one of the rectangle’s
dimensions, w, is 30 feet.

(b The minimum value of the
fl =25 )=—30°+60(30)=900  fynction (Area) is 900 ftz.

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