2.11 Factor y = ax? + bx + C

Math |




Goal - Graph general quadratic functions.

VOCABULARY

Minimum value When a > 0, the minimum value of the
functiony = ax? + bx + c is the y-coordinate of the
vertex.

Maximum value When a <0, the maximum value of the
functiony = ax? + bx + c is the y-coordinate of the
vertex.




PROPERTIES OF THE GRAPH OF A
QUADRATIC FUNCTION

The graph of y = ax?2 + bx + cis a parabola that:
- opens UP ifa > 0 and opens down ifa<0.

« is narrower than the graph of y = x2 if \ a |>_ 1
and wider if|a|i 1.

« has an abxis of symmetry of by
|
X= —7= .
2a (0, o I
« has a vertex with an I -
x-coordinate of ———.
2a b

|
+ has a y-intercept of C . |
So,the point (0 , c)is
on the parabola.




MINIMUM AND MAXIMUM VALUES

For y = gx:‘-’ + bx + c, the y-coordinate of the vertex is
the MINIMUM  yajue of the function ifa > 0 and
the maximum value of the functionifa <« 0.




Conslder the functlon y = —2x2 + 16x — 15.

a. Find the axis of symmetry of the graph of
the function.

b. Find the vertex of the graph of the function.

Solution
a. For the function y = —2x2 4+ 16x — 15, a3 = -2
and b = 16 .

_ _b _ _
= T2a " - =4

The axis of symmetryisx = 4 .

b. The x-coordinate of the vertex is —%, or 4_ To find

the y-coordinate, substitute 4_ for X in the function
and find vy.

y=-2(4 2 +16(4 )—-15= 17
The vertex i5{4 : 17 ).




Tell whether the functlon f(x) = 5x2 — 20x + 17 has

a minimum value or a maximum value. Then find the
minimum or maximum value.

Solution

Because a = 5 and 5 >0  the parabola opens up
and the function has a minimum value. To find
the MaxXimum vyajue, find the vertex

X = —Ei = . = 2 The x-coordinate is
d - b

—.
f(2 )=5(2 )2—-20(2 )+ 17 Substitite 2 for x.
= -3 Simplify.

Theminimum  value of the function Is f(2) =-3




O Checkpoint FInd the axls of symmetry and the vertex
of the graph of the functlon.

1.y =3x2 + 18 + 5
a=3 andb=18

Axis of symmetryis x =-3 Vertex: (- 3, — 22)

y=3(-3)2+18(-3) + 5
vy=3(9)-54 +5

y=27-54 +5
y=—22




O Checkpoint FInd the axls of symmetry and the vertex
of the graph of the functlon.

E.y—lxﬂ—4x+?

% andb=-4

Axis of symmetryisx=8
=% (8)>-4(8) +7
=%(64)—-32+7
vyv=16-32 +7

Vertex: (8, —9)




3. Tell whether the function f(x) = —%xz + 6X + 8 has

a minimum value or a maximum value. Then find the
minimum or maximum value.

Sincea=-"and - <0, the parabola opens down.

la| = |=%| =% < 1, the parabola is wider thany = x2.

function has a
f(x) =—-7:(6)* + 6(6) + 8 maximum.
f(x) =-7%(36) +36 + 8
f(x)=—18+36+8
f(x) = 26




Graphy = —x2 + 4x — 1.

Step 1 Determlne whether the parabola opens up
or down. Because a < 0, the parabola
opens down. A

Step 2 FInd and draw the axis of Y

symmetry: 3 #
X=—%a= == . L t
I
A4

= )

3 5

Step 3 FInd and plot the vertex.

The x-coordinate of the I
vertex is ,nri. ,
To find the y-coordinate, substitute 2_ for x in the
function and simplify.

y=—(2P+42)-1=3
So, the vertex is{Z : 3).




Step 4 Plot two points. Choose x| 1 0
two x-values less than
the x-coordinate of the y 2 | -1

vertex. Then find the
corresponding y-values.

Step 5 Reflect the points plotted in Step 4 in the axis
of symmetry.

Step 6 Draw a Parabola through the plotted points.

=




4. Graph the function
y = 4x2 + 8x + 3.
Label the vertex and
axis of symmetry.

y =4x%+ 8x + 3

e
—3

y =4(-1) +8(-1) + 3

y=4(1) +-8+3 07
Sincea=4
=-1
y and4 >0, v 3 b
Vertex: (-1, — 1) the parabola

opens up.




Compare the graph of f(x) = x2 — 8x + 16 and
g(x) = —x2 + 8x — 16.

Solution

EHR f
flx)

Ny \

gix) = —x% + 8x— 16
to \
Consider the X"3aXIS 35 3 mirror. The graph of
g(Xx) = —x2 + 8x — 16 is the mirror image of the
graph of f(x) = x2 — 8x + 16. So, the graph of g(x)
is g reflectionin the x-axis of the graph of f(x).




5.f(x) =x2 4+ 6x+5
gx)=x2—-6x+5

The graph of g(x) is a
reflection in the y-axis of
the graph of f(x).

|
=
"
|
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-l
= b=
-'-l-_
s 1Y
=y

—f




6. f(X)=x2+3x+ 4
g(x) = —x%2 —3x — 4

The graph of g(x) is a
reflection in the x-axis of
the graph of f(x).

+ 3Ix

all |
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