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@ 0 Activity @ [

CONCEPTUAL
w om Transform a Quadratic Function

How are transformations of the graph of f(x) = x? related to an equation
representing another quadratic function?

Vertex form shows three different ways in which the graph of the function
f(x) = X2 may be transformed.

fix) = a(x - h)2 + k

The value of |
The value of & determines the direction | | The value of h k determines |
the parabola opens and whether the | determines the the vertical {
graph is stretched or compressed. | | horizontal translation. translation. g
A g(x) = -%(x+z)2 B. jl)=2(x - 1)2-3
The equation shows that the graph ~ The equation shows that the graph
is to be translated 2 units left, is to be translated 1 unit right, down
will open downward, and will be 3 units. It will open upward, and be
vertically compressed. vertically stretched.

TUDY TIP

call that a vertical stretch

akes the graph narrower and
at a vertical compression

akes the graph wider. To see the
ects easily, use the same axes
units for all graphs.

When a > 0 the parabola opens upward. When a < 0, the parabola opens
downward. When [al > 1, the graph is stretched, and when 0 < [a| < 1, the

graph is compressed.
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When 2 > 0 the parabola opens upward. When a < 0, the parabola opens
downward. When ia/ > 1, the graph is stretched, and when 0 <@/ < 1, the
graph is compressed.

. | S
@ Try It! 1. Describe the transformations of the parent function f(x) =x°.
Then graph the function,

8. 90K) = -+ 2)? b. g(x) = (x- )2 +2

om Determine Key Features of a Quadratic Function

What are the key features of the

quadratic function f(x) = 2(x - 3)2 + 42 The axis of
The graph represents izemmy 'Sh
9l 22 =1 |
fx) = 2(x - 3) + 4. in
The 2 indicates that the graph opens -
upward and is vertically stretched. —
The range is y > 4. There are no The vetexis
restrictions on the value of x, so0 the ordered pai
the domain is all real numbers, (h, k), or 3, 4);

@ Try It! 2. Identify the vertex, axis of symmetry, minimum or maximum,
/ domain, and range of the function f0) =-(x + )25,

atic Functions and Equations
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om Write an Equation of a Parabola

What is the equation of a quadratic function with vertex (=2, 3) and
Y-intercept —17

Step 1 Substitute the coordinates of the vertex for h and k in the vertex
form of a quadratic function.

(h k) =(-2,3),s0y=a(x - (-2))? + 3

(2,34

Step 2 Substitute the values of x and y from the
y-intercept, and then solve for a.

the (%, 1) = (0, ~1), 50 -1 =a(0 + 22+ 3
-4 = a(2)2

B
-4 =14a
a=-1

Step 3 Substitute the value of a into the vertex form of a quadratic function.
a=-1soy=-(x+2?+3

The equation of the parabola is y = ~(x + 2243,
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@ Trylt! 3, What is the equation of a parabola with a vertex of (1, ~4) and
which passes through (-2, -1)?

APPLICATION . 3
[ om Write an Equation of a Parabola Given the Graph

The h.eight of a thrown ball is a quadratic function of the time it has been in
the air. The graph of the quadratic function is the parabolic path of the ball.
The vertex of the graph is (1, 20) and the path of the ball includes the point
(0, 4). .What is an expression that defines this function? Write the quadratic
equation in vertex form /agd eformy =ax? + bx + c.

7 N

 FVCT—

-
y=ald +be+c| 0
b,

0K FOR RELATIONSHIPS
onverting vertex form into
dard form, you can see how y=alx - Nkt o . y=-16(x-12+20
;Idkrelatle to the coefficients 4=a(0-1)2+20 Findabysubstituting |y =-16(x? - 2x + 1) + 20
eequation. @ MP.7 A ST T the vertex and a y=-16x%+32x +4
& | given point.
A=a+20 N bt /
-16=a

The equation of the parabola in vertex form is y = ~16(x - 1)2 4 20.
24 bx + ¢, the equation is y = ~16x + 32x + 4.

In the form y = ax
CONTINUED ON THE NEXT

R
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Do You KNOW HOW?

Describe the transformation of the parent
function f(x) = x2.

5. g(x) ==(x+5)2 + 2
6. h(x) =(x +2)2 -7

Write the equation of each parabola in
vertex form.

7. Vertex: (-3, 7); Point: (-2, -5)
8. Vertex: (1, 3); Point; (2, 5)
9. Vertex: (-4, 6); Point: (-2, -2)

10. Vertex: (7, 4); Point: (5, 16)
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Describe the transfor
f(x) = x2. Then graph t

SEE EXAMPLE 1

16. F) =(x — N2 + 3

mation of the parent function
he transformed function.

17.y=(x+1NZ2 -3
y = —(c sl )E
18. g(x) = 2x2 19. f(x) (x )

y B g .
20. y =—2(x+ 12+ 1 20 FOy=—(x — 2)< £ 5

identify the vertex, axis of symmetry, maximum or

minimum, domain, and range of each function.

SEE EXAMPLE 2
22. y=2(x—2)2+5 23. Ax) = —(x — 1)2 +2

24. g(x) = —(x + 4)? 25. y = %(x 42)2 g

Write the equation of each parabola in vertex
form. SEE EXAMPLE 3

26. Vertex: (1, 2); Point: (2, —5)
27. Vertex: (3, 6); y-intercept: 2
28. Vertex: (0, 5); Point: (1, —2)

Write the equation of the function represented
by the parabola in vertex form and in the form
y = ax2 4+ bx + c. SEE EXAMPLE 4

Write the equation g(x) in vertex form of a
quadratic function for the transformations given
the function f(x) = x2. sSee EXAMPLE s

30. Let g(x) be the function whose graph is a

translation 4 units left and 1 uni
nit
i 7 it up of the

31. Let g(x) be the function whose graph is a

reflection in the x-axis and
g transl s
right of the graph of f(x). slated 3 units








