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Quadratic Functions Lesson #3:
Analyzing the Graph of y = a(x - h)?> + k
Recall the following from the previous lesson.

= A quadratic function is a function of dggtec 2 which can be written in the form

f(x)=ax2+bx+c or y=ax2+bx+c, where a,b,c ER,and a = 0.
# The graph of a quadratic function is a parabola. V\[L
¢ A parabola has a maximum point (opens down), if a < 0. A
= A parabola has a minimum point (opens up) if a > O.V
= The vertex of a parabola is the maximum or minimum point.

= The maximum or minimum value of a quadratic function is the y-coordinate of the vertex.

X-coordinate of the Veriex is He
Investigation OX\S O-F St,mm‘h:)

Part 1

Consider the functions f{x) =x> - 6x + 11 ,and g(x) = (x - 3)* + 2.
g W

a) Graph these functions on your calculator and comment on your observations.

H\ea’re e same

b) Expand g(x). What do you notice?

=(X-3)%+2 = X2-0oX U =445
(RGP +2 9= $59)

- Xa -3x—3x-\'q +a
Part 2
Consider the functions y = —3x% — 30x — 77 and y=-3(x + 5)* - 2.

a) Graph these functions on your calculator and comment on your observations.

b) Show that both equations represent the same function.
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340 Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)? + k

General Form and Standard Form of a Quadratic Function

A quadratic function may be written in two different forms.
- e 2
General Form: fixl=ay + hr+ o, wherea=0, or y= ax? + bx + ¢, where a = 0.

o)
Standard Form: Aoy e atve sk wherea=0, or y=a(x - h)* +k, where a = 0.

Standard form is sometimes called vertex form because, as we shall see, it is easy
to determine the vertex of the graph from the equation.

Exploring the Standard Form y = a(x - h)? + k

a) In the table, complete the columns for Function

the parameters a, /1, and k. v # | & | Vertex
y=#x k) +k

b) Use a graphing calculator to
determine the vertex of the graph of y =§‘2 | O O ( 010)
each function. O

)2
¢) Write down your observations. y lx (/ ' Q (g/ 0)
. =C4,
- e veriex iS s #|0|¢49)

2

= -3|(2-3)

- h i%‘& m y =(x +4)%+5 -‘-/ 5 (—1/,5)

|

|

|
.de .szmcmf y=6(x-2)*-3 6 ;). ‘3‘ (2"3)
¥\ OﬁSH{S S;Jn y=—(x+4)°+5 'l | 5 (‘%5)

d) e In the table below, make up your own functions. Choose two functions with at 0 and
two functions with a < 0. Complete the table without using a graphing calculator.

* Verify your answers by using a graphing calculator.

Function Axis of
y=a(x-h)+k @ | | k| Vertex Symmetry | of Opening

Yy=%x32+5 |1 |0|5|(05)| x=O0 | up
y==alxy* |-a|-1|0 |(-,9)| x=-) | down
y= x-9*45| | |5|5|69| x=5 | vp
Y==(x3+|-1|3| | |(3)| x=-3 | clun

* negative a valve, gpens dlawn)
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Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)*> + k 341

e) Without the aid of a graphing calculator, write the equation of a quadratic function in &w mn+
standard form with the following characterlstlc

i) Vertexin quadrans i opemng up .__’_{.h,f-) h _ -4 Q ' +4

ii) Vertex n qiladr t4, 0 emng down__,__ 3 L’
- a -

iii) Veltex on the x-axis, opening up a +@ (X‘D ’5 t-

iv) Vertex on the y-axis, opening down K ’@

Verify your equations using a graphing calculator.

Class Ex. #1

Consider the graph of the quadratic function f{x) = 2{¢ + 617 = ¢

a) State the coordinates of the vertex of trégraph. ( h ¥ K)

b) State the equation of the axis of syfnme y of the graph. Xg—@

¢) Does the function have a maximum ovalue‘? State the value. U + a

™min. valve -q

d) State the domain and range of the function.

* XER
R: y2-9

e) Determifie the y-interce tof the graph. an-\ xX=0
X0 2(0+e)* - 2

2584 < 1 -4z 63)

Number of x-intercepts \ 3 O

Depending on the position of the vertex and the direction of opening of the parabola, we can
determine quadratic functions which have two x-intercepts, one x-intercept, or no x-intercepts.

Class Ex. #2 In each case, sketch the graph of a quadratic function with the given number of x-intercepts
: and state a possible equation for the graph in the form y = a(x - h)2 + k.

a) two x-intercepts b) one x—intercept ¢) no x-intercepts

(4,0) I

G, / |
(5) (x-3r-2 Y=-(ct*  Y=a(x)a
o)
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342 Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)? + k

Summary of the Characteristics of the Graph of y =a(x - h)? + k

The graph of a quadratic function defined by the equation y = a(x — k)* + k has the
following characteristics. Fill in the blanks to complete the summary.

¢ The coordinates of the vertex are (!),k’
¢ If @ >0, the parabola opens Q and the vertex is the mﬂmlm point. L/

The range of the function is .'j ZK

* If a <0, the parabola opens m and the vertex is the mmm point. ‘ l

The range of the function is U S K

J
 The domain of the function is _ X é & .

* The equation of the axis of symmetry of the graph is X=! ) .

Complete Assignment Questions #1 - #12 #. /—4/) 6

Assignment

1. Without using a graphing calculator, complete the table below.

Function Axis of

Direction
y=alx-hP +k a | h | k | Vertex

Symmetry | of Opening

y=2(x-5)+1

y=-3(x+2) -4

y=(x-4y-5
y=-(x-T7)
y=x>+9
y=-x
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Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x — h)*> + k 343

2. Write the equation of a quadratic function in standard form with the following
characteristics:

a) Vertex at (6,3)
b) Vertex at(-2,8)
¢) Vertex at (3, -5), opening up
d) Vertex at (0, —1), opening down
e) Vertex at (-7, 0), opening up
3. Without the aid of a graphing calculator, write the equation of a quadratic function
in standard form with the following characteristics:
a) Vertex in quadrant 2, opening up
b) Vertex in quadrant 3, opening down
¢) Vertex on the x-axis, opening down
d) Vertex on the y-axis, opening up
e)  Vertex at the origin
f)  Opening down with one x-intercept
g) Opening up with no x-intercept

Verify your equations using a graphing calculator.

4. Consider the graph of the quadratic function f{x) = —5(x — 12)% + 15.
a) State the coordinates of the vertex of the graph.
b) State the equation of the axis of symmetry of the graph.

¢) Does the function have a maximum or minimum value? State the value.

d) State the domain and range of the function.

e) Determine the y-intercept of the graph.
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344 Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)? + k

5. The quadratic functions represented in the graphs below have equations of the form
y=@x-hP?+kory=-(x-h?+k.

Graph 1 Graph 2

In each case,
a) explain how to determine the equation represented by the graph

b) write the equation in standard form and in general form.

6. Consider the graph of the quadratic function f{x) = 0.25(x + 3)* - 9.75.
Complete the following:

a) The equation of the axis of symmetry of the graph is
b) The coordinates of the vertex of the graph are

¢) The range of the function is

d) The minimum value of the function is
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Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x — h)*> + k 345

JYOIGIEN7. A parabola has a vertex at (6, 4) and opens down.
Choice A possible equation of the parabola is

A. y=3(x+6)>+4
B. y=-3(x-4)7-6
C. y=-3@x-6>+4

D. y=-3(x+6)7+4

8.  The range of the quadratic function f(x) = —2(x — 3)* - 5 is

A. {y|y2—5,yER}

B. {ylys—S,yER}
C. {y|ys3,yER}
D

{y|y55,y€R}

9.  Which of the following equations does not represent a parabola with its vertex on
the x-axis or the y-axis?

A. y=-025x+15)

B. y= lx2+

10. The graph of a quadratic function has x-intercepts —8 and 4, and a minimum value of k.
Which of the following could be the equation of the graph of the function?

A, y=2x+4)’+k
B. y=2(x-27+k
C. y=2(x +6)*+k

D. y=2x+2)7>+k
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346 Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)? + k

11. Which of the following statements describes the graph of a quadratic function
flx) =alx - h)2 + k, if a, h, and k are all negative numbers?

A. The graph opens up with a vertex in quadrant 3.
B. The graph opens down with a vertex in quadrant 3.
C. The graph opens up with a vertex in quadrant 4.

D. The graph opens down with a vertex in quadrant 4.

s 12.  The equation of the axis of symmetry of the graph of a quadratic function is x =4.
Response The graph passes through the point (6, 15).

If the equation is of the form y = (x — h)? + k, then the value of / + k is .

(Record your answer in the numerical response box from left to right.) D:D:I
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Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)*> + k 347

In each case, use the given information to determine the equation of the parabola
Work in the form y = ax? + bx + c.

a)

200

(0, 16)

15-
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348 Quadratic Functions Lesson #3: Analyzing the Graph of y = a(x - h)? + k

Answer Key
1.
Function Axis of | Direction
y=a(x-h)?+k @ | & | & | Vertex Symmetry | of Opening

y=2(x—5)2+1 2|5 1 (5,1) X=5 up
y=-3(x+ 2y -4 =|24|(=2 -4 x=-=2 down
y=(x-4)7-5 1| 4|-5|@®-8) | x=4 up
y=—-(x-7) 1| F|lo| o) =7 down
y=x>+9 1] 0|09 (©,9) X=0 wp
y=—x? 12| o0 | o (o, 0) X =0 down

2. Note: Many answers are possible, your equation can be verified on a graphing calculator.

a) y=(x-672+3 b) y=(x+2)7+8 ¢) y=3x-3)?%-5
d) y=—3x2—1 e) y=(x +7)2
3. Note: Many answers are possible, your equation can be verified on a graphing calculator.
a) y=(x +5)72+1 b) y=(x+72-7 ¢ y=—-(x-5)? d y=x>+2
e) y=x’ f) y=-2(x-4)* g) y=20x-47%+6
4. a) (12,15 b) x=12 ¢) maximum value, 15
d) Domain: {x € R}, Range: {y|y=<15,y ER} e) -705

5. a) For Graph I: Since the graph opens down, it is of the form y = —(x - h)? + k.
The replacements for / and k are the x- and y-coordinates of the vertex.
For Graph 2: Since the graph opens up, it is of the form y = (x - h)? + k.
The replacements for 4 and k are the x- and y-coordinates of the vertex.
b) Graph I: y=—(x-2)%2+6andy=—x2+4x+2
Graph 2: y=(x+3)>-4andy=x2+6x+5

6. a) x=-3 b) (-3, -9.75) ¢) {y]y=-975,yER} d) -9.75
7. D 8. B 9. C 10.D 11.B 12. ‘ I ‘ 5 ‘ ‘ ‘
Group NPV S 1) b) y=-45:2-9x+5

Work
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