Quadratic Functions Lesson #2:
Analyzing the Graph of y = ax? + bx + ¢

Recall the following from the previous lesson.

A quadratic function is a function of degree 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 garaimis. \/ /\

Basic Characteristics of the Graph of a Quadratic Function mex

* A parabola has a maximum, or maximum point, if the parabola opens down. z i

* A parabola has a minimum, or minimum point, if the parabola opens up.

min
* The seriex of & porabela is the maxbnam o minbnom poind, X
¢ The maximum or minimum value of a quadratic function is @ I
the yigaardinate of the verfex.
: ()2-6()15 o |5
1. Complete the table of values for 1 +6+5 1
the quadratic function y = x> - 6x + 5,x €R. | 615 2 | -=
o a9-1915 5 | -4
2. Plot the points on the grid provided. 9-2015
Connect the points with a smooth curve and extend the graph. o, 4 -3
3. Draw a vertical line representing the axis of symmetry of the graph. 5 1O
6 5
4. Fill in the blanks or circle the correct alternative below. 7 .
* The graph of the quadratic function y = x2-6x+5 '
15
isa @QUO\Q . The vertex is (3 ,JI). —\Ay 4

e The parabola opgn @ down ) and therefore has y
a ( maximum ) point. ¥ 3:26‘

1
bk
¢ The ( maximum / minimum ) value of the function is -q . H - 5
. y |
* The x- i5 of the graph are | and 5 . (4
The y- s B _éﬁ\ u
* The equation of the axis of symmetry of the graph is X’S . \ =~ 'J 6
& R ) b X
* The domain of the quadratic function is X € :
\ {1/
* The range of the quadratic function is >/ 1 .
5. How can the equation of the axis of symmetry of the graph be E Al T |

determined from the x-intercepts of the graph?

overage ot the X-ints _li'aé= 3
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330 Quadratic Functions Lesson #2: Analyzing the Graph of y = ax* + bx + ¢

Using a Graphing Calculator to Determine a Maximum/Minimum Value

* Verify the calculator window is in standard setting, or Z5t.andard.

* The equation y = —x? + 5x + 14 will be used to illustrate the maximum feature.

1.

Copyright © by Absolute Value Publications.

Enter the equation into | Y,

, adjust the window

to x: [-5, 10, 5] y: [-5,30,5] and press .

Access the CALC menu by entering | 2nd | then | TRACE |

Select maximum.

On the bottom left of the screen the calculator
will ask you for a LeftBound?.
Cursor to the left side of the maximum point

and press | EMTER |[.

Notice the arrow above the cursor.

On the bottom left of the screen the calculator
will ask you for a RighiEBound?.
Cursor to the right side of the maximum point

and press | ENTER |.

Notice the arrow above the cursor.

?i]!!{.l!ﬂl!
svalue

2izZero

SEminimum

H = RS AT
fintersect

62 oo
RS Codx

V1= -Hz+E

Left Eound?
A=1.B4ZEE3E ¥=19.333286

1= Hz+E

Ridht Eound?
W=1.B4ZEE3E ¥=19.333286

V1= -Hz+E {0%‘1

1= "Hz+E

Ridht Eound? T
HEZE170213 YS19.002263

GUess? T
HW=Z.e170213 YS19.00Z263

The maximum point will be found between the 2 arrows.

On the bottom left of
the screen the

to Guess?.

= RzeERely Y rFrac o174

calculator will ask you /-a 31/4 28,25
Press | ENTER | B Ty voisouizes | |Hosd8a67E v=zozs'
The y value will be the maximum value of the function.
In this case the graph of y =—x* + 5x + 14 has a maximum value of 20.25 or 4
* The graph of y = —x? 4+ 5x+ 14 has a maximum point of (2.5, 20.25).

Even though the x value on the display may read “2.4999991” or “2.5000002,

it is usually an indication to round off to a reasonable answer (2.5).
e Test the point using the trace feature and ~ [ri=-uz+Eae1y = -HZ+E+1Y

entering x =2.5.
e Use 3tminimum in CALC menu to find the

minimum value of a function. ¥ y

%=2. 50 %28 v=z0.25 )
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Class Ex. #1

Class Ex. #2

Quadratic Functions Lesson #2: Analyzing the Graph of y = ax®>+bx+c 331

Consider the quadratic functiori fixh= 7e = 135 4 15 ) D ES rms

a) State an appropriate window setting for displaying the graph of the function
on a graphing calculator.

' -
B3 Determine the coordinates of the vertex. (3. ;s' - 6 A 25) or (‘_13. ) 8ﬂ>

¢) Explain how to use the coordinates of the vertex to determine the equation of the axis of
symmetry of the graph. State the equation.

“Xc330 Oxis of symmetry IS fhe
¥ vale of He vertex

¢ 3 Determine the x- and y- intercepts of the graph. 8"ﬂ'\' ‘5

x-int 195

e) Use the x-intercepts to verify the equation of the axis of symmetry in c).

f) State the minimum value of the function.

B ywale of veriex  —6.135
g) State the domain and range of the function.

U xeR R: Y2-6.135

Determining the Vertex from the Equation of the Axis of Symmetry

The coordinates of the vertex of the graph of a quadratic function can be determined from the
equation of the axis of sTjnetry if we are given the equation of the quadratic function.

The Girie & = Z 1% an axis of synunetyy of the graph of y = 45% — 165 - 9.
Without using a calculator, algebraically determine the coordina.tes of the vertex of the graph.
hove x vaie ot Vertex, sub in ond  sole
00 Y Y= (@)
f 13%32 -1 Yerfex
' (2,-95)

Complete Assignment Questions #1 - #5 | :HZJ _?wqbe m@
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332 Quadratic Functions Lesson #2: Analyzing the Graph of y = ax® + bx + ¢

Investigating the Parameters a, b, and c in 5 = gz’ + bx + ¢

\ / /
Investigation 1: \ / ’ /
Consider the equation 3 = a3~ ' ! S

« State the values of b and c. _-:O

* Investigate what happens to the graph of the function w (use
both positive and negative values for the parameter a).

Tesmm app Y a=-11 a=| V lage &* Compresy

o=-10A =10V 55
f0is@gaph  a=0s\ BN smail &
opens up, fais® gmph qrens dawn 9r9ph

Consider the equation y =_¢* + bx.

a=|

* State the values of a and c. C= O

* Investigate what happens to the graph of the function when the value of b is changed (use
both positive and negative values for the parameter ). Write down your observations.

Yy b=-1  b=|
=4o1C \ko;lo‘n +he parabola agjut,
valie ot b chan
“éo”m i+ as ore x3nf at O, ond another at =

Investigation 3: 0 PP 8‘/}0
Consider the equation y=x2 + c.

« State the values of @ and b. a‘;( b=o ‘hy d{-f%{ C'j O‘F b

* Investigate what happens to the graph of the function when the value of ¢ is changed (use
both positive and negative values for the parameter ¢). Write down your observations.

Hy Pambola alwayg hay a y—mf ar C
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Quadratic Functions Lesson #2: Analyzing the Graph of y = ax®>+bx+c 333

Summary of the Characteristics of the Graph of y = ax? + bx + ¢

The graph of a quadratic function defined by the equation y = ax? + bx + ¢ has the following
characteristics. Fill in the blanks to complete the summary.

* The shape of the graph is a QfabO'a .
 The graph is symmetrical about a vertical line called the OXIS OP %mm‘!y
+ .
¢ Il a >0, ihe parabola opens QE and the veriex is the _NINIMALM poini. v
The y-coordinate of the vertex is the _ WMINIMNMLM VA h& of the function.
e If a <0, the parabola opens dM and the vertex is the ![m point. \a
The y-coordinate of the vertex is the INOXIMUM VAIUE of the function.

—>
* The dorr,lgin of the graph is X eR .

o If c; 0, the graph has a @ﬂ‘lve y-intercept. "in"' -— C
If ¢ < 0, the graph has a 4[% y-intercept. U

)

\
! Vertex (Maximum Point)

y=ax?+bx+c \ Axisof y=ax>+bx +c
Aymmetr; !
a>0 ymmeny a<0 X
Opens Up : Opens Down X
il
il

Axis of

Vertex (Minimum Point) Aymimetry

Complete Assignment Questions #6 - #15 # |—5 lood day

+ 0?"&, 10 -1y ‘loda;

Assignment
all +o9etber
1. The quadratic function shown below has integer values for the x- ana y-intercepts.

Complete the table.

-
J_‘\ f X-intercepts
/ y-intercept
5 1 coordinates of
\ 1 the vertex
\ | equation of the
- 5 - axis of symmetry
\ Ji Domain
M' Range
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334 Quadratic Functions Lesson #2: Analyzing the Graph of y = ax* + bx + ¢

2. Consider the quadratic function y = x> +4x+5,xER.

a) Complete the table of values and graph the quadratic function on the grid.

X

Y

2

I~
IV

D

g

A /

b) Complete the following by filling in the blanks or circling the correct alternative.

* The graph of the quadratic function y = —x?+4x+5 isa

The vertex is (

s

).

* The parabola opens ( up / down ) and therefore has a ( maximum / minimum ) point.

¢ The ( maximum / minimum ) value of the function is

* The x-intercepts of the graph are
The y-intercept is .

and

* The domain of the quadratic function is

* The range of the quadratic function is

¢) i) Describe two methods for determining the equation of the axis of symmetry from

the graph.

ii) Draw the axis of symmetry on the grid and state its equation.
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Quadratic Functions Lesson #2: Analyzing the Graph of y = ax®>+bx+c 335

3. Consider the quadratic function g(x) = x% +10x + 16. State:

a) an appropriate window setting for displaying the graph of the function
on a graphing calculator

b) the coordinates of the vertex c¢) the equation of the axis of symmetry
of the graph

d) the x- and y- intercepts of the graph e) the minimum point of the graph

f) the minimum value of the function g) the domain and range of the function

4. Consider the quadratic function g(x) = —x’+ 6x. State:

a) the maximum value of the function b) the coordinates of the vertex

¢) the x- and y- intercepts of the graph d) the domain and range of the function

5. The line x = =3 is an axis of symmetry of the graph of y = x% + 6x = 7. Without using a
calculator, algebraically determine the coordinates of the vertex of the graph.

6. Consider the graph of y = —+2 — 45 + 12 which has an axis of symmetry with equation
X+ 2 =0, Without using a calculator, algebraically determine the coordinates of the vertex
of the graph.

X=-2 Y==CD* - 4(-2) +1x ~2 16
="L/+8‘Ha (Véfgc

7. Without drawing the graph, how can you tell if the graph of the
function f{x) = 2x - 5x - 30

a) opens up or down?

b) has a positive or negative y-intercept?
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336 Quadratic Functions Lesson #2: Analyzing the Graph of y = ax> +bx +c

8. Without drawing the graph, how can you tell if the graph of a specific quadratic function
y= ax®+bx+c

a) opens up or down? b) has a positive or negative y-intercept?
9. Write the equation of a quadratic function that opens down and passes through the origin.

UMY 10. Tony knows that the points (3, —-8) and (7, -8) lie on a parabola.
Choice The equation of the axis of symmetry of the parabola is

A, y=-8
B. x=2
C. x=4
D. unable to be determined from the given information
11. The equation of the axis of symmetry of the graph of a quadratic function is x = g .

If the graph passes through the point (-3, 0), it must also pass through the point

21 15
NEET RS
C. (3.0 D. (12,0
12. The maximum value of the quadratic function with equation y =—x? - x + 6 is

A. (-5,625) B. -5

25

C. 1

D. none of the above

13.  Which of the following quadratic functions has a maximum point and
a negative y-intercept?

1
A. f(x)=§x2+3x+7 B. fx)=6x>+3x-2
C. fl)=-13x-8x-4  D. flx)=-16x>-3x +12

Copyright © by Absolute Value Publications. This book is NOT covered by the Cancopy agreement.

Ch07 - Quadratic Functions Page 8



Quadratic Functions Lesson #2:  Analyzing the Graph of y = ax*> + bx + ¢ 337

14. Which of the following statements describes the graph of a quadratic function
Ax) = ax? + bx + ¢ if both a and ¢ are positive numbers?

The graph opens up and has a positive y-intercept.

=

The graph opens up and has a negative y-intercept.

0

The graph opens down and has a positive y-intercept.
D. The graph opens down and has a negative y-intercept.

15. The line x = 6 is an axis of symmetry of the graph of the quadratic
Response function y = x? - 5x + c. If the vertex of the graph is (6, 18), the value of ¢ is "

(Record your answer in the numerical response box from left to right.) |:|:|:|:’

Answer Key
1. x-intercepts 1,5 y-intercept 5, vertex (3,—4), axis of symmetry x =3,
Domain x € R, Range {y|y=-4,yER}

2. a) Seebelow b) e parabola, (2,9) ¢) i) Determine the number n which is the
x [ :'ﬂﬂf ¢ down, maximum y-coordinate of the vertex. The equation
2177 H4 ¢ maximum, 9 of the axis of symmetry is x = n.
Lo Fy e -1,5,5 OR
i f s * XER Determine the number n which is the
2 | q _—ﬁ_:; e {y|ly=9,yeR} average of the x-intercepts.
3| 8 m __:‘ | TN The equation of the axis of symmetry
‘; 05 H—r isx=n.

A ii) x=2.
Ol 4 F anjam :

3. a) x[-10,4,2] y[-15,20,5] b) (-5,-9) ¢) x=-5 d) x-intercepts -8, -2, y-intercept 16

e) (-5,-9) f) 9 g) Domain x ER, Range {y|y=-9,y ER}
4. a) 9 b) (3,9) c¢) x-intercepts 0, 6, y-intercept O 5. (-3,-16) 6. (-2,16)

d) Domain x €R, Range {y|y=-9,y ER}
7. a) Graph opens up because the coefficient of x2 (i.e. 2) is positive.

b) Graph has a negative y-intercept because the constant term (i.e. —=30) is negative.

8. a) Ifa>0,the graph opens up. If a <0, the graph opens down.
b) If ¢ > 0, the y-intercept is positive. If ¢ <0, the y-intercept is negative.

9. Answers may vary (but the parameter ¢ must equal zero) e.g. y = -2x% + 3x.

10.B 11. D 12. C 13.C 14. A
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