PARABOLAS AND THEIR FEATURES

STANDARD FORM

If a= 0, the equatiory = ax? + bx+ ¢ is thestandard form of a quadratic function
and its graph is parabola. If a> 0, the parabola opens upwardahe lowest point
(called thevertex) yields the minimum value of the function. df< 0, the parabola
opens downward and the highest point (called/éreex) yields the maximum value of
the function. Ifla|>1, the parabola is narrower than the standard parabele’ but
if |a|]<1 then it is wider than the standard parabola. xFimtercepts of the parabola
are found by solving the equati@x? + bx+c=0. Thex-value of the vertex may be
found using the equation= %. They-value of the vertex may then be found by
substituting the-value into the original equation. The vertical line % is called
theaxis of symmetry. Thex-intercepts and the vertex can be useful in making a sketch

of the parabola.

Examples

For each equation, complete each of the following tasks.

a. Give the vertex and equation of axis of symmetry for the graph.

b. Tell the directbn of opening and if the vertex is a minimum or maximum point.
c. Find thex-intercepts of the parabola.

d. Use thex-intercepts and vertex to sketch the graph.

Example 1: y=x2+6x+5

a x=lb-16_,3 b.  The parabola opens upward.
' 2a 21 The vertex is a minimum point
5 point.
y=(13)"+6(!13)+5=14

The coordinates of the vertex dre3,—4).
The axis of symmetry ix =1 3.

c. Solve by factoringx? +6x+5=0 q

(x+5)(x+1)=0
x=-5x=-1
Thex-intercepts ar¢-5,0),!/(-1,0).




Example 2: y=-2x% +12x—13

a y=lb-_l12 _ b.  The parabola opens downward.
The vertex is a maximum.

y=12(3)*+12(3)! 13=5
The coordinates of the vertex /& 5).
The axis of symmetry i = 3.

c. !2x2+12x!13=0 d.
Solve using quadratic formula
a=1!2'b=12!c=113

11241221 4(12)(113) _ 1 12+4/40
B 2(! 2) 14
The x-intercepts areé (1.41,0),/(4.58,0).

Problems

For each equation, complete each of the following tasks.

a. Give the vertex and equation of axis of symmetry for the graph.
b. State the direction of opening and if the vertex is a minimumasimum point.
C. Find thex-intercepts of the parabola.
d. Use thex-intercepts and vertex to sketch the graph.
1. y=x*-4 2.  y=x2+8x 3. y=x2+2x!3
4,  y=3x?-6x+1 5. y=-x°-6x+4 6. y=!2x2+16x! 9
7.  y=x?+5x+1 8 y=x2-Tx-1 9. y=x2! 6x+5

10. y=!x218x!110 11. vy=3x2-2x-1 12.  y=21x2+4x+6



GRAPHING FORM

If a! 0, the equatiog=a(x! h)? +k is thegraphing form of a quadratic function
and its graph is parabola. In this form the vertex is located at the pdilntk) and
the axs of symmetry is the vertical line=h.. Thex-intercepts of the parabola are
found by solvinga(x! h)?2 +k=0. The information about the value 6i” is the
same as above. In graphing form, the vertex and two pmingsch side of the axis
of symmetry are commonly used in making a sketch of the parabola.

One way to change from standard form to graphing form is to calculate the verte
then substitute into graphing form. The valu¢‘@f does not change.

Examples

For the equatiory = (x! 2)2 I 3, complete each of the following tasks.

a.

b.

Give the vertex and equation of axis of symmetry for the graph.

X and

State the direction of opening and if the vertex is a minimum or maximum point.

Find two points of the parabola on one side of the axis of symmetry.

Use the vertex, the two points found in part (c), and two symmetric points to draw

the graph.
The vertex is(2,! 3). d. (1,-2) and(0,1) are symmetric
The axis of symmetry ig =2 points.

The parabola opens upward.

The vertex is a minimum.

The vertex if2,! 3), usex=3!x=4
If x=3ly=(3-2)"-3=-2 At
If x=4y=(412)°1 3=1

so the two points args,! 2), (4,1).
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Problems

For each equation, complete each of the following tasks.

a. Give the vertex and equation of axis of symmetry for the graph.

b. State the direction ofp@ning and if the vertex is a minimum or maximum point.

c. Find two points of the parabola on one side of the axis of symmetry.

d. Use the vertex, the two points found in part (c), and two symmetric points to draw
the graph.

13.  y=(x+2)°-5

16.  y=!(x!3)°12

19.  y=(x!4)

Answers

la. (0,'4),x=0

2a. (14,116),)x=14
3a. (11,14),x=!1
da. (1,12),x=1

5a. (-3,13))x=-3
6a. (4,23)!x=4

7a. (13.2)x=13
ga. (Z,-%3)1x=1
9a. (3!4),!x=3

10a. (!4,6),!x=14
11a. (2,13)x=2
12a. (14,12),x=14

14.

17.

20.

c o o o T T ©T

y=(x! 3)
y=(x+4)*+2

y=2(x+1)°-6

up/min
up/min
up/min
up/min
down/max
down/max

up/min
up/min

up/min
down/max

up/min

up/min

15. y=-x%2+6
18. y=x?>-4

21, y=121(x+4)°+3

N

Use (a) and (c) to sketch graph.
c. (20),(120)

c.  (0,0),(18,0)
c. (10),(130)

c. 1 (1.82,0),(0.18,0)
c. 1 (0.320),("12.320)
c. 1 (0.610),(7.390)
c. 1 ("0.210),("4.790)
c. =(7.140),(-0.140)
c.  (10),(5,0)

c. =(-6.450),(-1.550)

o (13000
c. (120),(16,0)



Use (a) and (c/d) to draw gha

13a. (12,!5),!x=12 b.  up/min cd. (-1,-4),(0,-1)
(13.14).(14.0 1)
14a. (3,0),x=3 b.  up/min c/d. (4.1),(5,4)
(2.1).(1.4)
15a. (0,6),!x=0 b.  downfmax cd. (15),(22)
(115).(12.2)
16a. (312),!x=3 b.  down/max cd. (4,!'3),(5!6)
(2.13).(116)
17a. (14,2),!x=14 b. up/min cd.  (133),(126)
(15,3),(!6,6)
18a. (0,—4),)x=0 b. up/min cid.  (113),(20)
(1113),(+2,0)
19a. (4,0))x=4 b.  up/min cd.  (5.1),(6,4)
(31).(2.4)
20a. ('1,'6),!x=!1 b.  up/min c/d. (0,-4),(12)
(1114).(32)
21a. (-4,3)!x=-4 b.  down/max cd. (-21),(0,-5)
('61) (18,15)



