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Lesson 25 Parabola, Maxima and Minima =2

So far any parabola that we have graphed has moved up and down the Y axis. If it has a positive coefficient as in Y = 2X2,
then the vertex, or lowest point, is on the Y axis. If it has a negative coefficient as in Y = -2X2, then its highest point, or
vertex, is on the Y axis. (For equations of the sort X = Y2, with both positive and negative coefficients, this holds true with
the X-axis). But if the quadratic has a middle term, then the parabola moves off the axis. Where it moves, and how to predict

where the vertex will be located, is the object of this lesson. The vertex, or lowest point, of a positive parabola is called the
minima. The highest point, or vertex, of a negative parabola, is called the maxima.

Example 1 Graph Y = X2 +4X -2 by plotting several points.
Figure 1
T L
-5 143
X=5 y=(5)24+4(-5)2 X=3 Y=(3)2+4(3)-2 X=1 Y=(1)2+4(-1)-2 -4 -2
Y=+3 Y=5 Y=-5 5%
-1|-5
X=-d Y =(-4)244(-4)-2 X=2 Y=(22+4(-2)2 X=0 Y=(0)2+4(0)-2 0 -2
Y=-2 Y=-6 Y=-2 LB L
The graph shows visually what our table of data was telling us. The pattern is that it
decreases to -6 then begins moving up again. So the vertex, or minima, is (-2, -6). But how Figure 2

could we derive this from the original equation? We know that the -2, or (remembering AX2 +
BX +C) the "C" term, moves the parabola up or down the Y axis. So we need to focus on the
middle term, with the "B" coefficient. In the example, we won't worry about the C term but

instead focus on Y = X2 +4X. Now looking at the graph, the parabola shifted to the left

instead of staying on the Y axis. | drew a line through the vertex which splits the parabola into
two symmetrical pieces. This line, parallel to the Y axis, is called the axis of symmetry.

On the graph, we can see that the X coordinate of this line is -2. Plugging -2 into the equation gives us Y=-6, which is
our vertex. So, if we can find the value of the X coordinate, then we can find the Y coordinate, and we know the location of
the vertex. Let's set Y=0 to find the value of X.

Y =X2 +4X

0= X2 +4X

0= X(X+4)
X=0 or X+4=0
X=0 X=4

We can see that the axis of symmetry, which is X=-2, will lie half way between these points, and we know if X=-2, then Y=-6.

Now let's run through the same process with AX2 + BX +C = 0, focusing on AX2 + BX.

Y = AX2 +BX

0 = AX2 +4X

0 = X(AX+B)
X=0 or AX+B=0
X=0 =-B/A

If the two coordinates are 0 and -B/A, then the distance halfway between them to find the line of symmetry, according to
the midpoint formula, is -B/2A or 1/2 times -B/A.




25-2
So, when given an equation with B (a middle term), use -B/2A to find the axis of symmetry (X coordinate), then use this in
the original equation to find the value of the Y coordinate, and then you have the vertex.

Example2  GraphY=X245X+2 B _ -5 _ 5/
_ . - 2A 2(1)
A=1, B=5, C=2 Figure 2
Y =X2 +5X +2

Plugging in the x-coordinate of the axis of symmetry:
Y = (-5/2)2 +5(-5/2) +2 =-17/4 or -4 1/4
Vertex = (-2 1/2, -4 1/4)

Practice Problems  Find the axis of symmetry and the vertex then sketch the graph.

1) Y=X2-6X +1 3) Y=-X2+3 5) Y =2/3X2-4

2) Y =2X2 48X +2 4) Y=-3X2+6X 6) Y=1/2X2-2X

$ummar;j of e poura-\on]&\ in A(\zgcbres

Sulnaly Ul uIg rarauuia it Yol oo
For any quadratic of the form: Y=AX2 + BX+C

1) If A> 0, the graph of the parabola points up

2) If A< 0, the graph of the parabola points down
3) If A |>1, the graph is steeper than Y=X2

4) If 0< A [< 1, the graph is flatter than Y=X2

5) C moves the graph up & down the Y axis.

6) The axis of symmetry is XV= -B/2A

7) The coordinates of the vertex are [-B/2A, A(-B/2A)2 + B(-B/2A) + C]
8) The vertex is the maxima or the minima.
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Example 3: You bought 100’ of fence to come off of the
back of your house for a play area. What are the
dimensions that will give you the maximum area?
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Now that we know how to find the maxima and the minima, we can apply this knowledge to solve some real life problems.

Example 3

100 -2X

House

You purchased 100 feet of fence to come off the back of your house for a play area. What will the
dimensions be to give you the maximum area for your yard?

The area is the length times the width, or (X)(100-2X).

(X)(100-2X) = 100X - 2X2 = -2X2 +100X ~Points down
- (100

A=-2, B=+100 ﬁh 25 is the axis of symmetry

Area = -2(25)2 +100(25) = 1250 (25, 1250) is the vertex

Area = 25 x50 = 1250 sq ft

Notice the different combinations and their place on the graph, and see if the solution makes sense.

20

60

20

10

80

10

30

If X=20, then the
area is 1,200

40

30

If X=30, then the
areais 1,200

Practice Problems

40

If X=10, then the
area is 800

20

40

If X=40, then the
area is 800

_t Maxima
1200+
800 1
400 1
< ——t

+ 20 40 60 80
50 L
25 25 I
A

If X=25, then the
areais 1,250

1) Having just bought some chickens, you need to fence in a rectangular chicken yard. If you have 150 feet of fencing,

what will the dimensions of the largest yard you can make be?

2) The weather man is calling for a frost. It is up to you to cover the tender shoots tonight. In the barn there is a roll of
sheet metal, 24 inches wide, that will, when folded twice, make a cover for the plants. What is the height and breadth of

the rectangular dimensions that will give the most space underneath?
3) Chuck has a 20 foot piece of wood to make a sandbox. What will the most efficient use of the lumber to get

maximum space with this amount of timber?



o Vertex Toem
Kuta Software - Infinite Algebra 2 y=a Cr=w)* vk 4 Name

verter (1,
Vertex Form of Parabolas = Ex_qsz ;5 Date Period

v(d,>
Use the information provided to write the ver’tex> form equation of each parabola.

1) y=x*+16x+71 2) y=x*-2x-5

3) y=—x*—14x-59 4) y=2x"+36x+170
5) y=x*—12x+46 6) y=x>+4x

7) y=x2—6x+5 8) y=(x+5)(x+4)

1 10) 6x> +12x+ y+13=0
9) 5(y+4)=(x—7)2

11) 162x+731=—y—9x* 12) x> —12x+y+40=0

13) y=x*+10x+ 33 14) y+6=(x+3)



Identify the vertex and axis of symmetry of each. Then sketch the graph.

(v ") 1
15) f(x)=-3(x-2)" -4 16) f(0) = —~(x— 1) +4
4 4
7 y
AR ] ¢ ;
_ AR 41 ¢ :
_g‘ —6
1
17) f(x):z(x+4)2+3 18) f(x):z(x+5)2+2
Ay Ay
FEIENE 3 | ¢ X EEIENE ] ¢ X
¥ R
19) fFx)==2(x+5)*-3 20) fx) =(x+2)*-1
Ay Ay
R EIEEEEE ] . D EIEEEENE 4 .
R R




Kuta Software - Infinite Algebra 2 Name

Vertex Form of Parabolas Date

Use the information provided to write the vertex form equation of each parabola.

1) y=x*+16x+71

y:(x+8)2+7

3) y=—x*—14x-159

y:—()c+7)2 - 10

5) y=x*—12x+46

y=(x—6)2+10

7 y=x*—6x+5

y=(x—3)2—4

9 Sy +4)=(:-7)°

y=2x-7)"-4

11) 162x+731=—y—9x*

y=-9(x+9)* -2

13) y=x>+10x+ 33

y=(x+5)7+8

2) y=x*-2x-5

y=(x-1’-6

4) y=2x*+36x+170

y=2(x+9)*+38

6) y=x"+4x

y=(x+2)2—4

8) y=(x+5)(x+4)

10) 6x> +12x+ y+13=0

y:—6(x+1)2—7

12) x> —12x+y+40=0

y=—(x-6)°-4

14) y+6=(x+3)*

y=(x+3)"-6

Period



Identify the vertex and axis of symmetry of each. Then sketch the graph.

15) f(x)=—3(x—2)2—4 16) f(x)=—l(x— 1)2+4
8) Y Vertex: (2, —4) 4
- Axis of Sym.: x =2 J y Vertex: (1, 4)
N Axis of Sym.: x =1
AR 3] ; ’
=2 BT %%/ & 3 N ¢ ;
B/ iEEy \
L2 / B \
1
17) f(x):z(x+4)2+3 18) f(x):Z(x+5)2+2
8\ Y Vertex: (-4, 3) ﬁy Vertex: (—5, 2)
Axis of Sym.: x =—4 Axis of Sym.: x=-5
‘/6 O]
4 /1
FEAENE) 3] i B 6| B D2 3] i
¥ R
19) f(x)=—=2(x+5)" -3 20) f(x)=(x+2)* -1
SA Y Vertex: (75, 73) g‘ Y Vertex: (72, 71)
Axis of Sym.: x=-5 Axis of Sym.: x=-2
6 \ o
\ /
, \ )i
i \[1 17
R EIEEEEE ] . SR de [ 4 ND ] .
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Y Y

Create your own worksheets like this one with Infinite Algebra 2. Free trial available at KutaSoftware.com




