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O Graph qu~d ra tic equations ft --- -- - · ---- - --
in two variables. II!! Graph Quadratic Equation s in Two Variables 

£1 Find the coordinates of 
the vertex of a parabola . 

IJ Use sym_metry to graph 
quadratic equations. 

IJ Find the intercepts of the 
graph of a quadratic 
equation . 

FIGURE 10.3 

FIGURE 10.4 

Study Tip 

ln this section w ·11 h d . . . ' 
1 . . e w, grap qua · rat,c equations. Quadratic eq uations can be graphed by 

P ~tti_ng P?mts, as we did in Chapter 7 when we graphed linear equations. However, there are 
ce1 tam things we ca d t , k h' d . . . . . . 
1 . < 11 o o Ind e grap mg qua ratic equations easier. These include f111d1ng 

t 
1
e vertex of the graph, using sym metry to draw the graph, and finding the inte rcepts of the 

graph. 

In Section 7.2 we learned how to graph linear equations. In this section we graph 
quadratic equations of the form 

y = ax2 + bx + c, a cl 0 

The graph of every quadratic equation is a parabola. The graph of 
Y = ax

2 + bx + c will have one of the shapes indicated in Figure 10.3. 

y 

V 
X 

When II is pos iti ve. th e 
parabo la opens upward 

(a) 

y 

X 

When n is negati ve. the 
parabola opens downward 

(b) 

Toe vertex is the lowest point on a parabola that opens upward or the highest 
point on a parabola that opens downward (Fig. 10.4). Graphs of quadratic equations of 
the form y = ax2 + bx + c have symmetry about a line through the vertex. This 
means that if we fold the paper along this imaginary line, called the axis of symmetry, 
the right and left sides of the graph match up. 

Axis of 
symmetry y 

"'I 
Verte) 'l / {_\l) 

(a) 

X 

Axis of 
y symmetry 

"'-: Vertex 
1/ 

X 

(b) 

One method to graph a quadratic equ_ation is to ~lot it point by point. Select 

f d d termine the correspondmg values for y . Then plot the ordered values or x an e 
pairs. 
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FIGURE 10.6 

EXAMPLE 1 Gra ph y ::.- x 7• ---- -
Solution Since a = I , which is positive, this para no ia opens upward . 

V 

I 

y = x7. 
,{ y 

d. 9) 
Let x = 1, y = (1 )2 = ') .. , ' ) 

Let x = 2 y = (2)2 = 1\ 2 

Lct x = I , y = ( l )2 = l 

Let x = 0, y = ((J)2 = () () ,, 
Let X = I , y = ( - l )2 = I I 

Letx = 2, y = ( -2)2 = 4 2 4 
--1-----il-+-+--µo.tLJ--t---+--t-1--.. 

- 5 - ~ .1 - 2 I \ 2 J 4 5 X Let x = -1 , y = ( - 3)2 = 0 - 3 (J 

(0, 0) 

FIGURE 10.5 

Connect the points with a smooth curve (Fig.10.5). Note how the graph is symmetric 
about the line x = 0 ( or the y-axis). 

NowTry Exerc ise 21 

EXAMPLE 2 Graphy = -2x2 + 4x + 6. --- - - - ------... 

Solution Since a = -2, which is negative, this parabola opens downward. 

y = - 2x.2 + 4x + 6 X y 
Let x = 5, y = -2(5)2 + 4(5) + 6 = - 24 5 - 24 

Let x = 4, y = -2(4)2 + 4(4) + 6 = -10 4 - 10 
Let x = 3, y = -2(3)2 + 4(3) + 6 = 0 

---- --- -

3 0 
Let x = 2, y = -2(2)2 + 4(2) + 6 = 6 

- ·------
2 6 

Letx= l , y = -2(1)2 + 4( 1) + 6 = 8 8 

Let x = 0, y = -2(0)2 + 4(0) + 6 = 6 --~--r 
0 6 

y = -2( - l )2 + 4( - 1) + 6 = 0 
-

___ j 
-Let x = - 1, - 1 0 

- 2, y = -2( - 2)2 + 4( - 2) + 6 = - JO 
---- -+- -

Let x = - 2 - LO 

Letx = - 3, y = -2( - 3)2 + 4( - 3) + 6 = - 24 
-------

- 3 - 24 - - __ . __ .... - --

The graph of y = - 2x2 + 4x + 6 is shown in Figure 10.6. The graph is sym
metric about the line x = l (which is dashed since it is not part of the graph). 

Y 171c vert ex is ( l , 8) . 

I~ - The graph i, symme tric 
The y- inte rce pt is (0, 6 ) . --,---,---,----➔lf abo ut the line x = J. r·-·, 

17,e x-inte ree pts are 
( - J, 0) c1 ncl (3, 0) . 

I 

- 24 
, - 28 

X 

,----,----,+-,- - The _1·-a.\i ~ h.i , bcl.'.11 111 .irJ..cd 
,, ith 4-unil in ten al, l l> a !l01\ 
us to graph the poin b 
( - 3. - 24J anJ (5 - 24). ., , 

y = -2x2 + 4x + 6 " The a rrowhe,,J~ mJica tc 
the para hola continue, 
indefinitel y. 

NowTry Exerci se 2? ; 



Understanding 
Algebra 

The vertex of a parabola is 
always on the axis of 
symmetry. 

\ 
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II Find the Coordinates of the Vertex of a Parabola 
When the location of the vertex is known, it is easier to decide which values to use for 
x whe ~ plotting points. Fo r a quadratic equati on in the form y = ax2 + bx + c, both the _a xi s of symm etry and the x-coordina te o f the ve rtex can be found by using the followmg fo rmula. 

Axis of Symmetry and x-Coordinate of the Vertex 

b 
x=--

2a 

In the quadratic equation in Example 2, a = - 2, b = 4, and c = 6. Substituting these 
values in the formula for the axis of symmetry gives 

b 4 4 
X = -- = --- = - - = l 

2a 2(-2) -4 
Thus, the graph is symmetric about the line x = l, and the x-coordinate of the vertex is 1. 

They-coordinate of the vertex can be found by substituting the value of the x-co
ordinate of the vertex into the quadratic equation and solving for y . 

y = - 2x2 + 4x + 6 

The vertex is at the point (1 , 8). 

= -2( 1)2 + 4(1) + 6 
= -2(1) + 4 + 6 
= -2 + 4 + 6 

=8 

For a quadratic equation of the form y = ax2 + bx + c, they-coordinate of the 
vertex can also be found by using the following formula. 

y-Coordinate of the Vertex 

In Example 2, 

y= 

4ac - b2 

y= 
4a 

4ac - b2 

4a 

4(-2)(6) - 42 

4(-2) 

= -48 - 16 = -64 = 8 -8 - 8 

You may use the method of your choice to find the y-coordinate of the vertex. Both 
methods result in the same value of y. 

IJ Use Symmetry to Graph Quadratic Equations 
When graphing parabolas, first determine the axis of symmetry and the vertex of the 
graph. Then select nearby values of x on either side of the axis of symmetry. When plot
ting points, make use of the symmetry of the graph. 
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FIGURE 10.7 

EXAM PLE 3 - ------ -- - - ------- -

a) Fi nd the ax is of symme try of th e grc1rb of the equatio n y = x
2 + 6x + 5. 

h) Find Ilic ve rt ex (lf th e graph . 

l') Gn-,pli the equation . 

Solution 
u) 11 I . h · <1. (" - 5. 

X =-
b 

2o 

f) 

2( 1) 

T il e parabola is symrnclric about th e lin e x = - 3. The x-coordin ate of the vertex 

i:- - '.I . 

b) Now find th e _v-coo rdin ate of th e ve rtex. Substitute - 3 for x in th e quadratic 

equation. 
y = x 2 + 6x + 5 

y = ( - J )2 + 6( - 3) + 5 = 9 - 18 + 5 = - 4 

The vertex is at the point (- 3, - 4). 

c) Since the axis of symmetry is x = -3, we will select values for x that are greater 

than - 3. It is often helpful to plot each point as it is determined. If a point does 

not appear to lie on the parabola, check it. 

y = x2 + 6x + 5 X y 

Letx = -2, y = (-2)2 + 6(-2) + 5 = -3 -2 -3 

Letx = -1, y = ( -1 )2 + 6( -1) + 5 = 0 -1 0 

Let x = 0, y = (0)2 + 6(0) + 5 = 5 0 5 

These points are plotted in Figure 10.7a. Note how we use symmetry to com

plete the graph in Figure 10. 7b. The points ( -2, - 3) and ( - 4, - 3) are each 1 

horizontal unit from the axis of symmetry, x = -3. The points ( -1 , 0) and 

(-5, 0) are each 2 horizontal units from the axis of symmetry, and the points 

(0, 5) and (-6, 5) are each 3 horizontal units from the axis of symmetry. 

I I 

- J. 

r · ~ 
I 

_Ax_is of : 
Sy'm!lletry 1 

X = -3 / 
I 
I 
I 
I 
I 
I 

-9 -8 -7 -6 - 5 -4 - 3 - 2 
I 

, ' I 

- I I 
Vertex / 

Cr 3f - 4) 1 
- + .. I 

' [ I 

(a) 

y 

;-4 
~s 
I 

- _J 

I 2 3 
I 

r 
I I 

EXAMPLE 4 Graph y = -2x2 + 5x - 4. 

Solution a = -2, b = 5, c = -4. 

Since a < 0, this parabola will open downward. 

A . f b 
xis o symmetry: x = - -

2a 

5 

y 

- - 1 • -

L -
I 

,(- 6, 5 units :3uoit 

I 2 X 

~-4,- ~3) C-2-, - 5) 

1 ! ( t- 3, 
, - • r ! - s 

-- l___ '_ ' l 

(b) 

NowTry Exercise 25 

= - 2(-2) = 
5 

-4 
5 

4 



(a) 

y .r 
-I 

\lct l cx 

I 1 ( ~ - ~ ) 

';~i-r-11 I -+i-;+"-+-- 1--1--► 
., ,' ) 4 ~ X 

2 

- '! 

- I ll 

- II 

(a) 

y . \' = 2 
. 4 

I 

I 

I 

I 

y = - 2x2 + Sx - 4 

(b) 

FIGURE 10.8 

X 
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Since the ,r v· il r 1 · 1-
. 

- - • uc o t 1c vertex 1s a ract,o n, we would need to add fractions if we 

wishccJ to fine.I y I . I ·L· - _5 1- · h . . , 1 

1y su )S 1tut1ng 4 .or x 111 t c given equation . Inerefore, we will use 

th e formula lo find the y -coorcl inalc of the vertex. 

4ac - h2 

y = ---
4a 

4( - 2)( - 4) - 52 32 - 25 7 
= =---= -= 

4( - 2) - 8 - 8 
7 

8 

The venex o f thi s graph is at the point ( ¾, -f). Since the ax is of symmetry is x = 1, 

we will begin by selec ting values of x that are greater than¾, or 1 ¾-

y = - 2x2 + Sx - 4 X y 

Let x = 2, y = -2(2)2 + 5(2) - 4 = - 2 2 -2 

Let x = 3, y = -2(3)2 + 5(3) - 4 = -7 3 r -7 

Let x = 4, y = -2(4)2 + 5(4) - 4 = -16 4 
j 

- 16 J 

When the axis of symmetry is a fractional value, be very careful when con

structing the graph. You should plot as many additional points as needed . Following 

5 
we determine some values of y when xis less than 4. 

Let x = I 

Let x = 0 

Let x = -1 

y = -2(1)2 + 5(1) - 4 = - 1 

y = -2(0)2 + 5(0) - 4 = -4 

y = -2(-1)2 + 5(-1) - 4 = -11 

Figure 10.8a shows the points plotted on the right side of the axis of symmetry. 

Figure 10.8b shows the completed graph. The point ( 4, - 16) is not shown on the graphs. 

NowTry Exercise 19 

(b) 

Fl h that resembles a parabola is a parabola. For example, the St. Louis Arch, Figure 10.9a resembles 

GURE 10 9 Not every s ape . . . . . · · 1,· h 

· . • bola However the bndge over the M1ss1ss1pp1 near Jefferson Barracks, Missouri, w 1c connects 

a parabola, but 1t 1s not a para • . , 

Missouri and Illinois, Figure 10.9b, 1s a parabola. 
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Understanding 
Algebra 

• To find the x-intercept(s), if 
they exist, set y = 0 and 
solve for x. 

• To find the y-i ntercept, set 
x = 0 and solve for y. 

1 Understanding . 
: Algebra 

For the equation 
y = ax2 + bx + c = 0, when 
the discriminant, b2 

- 4ac, is 

• positive: there are two dis
tinct x-intercepts. 

• equal to zero: there is one 
x-intercept. 

• negative: there is no 
x-intercept. 

'----

11 Find the Intercepts of the Graph of a Quadratic Equation 
W he n graphin g parabolas, knowing the location of the intercepts is ver~ helpful. We 
include finding the intercepts as a p art of a general stra tegy for graphmg q uadratic 
equations. 

x-intercepts, y-intercepts 

An .r-intercept is a point where a graph crosses the x-axis. An x-intercept will always have 
the form (x, 0). 

A y-intercept is a point where a graph crosses the y-axis. A y-intercept will always have the 
form (0, y). 

To find they-intercept, set x = O and solve for y. Notice that if we set x = 0 in the equation 
y = ax2 + bx + c, we get y = a(0) 2 + b(O) + c = 0 + 0 + c. Thus, a quadratic equa
tion in the form y = ax2 + bx + c will always have y-intercept ( 0, c). 

To find the x-intercept(s) , if they exist, set y = 0 and solve for x. If we set y = 0 in 
the equation y = ax2 + bx + c we get O = ax2 + bx + c or ax

2 + bx + c = 0. To 
solve this equation we can use one of three methods: 

Method 1: Factoring, as explained in Section 5.6 

Method 2: Completing the square, as explained in Section 10.2 
Method 3: The quadratic formula, as explained in Section 10.3 

The number of x-intercepts that a parabola has can be determined by the discriminant, 
b2 

- 4ac. 
A quadratic equation of the form y = ax2 + bx + c will have ei ther two 

distinct x-intercepts (Fig. 10.l0a) , one x-intercept (Fig. 10.l0b ), or no x-intercept 
(Fig.10.lOc). 

b2 - 4ac > 0 
Two di stinct x- interce pts 

y 

X 

or 

y 

X 

FIGURE 10.10 (a) 

Ii - 4ac = 0 
O ne x-inte rcept 

y 

or 

y 

(b) 

h2 
- •-klc < 0 

Nu .r-intercep t 

y 

V 
X X 

or 

y 

X (\ 
X 

(c) 

!be x-int~rcepts can be found algebraically by setting y equal too and solving the 
resultmg equation for x, as we will show in Example 5. 
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EXAMPLE 5 

a) Find they-int ercept of the graph of the equation y = x2 - 6x - 7. 

b) Find the x-intercepts of the graph of the equation y = x2 - 6x - 7 by factoring, 
by completing the square, and by the quadratic formula. 

c) Graph the equation. 

Solution 

a) To find they-intercept we set x = 0 to get 

y = (0)2 - 6(0) - 7 = 0 - 0 - 7 = -7. 

Thus they-intercept is (0, - 7). We could also have noted that the constant term 1 

c was - 7, therefore they-intercept is (0, - 7). 

b) To find the x-intercepts we set y equal to O and solve the resulting equation, 
x2 

- 6x - 7 = 0. We will solve this equation by all three algebraic methods. 
Method 1: Factoring. 

x2 - 6x - 7 = 0 

(x - 7)(x + 1) = 0 
x - 7 = 0 or x + l = 0 

x= 7 x=-l 

Method 2: Completing the square. 

x2 - 6x - 7 = 0 

x2 
- 6x = 7 

x2 
- 6x + 9 = 7 + 9 

(x - 3)2 = 16 

X - 3 = ±4 

x=3±4 

x = 3 + 4 or x = 3 - 4 

x=7 x=-1 

Method 3: Quadratic formula. 

x 2 - 6x - 7 = 0 
a= 1, b = -6, c = -7 

-b ± Yb2 
- 4ac 

x=------

6 + 8 
x=--

2 

14 
= - = 7 

2 

2a 

-(-6) ± V (-6)2 
- 4(1)(-7) 

2(1) 
6 ± V~36~+__,,,2=s 

2 

6 ± \/64 
2 

6±8 
2 

6 - 8 
or x = --

2 

-2 
= - = -1 

2 

Note that the same solutions, 7 and -1 , were obtained by all three methods. The 
graph of the equation y = x2 

- 6x - 7 will cross the x-axis at 7 and - 1. The 
x-intercepts are (7 , 0) and ( -1, 0). 
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y 

X 

FIGURE 10.11 

EXERCISE SET 10.4 
Warm-Up Exercises 

c) Since a > O, this parabola o pe ns upward. 

Let x = 3, 

Let x = 4, 

Let x = 5, 

Let x = 6, 

Let x = 7, 

Letx = 8, 

b 
2a 

-6 6 
- - = - = 3 

ax is o f symm etry: x = 2(1) 2 

y = x 2 - 6x - 7 

y = 32 - 6(3) - 7 = - 16 

y = 4 2 - 6( 4) - 7 = - 15 

y = 52 - - 6(5) - 7 = - 12 

y = 62 - 6(6) - 7 = - 7 

y = 72 - 6(7) - 7 = 0 

y = 82 - 6(8) - 7 = 9 

X y 

3 - 16 

4 - 15 

5 - 12 

6 - 7 

7 0 

8 9 

The vertex is at (3, -16). Again we use symmetry to complete the graph (Fig. 
10.11).They-interceptis (0, -7) and thex-intercepts are (7, 0) and (-1 ,0) .This 

agrees with the answer obtained in parts a) and b). 
Now Try Exercise 37 

Our discussion of graphing quadratic equations can be summarized with the fol

lowing guidelines. 

Graphing Quadratic Equations of the Form y = ax.2- + bx + c, a * 0 

1. If necessary, rewrite the equation in the form y = ax
2 + bx + c. 

2. Examine the numerical coefficient a. If a is 

• Positive, then the parabola will open upward. 

• Negative, then the parabola will open downward. 
b 

3. Determine the equation of the axis of symmetry using x = - Za . 

4. Determine the vertex of the parabola. 

• The x-coordinate of the vertex is the value determined in step 3. 

• They-coordinate can be determined by either substituting the x-coordinate into the 

. . . b . h 4ac - b2 

ongmal equation, or y usmg t e formula y = ---
4a 

5. Determine the intercepts of the graph. 

• They-intercept is (0, c) where c is the constant term. 

• The x-intercepts are determined by setting y = O and solving for x by factoring, 

completing the square, or using the quadratic formula . 

6. Begin your graph by graphing the axis of symmetry, vertex, and intercepts. 

7. Select values of x and substitute them into the original equation to find the 

corresponding y-coordinates. Plot these points on your graph. 

8. Use symmetry to plot more points on your graph . 

9. Connect the points with a smooth curve. 

Mathl5-.xp MyMath~ · 
MathXL ® MyMathlab 

Fill in the blanks with the appropriate word, phrase, or symbol(s) from the following fist. 

two 

no 

downward 

y-coordinate 

o ne 

upward 

axis of symmetry 

vertex 

parabola 

x-coordinate 



1. 111e graph of y = ax2 + 1 . 
)X + C IS a - ----

2. TI1e graph of y = 1 r 2 _ l -- 2x + 7 ope ns -----
3. '!be graph of y = _ _!_ r" -1- • 

4' ·' - - 4 opens 
4. 1l1e lowest point O - ---- --

n a parabola tha t ope ,·,, ... 

h 5. The formul a x 
of the vertex. 

- 2a is used lo find the 

Practin: th t.· Skills 

·' upward is the 

---- ---
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formu la y = 
4ac - b2 

4a 
is used to find the 

--- ---- o f the ve rtex. 

7. T he gra ph of a parabola is symmet ric about the 

It lf b2 
- 4uc = 0, the g raph of the quadrat ic equation 

y = ax 2 + bx + c has _ ______ x-inte rcept(s). 

Jndicare rhe axis of svmmetrv th ,, c 1. 
. · ., ~ oorr, 111a1esof the ·t . I I I I 

9. v = x2 + 2x _ 7 · • ve, e,, , an.e, w ·1et ·1er I ·te parabola opens upward or downward . 

.. -11. ;1 = 4x2 + 8.x + 3 10. y = x 2 + 4x - 3 
12. y = - x 2 + 8x - 11 

13. y= -3x: + 2x + 1 
14. y = x2 + 3x - 5 

15. y = - x 2 + 3x - 4 
y = 3x2 

- 2x + 6 16. 

17. y = 2x2 + 3x + 2 
-2x2 - 6x - l 18. y = 

19. y = - x 2 + X + 8 
20. y = -Sx2 + 6x - 3 

Graph each quadratic equation and determine the x · t t ·t th · -in ercep s, 1 ey exist. 
2 L Y = X

2 
+ 3 22. y = - x 2 + 9 ..... 23. y = - x 2 + 5 24. 

25. Y = x
2 + 4x + 3 26. y = 2x2 + l 27. y = x2 + 4x + 4 

y = x 2 
- 1 

28. y = x 2 
- 4x + 4 

29. y = - x 2 
- Sx - 4 30. y = -x2 

- Sx + 6 
...- 33, y = x 2 + Sx - 14 34. y = 2x2 + 4x + 2 

37. y = x 2 
- 6x 38. y = -x2 + Sx 

41. y = - x 2 + 7 X - 10 42. y= -x2 + Sx - 6 

45. y = - 2x2 + 3x - 2 46. y = -4x2 
- 6x + 4 

31. y = x 2 + Sx - 6 

35. y = x2 
- 6x + 9 

39. y = x2 
- 2x + l 

43. y = 4x2 + 12x + 9 

....- 47, y = 2x2 - X - 15 

32. 

36. 

40. 

44. 

48. 

y = x 2 - 4x - 5 

y = x2 + 8x + 16 

y = x 2 
- x + l 

y = 2x2 + 3x - 2 

y = x 2 
- Sx + 4 

Using the discriminant, determine the number of x-intercepts the graph of each equation will have. Do not graph the equation. 

49. y = 4x2 - 2x - 7 50. y = - x 2 
- 3 51. y = 4x2 

- 6x - 5 52. y = x 2 - 6x + 9 

53. y = x 2 - 22x + 121 54. y = -4.3x2 + 2.4x 55. y = 5.7x2 + 2x - 1.5 56. y = Sx2 - 7.lx + 6.3 

Problem Solving 
The graph of a quadratic equation of the form y = ax2 + bx + c is a parabola. The value of a (the coefficient of the squared term in the 
equation) and the vertex of the parabola are given. Determine the number of x-intercepts the parabola will have. Explain how you deter-

mined your answer. 

51. a = - 2, vertex at (0, -4) 

59. a= -3,vertexat(-5,0) 

61. Height above Ground An object !s projected upward fro?1 
the ground. The height of the obJect_ above the ~round, m 
feet, at time t, in seconds, is illustrated 10 the fo llowing graph. 

h 

30() -

~ 250 
G) 

~ 200 

"@i 1.50 
·o :r:: JO() 

50 

o L +---1--+---+--+-+--+--+--+---;-r 
0 I 2 3 4 5 b 7 8 9 

Time (seconds) 

58. a = 2, vertex at (1, -3) 

60. a = -l, vertex at (2, -7) 

a) Estimate the maximum height the object will 
obtain. 

b) How long will it take for the object to reach its maximum 
height? 

c) Estimate how long it will take for the object to strike the 
ground. 

d) Estimate the object's he ight at 2 seconds and at 5 sec
onds. 

62. Height above Ground A ball is projected upward from the 
top of a building that is 100 feet above the ground. The 
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height of the ball above the ground, in feet, at time t, in sec
onds, is illustrated in the foll owing graph. 

h 

-::-, 25() 
(1.) 

~ 2(X} -

ib 150 
Q ::C Ill() 

50 

0 I 

II I 2 .1 4 5(, 7X 9 / 

Time (seconds) 

a) Estimate the maximum height the ball will obtain. 

~-
~ · ~ x ft 4ft "·. t . ' 

X ft \ , : ,~.xf.+ -
, . 180 - 2x ft 

a) Graph A = - 2x2 + 180.x. 

b) Using the graph, estimate the va lue of x that will yield the 

maximum area. 

c) Estimate the maximum area. 

Maximum Area See Exercise 63. If 260 fee t of fencing is avail-
64. able, the fenced-in area is A = x(260 - 2x ) = - 2x2 + 260x. 

a) Graph A = - 2x2 + 260x. 

b) Using the graph, estimate the value of x that yields the 

maximum area. 

c) Estimate the maximum area. 

b) How long will it take for the ball to reach its maximum .,.- 65. 
height? 

Will the equations below have the same x-intercepts when 
graphed? Explain how you determined your answer. 

63. 

c) Approximately how long will it take for the ball to strike 
the ground? 

d) Estimate the ball 's height above the ground at 2 seconds 
and at 5 seconds. 

Maximum Area An area is to be fenced in along a river as 
shown in the figure on the right. Only 180 feet of fencing is 
available. The fenced-in area is A = length· width or 
A = x(l80 - 2x) = -2x2 + 180x. 

Concept/ Writing Exercises 

67. Explain how to find the coordinates of the vertex of a 
parabola. 

68. What determines whether the graph of a quadratic equation 
of the form y = ax2 + bx + c, a i= 0, is a parabola that 
opens upward or downward? Explain your answer. 

69. a) What are the x-intercepts of a graph? 

b) How can you find the x-intercepts of a graph algebraically? 

70. What does it mean when we say that graphs of quadratic 
equations of the form y = ax2 + bx + c have symmetry 
about the axis of symmetry? 

Challenge Problems 

73. a) Graph the quadratic equation y = - x2 + 6x. 

b) On the same axes, graph the quadratic equation 
y = x 2 

- 2x. 

c) Estimate the points of intersection of the graphs. The 
points represent the solution to the system of equations. 

66. a) 

y = x2 - 2x - 15 and y = - x 2 + 2x + 15 

How will the graphs of the following equations compare? 
Explain how you determined your answer. 

y = x2 - 2x - 8 and y = - x 2 + 2x + 8 

b) Graph y = x2 - 2x - 8 and y = - x 2 + 2x + 8 on the 
same axes. 

71. When graphing a quadratic equation of the form 
y = ax2 + bx + c, what is the equation of the axis of 
symmetry? 

72. How many x-intercepts will the graph of a quadratic equa
tion have if the discriminant has a value of 

a) 19 

b) -5 

c) 0 

74. a) Graph the quadratic equation y = x 2 + 2x - 3. 

b) On the same axes, graph the quadratic equation 
y = -x2 + l. 

c) Estimate the points of intersection of the graphs. The 
points represent the solution to the system of equations. 

··--·------------- ------ -----
Cumulative Review Exercises 

5 X - 2 
75. Subtract -- - --

x + 3 X - 4· 
[6.4] 

[6.6] 
1 1 

76. Solve 3 ( x + 6) = 3 - 4 ( x - 5). 

[8.3] 

[9.5] 

77. Solve the system of equations. 

2x + 3y = -3 
3x + Sy = - 7 

78. Solve Vx+9 - x = - 3. 
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