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The function A(x) = x( 100 - 2x) = -2x2 + 100.X gives the ar~a of the pen, sow 
to find the maximum value for A(x). Toe vertex for the parabola is (h, k), where ewan1 

b -100 100 25 A( ') - - 2r~ + 100 · h = __ = _ = - = x - x, so a = _,., b 
2a 2(-2) 4 - , "" 100 

k = A(25) = -2(25) 2 + 100(25) = 1250. k = maximwu value 

The maximum area is 1250 square feet. which occurs when x = h = 25. 
The length of the side perpendicular to the wall is 25 feet. 
The length of the side parallel to the wall is 100 - 2 (25) = 50 feet. 

Practice Problem 7 A children's center receives a donation of 1000 ft of fence · th · th be to 
enclose a rectangular playground. What 1s e maximum area at can enclosed? 
What are the playground's dimensions? · 

Answers to Practice Problems 
1.y=3(x-1)2 5f 2 Th . - ; has minimum value -5. 
1' egraph1s aparabola.a = -2 h = -I k- 3 
t opens downward. Vertex (-!, 3) '. It has m~i;u~ 

value 3; x-intercepts· + fI _ 1. . · -,r2 , y-mtercept: I 

y 
4 

2 X 

SECTION 3.1 Exercises 

Basic Concepts and Skills 

3. The graph is a parabola. It opens upward. Vertex(.!., -
27

); V 2 4 
It has a minimum value - 4 ; x-intercepts: -1, 2; y-intercept: -6 

y y 
4 6 
3 
2 

-4-3-2- 0 
I 

[3 - 2V3 3 + 2\/3] 
3 ' 3 

5.a < 0,b < 0,c > 0 6.a.h(t) = -16t2 + 96t + IOO(feet) !'- 3 seconds ?• Maximum area is 62,500 sq ft. The playground 
1s a square of side length 250 feet on each side. 

1. A point where the axis of the parabola meets the parabola is 6' True or False. They-coordinate of the vertex of the 
parabolaf(x) = x2 - 2x + 5isf(I). called the _____ .. 

0ne vertex of th~ graph of f(x) = -2(x + 3)
2 

- 5 is 

3. True or Fa lse. The graph of the function in Exercise 2 
opens down. 

@ rue or Fa lse . The graph of f(x) = -2 - x + x 2 
opens 

down. 
5. The x-coordinate of the vertex of the parabola of Exercise 4 

is _____ _ 

· a > , then the rrummum value of 7. True or False If 0 . . 

f(x) = ax2 +bx+ cisf(-:a). 
8. T~u~ or False. If a < o, then f(x) = ax2 + bx + c has no 

rmmmum value. 

If, 



r 
16 match each quadratic function with Its 

erc1ses 9-- ' G graph. 
fJIP 1 z 10 y = -3x2 

-x .... 3 
9, Y ;

3
(.r+ 1)2 12.y=2(x+ 1)2 

y ( +1)2_3 16.y=-3(x+J)2+ 2 iy: (.r _ l )2 + 2 14. y = (x - J )2 _ 3 

,.,,p 
f ' 

y 
y _J___.~ 3 

3 X 

-3 

-5 

(a) 

(c) 

y 
6 

y 
3 

X 

0 I 3 X 

(e) 

(g) 

-3 -2 

-1 0 

(b) 

y 

-5 

-6 

(d) 

y 

(f) 

3 

(h) 

X 

X 

· s 301 
Section 3.1 Quadratic Function 

In Exercises 17-20, find a quadratic function of the form 
Y = ax2 that passes through the given point. 
17.(2,-8) 18.(-3,3) 
19. (2, 20) 20. (-3, -6) 

In Exercises 21-30 find the quadratic function Y = fl..x) 
th

at 
has the given verte~ and whose graph passes through 

th
e 

~en point. Write the function In standard form, 
(:!;} Vertex ( 0, 0); passing through ( - 2, 8) 
)}:,. Vertex (2,0);passingthrough (1,3) 
(:;}Vertex ( -3, O); passing through ( -5, -4) 
24. Vertex (0, I); passing through (-1, O) 
25. Vertex (2, 5); passing through (3, 7) 
26. Vertex (-3, 4); passing through (0, 0) 
27. Vertex (2, -3); passing through (-5, 8) 
28. Vertex (-3, -2); passing through (0, -8) 

29. Vertex G, D; passing through ( ¾, -¼) 
30, Vertex (-t-D; passing through (I, 5:) 

In Exercises 31-34, the graph of a quadratic function 
y = f(x) is given. Find the standard form of the function, 

@) y 

-5 -3 -1 I X 

32. 

5 7 X 

33. 



2
9,-34, match the polynomial function with Its 

tbe leading-term test and the y-lntercept. 
JJ1 pll• {Jse 4 + 3x2 + 4 £1(1): ;: _ 1x4 + 1x2 + 15 

J(.t) 4 - !O.X2 + 9 

31. J(J) "'\ + x2 - J7x + 15 
3'J.. J(Jl ""\ + 6x2 + 12x + s 
@f(X) : ~x3 _ 2x2 + I Ix + 12 
J4· f(X) y. 

2 4 X 

(a) 

(b) 

y 

-5 

3 5 X 

(c) 

-3 

(e) 

Y, 

(d) 

Y, 

(t) 
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Section 3.2 • Polynomial Fun io 

f ch polynomial 
In Exercises 35-42, (a) find the real zeros O ea d (b) state 
function and state the multipUclty for eac~ ze~=~ cross the 
whether the graph crosses or touches but aoes passible 
x-axis at each x-lntercept. (c) What Is the rnaxirnum 
number of turning points? 

~f(x) = 5(x - l)(x + 5) 
f(x) = 3(x + 2)2 (x - 3) 

@)J(x) = (x + J)2 (x - 1)3 

38. f(x) = 2(x + 3)2(x + I )(x - 6) 

39. f(x) = -5(x + ¾)(x - ½Y 
40, f(x) = x 3 - ux2 + 8x 
41. f(x) = -x4 + fu3 - 9x2 

42. f(x) = x4 - 5x2 - 36 
In Exercises 43-46, use the Intermediate Value Theorem to 
show that each polynomial P(x) bas a real zero in the sped· 
lied Interval. Approximate this zero to two decimal places, 
43. P(x) = x4 - x 3 - 10; [2, 3) 
44. P(x) = x4 - x2 - 2x - 5; [1,2] 
45. P(x) = XS - 9x2 - 15; [2, 3] 
46. P(x) = xs + 5x4 + Sx3 + 4x2 - x - 5; [O, 1] 

In Exercises 47-'0, for each polynomial function /, 
a. Describe the end behavior off 
b. Fmd the real zeros off Determine whether the graph off 

crosses or touches but does not cross the x-axis at each 
x-intercept. 

c. Use the zeros off and test numbers to find the intervals over 
which the graph off is above or below the x-axis. 

d. Determine they-intercept. 
e. Find any symmetries of the graph of the function. 
f. Determine the maximum possible number of turning points. 
g. Sketch the graph off 
47. J(x) = x2 + 3 
48. f(x) = x2 - 4x + 4 
49. f(x) = x 2 + 4x - 21 
50. f(x) = -x2 + 4x + 12 

®,(x) = -2x2 (x + I) 
52. J(x) = x - x 3 

@(x) = x 2 (x 1)2 
54. J(x) = x2 (x + J)(x - 2) 
@J(x) = (x - 1)2(x + 3)(x - 4) 
56. f(x) = (x + 1)2 (x2 + 1) 
57. f(x) = -x2 (x2 - I)(x + 1) 

f(x) = -x2 (x 2 - 4)(x + 2) 
J(x) = x(x + l)(x - l)(x + 2) 

60. f(x) = x2 (x 2 + l)(x - 2) 
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Answers to Practice Problems 
1, Quotient: 3x + 4; remainder = -2x + 3 
2. x 2 + ~- + 3 + . 2x - 3 

x2 
- .t + 3 

3. 2x2 - X - 3 + 
x-3 

SECTION 3.3 Exercises 

Basic Concepts and Skills 

1. In the division X
4 

- 2x3 + Sx2 
- 2x + I 2 

x2 _ 2x + J = X + 2 + 
2x - 5 

x2 _ 2x + 3 • the dividend is _____ , the divisor 

is th · rem--:ain-d.,..e-r-is __ , e quottent is _____ , and the 

2. If P(x), Q (x), and F(x) are polynomials and 
F(x) = P(x) • Q(x), then the factors of F(x) are 
_____ and ____ _ 

3. The Remainder Theorem states that if a polynomial F ( x) is 
divided by (x - a), then the remainder R = -----

4. The Factor Theorem states that (x - a) is a factor of a poly-
nomial F(x) if and only if _____ = 0. 

5. True or False.You cannot use synthetic division to divide a 
polynomial by x2 - I. 

6. True or False. When a polynomial of degree n + I is 
divided by a polynomial of degree n, the remainder is a 
constant polynomial. 

In Exercises 7-14, use Jong division to find the quotient and 
the remainder. 

6x2 - X - 2 
7. 2x + I 

3x4 - 6x2 + 3x - 7 
9. I x+ 

4x3 - 4x2 - 9x + 5 
l], 2x2 - X - 5 

z4 - 2z2 + I 
13

'z2-2z+I 
6x4 + 13x - I !x3 - JO - x 2 

14' 3x2 - 5 -x 

4x3 - 2x2 + X - 3 
8. 2x - 3 

x6 + 5x3 + 7x + 3 
10. 2 

X + 2 
y5 + 3y4 - 6y2 + 2y - 7 

12. 2 
y + 2y - 3 

Io Exercises 15-30, use synthetic division to find the quotient 
and the remainder when the first polynomial ls divided by the 
second polynomial. 

@x3 - x 2 - 7x + 2; x - 1 
16, 2x3 - 3x2 - X + 2; X + 2 

@x3 + 4x2 - 7x - I0;x + 2 
18. x 3 + x 2 - I 3x + 2; x - 3 

2 
4. 2x2 - Sx - 3 + :;+J 5,4 

1.{-2.-i,3} 8.18 

19. x4 - 3x3 + 2x2 + 4x + 5; x - 2 
@x4 - 5x3 - 3x2 + JO; x - I 

I 
21. 2xJ + 4x2 - 3x + I; x - 2 

I 
22. 3x3 + 8x2 + x + I; x - 3 

I 
23. 2x3 - 5x2 + 3x + 2; x + 2 

I 
24, 3x3 - 2x2 + 8x + 2; X + 3 

6.32 

25. XS + x4 - 7x3 + 2x2 + X - 1; X - 1 
26. 2xs + 4x4 - 3x3 - 7x2 + 3x - 2; x + 2 

@xs+ l;x+ I 
28. XS + I; x - I 
29. x6 + 2x4 - x3 + 5; x + l 
30, 3x5;x - I 

1n Exercises 31-34, use synthetic division and the Remainder 
Theorem to find each function value. Check your answer by 
evaluating the function at the given x-value. 
31. f(x) = x3 + 3x2 + I 

a. f(I) b. f(-1) 

C, 1(½) d, f(IO) 

32. g(x) = 2x3 - 3x2 + J 
a, g(-2) 

C, g(-½) 
33. h(x) = x4 + 5x3 - 3x2 - 20 

b. g(-1) 

d. g(7) 

a. h(l) b. h(-1 ) 
c. h(-2) d. h(2) 

34. f(x) = x4 + 0.5x3 - 0.3x2 - 20 
a. f(0 . I) b. f(0.5) 
c. f(i.7) d. J(-2.3 ) 
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17. As x-. -2+,f(x)-. _____ , 
18. As x-. -2-.f(x)-. -----
19. As x-. oo,J(x)- ____ _ 
20. As x-.. -oo,J(x)-.. ____ _ 
21. The domain of f(x) is ____ _ 

22. There are _____ vertical asymptotes. 

23. The equations of the vertical asymptotes of the graph are 
_____ and ____ _ 

24. The equation of the horizontal asymptote of the graph 
is ____ _ 

In Exercises 25--32, graph each rational function as a 
1 

translation of f(x) = ;- Identify the vertical and horizontal 

asymptotes and state the domain and rage, 
3 -4 25. f(x) = -- 26. g(x) = --

x - 4 x+3 
-x 

27. f(x) = Jx + 1 

29 ( ) = -3x + 2 
.gx x+2 

5x - 3 
31. g(x) = X _ 

4 

2x 
28. g(x) = 4x - 2 

-x + I 
30. f(x) = 

32. f(x) = 2x + 12 
x+5 

In Exercises 33-42, find the vertical asymptotes, If any, of the 
graph of each rational function. 

33. f(x) = _x_ 
x - I 
(x + 1)(2x - 2) 

35• g(x) = (x - 3)(x + 4) 

(2x - l)(x + 2) 
36• g(x) = (2x + 3)(3x - 4) 

x 2 - I 
37. h(x) = 2 6 X + X -

x2 - 6x + 8 
39. f(x) = 2 12 X -x -

2x + I 
41. g (x) = xi + x + I 

x+3 
34. f(x) = X _ 2 

x2 - 4 
38. h(x) = 2 4 3x + X -

x 2 - 9 
40. f(x) = --

x3 - 4x 
x 2 - 36 

42. g(x) = 2 5 9 
X + x+ 

In Exercises 43-50, find the horizontal asymptote, If any, of 
the graph of each rational function. 

x+I 2x-l 
C.:,,,, (x) = x2 + 5 44, f(x) = x2 - 4 

t:C'\_ 2x - 3 
~(x) =Jx+S 
, - x2 - 49 
47. h ( x) = --;+T 

2x2 - 3x + 7 
49· f(x) = 3x3 + 5x + 11 

) 3x + 4 46.g(x) =--
-4x + 5 
X + 3 

48. h(x) = --x2 - 9 

0 
3x3 + 2 

5 f(x) = --::-----
• x 2 + 5x + 11 

In E -•-= 51-66 match the rational function With Its xer~ • lll'llplt. 
2 _x-2 

51, f(x) = ~f(x) -

(0-cx) = x2 2x 
x2 + 2x 

55. f(x) = 

54. f(x) = T--
x + I 

x2 
56, f(x) = 

X - 4 

a. y L b. 

i --
y 

2 

1 ---1_----, 
I 

(a) 

C, y 
I I 

: 4 : 
' ' I I 
I 2 I 

-4 

-4 

(c) 

e. y 

JO X 

d. y 
5 

-3 

-5 

(d) 

-1 

-2 

(b) 

I 6 
I 

' I 4 
I 

: 2 

[d -} Y 
-- ------- -r--- --- -- ·> 

-3 5 X 
2 .t 

-4 

(e) (f) 

In Exercises 57-72, use the six-step procedure on pages 363-364 
to graph each rational function. 

r~ f(x) = v x-3 

("IJ(x)=~ V x -4 
-2x2 

61. h(x) = --
x2 - 9 

-x 
58, f(x) = --1. x-

X 
60. f(x) = 

1 
_ x2 

4 - x2 

62. h(x) = --,, x-

2 
63. f(X) = T-2 

x+I 
65. g(x) = (x - 2)(x + 3 

x2 
61, h(X) = T+I 

x 3 - 4x 
69,J(x) = 

(x - 2)2 

71, g(X) = X - 2 

1n Exercises 73-76, find 111 
having the given asympto1 

73, y 
4 

2 

3 4 
' -1 : - ---1--- - -
1 
I 

-4 

-6 \( 
75. y 

-4 -2 

-2 

-4 l 
In Exercises 77-M, fin1 
graph of each rational 

2x2 + 1 
77.J(x) = --

x 
x 3 - I 79. g(x) = --

xi 

81. h(x) = x i - x + 
x+I 

83. f(x) = x3 - 2xz 
x 2 - I 
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