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EXERCISES

-]

1-12 ® A function is given. Determine the average rate of
change of the function between the given values of the variable.

1 fx)=3x—2; x=2,x=3

2.g()=5+3x x=1,x=5
LA =2+26 t=-1t=4
f(z)=1—322; z=-2,z=0
5. flx) =x>—4x% x=0,x=10
6. f)=x+x* x=-1,x=3
7. fx)=3x% x=2,x=2+h
gym=4—ﬂ,x=hx=1+h
9.gx)=— x=1,x=a
10.g(x)=xf_1. x=0,x=h
1" f(t)=z; t=at=a+th

@f(t)=\/;; t=at=a+h

13-14 ® A linear function is given. (a) Find the average rate of
change of the function between x = aandx = a + h. (b) Show
that the average rate of change is the same as the slope of the

line.

13. fx) =4x+3

(9t =

—4x+2

15-18 ® The graph of a function is given. Determine the aver-
age rate of change of the function between the indicated values

of the variable.

15.

19.

The table gives the population in a small coastal commu-

nity for the period 1990-1999. Figures shown are for

January 1 in each year.

(a) What was the average rate of change of population
between 1991 and 1994?

(b) What was the average rate of change of population
between 1995 and 19977

() For what period of time was the population increasin;

(d) For what period of time was the population decreasin

Year Population
1990 624
1991 856
1992 1,336
1993 1,578
1994 1,591
1995 1,483
1996 994
1997 826
1998 801
1999 | 745
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@A man is running around a circular track 200 m in circum-

ference. An observer uses a stopwatch to time each lap, Year Number'of books
obtaining the data in the following table. 1980 | 420
(a) What was the man’s average speed (rate) between 68 s 1981 460
and 152 s? 1982
(b) What was the man’s average speed between 263 s and 1985
412 s? 1990
(c) Calculate the man’s speed for each lap. Is he slowing 1992
down, speeding up, or neither? 1995 |
e 1997
| + 1998
Time (s) i Distance (m) 1999
32 | 200 2000 1220
68 ‘ 400
108 ‘ 600
152 | 800 23-26 ® The graph of a function is given. Determine the inter-
203 1000 vals on which the function is increasing and on which it is
263 1200 decreasing.
335 1400
412 ‘ 1600 23. y 24, B

21. The table shows the number of CD players sold in a small
electronics store in the years 1989-1999.
(a) What was the average rate of change of sales between
1989 and 19997
(b) What was the average rate of change of sales between
1989 and 1990?
(c) What was the average rate of change of sales between
1990 and 19927

26.
(d) Between which two successive years did CD player
sales increase most quickly? decrease most quickly?
T +— + >
Year ; CD players sold x x
1989 ‘ 512
1990 520
1991 413
:ggg | :ég 27-34 m A function fis given.
1994 =10 (a) Use a graphing device to draw the graph of f.
1995 590 (b) State approximately the intervals on which fis increasing
1996 | 607 and on which fis decreasing.
1997 732 27. f(x) = x¥ 28. flx) =4 — x¥*
1998 612 3 5
1999 584 29. flx) = x* — 5x 30. flx) = x* — 4x
31, flx) = 2x3 — 3x2 — 12x
22. Between 1980 and 2000, a rare book collector purchased 32, flx) = x* — 16x2

books for his collection at the rate of 40 books per year. 13 28 09% . 0
Use this information to complete the following table. (Note - flx) = x X x
that not every vear is given in the table.) 38. flx) = x* —4x3 + 2x2 + 4yr — 2
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FUNCTIONS

1-8 m Suppose the graph of fis given. Describe how the graph
of each function can be obtained from the graph of f.

1.(a) y=flx) -4
@(a) y=flx+5)

3. (a) y =3f(x)

4. (@) y = —flx)

5. (a) y=—flx) +5
&Xa) y = ~4fw

7. (@ y=flx—-2) -3

8. (a) y=3flx) +10

(b) y = flx—4)
b) y=flx) +5
(®) y = 3f(x)

(b) y = f(-x)

() y=fl-x) +5
®) y = —4fx)
() y = 2f(x = 3)

(b) y = Lflx + 10)

9. The graph of fis given. Sketch the graphs of the following

functions.
(a) y=flx—2) (b) y = flx) — 2
(0) y = 2f(x) (d) y=—flx) +3
(e) y=f(-x) Hy=3flx-1)
YA
1 [T [
£ ||
|l
NP
EEEEEN
of T T[T Tx

10. The graph of y = f(x) is given. Match each equation with

its graph.

(@) y=flx—4)
© y =1

(e) y =2f(x + 6)

)

(b) y = flx) +3
@ y=—flx+4)

+

11. (a) Sketch the graph of f(x) = %by plotting points.
(b) Use the graph of f to sketch the graphs of the following

functions.
Dy=-—L i e
®y=-7 () y=2"7
2 y 1
= =1+
(i) y =" W) y=1+-"73

12.)(a) Sketch the graph of g(x) = Jx by plotting points.
(b) Use the graph of g to sketch the graphs of the following

functions.
i y=d9x-2 () y=9x+2+2
i) y=1- 3

13-16 ® Explain how the graph of g is obtained from the graph
of f.

13. () flx) = x% glx) = (x +2)?

() fix) =x% glx)=x*+2
@ f() =% gl)=(x— 47

®) flx) =x°, glx)=x*-4

15. (@) fl) = Vr, glx) = 2Vx
) flv) =V g) =3Vx~2

16. (a) flx) = |x|, g(x) =3[x|+1
®) fx) = [x], glx)=—|x+1]

17-32 ® Sketch the graph of the function, not by plotting
points, but by starting with the graph of a standard function and
applying transformations.

17. flx) = (x — 2)* 18. flx) = (x + 7
19. fix) = —(x + 1)? 20. f(x) =1 -7
21, flx)=x*+2 22. flx) = =x°

23 y=1+x 2. y=2-Jx+1
25 y=3fx+t4-3 26. y=3-2(x— 1)
27. y=5+ (x+3)? 8. y=4x-1

29. y= x| -1

30. y=|x—1]|

3. y=|x+2|+2
32. y=2-[x|
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ﬁ 33-36 ® Graph the functions on the same screen using the

given viewing rectangle. How is each graph related to the graph
in part (a)?

33. Viewing rectangle [—8, 8] by [—2,8
@y=d
(©y=2%+5

34. Viewing rectangle [—8, 8] by [ —6.

@ y=|x| ®) y=—|x|

() y=-3|x| (d) y=-3|x=5]|
35. Viewing rectangle [—4, 6] by [—4,4

(@) y=x° (b) y = $x°

(© y=—4s° @ y=—%x-4°

36. Viewing rectangle [—6, 6] by [—4,4
1 1

(a)y=$ (b))’=\[x+—3
™ 1 = 1 =
@y=25Ts @y=75T3

37-44 w Determine whether the function f is even, odd, or nei-
ther. If f is even or odd, use symmetry to sketch its graph.

$8)10) =5
@ri--

A, fx)=x3-—x 42 f(x) = 3%+ 2x2 + 1

f(x) =x+ %

45, The graphs of f(x) = x> — 4 and g(x) = |x* — 4] are
shown. Explain how the graph of g is obtained from the
graph of f.

37. flx) =x72

30. f() = x* + x

43, flx) =1-

46. The graph of f(x) = x* — 4x? is shown. Use this graph to
sketch the graph of g(x) =

YA
4
2 +
+ : - —
=3 -1/1\1 3 x
—4
47-48 m Sketch the graph of each function.
47. (a) flx) = 4x — x? ®) glx) = |4x = x7|
8. (a) flx) = x* (0) g(x) = [’

|A] DISCOVERY - DISCUSSION

49. Sums of Even and Odd Functions If f and g are both
even functions, is f + g necessarily even? If both are odd,
is their sum necessarily odd? What can you say about the

sum if one is odd and one is even? In each case, prove you
answer.

50. Products of Even and Odd Functions Answer the sam
questions as in Exercise 49, except this time consider the
product of f and g instead of the sum.

51. Even and Odd Power Functions What must be true
about the integer n if the function f(x) = x" is an even
function? If it is an odd function? Why do you think the

names “even” and “odd” were chosen for these function
properties?

. Horizontal Shrinking and Stretching of Graphs

In this section we learned that to graph y = af(x), we mus

stretch or shrink the graph of y = f(x) vertically by the

factor a. In this exercise we learn how the factor a affects

the graph of y = f(ax). In parts (a) and (b), let

i) = 2x — x2

(a) Graphy = f(x), y = f(2x), and y = f(}x) in the view
ing rectangle [—5, 5] by [—4, 4]. How are the graphs
related to the graph of f?

(b) Based on your observations in part (a), describe how
the graph of y = flax) is related to the graph of
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EXAMPLE 8 m A Model for the Food Price Index

A model for the food price index (the price of a representative “basket” of foods)
between 1984 and 1994 is given by the function

I(r) = =0.0113¢* + 0.06817> + 0.198¢ + 99.1

where 7 is measured in years since midyear 1984, so 0 < ¢ < 10, and I(¢) is scaled

so that /(3) = 100. Estimate the time when food was most expensive during the
period 1984-1994.

SOLUTION

The graph of 7 as a function of ¢ is shown in Figure 9(a). We see that the
maximum occurs near the point (5, 100.5), so we zoom in on the viewing rectangle
[4.5,5.5] by [100, 101], as shown in part (b). But that graph is very flat, so we
change the view to [4.5, 5.5] by [100.35, 100.4] in part (c). Using the trace feature
on the calculator, we see that the maximum value of / is about 100.4, and it occurs
when ¢ is about 5.15, which corresponds to August 1989.

102 101 100.4

0 N i a2 10 48 il [ ooy Leizddss 4.5 .

96 100 100.35
(a) (b) ()
FIGURE 9

EXERCISES

1-14 m Sketch the graph of the given parabola and state the 15-24 m A quadratic function is given.
coordinates of its vertex and its intercepts. (a) Express the quadratic function in standard form.
1y=x—8 2y (b) Sketch its graph.

L, 5 (c) Find its maximum or minimum value.
3.y=2x*-6x 4. y=—x>+ 10x 15. f(x) = 2x — 27 .f jimi b
5. y=x*+4x+1 =x2—2x+2
7.y=x+6x+8 =—x2—4x+4 T S =Pt Zei] 1B f=a"=tet g
9.
1

.y=2x2+4x+3"/ @ y=—3x2+6x—2 19. flx) = —x>=3x+3 4020.f(x)=1—6x—xz
11, y=2x2 - 20x + 57 L y=2x2+x—-6 21. g(x) = 3x* — 12x + 13| =2x2+8x + 11

13.y=—4x2— 16x+3 =6x2+12x»5 23 hx) =1 —x — x° 1(x)=3—4x—412
-
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25-34 ® Find the maximum or minimum value of the function. What is his maximum profit per day, and how many cans

25 f)=x2+x+1 () = 1 + 3x — x? must he sell for maximum profit?
27. f() = 100 — 497 — 77> f() = 1022 + 40t + 113 43. The effectiveness of a television commercial depends on

— how many times a viewer watches it. After some experi-
29. fls) =s*— 125+ 16 30. g(x) = 100x? — 1500x ments an advertising agency found that if the effectiveness
E is measured on a scale of 0 to 10, then
v - el I
31. h(x) = 4x2+2x— 6 @f } 2547 Eln) = bn — &y
33, fx) =3 —x—3x? e,‘ (x) = 2x(x — 4) +7 where n is the number of times a viewer watches a given

. . < i commercial. For a commercial to have maximum effective
35, Find a function whose graph 1s a parabola with vertex st hiow iRy Gmeshould 8 viewer watch it?
(1, —2) and that passes through the point (4, 16). ’ Y :

ind a function whose graph is a parabola with vertex (3, 4) L tv::il:ua c;rt;n: d;;gnlls, ;ﬁz‘;gﬁ:&?ﬁ;;:?ﬁ’;ﬁ::;Of
and that passes through the point (1, —8). & P

given by C(r) = 0.06r — 0.0002¢%, where 0 < ¢ < 240 and
37-38 ® Find the domain and range of the function. the concentration is measured in mg/L. When is the maxi-

mum serum concentration reached, and what is that maxi-
37. fix) = —x*+4x-3 38. flx) =x>—2x-3

mum concentration?
39, If a ball is thrown directly upward with a velocity of

40 ft/s, its height (in feet) after ¢ seconds is given by ﬁ 45-46 W A quadratic function is given.
y = 40t — 161> What is the maximum height attained by (a) Use a graphing device to find the maximum or minimum
the ball? value of the quadratic function f, correct to two decimal
: . - laces
ball is thrown across a playing field. Its path is given by DACEs : 5o
e equation y = Z0.005%2 + x + 5, where x is the dis- (b) Find the exact maximum or minimum value of f, and com-

pare with your answer to part (a).

tance the ball has traveled horizontally, and y is its height
above ground level, both measured in feet. 45, f(x) = x* + 1.79x — 3.21
(a) What is the maximum height attained by the ball?

(b) How far has it traveled horizontally when it hits the

46. f(x) =1 +x— 2 x

round?
& “ 47-54 w Find the local maximum and minimum values of the
P e function and the value of x at which each occurs. State each
#Z B answer correct to two decimal places.
7
q \\ 47. flx) =x* - x 48. fx)=3+x+x*-x°
\\ 49. g(x) = x* — 2> — 11x?  50. g(x) = x* — 8x* + 20x
51. Ulx) =x {6 — x 52, Ulx) = xyx — x*
1 - 2
53. Vix) = —5
41. A manufacturer finds that the revenue generated by selling x
X units of a certain commodity is given by the function _ 1
R(x) = 80x — 0.4x?, where the revenue R(x) is measured in 54. Vix) = xX2+x+1
dollars. What is the maximum revenue, and how many
units should be manufactured to obtain this maximum? ﬁ 55. A fish swims a};x speed v relative to the water, against a
X X current of 5 mi/h. Using a mathematical model of energy
soft-drink vendor at a popular beach analyzes his sales expenditure, it can be shown that the total energy E
records, and finds that if he sells x cans of soda pop in

required to swim a distance of 10 mi is given by

10
— 3
Dl = —A00T+2 + 2¢ — 1800 E(p) = 2.730°

one day, his profit (in dollars) is given by
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(c) We have

(Fog)(0) = flg(r))

Definition of fo g

= f(20t) Definition of g
=25 + (20¢)* Definition of f

The function fe g gives the distance of the ship from the lighthouse as a func-

tion of time.

EXERCISES

1-6 ® Find f + g, f — g, fg, and f/g and their domains.
1 fx)=x>—x, glx)=x+5
2 fl)=x+2x% gx)=3x*-1

3. flx) =Vl +x gx)=yJl-x
f(x)= 9—x2, glx)=Vx2-1
2 2
s =2, gy =2
(= =7

7-10 ® Find the domain of the function.
7. f0) =Vx+ 1T —x

g(x)= x+l—£

9. h(x) = (x + 1)X2x — 8)"*

Jx+3

x=1

10. k(x) =

11-12 ® Use graphical addition to sketch the graph of f + g.

1" i

2
En

=Y

12, YA
i T -
L [T 1]
| NS
T i T INT
T N i
| I < A
| L o] 14 | x
(oS TTTT

ﬂ 13-16 ® Draw the graphs of f, g, and f + g on a common

screen to illustrate graphical addition.
1B fl)=VI+x gl)=T-x
18, f(x) = x% gl) =\x

15. flx) = x2%, glx) = x°

7

6. fx) =¥ —-x g = [1 -2

9

17-22 ® Use f(x) = 3x — 5 and g(x) = 2 — x? to evaluate the
expression.

17. (a) f(g(0)) (b) ¢(£(0))
18. (a) f(f(4) ,K‘J(g
19. (a) (fog)(-2) (b) (g f)(-2

(a) (fo H-1) ® G°9)2)

21. (a) (feg)x)
22. (a) (fe f)lx)

(b) (g°f)x)
(b) (g°9g)(x)
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23-28 m Use the given graphs of fand g to evaluate the 41-44 ® Find fogoh.
SRREESSIon. 41, fx) =x—1, glx)=Vx h(x)=x—1
e . il - -
| [ ; (x) =2 gk =% hlx)=x7+2
';“ 43 flx) =x*+1, gx)=x—5, h{x)=x
= 4. 1) = gl =—"— k@) =%
S x—1
[ 1T j : | ‘ - 45-50 m Express the function in the form f e g.
P. | 10 111 i x 45. Flx) = (x - 9)°
- J o] -
ERENRE f#s) o) i |
47. G(x) = x2’+ z
23. fig(2) (24.)91510) 1
25. (gof)4) (Fog)(0) 48. 6lx) =5
27. (gg)(-2) Y 49. Hx) = |1 - x|

50. H(x) = \/1 + Jx

51-54 m Express the function in the form fo g o h.

29-40 ® Find the functions feg,g° f, fo f, and g ° g and their
domains.
29. flx) =2x+3, g(x)=4x—1
51. Fx) =

30.f(x) =6x—5, g(x) ==

52. Fx) = Wx — 1
31 flx) =x% glx)=x+1

‘6 @d_x-t-—k—ym-—e; 53. Gl = (4 + I

2
33. = —, 2x+4 54. G(x) =
flx) = glx) = (x) Gt OF
‘(x) =x% gx)=Vx-3 55. A stone is dropped in a lake, creating a circular ripple that
travels outward at a speed of 60 cmys. Express the area of
35. flx) =[x, gx)=2x+3 this circle as a function of time 7 (in seconds).
4
O L= =
3. fl)) = = gl =21
. flx] g glx) =

38, f(x) = \/- glx) = x2 — 4x
39. flr) = glx) = &
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EXERCISES

1-6 ® The graph of a function f is given. Determine whether fis If £(5) = 18, find f~'(18).

one-to-one. m If £7'(4) = 2, find £(2).
1. 7 @ 7} 19. 1 f(x) = 5 — 2x, find £~'(3).
/ 20. If g(x) = x> + 4x with x = =2, find g~ '(5).
21-30 ® Use the Property of Inverse Functions to show that f
0 x 0 x and g are inverses of each other.
\ 21. fx) =x+3, gx)=x-3
@1t =25 gl =%
+5
2. fl) =2x -5 gl =
glx) =3 —4x
1
x
&
=0;
= -4
gl = (- 1"
x#1
x#0
£lx) 0<x<2;
7-16 ® Determine whether the function is one-to-one. S g =yd—x% 0sx<2
7. flx) =7x -3 x) =x*=2x+5
1) o] ) 31-50 ® Find the inverse function of f.
9. g(x) = Jx (X) = x| =
31, f(x) =2x+ 1 (32.)f(x) =6-x
M hx) =23 +1 12. hix) = Ix
33, flx) =4x +7 34. f(x) =3 —5x
13. flx) =x*+5

.(x)—x“+5 e 3. ) = 5 C\si Z)f(x)=% (x>0)
1 1 =
1+ 3 ~

17-20 ® Assume f is a one-to-one function.

39. flx) =
17. (a) If £(2) = 7, find £'(7). 52

(b) If £7(3) = —1, find f(—1). a1, f(x) =\2 + 5x 2. )f(x) =x*+x, x=—1




