
2 

--"--+--------'l'C-- I 

- I 

- 2 

(a) Odd function 

\ ' 

3 - X f(X) :::: X 

X --+--+--+--+--~2- ~ 
- 2 - I 

(b) Even function 

FIGURE 1.55 

EXERCISES for Section 1.5 

beCJlti.1- - tbe fUIJ•,w 1 
. e w of xz + 

pete~ t11e zeros (b) g(X) :::::: 
case {ill 3 - X 
(a) f(X) ::::: X 

X ON 
soLf!!!__ . odd since 3 + X = -(x3 - x) ==: -J( ) ·ontS --X X 

) fbiS functt )3 - c-x) - ' 
(a - (-X s 1c-x) - d as folloW . 

/ are foun _ 0 Letf(x ) ::: 
0 zeros of x3 - x -

-0 &~ 
- l)(X + 1) -

2 _ 1) :::::: x(X X = 0, 1, - 1 Zeros off x(x 

. is even since 
) This function 2 + 1 = g(x). 

(b 2+1==x 
g(-x) == (-x) . 'tive for all x. (See Figure 1.5s ) . z + 1 is post . 

It has no zeros since x 

. le 5 is either even or odd. However, sor f the functions m Examp . REMARK Eacho . 
functions such as 

J(x) = xz + x + 1 

are neither even nor odd. 

. 1. Givenf(x) = 2x - 3, find the following. 4. Givenf(x) = 1/Vx, find the following . (a) /(0) e (b) f(-3) 
(c) f(b) • (d) f(x - 1) 

2. Givenf(x) = x 2 
- 2x + 2, find the following. 

(a) 1(}) (b) f(-1) 

(c) f(c) (d) f(x + Llx) 
J. Givenf(x) = VxTT, find the following. 

(a) f(-2) (b) /(6) 
(c) f(c) • (d) f(x + Llx) 

(a) /(2) (b) ta) 
(c) f(x + Ax) (d) f(x + 4x) - f (x) 

S. Given/(x) = /xi/ x, find the following. 
{a) f (2) (b) f ( - 2) 
{c) f(x2) (d) f(x - 1) 

6· Given/{x) = /x/ + 4, find the following. 
(a) /(2) (b) /(-2) . 
(c) f(x2) (d) f(x + 4x) - J(x) 



1 1. Givenf(x) = x2 - x + 1, find 

f(2 + Ax) - f (2) 
Ax 

8. Givenf(x) = 1/x, find 

f(l + Ax) - f(l) 
Ax 

9. Given f(x) = x 3 , find 

f(x + Ax) - f(x) 
Ax 

10, Given f(x) = 3x - l, find 

f(x) - J(l) 
X - 1 

11. Givenf(x) = 1/~, find 

f(x) - /(2) 
x-2 

12. Givenf(x) = x3 - x, find 

f(x) - f(l) 
X - 1 

In Exercises 13-22, find the domain and range of the 
given function, and sketch its graph. 

13, f(x) = 4 - X 

15. f(x) = 4 - x 2 

117. h(x) = 
19. f(x) = \19-=? 

0 21. f(x) = Ix - 21 

1 

14. f(x) :...:: :~·x . . j 

' 
16. g(x) = '.~ 

X 

" 1 18. J(x) = 2x3 + 2 

20. h(x) = V25 - x 2 

22. f(x) = 
X 

In Exercises 23-28, use the vertical line test to deter-
mine whether y is a function of x. 

0 23. y = x2 

-2 -] I 2 

24. y = x3 - 1 

y 
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'/ 25. X - y2 = 0 
y 

26. x2 + y2 = 9 
y 

-3 

27. ~-y=O 28. X - xy + y + 1 = 0 

y 

- 3 -2 -l 1 2 3 

-1 

3 

2 

y 

-1 
2 3 

In Exercises 29-36, determine whether y is a function 
of x. 

29. X2 + y2 = 4 30, X = y2 

"31. x2 + y = 4 32. X + y2 = 4 
33. 2x + 3y = 4 34. x2 + y2 

- 4y = O 
35. y2 = x2 - 1 36. x2y - x2 + 4y = 0 

37. Use the graph of f(x) = Vx to sketch the graph of each 
of the following. 
(a) y = Vx + 2 (b) y = -Vx 
(c) y = (d) y = Vx+3 
(e) y = (f) y = 2Vx 

38. Use the graph of f(x) = 1/x to sketch the graph of 
each of the following. 

1 
(a) y = - - 1 

X 

1 
(b) y = --x + 1 

1 1 
(c) y = x - l (d) y = -~ 

4 1 
(e) y = - (f) y = - - + 2 

X X 
f 39. Use the graph of f(x) = x2 to determine a formula for 

the indicated function. 
(a) (b) w 

' •- ---------:..-.. _,.; 

- 6- 5- 4- 3- 2-1 -3 2 l I 2 3 
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SOLUTION 

Since 

lim (2x2 - 10) = 2(32) - 10 = 8 
X-> 3 

we have 

lim "V2x2 - 10 = V's = 2. 
X-> 3 

EXERCISES for Section 2.1 

In Exercises 1-6, complete the table and use the result 
to estimate the given limit. 

X - 2 
Q 1. lim 2 2 x .... 2 X - X -

I 
1.99 

1 

X 1.9 1.999 2.001 

f(x) 

x-2 
2. lim ~4 

x .... 2 X -

X 1.9 1.99 1.999 2.001 

f(x) 

Vx+3 -V3 
J) 3. lim ----

x-+0 X 

X -0.1 -0.01 

f(x) 

X 0.001 0.01 

f(x) I 

-0.001 

0.1 

2.01 2.1 

. 

2.01 2.1 

'\IT=x - 2 
4. lim x + 3 x-+-3 

X -3.1 -3.01 

f(x) 

X -2.999 -2.99 

f(x) 

5 . [1/(x + 1)] - (1/4) , hm------
x-+3 X - 3 

-3.001 

-2.9 

X 2.9 2.99 2.999 3.001 

f(x) 

. [x/(x + 1)] - (4/5) 
6. hm 4 X-+4 X -

X 3.9 3.99 3.999 4.001 

f(x) 

3.01 3.1 

4.01 4.1 
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I In Exercises 7-12, use the given graph to find the limit (if it exists). 
I 27. If Jimf(x) = 2 and Jim g(x) == 3, find the fo/J . 

I 7. Iim (4 - x) ..--3 

y 

8. Jim (x2 + 2) 
x-1 

y 

x-c x-c Owl/Jg 

(a) ;~ [5g(x)J (b) {f(x) + K(x)J · 

o (c) Jim [f(x)g(x)J (d) Jim .lS!J. 
x-c x-c g(x) 

28. If Jimf(x) == } and Jim g(x) == i, find the foJJowin 
x-c x-c g, 

(a) Jim [4/(x)] (b) ;~ U(x) + g(x)J x-c 

(c) Jim [f(x)g(x)J (d) Jim lS!J. 
x-c x-c g(x) 

29. If limf(x) == 4, find the following. x-c 

-2° - J .. 1 1' 2. X (a) Jim [f(x)J3 (b) Jim \17(.;I 

' 9. limf(x) 
10. limf(x) 

x-2 

x-1 f(x) = l4 -x, X¢2 
f(x) = rx2 + 2, 0, 

X == 2 
1, y 

y 

• 

X 'F 1 
X == 1 

x-c (c) lim [3/(x)] 
x-c 

30. If JimJ(x) == 27, find the following. x-c 

(d) Jim [f(x)J3'2 
x-c 

(a) Jim vJR5 (b) Jim f0. 
x-c 18 (c) Jim [/(x)J2 

(d) Jim [/(x)]213 
x-c 

llliJ In Exercises 31 and 32, use a computer or graphics 
calculator to sketch the graph of the function/and find 
the specified limit (if it exists). 

• 11. lim~ 

-2~ -1·:/ ;2 X 
31.f(x) = §+s limf(x) 

X 4 ' x-4 
32, f(x) == ~, 

x-s X - 5 
y 

3 

lJ3 o--_ 

12 1. 1 . un-
x-3 X - 3 

y 

I ' ' ' ~7 X 

5 
-3 

In Exercises 13-26, find the indicated limit. 
13. lim x 2 

15. lim (2x - 1) x-o 
17. lim (-x2 + x - 2) 

x-2 
19, Jim "'7+[ 

x-3 

21. Jim (x + 3)2 
x--4 
. 1 !3. l1m -

x-2 X 

x2 + 1 ,. lim -
x--1 X 

14. Jim (3x + 2) 
x--3 

16. Jim (-x 2 + 1) 
x-1 

18. lim (3x 3 - 2x2 + 4) 
x-1 

20. lim ¼+4 
x-4 

22. Jim (2x - 1)3 x-o 

24. Jim -+2
2 x--3 X 

Vx+T 26. lim-
4 x-3 X -

x-3 
limf(x) 
x-3 

33. Write a computer program or use a spreadsheet to approximate limf(x) Where 
x-4 

X
2 

- X - 12 f(x)==~ 
x-4 

[Hint: Ge~erate two columns whose entries form the 
ordered Pairs (4 ± fO. l]", f(4 ± [O. l]")) ti == 
2,3,and4.J orn 1, 

I 34. If f(2) 4. oan w, concJ""' '"Yflung aboo, 
limf(x)? 
x-2 

Give reasons for your answer. tJ 35. If 

limf(x) == 4, 
x-2 

can we conclude anything aboutf(2)? Giver 
· ,easons for 

your answer. 
36. Find two functions f and g such that 

limf(x) and x-o Jim g(x) x-o 
do not exist, but 

;~ [f(x) + g(x)J does exist. 



2 

y 
4 

!\_ 

(a) lim g(x) 
x-1 

(b) lim g(x) 
x--1 

I 
I 
I 
I 
I 

(a) limf(x) 
x -1 

(b) limf(x) 
x-2 

In Exercises 5-22, find the limit (if it exists). 

2 3 

x 2 - 1 2x2 - x - 3 
'I) 5. Jim -- 6. Jim X + J 

x--1 X + 1 x--1 

X - 3 x 3 + 1 
\ 7. lim~9 8. Jim-+ 

1 x-3X - x--1 X 

3 + 8 (x + .1x)2 - x 2 9 1. X 10 J' 
Cl • x~2 X + 2 • ,1x~O .1x 

. 2(x + .1x) - 2x . (x + .1x)3 - x 3 
11. Jun .1x 12. Jim A 

4-<-0 ' <lx - 0 L>X 

13• lim (x + .1x)2 
- 2(x + .1x) + 1 - (x 2 - 2x + 1) 

4-<-o .1x 
14. Jim (1 + .1x)3 

- 1 
4-<-o .1x 

x-5 15. lim 2 _ 
25 x-S X 

2 - x 
16. Jim ~

4 x-2x -

In Exercises 27-32, use the graph to determine the 
following visually. 
(a) Jim f(x) (b) lim f(x) (c) lim f(x) 

x-c+ x-c- x-c 

10 27. y 
28. y 

- 2 C = 3 

t> 29. y 

y 

4 C = -2 
4 

3 

2 4 6 
- 2 -

C = 3 

""'e 31. 
y (3, 3) 

32. 
y 

3 

l C = 3 

_ ' --j-- l - j X 

- / 2 .1 4 5 6 
- 2 
- _1 I (3, -3) 



In Exercises 33-50, find the limit (if it exists). 

. x-5 
33, ~xz - 25 

35, umv7T-4 x-2+ x2 - 4 
37, lim 2(x + ~) - 2x 

2-x 34. lim --
x-2+ x 2 - 4 

136. lim Vx - 2 
x-4- X - 4 

.u-o+ 
38, lim (x + ~)2 + (x + Ax) - (xz + x) 

.u-o+ Ax 
1 1 

X + X 
39, lim A_ 

,u .... o+ 

x 2 - 2x + 1 
40. lim -----

x-1- X - 1 

41, lim 
x-->O X 

42. lim Ix - 21 
x-->2 X - 2 

Q 43, ~f(x), f(x) = {:r X $ 

3 

3 
, X > 3 

44, lim J(x), f (x) = {xz - 4x + 6, 
x-2 - x 2 + 4x - 2 x 2:: 2 

( 45. limf(x), f(x) = {X3 + 1, X < i 
x--> 1 X + 1, X 2:: 1 

46. limf(x), f(x) = {x , x 1 
x-1 1 - X, X > 1 

x<2 

47. lim 2[x - 3] 48, lim [2x] 
x-3- x-1+ 

49. ~([¾] + X) so. lim [X - 1
] 

x-2 2 
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In Exercises 51 and 52, use the position function 
s(t)_ = - 1~12 + 25 giving the height (in feet) of a free-
f~lllng obJect. _As dis?ussed in the Chapter 2 Applica-
tion, the velocity at time t = a is given by 

lim s(a) - s(t) 
t-->a a - t . 

51. Find the velocity when t = o 5 second 
52. Find the velocity when t = 1 ·.1 second~. 

Iii In Exerci~es 53 and ~4, use a graphing utility to graph 
~he function and estimate the limit (if it exists). What 
1s the d~main of t~e- function? Can you detect a possible 
danger in_ determining the domain of a function solely 
by _analyzing the graph generated by a graphing utility? 
Write a short paragraph about the importance of exam-
ining a function analytically as well as graphically. 

X :- 9 
53. J(x) = r vx - 3 

lim/(x) 
x-+9 

x-3 
54.f(x) =-x2 - 9 

limf(x) 
x -3 

2.3 Continuity 
C

1 

ontinuity at a point , Continuity on an open interval • Continuity on a closed interval • Properties of continuity , 

nterrnediate Value Theorem 
In mathematics the term continuous has much the same meaning as it does 
in our everyday usage. To say that a function is continuous at x = c means 
that there is no interruption in the graph off at c. That is , its graph js unbroken 
at c and there are no holes, jumps, or gaps. For example, Figure 2.14 identifies 
three values of x at which the graph off is not continuous. At all other points 
of the interval (a, b), the graph off is uninterrupted and we say it is continuous 
at such points. Thus, it appears that the conti1tuity of a function at x = c can 
be destroyed by any one of the following conditions: 

y 

I 
[ /(c 1) is lim f(x ) 1 

not defined. x - cz 1 
does not exist.: 

I I ) I I I I I 
I • I 
1 lim f (x) -# J (c 3) l 

-r--t"-----=-x-__:_c~3----\ I 7--t- X 

a b 
Three Points of Discontinuity 

FIGURE 2.14 

1. The function is not defined at x = c. 
2. Toe limit of J(x) does not exist at x = c. 
3. The limit of f(x) exists at x = c, but is not equal to f(c). 

This brings us to the following definition. 



ISES for section 2.3 
EXERC 

. 1-6 find the points of discontinuity (if c.,erc1ses ' In [;.I\ 

any). 

x2 - 1 
3,J(x) = 

y 

2 

[

X X < 1 
5, f(X) = 2: X = 1 

2x - 1, X > 1 

y 

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

y 

1 4. f(x) = - 2--x - 4 

1: 

) 
- ,:- -- _L __ ...,_ 

y 

3 

2 -

-<: 1-
i 

., -: 

y 

3 -

2 / 

!~ Ex~rcises 7-24, find the discontinuities (if any) for 
e given function. Which of the discontinuities are 

removable? 

7. f(x) = xi - 2x + I 

9• f (x) = __!__ 
X - 1 

11.J(x) = 
x2 + 1 

l3. f (x) = X + 2 
x2 - 3x - IO 

1 
8. f(x) = x2 + 1 

X 10. f(x) = - 2--1 X -

x-3 
12. f(x) = xi _ 9 

X - 1 
14. f(x) = x 2 + x _ 2 
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15. f(x) = {x, x :s 1 
x2, x > I 

16• f(x) = {-2x + 3, x < 1 
X 2, X ;,::= 1 

17. f(x) = {~ + 1, X :S 2 
3 - X, X > 2 

18. f(x) = {-2x, x :s 2 
x2 - 4x + 1, x > 2 

19. f(x) = 1:: ~I 20. f(x) = I:= !I 
21. f(x) = {Ix - 21 + 3, x < 0 

X + 5, X ;,::= 0 

22 f {3 + X, X :S 2 
• (x) = x2 + 1, x > 2 

23. f(x) = [x - lD 24. f(x) = x - [xD 

In Exercises 25-30, discuss the continuity of the com-
posite function h(x) = f(g(x)). 

25. f(x) = x2, g(x) = x - 1 
1 

26. f(x) = Vx' g(x) = x - 1 

1 27. f(x) = --1, g(x) = x2 + 5 x-
28. f(x) = Vx, g(x) = x2 

1 1 
29. f(x) = ~, g(x) = x _ 1 

1 1 
30. f(x) = ,, g(x) = -

VX X 

In Exercises 31-34, sketch the graph of the given func-
tion to determine any points of discontinuity. 

31. f(x) = x
2 

- !6 
x-

33. f(x) = [xD - x 

x 3 - 8 
32. f(x) = --2-x -

lx2 - 1 I 
34. f(x) = 

X 

In Exercises 35-38, find the interval(s) for which the 
function is continuous. 

xi 
35. f(x) = x2 - 36 

y 

6 l 
36. f(x) = xVx+3 

y 
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X 37. f(x ) = ----
x2 + I X + l 38. f(x) = Vx 

)' 

'{ 
--f----...1._- ~ --- X ...___:_..,,r - 1 j 

I 

_I' 

-2 t 

In Exercises 39 and 40, prove that the given function 
has a zero in the indicated interval. 

Function 

39. f(x) = x 2 - 4x + 3 
40. f (x) = x 3 + 3x - 2 

Interval ---:.. 

[2, 4J 
[0, IJ 

In Exercises 41 and 42, use the Intermediate Value 
Theorem to approximate the zero of the given function 
in the interval [O, lJ. (a) Begin by locating the zero in 
a subinterval of length 0. I. (b) Refine your approxima-
tion by locating the zero in a subinterval of length 0.01. 

41 . f(x) = x 3 + x - 1 
42. f(x) = x3 + 3x - 2 

In Exercises 43-46, verity the applicability of the Inter-
mediate Value Theorem in the indicated interval and 
find the value of c guaranteed by the theorem. 

43. f(x) = x 2 + x - 1, [O, 5],f(c) = 11 
44. f(x) = x 2 

- 6x + 8, [0, 3],f(c) = 0 
45. f(x) = x 3 

- x 2 + x - 2, [0, 3],f(c) = 4 

46. f(x) = ;
2_+/. [r 4],J(c) = 6 

47. Determine the constant a so that the following function 
is continuous on the entire real line. 

{
x 3, XS 2 

f(x) = IU"2, X > 2 

48. Detennine the constants a and b so that the following 
function is continuous on the entire real line. 

{
2 x s -I 

J(x) = + b, - l < x < 3 
-2, X 3 

49. Is the function/(x) = continuous at x = 1? 
Give the reason for your answer. 

SO. A union contract guarantees a_ ~ rcent annuaJ 
increase for fi ve years . For an lllltiaJ salary ofS28,50o 
the salary Sis given by ' 

S = 28,500(1.09)1'1 

where t = O corresponds to 1985. Sketch a g?"aph of 
this function and discuss its continuity. 

51. A dial-direct long distance call between two cities COsts 
$1 .04 for the first two minutes and $0.36 for each 
additional minute or fraction thereof. Use the greatest 
integer function to write the cost C of a call in terms 
of the time t (in minutes). Sketch a graph of this func-
tion and discuss its continuity. 

52. The number of units in inventory in a Small company 
is given by 

where tis the time in months . Sketch the graph of this 
function and discuss its continuity. How often must this 
company replenish its inventory? 

lj 53. Use a computer or graphics calculator to sketch the 
graph of the function / and detennine whether it is 
continuous on the entire real line. 

f(x) = {2x - 4, x :s 3 
x 2 

- 2x, x > 3 

54. At 8:00 A.M. on Saturday a man begins running up the 
side of a mountain to his weekend campsite. On Sunday 
at 8:00 A.M. he runs back down the mountain. It takes 
him 20 minutes to run up, but only IO minutes to run 
down. At some point on the way down he realizes that 
he passed the same place at the exact same time on 
Saturday. Prove that he is correct. fHint: Let s(t) and 
r(t) be the position functions for the run up and down, 
respectively, and apply the Intermediate Value Theorem 
to the function/(!) = s(t) - r(t).J 

55. Prove Theorem 2.9. 

56. Prove that if / is continuous and has no zeros on 
[a, bJ, then either 

f(x) > 0 for all x in [a, b] 
or 

f(x) < 0 for all x in [a, b]. 

57. The Dirichlet function f is defined as follows. 

J(x) = [O, x !s ~ati~nal 
1 , x 1s Irrational 

Show that this fon,tion disoontin,o,s at ""Y real r 
oombe, 

1 
\ :"' 
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SOLUTION 

a rn O x~o 
( ) s· ce Jim (1) = I and Jim (1 / x2) = oo, we can apply Propeny l of 

Theore; 2. 13 to conclude that 

Jim (1 + ~) = 00 • x~O X 

(b) Since Jim (x
2 + 1) = 2 and Jim_ [1/(x - l)] = -oo, we can apply 1- x~ I 

Prope~ 2 of Theorem 2 .13 to conclude that 

x 2 + I 
}~1r,- I/(x - I) = O. 

EXERCISES for Section 2.4 

In Exercises I and 2, determine whetherJ(x) approaches 
co or -co as x approaches -2 from the left and from the right. 

e 1. f(x) = (x +l 2)2 I 2.J(x) = -
x+2 

In Exercises 3-6, determine whether f(x) approaches 
co or -co as x approaches -3 from the left and from the right. 

1 3.J(x) = ~
2 X - 9 
x3 I 5.J(x) = 

x 2 - 9 

X 4.J(x) =~ 

x2 
6. f(x) = x2 - 9 

In Exercises 7 and 8, find the vertical asymptotes of the given function. 

, x 2 - 2 7. f(x) = ;--"""2 ___ x ___ 2 

y 

; \ 
I 
I 
I 
I 

x3 8. f(x) = z----
1 X -

y 

-
In Exercises 9-18, find the vertical asymptotes (if any) 
of the given function. 

1 9. f(x) = ;i-
x2 

, II. f(x) = x2 + x - 2 
x3 

13. f(x) = x 2 _ 
4 

4 I 15. J(x) = I -
2 X 

X t 17. f(x) = -2=------
x + X - 2 

4 10.f(x) = 
2+x 12.f(x) = T-=-; 
-4x 14. f(x) = x 2 + 

4 
-2 16. f(x) = (x _ 

2
)

2 

18. f(x) = __J__ 
(x + 3)4 

In Exercises 19-22, determine whether the given func-
tion has a vertical asymptote or a removable disconti-nwty at x = - I. 

x 2 - I 0 19.J(x) = -
X + I 

x 2 + I 'l' 21. f(x) = -
X + 1 

20. f(x) = 
X + I 

22. f(x) = .::___:___! 
X + I 

In Exercises 23-32, find the indicated limit. 

23. Jim 
x-2• X - 2 

x2 
I 25. lim --i--

16 x-.4+ X -

t 27. lim (1 + I) x-o- X 

24. lim 
x- 1• I - X 

x2 26.Jim--i---
x-4x + 16 

X 2 - X o, 29. lim ---=----
.,._, (x 2 + l)(x - 1) 

28. lim (xi - I) x-o- X 

x 3 
- I 30. lim 

b r x2 + X + I 
31 . ... x3 - I 

x - 1 X + X + I 
. x 2 - 2x 32. hm x-o- X 



In Exercises 33-38, find the indicated limit (if it exists), 

given that 

1 
J(x) = (x _ 4)2 

and 

33, funf(x) 
x-4 

35, lim [/(x) + g(x)] 
x-4 

[
/(x)] 

37, !i_:1! g(x) 

g(x) = x 2 - 5x. 

34. lim g(x) 
x -+4 

36. fun [f(x)g(x)] 
x-+4 

38. lim [ g(x)] 
x-+4 f(x) 

39, The cost in dollars of removing p percent of the air 
pollutants from the stack emission of a utility company 
that burns coal to generate electricity is 

80,000p 
C = lOO _ p, 0 p < 100. 

(a) Find the cost of removing 15 percent. 
(b) Find the cost of removing 50 percent. 
(c) Find the cost of removing 90 percent. 
(d) Find the limit of C as x - 100-. 

40. The cost in millions of dollars for the federal govern-
ment to seize x percent of certain illegal drug as it 
enters the country is gis•~'. ,, ))y 

e = 528x O < r :: , , '{, 100-x' -- · ••· " 

(a) Find the cost of seizing 25 percent. 
(b) Find the cost of seizing 50 percent. 
(c) Find the cost of seizing 75 percent. 
(d) Find the limit of C as x - 100-. 

41. A 25-foot ladder is leaning against a house, as shown 
in the figure. If the base of the ladder is pulled away 
from the house at a rate of 2 feet per second, the top 
will move down the wall at a rate of 

2x r = -V ft/sec. 
625 - x 2 

(a) Find the rate when x is 7 feet. 
(b) Find the rate when xis 15 feet. 
(c) Find the limit of r as x - 25-. 

FIGURE FOR 41 
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42. Coulomb's Law states that the force F of a point charge 
q

1 
on a point charge q2 , when the charges are r units 

apart, is proportional to the product of the charges and 
inversely proportional to the square of the distance 
between them. H a point particle with a charge of + 1 
is placed on a line between two particles 5 units apart, 
each with a charge of -1, the net force on the particle 
with a positive charge is given by 

k k 
F = - x2 + (x - 5)2' 0 < x < 5 

where x is the distance shown in the figure. Sketch the 
graph of F. 

Charge: -1 Charge: -1 

I 
0 

I ! I I I ... X 
2 3 4 5 

Charge:+ 1 

FIGURE FOR 42 

iJ 43. Use a computer or graphics calculator to sketch the 
graph of the function 

1 
f(x) = x2 - 25 

and find lim f(x). 
x-+5-

44, Find functions f and g such that 

funf(x) = oo and fun g(x) = 00 
x-+c 

x-c 

but 

fun [J(x) - g(x)] -:/= 0. 
x-+C 
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S for section 3.1 
ttERC~ 
;::...,---- . 2 trace the curve on another piece 

rcises 1 and 
h the tangent line at the point (x, y). 

1n £J(e and sketc 
of paper 2. Y 

1. )' 

-4---- -----.. x 

3 d 4 estimate the slope of the curve 
In Exercises an , 

•""""'"' 1,, y). (bl'.~~F~: ; 
·-·- - ----
1 I I 

1---·· r· ·· t · ~i - - -

-i .~ I ,---1- •,-j-

-1 

J L-ll-+-+-+-r11-J 

In Exercises 5-14, use the definition of the derivative 
to find f' (x). 

5. f(x) = 3 
7. f(x) = -Sx 
9. f(x) = 2x2 + x - 1 

11. f (x) = _!__ 
X - 1 

13. / (t) = t3 - 12t 

6. f(x) = 3x + 2 
8. f(x) = I - x2 

10. f (x) = 
I 12. f(x) = x2 

14. f(t) = t 3 + t2 

In Exerc· 1 
line I t ises 5-20, find the equation of the tange_nt 
Your 

O 
he graph off at the indicated point. Then verify 

tange~~s~;;_ by sketching both the graph off and the 

IS./( x)"' x2 + 1 16. /( x)"' x2 + 2 X + } 

Point of Tangency 

(2 , 5) 
(-3, 4) 

Function 

17. f(x) = x 3 

18. f(x) = x 3 

19. f(x) = Vx+T 
1 

20. f(x) = x + I 

Point of Tangency 

(2, 8) 
(-2, -8) 
(3, 2) 

(0, I) 

In Exercises 21-26, use the alternate form of the deriv-
ative (Theorem 3.1) to find the derivative at x = c (if it 
exists). 

21. f(x) = x2 - 1, c = 2 
22. f(x) = x 3 + 2x, c = I 
23. f(x) = x 3 + 2x2 + I, c = -2 

. I 
24. f(x) = -, C = 3 

X 

25. f(x) = (x - 1)213 , c = l 
26. f(x) = Ix - 21, c = 2 

In Exercises 27-36, find every point at which the func-
tion is differentiable. 

27. f(x) = Ix+ 31 
y 

~ , 

I 
29. f(x) = X + 1 

-3 - 2 

\
t 1 

+2 
I 

y 

31. f(x) = (x - 3)213 

X 

28. f(x) = lx2 - 91 
y 

- 4 - 2 2 

2x 
30. f(x) = x _ l 

y 

5 !~ 4 
3 

_L _ ___ 
I 
I 

2 

32. f(x) = x 215 

y 

2 

3 4 

4 

X 

- 3 -2 - I l 2 3 

X 
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33, f (x) = v'x=J x2 
34. f(x) = x2 _ 4 

y 

J: ~r /\ 1 2 I\_ 
----+-- --+----

35, f(x) = {4 - x 2, 0 < x 
x 2 

- 4, X :S 0 

- 4-3 

{
x 2 - 2x x > I 36

• f(x) = x 3 - 3x2 + 3x , x :s I 

3 4 

)' 

-+ ,- ,- , --!-- , 
-4 4 ¥. 2 

X 
4 

2 

FIGURE FOR 35 
FIGURE FOR 36 

37. Assumej'(c) = 3. Findj'(-c) for the following con-
ditions . 
(a) f is an odd funct ion. 
(b) f is an even function . 

38. Sketch the graph off and f' on the same set of axes 
for each of the following. 
(a) f(x) = x 2 (b) f(x) = x 3 

In Exercises 39-42, find the derivatives from the left 
and from the right at x = 1 (if they exist). Is the function 
differentiable at x = I? 

39, f(x) = VJ=? 
40. f(x) = t li)2, ; : 

41. f(x) = { <x - ] )3, x :s I 
(x - 1)2, x > I 

42. f(x ) = {x, x :s I 
x 2 , x > I 

In Exercises 43 and 44, find an equation of the line 
that is tangent to the graph of Jand parallel to the given line. 

Function 

43. f(x) = x3 

I 14. f(x) = Vx 

Line 

3x - y + 1 = 0 

X + 2y - 6 = 0 

In Exercises 45 and 46, find the equations of the two 
tangent lines to the graph of f that pass through the 
indicated point. 

45. f(x) = 4x - x2 46. f (x) = x2 

FIGURE FOR 45 FIGURE FOR 46 

In Exercises 47-50, determine whether the statement 
is true or false. 

47. The slope of the graph of y = x 2 is different at every 
point on the curve. 

48. If a function is continuous at a point, then it is differ-
entiable at that point . 

49. If a function is differentiable at a point , then it is con-
tinuous at that point. 

SO. If a function has derivatives from both the right and 
the left at a point , then it is differentiable at that point. 

I In Exercises 51 and 52, use a computer or graphics 
calculator to sketch the graph of f over the interval 
(-2, 2] and complete the following table. 

X -2 

f(x) 

f'(x) 

l SI. f(x) = 4x3 

-1.5 -] -0.5 0 0.5 I 1.5 2 

52. f(x) = 
X 

In Exercises 53 and 54, consider the functionsJ(x) and SAx(x) where 

f(2 + Ax) - f(2) 
SAxCx) = Ax (x - 2) + /(2). 

(a) Use a graphing utility to graph/and SAx on the same 
coordinate axes for Ax = I, 0.5, and o. 1. 

(b) Give a written description of the graphs of s for the 
different values of Ax. 

53. f(x) = 4 - (x - 3)2 I 54. f(x) = X + -
X 
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fiGURE 3.15 

INTERPRETATIONS OF 
THE DERIVATIVE 

EXERCISES for Section 3.2 

0 10 20 30 40 50 120 60 70 80 90 100 110 
0 2 17 37 55 73 68 89 103 111 113 113 103 

SOLUTION 

For the interval [O, 10), the average rate of change is 
AC 2 - O 2 
7;i = w-=o = 10 = 0.2 mg/min. 

For the interval [O, 20], the average rate of change is 
AC 17 - 0 17 
7;i = 20 - 0 = 20 = 0.85 mg/min. 

For the interval [100, 110], the average rate of change is 

AC 103 - 113 -10 
7;i = 110 - 100 = 10 = -1 mg/min. 

Note in Figure 3.15 that the average rate of change is positive when the 
concentration increases and negative when the concentration decreases. c::I 

To conclude this section, we give a summary concerning the derivative 
and its interpretations. 

If the function given by y = f (x) is differentiable at x, then its derivative 

dy = f'(x) = fun f(x + Ax) - f(x) 
d:x t.x-0 Ax 

denotes both 

1. the slope of the graph of f at x and 
2. the instantaneous rate of change in y with respect to x. 

In Exercises 1-6, find the average rate of change of the 
given function over the indicated interval. Compare this 
average rate of change to the instantaneous rates of 
change at the endpoints of the interval. 

Function 

1 
J, f(x) = X + } 

Interval 

[O, 3] 

[l, 2] 

[2, 2.1] 
[-1, 3] 

Function 

1. J(t) = 2t + 7 
2- J(t) = 3t - 1 

Interval 

[l, 2] 

[o,i] 
-1 

4. f(x) =-;-
5. f(t) = 12 - 3 
6. f(x) = x2 - 6x - I 
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·1 r dollar dropped from 7. The height s at time t of_ a s:v:: by s(t) = - 16t2 + 
the World Trade Center is _g £ t and tis measured ID 1350, where sis measured ID ee 

seconds [s'(t) = - 32rJ . . the interval [I , 2]. (a) Find the average velocity on h 
1 

- I and 
(b) Find the instantaneous velocity w en -

t = 2. liar to hit the ground? ( c) How long will it take the do h . t hits the 
( d) Find the velocity of the dollar w en I 

grou
nd

. . · fr rest is given by 8. An automobile 's velocity startmg om 
IOOt 

V = 2t+Js 
where vis measured in feet per second. Find the accel-
eration at the following times. 
(a) 5 seconds (b) JO seconds (c) 20 seconds 

In Exercises 9-14, use the following position and veloc-
ity functions for free-falling objects. 
s(t) = - I6t2 + v0t + so 

s'(t) = -32t + Vo 

9, A projectile is shot upward from the surface of the earth 
with an initial velocity of 384 feet per second. What 
is its velocity after 5 seconds? After JO seconds? 

JO, Repeat Exercise 9 for an initial velocity of 256 feet per second. 

11. A pebble is dropped from a height of 600 feet. Find 
the pebble's velocity when it hits the ground. 

'2, A ball is thrown straight down from the top of a 220-
foot building with an initial velocity of - 22 feet per 
second. What is its velocity after 3 seconds? What is 
its velocity after falling 108 feet? 

I, To estimate the height of a building, a stone is dropped 
from the top of the building into a pool of water at 
ground level. How high is the building if the splash is 
seen 6.8 seconds after the stone is dropped? 
A ball is dropped from a height of 100 feet. One second 
later another ball is dropped from a height of 75 feet. 
Which ball hits the ground first? 

xercises 15 and 16, the graphs of position functions 
~iven. They represent the distance in miles that a 
JO drives during a IO-minute trip to work. Make 
:hes of the corresponding velocity functions. 

,, _oo~ 
~ .2) 

• I 2 4 6 8 10 

me (in minutes) 

16. 

'? .\ 
" "' ' 

6 (6, 5) (JO, 6) i:z,,5) <., 
C: 1 f--

i:5 -2 ; 8 /1) 

(O, OJ Time (in 111inute;J 

. 7 d 18 the graphs of velocity functions 
In Ex~rc,sesh~ ~;prese~t the velocity in miles Per hour 
are given. T Y te drive to work. Make sketches of the . 10-minu . 
during a d' position functions. correspon ing 

17. 18. 

"-Q. 
E E 

C C 
r,() L ,-, 6(J+ ;, 

·- 40 I I 

.::;, 
I I 

:-o ; I I 

·0 -10 ----, 
I I 

I 

0 ~o + I 
I I 0 

t I-! '-} 

0 
- ~ _l > > I ...,_ . I 

2 4 6 8 10 
' 2 6 8 10 

Time (in minutes) Time (in minutes) 

. 19 24 find the indicated derivative. In Exercises - , 
Given 

19. f'(x) = x 2 

20. f"(x) = x 3 

2 21 f"(x) = 2 - -, X 

22. f"' (x) = 2 '\l"x-7" 
23 . .f.4>(x) = 2x + 1 
24. f(x) = 2x2 - 2 

Find 

f"(x) 
/"'(x) 

f"'(x) 

j<4l(x) 
J C6l(x) 
/"(x) 

• I 

25. The annual inventory cost for a certain manufacturer is given by 

C=~+6.3Q 

where Q is the order size when the inventory is replen-
ished. Find the change in annual cost when Q is 
increased from 350 to 35 I and compare this with the rate of change 

dC 1,008,000 
dQ=-~+6.3 

when Q = 350. 

26. A car is driven 15,000 miles a year and gets x miles 
per gallon. Assume that the average fuel cost is $1. 10 
per gallon. Find the annual cost of fuel c as a function 
of x and use this function to complete the following table. 

X 10 15 20 25 30 35 40 C 

dC 
dx 

27. When a guitar string is plucked, it vibrates With a fre-quency of 

F = 2oovr 

Where F is measured in vibrations per second and the 



EXERCISES for Section 3.3 

Section 
3

-3 
1 

Differentiation Rules for Powers, Constant Multiples, and Sums 119 

(b) The velocity at time tis given by the derivative 
s' (t) === -32t + 16. 

Therefore, the velocity at time t === 2 is 

s' (2) === - 32(2) + 16 === -48 ft/sec. 

REMARK In Figure 3 .18, note that the diver moves upward for the first half-second. 
This corresponds to the fact that the velocity is positive for 0 < t < ½. 

In Exercises 1 and 2, find the slope of the tangent line 
toy = xn at the point (1, 1). (c) y = x-312 

y 

(d) y = x-2 

y 
1. (a) y = xll2 

y 

(c) y = x 2 

y 

2 

2. (a) Y = x-112 . 

y 

(b) y = x312 

y 

(d) y = x 3 

y 

(b) y = x- 1 

2 

In Exercises 3-12, find the derivative of the given 
function. 

3. y = 3 
5. f(x) = x + I 
7. g(x) = x2 + 4 
9. f(t) = -2t2 + 3t - 6 

11. s(t) = t3 - 2t + 4 

4. f(x) = -2 
6. g(x) = 3x - 1 
8. y = t2 + 2t - 3 

10. y = x 3 - 9 
12. J(x) = 2x3 - x2 + 3x 

In Exercises 13-18, find the value of the derivative of 
the given function at the indicated point. 

Function 

1 13. f(x) = -
X 

3 
14. f(t) = 3 - St 

1 7 
15. f(x) = -2 + 5x3 

16. y = 3x(x2 
- ~) 

17. y = (2x + 1)2 
18. f(x) = 3(5 - x)2 

Point 

(1, 1) 

(~, 2) 
(o, -~) 
(2, 18) 

(0, 1) 
(5, 0) 
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In Exercises 19-30, findJ'(x). 

4 19. f(x) == x 2 - -
X 

20. f(x) == x 2 - 3x - 3x-2 

2 21. f(x) == x 3 - 3x -
4 X 

2x2 
- 3x + I 22. f(x) == -~ --- - - -

X 

x 3 
- 3x2 + 4 23. f(x) == 

2 X 

24. f(x) == (x2 + 2x)(x + I) 
25. f(x) == x(x2 + I) 

I 26. f(x) == X + z 
X 

27. f(x) == x 415 

28. f(x) == x 113 - I 
29. f(x) == ½ + Vx 

I 30. f(x) == 
vx2 

In Exercises 31-36, complete the table, using Example 6 as a model. 

Function --e..:.:._ 

I 
31. y == 3x3 

2 
32. y == 3x2 

I 33. y == (3zj3 
71' 34. y == (h)2 

Vx 35. y == -
X 

4 16. y == 
X 

Rewrite ---=- Derivative -.:..::_:__:: 

n Exercises 37 and 38, find an equation of the tangent 
ine to the given function at the indicated point. 
1. y == x4 

- 3x2 + 2, (I, 0) 
8. y == x 3 + x, (-I , -2) 

1 Exercises 39-42, determine the point(s) (if any) at 
hich the given function has a horizontal tangent line. 
). y == x 4 - 3x2 + 2 

l 
• y == x2 

40. y == x 3 + X 

42. y == x 2 + 1 

43• Sketch the graphs of the two equations y ::::: X' a 
= _ x2 + 6x - 5, and sketch the two lines th nd 

Y h F. d th . at arc tangent to both grap s. m e equations of these lines_ 
44. Show that the graphs of the two equations y ::::: x 

l. h anct = 1/x have tangent mes t at are perpendicular 
y . . f . t . lo each other at their pomts o m ersection. 

45
• The area of a square with sides of length s i~ given by 

A = s2. Find the rate of change of the area with resPect 
to s whens= 4. 

46. The volume of a cube with sides of length s is given 
by v = s3. Find the rate of change of the volume With 
respect to s whens = 4. 

47. A company finds that charging p dollars per unit pro. 
duces a monthly revenue 

R == 12,000p - l ,000p2 , 0 s p s 12. 

(Note that the revenue is zero when p == 12 since no 
one is willing to pay that much. ) Find the rate of change 
of R with respect to p when p has the following values. 
(a) p == I 1b) p == 4 
(c) p == 6 (d) p == IO 

48. Suppose that the profi t P obtained in selling x units of 
a certain item each week is given by 

P == 50Vx - 0.5x - 500, 0 S x s 8000. 

Find the rate of change of P with respect to x when 
(a) X == 900 (b) x == 160() 
(c) x == 2500 (d) x == 360() 

49. 

(Note that the eventual decline in profit occurs because 
the only way to sell larger quantities is to decrease the price per Unit.) 

Suppose that the effectiveness E of a Painkill' dru 
t hours after entering the bloodst . . mg g 

ream 1s given by l 
E == 27 (9t + 3t2 - t3), o :s 

1 
:s 

4
_
5

_ 

Find the rate of change of E w·th 
(a) t == 1 1 respect to t when 

(b) t == 2 (c) t == 3 (d) t == 4 

SO. In a certain chemical reaction th 
of a substance produced in t' h e am?unt in grams Q 

OUfs IS . equation given by the 

Q == 16t - 4t2, 0 < t :s 2. 

Find the rate in grams per hour at Wh. 
is being produced when t has the foJJ Ich. the substance 

I owing Values. (a) t == 2 (b) t == I (c) t == 2 
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EXERCISES for Section 3.5 

Differentiate 

(
3x - 1)2 

y = x2 + 3 . 

SOLUTION 

,, u" I u' -___,.____ ,__.____, 
dy - (~) !!_ [~] 
dx -

2 x2 + 3 dx x2 + 3 

[ 2(3x - l )][<x2 + 3)(3) - (3x - 1)(2x)] 
= x2 + 3 (x2 + 3)2 

2(3x - 1)(3x2 + 9 - 6x2 + 2x) = -..c.. __ -;(x._,2r-;-+-;;3~)3'~ -

2(3x - l)(-3x2 + 2x + 9) 
= - (x2 + 3)3 

Try finding y' using the Quotient Rule on y = (3x - 1)2 /(x 2 + 3)
2 

and compare the results. t::::I 

In Exercises 1-6, complete the table using Example 2 as a model. 

~ ~e,®_ 
I. y = (6x - 5)4 

I 2. y =:r---= 
vx + I 

3. y = 
4. y = (~Y 
5. y = (x 2 - 3x + 4)6 
6. y = (5x - 2)312 

In Exercises 7-44, find the derivative. 
7. y = (2x - 7)3 

9. g(x) = 3(9x - 4)4 

I ll.y=;-=-i 

13. J(t) = (AY 
3 15.J(x) = 

17. f(x) = x 2(x - 2)4 

19. f(t) = vT'=""t 

8. y = (3x 2 + I )4 
10. f(x) = 2(x2 - J)3 

I 12. s(t)=:z---:---:--
t + 3t - 1 

4 14. y = -Ct+zy 
I 16.J(x)=;-;,--_

2 (x - 3x)2 
18. f(x) = x(3x - 9)3 
20. g(x) = 



zt,}'~~ 
23,y-
zs. Y 2 - x2)2'3 

f(x) (9 
27, I 

29, Y~v:TI 
vi=-? 31, y X X 

-~ 33, Y - vx2 + 1 
3t + 2 

35, J(t) r-T 

22. y = v'3x3 + 4x 
24. g(x) = Vx2 - 2x +I 
26. f(x) = -3~ 
28. f(t) = (9t + 2)213 

30. g(t) = 2 
1 

t - 2 
32. y =x2~ 

x2 
34. y = ----;,==-W+g 

X + 1 
36. f(x) = 

•ses 37-44, use a symbolic differentiation util-
ln EXe;.~'d the first derviative of the fu nction. Then use 
,ty tot·i'·ty to graph the funct ion and its derivative on the 
the u 11 • D 'b 

Set of coordinate axes. escn e the behavior of same d function that correspon s to any zeros of the graph the . 
of the derivative. 

38. y = 
X + 1 

Vx + 1 
37,y=T+T 

3,2 
39, g(t) = Vt2 + 21 _ 1 40. f(x) = Vx(2 - x)2 

41, y = 42. y = (t2 - 9)Yt+2 

-2(2 - t)Vl+t 
43. s(I) = 3 
44, g(x) = \.'x--=--i' + Vx+1 
In Exercises 45 and 46, find an equation of the tangent 
line to the graph off at the given point. 

Function Point 

45. f(x) = v'3x2 - 2 (3, 5) 
46. f(x) = xv?+'s (2, 6) 

In Exercises 47-50, find the second derivative of the 
given function. 

47, !(x) = 2(x2 - I )3 

49, f (x) = V x2 + x + I 

1 48. f(x) = --
2 x-

Vt2+1 
50.f(t) = ---

~mplicit Differentiation 
Implicit a d . . 

n explicit functions Implicit differentiation 

Section 3. 6 / Implicit Differentiation 135 

51. Let u be a di.ffi · . 
I I _ '2 erentiable function of x. Use the fact that 
u - v uL to prove that 

d 
dx[lul] = u' l:1' u * O. 

~~:~ehrcise~ 5~-54, use the result of Exercise 51 to 
e denvat,ve of the given function. 

52. f(x) = 1x2 - 41 
53. f(x) = lx3 + xi 54. f(x) = I~ I 
In E · . xe~c,s~s 55 and 56, the graphs of a function J and 
,ts den.vat,ve f' are given. Label the graphs as J or J' 
and .wnte a short paragraph stating the criteria used in 
making the selection. 

55. 
y 

56. 
y 

51. (Doppler effect) The frequency F of a fire truck siren 
heard by a stationary observer is given by 

F = 132,400 
331 ± V 

where ± v represents the velocity of the accelerating 
fire truck (see figure). Find the rate of change of F with 
respect to v when (a) the fire truck is approaching at a 
velocity of 30 mis [use -v], and then when (b) the fire 
truck is moving away at a velocity of 30 mis [use +v]. 

F = 132,400 
331 + V 

Doppler Effect 

132,400 F=---
331 - V 

So far, our equations involving two variables were generally expressed in the 
explicit form y = f(x). That is, one of the two variables was explicitly given 
in terms of the other. For example, 

y = 3x - 5, s == -16t2 + 20t, u == 3w - w2 

all are written in explicit form , and we say that y, s, and u are functions of 
x, t, and w, respectively. 



FIGURE 3.31 

EXERCISES tor Section a.1 

-........ 
A television camera at ground level is filming the lifi-otf of a spa . . . . ce shu 
that is rising vertically accordmg to the pos11Jon equatwn s == so12 ltle 
is measured in feet and t is measured in secon~s. The camera is i~ere s 
from the launch pad. Find the rate of change in the distance betw feet 
camera and the base of the shuttle IO seconds after lift-otf. (Assume ~n the 
camera and the base of the shuttle are level with each other when 1 at the - 0.) 

SOLUTION 

1. We let r be the distance between the camera and the base of th h 
as shown in Figure 3.31. Then we can find the velocity of the e \ Uttle, 
differentiating s with respect to t to obtain ds/dt = IOOt. Thus r:e et by 
the following model. ' have 

Given: ds dt = IOOt = velocity 

Find: dr 
dt when t = IO 

2. Using Figure 3.31 we relates and r by the equation 
,2 = 20002 + s2. 

3. Implicit differentiation with respect to t yields 

2 dr ds 
'dr=2sdt 

~-s ds s 
dt - -;: . dt = -;:(IOt). 

4· Now, when t = IO , we know that s = 50( 102) = 5000 
r == V2ooo2 , and we have 

+ 50002 == I OOOV29 
Finally, the rate of change of h . r w en t == IO is 

_ 5000 
dt - IOOOV29 (IOO)(I0) == 928.48 ft/sec. 

In Exercises 1 4 assume 
entiable function~ of t and ~hat x and Y_ are both differ-
dy/ dt and dx/ dt. ind the rndrcated values of 

Equation Find 

2• Y = x 2 - 3x 
Equation Find 

1. y =Vx dy 
(a) di when x = 4 

3. xy = 4 
dx 

(b) di when x = 25 

dy 
(a) di when x == 3 

dx 
(b) di when x = 1 

dy 
(a) di when x = 8 

dx 
(b) di when x = J 

dx 
di== 2 

1i == 5 
dx 
di == 10 
dy 
di= -6 



2 + y2 = 25 4, X 

Find 

(a) : when x = 3, y = 4 

dx 
(b) dt when x = 4, y = 3 

Given -dx 
dt = 8 

dy = -2 
dt 

dius , of a circle is increasing at a rate of 2 inches 
s. 'fhe ra_ ute Find the rate of change of the area when r nun · . pe _ 6 inches and (b) r = 24 mches. 

(a) r - . . . 
radius , of a sphere 1s mcreasmg at a rate of 2 

6, ~e es per minute. Find the rate of change of the volume 
mch ( ) , = 6 inches and (b) r = 24 inches. when a . . . 

A be the area of a crrcle of radms r that 1s changing 
7, respect to time. If dr/dt is constant, is dA/dt 

WI t? Explain why or why not. constan • . 
V be the volume of a sphere of radius r that is 8· ~ging with respect to time. If dr/dt is constant, is 

~/di constant? Explain why or why not. 
A spherical balloon is inflated with gas at the rate of 9

• 20 cubic feet per minute .. How fast is ~e r~dius of the 
balloon increasing at the mstant the radms 1s (a) 1 foot 
and (b) 2 feet? 

l0, Toe fonnula for the volume of a cone is 

I V = -71'r2h. 
3 

Find the rate of change of the volume if dr / dt is 2 
inches per minute and h = 3r when (a) r = 6 inches 
and (b) r = 24 inches. 

11. At a sand and gravel plant, sand is falling off a conveyor 
and onto a conical pile at the rate of 10 cubic feet per 
minute. The diameter of the base of the cone is approx-
imately three times the altitude. At what rate is the 
height of the pile changing when it is 15 feet high? 

U. A conical tank (with vertex down) is 10 feet across the 
top and 12 feet deep. If water is flowing into the tank 
at the rate of 10 cubic feet per minute, find the rate of 
change of the depth of the water the instant it is 8 feet 
deep. 

13. All edges of a cube are expanding at the rate of 3 
centimeters per second. How fast is the volume chang-
ing when each edge is (a) 1 centimeter and (b) 10 
centimeters? 

l4. The conditions are the same as in Exercise 13. Now 
measure how fast the surface area is changing when 
each edge is (a) 1 centimeter and (b) 10 centimeters. 

IS. A point is moving along the graph of y = x2 so that 
dx/dt is 2 centimeters per minute. Find dy/dt when 
(a) x = 0 and (b) x = 3. 

16
· The conditions are the same as in Exercise 15, but now 

m~ure the rate of change of the distance between the 
llOmt and the origin. 

Section 3.7 I Related Rates 149 

17. A point is moving along the graph of y = 1/(1 + x2) 

so that dx/dt == 2 centimeters per minute. Find dy/dt 
for the following values of x. 
(a) X = -2 (b) X = 0 
(c) X = 2 (d) x = 10 

18. A point is moving along the graph of y = x3 so that 
dx/dt = 2 centimeters per minute. Find dy/dt for the 
following values of x. 
(a) X = -2 
(C) X = 0 

(b) X = 1 
(d) x = 3 

19. A swimming pool is 40 feet long, 20 feet wide, 4 feet 
deep at the shallow end, and 9 feet deep at the deep 
end (see figure). Water is being pumped into the pool 
at 10 cubic feet per minute, and there is 4 feet of water 
at the deep end. 
(a) What percentage of the pool is filled? 
(b) At what rate is the water level rising? 

4 

20. A trough is 12 feet long and 3 feet across the top (see 
figure). Its ends are isosceles triangles with an altitude 
of 3 feet. If water is being pumped into the trough at 
2 cubic feet per minute, how fast is the water level 
rising when it is 1 foot deep? 

;}; 
3ftl~ llft 

21. A ladder 25 feet long is leaning against the wall of a 
house (see figure). The base of the ladder is pulled 
away from the wall at a rate of 2 feet per second. How 
fast is the top moving down the wall when the base of 
the ladder is (a) 7 feet, (b) 15 feet, and (c) 24 feet from 
the wall? 

ft 

2l!... sec 
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