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49.  3 tanh 3x        51. 
cosh x

ssinh2x 2 1

53. 
23 sin(estan 3x )estan 3x sec2s3xd

2stan 3x 
        55.  2 4

27      

57.  25x 4yy 11        61.  y − 2s3
 

x 1 1 2 �s3
 

y3

63.  y − 2x 1 1        65.  y − 2x 1 2; y − x 1 2      

67.  (a) 
10 2 3x

2s5 2 x 
      (b)  y − 7

4 x 1 1
4, y − 2x 1 8

(c) 

(4, 4)

10

_10

_10 10
(1, 2)

ƒ

69.  (�y4, s2
 ), (5�y4, 2s2

 )      

73.  (a)  4      (b)  6      (c)  7
9      (d)  12      

75.  x 2t9sxd 1 2xtsxd        77.  2tsxdt9sxd        79.  t9se x de x      

81.  t9sxdytsxd        83. 
f 9sxdftsxdg 2 1 t9sxd f f sxdg 2

f f sxd 1 tsxdg 2

85.  f 9stssin 4xddt9ssin 4xdscos 4xds4d      
87.  s23, 0d        89.  y − 22

3 x 2 1 14
3 x      

91.  vstd − 2Ae2ct f� sins�t 1 �d 1 c coss�t 1 �dg,
astd − Ae2ct fsc 2 2 �2 d coss�t 1 �d 1 2c� sins�t 1 �dg
93.  (a)  vstd − 3t 2 2 12; astd − 6t      (b)  t . 2; 0 < t , 2       
(c)  23      (d)  20

0 3

�15

a

√

position

t

y
    

(e)  t . 2; 0 , t , 2
95.  4 kgym      
97.  (a)  200s3.24d t      (b)  <22,040
(c)  �25,910 cellsyh      (d)  sln 50dysln 3.24d < 3.33 h
99.  (a)  C0 e2kt      (b)  <100 h        101.  4

3 cm2ymin      
103.  13 ftys        105.  400 ftyh      

107.  (a)  Lsxd − 1 1 x; s3 1 1 3x
 

< 1 1 x; s3 1.03
 

< 1.01 
(b)  20.235 , x , 0.401      

109.  12 1 3
2� < 16.7 cm2        111.  F d

dx
 s4 x G

x−16
−

1

32
      

113.  1
4        115.  1

8 x 2

Problems PLUS  ■  page 275

1.  (6s3y2, 14 )        5.  3s2         11. (0, 54 )      

13.  3 lines; s0, 2d, (4
3s2 , 23) and (2

3s2 , 10
3 ), (24

3s2 , 23) and 

(22
3s2 , 10

3 )
15.  (a)  4�s3

 

ys11 radys      (b)  40(cos � 1 s8 1 cos2� ) cm

(c)  2480� sin � (1 1 scos �dys8 1 cos2�
 ) cmys

19.  xT [ s3, `d, yT [ s2, `d, xN [ (0, 53 ), yN [ (25
2, 0)

21.  (b)  (i)  538  (or 127°d    (ii)  638  (or 117°)
23.  R approaches the midpoint of the radius AO.

25.  2sin a        27.  2se
 

        31.  s1, 22d, s21, 0d      

33.  s29
 

y58        35.  2 1 375
128� < 11.204 cm3ymin

Chapter 4

Exercises 4.1  ■  page 286

Abbreviations: abs, absolute; loc, local; max, maximum;  
min, minimum
1.  Abs min: smallest function value on the entire domain of the 
function; loc min at c: smallest function value when x is near c
3.  Abs max at s, abs min at r, loc max at c, loc min at b and r,  
neither a max nor a min at a and d
5.  Abs max f s4d − 5, loc max f s4d − 5 and f s6d − 4,  
loc min f s2d − 2 and f s1d − f s5d − 3

7.  y

x0 54321

3

2

1

        9.  y

0 x1 2 3 4 5

1

2

3

4

11.  (a) y

0 x1

_1

2

1

3

  (b) y

0 x1

_1

2

1

3

(c)  y

0 x1

_1

2

1

2

3

13.  (a) y

0 x2

_1

    (b) y

0 x

15.  Abs max f s21d − 5        17.  Abs max f s1d − 1
19.  Abs min f s0d − 0
21.  Abs max f s�y2d − 1; abs min f s2�y2d − 21
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A80	 Appendix H    Answers to Odd-Numbered Exercises

23.  Abs max f s2d − ln 2        25.  Abs max f s0d − 1      
27.  Abs min f s1d − 21; loc min f s0d − 0        29.  21

6      
31.  24, 0, 2        33.  None        35.  0, 2        37.  21, 2      
39.  0, 49        41.  0, 87, 4        43.  0, 43, 4      

45.  n� sn an integerd        47.  1yse         49.  10      
51.  f s2d − 16, f s5d − 7        53.  f s21d − 8, f s2d − 219      
55.  f s22d − 33, f s2d − 231        57.  f s0.2d − 5.2, f s1d − 2    

59.  f s4d − 4 2 s3 4
 

, f (s3 y9) − 22s3 y9      
61.  f s�y6d − 3

2s3, f s�y2d − 0      

63.  f se1/2d − 1ys2ed, f (1
2) − 24 ln 2      

65.  f s1d − ln 3, f (21
2) − ln  34      

67.  fS a

a 1 bD −
a abb

sa 1 bda1b

69.  (a)  2.19, 1.81      (b)  6
25 s3

5
 1 2, 2 6

25 s3
5

 1 2

71.  (a)  0.32, 0.00      (b)  3
16 s3

 

, 0      
73.  0.0177 gydL; 21.4 min        75.  <3.96658C
77.  About 4.1 months after Jan. 1

79.  (a)  r − 2
3 r0      (b)  v − 4

27 kr 0
3 

(c)  √

0 r

kr#̧4
27

r¸2
3 r¸

Exercises 4.2  ■  page 295

1.  1, 5      
3.  (a) t is continuous on f0, 8g and differentiable on s0, 8d.       
(b)  2.2, 6.4      (c)  3.7, 5.5      
5.  No        7.  Yes; �3.8      
9.  1        11.  �
13.  f  is not differentiable on s21, 1d        15.  1      
17.  3y ln 4        19.  1; yes 

0

3

4

21.  f  is not continous at 3        29.  16        31.  No        37.  No

Exercises 4.3  ■  page 305

Abbreviations: CD, concave downward; CU, concave upward; 
dec, decreasing; inc, increasing; HA, horizontal asymptote;  
IP, inflection point; VA, vertical asymptote
1.  (a)  s1, 3d, s4, 6d      (b)  s0, 1d, s3, 4d      (c)  s0, 2d       
(d)  s2, 4d, s4, 6d      (e)  s2, 3d      
3.  (a)  I/D Test      (b)  Concavity Test         
(c)  Find points at which the concavity changes.

5.  (a)  Inc on s0,1d, s3,5d; dec on s1,3d, s5,6d    
(b)  Loc max at x − 1, x − 5; loc min at x − 3       
7.  (a)  3, 5      (b)  2, 4, 6        (c)  1, 7
9.  Inc on s2`,1d, s4, `d; dec on s1, 4d; loc max f s1d − 6;  
loc min f s4d − 221 
11.  Inc on s2, `d; dec on s2`, 2d; loc min f s2d − 231
13.  Inc on s2`, 4d, s6, `d; dec on s4, 5d, s5, 6d;  
loc max f s4d − 8; loc min f s6d − 12
15.  Inc on s0, �y4d, s5�y4, 2�d; dec on s�y4, 5�y4d;  
loc max f s�y4d − s2

  

; loc min f s5�y4d − 2s2
 

    
17.  CU on s1, `d; CD on s2`, 1d; IP s1, 27d
19.  CU on s0, �y4d, s3�y4, �d; CD on s�y4, 3�y4d;  
IP (�y4, 12 ), (3�y4, 12 )
21.  CU on (2s5, s5 ); CD on (2`, 2s5 ), (s5, `);  
IP (6s5, ln 10)
23.  (a)  Inc on s21, 0d, s1, `d; dec on s2`, 21d, s0, 1d 
(b)  Loc max f s0d − 3; loc min f s61d − 2

(c)  CU on (2`, 2s3
 

y3), (s3
 

y3, `);
CD  on (2s3

 

y3, s3
 

y3); IP (6s3
 

y3, 22
9 )

25.  (a)  Inc on s1, `d; dec on s0, 1d      (b)  Loc min f s1d − 0       
(c)  CU on s0, `d; No IP
27.  (a)  Inc on (21

2, `); dec on (2`, 21
2 )

(b)  Loc min f (21
2) − 2

1

2e

(c)  CU on s21, `d; CD on s2`, 21d; IP S21, 2
1

e2D
29.  Loc max f s1d − 2; loc min f s0d − 1        31.  s23, `d
33.  (a)  f  has a local maximum at 2.  
(b)  f  has a horizontal tangent at 6.

35.  (a)  y

0 x

� (b)  y

0 x

37. 

x

y

0 1 32 4

� 39. 

x

y

0 2

3

5 8

41.  y

0 x2

5

y=8

(2, 5)

13927_ANS_A061-142.indd   80 12/6/19   1:59 PM
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43.  (a)  Inc on (0, 2), (4, 6), s8, `d;	

x

y

0 2 4 6 8

dec on (2, 4), (6, 8) 
(b)  Loc max at x − 2, 6; 
loc min at x − 4, 8 
(c)  CU on (3, 6), s6, `d;  
CD on (0, 3)      (d)  3 
(e)  See graph at right.

45.  (a)  Inc on s2`, 0d, s2, `d; 	 y

0 x1 2

2

4

(1, 2)

dec on s0, 2d       
(b)  Loc max f s0d − 4; loc min 
f s2d − 0 
(c)  CU on s1, `d; CD on s2`, 1d;  
IP s1, 2d
(d)  See graph at right.

47.  (a)  Inc on s22, 0d, s2, `d; dec on s2`, 22d, s0, 2d       
(b)  Loc max f s0d − 3; loc min f s62d − 25    

(c)  CU on S2`, 2
2

s3
 D, S 2

s3
 
, `D; CD on S2

2

s3
 
, 

2

s3
 D; 

IPs S6
2

s3
 
, 2

13

9 D
(d)  y

0 x2_2

5

10

_5

(0, 3)

(_2, _5) (2, _5)

IP IP

49.  (a)  Inc on s2, `d; dec on s2`, 2d	 y

0

(0, 12)

(2, –4)

t
2

68
27

4
3” ’,

 
(b)  Loc min t s2d − 24  

(c)  CU on s2`, 0d, ( 43, `);  
CD on (0, 43); IPs s0, 12d, ( 43, 68

27)
(d)  See graph at right.

51.  (a)  Inc on s2`, 0d, s2, `d;	 y

z2

(0, 0)

(2, _320)

IP

dec on s0, 2d 
(b)  Loc max f s0d − 0; loc min 
f s2d − 2320 

(c)  CU on (s5 16
3 , `);  

CD on (2`, s5 16
3   ); 

IP (s5 16
3 , 2320

3  s5 256
9   ) < s1.398, 2208.4d

(d)  See graph at right.

53.  (a)  Inc on s2`, 4d; 	 {          }

4

y

x0 6

4, 4œ„2  
dec on s4, 6d 
(b)  Loc max F s4d − 4s2  
(c)  CD on s2`, 6d; No IP 
(d)  See graph at right.

55.  (a)  Inc on s21, `d;	

x

y

_4 0

{ 2, 6Œ„2 }

(_1, _3)

 
dec on s2`, 21d 
(b)  Loc min Cs21d − 23 
(c)  CU on s2`, 0d, s2, `d;  
CD on s0, 2d;
IPs s0, 0d, (2, 6s3 2

 )
(d)  See graph at right.

57.  (a)  Inc on s�, 2�d;	

¨

(π, _1)

”   ,    ’

y

π
3

5
4

”    ,    ’
5π
3

5
41

_1
0 π 2π

 
dec on s0, �d 
(b)  Loc min f s�d − 21 
(c)  CU on s�y3, 5�y3d;  
CD on s0, �y3d, s5�y3, 2�d;
IPs (�y3, 54), (5�y3, 54)
(d)  See graph at right.

59.  (a)  VA x − 0; HA y − 1	 y

20 3

y=1

x

(2, 5/4)  
(b)  Inc on s0, 2d;  
dec on s2`, 0d, s2, `d 
(c)  Loc max f s2d − 5

4 
(d)  CU on s3, `d;  
CD on s2`, 0d, s0, 3d; IP s3, 11

9 d 
(e)  See graph at right.

61.  (a)  VA x − 0; HA y − 1	 y

0 x

y=1

(1, 1/e@)

 
(b)  Inc on s2`, 0d, s0, `d 
(c)  None 

(d)  CU on s2`, 0d, s0, 1d;  
CD on s1, `d;  
IP s1, 1ye2d 
(e)  See graph at right.

63.  (a)  HA y − 0	

x_1 1

y

0

 
(b)  Inc on s2`, 0d;  
dec on s0, `d 
(c)  Loc max f s0d − 1

(d)  CU on (2`, 21ys2 ), 
s1ys2 , `d; CD on s21ys2 , 1ys2 d; IPs s61ys2 , e21y2d
(e)  See graph at right.

65.  (a)  VAs x − 0, x − e   	    y

0 x

(1, 0)1

x=ex=0

 
(b)  Dec on s0, ed       
(c)  None 
(d)  CU on (0, 1); CD on s1, ed;  
IP (1, 0) 
(e)  See graph at right.

13927_ANS_A061-142.indd   81 12/6/19   1:59 PM



A82	 Appendix H    Answers to Odd-Numbered Exercises

67.  f  is CU on s2`, `d for all c . 0. As c increases, the 
minimum point gets farther away from the origin.
69.  (a)  Loc and abs max f s1d − s2

 

, no min      (b)  1
4 (3 2 s17

 )
71.  (b)  CD on s0, 0.85d, s1.57, 2.29d; CU on s0.85, 1.57d, 
s2.29, �d; IPs s0.85, 0.74d, s1.57, 0d, s2.29, 20.74d
73.  CU on s2`, 20.6d, s0.0, `d; CD on s20.6, 0.0d
75.  (a)  The rate of increase is initially very small, increases to a 
maximum at t < 8 h, then decreases toward 0 .       
(b)  When t − 8      (c)  CU on s0, 8d; CD on s8, 18d       
(d)  s8, 350d
77.  If Dstd is the size of the deficit as a function of time, then at 
the time of the speech D9std . 0, but D0std , 0.
79.  Ks3d 2 Ks2d; CD
81.  28.57 min, when the � 2000

2500

 
rate of increase of drug level  
in the bloodstream is greatest;  
85.71 min, when rate of  
decrease is greatest      

83.  f sxd − 1
9 s2x 3 1 3x 2 2 12x 1 7d      

Exercises 4.4  ■  page 316

1.  (a)  Indeterminate      (b)  0      (c)  0 
(d)  `, 2`, or does not exist      (e)  Indeterminate
3.  (a)  2`      (b)  Indeterminate      (c)  `

5.  9
4        7.  1        9.  6        11.  7

3        13.  s2 y2        15.  2         
17.  1

4        19.  0      21.  2`        23.  21
3        25.  3        27.  2     

29.  1        31.  1        33.  1y ln 3        35.  0        37.  0         
39.  ayb        41.  1

24        43.  �        45.  5
3        47.  0    

49.  22y�        51.  1
2        53.  1

2        55.  0        57.  1        59.  e22    
61.  1ye        63.  1        65.  e 4        67.  e 3        69.  0      

71.  e 2        73.  1
4        77.  1    

79.  f  has an absolute minimum for c . 0. As c increases, the 
minimum points get farther away from the origin.
83.  (a)  M; the population should approach its maximum size as 
time increases      (b)  P0e kt; exponential
85.  16

9 a        87.  1
2      

89.  (a)  One possibility: f sxd − 7yx 2, tsxd − 1yx 2

(b)  One possibility: f sxd − 7 1 s1yx 2d, tsxd − 1yx 2      
91.  (a)  0

Exercises 4.5  ■  page 327

Abbreviations: int, intercept; SA, slant asymptote
1.  A.  R      B.  y-int 0; x-int 23, 0	

y

x

(_2, 4)

(_1, 2)

(0, 0)

C.  None      D. None 
E.  Inc on s2`, 22d, s0, `d;  
dec on s22, 0d 
F.  Loc max f s22d − 4;  
loc min f s0d − 0 
G.  CU on s21, `d; CD on s2`, 21d;  
IP s21, 2d 
H.  See graph at right.

3.  A.  R      B.  y-int 0; x-int 0, s3 4 	

x

y

(1, _3)

0

C.  None      D. None 
E.  Inc on s1, `d; dec on s2`, 1d 
F.  Loc min f s1d − 23 
G.  CU on s2`, `d 
H.  See graph at right.

5.  A.  R      B.  y-int 0; x-int 0, 4	

x

y

0 (4, 0)

(2, _16)

(1, _27)

C.  None      D. None 
E.  Inc on s1, `d; dec on s2`, 1d 
F.  Loc min f s1d − 227 
G.  CU on s2`, 2d, s4, `d;  
CD on s2, 4d; 
IPs s2, 216d, s4, 0d 
H.  See graph at right.

7.  A.  R      B.  y-int 0; x-int 0	

x

y

(0,  0)

{_2,  _       }256
15

{2,       }256
15

C.  About s0, 0d      D. None 
E.  Inc on s2`, `d 
F.  None 
G.  CU on s22, 0d, s2, `d; 
CD on s2`, 22d, s0, 2d; 
�IPs s22, 2256

15 d, s0, 0d, s2, 256
15 d 

H.  See graph at right.

9.  A.  s2`, 22d ø s22, `d   	    y

0 x

y=2

x=_2

B.  y-int 32; x-int 23
2

C.  None      D.  VA x − 22,  
HA y − 2 
E.  Inc on s2`, 22d, s22, `d       
F.  None 
G.  CU on s2`, 22d;  
CD on s22, `d 
H.  See graph at right.

11.  A.  s2`, 1d ø s1, 2d ø s2, `d�

x

y

(1, 1)

x=2

y=_1
0

B.  y-int 0; x-int 0      C.  None       
D.  VA x − 2; HA y − 21  
E.  Inc on s2`, 1d, s1, 2d, s2, `d 
F.  None       
G.  CU on s2`, 1d, s1, 2d;  
CD on s2, `d 
H.  See graph at right.

13.  A.  s2`, 22d ø s22, 2d ø s2, `d      B.  y-int 0; x-int 0       
C.  About s0, 0d      D.  VA x − 62; HA y − 0    
E.  Dec on s2`, 22d, s22, 2d, s2, `d	 y

x

x=_2

x=2

(0, 0)

F.  No local extrema 
G.  CU on s22, 0d, s2, `d; 
CD on s2`, 22d, s0, 2d; IP s0, 0d       
H.  See graph at right.
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15.  A.  R      B.  y-int 0; x-int 0	

Stewart / Calculus: ET 5th Edition
Solution Art
5et040517
5.20.02

x

y

(0, 0)

y=1

1

4
”1,    ’

1

4
”_1,    ’

C.  About y-axis    D.  HA y − 1 
E.  Inc on s0, `d; dec on s2`, 0d 
F.  Loc min f s0d − 0 
G.  CU on s21, 1d;  
CD on s2`, 21d, s1, `d; IPs s61, 14d 
H. See graph at right.

17.  A.  s2`, 0d ø s0, `d      B.  x-int 1	
”3,    ’

2

9

x

y

0 1

”2,    ’
1

4
C.  None      D.  VA x − 0; HA y − 0      
E.  Inc on s0, 2d;  
dec on s2`, 0d, s2, `d 
F.  Loc max f s2d − 1

4 
G.  CU on s3, `d;  
CD on s2`, 0d, s0, 3d; IP s3, 29d 
H. See graph at right.

19.  A.  s2`, 21d ø s21, `d   	    y

x

x=_1

y=1

(0, 0)

1
3Œ„„„1/2

B.  y-int 0; x-int 0       C.  None       
D.  VA x − 21; HA y − 1       
E.  Inc on s2`, 21d, s21, `d;  
F.  None 
G.  CU on s2`, 21d, (0, s3 1

2
   ); 

CD on s21, 0d, (s3 1
2

 

, `); 
IPs s0, 0d, (s3 1

2
 

, 13) 
H. See graph at right.

21.  A.  f0, `d      B.  y-int 0; x-int 0, 3	

x

y

(1, _2)

30

C.  None      D.  None 
E.  Inc on s1, `d; dec on s0, 1d 
F.  Loc min f s1d − 22 
G.  CU on s0, `d 
H.  See graph at right.

23.  A.  s2`, 22g ø f1, `d	 y

0 x1_2

B.  x-int 22, 1      C.  None       

D.  None       

E.  Inc on s1, `d; dec on s2`, 22d 
F.  None       

G.  CD on s2`, 22d, s1, `d 
H.  See graph at right.

25.  A.  R      B.  y-int 0; x-int 0	

x

y

(0, 0)

y=_1

y=1C.  About s0, 0d       
D.  HA y − 61       
E.  Inc on s2`, `d      F.  None       
G.  CU on s2`, 0d;  
CD on s0, `d; IP s0, 0d 
H.  See graph at right.

27.  A.  f21, 0d ø s0, 1g      B.  x-int 61      C.  About (0, 0)       
D.  VA x − 0   	  

1

�1

x

y

0

 
E.  Dec on s21, 0d, s0, 1d       
F.  None 
G.  CU on (21, 2s2y3), (0, s2y3);
CD on (2s2y3, 0), (s2y3, 1);
IPs (6s2y3, 61ys2

 ) 
H.  See graph at right.

29.  A.  R      B.  y-int 0; x-int 63s3
 

, 0      C.  About s0, 0d       
D.  None      E.  Inc on s2`, 21d, s1, `d; dec on s21, 1d 
F.  Loc max f s21d − 2; 	

x

y

0

�_3œ„3, 0�

�3œ„3, 0�

�1, _2�

�_1, 2�

�0, 0�

 
loc min f s1d − 22       
G.  CU on s0, `d;  
CD on s2`, 0d; IP s0, 0d 
H.  See graph at right.

31.  A.  R      B.  y-int 21; x-int 61	 y

0 x(_1, 0) (1, 0)

(0, _1)

 
C.  About the y-axis      D.  None       
E.  Inc on s0, `d; dec on s2`, 0d 
F.  Loc min f s0d − 21 
G.  CU on s21, 1d; 
CD on s2`, 21d, s1, `d; IPs s61, 0d 
H.  See graph at right.

33.  A.  R      B.  y-int 0; x-int n� (n an integer)       
C.  About s0, 0d, period 2�      D.  None       
E–G answers for 0 < x < �: 
E.  Inc on s0, �y2d; dec on s�y2, �d      F.  Loc max f s�y2d − 1 
G.  Let � − sin21s2y3 ; CU on s0, �d, s� 2 �, �d; 
CD on s�, � 2 �d; IPs at x − 0, �, �, � 2 � 
H. 

x

y

0_2π 2π

4π

35.  A.  s2�y2, �y2d      B.  y-int 0; x-int 0      C.  About y-axis 
D.  VA x − 6�y2	

x

y

0

x � �
π
2 x �

π
2

 
E.  Inc on s0, �y2d;  
dec on s2�y2, 0d 
F.  Loc min f s0d − 0 
G.  CU on s2�y2, �y2d 
H.  See graph at right.
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37.  A.  f22�, 2�g    
B.  y-int s3 ; x-int 24�y3, 2�y3, 2�y3, 5�y3    
C.  Period 2�      D.  None       
E.  Inc on s22�, 211�y6d, s25�y6, �y6d, s7�y6, 2�d;  
dec on s211�y6, 25�y6d, s�y6, 7�y6d       
F.  Loc max f s211�y6d − f s�y6d − 2;  
loc min f s25�y6d − f s7�y6d − 22 
G.  CU on s24�y3, 2�y3d,	 y

0 x

2

_2

_2π 2π

4π
3

π
3

π
6

2π
3

7π
6

5π
3

5π
6

11π
6”          ,2’

”         ,_2’ ”      ,_2’

”     ,2’

 
s2�y3, 5�y3d;  
CD on s22�, 24�y3d,  
s2�y3, 2�y3d, s5�y3, 2�d;  
IPs s24�y3, 0d, s2�y3, 0d,  
s2�y3, 0d, s5�y3, 0d 
H.  See graph at right.

39.  A.  All reals except s2n 1 1d�  (n an integer) 
B.  y-int 0; x-int 2n�      C.  About the origin, period 2�       
D.  VA x − s2n 1 1d�      E.  Inc on ss2n 2 1d�, s2n 1 1d�d       
F.  None      G.  CU on s2n�, s2n 1 1d�d;  
CD on ss2n 2 1d�, 2n�d; IPs s2n�, 0d 
H. 

x

y

_2π 0 2π

x=_3π x=_π x=π x=3π

41.  A.  R      B.  y-int �y4	

x

y
y=π/2

y=0

(0, π/4)

0

 
C.  None 
D.  HA y − 0, y − �y2 
E.  Inc on s2`, `d      F.  None 
G.  CU on s2`, 0d;  
CD on s0, `d; IP s0, �y4d       
H.  See graph at right.

43.  A.  R      B.  y-int 12      C.  None	

x

y

0

y � 1D.  HA y − 0, y − 1 
E.  Inc on R      F.  None 
G.  CU on s2`, 0d;  
CD on s0, `d;      IP s0, 12 d       
H.  See graph at right.

45.  A.  s0, `d      B.  None	 y

0 x1 2 3 4

1

2

3

4

(1, 1) 1
2

”2, +ln 2’

 
C.  None      D.  VA x − 0 
E.  Inc on s1, `d; dec on s0, 1d 
F.  Loc min f s1d − 1 
G.  CU on s0, 2d; CD on s2, `d; 
IP (2, 12 1 ln 2) 
H.  See graph at right.

47.  A.  R      B.  y-int 14	 y

0 x

y=1

”ln    ,     ’4
9

1
2

 
C.  None       
D.  HA y − 0, y − 1 
E.  Dec on R      F.  None 
G.  CU on (ln 12, `);  
CD on s2`, ln 12d; IP sln 12, 49d 
H.  See graph at right.

49.  A.  All x in s2n�, s2n 1 1d�d  (n an integer)       
B.  x-int �y2 1 2n�      C.  Period 2�      D.  VA x − n� 
E.  Inc on s2n�, �y2 1 2n�d; dec on s�y2 1 2n�, s2n 1 1d�d 
F.  Loc max f s�y2 1 2n�d − 0      G.  CD on s2n�, s2n 1 1d�d 
H. 

x

y

_4π _3π _2π _π π 2π 3π 4π
0

51.  A.  s2`, 0d ø s0, `d	

x(0, 0)

(_1, _e)

y
 

B.  None      C.  None       
D.  VA x − 0 
E.  Inc on s2`, 21d, s0, `d;  
dec on s21, 0d 
F.  Loc max f s21d − 2e 
G.  CU on s0, `d; CD on s2`, 0d 
H.  See graph at right.

53.  A.  R      B.  y-int 1   	    y

0 x2_2 4 6 8

1

2

3

4

arctan(1/2)

y=e

y=e _π/2

π/2

1
2” ,  e ’

C.  None      D.  HA y − e6�y2       
E.  Inc on R      F.  None
G.  CU on (2`, 12 ); CD on ( 1

2, `); 
IP  (1

2, e arctans1y2d)
H.  See graph at right.

55.  (a)  s2`, 7]; s2`, 3d ø s3, 7d      (b)  3, 5       
(c)  21ys3 < 20.58      (d)  HA y − s2 

57.  (a)  R; s2`, 3d ø s3, 7d ø s7, `d      (b)  3, 5, 7, 9      (c)  22 
(d)  HA y − 1, y − 2

59.  m

0 √

(0, m¸) √=c
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61.  (a)  When t − sln adyk      (b)  When t − sln adyk       
(c) 

t

y

0 ln a
k

1

1/2
y=p(t)

63.  y

xLL/20

65.  y − x 2 1              67.  y − 2x 2 3

69.  A.  s2`, 1d ø s1, `d   	  

x

y

(0, 0)

(2, 4)

y=x+1

 
B.  y-int 0; x-int 0       
C.  None       
D.  VA x − 1; SA y − x 1 1    
E.  Inc on s2`, 0d, s2, `d;  
dec on s0, 1d, s1, 2d       
F.  Loc max f s0d − 0;  
loc min f s2d − 4       
G.  CU on s1, `d; CD on 
s2`, 1d       
H.  See graph at right.

71.  A.  s2`, 0d ø s0, `d	

x

y

_2

(2, 3)
y=x

0

 
B.  x-int 2s3 4       C.  None 
D.  VA x − 0; SA y − x 
E.  Inc on s2`, 0d, s2, `d; 
dec on s0, 2d 
F.  Loc min f s2d − 3 
G.  CU on s2`, 0d, s0, `d 
H.  See graph at right.

73.  A.  R      B.  y-int 2	

x

y

2

1

10

y=1+   x1
2

{ln 2,    +    ln 2}3
2

1
2

 
C.  None 
D.  SA y − 1 1 1

2 x 
E.  Inc on sln 2, `d;  
dec on s2`, ln 2d 
F.  Loc min f sln 2d − 3

2 1 1
2 ln 2 

G.  CU on s2`, `d 
H.  See graph at right.

75. 

x

y

0

y � x � π
 2

y � x � π
 2

� 79.  �VA x − 0, asymptotic to y − x 3	

	

2�2 x

10

�10

y

0

ƒ

y=˛

 

Exercises 4.6  ■  page 334

1.  Inc on s2`, 21.50d, s0.04, 2.62d, s2.84, `d; dec on 
s21.50, 0.04d, s2.62, 2.84d; loc max f s21.50d < 36.47, 
f s2.62d < 56.83; loc min f s0.04d < 20.04, f s2.84d < 56.73;  
CU on s20.89, 1.15d, s2.74, `d; CD on s2`, 20.89d, s1.15, 2.74d; 
IPs s20.89, 20.90d, s1.15, 26.57d, s2.74, 56.78d

150

_100

5_3

f

1

_1

0.3_0.2

f

60

2.3 3.3
55

f

3.  Inc on s21.31, 20.84d, s1.06, 2.50d, s2.75, `d;  
dec on s2`, 21.31d, s20.84, 1.06d, s2.50, 2.75d;  
loc max f s20.84d < 23.71, f s2.50d < 211.02; loc min 
f s21.31d < 20.72, f s1.06d < 233.12, f s2.75d < 211.33;  
CU on s2`, 21.10d, s0.08, 1.72d, s2.64, `d;  
CD on s21.10, 0.08d, s1.72, 2.64d;  
IPs s21.10, 22.09d, s0.08, 23.88d, s1.72, 222.53d, s2.64, 211.18d

50

_40

4_2

f

5.  Inc on s2`, 21.47d, s21.47, 0.66d; dec on s0.66, `d;  
loc max f s0.66d < 0.38; CU on s2`, 21.47d, s20.49, 0d,  
s1.10, `d; CD on s21.47, 20.49d, s0, 1.10d;  
IPs s20.49, 20.44d, s1.10, 0.31d, s0, 0d

3

_3

3_4

xÅ_1.47

f
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7.  Inc on s21.40, 20.44d, s0.44, 1.40d; dec on s2�, 21.40d, 
s20.44, 0d, s0, 0.44d, s1.40, �d; loc max f s20.44d < 24.68, 
f s1.40d < 6.09; loc min f s21.40d < 26.09, f s0.44d < 4.68;  
CU on s2�, 20.77d, s0, 0.77d; CD on s20.77, 0d, s0.77, �d;  
IPs s20.77, 25.22d, s0.77, 5.22d

8

_8

π_π

f

9.  Inc on s28 2 s61, 28 1 s61 d; dec on s2`, 28 2 s61 d, 
�s28 1 s61, 0d, s0, `d; CU on (212 2 s138

 

, 212 1 s138
 ),

�s0, `d; CD on (2`, 212 2 s138
 ), s212 1 s138, 0d

1

0.95

f

_100 _1

75

_10

f

_1 1

   1

0.95

f

_100 _1

75

_10

f

_1 1

11.  (a)  1

_0.25

_0.25 1.75

�     , �     �     
1
2e

1
œ„e

(b)  limx l 01 f sxd − 0    
(c)  Loc min f (1yse

 ) − 21ys2ed;  
CD on s0, e23y2d; CU on se23y2, `d

13.  Loc max f s25.6d < 0.018, f s0.82d < 2281.5,  
f s5.2d < 0.0145; loc min f s3d − 0

	
y

x

1

0.02

�3.5�8

�0.04

500

2�1

�1500

0.03

82.5
0

y

x

1

0.02

�3.5�8

�0.04

500

2�1

�1500

0.03

82.5
0

y

x

1

0.02

�3.5�8

�0.04

500

2�1

�1500

0.03

82.5
0

y

x

1

0.02

�3.5�8

�0.04

500

2�1

�1500

0.03

82.5
0

15.  f 9sxd − 2
x sx 1 1d2sx 3 1 18x 2 2 44x 2 16d

sx 2 2d3sx 2 4d5

f 0sxd − 2 
sx 1 1dsx 6 1 36x 51 6x 4 2 628x 3 1 684x 2 1 672x 1 64d

sx 2 2d4sx 2 4d6

CU on s235.3, 25.0d, s21, 20.5d, s20.1, 2d, s2, 4d, s4, `d;
CD on s2`, 235.3d, s25.0, 21d, s20.5, 20.1d;  
IPs s235.3, 20.015d, s25.0, 20.005d, s21, 0d, s20.5, 0.00001d, 
s20.1, 0.0000066d

17.  Inc on s29.41, 21.29d, s0, 1.05d;  
dec on s2`, 29.41d, s21.29, 0d, s1.05, `d;  
loc max f s21.29d < 7.49, f s1.05d < 2.35;  
loc min f s29.41d < 20.056, f s0d − 0.5;  
CU on s213.81, 21.55d, s21.03, 0.60d, s1.48, `d;  
CD on s2`, 213.81d, s21.55, 21.03d, s0.60, 1.48d;  
IPs s213.81, 20.05d, s21.55, 5.64d, s21.03, 5.39d, s0.60, 1.52d, 
s1.48, 1.93d

8

f

_1

6_6

1

_0.1

0_15

f

       8

f

_1

6_6

1

_0.1

0_15

f

19.  Inc on s24.91, 24.51d, s0, 1.77d, s4.91, 8.06d, s10.79, 14.34d, 
s17.08, 20d;  
dec on s24.51, 24.10d, s1.77, 4.10d, s8.06, 10.79d, s14.34, 17.08d;  
loc max f s24.51d < 0.62, f s1.77d < 2.58, f s8.06d < 3.60, 
f s14.34d < 4.39;  
loc min f s10.79d < 2.43, f s17.08d < 3.49; 
�CU on s9.60, 12.25d, s15.81, 18.65d;  
CD on s24.91, 24.10d, s0, 4.10d, s4.91, 9.60d, s12.25, 15.81d, 
s18.65, 20d;  
IPs s9.60, 2.95d, s12.25, 3.27d, s15.81, 3.91d, s18.65, 4.20d

5

f

0
20_5

21.  Inc on s2`, 0d, s0, `d;          

_3 3

_1

1

ƒ

ƒ

 
CU on s2`, 20.42d, s0, 0.42d;  
CD on s20.42, 0d, s0.42, `d;  
IPs s 70.42, 60.83d
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23.  0.01

0
32

0.6

0
2_2

� 0.01

0
32

0.6

0
2_2

25.  (a) 2

_1

0 8

(b) � limx l 01 x 1yx − 0, lim x l ` x 1yx − 1
(c)  Loc max f sed − e 1ye      (d)  IPs at x < 0.58, 4.37

27.  On [0, π]: Max f s0.59d < 1, f s0.68d < 1, f s1.96d < 1;  
min f s0.64d < 0.99996, f s1.46d < 0.49, f s2.73d < 20.51; 
IPs s0.61, 0.99998d, s0.66, 0.99998d, s1.17, 0.72d,  
s1.75, 0.77d, s2.28, 0.34d

1.2

–1.2

0 π

f

1

0.9997
0.55 0.73

1.2

_1.2

_2π 2π

f f

1.2

–1.2

0 π

f

1

0.9997
0.55 0.73

1.2

_1.2

_2π 2π

f f

29.  For c , 0, there is a loc min that moves toward s23, 29d as 
c increases. For 0 , c , 8, there is a loc min that moves toward 
s23, 29d and a loc max that moves toward the origin as c 
decreases. For all c . 0, there is a first-quadrant loc min that 
moves toward the origin as c decreases. c − 0 is a transitional 
value that gives the graph of a parabola. For all nonzero c, the  
y-axis is a VA and there is an IP that moves toward the origin  
as | c | l 0.

c < 0:

40

_40

4_10

c=0 c=_1
c=_10
c=_32
c=_50

c=_1
c=_10
c=_32
c=_50

(_3, _9)

c > 0:

40

_40

4_10

c=1
c=8
c=20
c=30

c=1
c=8
c=20
c=30

(_3, _9)

c=0

31.  For c , 0, there is no extreme point and one IP, which  
decreases along the x-axis. For c . 0, there is no IP, and one  
minimum point.

10

10_10

_10

c=5

c=0
c=_5

c=_ 1
5

c= 1
5

33.  For c . 0, the maximum and minimum values are always  
61

2, but the extreme points and IPs move closer to the y-axis as c 
increases. c − 0 is a transitional value: when c is replaced by 2c, 
the curve is reflected in the x-axis.

0.6

�0.6

�5 5

0.2
0.5
1 2

�1

4
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35.  For | c | , 1, the graph has loc max and min values; for  

|c | > 1  it does not. The function increases for c > 1 and 
decreases for c < 21. As c changes, the IPs move vertically but 
not horizontally.

10

_10

_15 1 5

c=3 c=1

c=0.5

c=_3 c=_1

c=_0.5

c=0

37.  3

3_3

_3

_2
�1

0

1 2

For c . 0, lim x l ` f sxd − 0 and lim x l2` f sxd − 2`.  
For c , 0, lim x l ` f sxd − ` and lim x l2` f sxd − 0.  
As | c | increases, the max and min points and the IPs get closer  
to the origin.

39.  c − 0; c − 21.5

_2.7 2.5

_8

8 2

3
2

0 _3
_5

_

Exercises 4.7  ■  page 342

1.  (a)  11, 12      (b)  11.5, 11.5        3.  10, 10        5.  9
4

7.  25 m by 25 m        9.  N − 1      

11.  (a) 

75

120 9000 ft@

250

50 12,500 ft@

125

100 12,500 ft@

(b) 

y

x

(c)  A − xy      (d)  5x 1 2y − 750      (e)  Asxd − 375x 2 5
2 x 2 

(f)  14,062.5 ft 2

13.  1000 ft by 1500 ft, middle fence parallel to short side
15.  125 ft by 250

3  ft        19.  4000 cm3        21.  �$163.54      
23.  18 in. by 18 in. by 36 in.
25.  s26

5, 35d        27.  (21
3, 64

3 s2
 )        29.  Square, side s2

 

r      

31.  Ly2, s3
 

 Ly4        33.  Base s3
 

r, height 3ry2      

37.  4�r 3y(3s3
 )        39.  �r 2(1 1 s5

 )      
41.  24 cm by 36 cm      
43.  (a)  Use all of the wire for the square
(b)  40s3

 

y(9 1 4s3
 ) m for the square

45.  16 in.        47.  V − 2�R3y(9s3
 )        51.  E 2ys4rd

53.  (a)  3
2 s 2 csc � scsc � 2 s3

 

 cot �d      (b)  cos21(1ys3
 ) < 558

(c)  6sfh 1 sy(2s2
 )g

55.  Row directly to B        57.  < 4.85 km east of the refinery      

59.  10s3 3
 

y(1 1 s3 3
 ) < 5.91 ft from the stronger source      

61.  sa 2y3 1 b 2y3d3y2        63.  2s6 

65.  (b)  (i)  $342,491; $342.49yunit; $389.74yunit     
(ii)  400    (iii)  $320yunit      
67.  (a)  psxd − 19 2 1

3000 x      (b)  $9.50      

69.  (a) psxd − 500 2 1
8 x      (b)  $250      (c)  $310

75.  9.35 m        79.  x − 6 in.        81.  �y6      
83.  At a distance 5 2 2s5

 

< 0.53 from A        85.  1
2 sL 1 W d2    

87.  (a)  About 5.1 km from B      (b)  C is close to B; C is close  
to D; WyL − s25 1 x 2 yx, where x − | BC |    

�(c)  <1.07; no such value      (d)  s41y4 < 1.6

Exercises 4.8  ■  page 354

1.  (a)  x2 < 7.3, x3 < 6.8      (b)  Yes      
3.  9

2        5.  a, b, c        7.  1.5215        9.  21.25      
11.  2.94283096        13.  (b)  2.630020        15.  21.914021      
17.  1.934563        19.  21.257691, 0.653483      
21.  21.428293, 2.027975
23.  21.69312029, 20.74466668, 1.26587094      
25.  0.76682579        27.  20.87828292, 0.79177077      
29.  (b)  31.622777      
35.  (a)  21.293227, 20.441731, 0.507854      (b)  22.0212      
37.  s1.519855, 2.306964d        39.  s0.410245, 0.347810d      
41.  0.76286%

Exercises 4.9  ■  page 361

1.  (a)  Fsxd − 6x      (b)  Gstd − t 3

3.  (a)  Hsqd − sin q      (b)  Fsxd − e x 
5.  F sxd − 2x 2 1 7x 1 C        7.  F sxd − 1

2 x 4 2 2
9 x 3 1 5

2 x 2 1 C    

9.  F sxd − 4x 3 1 4x 2 1 C        11.  Gsxd − 12x1y3 2 3
4 x 8y3 1 C 

13.  Fsxd − 2x 3y2 2 3
2 x 4y3 1 C 

15.  Fstd − 4
3 t 3y2 2 8st 1 3t 1 C 

17.  Fsxd −
2

5
 ln | x | 1

3

x
1 C

19.  Gstd − 7e t 2 e 3t 1 C 
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21.  Fs�d − 22 cos � 2 3 sec � 1 C
23.  Fsrd − 4 tan21r 2 5

9r 9y5 1 C 
25.  F sxd − 2xyln 2 1 4 cosh x 1 C
27.  Fsxd − 2e x 2 3x 2 2 1 
29.  f sxd − 4x 3 1 Cx 1 D 
31.  f sxd − 1

5 x 5 1 4x 3 2 1
2 x 2 1 Cx 1 D 

33.  f sxd − 1
3x 3 1 3e x 1 Cx 1 D      

35.  f std − 2t 3 1 cos t 1 Ct 2 1 Dt 1 E
37.  f sxd − 2x 4 1 ln x 2 5 
39.  f std − 4 arctan t 2 �

41.  f sxd − 3x 5y3 2 75      
43.  f std − tan t 1 sec t 2 2 2 s2       
45.  f sxd − 2x 2 1 2x 3 2 x 4 1 12x 1 4      
47.  f s�d − 2sin � 2 cos � 1 5� 1 4
49.  f sxd − 2x 2 1 x 3 1 2x 4 1 2x 1 3      

51.  f sxd − e x 1 2 sin x 2
2

�
(e�y2 1 4)x 1 2

53.  f sxd − 2ln x 1 sln 2dx 2 ln 2      
55.  8        57.  b

59.  y

0 x

1 F

1

61.  y

0 x1

_1

2

1

2

3

(1, 1)

(2, 2)

(3, 1)

    63. 

x0

F

2π_2π

y

65.  sstd − 2 sin t 2 4 cos t 1 7 

67.  sstd − 1
3t 3 1 1

2t 2 2 2t 1 3      

69.  sstd − 2sin t 1 cos t 1
8

�
t 2 1 

71.  (a)  sstd − 450 2 4.9t 2      (b)  s450y4.9
 

< 9.58 s
(c)  29.8s450y4.9

 

< 293.9 mys      (d)  About 9.09 s
75.  225 ft        77.  $742.08        79.  130

11 < 11.8 s      
81.  88

15 < 5.87 ftys2        83.  62,500 kmyh2 < 4.82 mys2      
85.  (a)  62.75 mi      (b)  54.5 mi      (c)  21 min 50 s 
(d)  107 mi      

Chapter 4 Review  ■  page 364

True-False Quiz
1.  False        3.  False        5.  True        7.  False        9.  True
11.  True        13.  False        15.  True        17.  True         
19.  True        21.  False

Exercises
1.  Abs max f s2d − f s5d − 18, abs min f s0d − 22,  
loc max f s2d − 18, loc min f s4d − 14

3.  Abs max f s2d − 2
5, abs and loc min f (21

3) − 29
2

5.  Abs and loc max f s�y6d − �y6 1 s3
 

, 
�abs min f s2�d − 2� 2 2, loc min f s5�y6d − 5�y6 2 s3 

7.  1        9.  4        11.  0        13.  1
2      

15.  y

0
x1

�2

9 12

x � 6

17.  y

x

y=_2

y=2

19.  A.  R      B.  y-int 2   	    y

x

2

 

C.  None      D.  None       

E.  Dec on s2`, `d      F.  None 

G.  CU on s2`, 0d;  
CD on s0, `d; IP s0, 2d 
H.  See graph at right.

21.  A.  R      B.  y-int 2	 y

0 x1

5

2_1

(0, 2)
(1, 1)

2
3

38
27

”   ,     ’

 

C.  None      D.  None

E.  Inc on s1, `d; dec on s2`, 1d
F.  Loc min f s1d − 1

G.  CU on s2`, 0d, ( 2
3, `); 

CD on (0, 23 ); IPs s0, 2d, ( 2
3, 38

27 )
H.  See graph at right.

23.  A.  s2`, 0d ø s0, 3d ø s3, `d   	    y

0 x

x=3

 

B.  None      C.  None 

D.  HA y − 0; VA x − 0, x − 3 

E.  Inc on s1, 3d;  
dec on s2`, 0d, s0, 1d, s3, `d 
F.  Loc min f s1d − 1

4 

G.  CU on s0, 3d, s3, `d;  
CD on s2`, 0d 
H.  See graph at right.
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25.  A.  s2`, 0d ø s0, `d 	  y

0 x4

2

_2

-4

(1, 0)

x=0
”_2, _     ’27

4

y=x-3

 
B.  x-int 1      C.  None 
D.  VA x − 0; SA y − x 2 3 
E.  Inc on s2`, 22d, s0, `d; 
dec on s22, 0d       
F.  Loc max f s22d − 227

4  
G.  CU on s1, `d; CD on s2`, 0d, 
 s0, 1d; IP s1, 0d 
H.  See graph at right.

27.  A.  f22, `d	 y

x

”_   , _        ’4
3

4œ„6
9

 
B.  y-int 0; x-int 22, 0 
C.  None      D.  None 
E.  Inc on (24

3, `), dec on s22, 2 4
3 d

F.  Loc min f (24
3 ) − 24

9 s6
 

G.  CU on s22, `d 
H.  See graph at right.

29.  A.  f2�, �g      B.  y-int 0; x-int 2�, 0, �       
C.  None      D.  None       
E.  Inc on s2�y4, 3�y4d; dec on s2�, 2�y4d, s3�y4, �d
F.  Loc max f s3�y4d − 1

2s2 e3�y4, 

�loc min f s2�y4d − 21
2s2 e2�y4    

�G.  CU on s2�y2, �y2d; CD on s2�, 2�y2d, s�y2, �d;  
IPs s2�y2, 2e2�y2d, s�y2, e�y2d
H. 

x

y

0 π_π

{   ,      e#π/4}3π
4

œ„2
2

{_  , _      e
_π/4}π

4
œ„2
2

31.  A.  s2`, 21g ø f1, `d   	  

x

y

0 1_1

π
2

π
2

_

 
B.  None      C.  About (0, 0) 
D.  HA y − 0  
E.  Dec on s2`, 21d, s1, `d 
F.  None 
G.  CU on s1, `d;  
CD on s2`, 21d 
H.  See graph at right.

33.  A.  R   	  

x

y

0

_2

1

2

{3, e_#}
 

B.  y-int 22; x-int 2       
C.  None      D.  HA y − 0 
E.  Inc on s2`, 3d; dec on s3, `d 
F.  Loc max f s3d − e23 
G.  CU on s4, `d;  
CD on s2`, 4d; 
IP s4, 2e24d 
H.  See graph at right.

35.  Inc on (2s3
 

, 0), (0, s3
 );	

ƒ

1.5

_1.5

_5 5

dec on (2`, 2s3
 ), (s3

 

, `);
loc max f (s3

 ) − 2
9 s3

 

,

loc min f (2s3
 ) − 2 2

9 s3
 

;

CU on (2s6
 

, 0), (s6
 

, `);
CD on (2`, 2s6

 ), (0, s6
 );

IPs (s6
 

, 5
36 s6

 ), (2s6
 

, 2 5
36 s6

 )
37.  Inc on s20.23, 0d, s1.62, `d; dec on s2`, 20.23d, s0, 1.62d;  
loc max f s0d − 2; loc min f s20.23d < 1.96, f s1.62d < 219.2; 
CU on s2`, 20.12d, s1.24, `d;  
CD on s20.12, 1.24d; IPs s20.12, 1.98d, s1.24, 212.1d

f

15

2.1_1

_20

2.5

0.4_0.5
1.5

f

 

f

15

2.1_1

_20

2.5

0.4_0.5
1.5

f

39. 

5
0

_5

1 s60.82, 0.22d; (6s2y3, e23y2 )

41.  Loc max at x < 22.96, 20.18, 3.01; 
loc min at x < 21.57, 1.57; IP at x < 22.16, 20.75, 0.46, 2.21
43.  For c . 21, f  is periodic with period 2� and has local  
maxima at 2n� 1 �y2, n an integer. For c < 21, f  has no graph. 
For 21 , c < 1, f  has vertical asymptotes. For c . 1, f  is 
continuous on R. As c increases, f  moves upward and its 
oscillations become less pronounced.
49.  (a)  0      (b)  CU on R        53.  3s3

 

r 2      
55.  4ys3

 

 cm from D        57.  L − C        59.  $11.50      
61.  1.297383        63.  1.16718557      
65.  F sxd − 8

3 x 3y2 2 2x 3 1 3x 1 C      
67.  F std − 22 cos t 2 3e t 1 C
69.  f std − t 2 1 3 cos t 1 2
71.  f sxd − 1

2 x 2 2 x 3 1 4x 4 1 2x 1 1      
73.  sstd − t 2 2 tan21t 1 1      
75.  (b)  0.1e x 2 cos x 1 0.9	
(c) 5

4

_1

_4

F

77.  No      
79.  (b)  About 8.5 in. by 2 in.      (c)  20ys3

 

 in. by 20s2y3
 

 in.
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85.  tan21S2
2

�
D 1 180° < 147.5°      

87.  (a)  20s2
 

< 28 ft

(b) 
dI

dt
−

2480ksh 2 4d
fsh 2 4d2 1 1600g5y2 , where k is the constant 

of proportionality

Problems PLUS  ■  page 369

3.  Abs max f s25d − e 45, no abs min        7.  24      

9.  s22, 4d, s2, 24d        13.  (1 1 s5 )y2        15.  smy2, m 2y4d
17.  a < e 1ye      

21.  (a)  T1 − Dyc1, T2 − s2h sec �dyc1 1 sD 2 2h tan �dyc2, 

T3 − s4h2 1 D 2 yc1

(c)  c1 < 3.85 kmys, c2 < 7.66 kmys, h < 0.42 km      

25.  3y(s3 2
 

2 1) < 111
2 h

Chapter 5

Exercises 5.1  ■  page 381

1.  (a)  Lower < 12, upper < 22    

y

x0 4

4

2

8

y=ƒ

y

x0 4

4

2

8

y=ƒ

(b)  Lower < 14.4, upper < 19.4

y

x0 4

4

2

8

y=ƒ

y

x0 4

4

2

8

y=ƒ

3.  (a)  0.6345, underestimate      (b)  0.7595, overestimate

y

0 x1 2

f(x)=1/x

1

	 y

0 x1 2

1

f(x)=1/x

5.  (a)  8, 6.875	 (b)  5, 5.375

y

x0 1

2

y

x0 1

2

� y

x0 1

2

y

x0

2

1

(c)  5.75, 5.9375

y

x0

2

1

  
y

x0 1

2

(d)  M6

7.  n − 2: upper − 24, lower − 8

x

y

2

4

6

2_2 0

n − 4: upper − 22, lower − 14

x

y

2

4

6

2_2 0
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