
 

 

Limits and Continuity 

Exercise Set 1.1 

 

1. (a) 0    (b) 0       (c) 0 (d) 0 

 

2. (a) 2              (b) 2        (c) 2 (d)  2 
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(b)  

   

0.2 0.1 0.01 0 0.01 0.1 0.2

0.09967 0.04996 0.00500 0.00500 0.04996 0.09967 approaches 0

x

f x f x

  

  
 

 

 
The limit is 0. 

 

 

 
 

(b) 

x  2.0  1.0  01.0  0 0.01 0.1 0.2 

)(xf

 

24918.0
 

11097.0
 

01011.0
 

)(xf  approaches 0 0.00990 0.09073 0.16518 

 

 The limit is 0. 

 

 

  



  

 

 

27.  
2

sec

3 12
3 2

2

x
m x

x


  


 which gets close to 12 as x gets close to 2, thus  12 12 2y x    or 

12 12y x  . 

 

28.  
2

sec

3 27
3 3

3

x
m x

x


  


 which gets close to 18 as x gets close to 3, thus  27 18 3y x    or 

18 27y x  . 

 

29. 

3
2

sec

8
2 4

2

x
m x x

x


   


 which gets close to 12 as x gets close to 2, thus  8 12 2y x    or 

12 16y x  . 

 

30. 

3
2

sec

27
3 9

3

x
m x x

x


   


 which gets close to 27 as x gets close to 3, thus  27 27 3y x    or 

27 54y x  . 

 

 
 

 
 

33.    (a)  

 
  



  

 

    (b)  

 
    (c) 

 
 

 

 

 

 

 

 

Exercise Set 1.2 

 

 

 

(d) By Theorem 1.2.2, this limit is  
4

4 256  . 

 

(f)  By Theorem 1.2.2, this limit is
3 3

4 4
 


. 

 

  



 

 

 
 

3.  By Theorem 1.2.3, this limit is 3 2 4 24   . 

 

4. By Theorem 1.2.3, this limit is 
3 22 3 2 9 2 14     . 

 

5.  

6. By Theorem 1.2.4, this limit is, 
30

6 0 9 9
lim  

0 12 0 4 4x

 
 

  
. 

 

7. After simplification,
3

21
1

1

x
x x

x


  


 and the limit is 12 + 1 + 1 = 3. 

 

8. After simplification, 
3

28
2 4

2

t
t t

t


  


, and the limit is (– 3)2 – 2.(– 3)  + 4 =  19. 

 

9. After simplification, 
2

2

7 6 6

43 4

x x x

xx x

  


 
, and the limit is 

1 6 5
1

1 4 5

 
  

  
. 

 

10. After simplification, 
2

2

4 4 2

42 8

x x x

xx x

  


 
, and the limit is 

2 2
0

2 4





. 

 

11. After simplification, 

23 2 1
3 1

1

x x
x

x

 
 


, and the limit is  3 1 1 4     . 

 

12. After simplification, 
2

2

3 2 3 2

4 34 3

x x x

xx x

  


 
, and the limit is 

3 1 2 5

4 1 3 7

 


 
. 

 

13. After simplification, 
3 2 2

3 2

3 12 4 5 2

4 2

t t t t t

t t t t

    


 
, and the limit is 

2

2

3 5 3 2 22

153 2 3

  


 
. 



  

 

 

14. After simplification, 
3 2

3

5 3 3

23 2

t t t t

tt t

   


 
, and the limit is 

2 3 5

2 2 4





. 

 

15. The limit is  . 

 

16. The limit is . 

 

17. The limit does not exist. 

 

18. The limit is   

 

19. The limit is  . 

 

20. The limit does not exist. 

 

21.: The limit is  . 

 

22. The limit is  . 

 

23. The limit does not exist. 

 

24. The limit is  . 

 

25. The limit is  . 

 

26. The limit does not exist. 

 

27. The limit is  . 

 

28. The limit is  . 

 

29. After simplification, 
4

2
2

x
x

x


 


, and the limit is 4 2 4  . 

30. After simplification, 
25

5
5

y
y

y


 


, and the limit is 5 25 10  . 

 

 (a) 2        (b) 2        (c) 2 

 

 (a) Does not exist          (b) 1         (c) 6 

 

 
 



 

 

 

37.  After simplification, 
0 0

1 1 1
lim  lim  0.5

1 1x x

x

x x 

 
 

 
. 

 

38.  

 

 

 (a) After simplification, 
2 25

5
5

x
x

x


 


and the limit is –10, so we need that k = –10. 

        (b)  On its domain (all real numbers), f(x) = x – 5. 

  



  

 

 
 

Exercise Set 1.3 

 

 
 

    (a)   3 5 5 22             

                (f)      
5

1
5
 


      

 

         
 

            (b)  7 7 6 6 13            

        
 

 

7.  

x 10 100 1000 10,000 100,000 1,000,000 

f(x) 1.165343 1.015139 1.001501 1.000150 1.000015 1.0000015 

 

The limit appears to be 1. 

 

8.  

  

x – 10 – 100 – 1000 – 10,000 – 100,000 – 1,000,000 

f(x) – 0.862439 – 0.985136 – 0.998501 – 0.999850 – 0.999985 – 0.9999985 

 

 The limit appears to be 1 . 

 

9. The limit is  , by the highest degree term. 

 

10. The limit is  , by the highest degree term. 

 

11. The limit is  . 

 

12. The limit is  . 

 

13. The limit is 3 2 , by the highest degree terms. 

 

14. The limit is 5 2 , by the highest degree terms. 

15. The limit is 0, by the highest degree terms. 



  

 

 

16. The limit is 0, by the highest degree terms. 

 

17. The limit is 0, by the highest degree terms. 

 

18. The limit is 4 3 , by the highest degree terms. 

 

19. The limit is  , by the highest degree terms. 

 

20. The limit is  , by the highest degree terms. 

 

21. The limit is 1 5 , by the highest degree terms. 

 

22. The limit is 5 7 , by the highest degree terms. 

 

23. The limit is 2989 33  , by the highest degree terms. 

 

24. The limit is 3 4 5 , by the highest degree terms. 

 

25. 
2 2

3
7

7 3

33
1

x x

x

x







 

 when 0x  . The limit is 7 . 

 

26. 
2 2

3
7

7 3

33
1

x x

x

x









 when 0x  . The limit is 7 . 

 

27. 
2

2

2
1

2

55 8 8

y y

y

y

 



 

 when 0y  . The limit is 81 . 

 

28. 
2

2

2
1

2

55 8 8

y y

y

y





 

 when 0y  . The limit is 81 . 

 



  

 

29. 

4 3

2

2

1
5

5

99 1

x x x

x

x





 

 when 0x  . The limit is 5 . 

30. 

4 3

2

2

1
5

5

99 1

x x x

x

x





 

 when 0x  . The limit is 5 . 

31.   0
6

6
lim

6

6
6lim

22

2
2 









 xxxx

xx
xx

xx
, by the highest degree terms. 

 

32.  
2

2

2 2

5 5
lim 5 lim 5 2

5 5x x

x x x x
x x x

x x x x x x 

  
    

   
, by the highest degree terms. 

 

33. False. If 2 100x  , then 2100 2x x , 2 2100 2x x x  , so the limit is  . 

 

 
 

39.  (a)            (b)  5 6 , by the highest degree terms. 

 

40.  (a)  0              (b)  8 , by the highest degree terms. 

 
 

42.   (a)     2 ,p x x q x x      

        (d)     4,p x x q x x    

 



  

 

 
49. cott x ,  lim

t
f t


  . 

50. cott x ,  lim 0
t

f t


 . 

 



  

 

 
 

 

Exercise Set 1.4 

 

 
 

2.     (a)    0 4 3 3 4 0.1f x f x x      if and only if 0.025x  . 

        (b)    0 4 3 3 4 0.01f x f x x      if and only if 0.0025x  . 

        (c)    0 4 3 3 4 0.0012f x f x x      if and only if 0.0003x  . 

 



  

 

 
 

 
 

 
 

7. With the TRACE feature of a calculator, we discover that (to five decimal places) (0.87000, 1.80274) 

and (1.13000, 2.19301) belong to the graph. Set x0 = 0.87 and x1 = 1.13. Since the graph of f(x) rises from 

left to right, we see that if x0 < x < x1 then 1.80274 < f(x) < 2.19301, and therefore 1.8 < f(x) < 2.2. So we 

can take  = 0.13. 

 

8. From a calculator plot we conjecture that 
0

lim ( ) 2



x

f x . Using the TRACE feature we see that the points  

 
 

9. 2 8 2 4 0.5x x     when 4 0.5 2 0.25x     . 

 

10.  5 2 13 5 3 0.2x x      when 3 0.2 5 0.04x     . 

 

11. If 4x  , then 

2 2 2
16 16 8 32 8 16

8 4 0.05
4 4 4

     
     

  

x x x x x
x

x x x
 when 4 0.05x    . 

 



  

 

12. If 1 2x   , then  
2 2 24 1 4 1 4 2 4 4 1 1

2 2 1 2 0.01
2 1 2 1 2 1 2

x x x x x
x x

x x x

       
          

    
 

when 
1

0.005
2

x 
 

    
 

. 

 

13. Assume 1  . Then, 1 3 1x     means 2 4x   and then 

  3 227 3 3 9 37 3x x x x x       , so we choose 0.001 37  . 

14. Assume 1  . Then, 1 4 1x     means 3 5x   and then 
44

2
2 3 2

xx
x

x


  

 
, so we can 

choose  0.1 3 2    . 

15. Assume 1  . Then, 1 10 1x     means 9 11x   and then 
101 1 10

10 10 90

xx

x x


   , so we 

can choose 0.05 90 4.5    . 

 

16. 0 0.02x x    when 0 0.02x    . 

 

17. Let 0   be given. Then   4 4 4 0f x       regardless of x, and hence any 0   will work. 

 

18. Let 0   be given. Then,  1 5 4x x       provided    (although any smaller   would 

work). 

 

19. 3 9 3 3x x      if 3 3x   , 3  . 

 

20. 7 5 9 7 2x x       if  2 7x    , 7  . 

 

21. 
24

1 4 1 1 4
x x

x x
x




       if 4x  , 4  . 

 

22.  
2 25

10 5
5

x
x

x



    


 if 5x   ,   . 

 

23.   3 4 3 1f x x x         if 0 1x    ,   . 

 

24. 11 2 7 2 2x x       if 0 2 2x    , 2  . 

 



  

 

 

 

 
 

 

 
  



  

 

 
 

40. 10N   (b) 100 10N    (c) 1000N    

 
 

43. 
2

1
0.0001

x
  if 100x  , 100N  .  

 

44. 
1

0.004
2x



 if 2 250x   , 248x  , 248N . 

 

45. 
1

1 0.01
1 1

x

x x
  

 
 if 1 100x   , 99x  , 99N  . 

 

46. 
4 5 15

2 0.1
2 5 2 5

x

x x


  

 
 if 2 5 150x   , 2 145x  , 72.5N  . 

 

47. 
1

0 0.002
2x
 


 if 2 500x   , 2 500x   , 502x   , 502N   . 

 

 

48. 
2

1
0.0025

x
  if 20x  , 20x  , 20x   , 20N . 



  

 

 

49. 
4 5 15

2 0.1
2 5 2 5

x

x x


  

 
 if 2 5 150x   , 2 5 150x   , 2 155x   , 77.5x   , 77.5N   . 

 

 

50. 
1

1 0.005
1 1

x

x x
  

 
 if 1 200x   , 1 200x   , 201x   , 201N   . 

 

 

 
 

52. 
1

3x



 if 

1
3x


  , that is when 

1
3x


  , or 

1
3x


  , so 

1
3N


  . 

 

 

53. 
4 5 15

2
2 5 2 5

x

x x



  

 
 if 

15
2 5x


  , that is when 

15
2 5x


   , which means 

15
2 5x


   , or  

15 5

2 2
x


   , so 

5 15

2 2
N


   . 

 

54. 
1

1
1 1

x

x x



  

 
 if 

1
1x


  , that is when 

1
1x


   , or 

1
1x


  , so 

1
1N


  . 

 

55. 
4 4

4
1 1

x

x x
  

 
 if 



4
1x , that is when 

4
1x


  , or 

2
4

1x


 
  
 

, so 

2
4

1N


 
  
 

. 

 

 

 



  

 

59. If 0M   then 
 

2

1

5
M

x



 when 

M
x

1
)5(0 2  , or 

1
0 5x

M
   , so 

1

M
  . 

 

60. If 0M   then 
 

2

1

5
M

x





 when 

M
x

1
)5(0 2  , or 

1
0 5x

M
  


, so 

1

M
 


. 

 

 

62. If 0M   then 
1

2
M

x



 when 

1
0 2x

M
   , so 

1

M
  . 

 

63. If 0M   then 
8

1
M

x
   when 

8 1
0 x

M
   , or 

 
1 8

1
x

M



, so 

 
1 8

1

M
 


. 

 

64. If 0M   then 
8

1
M

x
  when 

8 1
0 x

M
  , or 

1 8

1
x

M
 , so 

1 8

1

M
  . 

 

65. If 3x  , then 1 4 3 3x x x         if 3 3x    , so   . 

 

66. If 2x  , then  3 2 8 3 6 3 2 3 2x x x x           if 2 3x   , or 2 3 2x   , so 

3  . 

 

67. If 6x  , then 6x    if 
26x   , or 

26 6x    , so 
2  . 

 

 

68. If 0x   then 2x    if 22x   , or 
22 0x   , so 

22  . 

 

 



 

 

 

 

 

Exercise Set 1.5 

 

 
 

 



  

 

 

 

 

 

11. None, this is a continuous function on the real numbers.  

 

12. None, this is a continuous function on the real numbers. 

 

 

13. The function is not continuous at 6x  . 

 

 

14. None, this is a continuous function on the real numbers. 



  

 

15. The function is not continuous at 1 2x   and 0x  . 

 

16. The function is not continuous at  1
3 37

7
x    . 

 

17. The function is not continuous at 0x  and 4x   . 

 

18. The function is not continuous at 0x   and 3x  . 

 

19. The function is not continuous at 4x    and 4x  . 

 

20. The function is not continuous at 0x  , 1x , and 1x  . 

 

 
 



  

 

 

 

 



  

 

 

 
 

47.  If   4 3 2 2 2f x x x x x     , then  1 1f   ,  1 1f   . The Intermediate-Value Theorem gives 

us the result. 

 



  

 

 
 

51. For the positive root, use intervals on the x-axis as follows: [2; 3]; since  2.6 0f   and  2.7 0f  , 

use the interval [2.6, 2.7]. Since  2.64 0f   and  2.65 0f  , the midpoint 2.645x   of [2.64, 2.65] is 

the required approximation of the root. 

 

 
 

 

56.  (a)   

 
 

 
 

57. For 0x  , f is increasing and so is one-to one. It is continuous everywhere and thus by Theorem 1.5.7 

it has an inverse defined on its range [3, ) which is continuous there. 

 

 
 

 

 

 



 

 

Exercise Set 1.6 

 

1. This is a composition of continuous functions, so it is continuous everywhere. 

 

2. Discontinuity at x = π/2. 

 

 

4. Discontinuities at , 0, 1, 2....
2

x n n


      

 
 

6. Continuous everywhere. 

7. Discontinuities at 2
3

x n


  and 
2

2 , 0, 1, 2....
3

x n n


      

8.  Discontinuities at , 0, 1, 2....
2

x n n


      

 

9.  (a) f (x) = sin x, g(x) = x3 + 7x + 1.               (b)  f (x) = |x|, g(x) = sin x. 

     (c) f (x) = x3, g(x) = cos (x + 2). 

 

10. (a) f (x) = |x|, g(x) = 4 + sin 2x.                      (b) f (x) = sin x, g(x) = sin x. 

        (c) f (x) = x5 – 2x3 + 1, g(x) = cos x. 

 

11. 20cos2
1

coslim2
1

cos2lim 







 xx xx

. 

 

12. 
3

lim sin sin lim sin
2 3 2 3 3 2x x

x x

x x

  

 

   
     

    
. 

 

13. 
0 0

sin5 sin5
lim 5lim 5

5 

 

  
 

 
 

14. 
0 0

sin 1 sin 1
lim lim

4 4 4h h

h h

h h 
  .  

 

15. 

2

0 0 0

2 3sin sin
lim lim2 3lim 3.
x x x

x x x
x

x x  


   

 

 

16.  
2−cos 5𝑥−cos 7𝑥

𝑥
=

1−cos 5𝑥

𝑥
+

1−cos 7𝑥

𝑥
 

Note that 
1−cos 5𝑥

𝑥
=

1−cos 5𝑥

𝑥
∙

1+cos 5𝑥

1+cos 5𝑥
=

sin2 5𝑥

𝑥(1+cos 5𝑥)
=

sin 5𝑥

𝑥
∙

sin 5𝑥

1+cos 5𝑥
 

Thus,  



  

 

lim
𝑥→0

2 − cos 5𝑥 − cos 7𝑥

𝑥
= lim

𝑥→0

sin 5𝑥

𝑥
∙

sin 5𝑥

1 + cos 5𝑥
+ lim

𝑥→0

sin 7𝑥

𝑥
∙

sin 7𝑥

1 + cos 7𝑥
 

= 5 ∙ 0 + 7 ∙ 0 = 0. 

 

17. 
3 2

0 0 0

sin 1 sin
lim lim lim .
  

 

      

 
   
 

 

 

18.  
2

0 0 0

2sin θ sinθ
lim 2 limsinθ lim 0.

θ  θ    
   

 

19.  
tan 5𝑥

sin 4𝑥
=

5

4 cos 5𝑥
∙

sin 5𝑥

5𝑥
∙

4𝑥

sin 4𝑥
 

 

        So, 
0

tan5 5 5
lim 1 1 .

sin 4 4 1 4x

x

x
   


 

 

20.   
sin 3𝑥

sin 9𝑥
=

3

9
∙

sin 3𝑥

3𝑥
∙

9𝑥

sin 9𝑥
 

 

        So, 
0

sin3 3 1
lim 1 1 .

sin9 9 3x

x

x
     

 

21. 2/3 2/3

30 0 0 0

sin sin sin
lim lim lim lim 0.1 0
x x x x

x x x
x x

x xx       
      . 

 

22. 

22

20 0

sin 1 sin 1
lim lim

10 10 10x x

x x

x x 

 
  

 
  

 

23.   .0
sin

limlim
2

1

2

sin
lim

2

2

00

2

0











 x

x
x

x

x

xxx
 

 

24. 
h

h

h

hh

h

h

h

h

h

h

h sin

cos1
2

cos1

)cos1(sin2

cos1

cos1
.

cos1

sin
2

cos1

sin2
lim

20

















; this implies that lim

ℎ→0+
 is 

+∞, and lim
ℎ→0−

 is –∞, therefore the limit does not exist. 

 

25.  
2𝑡2

1−cos2 𝑡
= 2 (

𝑡

sin 𝑡
)

2
 

      So, 2lim
𝑡→0

𝑡2

1−cos2 𝑡
= 2. 

 

26.  cos(𝜋 − 𝑥) = cos(𝜋) cos 𝑥 + sin(𝜋) sin 𝑥 = − cos 𝑥 

       So, lim
𝑥→0

𝑥

cos(𝜋−𝑥)
= 0. 

 



 

 

27.  2
𝜃2

1−cos 𝜃
∙

1+cos 𝜃

1+cos 𝜃
= 2

𝜃2(1+cos 𝜃)

1−cos2 𝜃
= 2 (

𝜃

sin 𝜃
)

2
(1 + cos 𝜃) 

So, 2lim
𝜃→0

𝜃2

1−cos 𝜃
= 2 ∙ (1)2 ∙ 2 = 4.  

 

28.  
1−cos ℎ

cos2 3ℎ−1
∙

1+cos ℎ

1+cos ℎ
=

sin2 ℎ

−sin2 3ℎ
∙

1

1+cos ℎ
 

So, 
18

1

2

1
.

3

1

cos1

1
.

3sin

sin
lim

13cos

cosh1
lim

2

2

2

020


















 hh

h

h hh
. 

 

29. lim
𝑥→0+

sin (
2

𝑥
) = lim

𝑡→+∞
sin 2𝑡, so the limit does not exist. 

 

30.  
tan 2𝑥2+sin2 4𝑥

𝑥2 =
2

cos 2𝑥2

sin 2𝑥2

2𝑥2 +
16 sin2 4𝑥

(4𝑥)2  

So, lim
𝑥→0

2

cos 2𝑥2 lim
𝑥→0

sin 2𝑥2

2𝑥2 + 16lim
𝑥→0

(
sin 4𝑥

4𝑥
)

2
= 2 + 16 = 18. 

 

31.

 
 

32.   

 

33. (a)  

x  3 3.5 3.9 4.1 4.5 5 

)(xf  0.12021 0.127847 0.126371 0.123251 0.112806 0.093497 

 

      The limit appears to be 0.125. 

 

(b) Let 4t x  . Then 0t  as 4x  and  
 
24 4 0

sin 4 1 sin 1 1
lim lim lim 1

4 8 816x x t

x t

x tx  


   


. 

 

 

34.  

(a) 
 

4.1 4.01 4.001 3.999 3.99 3.9

3.050586 3.009546 3.000995 2.998996 2.989555 2.859522

x

f x

     

     
 

The limit appears to be 3 . 

 

(b) Let   4 1t x x   . Then 0t   as 4x , and  

     
  

 
4 4 0

sin 4 1 sin
lim lim 1 lim 3 1 3

4x x t

x x t
x

x t  

   
      


 by the Substitution Principle. 

 

35.  True: let 0   and   . Then if  1 1x x       then   10f x   . 



  

 

 

 

 
 

41.  
00

sin
lim lim

cosxx

kx
f x k k

kx kx 

  ,   2

0
lim 4

x
f x k

 
 , so 

24k k , and the non-zero solution is 
1

4
k  . 

 

 
 

43. (a) lim
𝑡→0+

sin 𝑡

𝑡
= 1. 

(b) lim
𝑡→0−

2−2 cos 𝑡

𝑡
= 0. 

(c) sin 𝜋 − 𝑡 = sin 𝑡 , so lim
𝑥→𝜋

𝜋−𝑥

sin 𝑥
= lim

𝑡→0

𝑡

sin 𝑡
= 1. 

 

44. Let 𝑡 =
𝜋

2
−

𝜋

𝑥
. Then  

 cos (
𝜋

2
− 𝑡) = sin 𝑡 , 𝑠𝑜 lim

𝑥→2

2 cos(𝜋/𝑥)

𝑥−2
= 2lim

𝑡→0

(𝜋−2𝑡) sin 𝑡

4𝑡
= 2lim

𝑡→0

(𝜋−2𝑡)

4
lim
𝑡→0

sin 𝑡

𝑡
=

𝜋

2
. 

 

45. Let  𝑡 = 𝑥 − 1; 

          
 

1 0

3sin sin
3sin 3sin 3sin ;and  lim = 3lim = 3 . 

1x t

x t
x t t

x t

 
    

 
     


 

46. Let t = 𝑥 −
𝜋

4
 

       tan 𝑥 − 1 =
2 sin 𝑡

cos 𝑡−sin 𝑡
; lim

𝑥→𝜋/4

1

2
(tan 𝑥−1)

𝑥−
𝜋

4

=
1

2
lim
𝑡→0

2 sin 𝑡

t(cos 𝑡−sin 𝑡)
= 1. 



 

 

 

 
 

 

52.  

 

  



  

 

 

 
 

Exercise Set 1.7 

 

 
 

2. 
1cos u

 is continuous for 1 1,so  0 3 1,  0 1/ 3u x or x       . 

 

3. u  is continuous for 0 u ,so 
10 tan x or 0;x  2 4 0x   thus the function is continuous for 

0 2x   and 2x  . 

4. 
1sin u

 is continuous for 1 1u   , so 
1

1 1
2x

   , thus 
2

1
x  or

2

1
x . The function is continuous 

on 
















 ,

2

1

2

1
, . 

 



 

 

 
 

6. 20    ,2.5sec   ; use the triangle shown to get 

       

.
51

52

1.5

2.5
csc

51

10

1.5

1
cot   ;

10

51

1

5.1
   tan;

26

5

2.5

1
cos   ;

52

51

2.5

1.5
sin









 

 

        
 

 
 

 

8. Let 𝜃 = sin−1(−5/7); then sin 𝜃 = −5/7, −
𝜋

2
< 𝜃 < 0 and (see figure) sec 𝜃 = 7/2√6. 

         
 

 

9. Let 𝜃 = cos−1(5/9); sin 2𝜃 = 2 sin 𝜃 cos 𝜃 = 2(2√14/9)(5/9) = 20√14/81. 

 

        
 



  

 

 
 

 

 

 



 

 

 

14. 82 = 42 + 62 − 2(4)(6) cos 𝜃 , cos 𝜃 = −
1

4
, 𝜃 = cos−1 (−

1

4
) ≈ 104°. 

 

15.  

(a)  𝑥 = 𝜋 − sin−1(0.42) ≈ 2.7081 rad. 

(b)  𝜃 = 180° + sin−1(0.61) ≈ 217.6°. 

 

 

16.  

(a) 𝑥 = 𝜋 + cos−1(0.80) ≈ 3.7851 rad. 

(b) 𝜃 = − cos−1(0.23) ≈ −76.7°. 

 

17.  

(a)   sin−1(sin−1 0.30) ≈ sin−1(0.3047) ≈ 0.3096, sin−1 0.9 > 1, so it is not in the domain of  

        sin−1 𝑥. 

(b)  −1 ≤ sin−1 𝑥 ≤ 1 is necessary, or −0.841471 ≤ 𝑥 ≤ 0.841471. 

 

18. sin 2𝜃 = 𝑔𝑅/𝑣2 = (9.8)(18)/(15)2 = 0.784, 2𝜃 = sin−1 0.784 or 2𝜃 = 180° − sin−1 0.784 so 

𝜃 =
1

2
sin−1 0.784 ≈ 26° or 𝜃 = 90° −

1

2
sin−1 0.784 ≈ 64°. 

The ball will have a lower parabolic trajectory for 𝜃 = 26° and hence will result in the shorter 

time of flight. 

 

19.  lim𝑥→+∞ sin−1 (
𝑥

1+2𝑥
) = sin−1 (lim𝑥→+∞

𝑥

1+2𝑥
) = sin−1 (

1

2
) =

𝜋

6
. 

 

20.  lim𝑥→+∞ cos(tan−1 𝑥) = cos(lim𝑥→+∞ tan−1 𝑥) = cos(𝜋/2) = 0. 

 

21. False; the range of sin–1 is [–π/2, π/2], so the equation is only true for x in this range. 

 

22. False; it is the interval -π/2 ≤ x ≤ π/2. 

 

23. False; the line y = π/2 is a horizontal asymptote as x → ∞ and as x → –∞. 

 

 
 

25. 1
2

2sin
lim

2sin

2
lim

010


 x

x

x

x

xx
. 



  

 

 

26. 
1

1

0 0 0 0

tan 3 3 3
tan(tan 3 ) 3 ,  so lim lim (limcos3 ) lim 1 1 1

3 tan3 sin3x x x x

x x x
x x x

x x x




   
      . 

 

27.  7 lim𝑥→0
sin−1 7𝑥

7𝑥
= 7 lim𝑥→0

7𝑥

sin 7𝑥
= 7. 

 

28. lim𝑥→−1
1

𝑥−1

sin−1(𝑥+1)

𝑥+1
= −

1

2
lim𝑥→−1

𝑥+1

sin 𝑥+1
= −

1

2
. 

 

29.  (a)   

 

 
 

 
31.  (a) 21.8°  (b) 33.6°  (c) 25.8° 

 

 
 

  

 
 

34. (b)  𝜃 = sin−1 𝑅

𝑅+ℎ
= sin−1 6378

26378
≈ 13.9°. 

 

 



 

 

35. 𝑦 =  0 when 𝑥2  =
6000𝑣2

𝑔
, 𝑥 = 10𝑣√

60

𝑔
= 1250√30 𝑓𝑜𝑟 𝑣 =  500 𝑎𝑛𝑑 𝑔 =  32; 

        tan 𝜃  =  3000/1250√30 , 𝜃 = tan−1 2.4/√30 ≈ 24°. 

 

 

 

 
 

 



  

 

Exercise Set 1.8 

 

1. (a) –9   (b) 9  (c) 1/9 

 

2. (a) 1/16   (b) 64  (c) 1/3 

 

3. (a) 5.6115  (b) 0.0341 

 

4. (a) 1.5157  (b) 0.9381 

 

5. (a) log2 1/64 = log2 2−6 = −6  (b) log2 (
1

32
) = log2 2−5 = −5 

(c) log4 4 = 1    (d) log9 3 = log9 91/2 = 1/2 

 

6. (a) log10 0.00001 = log10 10−5 = −5 (b) log10 104 = 4 

(c) ln 𝑒3 = 3    (d) ln √𝑒 = ln 𝑒1/2 = 1/2 

 

 

7. (a) 1.4393     (b) –0.3011 

 

8. (a) –0.9208     (b) 1.1447 

 

9.  (a) 3 ln 𝑎 +
1

2
ln 𝑏 +

1

2
ln 𝑐 = 3𝑟 +

𝑠

2
+ 𝑡/2. 

     (b) ln 𝑏 − 3 ln 𝑎 − ln 𝑐 = 𝑠 − 3𝑟 − 𝑡. 

 

 

10. (a) 
1

3
ln 𝑐 − ln 𝑎 − 2 ln 𝑏 =

𝑡

3
− 𝑟 − 2𝑠. 

 (b) tsrcba  232)ln2ln3(ln
2

1
. 

 

11. (a) 1 + log 𝑥 +
1

2
log(𝑥 + 3)  (b) 2 ln|𝑥| + 3 ln (sin 𝑥) −

1

2
ln(𝑥2 + 1) 

 

 

12. 

(a) 
1

3
log |𝑥 + 2| − log | cos 7𝑥 | when x < –2 and cos 7x < 0 or when x > –2 and cos 7x > 0. 

(b) 
1

2
ln(𝑥2 + 1) −

1

2
ln(𝑥3 + 5). 

 

13. log
25(16)

3
= log(512/3). 

14. log √𝑥 − log(sin3 3𝑥) + log 100 = log
100√𝑥

sin3 3𝑥
. 

 

15. ln
√𝑥
3 (𝑥+2)2

cos 𝑥
. 

 

16. 1 + 𝑥 = 102 = 100, 𝑥 = 99. 



  

 

 

17. √𝑥 = 10−2 = 0.01, 𝑥 = 0.0001. 

 

18. 𝑥2 = 𝑒6, 𝑥 = ±𝑒3. 

 

19. 
1

𝑥
= 𝑒−3, 𝑥 = 𝑒3. 

 

20. 𝑥 = 9. 

 

21. 2𝑥 =  10, 𝑥 =  5. 

 

22. ln 4𝑥 − ln 𝑥6 = ln 8, ln
4

𝑥5 = ln 8, 
4

𝑥5 = 8, 𝑥5 =
1

2
, 𝑥 = 1/√2

5
. 

 

23. ln 2x2 = ln 4, 2𝑥2 = 4,𝑥2 = 2, 𝑥 = √2 (we discard −√2 because it does not satisfy the original 

equation). 

 

24. ln 5x = ln 2, 𝑥 ln 5 = ln 2,𝑥 =
ln 2

ln 5
. 

 

25. ln 5−2x = ln 6, −2𝑥 ln 5 = ln 6,𝑥 = −
ln 6

2 ln 5
. 

26.       e−2x = 7/3, −2𝑥 = ln(7/3) , 𝑥 = −
1

2
ln(7/3). 

 

27. e3x = 5/2, 3𝑥 = ln(5/2) , 𝑥 =
1

3
ln(5/2). 

 

28.         ex(1 − 4𝑥) = 0, so 𝑒𝑥 = 0 impossible, or 1 − 4x =  0;  x =  ¼. 

 

29. e−x(𝑥 + 3) = 0, so 𝑒−𝑥 = 0 impossible, or x + 3 = 0;  x = −3. 

 

 

 
 

 

 

 
 

 



  

 

 
 

 

 

       

 
 

 

 
 

       

 
 

 



  

 

 

      

 

 
 

 
 

40.  

 
 

 

41. 

 
 

 

 

42. 

 



  

 

(b) Let x a  to get      log log log 1 logb a a aa a b b   so   log log 1a bb a  . Now  

           4 6
2 3 2 3 2 3 2 3log 81 log 64 log 3 log 2 4log 3 6log 2 24 log 3 log 2 24      

   
. 

 

 
 

 

 
 

53. The limit is  . 

 

54. The limit is  . 

 



  

 

 
 

61. Let lnt x . Then t also tends to  , and 
ln3 ln3

ln 4 ln 4

x t

x t





, so the limit is 1. 

 
 

64. With 3t x ,   
3

33
lim 1 lim 1 1

x
t

x t
t e

x 

 
    

 
. 

 



  

 

 

 

 

71. 
12575 12te  ,    125ln 12 75 125ln 25 4 229 dayst     . 

 

 
  



  

 

75. (a) 140 dB; damage    (b) 100 dB; damage    (c) 80 dB; no damage    (d) 75 dB; no damage 

 

 

76. Suppose that 1 24I I  and 1 10 1 010log I I  , 2 10 2 010log I I  . Then 1 0 2 04I I I I , 

10 1 0 10 2 0 10 10 2 0log log 4 log 4 logI I I I I I   , 1 10 210log 4   , 1 2 1010log 4 6.02 dB    . 

 

77. Let AI  and BI  be the intensities of the automobile and blender, respectively. Then  10 0log 7AI I   

and  10 0log 9.7BI I   and 7
010AI I  and 9.7

010BI I , so 500B AI I  . 

 

78. First we solve  0120 10log I I  to find the intensity of the original sound: 

120 10 12 12 2
010 10 10 1 W/mI I     . Hence the intensity of the n’th echo is   23 4 W/m

n
 and its decibel 

level is 
 

 
12

3 4
10log 10 log 3 4 12

10

n

n


 
     
 
 

. Setting this equal to 10 gives 
 
11

88
log 3 4

n    . So the 

first 88 echos can be heard. 

 

79. (a)  log 4.4 1.5 7.8 16.1E    , 16.1 1610 1.26 10 JE    . 

 

 

 

Chapter 1 Review Exercises 

 

 
 

2. (a) 
 

3.00001 3.0001 3.001 3.01 3.1 3.5

0.166666 0.166664 0.166639 0.166389 0.163934 0.153846

x

f x
 

           For 3x  ,  
1

3
f x

x



, so the limit is 1 6 . 

       
 



  

 

 
 

 
 

5.  The limit is 
   

3 2

1

1 1 2
lim

1 2 3x

  


 
. 

 

 
 

7.  If  3x   , then 
2

4 12 4

14 3

x

xx x




 
with limit -2. 

 

8. The limit is  . 

 

 

10.  

 
 

13. If 0x  , then 
sin5

cos5
tan5

x
x

x
 , and the limit is 1. 

 

14. If 0x  , then  
2 sin 1 cos 2

1 cos
1 cos 1 cos sin

x x x x
x

x x x


  

 
, so the limit is 4. 

 

15.   



  

 

16.   

 

 

19. 

4
4

4 4
1 1

x x

x x


     

      
     

, so the limit is 4e . 

 

21. For n = 4: $2435.19; for n = 12: $2451.36; for n = 365: $2459.33; for n→+∞: $2459.60. 

 

 

25. (a)  
2

lim 5
x

f x


 . 

       (b)    2 3 0.048 8 0.004    . 

 

 
 

 

27. 

 
 

(b) 
24 9

6 0.03
2 3

x

x


 


 means 2 3 6 0.03x    , or 1.5 0.015x   , so 0.015  . 

 

 



  

 

 

28.  (a) Given 0   then 4 11 1x     provided 3 4x   , take 4  . 

 

 

31.  (a) f is not defined at 5x   , continuous elsewhere. 

 
 

32.  (a) Continuous everywhere except 5x   . 

 

 
 

 
 

38.  (a)    
3

1yx f y e   ;    1 3 1
ln 1 ln 1

3
f x y x x       

 
 



  

 

 
 

 
 

 

 

 
 

45.  (a) 

             

 
 

        

46.  (a)  



  

 

 

  (e)  
1.30.96 1 te  , 2.476 st  . 

 

47.   (a) 

             
 

 

 
 

50.  (a) 
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