












APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A121

11.

13. IV 15. II 17. III
19.
21.
23. , ,

, , 

25. , , , 

29. ,
, ,

31. (b)

33. (a) Direction reverses (b) Number of coils doubles

CHAPTER 10 REVIEW N PAGE 733

True-False Quiz

1. True 3. False 5. False 7. True 9. False
11. True

Exercises
1. (a)

(b) ,

3. , 
5. 7. 86.631 9. ��21

3 i � �2�� 2� j � �2���k
0 � t � 2�r�t� � 4 cos t i � 4 sin t j � �5 � 4 cos t�k

r ��t� � �� 2 cos �t j � � 2 sin �t k
r��t� � i � � sin �t j � � cos �t k

z

y

x

(0, 1, 0)

(2, 1, 0)

2

0

�2

�2 �10 2 1 0

z

y x

0 � � � 2�
0 � x � 3z � e�x sin �

20�101
�1

0

1

y

z

x

x � x, y � e�x cos �

0 � x � 5, 0 � � � 2�z � 4 sin �y � 4 cos �x � x
[or x � x, y � y, z � s4 � x 2 � y 2, x 2 � y 2 � 2]

0 � � � 2�0 � 
 � ��4z � 2 cos 

y � 2 sin 
 sin �x � 2 sin 
 cos �

x � x, z � z, y � s1 � x 2 � z 2

x � 1 � u � v, y � 2 � u � v, z � �3 � u � v

_1
0

x1

_1

0
y

1

_1

0z

1

√ constant

u constant

11. (a)

(b)

(c)
13. 15.
17. ,

, 
19. (a) About 3.8 ft above the ground, 60.8 ft from the athlete
(b) (c) from the athlete
21. , , , 

, 
23.

FOCUS ON PROBLEM SOLVING N PAGE 735

1. (a) (c)
3. (a)
5. (a) to the right of the table’s edge, 
(b) (c) to the right of the table’s edge
7.
9. where , 

, 

CHAPTER 11

EXERCISES 11.1 N PAGE 745

1. (a) ; a temperature of with wind blowing at
feels equivalent to about without wind.

(b) When the temperature is , what wind speed gives a wind
chill of ?
(c) With a wind speed of , what temperature gives a wind
chill of ?
(d) A function of wind speed that gives wind-chill values when the
temperature is 
(e) A function of temperature that gives wind-chill values when
the wind speed is 
3. Yes
5. , 

7. (a) (b) ,
interior of a sphere of radius 2, center the origin, in the first octant
9. 11. 13. Steep; nearly flat
15. 17.

5

y
x

zz

14

y
x

11�C, 19.5�C
56, 
35

��x, y, z� � x 2 � y 2 � z 2 � 4, x 	 0, y 	 0, z 	 0�3

y

x0

≈+¥=11
9

���, ln 9���x, y� � 1
9 x 2 � y 2 � 1�

50 km�h

�5�C

�35�C�49�C
20 km�h

20 km�h�30�C
�20�C

�27�C40 km�h
�15�C�27

c � �c1, c2 , c3 	b � �b1, b2 , b3 	
a � �a1, a2 , a3 	r�u, v� � c � u a � vb

56�


2.13 ft
7.6�

15 ft�s
0.94 ft

90�, v0
2��2t�

a � ��2rv � �R��sin �t i � cos �t j�

�� t �
��3 � 
 � 2��30 � � � 2�

z � 2 cos 
y � 2 sin 
 sin �x � 2 sin 
 cos �

64.2 ft
21.4 ft

a�t� � �1�t� i � e�t k� v�t� � � s2 � 2 ln t � �ln t�2 � e�2 t

v�t� � �1 � ln t� i � j � e�t k
x � 2y � 2� � 012�173�2

st 8 � 4t 6 � 2t 4 � 5t 2��t 4 � t 2 � 1�2

�2t, 1 � t 4, �2t 3 � t	�st 8 � 4t 6 � 2t 4 � 5t 2

� t 2, t, 1 	�st 4 � t 2 � 1
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A122 APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

19. 21.

23. 25.

27.

29. 31.

33.

1.0

0.5z

0.0

4
0

x

_4

4

0
y

_4

0

_2 0 2 2 0 _2
y x

z

y

0 x

y

x

z

z=4

z=3

z=2

z=1

y

0 x

4321

x 2 � 9y 2 � k

y

x

0

0

1

1

2

2

3

3

y

x0

0

1 2
3

_1

_2

_3

y 2 � x 2 � k 2y � ke�x

y

x

0

_1

_2

1

2

y

x

0 1 2341234

y � �sx � k�y � 2x�2 � k 35. (a) C (b) II 37. (a) F (b) I
39. (a) B (b) VI 41. Family of parallel planes
43. Family of circular cylinders with axis the -axis 
45. (a) Shift the graph of upward 2 units
(b) Stretch the graph of vertically by a factor of 2
(c) Reflect the graph of about the -plane
(d) Reflect the graph of about the -plane and then shift it
upward 2 units
47. If , the graph is a cylindrical surface. For , the level
curves are ellipses. The graph curves upward as we leave the ori-
gin, and the steepness increases as c increases. For , the level
curves are hyperbolas. The graph curves upward in the y-direction
and downward, approaching the xy-plane, in the x-direction giving
a saddle-shaped appearance near (0, 0, 1).
49. (b)

EXERCISES 11.2 N PAGE 755

1. Nothing; if is continuous, 3.
5. 1 7. Does not exist 9. Does not exist 11. 0
13. Does not exist 15. 2 17. 1 19. Does not exist
21. The graph shows that the function approaches different num-
bers along different lines.

23. ;

25. Along the line 27.

29. 31.

33. 35. 0
37. 0
39.

is continuous on 

EXERCISES 11.3 N PAGE 766

1. (a) The rate of change of temperature as longitude varies, with
latitude and time fixed; the rate of change as only latitude varies;
the rate of change as only time varies.
(b) Positive, negative, positive
3. (a) ; for a temperature of and wind
speed of , the wind-chill index rises by for each
degree the temperature increases. ; for a 
temperature of and wind speed of , the wind-chill
index decreases by for each the wind speed 
increases.
(b) Positive, negative (c) 0
5. (a) Positive (b) Negative
7. (a) Positive (b) Negative
9. c � f, b � fx, a � fy

km�h0.15�C
30 km�h�15�C

fv��15, 30� � �0.15
1.3�C30 km�h

�15�CfT ��15, 30� � 1.3

� 2f

_2

0

2
x_2

0
2y

z

_1

0

1

2

��x, y� � �x, y� � �0, 0��

��x, y, z� � y � 0, y � sx 2 � z 2 ���x, y� � x 2 � y 2 � 4�
��x, y� � y � 0�y � x

��x, y� � 2x � 3y � 6�
h�x, y� � �2x � 3y � 6�2 � s2x � 3y � 6

�
5
2f �3, 1� � 6f

y � 0.75x � 0.01

c � 0

c � 0c � 0

xyf
xyf

f
f

�k � 0�x
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APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A123

11. , 

13.

15. , 
17. , 
19. , 
21.
23.

25. , 

27. ,
29. , , 

31. , ,

33. , ,

35. , ,
, 

37.

39. 41.

43. , fy�x, y� � 2xy � x 3fx�x, y� � y 2 � 3x 2y

1
4

1
5

�u��xi � xi�sx1
2 � x2

2 � 	 	 	 � xn
2

ft � xy 2z 2 sec2�yt�fz � 2xyz tan�yt�
fy � xyz 2t sec2�yt� � xz 2 tan�yt�fx � yz 2 tan�yt�

�u��z � xy 2�s1 � y 2z2

�u��y � x sin�1�yz� � xyz�s1 � y 2z2�u��x � y sin�1�yz�
�w��z � 3��x � 2y � 3z�

�w��y � 2��x � 2y � 3z��w��x � 1��x � 2y � 3z�
fz � x � 20x 2y 3z3fy � �15x 2y 2z4fx � z � 10xy 3z4

�u��w � e w�t�u��t � e w�t(1 � w�t)

fs�r, s� �
2rs

r 2 � s 2fr�r, s� �
2r 2

r 2 � s 2 � ln�r 2 � s 2�

�w��
 � cos 
 cos �, �w��� � �sin 
 sin �
fx�x, y� � 2y��x � y�2, fy�x, y� � �2x��x � y�2

�z��y � 30�2x � 3y�9�z��x � 20�2x � 3y�9

ft �x, t� � �e�t cos �xfx �x, t� � ��e�t sin �x
fy �x, y� � 5y 4 � 3xfx �x, y� � �3y

fy

0

_2
0

2x _2
0

2

y

z

10

0

_2

0
2x _2

0
2

y

_10

z

fx

10

0
_2

0
2x _2

0
2

y

z

f

fx � 2x � 2xy, fy � 2y � x 2

z

y

0

x

(1, 2, 8)

C¡

(1, 2)

2

16

4

z

y

0

x

(1, 2, 8)

C™

(1, 2)

2

16

4

fy�1, 2� � �4 � slope of C2fx�1, 2� � �8 � slope of C1 45. , 

47. , 

49. (a) (b)
51. , , 
53. , ,

55. , , 
59.
61.
63. 65.
67. 79.
85. No 87. 89.

91. (a)

(b) , 

(c) 0, 0 (e) No, since and are not continuous.

EXERCISES 11.4 N PAGE 778

1. 3. 5.
7. 9.

11. 13. 17. 6.3
19. 21.
23.
25.
27.
29. 31. 33.
35. 2.3% 37. 39.
41. 43.
45.

EXERCISES 11.5 N PAGE 786

1.
3.
5.
7. ,

9. ,
�z��t � 2st cos 
 cos � � s2 sin 
 sin �

�z��s � t 2 cos 
 cos � � 2st sin 
 sin �
�z��t � �2sxy 3 sin t � 3sx 2y 2 cos t

�z��s � 2xy 3 cos t � 3x 2y 2 sin t
e y�z	2t � �x�z� � �2xy�z2 �

	�x�t� � y sin t
�s1 � x 2 � y2

�2x � y� cos t � �2y � x�e t

�1 � �x, �2 � �y
x � y � z � 2�x � 2z � 1

3x � y � 3z � 31
17 � 0.059 �

16 cm35.4 cm2�z � 0.9225, dz � 0.9
dR � � 2 cos � d
 � 2
� cos � d� � 
� 2 sin � d�
dm � 5p4q3 dp � 3p5q2 dq
dz � 3x 2 ln�y 2� dx � �2x 3�y� dy

4T � H � 329; 129�F3
7 x �

2
7 y �

6
7 z; 6.9914

1
9 x �

2
9 y �

2
32x �

1
4 y � 1

0

2 x

0

2y

_1

0z

1
400

200

0

y5
0

_5
x

10
0

_10

z

z � yx � y � 2z � 0z � �7x � 6y � 5

fyxfxy

fy�x, y� �
x 5 � 4x 3y 2 � xy 4

�x 2 � y 2 �2fx�x, y� �
x 4y � 4x 2y 3 � y 5

�x 2 � y 2 �2

_0.2

0.2

0

_1

0

1

y

1
0

_1

x

z

�2x � 1 � t, y � 2, z � 2 � 2t
R 2�R 1

2�12.2, �16.8, �23.25
6yz 2
e r
�2 sin 
 � 
 cos 
 � r
 sin 
�

24 sin�4x � 3y � 2z�, 12 sin�4x � 3y � 2z�
12xy, 72xy

zyy � �2y��1 � y 2�2zxy � 0 � zyxzxx � �2x��1 � x 2�2
wvv � u2��u2 � v2�3�2

wuv � �uv��u2 � v2�3�2 � wvuwuu � v2��u2 � v2�3�2
fyy � 20x 3y 3fxy � 15x 2y 4 � 8x 3 � fyxfxx � 6xy 5 � 24x 2y

f ��x � y�, f ��x � y�f ��x�, t��y�

�z

�y
�

�z

1 � y � y 2z 2

�z

�x
�

1 � y 2z 2

1 � y � y 2z 2

�z

�y
�

3xz � 2y

2z � 3xy

�z

�x
�

3yz � 2x

2z � 3xy
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A124 APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

11. ,

13. 62 15.

17. , ,

19. ,

21. 23. 25.

27. 29.

31.

33. 35.
37. (a) (b) (c)
39. 41.
43. (a) ,

49.

EXERCISES 11.6 N PAGE 799

1. 3. 5.
7. (a)
(b) (c)

9. (a) (b) (c)
11. 13. 15. 17.
19. 21. 23.
25. (b)
27. All points on the line 
29. (a)
31. (a) (b) (c)
33. 37.
39. (a) (b)

41. (a) (b)

43. (a) (b)
45. 47. , 

y

x0

2x+3y=12

xy=6

(3, 2)

f (3, 2)
Î

1

_1

0

1

2

1
2

x
2

z

y

2x � 3y � 12�2, 3�
x � 1 � y � �zx � y � z � 1

x � 2

4
�

y � 1

�5
�

z � 1

�1
4x � 5y � z � 4

x � 3 � y � 3 � z � 5x � y � z � 11

774
25

327
13

2s406�38, 6, 12 �32�s3
�40�(3s3)

y � x � 1
��12, 92 �

1, �3, 6, �2 �1, �0, 1 �2�5
9�(2s5)4�s30�8�s1023�10

�
22
3�1, 12, 0 ��e 2yz, 2xze 2yz, 2xye 2yz �

s3 �
3
2�2, 3 �

�f �x, y� � �2 cos�2x � 3y�, 3 cos�2x � 3y��
2 � s3�2� 0.778��0.08 mb�km

4rs �2z��x 2 � �4r 2 � 4s 2 ��2z��x �y � 4rs �2z��y 2 � 2 �z��y
�z��
 � ���z��x�r sin 
 � ��z��y�r cos 


�z��r � ��z��x� cos 
 � ��z��y� sin 

�1�(12s3) rad�s� �0.27 L�s

0 m�s10 m2�s6 m3�s
� �0.33 m�s per minute2�C�s

1 � y 2z 2

1 � y � y 2z 2 , �
z

1 � y � y 2z 2

3yz � 2x

2z � 3xy
, 

3xz � 2y

2z � 3xy

sin�x � y� � e y

sin�x � y� � xe y

36, 24, 309
7, 9785, 178, 54

�w

�y
�

�w

�r
 
�r

�y
�

�w

�s
 
�s

�y
�

�w

�t
 
�t

�y

�
�w

�t
 
�t

�x

�w

�x
�

�w

�r
 
�r

�x
�

�w

�s
 
�s

�x

�u

�t
�

�u

�x
 
�x

�t
�

�u

�y
 
�y

�t

�u

�s
�

�u

�x
 
�x

�s
�

�u

�y
 
�y

�s

�u

�r
�

�u

�x
 
�x

�r
�

�u

�y
 
�y

�r

7, 2

�z

�t
� e r
s cos 
 �

t

ss 2 � t 2
 sin 
�

�z

�s
� e r
t cos 
 �

s

ss 2 � t 2
 sin 
� 51. No 57.

61. If and , then and are
known, so we solve linear equations for and .

EXERCISES 11.7 N PAGE 809

1. (a) f has a local minimum at (1, 1).
(b) f has a saddle point at (1, 1).
3. Local minimum at (1, 1), saddle point at (0, 0)
5. Minimum 
7. Minima , , saddle point at 
9. Minimum , saddle point at 
11. None 13. Minimum , saddle points at 
15. Minima , 
saddle points at , 
19. Minima , 
21. Maximum ,
minimum , saddle point at 
23. Minima , ,
saddle point (0.312, 0), lowest point 
25. Maxima , ,
saddle points ,
highest points 
27. Maximum , minimum 
29. Maximum , minimum 
31. Maximum , minimum 

33.

35. 37. , 39.

41. 43. 45. Cube, edge length 
47. Square base of side 40 cm, height 20 cm 49.

EXERCISES 11.8 N PAGE 818

1.
3. No maximum, minimum 
5. Maximum , minimum 
7. Maximum , minimum 
9. Maximum , minimum 

11. Maximum , minimum 1

13. Maximum ,

minimum 

15. Maximum ,
minimum 
17. Maximum , minimum 

19. Maximum ,

minimum 

27–37. See Exercises 35–45 in Section 11.7.
39. L 3�(3s3)

f (�1�s2, �1�(2s2)) � e�1�4

f (�1�s2, �1�(2s2)) � e 1�4

1
2

3
2

f (1, �s2, s2) � 1 � 2s2
f (1, s2, �s2) � 1 � 2s2

f (� 1
2 , � 1

2 , � 1
2 , � 1

2 ) � �2

f ( 1
2, 12 , 12 , 12 ) � 2

s3

�2�s32�s3
f ��1, �3, �5� � �70f �1, 3, 5� � 70

f ��2, �1� � �4f ��2, 1� � 4
f �1, 1� � f ��1, �1� � 2

�59, 30

L 3�(3s3)
c�124

38r 3� (3s3)

100
3 , 100

3 , 100
3(2, 1, �s5)(2, 1, s5)s3

_3

_2

_1

0

_1 0 1

_2

2

4

x

y

z

(_1, 0, 0) (1, 2, 0)

f ��1, 0� � �2f �1, 0� � 2
f �0, 0� � 4f ��1, 1� � 7

f �0, 3� � �14f �2, 0� � 9
�1.629, �1.063, 8.105�

��0.259, 0�, �1.526, 0�
f �1.629, �1.063� � 8.105f ��1.267, 0� � 1.310
��1.714, 0, �9.200�

f �1.402, 0� � 0.242f ��1.714, 0� � �9.200
��, ��f �5��3, 5��3� � �3s3�2

f ���3, ��3� � 3s3�2
f ��1, �1� � 3f �1, �1� � 3

�3��2, 0����2, 0�
f �2�, 1� � �1f ��, �1� �f �0, 1� �

��1, 0�f �0, 0� � 0
�0, 0�f �2, 1� � �8

�0, 0�f ��1, �1� � 0f �1, 1� � 0
f (1

3, �
2
3) � �

1
3

fyfx

c fx � dfyafx � bfyv � �c, d �u � �a, b �
x � �1 � 10t, y � 1 � 16t, z � 2 � 12t
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APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A125

41. Nearest , farthest 
43. Maximum , minimum 
45. (a) (b) When 

CHAPTER 11 REVIEW N PAGE 823

True-False Quiz

1. True 3. False 5. False 7. True 9. False
11. True

Exercises
1. 3.

5. 7.

9.
11. (a) , (b) by
Equation 11.6.9 (Definition 11.6.2 gives .)
(c)
13. , 
15. , 
17. , , 
19. , , 
21. , ,

, ,
, 

25. (a) (b)

27. (a) (b)

29. (a)
(b)
31.
33.
35.
37.
43. 45.
47. 49. �5

8 knot�mis145�2, �4, 92 �
�

4
5�2xe yz 2

, x 2z 2e yz 2

, 2x 2yzeyz 2

�
�47, 108
2xy 3�1 � 6p� � 3x 2y 2� pe p � e p� � 4z 3� p cos p � sin p�
60x �

24
5 y �

32
5 z � 120; 38.656

(2, 12 , �1), (�2, �1
2 , 1)

x � 3 � 8t, y � 4 � 2t, z � 1 � 4t
4x � y � 2z � 6

x � 2

4
�

y � 1

�4
�

z � 1

�6
2x � 2y � 3z � 3

x � 1

8
�

y � 2

4
�

z � 1

�1
z � 8x � 4y � 1

f zz � m�m � 1�x k y lz m�2f yz � lmx k y l�1z m�1 � f zy

f yy � l�l � 1�x k y l�2z mf xz � kmx k�1y lz m�1 � f zx

f xy � klx k�1y l�1z m � f yxf xx � k�k � 1�x k�2 y lz m
f yy � �2xf xy � �2y � f yxf xx � 24x

Tr � per��q � er �Tq � p��q � er �Tp � ln�q � er�
tv � u��1 � v 2�tu � tan�1v

fy � y�s2x � y 2fx � 1�s2x � y 2

�0.25
�1.1�C�m

� 0.35�C�m�3.0�C�m�3.5�C�m

2
3

x210

y

2

1

y

x

1
2

3
4 5

0

y

x_1

_1

y=_x-1

x y

z

1

1

��x, y� � y � �x � 1�

x1 � x2 � 	 	 	 � xnc�n
��5.3506�9.7938

��1, �1, 2�( 1
2, 12 , 12 ) 51. Minimum 

53. Maximum ; saddle points (0, 0), (0, 3), (3, 0)
55. Maximum , minimum 
57. Maximum , minima ,
saddle points 
59. Maximum ,
minimum 
61. Maximum 1, minimum 
63.
65.

FOCUS ON PROBLEM SOLVING N PAGE 827

1. 3. (a) (b) Yes
9.

CHAPTER 12

EXERCISES 12.1 N PAGE 837

1. (a) 288 (b) 144 3. (a) (b) 0
5. (a) 4 (b) 7.
9. (a) (b) 11. 60 13. 3
15. 1.141606, 1.143191, 1.143535, 1.143617, 1.143637, 1.143642

EXERCISES 12.2 N PAGE 843

1. , 3. 10 5. 2 7. 9.
11. 0 13. 15. 17.
19. 21.

23.

25. 27. 29. 2 31.
33.

35. 37. 0
39. Fubini’s Theorem does not apply. The integrand has an infinite
discontinuity at the origin.

EXERCISES 12.3 N PAGE 850

1. 32 3. 5. 7. 9. �4
3e � 13

10

5
6

2

0

y
1

0

x1
0

z

21e � 57

64
3

166
27

95
2

z

y
x

0

1

1

4

1
2�e 2 � 3�1

2 (s3 � 1) �
1
12�

9 ln 221
2�

21
2  ln 2261,632�453x 2500y 3

�15.5�248
U � V � L�8

� 2�2 � 4.935

s3�2, 3�s2
x � w�3, base � w�3L2W 2, 14 L2W 2

P(2 � s3), P(3 � s3)�6, P(2s3 � 3)�3
(�3�1�4, 3�1�4

s2, �31�4 ), (�3�1�4, �3�1�4
s2, �31�4 )

�1
f (�s2�3, �1�s3) � �2�(3s3)

f (�s2�3, 1�s3) � 2�(3s3)
��1, �1�, �1, 0�

f �1, �1� � �3f ��1, 0� � 2
f �2, 4� � �64f �1, 2� � 4

f �1, 1� � 1
f ��4, 1� � �11
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A126 APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

11. (a) (b)

13. Type I: ,
type II: ; 

15.

17. 19. 21. 0 23. 25.

27. 6 29. 31. 33. 0, 1.213; 0.713 35.
37.

39. 13,984,735,616�14,549,535

41. 43.

45.

47. 49. 51. 53. 1
55. 57. 61.
63. 65.

EXERCISES 12.4 N PAGE 857

1. 3.

5. 33��2y

0 x

4 7

R

x
1
�1 x

�x�1��2
0  f �x, y� dy dxx

3��2
0  x4

0  f �r cos 
, r sin 
�r dr d


�a 2ba 2b �
3
2 ab 2

9�3
4���16�e�1�16 � xxQ e��x 2�y 2� 2

 dA � ��16

1
3 (2s2 � 1)1

3 ln 91
6 �e 9 � 1�

y

x0

x=2

y=ln x  or  x=e†

ln 2

1 2

y=0

x
ln 2

0  x2
e y f �x, y� dx dy

≈+¥=9

y=0

y

x0

3

3–3

x=4

y=0

y=œ„x

y

x0

2

4

x
3

�3 x
s9�x 2

0
 f �x, y� dy dxx

2
0  x4

y 2 f �x, y� dx dy

0

z

y

x

(0, 0, 1)

(1, 0, 0)

(0, 1, 0)

64
3

1
3

128
15

31
8

7
18

147
20

1
2 �1 � cos 1�

� x
2

�1 x
y�2
y 2  y dx dy � 9

4x
1
0  xsx

�sx y dy dx � x
4

1  xsx
x�2 y dy dx

1
3D � ��x, y� � 0 � y � 1, y � x � 1�

D � ��x, y� � 0 � x � 1, 0 � y � x�

0 x

y

D

0 x

y

D

7. 0 9. 11. 13.

15. 17. 19. 21.

23. 25. 27.

29. 31. 33.

35. 37. (a) (b)

EXERCISES 12.5 N PAGE 866

1. 3. 5.

7. , 

9. , 11. 13.
15. if vertex is (0, 0) and sides are along positive axes

17.

19. , , if vertex is and sides are
along positive axes

21. , , , 

, 

23. (a) (b) 0.375 (c)
25. (b) (i)
(ii) (c) 2, 5
27. (a) (b)

29. (a) , where D is the
disk with radius 10 mi centered at the center of the city
(b) , on the edge

EXERCISES 12.6 N PAGE 871

1. 3. 5. 7. 4

9. 11. 13.

15. (a) 24.2055 (b) 24.2476 17.

19.

21. (b)

(c) 

25. 27.

EXERCISES 12.7 N PAGE 880

1. 3. 1 5. 7. 9. 4 11.

13. 15. 17. 19. 21.

23. (a) (b) 25. 60.5331
4 � �

1
3x

1
0  xx

0 xs1�y 2

0  dz dy dx

36�16
316��31

608��3e�

65
28�

1
3

1
3 �e 3 � 1�27

4

4�98
3 �

x
2�

0  x�

0  s36 sin4u cos2v � 9 sin4u sin2v � 4 cos2u sin2u du dv

2

0

�2

�2 �10 2 1 0

z

y x

45
8 s14 �

15
16 ln[(11s5 � 3s70)�(3s5 � s70)]

4.4506

13.97834�b(b � sb 2 � a 2 )�2��3�(2s2 � 1)
s2�63s14s14�

200�k�3 � 209k, 200(��2 �
8
9 )k � 136k

xxD k[1 �
1

20 s�x � x0 �2 � �y � y0 �2 ] dA

�0.632�0.500
1 � e�1.8 � e�0.8 � e�1 � 0.3481

e�0.2 � 0.8187

5
48 � 0.10421

2

I0 � � 4�16 � 9� 2�64Iy � 1
16 �� 4 � 3� 2 �

Ix � 3� 2�64�x, y � � 
2�

3
�

1

�
, 

16

9�
�m � � 2�8

�0, 0�7ka6�907ka6�1807ka6�180

1
16�e 4 � 1�, 18�e 2 � 1�, 1

16�e 4 � 2e 2 � 3�
�2a�5, 2a�5�

�0, 45��14���( 3
8, 3��16)�L�2, 16��9���L�4


 e 2 � 1

2�e 2 � 1�
, 

4�e 3 � 1�
9�e 2 � 1��1

4�e 2 � 1�

6, ( 3
4, 32 )4

3 , (4
3 , 0)64

3  C

s� �2s� �415
16

2��a � b�1800� ft32s2�3

1
2��1 � cos 9���12�8��3�(64 � 24s3)

�2��3�[1 � (1�s2)]4
3 �a 34

3�16
3 �

3
64 � 2���2��1 � e�4 �1

2� sin 9
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APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A127

27.

29.

31.

33.

35.

37. 39.

41. 43.

45. (a)

(b) , where

(c)

47. (a)

(b)

(c)

49. (a) (b) (c) 51.
53. (a) The region bounded by the ellipsoid 

(b) 4s6��45

x 2 � 2y 2 � 3z2 � 1
L3�81

5760
1

64
1
8

1
240 �68 � 15��

� 28

9� � 44
, 

30� � 128

45� � 220
, 

45� � 208

135� � 660�
3

32 � �
11
24

x
3

�3 x
s9�x 2

�s9�x 2 x5�y
1  �x 2 � y 2�3�2 dz dy dx

x
3

�3 x
s9�x 2

�s9�x 2 x5�y
1  zsx 2 � y 2 dz dy dxz � �1�m�

x
3

�3 x
s9�x 2

�s9�x 2 x5�y
1  ysx 2 � y 2 dz dy dxy � �1�m�

x
3

�3 x
s9�x 2

�s9�x 2 x5�y
1  xsx 2 � y 2 dz dy dxx � �1�m�

�x, y, z �
m � x

3
�3 x

s9�x 2

�s9�x 2 x5�y
1  sx 2 � y 2 dz dy dx

1
2�kha 4Ix � Iy � Iz � 2

3 kL5

a 5, �7a�12, 7a�12, 7a�12�79
30 , ( 358

553 , 33
79 , 571

553 )

x
1
0  x1

z  xx
z  f �x, y, z� dy dx dz� x

1
0  xx

0 xx
z  f �x, y, z� dy dz dx �

x
1
0  xy

0  x1
y  f �x, y, z� dx dz dy� x

1
0  x1

z  x1
y  f �x, y, z� dx dy dz �

x
1
0  xx

0 xy
0  f �x, y, z� dz dy dxx

1
0  x1

y  xy
0  f �x, y, z� dz dx dy �

� x
1
0  x�1�z�2

0  x1�z
sx  f �x, y, z� dy dx dz

� x1
0  x1�sx

0  x1�z
sx  f �x, y, z� dy dz dx

� x
1
0  x1�y

0  xy 2

0  f �x, y, z� dx dz dy

� x1
0  x1�z

0  xy 2

0  f �x, y, z� dx dy dz

� x
1
0  xy 2

0  x1�y
0  f �x, y, z� dz dx dy

x
1
0  x1

sx x
1�y
0  f �x, y, z� dz dy dx

� x
2
0  xs4�2z

�s4�2z x
4�2z
x 2  f �x, y, z� dy dx dz

� x
2
�2 x

2�x 2�2
0  x4�2z

x 2  f �x, y, z� dy dz dx

� x
4
0  x2�y�2

0  xsy
�sy f �x, y, z� dx dz dy

� x
2
0  x4�2z

0  xsy
�sy f �x, y, z� dx dy dz

� x
4
0  xsy

�sy x
2�y�2
0  f �x, y, z� dz dx dy

x
2
�2 x

4
x 2 x2�y�2

0  f �x, y, z� dz dy dx

� x
1
�1 x

s4�4z 2

�s4�4z 2 x
4�x 2�4z 2

0  f �x, y, z� dy dx dz

� x
2
�2 x

s4�x 2�2
�s4�x 2�2 x

4�x 2�4z 2

0  f �x, y, z� dy dz dx

� x
4
0  xs4�y�2

�s4�y�2 x
s4�y�4z 2

�s4�y�4z 2 f �x, y, z� dx dz dy

� x
1
�1 x

4�4z 2

0  xs4�y�4z 2

�s4�y�4z 2 f �x, y, z� dx dy dz

� x
4
0  xs4�y

�s4�y x
s4�x 2�y�2
�s4�x 2�y�2 f �x, y, z� dz dx dy

x
2
�2 x

4�x 2

0  xs4�x 2�y�2
�s4�x 2�y�2 f �x, y, z� dz dy dx

z

y

x

0
1

2

1

EXERCISES 12.8 N PAGE 887

1. 3.

5.
7. 9. 11.
13. (a) (b) 15.
17. 19. 21.
23. 25. (a) (b) (0, 0, 2.1)
27. 29. (a) (b)

31.

33. 35. 0 37. 39.
41. (a) , where is the cone
(b) ft-lb

EXERCISES 12.9 N PAGE 898

1. 16 3. 5. 0
7. The parallelogram with vertices (0, 0), (6, 3), (12, 1), (6, �2)
9. The region bounded by the line , the y-axis, and 
11. , is one possible transformation,
where 
13. , is one possible transformation, 
where 
15. 17. 19. 2 ln 3
21. (a) (b)
23. 25. 27.

CHAPTER 12 REVIEW N PAGE 899

True-False Quiz

1. True 3. True 5. True 7. True 9. False

Exercises

1. 3. 5. 7.
9.
11. The region inside the loop of the four-leaved rose in
the first quadrant
13. 15. 17. 19.

21. 23. 25. 27.

29. 176 31. 33.
35. (a) (b) (c)
37. (a) (b)
39. 41. 43. 0.0512
45. (a) (b) (c)

47. 49. 51. 0�ln 2x
1
0  x1�z

0  xsy
�sy f �x, y, z� dx dy dz

1
45

1
3

1
15

486
5ln(s2 � s3) � s2�3

�a4h�10�0, 0, h�4�
I0 � 1

8, Ix � 1
12 , Iy � 1

24( 1
3 , 8

15 )1
4

2ma 3�92
3

64
15��9681

281��5

81
4 ln 21

2 e 6 �
7
2

1
2 sin 1

r � sin 2�
x

�

0  x4
2  f �r cos �, r sin �� r dr d�

2
3

1
2 sin 14e 2 � 4e � 3�64.0

e � e�13
2 sin 18

5 ln 8
1.083 � 1012 km34

3 �abc
6��3

S � ��u, v� 	 1 � u � s2, 0 � v � ��2

y � u sin vx � u cos v

S � ��u, v� 	 �1 � u � 1, 1 � v � 3

y � 1

3�u � 2v�x � 1
3�v � u�

y � sxy � 1

sin2� � cos2�

�3.1 � 1019
CxxxC h�P�t�P� dV

136��99(4s2 � 5 )�155��6

1
3� (2 � s2), (0, 0, 3�[8(2 � s2)])

4K�a 5�15(0, 0, 38 a)(0, 525
296 , 0)

10�(s3 � 1)�a 3�3
1562��1515��16312,500��7

�Ka 2�8, �0, 0, 2a�3��0, 0, 15�162�

2��5��e 6 � e � 5�384�

x
��2
0  x3

0  x2
0  f �r cos �, r sin �, z� r dz dr d�

�9��4� (2 � s3)64��3

x y

z

π
6

3

x 4 y4

z

4
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A128 APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

FOCUS ON PROBLEM SOLVING N PAGE 903

1. 30 3. 7. (b) 0.90

11.

CHAPTER 13

EXERCISES 13.1 N PAGE 911

1.

3. 5.

7. 9.

11. II 13. I 15. IV 17. III
19. The line 

21.

23.

�
y

sx 2 � y 2 � z2
 j �

z

sx 2 � y 2 � z2
 k

� f �x, y, z� �
x

sx 2 � y 2 � z2
 i

�f �x, y� � �xy � 1�e xy i � x 2e xy j

y � 2x4.5

�4.5

�4.5 4.5

z

y
x

z

yx

y

x0

y

x0

_2

2

2

1

2

1_1_2

y

0 x

_1

abc��2

3
�

8

9s3�
1
2 sin 1

25.

27.

29. III 31. II 33.
35. (a) (b)

EXERCISES 13.2 N PAGE 922

1. 3. 1638.4 5. 7. 9.

11. 13. 15.

17. (a) Positive (b) Negative
19. 45 21. 23. 1.9633 25. 15.0074

27.

29. (a) (b)

31. 33. 2�k, �4��, 0�172,704
5,632,705 s2 �1 � e�14� �

0 2.1

2.1

_0.2

F”r”      ’’

F{r(1)}

F{r(0)}

1

œ„2

11
8 � 1�e

2.5

�2.5

�2.5 2 .5

3� �
2
3

6
5 � cos 1 � sin 1

97
3

1
5

1
12s14 �e 6 � 1�

s5�17
3

243
8

1
54 �1453�2 � 1�

y � C�x

y � 1�x, x � 0y

x0

�2.04, 1.03�

6

6�6

�6

0_2_4_6 4 6 x

y

_2

2

�f �x, y� � 2x i � j
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APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A129

35. (a) ,

,

, where 
(b)
37. , 
39. 41. 26 43. 45. (b) Yes
47.

EXERCISES 13.3 N PAGE 932

1. 40 3.
5. Not conservative 7.
9.
11. (b) 16 13. (a) (b) 2
15. (a) (b) 77
17. (a) (b) 0 19. 2
21. It doesn’t matter which curve is chosen.
23. 25. No 27. Conservative
31. (a) Yes (b) Yes (c) Yes
33. (a) No (b) Yes (c) Yes

EXERCISES 13.4 N PAGE 939
1. 3. 5. 12 7. 9. 11.

13. 17. 19. 21. (c)

23. if the region is the portion of the disk
in the first quadrant

27. 0

EXERCISES 13.5 N PAGE 947

1. (a) (b)
3. (a) (b)
5. (a) (b)
7. (a) (b)
9. (a) Negative (b)
11. (a) Zero (b) curl F points in the negative -direction
13. 15.
17. Not conservative 19. No

EXERCISES 13.6 N PAGE 959

1. 49.09 3. 5. 7.

9. 11. 13.

15. 17. 19. 12 21.

23. 25. 27. 0 29. 48 31.

33. 3.4895

35. ,
where projection of on -plane

37.

39. (a) (b)

41. 43. 45.

EXERCISES 13.7 N PAGE 965

3. 0 5. 0 7. �1 9. 80�

1248�8
3�a 3�00 kg�s

4329s2��5Iz � xxS �x 2 � y 2 ���x, y, z� dS

�0, 0, a�2�
xzSD �

xxS F � dS � xxD �P��h��x� � Q � R��h��z�� dA

2� �
8
3�

4
3��

1
6

713
18016����60�(391s17 � 1)

364s2��3s3�24171s14

2
3 (2s2 � 1)11s14900�

f �x, y, z� � x 2y � y 2z � Kf �x, y, z� � xy 2z3 � K
z

curl F � 0
1�x � 1�y � 1�z�1�y, �1�x, 1�x �

2�sx 2 � y 2 � z20
y�e z � e x�ze x i � �xye z � yze x� j � xe z k

yz�x 2 i � 3xy j � xz k

x 2 � y 2 � a 2
�4a�3�, 4a�3��

9
23��

1
12

625
2 �

4
3 � 2��24�1

3
2
38�

30

f �x, y, z� � xy 2 cos z
f �x, y, z� � xyz � z 2

f �x, y� � 1
2 x 2y 2

f �x, y� � x ln y � x 2y 3 � K
f �x, y� � ye x � x sin y � K

f �x, y� � x 2 � 3xy � 2y 2 � 8y � K

	22 J
	1.67 � 104 ft-lb2� 2

Iy � k (1
2� �

2
3 )Ix � k(1

2� �
4
3 )

�0, 0, 3��
m � xC ��x, y, z� dsz � �1�m� xC z��x, y, z� ds

y � �1�m� xC y��x, y, z� ds

x � �1�m� xC x��x, y, z� ds 11. (a) (b)

(c) ,
,

17. 3

EXERCISES 13.8 N PAGE 971

5. 7. 9. 0 11. 13.
15.
17. 19. Negative at , positive at 

21. in quadrants I, II; in quadrants III, IV

CHAPTER 13 REVIEW N PAGE 974

True-False Quiz

1. False 3. True 5. False 7. True

Exercises

1. (a) Negative (b) Positive 3. 5.

7. 9. 11. 13. 0

17. 25. 27.

31. 35. 37. 21

APPENDIXES

EXERCISES A N PAGE A6

1. 18 3. 5.

7. 9.

11. 13.

15. 17.

19. 21.

0 1_œ„3 0 œ„3

��	, 1�(�s3, s3)

1 20 1

��	, 1� � �2, 	��0, 1�

0_10_2

��1, 	���2, 	�

x 2 � 1
 x � 1 
 � �x � 1

�x � 1

for x 
 �1

for x � �1

2 � x5 � s5

�4�
1
2

�64��3���60�(391s17 � 1)�8�

f �x, y� � e y � xe xy11
12 � 4�e110

3

4
156s10

div F � 0div F � 0

P2P113��20
341s2�60 �

81
20 arcsin(s3�3)

032��39��29
2

0 
 t 
 2�
z � 1 � 3�cos t � sin t�

_2

0

2

4

_2 0 2 2 0 _2

z

y x

x � 3 cos t, y � 3 sin t

�2

5

0

�5

z

0
y

2
�2 2

0
x

81��2
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A130 APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

23. 25.

27. 29. (a)

(b) 31. 33.

35. 37.

39. 41.

EXERCISES B N PAGE A16

1. 5 3.

7. 9.

11. 13. 15.
17. 19. 21.
23.

25. , 27. ,

29. 31.

33. 35.

37. 39. 41.
45. y � x � 3

�1, �2��2, �5�, 4�x � 3�2 � �y � 1�2 � 25

0

y

x

y=1-2x

y=1+x

�0, 1�

0

y

x

x � 2

y � 4

0

y

x_2 20

y

x

0 x

y

_3
0 x

y

b � �3b � 0
m � 3

4m � �
1
3

5x � 2y � 1 � 0
x � 2y � 11 � 0y � 5y � 3x � 3

y � 3x � 25x � y � 11y � 6x � 15

0 x

y

xy=0

0 3 x

y

x=3

�
9
2

x � �a � b�c��ab��1.3, 1.7�
��
, �7� � ��3, 
��3, 5�

��3, 3�2, � 4
3�30�C � T � 20�C

T � 20 � 10h, 0 � h � 1210 � C � 35

0 1
4

_1 10

��
, 0� � ( 1
4, 
)��1, 0� � �1, 
� 53.

EXERCISES C N PAGE A25

1. (a) (b) 3. (a) 720° (b)
5. 7.
9. (a) (b)

11. , , ,

, , 

13. , , , , 

15. 5.73576 cm 17. 24.62147 cm 27.

29. 31.

33. and 

35.

37.

39.

EXERCISES D N PAGE A34

1. (or any smaller positive number)

3. 1.44 (or any smaller positive number)

5. (or any smaller positive number)
7. 0.11, 0.012 (or smaller positive numbers)

11. (a) (b) Within approximately 0.0445 cm
(c) Radius; area; ; 1000; 5; �0.0445s1000�� 

s1000��  cm

0.0906

4
7

y

0 x3π
2

2πππ
2

5π
2

3π

y

0 x

11
2

π
3

5π
6

0 � x � ��4, 3��4 � x � 5��4, 7��4 � x � 2�

5��6 � x � 2�0 � x � ��6

��6, ��2, 5��6, 3��2��3, 5��3

1
15 (4 � 6s2)
cot � � 4

3sec � � 5
4csc � � 5

3tan � � 3
4cos � � 4

5

cot�3��4� � �1sec�3��4� � �s2csc�3��4� � s2

tan�3��4� � �1cos�3��4� � �1�s2sin�3��4� � 1�s2

0
x

y

_ 3π
4

0 x

y

315°

2
3 rad � �120����3� cm

�67.5���207��6

0 x

y

1

5
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APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A131

13. (a) (b) 17.

19. (a) 21. (a) (b)

EXERCISES F N PAGE A45

1. 3.

5. 7.

9. 11.

13. 15. 17. 19.

21. 80 23. 3276 25. 0 27. 61 29.

31. 33.

35.

41. (a) (b) (c) (d)

43. 45. 14 49.

EXERCISES G N PAGE A54

1. (a) (b)

3. (a)

(b)

5. (a)

(b)

7.

9. 11.

13. 15.

17.

19.

21.

23.

25.

27.

29.

31.

33.

35. 37. ln ��e x � 2�2

e x � 1 � � C2 � ln 25
9

�1

2�x 2 � 2x � 4�
�

2s3

9
 tan�1� x � 1

s3 � �
2�x � 1�

3�x 2 � 2x � 4�
� C

1
16 ln 	 x 	 �

1
32 ln�x 2 � 4� �

1

8�x 2 � 4�
� C

1
3 ln 	 x � 1 	 �

1
6 ln�x 2 � x � 1� �

1

s3
 tan�1 

2x � 1

s3
� C

1
2 ln�x 2 � 2x � 5� �

3
2 tan�1� x � 1

2 � � C

1
2 ln�x 2 � 1� � (1�s2 ) tan�1(x�s2 ) � C

ln 	 x � 1 	 �
1
2 ln�x 2 � 9� �

1
3 tan�1�x�3� � C

2 ln 	 x 	 � �1�x� � 3 ln 	 x � 2 	 � C

�
1

36
 ln 	 x � 5 	 �

1

6
 

1

x � 5
�

1

36
 ln 	 x � 1 	 � C

27
5  ln 2 �

9
5 ln 3 (or 95 ln 83)

7
6 � ln 2

3a ln 	 x � b 	 � C

1
2 ln 322 ln 	 x � 5 	 � ln 	 x � 2 	 � C

x � 6 ln 	 x � 6 	 � C

At � B

t 2 � 1
�

Ct � D

t 2 � 4
�

Et � F

�t 2 � 4�2

1 �
A

x � 1
�

B

x � 1
�

Cx � D

x 2 � 1

A

x � 3
�

B

�x � 3�2 �
C

x � 3
�

D

�x � 3�2

A

x
�

B

x 2 �
C

x 3 �
Dx � E

x 2 � 4

A

x
�

B

x � 1
�

C

�x � 1�2

A

x � 3
�

B

3x � 1

2n�1 � n 2 � n � 21
3

an � a0
97
3005100 � 1n 4

n�n 3 � 2n 2 � n � 10��4

n�n 2 � 6n � 11��3n�n 2 � 6n � 17��3

n�n � 1�

�
n

i�1
 x i�

5

i�0
 2 i�

n

i�1
 2i�

19

i�1
 

i

i � 1

�
10

i�1
 i1 � 1 � 1 � 1 � � � � � ��1�n�1

110 � 210 � 310 � � � � � n10�1 �
1
3 �

3
5 �

5
7 �

7
9

34 � 35 � 36
s1 � s2 � s3 � s4 � s5

9, 110x 	 100

0.00250.025 39.

41. , where 

43. (a) 

(b)

The CAS omits the absolute value signs and the constant of 
integration.

EXERCISES H.1 N PAGE A63

1. (a) (b)

(c)

3. (a) (b)

(c)

5. (a) (i) (ii)
(b) (i) (ii) ��2, 5��3��2, 2��3�

(�2s2, 3��4)(2s2, 7��4)

(s2, �s2)

O

3π
4

”_2,      ’3π
4

(�1, �s3)��1, 0�

O

_2π
3

”2, _     ’2π
3

π

O
(1, π)

�1, 3��2�, ��1, 5��2�

O

π
2

”_1,    ’π
2

�1, 5��4�, ��1, ��4��2, 7��3�, ��2, 4��3�

O

_3π
4”1, _     ’3π

4

O

π
3

π
3”2,     ’

75,772

260,015s19
 tan�1 

2x � 1

s19
� C

11,049

260,015
 ln�x 2 � x � 5� �

3146

80,155
 ln 	 3x � 7 	 �

4822

4879
 ln 	 5x � 2 	 �

334

323
 ln 	 2x � 1 	 �

1

260,015
 
22,098x � 48,935

x 2 � x � 5

24,110

4879
 

1

5x � 2
�

668

323
 

1

2x � 1
�

9438

80,155
 

1

3x � 7
�

C � 10.23t � �ln P �
1
9 ln�0.9P � 900� � C

�
1
2 ln 3 � �0.55
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A132 APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES

7. 9.

11.

13. Circle, center , radius 
15. Horizontal line, 1 unit above the -axis
17. 19.
21. (a) (b)
23. 25.

27. 29.

31. 33.

35. 37.

O
O

¨= π
6¨=5π

6

¨=π
8

1

3 4

5

6

2

¨=π
3

O

O

O

”1,    ’π
2

O

¨=_π
6

x � 3� � ��6
r � 2c cos �r � �cot � csc �

x

3
2(0, 32)

O

r=2
r=3

¨=7π
3

¨=5π
3

O

r=4

¨=π
6

¨=_π
2

O

r=1
r=2

39. 41.

43. 45.

47. (a) For , the inner loop begins at and 
ends at ; for , it begins at

and ends at .
49. 51. 1

53. Horizontal at , ; 
vertical at 
55. Horizontal at , [the pole], and ;

vertical at (2, 0), , 

57. Center , radius 
59. 61.

63. By counterclockwise rotation through angle , , 
or about the origin
65. (a) A rose with n loops if n is odd and 2n loops if n is even
(b) Number of loops is always 2n
67. For , the curve is an oval, which develops a dimple
as . When , the curve splits into two parts, one of
which has a loop.

EXERCISES H.2 N PAGE A69

1. 3. 5. 7.
9. 4 

O

41
4 �� 2��12 �

1
8 s3� 5�10,240

a 	 1a l1�

0 � a � 1

�
��3��6

7

�7

�7 7_3 3

_2.5

3.5

sa 2 � b 2�2�b�2, a�2�
( 1

2, 4��3)( 1
2, 2��3)

( 3
2, 5��3)�0, ��( 3

2, ��3)
�3, 0�, �0, ��2�

(�3�s2, 3��4)(3�s2, ��4)
��

� � 2� � sin�1 �1�c�� � � � sin�1 �1�c�
c 	 1� � � � sin�1 ��1/c�

� � sin�1 ��1�c�c � �1

(2, 0) (6, 0)

O 1

1

2

¨=π
3¨=2π

3

(3, 0)(3, π)
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APPENDIX J ANSWERS TO ODD-NUMBERED EXERCISES A133

11. 13.

15. 17. 19. 21.

23. 25. 27.
29. where , , , 
and where , , , 
31. , and the pole

33. Intersection at 35.

37. 39.

EXERCISES I N PAGE A78

1. 3. 5. 7.

9. 11. 13. 15. 12 � 5i, 135i�i1
2 �

1
2 i

11
13 �

10
13 i12 � 7i13 � 18i8 � 4i

29.06538
3 ��� 2 � 1�3�2 � 1�

�� � 0.89, 2.25; area � 3.46

(1
2 s3, ��3), (1

2 s3, 2��3)
23��1219��1211��12� � 7��12��1, ��

17��1213��125��12� � ��12�1, ��

1
4(� � 3s3)1

2� � 15
24� �

1
4 s3

�1
3� �

1
2 s3� �

3
2 s31

8�

3

�3

�3 3

¨=π
6

3�� 17. 19. 21.

23. 25.

27.

29. ,

31. ,
, 

33. 35.

37. 39.

41. 43. 45.

47. , 
sin 3� � 3 cos2� sin � � sin3�

cos 3� � cos3� � 3 cos � sin2�

�e 21
2 � (s3�2)ii

0

Im

Re

_i

0

Im

Re

i

1

�(s3�2) �
1
2 i, �i�1, �i, (1�s2)��1 � i �

�512s3 � 512i�1024

1
4 �cos���6� � i sin���6��(2s2)�cos�13��12� � i sin�13��12��

4s2 �cos�7��12� � i sin�7��12��

1
2 �cos����6� � i sin����6��

4�cos���2� � i sin���2��, cos����6� � i sin����6�

5{cos[tan�1(4
3)] � i sin[tan�1(4

3)]}
3s2 �cos�3��4� � i sin�3��4���

1
2 � (s7�2)i

�1 � 2i�
3
2 i4i, 4
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