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822 CAPÍTULO 11 Vectores y la geometría del espacio

11.7 Coordenadas cilíndricas y esféricas

! Usar coordenadas cilíndricas para representar superficies en el espacio.
! Usar coordenadas esféricas para representar superficies en el espacio.

Coordenadas cilíndricas
Ya se ha visto que algunas gráficas bidimensionales son más fáciles de representar en coor-
denadas polares que en coordenadas rectangulares. Algo semejante ocurre con las superfi-
cies en el espacio. En esta sección se estudiarán dos sistemas alternativos de coordenadas
espaciales. El primero, el sistema de coordenadas cilíndricas, es una extensión de las
coordenadas polares del plano al espacio tridimensional.

Para convertir coordenadas rectangulares en coordenadas cilíndricas (o viceversa), hay que
usar las siguientes fórmulas, basadas en las coordenadas polares, como se ilustra en la figu-
ra 11.66.

Cilíndricas a rectangulares:

Rectangulares a cilíndricas:

Al punto (0, 0, 0) se le llama el polo. Como la representación de un punto en el sistema de
coordenadas polares no es única, la representación en el sistema de las coordenadas cilín-
dricas tampoco es única.

EJEMPLO 1 Conversión de coordenadas cilíndricas 
a coordenadas rectangulares

Convertir el punto a coordenadas rectangulares.

Solución Usando las ecuaciones de conversión de cilíndricas a rectangulares se obtiene

Por tanto, en coordenadas rectangulares, el punto es co-
mo se muestra en la figura 11.67.

!x, y, z" ! !"2#3, 2, 3",
z ! 3.
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EL SISTEMA DE COORDENADAS CILÍNDRICAS

En un sistema de coordenadas cilíndricas, un punto P en el espacio se representa
por medio de una terna ordenada 

1. es una representación polar de la proyección de P en el plano xy.

2. es la distancia dirigida de a P.!r, $"z
!r, $"

!r, $, z".

sen

sen
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EJEMPLO 2 Conversión de coordenadas rectangulares
a coordenadas cilíndricas

Convertir el punto a coordenadas cilíndricas.

Solución Usar las ecuaciones de conversión de rectangulares a cilíndricas.

Hay dos posibilidades para r y una cantidad infinita de posibilidades para Como se
muestra en la figura 11.68, dos representaciones adecuadas del punto son

y en el cuadrante I.

y en el cuadrante III.

Las coordenadas cilíndricas son especialmente adecuadas para representar superficies
cilíndricas y superficies de revolución en las que el eje z sea el eje de simetría, como se
muestra en la figura 11.69.

Los planos verticales que contienen el eje z y los planos horizontales también tienen ecua-
ciones simples de coordenadas cilíndricas, como se muestra en la figura 11.70.
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Figura 11.68
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Además,

r =
√

x2 + y2 tan θ =
y

x

Ejemplo 8.1.1 Hallar las coordenadas ciĺındricas del punto cuyas coordenadas rectan-
gulares son (2,−1, 4).

Solución

La situación descrita se muestra en la Figura 8.2.

Figura 8.2: Coordenadas ciĺındricas del punto (2,−1, 4)

Las coordenadas ciĺındricas (r, θ, z) son:

r =
√

x2 + y2

r =
√

(2)2 + (−1)2

r =
√
5

tan θ =
y

x

tan θ =
−1

2

θ = tan−1

(
−1

2

)

Luego las coordenadas ciĺındricas del punto son

(√
5 , tan−1

(
−1

2

)
, 4

)
.
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Coordenadas esféricas
En el sistema de coordenadas esféricas, cada punto se representa por una terna ordena-
da: la primera coordenada es una distancia, la segunda y la tercera coordenadas son ángu-
los. Este sistema es similar al sistema de latitud-longitud que se usa para identificar pun-
tos en la superficie de la Tierra. Por ejemplo, en la figura 11.74 se muestra el punto en la
superficie de la Tierra cuya latitud es 40° Norte (respecto al ecuador) y cuya longitud es
80° Oeste (respecto al meridiano cero). Si se supone que la Tierra es esférica y tiene un
radio de 4 000 millas, este punto sería

(4 000, !80°, 50°).

Radio 80° en el sentido 50° hacia abajo 
de las manecillas del Polo Norte
del reloj, desde el

meridiano cero

La relación entre coordenadas rectangulares y esféricas se ilustra en la figura 11.75.
Para convertir de un sistema al otro, usar lo siguiente.

Esféricas a rectangulares:

Rectangulares a esféricas:

Para cambiar entre los sistemas de coordenadas cilíndricas y esféricas, usar lo siguiente.

Esféricas a cilíndricas :

Cilíndricas a esféricas :!r ≥ 0"

#r ≥ 0$

x
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Figura 11.74
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EL SISTEMA DE COORDENADAS ESFÉRICAS

En un sistema de coordenadas esféricas, un punto P en el espacio se representa
por medio de una terna ordenada 

1. es la distancia entre P y el origen,

2. es el mismo ángulo utilizado en coordenadas cilíndricas para 

3. es el ángulo entre el eje z positivo y el segmento de recta 

Hay que observar que la primera y tercera coordenadas, r y f, son no negativas.
r es la letra minúscula ro, y f es la letra griega minúscula fi.

0 ≤ # ≤ &.OP
\

,#

r ≥ 0.$

" ≥ 0."

#", $, #$.

sen sen sen

sen2
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Del triángulo OPQ obtenemos:

OQ = r senφ PQ = r cosφ

Además, en el triángulo OTQ se tiene que:

OT = OQ cos θ TQ = OQ sen θ

Luego, con x = OT , y = TQ y combinando las expresiones anteriores obtenemos:

x = OT = OQ cos θ y = TQ = OQ sen θ z = PQ = r cosφ

x = r senφ cos θ y = r senφ sen θ z = r cosφ

Se deduce además que:

r =
√

x2 + y2 + z2 θ = tan−1
(y
x

)
φ = cos−1

(
z√

x2 + y2 + z2

)

Entonces, las coordenadas esféricas del punto P (x, y, z) están dadas por P (r, θ,φ).

En muchas situaciones donde se require determinar el área de superficies o de volúmenes
limitados por éstas, puede simplificarse la aplicación de los métodos utilizados trans-
formando el problema a coordenadas esféricas o ciĺındricas. Cuando la superficie es de
revolución, lo más adecuado es realizar transformaciones a coordenadas ciĺındricas.

Ejemplo 8.2.1 Hallar las coordenadas esféricas del punto cuyas coordenadas rectan-
gulares son (

√
2,
√
2, 2

√
3).

Solución

En la Figura 8.5 se muestra la ubicación del punto dado.
Con x =

√
2, y =

√
2, z = 2

√
3 y reemplazando en las expresiones que relacionan las

coordenadas rectangulares con las esféricas, tenemos:

r =
√

(
√
2)2 + (

√
2)2 + (2

√
3)2 θ = tan−1

(√
2√
2

)
φ = cos−1

(
2
√
3√

(
√
2)2+(

√
2)2+(2

√
3)2

)

r = 4 θ =
π

4
φ =

π

6

Entonces, las coordenadas esféricas del punto (
√
2,
√
2, 2

√
3) son

(
4,

π

4
,
π

6

)
.
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Figura 8.5: Coordenadas esféricas del punto (
√
2,
√
2, 2

√
3)

Ejemplo 8.2.2 Hallar las coordenadas rectangulares del punto cuyas coordenadas esféri-

cas son

(
3,

2π

3
,
3π

4

)
.

Solución

En la Figura 8.6 se muestra la situación dada.

Sabiendo que r = 3, θ =
2π

3
y φ =

3π

4
obtenemos:

x = r senφ cos θ y = r senφ sen θ z = r cosφ

x = 3 sen

(
3π

4

)
cos

(
2π

3

)
y = 3 sen

(
3π

4

)
sen

(
2π

3

)
z = 3 cos

(
3π

4

)

x = −3
√
2

4
y =

3
√
6

4
z = −3

√
2

2

Las coordenadas rectangulares del punto dado en coordenadas esféricas

(
3,

2π

3
,
3π

4

)

son

(
−3

√
2

4
,
3
√
6

4
,−3

√
2

2

)
.
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Figura 8.5: Coordenadas esféricas del punto (
√
2,
√
2, 2

√
3)

Ejemplo 8.2.2 Hallar las coordenadas rectangulares del punto cuyas coordenadas esféri-

cas son

(
3,

2π

3
,
3π

4

)
.

Solución

En la Figura 8.6 se muestra la situación dada.

Sabiendo que r = 3, θ =
2π

3
y φ =

3π

4
obtenemos:

x = r senφ cos θ y = r senφ sen θ z = r cosφ

x = 3 sen

(
3π

4

)
cos

(
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3

)
y = 3 sen
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√
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Las coordenadas rectangulares del punto dado en coordenadas esféricas
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Figura 8.6: Coordenadas rectangulares del punto

(
3,

2π

3
,
3π

4

)

Ejercicios Sección 8.2.1

1. Transformar cada expresión dada de coordenadas cartesianas a coordenadas esféri-
cas.

a) (2,−2, 0)

b)
(

5
2 ,

5
2 ,

−5
√
2

2

)

c) 5x2 − 5y2 = 4z

d) (−
√
6,−

√
2,−2

√
2)

e) x2 + y2 − 4z2 = 16

2. Transformar cada expresión dada de coordenadas esféricas a coordenadas carte-
sianas.

a) r = 2 senφ cos θ

b) r cosφ = 4

c)
(
2, π2 ,

π
6

)

d)
(
5, 3π2 ,

π
3

)

e)
(
3, π3 ,

3π
4

)
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En los ejercicios 1 a 6, convertir las coordenadas cilíndricas del
punto en coordenadas rectangulares.

En los ejercicios 7 a 12, convertir las coordenadas rectangulares
del punto en coordenadas cilíndricas.

En los ejercicios 13 a 20, hallar una ecuación en coordenadas
cilíndricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 21 a 28, hallar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas cilíndricas y
dibujar su gráfica.

En los ejercicios 29 a 34, convertir las coordenadas rectangulares
del punto en coordenadas esféricas.

En los ejercicios 35 a 40, convertir las coordenadas esféricas del
punto en coordenadas rectangulares.

En los ejercicios 41 a 48, hallar una ecuación en coordenadas
esféricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 49 a 56, encontrar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas esféricas y
dibujar su gráfica.

En los ejercicios 57 a 64, convertir las coordenadas cilíndricas
del punto en coordenadas esféricas.

En los ejercicios 65 a 72, convertir las coordenadas esféricas del
punto en coordenadas cilíndricas.

En los ejercicios 73 a 88, usar un sistema algebraico por compu-
tadora o una herramienta de graficación para convertir las coor-
denadas del punto de un sistema a otro, entre los sistemas de
coordenadas rectangulares, cilíndricas y esféricas.

11.7 Ejercicios

1. 2.
3. 4.
5. 6. 0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5

7. 8.
9. 10.

11. 12.

I E i 13 20 fi d i i li d i l di

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
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75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
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86.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5
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5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2
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20, 2 3, 4

10, 0.75, 6
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4, 6, 3
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5
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5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2
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20, 2 3, 4

10, 0.75, 6

5, 9, 8
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4 csc  sec csc 

2 sec 4 cos 
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3
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5 2, 4 3, 3 2
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26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5

1053714_1107 . q x p   10 / 27 / 08   10 : 41  AM   Pa g e  827

11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
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79.
80.
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84.
85.
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87.
88. 8, 6, 
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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SECCIÓN 11.7 Coordenadas cilíndricas y esféricas 827

En los ejercicios 1 a 6, convertir las coordenadas cilíndricas del
punto en coordenadas rectangulares.

En los ejercicios 7 a 12, convertir las coordenadas rectangulares
del punto en coordenadas cilíndricas.

En los ejercicios 13 a 20, hallar una ecuación en coordenadas
cilíndricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 21 a 28, hallar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas cilíndricas y
dibujar su gráfica.

En los ejercicios 29 a 34, convertir las coordenadas rectangulares
del punto en coordenadas esféricas.

En los ejercicios 35 a 40, convertir las coordenadas esféricas del
punto en coordenadas rectangulares.

En los ejercicios 41 a 48, hallar una ecuación en coordenadas
esféricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 49 a 56, encontrar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas esféricas y
dibujar su gráfica.

En los ejercicios 57 a 64, convertir las coordenadas cilíndricas
del punto en coordenadas esféricas.

En los ejercicios 65 a 72, convertir las coordenadas esféricas del
punto en coordenadas cilíndricas.

En los ejercicios 73 a 88, usar un sistema algebraico por compu-
tadora o una herramienta de graficación para convertir las coor-
denadas del punto de un sistema a otro, entre los sistemas de
coordenadas rectangulares, cilíndricas y esféricas.

11.7 Ejercicios

1. 2.
3. 4.
5. 6. 0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5

7. 8.
9. 10.

11. 12.

I E i 13 20 fi d i i li d i l di

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 
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x2 y2 3z2 0x2 y2 z2 49
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6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26

3
4
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x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26
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9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3
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4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3
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2, , 47, 0, 5
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26
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r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3
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x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4
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2, , 47, 0, 5

1053714_1107 . q x p   10 / 27 / 08   10 : 41  AM   Pa g e  827

11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 
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x2 y2 z2 3z 0y2 10 z2
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x 9z 4
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 
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r 1
2z6

z 2r 3
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 
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r 1
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 

26
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x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4

9, 4, 12, 4, 0

12, 3 4, 94, 6, 4

1, 2, 13, 1, 2 3

2, 2, 4 22, 2 3, 4

4, 0, 04, 0, 0

r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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SECCIÓN 11.7 Coordenadas cilíndricas y esféricas 827

En los ejercicios 1 a 6, convertir las coordenadas cilíndricas del
punto en coordenadas rectangulares.

En los ejercicios 7 a 12, convertir las coordenadas rectangulares
del punto en coordenadas cilíndricas.

En los ejercicios 13 a 20, hallar una ecuación en coordenadas
cilíndricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 21 a 28, hallar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas cilíndricas y
dibujar su gráfica.

En los ejercicios 29 a 34, convertir las coordenadas rectangulares
del punto en coordenadas esféricas.

En los ejercicios 35 a 40, convertir las coordenadas esféricas del
punto en coordenadas rectangulares.

En los ejercicios 41 a 48, hallar una ecuación en coordenadas
esféricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 49 a 56, encontrar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas esféricas y
dibujar su gráfica.

En los ejercicios 57 a 64, convertir las coordenadas cilíndricas
del punto en coordenadas esféricas.

En los ejercicios 65 a 72, convertir las coordenadas esféricas del
punto en coordenadas cilíndricas.

En los ejercicios 73 a 88, usar un sistema algebraico por compu-
tadora o una herramienta de graficación para convertir las coor-
denadas del punto de un sistema a otro, entre los sistemas de
coordenadas rectangulares, cilíndricas y esféricas.

11.7 Ejercicios

1. 2.
3. 4.
5. 6. 0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5

7. 8.
9. 10.

11. 12.

I E i 13 20 fi d i i li d i l di

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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4 csc  sec csc 

2 sec 4 cos 

26

3
4

5

x2 y2 z2 9z 0x2 y2 2z2

x 13x2 y2 16

x2 y2 3z2 0x2 y2 z2 49

z 6y 2

6, , 25, 4, 3 4
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2z6
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3
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3.5, 2.5, 6
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3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1
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4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6
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5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
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80.
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10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
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76.
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80.
81.
82.
83.
84.
85.
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87.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3
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5 2, 4 3, 3 2
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3, 4, 04, 4, 0
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2 sec 4 cos 
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
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88. 8, 6, 
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.
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88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4
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x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6

5, 5 6, 6, 6, 3

18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6

2, 2 3, 24, 2, 4

3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 
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r 2 cos r 2 sen 

z r2 cos2 r2 z2 5

r 1
2z6

z 2r 3

x2 y2 z2 3z 0y2 10 z2

x2 y2 8xy x2

z x2 y2 11x2 y2 z2 17

x 9z 4

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5
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SECCIÓN 11.7 Coordenadas cilíndricas y esféricas 827

En los ejercicios 1 a 6, convertir las coordenadas cilíndricas del
punto en coordenadas rectangulares.

En los ejercicios 7 a 12, convertir las coordenadas rectangulares
del punto en coordenadas cilíndricas.

En los ejercicios 13 a 20, hallar una ecuación en coordenadas
cilíndricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 21 a 28, hallar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas cilíndricas y
dibujar su gráfica.

En los ejercicios 29 a 34, convertir las coordenadas rectangulares
del punto en coordenadas esféricas.

En los ejercicios 35 a 40, convertir las coordenadas esféricas del
punto en coordenadas rectangulares.

En los ejercicios 41 a 48, hallar una ecuación en coordenadas
esféricas de la ecuación dada en coordenadas rectangulares.

En los ejercicios 49 a 56, encontrar una ecuación en coordenadas
rectangulares de la ecuación dada en coordenadas esféricas y
dibujar su gráfica.

En los ejercicios 57 a 64, convertir las coordenadas cilíndricas
del punto en coordenadas esféricas.

En los ejercicios 65 a 72, convertir las coordenadas esféricas del
punto en coordenadas cilíndricas.

En los ejercicios 73 a 88, usar un sistema algebraico por compu-
tadora o una herramienta de graficación para convertir las coor-
denadas del punto de un sistema a otro, entre los sistemas de
coordenadas rectangulares, cilíndricas y esféricas.

11.7 Ejercicios

1. 2.
3. 4.
5. 6. 0.5, 4 3, 84, 7 6, 3

6, 4, 23, 4, 1

2, , 47, 0, 5

7. 8.
9. 10.

11. 12.

I E i 13 20 fi d i i li d i l di

2 3, 2, 61, 3, 4

3, 3, 72, 2, 4

2 2, 2 2, 40, 5, 1

Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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4 csc  sec csc 

2 sec 4 cos 
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r 2 cos r 2 sen 
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r 1
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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18, 3, 336, , 2

4, 18, 210, 6, 2
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3, 4, 04, 4, 0

4 csc  sec csc 

2 sec 4 cos 
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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4, 18, 210, 6, 2
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4 csc  sec csc 

2 sec 4 cos 
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3
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0, 5, 4

5 2, 4 3, 3 2
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3, 2, 2
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20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        

7, 4, 3 48, 7 6, 6
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18, 3, 336, , 2

4, 18, 210, 6, 2

4, 2, 312, , 5

4, 3, 44, 6, 6
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.
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47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.
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53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.
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59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
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87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4
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5, 9, 8

6, 2, 3

4, 6, 3

Esféricas            Cilíndricas      Rectangulares        
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.
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59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
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76.
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78.
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80.
81.
82.
83.
84.
85.
86.
87.
88. 8, 6, 
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3.5, 2.5, 6
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5 2, 4 3, 3 2
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3, 2, 2
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20, 2 3, 4
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6, 2, 3

4, 6, 3
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11.7 Cylindrical and Spherical Coordinates 827

11.7 Exercises See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

CAS

In Exercises 1–6, convert the point from cylindrical coordinates
to rectangular coordinates.

1. 2.
3. 4.
5. 6.

In Exercises 7–12, convert the point from rectangular coordinates
to cylindrical coordinates.

7. 8.
9. 10.

11. 12.

In Exercises 13–20, find an equation in cylindrical coordinates
for the equation given in rectangular coordinates.

13. 14.
15. 16.
17. 18.
19. 20.

In Exercises 21–28, find an equation in rectangular coordinates
for the equation given in cylindrical coordinates, and sketch its
graph.

21. 22.
23. 24.
25. 26.
27. 28.

In Exercises 29–34, convert the point from rectangular coordinates
to spherical coordinates.

29. 30.
31. 32.
33. 34.

In Exercises 35– 40, convert the point from spherical coordinates
to rectangular coordinates.

35. 36.
37. 38.
39. 40.

In Exercises 41–48, find an equation in spherical coordinates
for the equation given in rectangular coordinates.

41. 42.
43. 44.
45. 46.
47. 48.

In Exercises 49–56, find an equation in rectangular coordinates
for the equation given in spherical coordinates, and sketch its
graph.

49. 50.

51. 52.

53. 54.
55. 56.

In Exercises 57–64, convert the point from cylindrical coordinates
to spherical coordinates.

57. 58.
59. 60.
61. 62.
63. 64.

In Exercises 65–72, convert the point from spherical coordinates
to cylindrical coordinates.

65. 66.
67. 68.
69. 70.
71. 72.

In Exercises 73–88, use a computer algebra system or graphing
utility to convert the point from one system to another among
the rectangular, cylindrical, and spherical coordinate systems.

73.
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75.
76.
77.
78.
79.
80.
81.
82.
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84.
85.
86.
87.
88. 8, 6, 

3, 3 4, 3

8.25, 1.3, 4

3.5, 2.5, 6

2, 11 6, 3

5, 3 4, 5

0, 5, 4

5 2, 4 3, 3 2

3 2, 3 2, 3

3, 2, 2

7.5, 0.25, 1

20, 2 3, 4

10, 0.75, 6

5, 9, 8

6, 2, 3

4, 6, 3
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