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Topics: quadric surfaces, cylindrical and spherical coordinates

1. The trace of a surface S in a plane P is the intersection of S and P. Sketch several traces of a
sphere in horizontal planes. What kinds of shapes are these traces?

2. Find the equation of an infinite cylinder in R3 with radius 2 and whose axis is the z-axis.

3. (Example 6 in 12.7 in E&P) Write the equation of the ellipsoid of revolution obtained by revolv-
ing 4y2 + z2 = 4 around the z-axis.

4. An ellipsoid is a surface with equation
x2

a2 +
y2

b2 +
z2

c2 = 1. What kind of curves are the traces of
an ellipse with a plane perpendicular to a coordinate axis?



5. Sketch
z
c
=

x2

a2 +
y2

b2 , where a = b = c = 1. This is called an elliptic paraboloid.

6. Sketch
z2

c2 =
x2

a2 +
y2

b2 , where a = b = c = 1. This is called an elliptic cone.

7. Sketch the graphs of x2 + y2 − z2 = 1 and x2 + y2 − z2 = −1. These are called hyperboloids.

8. Sketch the graph of z = y2 − x2. This is called a hyperbolic paraboloid.



9. Points in R3 can be identified by distance r from the z-axis, angle θ of the projection of the
point to the xy-plane with respect to the positive x-axis, and distance z from the xy-plane. We
call (r, θ, z) the cylindrical coordinates of a point. Find the Cartesian coordinates of the point having
cylindrical coordinates (4, 5π/3, 7).

10. Write the equation of the unit sphere centered at the origin in cylindrical coordinates.

11. Another way to specify the location of a point in R3 is to give the distance ρ to the origin
as well as the angles θ and φ as shown in the figure below. Use to figure to derive equations to
translate from spherical coordinates to Cartesian coordinates and vice versa.



12. Determine the graph of the spherical-coordinate equation ρ = 2 cosφ.

13. Determine the graph of ρ = sinφ sin θ.

14. Sketch the set of points satisfying 1 < ρ < 2 and φ < π/4.

15. (Challenge problem, #51 on page 847 in E&P) Suppose that a tetrahedron in space has a solid
right angle at one vertex (like the corner of a cube). Suppose that A is the area of the face opposite
the solid right angle and B, C, and D are the areas of the other three faces. Show that A2 =
B2 + C2 + D2.


