
MATH 2203 �Exam 1 (Version 2) Solutions
January 30, 2006

S. F. Ellermeyer Name

Instructions. Your work on this exam will be graded according to two criteria: mathe-
matical correctness and clarity of presentation. In other words, you must know what
you are doing (mathematically) and you must also express yourself clearly. In particular,
write answers to questions using correct notation and using complete sentences where
appropriate. Also, you must supply su¢ cient detail in your solutions (relevant calculations,
written explanations of why you are doing these calculations, etc.). It is not su¢ cient to just
write down an �answer�with no explanation of how you arrived at that answer. As a rule
of thumb, the harder that I have to work to interpret what you are trying to say, the less
credit you will get. You may use your calculator but you may not use any books or notes.

1. Find an equation for the sphere that passes through the origin and whose center is at
the point (1; 2; 3).

Solution: The square of the radius of this sphere is

(1� 0)2 + (2� 0)2 + (3� 0)2 = 14

so the equation of this sphere is

(x� 1)2 + (y � 2)2 + (z � 3)2 = 14.

2. Find the vector that points in the opposite direction of the vector v = 3i� 4j� k and
has twice the length of v.

Solution: Based on our knowledge of the e¤ect of multiplying vectors by scalars, the
vector being asked for here is

�2v = �6i+ 8j+ 2k

3. The vectors
a = i� j+ 2k

and
b = 2i� k

are (circle the correct choice)

(a) parallel to each other.

(b) perpendicular to each other.

(c) neither parallel nor perpendicular to each other.

Explain the reason for your answer. (Write in sentence form and include any
relevant calculations in your explanation.)

Answer: Recall that
a � b = jaj jbj cos (�)
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where � is the angle between a and b (0� � � � 180�). If a and b are parallel to
each other, then either � = 0 (in which case a � b = jaj jbj) or � = 180� (in which case
a � b = � jaj jbj). If a and b are perpendicular to each other, then � = 90� (in which
case a � b =0).
Since

a � b = (1) (2) + (�1) (0) + (2) (�1) = 0,
we see that a and b are perpendicular to each other.

4. For a = i � 2k and b = j + k, compute a � b. (Please write this computation very
carefully. Correct use of notation counts.)

Solution:

a� b=(i� 2k)� (j+ k)
= i� j+ i� k� 2 (k� j)� 2 (k� k)
= k� j� 2 (�i)� 2 (0)
= 2i� j+ k.

5. (a) Find parametric and/or symmetric equations for the line, L1, that passes through
the point (0; 2;�1) and is parallel to the line, L2, with parametric equations

x = 2t

y = 1

z = 5� 7t
�1 < t <1

(b) Find the point of intersection of L1 with the xy plane.

Solution: Since L1 is parallel to L2, then the vector h2; 0;�7i, which is a direction
vector of L2, is also a direction vector of L1. From this fact, we see that parametric
equations for L1 are

x = 2t

y = 2

z = �1� 7t
�1 < t <1

and symmetric equations for L1 are

x

2
=
z + 1

�7
y = 2.

In order to �nd where L1 intersects the xy plane, we set z = 0. This gives us

x

2
=

1

�7
or x = �2=7. We see that the point of intersection is (�2=7; 2; 0).
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6. Consider the equation (given in rectangular coordinates):

z2 = x2 + y2.

(a) The surface described by the above equation is (circle the correct choice)

1. an ellipsoid.
2. a cone.
3. an elliptic paraboloid.
4. an hyperboloid of one sheet.
5. a hyperbolic paraboloid.
6. an hyperboloid of two sheets.

(b) Write the equation for this surface in cylindrical coordinates.

(c) Write the equation for this surface in spherical coordinates.
Solution: The surface is a cone. Its graph is shown below.

In cylindrical coordinates, the equation of this surface is

z2 = (r cos (�))2 + (r sin (�))2

or
z2 = r2

or
z = �r.

Note: If we allow r to have negative values, then it would also be okay to simply
write z = r for the equation of the cone.
In spherical coordinates, the equation of this surface is

(� cos (�))2 = (� cos (�) sin (�))2 + (� sin (�) sin (�))2

or
�2 cos2 (�) = �2 cos2 (�) sin2 (�) + �2 sin2 (�) sin2 (�)
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or
cos2 (�) = sin2 (�)

or
tan2 (�) = 1

or
tan (�) = �1

or
� =

�

4
or � =

3�

4
.
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