[image: image1.jpg]Question 1. (12 points total)
Consider three vectors: a = <2, 0, 0}, b= <1, 3i 1) and ¢ = (2, 2, 2>

(@) (2 points) Find the angle between vectors a and b (your answer can have a cos™! in it).
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(b) (2 points) Compute axb
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(¢) (2 points) What is (3a + 2b) - (ax 2b)? (think about it before you jump in to compute it)
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Question 1 continued
(d) (2 points) Find an equation for the plane that contains the two lines r,(f) =ta and r, (1) =1b.
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(¢) (4 points) Vector ¢ can be written as the sum of two vectors v and w such that v is a vector parallel
to the plane found in part (d), and w is orthogonal to this plane. Find vectors v and w.
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[image: image3.jpg]Question 2 (9 points total) Circle the correct answer for each of the following.

(a) (3 points) The level curves plotted at right could belong to which of the following functions?
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() (3 points) The level curves plotted at right could belong to which of the following functions?

© f,y)=y"—4x

@ f(x,y)=4y +4x°
© fxy)=4x"-)’
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(c) (3 points) The level curves plotted at right could belong to which of the following functions?
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[image: image4.jpg]Question 3. (12 points total)

Find the equation of the plane that contains the origin and that is tangent to the space curve given by
the vector function r(¢) = <sin(m ) s cos(n't)> at r(1).
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[image: image5.jpg]Question 4. (15 points total)

Two point particles, p; and p,, are moving through space. The particles move along trajectories given
by vector functions ry(¥) and ry(?), respectively, where ¢ measures time in seconds. At time ¢ =0, the
first particle is located at (0,-2,-2) and the second particle is at (0, 4, 10).

The velocity of the first particle, p1, is given as rH= (2t, 2; 4> and the velocity of the second
particle is given as r'y(f) = (2,—1,—2) . :

(a) (2 points) Is there a time at which the two particles are moving in parallel directions? If so find
that time or times, if not, explain why not (just consider times with > 0).
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(b) (3 points) Is there a time at which one of the particles is moving at twice the speed of the other
particle (where speed just means the length of the velocity vector)? If so, find that time or times, if
not, explain why not (again, just consider times with > 0).
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(c) (4 points) Determine the trajectories of p; and p,, i.e. determine the vector functions ri(t) and ry(t).
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[image: image6.jpg]Question 4 continued

(d) (2 points) The trajectories of p; and p; are such that the particles quickly collide. Compute the
time at which they collide and the point in space of the collision.
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(e) (4 points) Determine the distance that the second particle has traveled from when it started, when
time ¢ = 0, until the moment of the particles' collision. Note, if you didn't answer part (d) to find
the time of the collision, then you can still answer part (), just use "T" in your answer to stand for
the time of the collision instead of a number.
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[image: image7.jpg]Question 5. (12 points total)

(a) (8 points) Consider the intersection of the surfaces 4z + y* =1 and $x* + y?=1+2%. Finda

vector function that represents that part of the intersection that occurs in the first octant (i.e. where
x,9,z20). Be sure to indicate the correct limits for the parameter in your vector function so that
the vector function just traces out the intersection in the first octant.
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(b) (2 points) Write down another vector function that traces out the same part of the intersection
given in part (2) (i.e. a reparametrization of the intersection in the first octant).
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(¢) (2 points) If the complete intersection of the two surfaces described in part (a) was projected onto

the xy-coordinate plane, what shape would its image be (i.e. not just the part in the first octant, but
the whole intersection)?
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[image: image8.jpg]Question 6. (12 points total)

Competitive divers will only be awarded perfect scores for their dives if they enter the water
perpendicularly to the water's surface (to minimize the splash upon entry). Consider a Math 21a diver

who dives into a pool where the water's wavy surface, £, is given by the equation z = x> —3xy’. The
decidely unusual path the diver takes while diving into the water is given by the vector function

r(t) = (2 +sin(5¢), 1+In(z+1), 2 cos(t)) ; ‘
The diver hits the water's surface (i.e. S) exactly when ¢ = 0.

(a) (4 points) Write an equation for the tangent plane to the surface, S, at the point of at which the
diver contacts the water.
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(b) (4 points) Give parametric equations for the line tangent to the diver's path at the point of impact.
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[image: image9.jpg]Question 6 continued

(c) (4 points) Is it possible for the diver to receive a perfect score for the dive? Determine whether the
diver does indeed enter the water at a 90 degree angle (in relation to the tangent plane of S at the
point of impact). ‘
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[image: image10.jpg]Question 7. (16 points total)

(a) (9 points) Consider the graph of z=35 »? in the yz-plane. When this graph is rotated around the z-
axis it creates a surface of revolution. Write an equation for this surface in the following three
coordinate systems:
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[image: image11.jpg]Question 7 continued

(b) (3 points) Find a parametric representation for the surface given in part (a)
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(¢) (4 points) Consider two surfaces, one whose equation in cylindrical coordinates is given as
z? = 3r? and one whose equation in spherical coordinates is given as V3(sing) = cos¢ . Are these
two surfaces the same? Be sure to explain your answer carefully.
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[image: image12.jpg]Question 8. (12 points total, 2 points each)

Surfaces, surfaces, surfaces... Match the following surfaces with either an appropriate parametrization
or an equation of the form z = f(x, ) (and yes, we've been polite and made everything match up).
Write the number of the appropriate surface next to the correct equation - no explanations necessary.
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