1. (14 pts) For ALL parts below, consider the plane, P, through A(0,0,1), B(1,1,3), and C(-1,2,4).

(a) To the nearest degree, find the angle at A in the triangle BAC.
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(b) Find the (z,y, z) point where P intersects the y-axis. (Hint: Find the equation for the plane).
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(c) A particle starts at the point (70,0,1) and moves toward the plane along a straight line that
is orthogonal to the plane. At what point, (z,y, z), would this line intersect the plane?
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2. (12 pts)

(a) Consider the surface containing all points that satisfy 22 + 22 = 16 + y2.

i. Give the 2D names for the traces when the given variable is a constant k:
e For z = k, the traces are: _BYPEa g AS
e Lor y = k, the traces are: ClrzeLes

ii. Using the precise name from class, give the 3D name of this shape.

KYPerrorete oF oOwmc SHeeT

iii. A particle is traveling on the surface z* + z2 = 16 + ¢* in such a way that y is negative,
x = 5cos(t) and z = 5sin(¢) and for all times £. Find the value, or founuia for the

y-coordinate of the particle at all t1mos t.
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(b) Consider the curve given by the polar equation r = 6 cos(#).

i. Convert to Cartesian coordinates, then draw a rough sketch of it in the zy-plane with
several points labeled. (Hint: It is a shape you know well).
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ii. There are two Cartesian points on this graph where the tangent lines are horizontal.
Find polar coordinates (r,8) for these points. (Hint: You can use the graph.).
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3. (13 pts) For ALL parts on this page, two particles travel along curves given by
ri(t) = (2t,3t%,2t>) and ra(t) = (2 — 2t,3+ 3¢, 2 — 61),
where ¢ is time in seconds and distances are in feet.

(a) Find a vector that is tangent to ry(t) at t = 1 and has length 10.
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_ (b) Consider ry(t) which starts at (2,3,2). R

t
1. Find and simplify the arc length function, s = s(t) = f |y (u) |du.
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ii. The particle stops at the instant it has traveled 28 feet from its starting location, Give
its (z,y, z) coordinates at this instant.
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(c) Find the (z,y, z) point(s) at which the paths of the two particles intersect. (This is NOT a
collision question). ‘
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4. (10 pts) NOTE: The two parts below are NOT related!

(a) Find all values of ¢ at which the tangent line to the curve z = 8 — 3, y = 42t — 1042 is

orthogonal to the vector (2, —3).
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(b) A small bug is moving according to the vector function
r(t) = {tsin(nt), In(t), 2 — 4e2~2),

At time ¢t = 1 the bﬁg leaves the curve and follows the path of the tangent line. Find the
(z,y, z) coordinates where the bug’s tangent line path would intersect the zy-plane
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