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. Given f(z) = 1, find FA00) ().

. A windup penguin moves along the z-axis with acceleration given by a(t) = 2t — 2
units per second. At ¢t = 1 second, the penguin is moving left with a speed of 4 units
per second. What is the total distance the penguin travels in the first four seconds
(t=0tot=4)?

. Let f(z) = (z — 1)(z — 2)(z — 3)%(z — 4)(z — 5)(z — 6). Find £"(3) — f'(3) + £(3).

. Evaluate
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. Consider a function f : R — R. Given that f(0) =0, %mé = 7,and f(z+y) =
%
f(z) + f(y) + 3zy for all z,y € R, what is f(7)?
. Four cities—Athens, Berlin, Cupertino, and Denver—lie at the corners of a square with

sides 100 miles long. They want to build a road system that links all 4 cities such
that one can drive from one city to any other city (although possibly not directly.

Building roads costs $1 million per mile. They have determined that the cheapest
system will be of the form
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where the roads are all line segments inside the square. The two triangles in the figure
are isosceles. How much does the cheapest possible road system cost? (A radical in
your answer is okay.)

. A group of college students gets together to write math questions while eating cake.
Teena eats at a rate of ¢(t) pieces of cake per hour and writes at a rate of ¢(¢)
questions per hour. The faster Teena eats cake, the less she wants to eat, so ¢'(t) =
—c(t). However, as she eats, she gets sleepy and writes questions more slowly, so
q'(t) = —3c(t).

When the question writing session begins (at ¢ = 0), Teena is writing 7 questions
per hour and eating 2 pieces of cake per hour. But if she ever writes questions more
slowly than 2 per hour, she gets kicked out. The question writing session lasts for 24
hours and thus ends at ¢t = 24. Does Teena get kicked out of the question writing
session before it ends? And if so, when?



8.

10.

An hourglass (a shape composed of two cones of the same size joined at the apex
oriented so that the hourglass sits on one of the cones’ base) has a maximal radius of
12 inches and a total height of 10 inches. The sand inside occupies one-fourth of the
total volume of the hourglass, and it takes one minute for all the sand to drop from
the top cone to the bottom one (the hourglass is a one minute timer). Assuming the
sand falls at a constant rate, what is the rate of change in the height of the sand in
the bottom cone 15 seconds before the timer runs out? Assume the surface of the
sand in the bottom cone is always flat.

Let s > 0. Consider straight lines drawn from (0,7) to (s —r,0) for all 0 <r < s. We
define f(x) as the maximum y-value that any of these lines take on at z. Find f(z)
for0 <z <s.

Sammy the Owl is making a one-eyed Jack’o’Lantern. He buys a perfectly spherical
pumpkin of radius 1 foot. He first carves out the inside so that the inner radius is 10
inches. Then, using a cylindrical drill bit of radius 1, he drills a circular hole for the
eye. The hole is perfectly straight, with the tip of the drill bit aimed radially inward.
What is the total volume in cubic inches of pumpkin that he has removed?



