
Douglass Houghton Workshop, Section 1, Wed 12/06/17

Worksheet Panda Bear
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1. We are carrying a ladder of length 1 down a hallway, and
then turning it to get around a corner, always keeping the
ends of the ladder against the walls. The question is: Which
points on the floor does the ladder pass over?
Last time we found that if 0 ≤ x ≤ u ≤ 1 and the base of
the ladder is at (u, 0), then the distance from (x, 0) north to
the ladder is

y =
u− x

u

√
1− u2.

(a) What value of u maximizes y? (Keep x fixed!)

(b) So for a fixed x, what is the maximum value of y, as the ladder moves?

(c) You have found a formula for the curve at the top of the region we want. Simplify
until it’s beautiful. (This is the best part, so don’t stop until it’s truly wondrous.)

2. Brooke and Julia are performing a rou-
tine in a STUNT cheerleading competition.
They are both thrown straight up into the
air from positions 15 feet apart, and they
hold a slinky between them.

(a) How fast is the slinky expanding when
Julia is 13.96 feet above the ground
and rising at 1.6 ft/sec, while Brooke
is 7 feet above the ground and falling
at 14 ft/sec?

(b) Brooke is thrown upward with an initial velocity of 18 ft/sec at time 0, and Julia
is thrown .3 seconds later with initial velocity 24 ft/sec. Both start 5 feet above
the ground and are subject to the acceleration of gravity, which is −32 ft/sec2.
Find formulas for their heights at time t.

(c) Find the maximum and minimum length of the slinky between the time Julia lifts
off to the time Brooke is caught by her teammates.

3. (Winter, 2010) Suppose that the standard price of a round-trip plane ticket from
Detroit to Paris, purchased t days after April 30, is P (t) dollars. Assume that P is an
invertible function (even though this is not always the case in real life). In the context
of this problem, give a practical interpretation for each of the following:



(a) P ′(2) = 55

(b)
∫

10

5

P ′(t) dt

(c) P−1(690)

(d)
1

5

∫

10

5

P (t) dt

4. Sam is running sprints in Crisler Center. She begins in the middle of the “M” at the
center of the court and runs north and south. Her velocity, in meters per second, for
the first 9 seconds is v(t) = t sin(π

3
t), where t is the number of seconds since she started

running. She is running north when v(t) is positive and south when v(t) is negative.

(a) Show that f(t) =
9
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t
)

−
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π
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is an antiderivative of v(t).

(b) Where on the court is Sam after 9 seconds?

(c) What is the total distance traveled by Sam in 9 seconds?

5. (This problem appeared on the Winter, 2015 Math 115 Final Exam) For nonzero
constants a and b with b > 0, consider the family of functions given by

f(x) = eax − bx.

(a) Suppose the values of a and b are such that f(x) has at least one critical point.
For the domain (−∞,∞), find all critical points of f(x), all values of x at which
f(x) has a local extremum, and all values of x at which f(x) has an inflection
point. (Note that your answer(s) may include the constants a and/or b.)

(b) Which of the following conditions on the constant a guarantee(s) that f(x) has
at least one critical point in its domain (−∞,∞)?

(i) a < 0 (ii) 0 < a < b (iii) b < a

(c) Find exact values of a and b so that f(x) has a critical point at (1, 0).

6. (Fall 2008) This problem was a smörg̊asbord:

(a) If f(x) is even and
∫

2

−2

(f(−x)− 3) dx = 8, find
∫

2

0

f(x) dx.

(b) The average value of the function g(x) = 10/x2 on the interval [c, 2] is equal to 5.
Find the value of c.

(c) If people are buying UMAir Flight 123 tickets at a rate of R(t) tickets/hour (where
t is measured in hours since noon on December 15, 2008), explain in words what
∫

27

3

R(t) dt means in this context.

(d) Suppose that the function N = f(t) represents the total number of students who
have turned in this exam t minutes after the beginning of the exam. Interpret
(f−1)′(325) = 2.

(e) Find k so that the function h(x) below is continuous for all x.

h(x) =

{

x2 − 1 if x ≤ 1
6 sin(π(x− 0.5)) + k if x > 1


