
Douglass Houghton Workshop, Section 1, Wed 11/30/16

Worksheet Now is the Winter of our Discontent

1. Shortest Network. Last time we showed that a

V

-shaped network can be improved
if and only if the vertex angle is less than 120◦.

(b) Prove that the network to the right is NOT minimizing.
You don’t need to find the optimal network, just prove
that this one can be improved. Hint: consider the portion
of the network that is inside the circle.

(c) What allowed that trick to work? Phrase your answer
like this: “Any network which contains can be
improved.”

(d) Put it all together, and explain where the soap puts the
roundabout.
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2. (Adapted from a Fall, 2005 Math 115 Final Exam) This holiday season Austin is
expecting a large bounty of new Star Wars action figures to be under the tree at his
house, given that a new movie is coming out. The action figures need to be delivered
by Santa, but the Grinch is attempting to arrive first and steal the presents before
Austin wakes up.

Assume that Santa is directly North of the house (there-
fore traveling due South) while The Grinch is directly
East of the house (traveling due West). Assume that
both Santa and the Grinch are flying at the same alti-
tude. Santa is moving at 30 miles per hour, and the
Grinch is going 28 miles per hour. How fast is the dis-
tance between them changing when Santa is 120 miles
from Austin’s house and the Grinch is 160 miles from
the house?
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3. Suppose we are carrying a ladder down a hall-
way, 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? Let’s
assume the ladder has length 1. In the picture,
the gray area is the hallway and the fine lines
are the ladder in different positions.

(a) Suppose the base of the ladder is at the
point (u, 0). Where on the y-axis is the top
of the ladder? Draw a picture!

(b) Suppose you are standing at (x, 0) and
looking north (up the page). If x < u, how
far away do you see the ladder?
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To be continued. . .



4. (This problem appeared on the Winter, 2005 Math 115 Final Exam) In a certain
episode of The Simpsons, Homer needs to deliver Lisa’s homework to her at school,
and he must do so before Principal Skinner arrives. Suppose Homer starts from the
Simpson home in his car and travels with velocity given by the figure below. Suppose
that Principal Skinner passes the Simpson home on his bicycle 2 minutes after Homer
has left, following him to the school. Principal Skinner is able to sail through all the
traffic and travels with constant velocity 10 miles per hour.

t (minutes)

v (miles/hr)
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(a) How far does Homer travel during the 10 minutes shown in the graph?

(b) What is the average of Homers velocity during the 10 minute drive?

(c) At what time, t > 0, is Homer the greatest distance ahead of Principal Skinner?

(d) Does Principal Skinner overtake Homer, and if so, when? Explain.

(e) If Skinner continues at 10 mph, and if Homer’s velocity continues to decrease at
a constant rate, then how long does it take for Homer and Skinner to meet?

5. (From the Winter, 2007 Math 115 Final Exam) Suppose that f and g are continuous
functions with ∫

2

0

f(x) dx = 5 and
∫

2

0

g(x) dx = 13.

Compute the following. If the computation cannot be made because something is
missing, explain clearly what is missing.

(a)
∫

6

4

f(x− 4) dx

(b)
∫

0

−2

2g(−t) dt

(c)
∫

0

2

(f(y) + 2) dy

(d)
∫

2

2

g(x) dx

(e) Suppose that f is an even function. Find the average value of f from −2 to 2.

6. (Adapted from a Fall, 2004 Math 115 final) You spend New Year’s Day eating apple pie
while watching football on TV. The rate at which you eat pie is given by the function
r(t) where t is measured in hours and r(t) is in liters/hour. Suppose t = 0 corresponds
to 10 am.

(a) Write a definite integral that represents the total amount of pie you consume
between noon and 10 pm.

(b) If your rate of pie eating is given by r(t) = e−t+1, use a left hand sum with three
(3) subdivisions to estimate the amount of pie you eat in the first four hours of
her binge.

(c) Should your estimate in part (b) be an underestimate or an overestimate? Explain.


