
Douglass Houghton Workshop, Section 2, Thu 11/03/16

Worksheet Magnificent

1. We’ve been working on the problem of finding the shortest road network between three
cities in the plane.

In the case we considered, the three cities were at the
corners of a 45◦-45◦-90◦ triangle with legs 50 miles long.
The simplest idea is to just build roads along the legs;
that makes a network of length 100. But by constructing
a Y-shaped network like the one at the right, we found b
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� The length of the network is x+ 2
√

2500− 100x cos(45) + x2.

� We can improve from the simple 2-road solution (x = 0, length = 100) by increas-
ing x. For instance, when x = 10, the network has a length of about 97.

(a) Consider the case where the triangle is still isosceles and
the legs still have length 50, but the angle at B is 70◦.
Write a formula for the length of the network.

(b) Can you find a value of x which beats the 2-road solution
(x = 0, length = 100)?
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(c) Now suppose the vertex angle is very obtuse—say
150◦. Find a formula for the length of the network.

(d) Can you beat the 2-road solution in this case? b
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(e) Suppose the vertex angle is θ. Write a formula for the length of the network.

2. (This problem appeared on a Winter, 2004 Math 115 exam. Really!) While exploring
an exotic spring break location, you discover a colony of geese who lay golden eggs.
You bring 20 geese back with you. Suppose each goose can lay 294 golden eggs per
year. You decide maybe 20 geese isn’t enough, so you consider getting some more of
these magical creatures. However, for each extra goose you bring home there are less
resources for all the geese. Therefore, for each new goose the amount of eggs produced
will decrease by 7 eggs per goose per year. How many more geese should you bring
back if you want to maximize the number of golden eggs per year laid?

3. (This problem appeared on a Winter, 2008 Math 115 Exam.)

(a) Consider the function f(x) = x
√

x+ 1. What is the domain of f?

(b) Find all critical points, local maxima, and local minima of f .

(c) Which of the local maxima and minima are global maxima / minima?



4. (From a Winter, 2011 Math 115 exam) A hoophouse is an un-
heated greenhouse used to grow certain types of vegetables dur-
ing the harsh Michigan winter. A typical hoophouse has a semi-
cylindrical roof with a semi-circular wall on each end (see figure
to the right). The growing area of the hoophouse is the rect-
angle of length ℓ and width w (each measured in feet) which is
covered by the hoophouse. The cost of the semi-circular walls is
$0.50 per square foot and the cost of the roof, which varies with
the side length l, is 1 + 0.001ℓ per square foot.
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w

(a) Write an equation for the cost of a hoophouse in terms of ℓ and w.

(b) Find the dimensions of the least expensive hoophouse with 8000 square feet of
growing area.

5. (This problem appeared on a Winter, 2005 Math 115
Exam) An example of Descartes’ folium, shown in the
picture to the right, is given by x3 + y3 = 6xy.

(a) Show that the point (3, 3) is on the graph.

(b) Find the equation of the tangent to the graph at the
point (3, 3).

(c) For what value(s) of x will the tangent to this curve
be horizontal? [You do not need to solve for both x

and y—just show x in terms of y.]

(d) (Added for DHSP) Oh heck, go ahead and find the
point(s).
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6. Suppose Annalise is walking along the shore of Lake St. Clair with her dog Pearl.
Annalise throws a ball 30 meters down the beach and 16 meters out into the water.

Pearl, being practical, wants to get to the ball as
quickly as possible. The thing is that she can run
faster than she can swim; her running speed on the
beach is 9 meters per second, and she can swim 3
meters per second. How should Pearl (who has an
intuitive notion of calculus) get to the ball?
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