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1. (30 points) Consider the function

f(x) = x4 − 6x2 + 5

(a) (5 points) What is the first derivative of f(x)

(b) (5 points) What are all the critical points of f(x). On what intervals is the function f(x)
increasing? decreasing?

(c) (5 points) What is the second derivative of f(x)?

(d) (5 points) What are inflection points for f(x)? On what intervals is the function f(x)
concave up? concave down?
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(e) (10 points) Use parts (a)-(d) to sketch f(x). Clearly indicate all anchors.

2. (20 points) A number of factors go into calculating the optimal trick-or-treating duration for
maximal candy acquisition on Halloween. Scientists at Mars Incorporated have determined
that the expected amount of candy, in kilograms, after t hours of trick-or-treating is given by

C(t) =
20t

t2 + 9
.

(a) (10 points) Find the formula for candy flow rate (dCdt ).

(b) (10 points) At a certain point, you stop gaining candy because you are eating it faster
than you can find new houses to visit. If you start trick-or-treating at 7 o’clock, what
time should you stop to maximizes your candy? How many kilograms of candy should you
expect?
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3. (25 points) Two roads diverged in a yellow wood, and, since they were in fact two travelers,
Rosencrantz and Guildenstern decided to take both of them. Rosencrantz had a bike and took
the first road going North at 9 mph. Guildenstern, on the other hand, had an ATV and took
the road less traveled by going East at 12 mph. How fast is the distance between them changing
after 20 minutes?

(a) (5 points) Draw a picture that illustrates the problem set-up, be sure to label any variables
you intend to use.

(b) (5 points) Write down an equation relating the distance Rosencrantz has traveled (R), the
distance Guildenstern has traveled (G), and the total distance between them (D).

(c) (5 points) How far apart are Rosencrantz and Guildenstern after 20 minutes?

(d) (10 points) How fast is the distance between them changing after 20 minutes?
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4. (25 points) The general formula for a quadratic approximation of the function f(x) at the
point x = x0 is given by

f(x) ≈ f(x0) + f ′(x0)(x− x0) +
f ′′(x0)

2
(x− x0)

2.

Much like Newton’s Method uses linear approximations, we can imagine an algorithm that uses
quadratic approximations to find the roots of a function.

(a) (10 points) Find the quadratic approximation of g(x) = cos(x) − x + 3 at x0 = 0.

(b) (8 points) Find the places where this approximation will cross the x-axis.

(c) (7 points) A quadratic equation will always produce 2 roots. Describe how you would
decide which one to use for your next guess without knowing anything about where the
actual root is located.


