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Long Problems. In questions 2 - 6, show your work. No credit will be given for the answer
without the correct accompanying work.

[14] 2. Consider the function

f(x) =
x2

x2 − 4
.

Its first and second derivatives are given by

f ′(x) = − 8x

(x2 − 4)2
, f ′′(x) =

8(3x2 + 4)

(x2 − 4)3
.

(a) Find all x such that f ′(x) = 0 or f ′(x) does not exist.

(b) Find all x such that f ′′(x) = 0 or f ′′(x) does not exist.

(c) On which intervals is f(x) increasing? On which intervals is f(x) decreasing?



Dec. 11, 2013 Math 104/184 Name: Page 8 of 13 pages

(d) On which intervals is f(x) concave up? On which intervals is f(x) concave down?

(e) Find the coordinates of all local maxima, local minima, and inflection points. Be sure
to indicate which is which.

(f) Find any horizontal and vertical asymptotes of the function f(x) and write their equa-
tions.
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(g) Draw the graph of f(x) on the graph provided. Accurately place all critical points and
inflection points, indicate all asymptotes, and make sure your graph correctly shows
where f(x) is increasing and decreasing and correctly shows its concavity.
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[10] 3. Two cylindrical tanks are being filled simultaneously at exactly the same rate. The
smaller tank has a radius of 5 metres, and the water rises at a rate of 0.5 metres per minute.
The larger tank has a radius of 8 metres. How fast is the water rising in the larger tank? It
may be helpful to know that the volume of a cylinder of radius R and height H is V = πR2H.

Answer:
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[12] 4. A rectangular storage container with an open top is to have volume of 8 cubic metres.
The length of its base is twice the width. Material for the base costs $4.50 per square metre,
and material for the sides costs $6 per square metre. Find the cost of the material for the
cheapest such container.

Answer:
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[10] 5. Currently 1800 people ride a commuter passenger ferry each day and pay $4 for a
ticket. The number of people q willing to ride the ferry at price p is determined by the
relationship

p =

(
q − 3000

600

)2

.

The company would like to increase its revenue. Use the price elasticity of demand ε to
give advice to management on whether it should increase or decrease its price from $4 per

passenger. Recall that ε =
p

q

dq

dp
.
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