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Multiple choice

Each multiple choice question is worth 2 pts. No partial points will be given for work shown. Enter
your answers using the bubbles on the front page.

1. When x = 100 the function g(x) =
x5 − 2x3 − 3x2

5x7 + x4 + x2
is closest to

(A) −3 (B) 0 (C) 1/50000 (D) π (E) 1000000

C

2. When x = 0.1 the function g(x) =
x5 − 2x3 − 3x2

5x7 + x4 + x2
is closest to

(A) −100000 (B) −3 (C) 0.01 (D) π (E) 20

B

3. Each of the graphs represents f(t), the amount of food gained during time t spent in a food patch.
Which of these graphs represents the type of patch where food can be collected rapidly at first, but
there is only some maximal amount that can be obtained no matter how long the search continues?

t t t t t

A

Enter your answers using the bubbles on the front page.
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Multiple choice (continued)

Enter your answers using the bubbles on the front page.

4. Consider a differentiable function y = f(x). Which of the following statements best describes a
tangent line to the graph of this function?

(a) The slope of the tangent line is given by
f(x+ h)− f(x)

h
.

(b) The tangent line at x0 is close to any secant line through x0.

(c) The tangent line can only intersect the graph of f(x) at one point.

(d) The tangent line locally approximates the function.

(e) More than one of the above is correct.

d

5. The absolute maximum of the function y = f(x) = x+ 1
x on the interval 0.1 ≤ x ≤ 2 occurs at

(a) x = −1

(b) x = 0.1

(c) x = 1

(d) x = 2

(e) x = ±1

b

6. Let y = f(x) be a smooth function (derivatives of all orders exist) at x0. Which of the following
statements is correct?

(a) If f ′′(x0) = 0, then the function has an inflection point at x0.

(b) If the function has an inflection point at x0, then f ′′(x0) = 0.

(c) Both (a) and (b) are correct.

(d) If f ′′(x0) = 0, then the function has a critical point at x0.

(e) If f ′′(x0) = 0, then the function never has a critical point at x0.

b

Enter your answers using the bubbles on the front page.
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Short-answer problems

Show your work. Enter your answer in the box provided.

7. [2 pt] Using any method, determine the value of the following limit

Limit = lim
h→0

(x+ h)10 − x10

h
.

Limit = 10x9

8. [5 pt] Consider the function f(x) =

{
2x3 + 1 x < 0,

x2 + 2 x ≥ 0.

Calculate the following. Enter DNE if a limit does not exist.

limx→0− f(x) = 1

limx→0+ f(x) = 2

limx→0 f(x) = DNE

Is f(x) continuous at x = 0 (Yes/No): No

Is f(x) differentiable at x = 0 (Yes/No): No
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9. [5 pt] Consider a differentiable function f(x) for which we want to estimate f(2).

(a) Suppose that we found out that f(1) = 1, f ′(1) = 1/2. Estimate f(2) using this information.

f(2) ≈ 3/2

(b) We subsequently discovered that f(3) = 3 and f ′(3) = 2, and that f is concave up. Use this
new information to get another estimate for f(2). Would that estimate be better or worse than
the one in the previous part?

f(2) ≈ 1

Circle one of these: better or worse and explain:

10. [3 pt] Using Newton’s method, with iterations given by xn+1 = xn −
g(xn)

g′(xn)
, to approximate the

value of x at which
√
x = 5/x, what polynomial would you choose as your function g(x)? For

what integer value for x0 would the iterations get close to the solution the fastest?

g(x) = x3 − 25

x0 = 3
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Sketching problems

Show your work.

11. [6 pts] It is well known to ecologists that diversity of species is greatest close to the equator (latitude
0) and much lower near the North and South poles (latitudes ±90 degrees). Shown below are two
graphs of the number of species (N(x)) versus latitude (x) at two geological ages, 300 and 270
million years ago. On the axes provided, sketch the derivatives of each of these two functions.
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12. There is a circular pool in the centre of a square courtyard. Lucas’ father (F) stands in the corner of
the courtyard. Lucas (L) starts on the edge of the pool at the point closest to his father and walks
once around the edge of the pool at a constant speed. It takes Lucas two minutes to go around the
pool.

(a) [3 pts] Sketch the graph of the distance between Lucas and his
father as a function of time. Do not try to write down an equa-
tion for the distance - just make an approximate sketch based
on the diagram with a focus on getting key features (minima,
maxima) correct.

(b) [4 pts] If your graph has any minima, maxima and/or inflection
points, explain which points on the edge of the pool correspond
to each of these special points and label them on your graph
and on the diagram with the letters A, B, C...

F

L 
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13. [8 pt] Consider the function f(x) which is twice differentiable (f ′′(x) exists) for −4 ≤ x ≤ 4.
The table below summarizes ALL important information about f(x), f ′(x), and f ′′(x). Use this
information to graph the function, clearly indicating zeros, local minima, local maxima and
inflection points of the function on the interval [-4,4].

The columns indicate either the value or sign of f(x), f ′(x), f ′′(x) at specific points or in the intervals
in between. For example, at x = −3.5, the function and its second derivatives are both negative
and the derivative is positive.

x [-4,-3) -3 (-3,-2) -2 (-2,-1) -1 (-1,0) 0 (0,1) 1 (1,2) 2 (2,3) 3 (3,4]

f(x) - 0 + 3 + + + 0 - - - -3 - 0 +

f ′(x) + + + 0 - - - 0 - - - 0 + + +

f ′′(x) - - - - - 0 + 0 - 0 + + + + +

3

1

-1

-2

2

-3

-4 321-1-2-3 4

Recommended: Draw a practice sketch below before using the axes above. Only the sketch on the
axes above will be marked.
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This page may be used for rough work. It will not be marked.
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