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1. Compute the following limits.

[3] (a) lim
x→1

x3 − 1

x4 − 1
ANSWER

SHOW YOUR WORK

[3] (b) lim
x→0+

x+ 2

2 +
√
x

ANSWER

SHOW YOUR WORK

[4] (c) lim
x→0

√
1− cos 2x

|x| ANSWER

SHOW YOUR WORK
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[4] 2. Define

p(x) = 2x5 − 2x4 + 2x2 − 2x− 1.

State a general principle (theorem) which tells us that p(x) = 0 has a solution in the
interval (−1/2, 0).

Explain briefly why the principle applies in this case.

ANSWER
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[6] 3. Match the graph of the function (left column) with the graph of its derivative (right
column). Write the number of the derivative below the letter of the corresponding
function:

(a) (b) (c) (d) (e)

x

1-1

y

1

-1

(a)

x 1-1

y
1

-1

(b)

x 1-1

y

1

Page 1

(c)

x 1-1

y

1

(d)

x 1-1

y

(e)

0.4

−0.4

x 1-1

y

2

-2

(1)

x 1-1

y
-2

(2)

x 1-1

y

4

2(3)

x 1-1

y
-5

(4)

x 1-1

y
5

-5

(5)
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[3] 4. (a) Find
d

dx

(
x

1 + x

)
and simplify your answer. ANSWER

SHOW YOUR WORK

[3] (b) Find
d

dx

(
ln ( 3
√
x)
)

and simplify your answer. ANSWER

SHOW YOUR WORK

[3] (c) Find
d

dx

(
x sin−1(1/x)

)
and simplify

your answer.

ANSWER

SHOW YOUR WORK
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[8] 5. A cone is constructed by chopping a segment out of
a disc of radius 1 and then gluing the edges e and
e′ together.

The height h, volume V , and base-radius r of the
resulting cone satisfy the equations:

V =
1

3
πr2h

1 = h2 + r2.
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Find the maximum possible value of V . ANSWER

Vmax =

SHOW YOUR WORK
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[7] 6. Consider the curve defined by the equation

sin(πxy) =
2

3
(x + y)

By implicit differentiation compute
dy

dx
and

d2y

dx2
at

the point (1, 1/2) of the curve.

ANSWER: at (1, 1/2)

dy

dx
=

d2y

dx2
=

SHOW YOUR WORK
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[4] 7. Find an approximate value for tan−1(1.1) using
linear approximation.

ANSWER

SHOW YOUR WORK
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[6] 8. A point P is moving anticlockwise on a circle of
radius 1.

I is the initial position of the point and x denotes
the distance from P to I.

It is given that
dθ

dt
= 1 when θ = π/3, where t

measures time.
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Find
dx

dt
when θ = π/3. ANSWER: at θ = π/3

dx

dt
=

SHOW YOUR WORK
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9. It is given that

f(x) =
2x2 − 4x+ 3

1− x2
, f ′(x) =

(2x− 1)(4− 2x)

(1− x2)2
.

[3] (a) Compute lim
x→∞

f(x) and lim
x→−∞

f(x). ANSWER

lim
x→∞

f(x) =

lim
x→−∞

f(x) =

SHOW YOUR WORK FOR ONE OF THE LIMITS

[3] (b) Complete the table of values:

lim
x→(−1)−

2x2 − 4x+ 3

1− x2
−∞

lim
x→(−1)+

2x2 − 4x + 3

1− x2

lim
x→1−

2x2 − 4x+ 3

1− x2

lim
x→1+

2x2 − 4x+ 3

1− x2

SHOW YOUR WORK FOR ONE OF THE ENTRIES
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[3] (c) List the intervals on which f(x)
is increasing and the intervals
on which f(x) is decreasing.

ANSWER

f(x) is increasing on:

f(x) is decreasing on:

SHOW YOUR WORK

[3] (d) Classify the critical points of the function f(x) as “local maximum”, “local
minimum”, or “other”.

ANSWER
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[8] (e) Sketch the part of the graph of y = f(x) which lies in the rectangle −4 ≤ x ≤ 4,
−13 ≤ y ≤ 13 on the grid provided below.

Mark on the graph all asymptotes, local maxima and minima if any, and points at
which the graph crosses its asymptotes if any.

x

y

−4 −3 −2 −1 0 1 2 3 4

−4 −3 −2 −1 0 1 2 3 4

−10

−5

0

5

10

−10

−5

0

5

10
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10. A driver is traveling along a straight road at a uniform speed of 80 ft/sec when she
suddenly notices a hazard 200 feet ahead. As soon as the brakes are applied the car will
decelerate at a rate of 20 ft/sec2.

Once the brakes are applied the differential equation describing the motion of the car is

d2s

dt2
= −20 (1)

where s is the distance (in feet) the car has traveled under braking and t is the time
which has elapsed in seconds.

[2] (a) How many seconds from the moment the brakes are
applied does it take for the car to stop?

No work need be shown.

ANSWER

[6] (b) By integrating the differential equation (1), find the
stopping distance, i.e., the distance the car travels
from the instant the brakes are applied.

ANSWER

SHOW YOUR WORK
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(more space for your answer to 10(b) if needed)

[2] (c) How long does the driver have to react if an accident
is to be avoided?

ANSWER

SHOW YOUR WORK
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11. The half-life of a certain cobalt isotope is 5 years, i.e., in any sample it takes 5 years for
half of the atoms to decay.

After a nuclear accident the concentration of this isotope found at the site is 7 times
the maximum level considered acceptable for human habitation.

The law governing radioactive decay says that, if A is the total amount of the isotope
at the site t years after the accident, then

dA

dt
= −kA,

where k is a constant > 0.

[3] (a) Find k. ANSWER

SHOW YOUR WORK

[3] (b) Find the number of years it will take for the site to
be fit for human occupation.

ANSWER

SHOW YOUR WORK
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12. On the right of the page is part of the
graph of the curve whose equation in po-
lar coordinates is:

r = θ/π

The axes shown are the usual cartesian
axes. According to the usual convention,
the polar axis is the same as the positive
x-axis.

–1

1

2

–3 –2 –1 1 2

[3] (a) Write down the interval for θ which
corresponds to the portion of the graph
actually displayed.

No work need be shown.

ANSWER

[3] (b) Write the curve in parametric form:

{
x = f(θ)
y = g(θ)

ANSWER

x =

y =

SHOW YOUR WORK FOR (b)
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[4] (c) Find the equation of the tangent line
(with respect to cartesian coordinates) at
the point (2, 0) which is the point of the
curve given by taking θ = 2π.

ANSWER

SHOW YOUR WORK FOR (c)


