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Question 1 [5 marks]

For questions 1.1 – 1.5, choose the correct answer, and make a cross (X) in the correct block.

Question a b c d e

1.1
1.2
1.3
1.4
1.5

1.1 Determine whether the following statement is true or false: (1)

The partial fraction decomposition of
x2 + 4

x2(x− 4)
is
A

x2
+

B

x− 4
.

(a) True

(b) False

1.2 A function f has a local maximum or minimum at a number c. Which of the following
statements is false? (1)

(a) f ′(c) always exists and equals zero.

(b) The derivative of f takes the value 0 at c, if it exists.

(c) The number c lies in the domain of f.

(d) The derivative of f may not exist at c.

(e) None of the above.

1.3 Find the number a such that the average value of the function f(x) =
1

x
on the interval

[1, a] is equal to
1

e− 1
. (1)

(a)
1

e− 1

(b) 1

(c) e

(d) ln(e− 1)

(e) None of the above.

1.4 Which of the following is not a solid of revolution? (1)

(a) Sphere.

(b) Pyramid.

(c) Cone.

(d) Cylinder.

(e) None of the above.
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1.5 Let G(x) =
d

dx
f(x). What quantity is described by the integral

∫ b

a

√
1 + [G′(x)]2 dx? (1)

(a) The arc length of the curve G(x) from x = a to x = b.

(b) The arc length of the curve f(x) from x = a to x = b.

(c) The arc length of the curve
√

1 +G(x) from x = a to x = b.

(d) The arc length of the curve [f(x)]2 from x = a to x = b.

(e) None of the above.

Question 2 [4 marks]

For questions 2.1 – 2.2, choose one correct answer, and make a cross (X) in the correct block.

Question a b c d e

2.1
2.2

2.1 If f is continuous, then

∫ ∞
−∞

f(x) dx = lim
t→∞

∫ t

−t
f(x) dx . (2)

(a) True

(b) False

2.2 The inflection point of the function f(x) = 2xe−3x is at which x value? (2)

(a) 1
3

(b) 2

(c) 2
3

(d) −3

(e) None of the above statements are correct.
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Question 3 [14 marks]

Evaluate the following integrals:

(a)

∫
ecos t sin 2t dt (4)

(b)

∫
cot4 θ csc4 θ dθ (3)
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(c)

∫ √
1 + x2

x
dx (4)

(d)

∫
1

(t+ 4)(t− 1)
dt (3)
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Question 4 [4 marks]

(i) Sketch the region R bounded by the curve x = y2 − 2y − 3 and x = 0. (2)

(ii) Find the area of the region R. (2)
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Question 5 [3 marks]

Consider the integral I =

∫ 1

0

1

x
dx. Determine whether the integral is convergent or divergent.

Question 6 [2 marks]

A spherical balloon is being deflated so that its radius decreases at a constant rate of 15 cm/min.
At what rate is air escaping when the radius is 9 cm? HINT: The volume of a sphere or radius r

is given by V =
4

3
πr3.
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Question 7 [3 marks]

Sketch the graph of a function f which satisfies the following conditions.

(a) The function is even.

(b) lim
x→2+

f(x) =∞ and lim
x→2−

f(x) = −∞

(c) f(0) = 0

(d) f ′(x) < 0 for x ∈ (0, 2)

(e) lim
x→∞

f(x) = 1

Question 8 [2 marks]

Find two numbers whose difference is 170 and whose product is a minimum.
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Question 9 [4 marks]

Consider the region R bounded by y =
√

1− x2 and x+ y = 1.

(a) Sketch the region R, indicating the points of intersection. (1)

(b) Use the Cylindrical Shells Method to find the volume of the solid obtained by rotating
the region R about the x-axis. (3)
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Question 10 [3 marks]

Find the area of the surface of revolution obtained by rotating the curve x =
y4

8
+

1

4y2
about the

y-axis between the two points

(
3

8
, 0

)
and

(
33

16
, 1

)
. Simplify the integrand as far as possible.

DO NOT INTEGRATE.

Question 11 [6 marks]

(a) Solve the differential equation

(
cscx+

2

sinx

)
dy

dx
= 8. Write your solution in the form

y = f(x). (2)
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(b) Solve the initial value problem: (4)

x2y′ − xy = x2 + 4, x > 0, y(1) = 0
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Question 12 [6 marks]

(a) Consider the parametric equations below:

x = e
√
t, y = t− ln t6

Find an equation of the tangent to the curve at the point t = 1. (3)

(b) Sketch the graph of the polar equation (3)

r = 2 sin 3θ.
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Question 13 [4 marks]

Consider the matrices below and then write down the following:

A =

1 2 1
0 1 1
2 0 3

 B =

1 0 1
0 1 3
1 2 3


(a) A+B (1)

(b) BT (1)

(c) BA (2)
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Question 14 [3 marks]

Consider the system of equations below:

2x− 3y + 4z = 1

−x+ 2y = 3

y + 3z = 4

(a) Represent the system of equations as an augmented matrix. (0.5)

(b) Use elementary row operations to write the augmented matrix in reduced row echelon form
and write down the solutions to the equations. (2.5)
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Question 15 [3 marks]

Use the Binomial Theorem to expand

(
2a− 1

2a

)5

. Simplify all coefficients. (3)

Question 16 [4 marks]

(a) State Fermat’s Theorem. (2)

(b) State the Mean Value Theorem for Integrals. (2)


