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1. (20 marks: 5 marks for each part)

For each of the following functions, first find its domain (1 marks) and then find its roots by any method (3 marks).

(Note: roots of function f(x) are solutions of the equation f(x) = 0.)

(a) log2(x)− 5 + log2(x+ 4)

(b)
2

x2 − 1
− 1

x(x− 1)
− 2

x2

(c) 2x− 1 +
√
2− x

(d) |2x+ 3| − x

(e) 2 cos2(x) + sin(x)− 1

2. (9 marks: 3 marks for each part)

For each of the following functions, determine whether the function is even, odd or neither (2 marks). Comment on

the symmetry of the function with respect to the y-axis or the origin (1 marks).

(a) f(x) = (x4 + x2 − 1) cos(x)

(b) h(x) = x3 + 3x− ex

(c) g(x) = |x| sin(x)

3. (10 marks: 5 marks for each part)

Solve the following inequalities and express the solution using interval notation.

(a) x <
2

x− 1

(b)

∣

∣

∣

x+ 1

2
− x− 1

3

∣

∣

∣
> 1

4. (10 marks: 5 marks for each part)

(a) Given f(x) =
√
x− 3, g(x) = x2 and h(x) = x3 + 2. Find f ◦ g ◦ h. Do not simplify your answer.

(b) Given h(x) = 1− 3x
2

. Find function f , g and k such that h = f ◦ g ◦ k.

5. (12 marks)

In a certain country, the tax on incomes less than or equal to $20, 000 is 10%. For incomes more than $20, 000, the

tax is $2000 plus 20% of the amount over $20, 000.

(a) (5 marks) Find a function f that gives the income tax on an income x. Express f as a case-defined function.

(b) (5 marks) Find f−1. What does f−1 represent?
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(c) (2 marks) How much income would require paying a tax of $10, 000?

6. (8 marks)

Given the graph of function g(x) = ln(x).

1

2

−1

−2

1 2 3−1−2

Sketch the graphs of

(a) (5 marks) f(x) = 2 ln(x− 3) using the graph of g(x) = ln(x).

(b) (3 marks) h(x) = 2| ln(x− 3)| using the graph of f(x) = 2 ln(x− 3).

To get full marks, you must indicate the transformations used.

7. (15 marks: 5 marks for each part)

Find the value of the given limit. If the limit does not exist, explain why.

(a) lim
x→3

x4 + x3 − 108

x2 − 9

(b) lim
x→2

√
x− 1− 1

x− 2

(c) lim
x→0+

x

|x| + lim
x→0−

x

|x|

8. (8 marks)

Let

f(x) =

{ √
6− x x < 6,

x2 + kx+ 1 x ≥ 6.

Find real number k such that f(x) is continuous every where.

9. (8 marks)

Show that

lim
x→0

[

x cos
( 1

x

)]

= 0.

10. (BONUS 10 marks: 5 marks for each part)
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(a) Show that the sum of two irrational numbers is not necessarily irrational. (Hint: give an example of two numbers

a, b ∈ I such that (a+ b) ∈ Q).

(b) Consider the statement: “The sum of a rational number and an irrational number must be rational”. Is it true or

false? Mathematically justify your answer. (Hint: You can start by first assuming that this statement is true,

i.e. for a ∈ I and b ∈ Q, (a+ b) ∈ Q, and then considering (a+ b)− b.)
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