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Objectives

By the end of Tutorial 1 you should be able to:

1a interpret set notation and, in particular, the symbols∪, ∩, \, ⊆, ⊇, ∈, 6∈ and{. . . | . . .};

1b recognise and use the following notation and terminology:

N= {0,1,2, . . .} the set of natural numbers;

Z= {0,±1,±2, . . .} the set of integers;

Q= {a/b | a,b ∈ Z,b 6= 0} the set of rational numbers;

R the set of real numbers;

C= {a+ ib | a,b ∈R}, the set of complex numbers;

1c identify the setR with the real number line, recall the meaning of irrational number,<, ≤, >, ≥ and
the absolute value of a real number;

1d recognise and use interval notation, such as[a,b], [a,b), (a,b], (a,b), [a,∞), (a,∞), (−∞,a], (−∞,a)
and(−∞,∞), wherea,b ∈ R;

1e apply the quadratic formula to solve equations of the formax2+ bx+ c = 0 to obtain either real or
complex solutions;

1f work with complex numbers written inCartesian form z = a+ bi, wherea,b ∈ R and i2 = −1;
in particular, be able to identify its real and imaginary parts, write down its complex conjugate
z = a−bi, and add, subtract, multiply and divide complex numbers in Cartesian form;

1g represent the setC of complex numbers by the complex plane, including the real and imaginary axes,
and know the definition of the modulus of a complex number.

Preparatory questions

1. Let A = {1,2,3,4} andB = {3,4,5,6}. Find

(a) A∪B

(b) A∩B

(c) A\B

(d) B\A

(e) (A\B)∪ (B\A).

2. Let X =
{

n ∈ Z | n2 ≤ 5
}

. RewriteX as a list of numbers. Are the following statements true or
false?

(a) X ⊆ Z (b) X ⊇ Z (c) 5∈ X (d) −2 6∈ X

3. If z = 2− i andw =−4+3i, find
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(a) z+w (b) z−w (c) |z| (d) w (e) zw (f)
z
w

Questions to do in class

4. Locate each of the following sets on the real number line and then express each as an interval or
as a union of intervals:

(a)
{

x ∈ R | 2≤ x ≤ 4
}

(b)
{

x ∈ R | −1< x ≤ 1 or x ≥ 5
}

(c) [2,5]∩ (3,6]

(d)
{

x ∈R | |x−1|> 2
}

5. Express the following complex numbers in cartesian form:

(a) (2+3i)+ (5−6i)

(b) (2+3i)− (5−6i)

(c) (1+ i)(1− i)

(d)
1+ i
1− i

(e) (2+3i)(5−6i)

(f)
2+3i
5−6i

(g)
1
i
− 3i

1− i

(h) i123−4i9−4i

6. Solve the following equations overC:

(a) z2+3z+2= 0

(b) z2+ z+1= 0

(c) 3z2−4z+4= 0

(d) z4 = 16

7. Sketch the following regions in the complex plane:

(a)
{

z ∈C | |z| ≤ 3
}

(b)
{

z ∈C | |z+ i|> 2
}

(c)
{

z ∈C | Rez <−1
}

(d)
{

z ∈ C | Imz ≥−1
}

(e)
{

z ∈ C | |z− i| ≤ |z−1|
}

8. (Suitable for group discussion.) Are each of these statements true or false? Explain your answer.

(a) The square of an imaginary number is always real.

(b) It does not make sense to write|z| > |w| whenz andw are complex numbers because the
complex numbers are not ordered.

(c) Real numbers cannot be graphed on the complex plane.

(d) When a real number is divided by a complex number the answer can never be real.

Questions for further practice

9. On the complex plane, graph the solutions to the equations inQuestion 6. What pattern do you
notice in each pair of solutions? Explain why this pattern occurs.
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10. Locate the following sets, which are given in interval notation, on the real number line. Rewrite
each set using{. . . | . . .} notation.

(a) [−7,−1) (b) (−∞,−2]∪ [2,∞) (c) (2,3)∪ [5,6]

11. Use a Venn diagram with three setsA, B andC to show the following:

(a) A∪B∪C

(b) A∩B∩C

(c) (A∪B)∩C

(d) A∪ (B∩C)

(e) (A∪B∪C)\ (A∩B∩C)

(f)
(

A\ (B∪C)
)

∪
(

B\ (A∪C)
)

∪
(

C \ (A∪B)
)

Short answers to selected exercises

Full solutions to all questions can be downloaded at the end of the week.

1. The answers are as follows:

(a) {1,2,3,4,5,6}
(b) {3,4}

(c) {1,2}
(d) {5,6}

(e) {1,2,5,6}

2. X = {−2,−2,0,1,2}.

(a) True (b) False (c) False (d) False

3. (a) −2+2i

(b) 6−4i

(c)
√

5

(d) −4−3i

(e) −5+10i

(f) −(11+2i)/25

4. (a) [2,4]

(b) (−1,1]∪ [5,∞)

(c) (3,5]

(d) (−∞,−1)∪ (3,∞)

5. (a) 7−3i

(b) −3+9i

(c) 2

(d) i

(e) 28+3i

(f) (−8+27i)/61

(g) (3−5i)/2

(h) −9i

6. (a) −1,−2 (b) (−1± i
√

3)/2 (c) (2±2i
√

2)/3 (d) ±2,±2i

9. All roots are either real or occur in complex conjugate pairs.

10. (a) [−7,−1) =
{

x ∈ R | −7≤ x <−1
}

(b) (−∞,−2]∪ [2,∞) =
{

x ∈ R | x ≤−2 or x ≥ 2
}

(c) (2,3)∪ [5,6] =
{

x ∈ R | 2< x < 3 or 5≤ x ≤ 6
}
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