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STEP Support Programme

STEP 2 Complex Numbers Topic Notes

Summation
To find (a + ib) + (¢ + id), add the real and imaginary parts separately to get (a + ¢) +i(b + d).

. . . a & a+c
This is equivalent to adding two vectors to get (b> + < d> = <b d

>. Subtraction is similar.

Multiplication
To find (a +ib)(c + id), multiply out the brackets as usual and then gather the real and imaginary
parts, using i =—1.

Complex conjugate

The conjugate of z = a+1ib is given by z* = a —ib. To simplify a complex number division multiply
top and bottom by the complex conjugate, e.g:

3+i (341142 3+i+6i-2 1+7i

1—-2i  (1—2i)(142i) 1+4 5

The roots of a polynomial with real coefficients are either real, or occur in complex conjugate pairs.

Note that the above statement holds for polynomials with real coefficients, if a polynomial has
complex coefficients then not of all the roots will be real or occur in complex conjugate pairs.

Square roots
To find the square roots of 3 4 4i, let (a + ib)2 = 3 + 4i, equate real and imaginary parts and solve
for a and b.

Modulus and argument

A complex number a + ib (Cartesian form) can be represented by the point (a,b) in the Argand
plane.
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The modulus of the complex number is given by |z|? = 22* = a? + b?, and the argument is the

angle the line connecting the origin to the point (a,b) makes to the z-axis measured anti-clockwise.
The modulus is usually given in the range —m < 6 < 7 (or sometimes 0 < 0 < 2m).

Using trigonometry we can then write z = r cos 0 +irsinf = r (cos § + isin #), known as modulus-

argument or polar form.
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Multiplication and division in polar form
If we have z; = r1 (cos 6y + isinf) and z3 = 79 (cosf3 + isinfy) then:

2129 = 1172 (cos 6y + isin ) (cos fs + isin bs)
=riry ( cos 61 cos By — sin 0 sin Oy + 1 (sin 61 cos Oz + sin O3 cos 67) )
= T1T1(COS (01 + 02) +isin (61 + 92))

21 1 cos 0 +1isin 6,
z9 Tr9 cosfy +isinfy
r1  (cos@y +isinéy) (cos by — isinby)

ro  (cosfy +isinfy) (cos by —isinby)

r1  cos b cos By + sin By sin 6y + i (sin 01 cos B — cos By sin 6)
— X

o cos2 0y + sin? 0,
= :—1(008(91 — 03) +isin(6 — 92))
2

I.e. when multiplying two numbers the moduli are multiplied and the arguments added together
and when dividing one complex number by another, the modulus of the first is divided by the
modulus of the second and the argument of the second is subtracted from the argument of the first.

Loci
Remember that:

|z122| = |21 X |22] and arg (z122) = arg (z1) + arg (z2)
2 21l and arg <21> = arg(z1) — arg (22)
29 | z2] 29
. |z| = r is a circle radius r centre the origin
. |z — c| = r is a circle radius r centre ¢
o |z—a| = |z—b| means that z is equidistant from both a and b, i.e. the locus is the perpendicular

bisector of the line connecting a and b

. arg z = 6 is the half line from the origin making angle 0 from the positive z-axis (measured
anti-clockwise)

. arg (z — ¢) = 0 is the half line from point ¢ making angle 6 with the horizontal

STEP 2 Complex Nos: Topic Notes 2 QO


https://maths.org/step/

UNIVERSITY OF
CAMBRIDGE maths.org/step

z—a
arg < b) = « represents a partial circle with ends points at a and b. This can be seen
y —

by writing the equation as arg(z — a) — arg(z — b) = «, and then letting arg(z — a) = 6 and
arg(z — b) = ¢. We then have a picture like the one below:

ImA

Then as 6 and ¢ vary they do so in such a way as to keep 0 — ¢ = «, and since “angles
subtended from an arc are equal” P traces out part of the circumference of a circle.

For other loci, it might be helpful to write z = x + iy and then find the equation of the locus in
Cartesian form.

Transformations

z +— z + a is a translation by complex number a (which can be thought of as a vector)
z — Az, where lambda is real, is an enlargement scale factor A centre the origin
z > z X (cos@ +isinf) is a rotation about the origin by angle 6 anticlockwise

2+ (z—¢) x (cos@ +isinf) + c is a rotation about the point ¢ by angle 6 anticlockwise (this
is a combination of a translation so that point ¢ is at the origin, followed by a rotation and
finally a translation back so that ¢ returns to its original place)
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