








 
Further Mathematics
FURTHER MATHEMATICS
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You can watch the following videos to help you with the exercise:
Real and imaginary numbers - ExamSolutions | Further-Core-Maths-A-Level | A-Level | AQA
Addition, subtraction and multiplying complex numbers and simplifying powers of i - ExamSolutions | Further-Core-Maths-A-Level | A-Level | AQA
Complex conjugates - ExamSolutions | Further-Core-Maths-A-Level | A-Level | AQA
Division of a complex number by a complex number - ExamSolutions | Further-Core-Maths-A-Level | A-Level | AQA
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Exercise. (Please show your workings).

1. Simplify expression:
(a)[image: ]



(b)[image: ]



(c)[image: ]




2. Solve equations:


(a) [image: ]


(b) [image: ]


(c) [image: ]





3.
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(b) [image: A picture containing text, font, number, white
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4.
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5. (Challenge) 
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Answers:

1. (a) [image: ];   (b) [image: ];   (c) [image: ]
2. (a) [image: ];   (b) [image: ];   (c) [image: ]
3. (a) [image: A picture containing text, font, number, typography

Description automatically generated];   (b) [image: A picture containing text, clock, number, font

Description automatically generated];   (c) [image: ]
4. 
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5.    [image: ]

Assignment

1.
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2. 
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3.
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4.
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Some equations, including those deriving from real-world situations, have no real solutions. For
example, up to this point, you have been unable to solve equations such as x* = 1. You know that
the solutions are x = +v/~1, but this is not a real number and is difficult to manipulate. In order

to solve this problem, mathematicians denoted the square root of negative one by i. This means
that the solutions of the equation x* = —1 can be written as +i. Although this number is known as
‘imaginary, it means that all polynomial equations do indeed have solutions.

A good analogy is negative numbers: these can be hard to grasp in isolation. For example, the
concept of ‘minus one apple’ is a difficult one, but it’s useful in sums such as 3 apples — 1 apple =
2 apples. In exactly the same way, imaginary numbers are essential in many calculations and have
many real-world applications.
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The imaginary number i is defined as i =+/~1
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You can solve the equation x* = -9 by square-rooting both sides to give x = +/-9
Then, because +/-9 can be written as /9 v~1, you can use the fact that i = /1 to give x=#3i

Notice that once you have defined the square root of minus one, the square root of all other negative
numbers can be written in terms of i

For example, to solve the equation (x — 3)* = -5, you first square-root both sides to give x — 3 =++/-5,
and since V-5 = /5, this gives the solutions x=3 +5i

Numbers with both real and imaginary parts are called complex numbers.
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Complex numbers can be written in the form a+bi
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wherea, beR.
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i?=-1 (since*=(v-1))
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1
To simplify o multiply the numerator and denominator by a — bi
a+Dbi

(this is called the complex conjugate).
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Simplify the expression 3(4—-7i)-2(3-2i) Multiply real and imaginary

parts by the constant.

3(4-71)-2(3-2i)=(12-21)—(6—-41) Simplify real parts: 12 -6 =6
=6-17i -

=
L
Q
£
o]
*

w

Simplify imaginary parts:
21 +4i =-17i
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Solve the equation (x+7)* =-16

= Square-root both sides of
x=-7%J-16
=-7+16J=1

Example 2
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Simplify % Multiply the numerator and

denominator by the complex
’ conjugate.

1430 _ (1+3i)(1+2i)
1-2i  (1-2)(1+2i)

Example 3

The imaginary parts of the
. 2
_1+5i+6i denominator cancel each other out.
1- 4

ars o ’ Use i? =1

Write in the form a+ bi
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Find the complex numbers z such that z* =5+12

i
_ You need to find the complex
: || number zsuch that 22 =5+ 12/
Let z=a+ biwherea, bR, then (a+bi)" =5+12i ‘

2 202 ]

(4" —b")+2abi=5+12i

Reaka” ~b* =5 5 Equate real parts and equate
Imaginary: 2ab=12 = a= i~ ‘ imaginary parts.

Example 5

6 2
2
(;) —-b°=5 || Substitute for aand solve

simultaneously.
36-b* =5b°

b* +5b° -36=0 ;
b=40r-9 = b=%2 :

Solve the quadratic in b?

bis a real number so b*= 4

6 . ;
"=;=’ a=t3=z=3+2iorz=-5-2i T Give both possible answers.
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Given that == 3+iand w

b (3+1)-(5-2

© (3+)x (-2

(3+5)+(1—2)

8-i

—(@-5)+(+2)

— 243

= (3%5)+(3x ~20)+ (i x 5) + (i x ~2i)
= 15— 6i+ 5 — 2

@x-1)

5 2i find the value of each expression.

Group the real and the imaginary parts.

Multiply out the brackets.

Remember, i2

Use the normal rules of fractions.
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4-9(7i+5)
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2(6-2i)-3(2i-5)
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(7-1)(6-3i)
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x*=-121
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x*+8=0
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Z°+12=0
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Simplify these fractions, giving your answers
in the form a+bi wherea, be R
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i+3

2i-1
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6+3i
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You are given that z, =3i -2, z, = 4+i

Calculate these expressions, fully simplifying
your answers.

a z+z, B Ex

ZZ

2,
c X d
z, 2
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Find the values a, b € R that satisfy the
equation (2—bi)(3+4i)=a-13i
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—41-63i
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27-10i
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39-27i
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x==%11i
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x=+2J2i
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z=1423i
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(1-2V2)+(-2-2)i
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b

—11+10i
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b=7, a=34
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Simplify each expression, giving your answers in the form z + ig.

a i 2+
W00
b i 5

i

(-3

(a1?
d i (4i+3)-(6i-2)
2(2i—1) - 3(4—2)
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Simplify each expression, giving your answers in the form z + iy.
a i i(1+i)
(2 - 5i)
b i (2+i)1+2)
(5+21)(a + 3)
i @+aa-2)
i 3+1)(5-1)
d i @3+
(431




image42.png
Solve the equations, simplifying your answers.
a i 22+9-0

i 2?4360
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Find real numbers a and b such th:

a i (a+h)3-2)

i+ 1
i (6+i)(a+bi)=2
b i (a+2)(1+2)=4—bi

(1+ai)(1+1i)

b2
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