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What is Mathematics?

A level Mathematics gives you the opportunity to study topics such as geometry, calculus and trigonometry (pure
mathematics) and to use these ideas within the 'applied' topics such as mechanics and statistics. Mechanics is
strongly linked to physics, and builds on ideas of motion and forces to work out how and why objects move.
Statistics allows us to make sense of the complex and variable world around us via analytical methods in order to
draw reliable conclusions from 'sets' of information.

Why should I study Mathematics?

Mathematics complements a whole range of other subjects and prepares you for further study and employment in
many disciplines that involve the use of Mathematics. You will gain knowledge of mathematical techniques that
build on GCSE knowledge and develop problem solving and analytical thinking, skills that are desirable in numerous
careers. If you have enjoyed your GCSE Mathematics, especially the algebra, trigonometry and problem-solving
aspects, then you should consider Mathematics at A-Level.

What careers could Mathematics lead to?

A-Level Mathematics provides a basis for subsequent quantitative work in a wide range of higher education courses
and in employment. Some students go on to university to study Mathematics either as a single honours degree or in
combination with another subject, for example business, science, engineering, computing, technology or humanities.
Others seek employment or apprenticeships where an A-Level Mathematics qualification is valued for example
accounting, engineering.

“Maths is the only A level
proven to increase
earnings in later life - by
an average of 10%.”

(Source www.gov.uk/government/speeches/elizabeth-truss-on-support-for-
maths-and-science-teaching)




What will I study?

At Wath Academy we cover the Edexcel 9MAO syllabus which covers a breadth of knowledge split across 3 papers.

\

Paper 1

-

Pure Mathematics

Algebra and functions
Coordinate geometry and graph
Sequences and series
Exponentials and logs
Trigonometry
Vectors
Differentiation

Integration

N

How will | be assessed?

/

Paper 2

4 N

Pure Mathematics

Algebra and functions
Coordinate geometry and graph
Sequences and series
Exponentials énd logs
Trigonometry
Vectors
Differentiation

Integration

N W

ﬁ

N

Paper 3

Statistics

Representing and analysing
data

Probability

Binomial and Normal
distributions

Correlation and Regression
Hypothesis testing
Mechanics
Forces and motion
Kinematics
Projectiles

Moments

~

/

Each paper above is a 2 hours examination paper, sat at the end of the course.

Recommended resources

Headstart to A-level Maths, this aims to consolidate GCSE skills in preparation for the increased demands at A-Level.

oGP

Head Start to
A-Level Maths

Bricging e gop betwoen GCSE and ALeved

We have also compiled a booklet to help you prepare for A-Level Mathematics studies. You should have met all of
the topics in the Consolidation booklet previously in GCSE. Start by working through the Consolidation booklet
making sure that you check your answers as you go along. The booklet is available at the end of this pack.



Meet the A-Level Mathematics Staff

We currently have 5 members of staff that teach A-Level Mathematics. If you choose to study A-Level Mathematics
at Wath Academy you will have 6 lessons a week, this will be split between two teachers. Our A-Level team are
always available to help and we encourage students to ask questions and explore even further into the world of

mathematics.

Mr Omidi
Key Stage 5 Coordinator
Pure Maths and Mechanics

Level 3 Core Maths

Mr Dale

Further Maths

Mrs Casey
Head of Mathematics

Pure Maths, Mechanics and Statistics

Miss Jandu

Pure Maths and Statistics

Mrs Weatherall

Pure Maths, Mechanics and
Statistics

We look forward to meeting you in September!



A-LEVEL MATHEMATICS
GCSE Consolidation Pack

To be successful in A-Level Mathematics, it is essential that you are confident and competent with the skills on the
upcoming pages. Your knowledge of these is assumed throughout the whole of the Edexcel A-level Mathematics and
they are not directly taught at the start of the year.

Surds

Rules of indices

Factorising expressions

Completing the square

Solving linear and quadratic simultaneous equations

Parallel and perpendicular lines

Proportion

Trigonometry — in both right angled and non-right angled triangles

00N ey bl N

For each of these you will find on the upcoming pages some worked examples, questions to practise and the
answers for you to check.

We suggest also using the Maths Genie website to find videos to support you with nay of the areas above you may
have found more tricky.
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Surds and rationalising the denominator

A LEVEL LINKS
Scheme of work: 1a. Algebraic expressions — basic algebraic manipulation, indices and surds

Key points

e A surd is the square root of a number that is not a square number,

for example \/E, \/5, \/g, etc.

e Surds can be used to give the exact value for an answer.

o Jab=\ax\b
. \ﬁ _Ja
b b
e To rationalise the denominator means to remove the surd from the denominator of a fraction.

e  To rationalise = you multiply the numerator and denominator by the surd Jb

Jb
b+\/cT

you multiply the numerator and denominator by b-c

e To rationalise

Examples

Example 1  Simplify /50

J50 =/25x2 1 Choose two numbers that are
factors of 50. One of the factors

must be a square number
= 25><\/5 2 Use the rule \/sz/;x\/lj
=5x ﬁ 3 Use \/E =5

=52

Example 2  Simplify /147 -2\12

J147 -212 1 Simplify v147 and 2412 . Choose

two numbers that are factors of 147
=/49x3 —24x3
8 8 and two numbers that are factors of

12. One of each pair of factors must
be a square number

:\/Exﬁ—Z\/Zx\/g 2 Use the rule \/—E=\/;x\/3
=7x\/§—2x2x\/§ 3 Use «/@=7 and \/4_=2
=73-43

=33 4 Collect like terms
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Example 3

Example 4

Example 5

Simplify (\/7+\/5)(\/7—ﬁ)

(VT+Z)(VT-2)
S BN N I NN

1 Expand the brackets. A common

mistake here is to write (ﬁ )2 =49

=7-2 2 Collect like terms:
= Nz
T TT =0
Rationalise -
NG
A LX ﬁ 1 Multiply the numerator and
3 3 43 denominator by 3
1x+/3
= >\</-\9[ 2 Use \/§ =3
= _3
3

Rationalise and simplify —\—/_2—

J12

2 _ e
NP PN P

_Ixa3

12

1 Multiply the numerator and
denominator by \/1_2

2 Simplify V12 in the numerator.
Choose two numbers that are factors
of 12. One of the factors must be a
square number

Use the rule \/CE=-\/;X-\/—Z)—

Use \/Z=2

5 Simplify the fraction:

L) simplifies to L]
12 6
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3
Example 6 Rationalise and simplify
2445
3 _ 3 » 2— \[5— 1 Multiply the numerator and
2+ \/g 24 \/g 2— \/g denominator by 2 — \[5—
3(2-+5)
(2 + \/g ) ( 2— J§ ) 2 Expand the brackets
_ 6-35
4425255 3 Simplify the fraction
_6-35
-1 4 Divide the numerator by —1
Remember to change the sign of all
=3 Jg -6 terms when dividing by —1
Practice
1 Simplify. Hint
a V45 b 125 One of the two
c a8 d 175 numbers you
choose at the start
¢ N300 f 28 must be a square
g 72 h 162 number.
2 Simplify. Watch out!
a J72+162 b 45-25 Check you have
¢ J50-8 d 75-48 chosen the highest
square number at
e 228+428 £ 2J12-J12++27 the start.

3  Expand and simplify.

a  (N2+3)2-3) b (3+43)(5-v12)
¢ (4-5)45+2) d (5+2)(6-8)
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4 Rationalise and simplify, if possible.

g b L
J5 Ji1
2 2

c ﬁ d ﬁ

e 2 P 5
7z 3
R -

7 Jis

5 Rationalise and simplify.

a L b 2

3-5 4++3

Extend

6  Expand and simplify (\/;+ \/;)(\/;— \/;)

7  Rationalise and simplify, if possible.

1
1 b

a

N Vr-\y
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Answers
1 a 35 b 55
c 4x/5T d 5\/7
e 103 £ 27
g 62 h 92
2 a 152 b 5
¢ 3«[2‘ d \/5
e 647 f 53
3 a -1 b 9-3
¢ 105-=7 d 26-42
s 2 B p YL
5 11
27 NG
c — a X=
7 2
e \/E f \[5—
3 3
s . 3445 b 2(4—3) . 6(5+~/2)
4 13 23
6 x—y
+
7 a 34242 b M

x=y
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Rules of indices

A LEVEL LINKS
Scheme of work: la. Algebraic expressions — basic algebraic manipulation, indices and surds

Key points
° aln X a" = al" +n
m
° a m=n
all -
° (am n = al"”
o 4d'=1

1
e "= Q/Z i.e. the nth root of a

m

m
e a"=ia" =(”a)

m

The square root of a number produces two solutions, e.g. J16=+4.

Examples

Example 1  Evaluate 10°

10°=1 Any value raised to the power of zero is
equal to 1

1
Example2  Evaluate 92

N | —

1
=9 Use the rule a” =%a
=3

9

2
Example 3 Evaluate 273

m

273 :(3 27)2 1 Use therule a” =(" a)m
— 32 2 Use g/ﬁ=3
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Example 4  Evaluate 47

47 = !

42
1
16

1
1 Usetherule a™ = —

a

2 Use 4°=16

6 5
Example 5 Simplify iz
2x

m
a .
6 +2 =13 and use the rule —=a""
a

5

. X 5-2 3
give —=x""=x
X

to

3.5
Example 6 Simplify x ><4x
x

3.5 345 .8
% x4x =2 = x_4 1 Use the rule a” xa" =a™"
X x X
am
=x8 4=yt 2 Usetherule —=a""
a
.1 3
Example 7 Write — as a single power of x
x
1 a | —
— ==X Use the rule — =a™", note that the
3x 3 a”
.1 ;
fraction o remains unchanged
. 4 .
Example 8 Write T as a single power of x
X
4 4 A
T=T 1 Use the rule g” =€/;
X x?
L | —
=4x 2 2 Use the rule F:a
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Practice

1  Evaluate.
a 14°

2  Evaluate.
1

a 492

3  Evaluate.

3
a 252

4  Evaluate.

a 57
5 Simplify.
3xtxx*
a 2
2x
3xx2x°
¢ 3
2x
2
e
yrxy
3
()
. 45"

6  Evaluate.
_1
a 4?2

1
d 164x27°

7  Write the following as a single power of x.

a

S |-

=7
W

=
~N

30

643

10x°

2xt x x

*
x7

-

5° d

X
1 L
1253 d 16*
3 3
492 d 16*
23 d 67
Watch out!
Remember that

any value raised to
the power of zero
is 1. This is the
rule a® = 1.

9 2x2}

W
L5
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8  Write the following without negative or fractional powers.

9  Write the following in the form ax”.

a 5‘\/; b

d

o i

Z e
I

Extend

10 Write as sums of powers of x.

5
a + :-1 b )cz(x+l

X

c
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Answers
1 a 1
2 a 7
3 a 125
4 a L
25

3

5 o X
2

¢ 3x

1

e y?
g 2x°

6 a l
2

qa L
4

7 a x|
2

d x°

1

8 a ;‘
d U x?
1

9 a 5x?

1

d 2x 2

10 a X +x

2%

4x 3

\ola w | oo
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Factorising expressions

A LEVEL LINKS

Scheme of work: 1b. Quadratic functions — factorising, solving, graphs and the discriminants

Key points

e Factorising an expression is the opposite of expanding the brackets.

e A quadratic expression is in the form ax® + bx + ¢, where a # 0.

e To factorise a quadratic equation find two numbers whose sum is b and whose product is ac.
e An expression in the form x? — ) is called the difference of two squares. It factorises to

(x=y)x +y).

Examples

Example 1  Factorise 15x%° + 9x%y

15x%° + 9x*y = 3x?y(5)* + 3x?)

The highest common factor is 3x%.
So take 3x?y outside the brackets and
then divide each term by 3x%y to find
the terms in the brackets

Example 2  Factorise 4x* — 25)°

4x? —25)% = (2x + 5y)(2x — 5y)

This is the difference of two squares as
the two terms can be written as
(2x)*and (5y)*

Example 3 Factorise x? + 3x — 10

b=3,ac=-10

Sox?+3x—10=x*+5x—2x—10
=x(x+5)-2(x+5)

=(x+5)(x-2)

1 Work out the two factors of
ac =—10 which add to give b =3
(5 and —2)

2 Rewrite the & term (3x) using these
two factors

3 Factorise the first two terms and the
last two terms

4 (x+5)is a factor of both terms
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Example 4

Example 5

Factorise 6x*— 11x — 10

b=-11,ac=-60

So
6x>—11x—10=6x*—15x +4x - 10

=3x(2x = 5) +2(2x—5)

=2x—-50GBx+2)

1 Work out the two factors of
ac =—60 which add to give b =—11
(—15 and 4)

2 Rewrite the b term (—11x) using
these two factors

3 Factorise the first two terms and the
last two terms

4 (2x—5) is a factor of both terms

2
—4x-21
Simplify ZC—Z;
2% +9x+9
x*—4x-21 1 Factorise the numerator and the
T denominator
2x° +9x+9

For the numerator:
b=-4,ac=-21

So
X —4x-21=x*—Tx+3x-21

=x(x—7)+3(x—-17)

=(x=T)(x+3)
For the denominator:
b=9,ac=18
So

2x°+9x+9=2x>+6x+3x+9
= 2x(x +3) + 3(x + 3)

=@x+3)(2x+3)
So

x* —4x-21  (x=7)(x+3)

25 49x+9  (x+3)(2x+3)
_ x-17
 2x+3

2 Work out the two factors of
ac =—21 which add to give b =—4
(-7 and 3)

3 Rewrite the b term (—4x) using these
two factors

4 Factorise the first two terms and the
last two terms

5 (x—7)is a factor of both terms

6 Work out the two factors of
ac = 18 which add to give 5=9
(6 and 3)

7 Rewrite the b term (9x) using these
two factors

8 Factorise the first two terms and the
last two terms

9 (x +3)is a factor of both terms

10 (x + 3) is a factor of both the
numerator and denominator so
cancels out as a value divided by
itself is 1
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Practice

1

2  Factorise
a x2+7x+12
c x*-11x+30
e x*—T7x-18
g x*-3x-40
3  Factorise
a  36x2—49)”
¢ 18a*—2006%2
4  Factorise
a 2x%+x-3
¢ 22+ 7x+3
e 10x*+21x+9
5 Simplify the algebraic fractions.
2x? +4x
xt—x
x2-2x-8
¢ 2
x“—4x
¥ —%-12
€ 2
x°—4x
6  Simplify
9x* —16
3x* +17x-28
4 —25x*
10x*> —11x -6
Extend
7 Simplify x* +10x+25
2)% +3(x+2)*
8 Simplify X+ F30:+2)

Factorise.
a  6xY’ —10x%*

¢ 25x32—-10x%72 + 15xH7

x* -4

= = QT

21a°b® + 354°b?

x*+5x—14
x?—5x-24
x2+x-20

x?+3x-28

4x? — 81y*

6x*+17x+5
Ox*—15x+ 4
12x%>—38x + 20

x% +3x
x2+2x-3
x2 —5x

2
x“ =25

2x? +14x
2x* +4x-170

2x* - 7x-15
3x* —17x+10
6x>—x—1

252 +7x -4

Hint

Take the highest
common factor
outside the bracket.
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Answers

1

a  2x%%(3x-5y)
¢ S5xBHH5-2x+3y)

x+3)x+4)
(x=5)(x—-6)
x=-9x+2)
(x=8)(x+5)

m & & 9 »

(6x—Ty)(6x + 7y)
2(3a—10bc)(3a + 105bc)

[T ]

a  (x—1)(2x+3)
(2x + 1)(x +3)
e (5x+3)(2x+3)

2(x+2)
x—1
x+2
X
x+3

e E=———
X

3x+4
x+7

2-5x
2x-3

(x+5)

4(x+2)
x—2

= o= o T

1a°b*(3b* + 5a%)

(x+7)(x-2)
x-8)(x+3)
(x+35)x-4)
x+7ND(x-4)

(2x=9y)(2x + 9y)

(3x + 1)(2x +5)
Gx—1)Bx —4)
2(3x — 2)(2x =5)

X
x-1
X
x+5

x—5

2x+3
3x—-2
3x+1
x+4
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Completing the square

A LEVEL LINKS

Scheme of work: 1b. Quadratic functions — factorising, solving, graphs and the discriminants

Key points

e Completing the square for a quadratic rearranges ax® + bx + ¢ into the form p(x + ¢)* +r

e [fa+# 1, then factorise using a as a common factor.

Examples

Example 1

Example 2

Complete the square for the quadratic expression x? + 6x — 2

x2+6x—2
=(x+372-9-2
=(e+3)2-11

1 Write x> + bx + ¢ in the form

SRE

Simplify

Write 2x? — 5x + 1 in the form p(x + ¢)* + r

2xr —5x+ 1

Before completing the square write
ax* + bx + ¢ in the form

(242
a|l x*+—x|+c
a
Now complete the square by writing

xz—%x in the form
bY (bY

x+=—| —| =

3] -3

Expand the square brackets — don’t

2
forget to multiply (%) by the

factor of 2

Simplify
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Practice

1  Write the following quadratic expressions in the form (x + p)* + ¢

a x>+4x+3 b x*—10x-3
¢ x2—8 d x*+6x
e xX-2x+7 f x*+3x-2

2 Write the following quadratic expressions in the form p(x + ¢)* + r
a 2x*-8x-16 b 4x*-8x-16
¢ 3x*+12x-9 d 2x>+6x-8

3 Complete the square.

a 2x*+3x+6 b 3x2-2x
¢ Sx2+3x d 3x*+5x+3
Extend

4  Write (25x* + 30x + 12) in the form (ax + b)* + c.
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Answers

1 a (x+2)7°-1
¢ (x—4)72-16
e (x—-1*+6

2 a 2(x-27-24
¢ 3(xx+2)2-21

(5x+3)2+3

(x—5)2-28

(x+3)2-9

[ 3 17
x+=| ——
2] 4

4(x— 12 =20

2
2(x+z =
2 2

2
3(x—l] 1
3) 3
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Solving linear and quadratic simultaneous
equations

A LEVEL LINKS
Scheme of work: 1c. Equations — quadratic/linear simultaneous

Key points

e Make one of the unknowns the subject of the linear equation (rearranging where necessary).
e Use the linear equation to substitute into the quadratic equation.
e There are usually two pairs of solutions.

Examples

Example 1  Solve the simultaneous equations y =x + 1 and x* +)* =13

¥+ (x+1)2=13 1 Substitute x + 1 for y into the second
equation.
P+ +rg+x+1=13 2 Expand the brackets and simplify.

2x2+2x+1=13

2x*+2x—12=0 3 Factorise the quadratic equation.
(2x—4)(x+3)=0

Sox=2orx=-3 4 Work out the values of x.
Usingy=x+1 5 To find the value of y, substitute
Whenx=2,y=2+1=3 both values of x into one of the
Whenx=-3,y=-3+1=-2 original equations.

So the solutions are
x=2,y=3 and x=-3,y=-2

Check: 6 Substitute both pairs of values of x

equation 1: 3=2+1 YES and y into both equations to check
and 2=-3+1 YES your answers.

equation 2: 22+32=13 YES

and (=3)? + (=2)? = 13 YES
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Example 2  Solve 2x + 3y =5 and 2)? + xy = 12 simultaneously.

2y2+(5'23y)y=12

2
2,073 gy
2
4y* +5y-3y* =24

¥ +5y—-24=0

@+8(r—-3)=0
Soy=—8ory=3

2y

Using 2x +3y =15
Wheny=-8, 2x+3 x(-8)=5, x=14.5
Wheny=3, 2x+3x3=5 x=-2

So the solutions are
x=14.5, y=—8 and x=-2,y=3

Check:

equation 1: 2 x 145+3 x(—8)=5 YES
and 2x(-2)+3x3=5 YES

equation 2: 2x(—8)? + 14.5%(—8) = 12 YES
and 2x 3+ (=2)x3=12 YES

1 Rearrange the first equation.

5=3y

Substitute for x into the

second equation. Notice how it is
easier to substitute for x than for y.

Expand the brackets and simplify.

Factorise the quadratic equation.

Work out the values of y.

To find the value of x, substitute
both values of y into one of the
original equations.

Substitute both pairs of values of x
and y into both equations to check
your answers.

Practice

Solve these simultaneous equations.

1 y=2x+1 2 y=6-x
x*+y?=10 x?+32=20
3 y=x-3 4 y=9-2x
X +y*=5 xX2+y?=17
5 y=3x-5 6 y=x-5
y=x*—2x+1 y=x>—5x—12
7 y=x+5 8 y=2x-1
X2+ =25 x*+xy=24
9 y=2x 10 2x+y=11
Y —xy=38 xy=15
Extend
11 x-y=1 12 y—-x=2

x2+y2=3 ¥+ xy
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Answers
1 x=1,y=3
577
2 x=2,y=4
x=4,y=2

3 x=1y=-2

x=2,y=-1
4 x=4,y=1
L6 1
5775
5 x=3,y=4
x=2,y=1
6 x=7,y=2
x=—1,y=-6
7 x=0,y=5
x=-5,y=0
8 19
8 = e —
R
x=3,y=5

:2 —3
10 x 4 6

11 x=

12 x= —1+«/’7’y= 3447
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Parallel and perpendicular lines

A LEVEL LINKS
Scheme of work: 2a. Straight-line graphs, parallel/perpendicular, length and area problems

Key points

e When lines are parallel they have the same
gradient.
e A line perpendicular to the line with equation

y=mx + ¢ has gradient ny

m

Examples

Example 1

Example 2

Example 3

y
\ «— gradient = —%
> perpendicular
lines
//// ’ \\\&
parallel lines
gradlent = m

Find the equation of the line parallel to y = 2x + 4 which passes through

the point (4, 9).

y=2x+4
m=2
y=2x+c¢
9=2x%x4+¢
9=8+c¢
c=1
y=2x+1

1 As the lines are parallel they have
the same gradient.

2 Substitute m = 2 into the equation of
a straight line y =mx + c.

3 Substitute the coordinates into the
equationy =2x + ¢

4 Simplify and solve the equation.

5 Substitute ¢ = 1 into the equation
y=2x+c

Find the equation of the line perpendicular to y = 2x — 3 which passes through

the point (-2, 5).

y=2x—3
m=2
I 1
m 2
1
y===x+c
S=—=x(2)+c
5=1+c
c=4
y=—1x+4
2

1 As the lines are perpendicular, the
gradient of the perpendicular line

is ——.
m

2 Substitute m = —% into y =mx + c.
3 Substitute the coordinates (-2, 5)
into the equation y = —%x +c

4 Simplify and solve the equation.

1
5 Substitutec=4into y= —Ex +c.

A line passes through the points (0, 5) and (9, —1).
Find the equation of the line which is perpendicular to the line and passes through

its midpoint.




edexcel

Practice

x=0,x=9, yy=5and y,=-1
=J’2_J’1=ﬁ
x-%x 9-0
=6 2

9 3

m

3|~
N | W

L
)

Midpoint = (0—;9 ks (_l)) = (2, 2

)

Substitute the coordinates into the
Y= N
Xy =X

to work out

equation m =
the gradient of the line.

As the lines are perpendicular, the
gradient of the perpendicular line

. 1
is ——.
m

Substitute the gradient into the
equation y = mx + c.

Work out the coordinates of the

2 2 midpoint of the line.

39 . .
2==x=+c¢ Substitute the coordinates of the

2 192 midpoint into the equation.
c= Yy Simplify and solve the equation.

1 .
2319 Substitute ¢ = B into the equation

y= —2—x vy 4

S
Y 2 .

Find the equation of the line parallel to each of the given lines and which passes through each of
the given points.

a y=3x+1 (3,2
¢ 2x+4y+3=0 (6,-3) d

b y=3-2x (1,3)
2y-3x+2=0 (8,20)

Hint

. . . . _ l _ g
Find the equation of the line perpendicular to y 7% 3 which Ifm = % thien fhe ngative
passes through the point (-5, 3). Lb
reciprocal ——=—=
m a

Find the equation of the line perpendicular to each of the given lines and which passes through
each of the given points.

1 1

a y=2%-6 (4,0) b y=-—x+s 13)

¢ x4y—-4=0 (5,15 d Sy+2x-5=0 (6,7)
In each case find an equation for the line passing through the origin which is also perpendicular
to the line joining the two points given.

a (4,3), (2,79 b (0,3), (-10,8)
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Extend
5  Work out whether these pairs of lines are parallel, perpendicular or neither.
a y=2x+3 b y=3x c y=4x-3
y=2x-17 2x+y-3=0 4y +x=2
d 3x-y+5=0 e 2x+5y-1=0 f 2x-y=6
x+3y=1 y=2x+7 6x—-3y+3=0

6  The straight line L, passes through the points 4 and B with coordinates (4, 4) and (2, 1),
respectively.

a  Find the equation of L in the form ax + by + ¢ =0

The line L; is parallel to the line L; and passes through the point C with coordinates (-8, 3).
b  Find the equation of L; in the form ax + by+ ¢ =0

The line L is perpendicular to the line L; and passes through the origin.
¢ Find an equation of L3
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Answers
1 a y=3x-7 b y=-2x+5
l 3
=2 = x+

L d y=ox 8
2 y=-2x-17
3 a y=—%x+2 b y=3x+7

¢ y=—4x+35 d y=%x—8
4 a y= —% x b y=2x
5 a Parallel b Neither c Perpendicular

d Perpendicular e Neither f Parallel

6 a x+2y—-4=0 b x+2y+2=0 c y=2
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Proportion

A LEVEL LINKS

Scheme of work: 2a. Straight-line graphs, parallel/perpendicular, length and area problems

Key points
Ya o
Two quantities are in direct proportion when, as one quantity gv;e’;: kis
increases, the other increases at the same rate. the gradient
Their ratio remains the same.
‘y is directly proportional to x” is written as y oc x. s "
If y oc x then y = kx, where £ is a constant.
When x is directly proportional to y, the graph is a straight
line passing through the origin.
Two quantities are in inverse proportion when, as one quantity ya
increases, the other decreases at the same rate.
‘y is inversely proportional to x is written as y o L
X
Ify o 1 then y= K , Where k is a constant.
X X
When x is inversely proportional to y the graph is the same shape as O x
the graph of y= 1
Examples
Example 1 y is directly proportional to x.
When y=16,x=5.
a  Find x when y = 30.
b Sketch the graph of the formula.
a yuxx 1 Write y is directly proportional to x,
using the symbol oc.
y=kx 2 Write the equation using .
16=kx5 3 Substitute y =16 and x =5 into
y=kx.
k=32 4 Solve the equation to find £.
y=32x 5 Substitute the value of & back into
the equation y = kx.
When y = 30,
30=32 xx 6 Substitute y =30 into y = 3.2x and
x=9.375 solve to find x when y = 30.
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b ¥ 7 The graph of y = 3.2x is a straight
line passing through (0, 0) with a
gradient of 3.2.

> X

Example 2 y is directly proportional to x?.
When x =3, y=45.
a Find y whenx=35.
b  Find x when y = 20.

a  yocx? 1 W.rite y is directly proportional to x%,
using the symbol oc .
y = kx? 2 Write the equation using £.
45=fx 3? 3 Substitute y =45 and x = 3 into
y=kx?
k=5 4 Solve the equation to find £.
y=5x2 5 Substitute the value of & back into
the equation y = kx?.
When x =5,
y=5x52 6 Substitute x = 5 into y = 5x? and
y=125 solve to find y when x = 5.
b 20=35 xx? 7 Substitute y = 20 into y = 5x* and
x*=4 solve to find x when y = 4.
x=%£2

Example 3 P is inversely proportional to Q.
When P =100, Q = 10.
Find Q when P = 20.

P 1 1 Write P is inversely proportional
0 to O, using the symbol oc .
k
P= E 2 Write the equation using .
100 = * 3 Substitute 7 =100 and Q = 10.
1
= 1000 4 Solve the equation to find £.
k
P 1000 5 Substitute the value of kinto P=—
0 Q
1
20 = 1000 6 Substitute P =20 into P = 1000 and
0 Y
solve to find Q when P = 20.
-1
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Practice

1  Paul gets paid an hourly rate. The amount of pay (£P) is directly
proportional to the number of hours (%) he works.
When he works 8 hours he is paid £56.
If Paul works for 11 hours, how much is he paid?

2 xisdirectly proportional to y.
x=35wheny=>5.
a  Find a formula for x in terms of y.
b  Sketch the graph of the formula.
¢ Find x wheny = 13.
d Find y when x = 63.

3 Qisdirectly proportional to the square of Z.
O=48 when Z=4.

a  Find a formula for Q in terms of Z.
b  Sketch the graph of the formula.

¢ Find QwhenZ=5.

d Find Z when Q = 300.

4  yisdirectly proportional to the square of x.
x =2 when y=10.
a  Find a formula for y in terms of x.
b  Sketch the graph of the formula.
¢ Find x when y = 90.

S5  Bis directly proportional to the square root of C.
C =25 when B =10.

a  Find B when C = 64.
b Find C when B = 20.

6  Cisdirectly proportional to D.
C =100 when D =150.
Find C when D = 450.

7  yisdirectly proportional to x.
x =27 wheny=09.
Find x when y=3.7.

8 m is proportional to the cube of n.
m =54 whenn =3.
Find » when m = 250.

Hint

Substitute the values
given for P and h
into the formula to
calculate %.
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Extend

10

11

12

13

14

15

16

s is inversely proportional to ¢.

a  Given that s =2 when ¢ = 2, find a formula for s in terms of 7.
b  Sketch the graph of the formula.

¢ Find f whens=1.

a is inversely proportional to 4.
a=5 when b = 20.

a  Find a when 6= 50.
b  Find 4 when a = 10.

v is inversely proportional to w.
w =4 when v = 20.

a  Find a formula for v in terms of w.
b Sketch the graph of the formula.
¢ Find w whenv=2.

L is inversely proportional to W.
L =12 when W=3.
Find W when L = 6.

s is inversely proportional to ¢.
s =6 whent=12.

a Find s when ¢ = 3.
b Find f whens=18.

y is inversely proportional to x2.
y=4 whenx =2.
Find y when x = 4.

y is inversely proportional to the square root of x.
x=25wheny=1.
Find x when y=5.

a is inversely proportional to .
a=0.05 when b =4.

a Find a when b =2.
b Find 5 when a=2.
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Answers
1 £77
2 a x=7y b YA
x=Tyory =+x
3] %
¢ 91 d 9
3 a Q=32 b Q
Q=32
0 Z
¢ 75 d +10
4 a y=25x* b y
y = 2.5x2
¢ 6
ol %
5 a 16 b 100
6 300
7 11.1
8 5
9 a s=E b S
t _4
$=7
c 4 ol T
10 a 2 b 10
11 a v=@ b
w
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12

13

14

15

16

6

a

1

24

0.1

0.1
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Trigonometry in right-angled triangles

A LEVEL LINKS
Scheme of work: 4a. Trigonometric ratios and graphs

Key points
o In aright-angled triangle:
o the side opposite the right angle is called the hypotenuse hypotenuse
o the side opposite the angle 6 is called the opposite opposite
o the side next to the angle 6 is called the adjacent.
(%
adjacent

e Inaright-angled triangle:

o the ratio of the opposite side to the hypotenuse is the sine of angle 8, sinf = oPP

hyp
"
o the ratio of the adjacent side to the hypotenuse is the cosine of angle 8, cosé = )
yp
o theratio of the opposite side to the adjacent side is the tangent of angle 6, tand = 0%?
aq

e If the lengths of two sides of a right-angled triangle are given, you can find a missing angle

using the inverse trigonometric functions: sin™, cos™, tan™".

e The sine, cosine and tangent of some angles may be written exactly.

30° [ 45° [ 60° [ 90°
sin O I 1
cos 1 SO A 1 0
tan | 0 | & 1| B
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Examples

Example 1

Example 2

Calculate the length of side x.

Give your answer correct to 3 significant figures.

cos6’=a—dJ

hyp
cos 25° =§
P

6
cos 25°
x=6.6202675...

x=6.62cm

Always start by labelling the sides.

You are given the adjacent and the
hypotenuse so use the cosine ratio.

Substitute the sides and angle into
the cosine ratio.

Rearrange to make x the subject.

Use your calculator to work out

6 + cos 25°.

Round your answer to 3 significant
figures and write the units in your
answer.

Calculate the size of angle x.

Give your answer correct to 3 significant figures.

4.5cm

tand = ﬂ
adj
3
tanx =—
4.5

x = tan™ (i)
4.5

x=33.6900675...

x=33.7°

Always start by labelling the sides.

You are given the opposite and the
adjacent so use the tangent ratio.

Substitute the sides and angle into
the tangent ratio.

Use tan™ to find the angle.

Use your calculator to work out
tan~!(3 + 4.5).

Round your answer to 3 significant
figures and write the units in your
answer.
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Example 3 Calculate the exact size of angle x.
\/'§ cm
s
3ecm
1 Always start by labelling the sides.
\/'5 cm opp hyp
ady X
3cm
tang = 2PP 2 You are given the opposite and the
adj adjacent so use the tangent ratio.
tanx = ﬁ 3 Substitute the sides and angle into
3 the tangent ratio.
4 Use the table from the key points to
x=30° find the angle.
Practice

1  Calculate the length of the unknown side in each triangle.
Give your answers correct to 3 significant figures.

a b

30°
7 cm

Scm

6.2 cm
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2 Calculate the size of angle x in each triangle.
Give your answers correct to 1 decimal place.

a

4cm

3 Work out the height of the isosceles triangle.
Give your answer correct to 3 significant figures.

Hint:

Split the triangle into two
right-angled triangles.

4  Calculate the size of angle 6.
Give your answer correct to 1 decimal place.

Hint:

First work out the length of the
common side to both triangles,
leaving your answer in surd form.

5  Find the exact value of x in each triangle.

a

=~
_1

2em

3 em)|
6cm

Scm

55
8cm
3cm ‘
7cm
b
x 3 cem
60°
d w
2cm
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The cosine rule

A LEVEL LINKS
Scheme of work: 4a. Trigonometric ratios and graphs
Textbook: Pure Year 1, 9.1 The cosine rule

Key points A

e ais the side opposite angle A. .
b is the side opposite angle B. b
¢ is the side opposite angle C.

C p B
e You can use the cosine rule to find the length of a side when two sides and the included
angle are given.
e To calculate an unknown side use the formula g® = 4% +¢* —2bccos 4.

e Alternatively, you can use the cosine rule to find an unknown angle if the lengths of all three
sides are given.

P+ -a
e To calculate an unknown angle use the formula cos 4= s
c
Examples
Y
Example 4 Work out the length of side w.
Give your answer correct to 3 significant figures. 7cm, -
45°
& 8cm
}(}; 1 Always start by labelling the angles
and sides.
A
X 8cm /Z;

a® =b* +c* —2bccos A 2 Write the cosine rule to find the
side.

w? =82 +7% —2x8x7xcosd5° 3 Substitute the values a, b and 4 into
the formula.

w?=133.80404051... 4 Use a calculator to find w? and

= |[33.80404051 ther .

e B 5 Round your final answer to 3

w=5281cm significant figures and write the
units in your answer.
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Example 5  Work out the size of angle 6. R

Give your answer correct to 1 decimal place. 15 em

Q 10cm

1 Always start by labelling the angles
and sides.

2 Write the cosine rule to find the

angle.
2 2 2
cos@= 100+7° 157 3 Substitute the values a, b and ¢ into
2x10x7 the formula.
cosf =—— 4 Use cos™ to find the angle.

140

_ 5 Use your calculator to work out
0 =122.878 349... cos1(~76 + 140).

6 Round your answer to 1 decimal

6=122.9° . o
place and write the units in your
answer.

Practice
6  Work out the length of the unknown side in each triangle.

Give your answers correct to 3 significant figures.

a b

10 cm 14 cm
159
b Sem
7cm a
¢ d 5.5cm

55 mm
40m Q
d
= 6 cm
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7  Calculate the angles labelled 8 in each triangle.
Give your answer correct to 1 decimal place.

a b

9cm

33 mm
38 mm

36 mm a

7.2cm

8 e 7.5cm

113cm

8 a  Work out the length of WY.
Give your answer correct to
3 significant figures. W

b Work out the size of angle WXY.
Give your answer correct to
1 decimal place.
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The sine rule

A LEVEL LINKS
Scheme of work: 4a. Trigonometric ratios and graphs

Textbook: Pure Year 1, 9.2 The sine rule

Key points A

a is the side opposite angle A.
b is the side opposite angle B.
c is the side opposite angle C.

C a2 B
You can use the sine rule to find the length of a side when its opposite angle and another
opposite side and angle are given.
a b ¢
sind sinB sinC
Alternatively, you can use the sine rule to find an unknown angle if the opposite side and
another opposite side and angle are given.

To calculate an unknown side use the formula

To calculate an unknown angle use the formula Bingd A8  glwt .

a b é

Examples

Example 6 Work out the length of side x.

Give your answer correct to 3 significant figures.

1 Always start by labelling the angles
and sides.
a __b 2 Write the sine rule to find the side.
sind sinB
* 10 3 Substitute the values a, b, 4 and B
sin36° sin75° into the formula.
10 x sin36° .
X=—"—"— 4 Rearrange to make x the subject.
sin75
o= 6105 e 5 Round your answer to 3. mgmﬁcant
figures and write the units in your
answer.
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Example 7

Practice

Work out the size of angle 6.

Give your answer correct to 1 decimal place.

14 cm

sind _sinB

a b
sinf _sinl27°
8 14
sind = 8xsinl27°
14
60=27.2°

1 Always start by labelling the angles

and sides.

2 Write the sine rule to find the angle.

3 Substitute the values a, b, 4 and B

into the formula.

4 Rearrange to make sin 6 the subject.

5 Use sin™ to find the angle. Round

your answer to 1 decimal place and
write the units in your answer.

9  Find the length of the unknown side in each triangle.
Give your answers correct to 3 significant figures.

10cm

105° 40°

o

62cm
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10 Calculate the angles labelled 8 in each triangle.
Give your answer correct to 1 decimal place.

8cm

85°
cm

G
V

c d 7.5cm

k)

10cm

9.6 cm 8Scm
13 cm
9\ 75° p
11 a  Work out the length of QS.
Give your answer correct to 3 significant figures.
54c 757}
b Work out the size of angle RQS. > o 4.5cm

Give your answer correct to 1 decimal place. P
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Areas of triangles

A LEVEL LINKS

Textbook: Pure Year 1, 9.3 Areas of triangles

Scheme of work: 4a. Trigonometric ratios and graphs

Key points

e ais the side opposite angle A.
b is the side opposite angle B.
c is the side opposite angle C.

e The area of the triangle is %ab sinC'.

Examples

Example 8 Find the area of the triangle.

A
b c
a B
5cm
Scm

Area = lab sinC
2
Area = %xSxstin82°

Area=19.805361...

Area=19.8 cm?

Always start by labelling the sides
and angles of the triangle.

State the formula for the area of a
triangle.

Substitute the values of g, b and C
into the formula for the area of a
triangle.

Use a calculator to find the area.

Round your answer to 3 significant
figures and write the units in your
answer.
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Practice

12 Work out the area of each triangle.
Give your answers correct to 3 significant figures.

a b
55cm
7.5cm @
8cm
ﬁ 7.5cm
c
38 mm
589
43 mm
Z
13 The area of triangle XYZ is 13.3 cm?.
Work out the length of XZ.
Hint: "
X 64° . Y
Rearrange the formula to make a side the subject. 5.8cm
Extend

Hint:
14 Find the size of each lettered angle or side.

Give your answers correct to 3 significant figures. For each one,.demde .whether
to use the cosine or sine rule.

9cm

b
Scm

Scm
B>
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15 The area of triangle ABC is 86.7 cm?.
Work out the length of BC.
Give your answer correct to 3 significant figures.

16.5cm

95 mm

202
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Answers

1 a 649cm
d 743 mm

2 a 369°

3 S57lcm

4 204°

5 a 45°

6 a 646cm

7 a 222°

8 a 137cm

9 a 433cm

10 a 42.8°

11 a 8.13cm

12 a 18.1 cm?

13 5.10cm

14 a 6.29cm

15

153 cm

6.93 cm
7.39 cm

57.1°

1 cm

9.26 cm

52.9°

76.0°

15.0 cm

52.8°

32.3°

18.7 cm?

84.3°

2.80 cm
6.07 cm

47.0°

30°

70.8 mm

122.9°

45.2 mm

53.6°

693 mm?

5.73 cm

d 38.7°
d \/g cm
d 9.70cm
d 93.6°
d 6.39%9cm
d 28.2°
d 58.8°



