Many students underestimate the step up from IGCSE to AS Level Mathematics. The
course moves at a faster pace and requires a much deeper understanding of
mathematical concepts. For this reason, it is important that students have a secure
understanding of the key skills developed at IGCSE before beginning Year 12.

Particular focus should be placed on algebraic skills, including expanding

and factorising expressions, solving quadratic equations, and rearranging formulae.
Students should also be confident with indices and surds, coordinate geometry, and
basic trigonometry. These topics form the foundation of much of the AS Level course
and will be used regularly throughout the year.

As over 60% of the qualification consists of Pure Mathematics, a strong grasp of these
core skills is essential. Students who begin Year 12 with confidence in these areas are
much more likely to cope successfully with the demands of the course and make a
positive start to their AS Level studies.

To support a smooth and confident transition into Year 12, there is a programme of work
designed to consolidate and strengthen the mathematical skills developed at IGCSE
(found in the ‘practice worksheets’ folder). Completing this work thoroughly and
independently over the coming weeks will provide an excellent platform from which to
begin the AS Level course, allowing you to focus on new concepts rather than revisiting
IGCSE content. The effort invested now will play a significant role in determining your
success throughout AS and A Level Mathematics.

Other useful resources: s
https://alevelmathsrevision.com/bridging-the-gap/

https://www.youtube.com/watch?v=UgF6m1UVuQM4&list=PLCrPozyZIfWY57AEV1UWO
fVMphTD4px4U



https://alevelmathsrevision.com/bridging-the-gap/
https://www.youtube.com/watch?v=UqF6m1UVuQM&list=PLCrPozyZlfWY57AEV1UWOfVMphTD4px4U
https://www.youtube.com/watch?v=UqF6m1UVuQM&list=PLCrPozyZlfWY57AEV1UWOfVMphTD4px4U

@ Pearson

Mat hemati cs Wo

A-Level Preparation Gui de

Cover Page

Titl e:
Al gebra and Advanced Mat hematics Wor kbook

Subtitl e:

Expanding Expressions, Surds, Indices, Quadratics & Graphs

Prepared for:
A-Level Mathematics Students

Il ntroducti on

This workbook is designed to support students in mastering key algebraic and mathematical
concepts required for A-Level study. It provides clear explanations, step-by-step examples, and a

wide range of practice exercises to reinforce understanding and build confidence.

The topics covered include fundamental algebraic manipulation, surds, indices, quadratic equations,
graphing techniques, and trigonometry. Each section begins with key principles, followed by worked

examples and practice questions to ensure a thorough understanding of the topic.
This resource aims to:

Strengthen core mathematical skills
Develop problem-solving techniques

Prepare students for A-Level examinations

= =4 4

Encourage independent learning and practice
Students are encouraged to work through each section carefully and attempt all practice questions

to gain maximum benefit.

Tabl e of Contents

l1.Expanding Brackets and Simplifying Expressions
.Surds and Rationalising the Denominator

.Rul es of I ndices

.Factorising Expressions

.Compl eting the Square

S O~ WN

.Solving Quadratic Equations by Factorisation



@ Pearson

7.So0l ving Quadratics by Completing the Square
8.Solving Quadratics Using the Formul a
9.Sketching Quadratic Graphs

10Si multaneous Equations (Elimination Method)
11Si multaneous Equations (Substitution Method)

l12Linear and Quadratic Simultaneous Equations
13Solving Simultaneous Equations Graphically

l4Li near I nequalities

l15Quadratic I nequalities

16Cubic and Reciprocal Graphs

17Graph Transformations (Transl ations & Stretching
18Straight Line Graphs

19Par al | el and Perpendicular Lines

20Pyt hagorasd Theorem

21PRroportion (Direct & Inverse)

22Circle Theor ems
23Trigonometr-Anglnedi Brhitangl es
24Cosine Rule

25Sine Rul e

26Areas of Triangl es

FYRAY3 06Ny O1SGa&

9 E LJ
|yﬁ AAYLX AT@AY3 SELINBaA

[

[ {
WF o2 NJEHSONIcOHD a3 B

Uy ©

9=
v

(/))

{0 HDLINB BSHANY A O YI y ALz | o :

Key points

1 2KSy @&2dz SELI YR 2yS aSiG 2F oN)}O1SGa @&2dz Ydz
gKI G A& 2dziaARSo®

T 2KSy @&2dz SELIYR (62 tAYSIN SELINBBAABZKENES!
Frn [oyYRTX @2dz ONBIGS F2dzNJ GSNxaod ¢g2 2F (KSa
O2ff SOay3 tA1S GSNXYao

Examples
Example 1  Expand 4(3x—2)
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4(3x—2)=12x—38 Multiply everything inside the bracket
by the 4 outside the bracket

Example 2 Expand and simplify 3(x+ 5) — 4(2x + 3)

3(Xx+5)—4(2x+3) 1 Expand each set of brackets

=3x+ 15— 8x— 12 separately by multiplying (X + 5) by
3 and (2X + 3) by 4
=3-5x 2 Simplify by collecting like terms:
3Xx—8Xx=-5xand 15 -12=3

Example 3  Expand and simplify (X + 3)(x + 2)

X+3)(x+2) 1 Expand the brackets by multiplying
= X(X+2) + 3(x+2) (X+2) by xand (X+2) by 3
=x+2xX+3Xx+6
=x2+5X+ 6 2 Simplify by collecting like terms:

2X+ 3x=5X

Example 4  Expand and simplify (X — 5)(2x + 3)

(X—=5)(2x+ 3) 1 Expand the brackets by multiplying
= X(2x + 3) — 5(2x + 3) (2x+3) by xand (2x+ 3) by =5
=2x>+3x—10x— 15
=2 —7x—15 2 Simplify by collecting like terms:
3Xx—10x=—-7x
Practice
1 Expand. 2  §OK 2 ¢
a 32x-1) b —2(5pq+4¢) )
c  —(Bxy—2y?) 2 KSY Ydzt sl
- . . RAGARAY 3O
H 9ELI YR YR aAYLI ATed yS3ala @S vy
a 7(3x+5)+6(2x-28) b 8(5p-2)-34p+9) iKS ardya
c  9(3s+1)-5(6s-10) d 24x-3)-(3x+5) ALYS GKS |
3  Expand. e
a 3x(4x+38) b 4k(5k*-12)

¢ —2h(6h*+11h-5) d 3548 -7s+2)
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4  Expand and simplify.

a 3(Y-8) -4y -5 b 2x(X+5) +3x(x—7)

c 4p2p-1)-3p(5p-2) d 3bb-3)-b6b-9)
5  Expand +(2y-8)
6  Expand and simplify.

a 13-2(m+7) b 5p(p*+6p)—9p(2p-3)
7  The diagram shows a rectangle.

Write down an expression, in terms of X, for the area of

the rectangle. 3x—3

Show that the area of the rectangle can be written as

21x*— 35X
8 Expand and simplify.

a (xX+4)(x+5) b (X+7)(x+3)

c (xX+7N(x-2) d X+35)Xx-5)

e (2x+3)(x-1) f (Bx=-2)2x+1)

g (B5x=3)2x-5) h  (3x—2)(7 +4x)

I (3x+4y)(Sy +6%) o o(x+5y

k (@2x-7) | (4x—3y)?
Extend
9  Expand and simplify (X + 3)* + (X — 4)?
10 Expand and simplify.

2
a .1 ¢ a2 a .1 ¢
a Wt X b g+ ¢
(;; X= (; g X -

Tx
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Answers
1 a 6x-3 b —10pg- 8¢?
C  -3xy+2y
2 a 2Ix+35+12x—48=33x-13
b 40p-16—12p—27=28p—43
c 27s+9-30s+50=-3s+59=59-3s
d 8x—-6-3x-5=5x-11
3 a 12x*+24x b 20k—-48k
10h—12h% — 22h? d 219-218-6s
4 a -y -4 b 5x-11x
c 2p-7p d ok’
5 y-4
6 a -1-2m b 5p°+12p*+27p
7 TX(3X—5)=21x*-35x
8 a xX+9x+20 b x+10x+21
c X+5x—14 d x*-25
e 2xX*+x-3 f 6xt—x-2
g 10x*-31x+15 h 12X+ 13x— 14
i 18X+ 39xy+ 20y? i X2+ 10x+25
k  4x—28x+49 [ 16X —24xy+ 9y?
9 2xX-2x+25
2 1
10 a X-1 - b X +2 +5
X X
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Examples
Example 1 Simplify /50
J50 =25 2 1 Choose two numbers that are
factors of 50. One of the factors
must be a square number
=25 42 2 Use the rule J/ab=+/a 3/b
=5 3\/5 3 Use\/gZS
:5\/5

Example 2 Simplify /147 - 24/12

J147 - 2412 1 Simplify 147 and 2+/12 . Choose
=J29 B8 2/4 3 two numbers that are factors of 147

and two numbers that are factors of
12. One of each pair of factors must
be a square number

=J49 33 24 3 2 Use the rule \Jab=+a i/b
=7 33 2 23.3¢ 3 Use /49 =7 and /4 =2
=73 43

4 Collect like terms

:3\/5
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Example 3  Simplify (\/7+\/§)(\/7 -\/5)

1 Expand the brackets. A
(\ﬁ.,.\/i)(\ﬁ ﬁ) xpand the brackets comn;on
_ \/@_ \/7 \/5 4</§ \/7 \/Z mistake here is to write (\/7 ) =49
—7_92 2 Collect like terms:
=5 -VTV2 w247
= V7V2 FV2 0

Example 4 Rationalise L

3
11, ﬁ 1 Multiply the numerator and
3 \/g \/g denominator by \/g
3
=1 \/g 2 Use \/5 =3
NG)
= ﬁ
3
Example 5  Rationalise and simplify £
Ji2
V2 = V2 3 Ji2 1 Multiply the numerator and
“/E \/ﬁ \/E denominator by \/ﬁ
_ 2243 2 Simplify J12 in the numerator.
12 Choose two numbers that are factors

of 12. One of the factors must be a
square number

3 Use the rule \/%=\/a 3\/5

= 2ﬁﬁ 4 Use \/Z =2
12
5 Simplify the fraction:
2\ 2 1
=— — simplifies to —
6 12 6
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3
Example 6 Rationalise and simplifi
p pliry + \/g
3 _ 3 52- \/g 1 Multiply the numerator and
2+45 2+J5 2 -5 denominator by 2 - J5
3(2-45)
(2 +5 ) (2 NG ) 2 Expand the brackets
_6-35
4+25 25 5 3 Simplify the fraction
_6-3y5
-1 4 Divide the numerator by —1
Remember to change the sign of all
=3 ‘/g -6 terms when dividing by —1
Practice
1 Simplify. |l Ay i
a 45 b 125 hyS 2F
c 48 d V175 y dzY o S N&
e 300 f 28 OK224aS |
g 72 h 162 aiF NI Yd
2 Simplify. 200K 2d
a 72+162 b V45- 25 /I KSO1 &2
c B50-8 d 75-48 Ok2as8y
e 2J28+.28 f o 2J12-J12 /27 KAIKSaA

3  Expand and simplify.
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a (2+B)\2 -B)
¢ (4-\B)B5 2

3+B)6 ~12)
(5++2)(6 ~B)

o T

4  Rationalise and simplify, if possible.

a L b L
5 V11
2 2
c —= d —
7 B
e 2 f >
2 5
, B B
2 N7
5 Rationalise and simplify.
a 1 b 2
3-45 4+.3
Extend

6 Expand and simplify (\/; + \/Y/) (\/;( -\/_y)

7  Rationalise and simplify, if possible.
1 1

NCENG Vx-Jy

a
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Answers
1 a 35
c 43
e 1043
g 62
2 a 152
c 32
e 67
3 a -1
c 10J§—7
s 2 B
5
Y
7
e 2
J3
9 73
5 a 3+\/§
4
6 XxX-y
7 a 3+2\2

wdzf S &

> —Hh o T

(o3

57

6(5+2)
23
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Examples

Example 1  Evaluate 10°

¢KS &ljdzZr NB NR2G 2F |y dzY\ASNIOGLINE RdzO S &

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

1
Example 2  Evaluate 92

—

|
92 =.f9 Use the rule a" =¥ a
=3

2
Example 3  Evaluate 27°

2 2 m m
273 :(%/ﬁ) 1 Use therule a" :({‘/5)
-3 2 Use é/ﬁ:_%
~9

g2

Qx
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Example 4 Evaluate 4°

Example 5

Example 6

Example 7

Example 8

b

1 Usetherule @™ =—
a

2 Use 4°=16

6X’

%=3x3 6 +2 =3 and use the rule Z—r:=am”to
give §—2=X5'2 >
Simplify = 34)5
X 34)(5 = )825 =£; 1 Usetherule a2 a" =a™"
X X X
=xt4=x 2 Use the rule Z—:=am”

Write 3L as a single power of X
X

. 1
— ==X Use the rule — =a ™, note that the
3x 3 a"
fraction % remains unchanged
.4 .
Write T as a single power of X
X
4 _ 4 1
T‘T 1 Usetherule a" ={a
X X
1 1 -m
=4x 2 2 Use the rule §=a
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Practice

1 Evaluate.
a 14° b 30 c 50 d X

2 Evaluate.
1 1 1 1

a 492 b 643 c 1253 d 164

3  Evaluate.

3 3 3 3
a 25?2 b 83 c 492 d 164
4  Evaluate.
a 57 b 473 C 273 d 67
5 Simplify.
323 X 10x%°
a 2 b 2
2X 2X°3 X
3x3 2x% 7x —
c e d 14)(5y:/ 2 | §OK 2di
V2 ¢ wSYSYo SN
e 1 f ; 5 5
y53 y C23 Cf I ye Ql f d
, i2 0KS L
(2¢) X3 % i SNB A&
g h
4° X233 %
6  Evaluate.
1 J2 1
a 4°? b 27 3 c 9 2323
| 1 2
s 39 & a7 &
d 164323 e 42§ f
&s 9 4 0

7  Write the following as a single power of X.

1
a —
X X



)
[u—
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8  Write the following without negative or fractional powers.

b

X

><|
N | —

9  Write the following in the form ax’.

a5\/§

2
d =
Jx

Ext end

10 Write as sums of powers of X.

X +1

X2

b

b

S i

c

f

x|
vopgé.)o

+
x| —
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Answers
1 a 1
2 a 7
3 a 125
4 a L
25

3

5 a 3i
2

c 3x

1

e y?

g 2%
6 a l
2

g L

4

7 a x!
2

d X

1

8 a ?
d ¥

1

9 a 5x?
1
d 2x?2

10 a X +X

ol w oo

><l
[FSAN)
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Examples

Example 1  Factorise 15x%y* + 9x%y

15Xy + 9xy = 3x2y(5y? + 3%?) The highest common factor is 3x%y.

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* — 25Y?

4% — 25y* = (2X + 5y)(2Xx — 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 1 Work out the two factors of

ac=—10 which add to give b= 3

(5 and —-2)

SOX+3X—10=X+ 5x—2x—10 2 Rewrite the b term (3X) using these

two factors

= X(X+ 5) = 2(X+ 5) 3 Factorise the first two terms and the
last two terms

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

=(X+5)(x-2)
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Example 4  Factorise 6x> — 11x— 10

b=-11,ac=-60

So
62— 11x—10=6X>— 15X+ 4x— 10

= 3X(2X — 5) + 2(2X — 5)

=(2x-5)(3x+2)

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

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

Factorise the first two terms and the
last two terms

(2x—5) is a factor of both terms

2
X -4x 21
Example 5 Simplify —————
P P ox +9x
2 - 4x 21 Factorise the numerator and the
1 +9X 9 denominator

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

So
X —4x—-21=x>—7x+3x-21

=X(X—T7)+3x—7)
=X=T7)(x+3)

For the denominator:
b=9,ac=18

So
2%+ 9X+ 9 =2+ 6X+3Xx+9

=2X(X+3)+ 3(x+ 3)

= (X+3)(2x + 3)
So
X2 -4x 21 _ (x B(x 3¢
2 +9X H  (X+3)(2X B)
o ox-7
© 2x+3

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

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

Factorise the first two terms and the
last two terms

(X—7) is a factor of both terms

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

Rewrite the b term (9X) using these
two factors

Factorise the first two terms and the
last two terms

(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 Factorise.
a  6xty — 10Xy

C  25%y* —10x%y* + 15x%y

2  Factorise
a xX+7x+12
c xX-11x+30
e xX-7x-18
g xX-3x-40

3  Factorise
a  36x2—49y?
c 18a>—200b’c?

4 Factorise
a 2x+x-3
c 2%+7x+3
e 10x+21x+9

5  Simplify the algebraic fractions.

2%% +4X
a 2
X - X
X*-2x 8
c 2
X - 4X
X - x -2
e 2
X - 4X
6  Simplify
9x* - 16
3> +17x 28
4-25%
10X3-11x 6
Extend

7 Simplify 32 +10x 25

o ™ QO T

21a’b’ + 35a°p?

X2+ 5% — 14
X2 —5x—24
X2+ X -20

X2 +3x—28

4% — 81y?

62+ 17x+5
o> —15x+4
12x> — 38x+ 20

X2 +3X
XX +2x 3
X2 - 5X
Xt - 25

2x% +14x
2x2 +4x 70

2x* - 7x 45
3% - 17x 40
6x% - x -
22X +7Xx 4

I Ay

¢r1S GKS
d2YY2y FI
2dziaA RS |
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(x+2)" B(x ¥’

8  Simplif
Py X -4
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Answers

1 a 2xXy(3x-3y) b 73’3k’ +5a%)
5%Y2(5 — 2x + 3y)

(@]

2 a (xX+3)(xt+t4 b xX+7)(x-2)
c (X=-35x-6) d (xX-8)(x+3)
e (X=9(x+2) f (x+5)x-4)
g (X=8)(x+5) h (x+7)(x-4)
3 a (6x="Ty)6x+17y) b (2x-9y)(2x+9y)
c 2(3a—10bcgy(3a+ 10bc)
4 a (x—1)(2x+3) b (3x+1)2x+5)
c (2x+1)(x+3) d (3x—1)Bx—-4)
e (5x+3)(2x+3) f  2(3x—2)(2x-5)
5 8 2002 b X
x-1 x-1
c &2 d L
X X+5
e &3 f -
X X-5
6 a 3Xx+4 b 2X+3
X+7 3x- 2
2-5X% 3x+1
c d
2X-3 X+4
7 (x+5)
4(x+2)
X-2

V4

| 2YLX SGAYy3 GKS aljdzr NB

I [ 929 [LbY{
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Examples

Example 1  Complete the square for the quadratic expression X* + 6X — 2

X2+ 6X—2
=(Xx+3)-9-2

=(x+3)2—11

1 Write X% + bx+ cin the form
o 20 02 ~
a b o ba
&S 0" @ ¢
G ¢ =

2 Simplify

Example 2 Write 2X* — 5x + 1 in the form p(X+ q)> + r

2% —5x+ 1

S

1 Before completing the square write
ax? + bx+ ¢ in the form

o b ~
ade +Dx B
o} a =

2 Now complete the square by writing

X2 - %X in the form
4,06 ba
& 22 2fF

3 Expand the square brackets — don’t
oc 2
forget to multiply g% Eby the
c4 -

factor of 2

4 Simplify
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Practice

1 Write the following quadratic expressions in the form (X + p)> +q

a XxX+4x+3 b xX-10x-3
c X—-8x d x+6x
e X-2x+7 f  xX+3x-2

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

3 Complete the square.

a 22+3x+6 b 3x¥%-2x
C 5xX+3x d 3x+5x+3
Extend

4 Write (25%* + 30x + 12) in the form (ax+ b)> + c.
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Answers
1 a (x+22-1 (x—5)2—28
C (x—47-16 d (x+32-9
3..3 7% 17
e (X—17+6 foox+> g—
¢ 2 =+ 4
2 a 2(x-27-24 b 4(x—1)2-20
o 2,
C o 3(x+22-21 d 2%+2 82
¢ 2 =2
SRR W b aA-19l
&4 2% & 323
o 5§+32@—9 d 3‘3@(+—2(-~?+E
& 10 220 e 212
4 (5x+37+3

{2f OAY 3
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Examples

Example 1  Solve 5x* = 15x



Example 2

5x% = 15X
5x2—15x=0
SX(X—=3)=0

So5x=0o0r(x—3)=0

Therefore X=0or Xx=3

Rearrange the equation so that all of
the terms are on one side of the
equation and it is equal to zero.

Do not divide both sides by X as this
would lose the solution X=0.
Factorise the quadratic equation.

5x is a common factor.

When two values multiply to make
zero, at least one of the values must
be zero.

Solve these two equations.

Solve X*+ 7x+12=0

X+T7x+12=0

b=7 ac=12
X+4X+3x+12=0
X(X+4)+3(x+4)=0

(X+4)(x+3)=0
So (X +4)=0or (x+3)=0

Therefore X=—4 or X =—-3

Factorise the quadratic equation.
Work out the two factors of ac= 12
which add to give youb=7.

(4 and 3)

Rewrite the b term (7X) using these
two factors.

Factorise the first two terms and the
last two terms.

(X +4) is a factor of both terms.
When two values multiply to make
zero, at least one of the values must
be zero.

Solve these two equations.
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Example 3 Solve 9 —16=0
92 —-16=0 1 Factorise the quadratic equation.
(Bx+4)(B3x-4)=0 This is the difference of two squares
as the two terms are (3X)> and (4).
So (3x+4)=0o0r 3x—4)=0 2 When two values multiply to make
zero, at least one of the values must
4 4 be zero.
X= 3 or X= 3 3 Solve these two equations.
Example 4 Solve 2x* —5x—12=0
b=-5,ac=-24 1 Factorise the quadratic equation.
Work out the two factors of ac=—24
which add to give you b=—5.
(—8 and 3)
So 2% — 8X 4+ 3X— 12 =0 2 Rewrite the b term (—5X) using these
two factors.
2X(X— 4) + 3(X— 4) =0 3 Factorise the first two terms and the
last two terms.
_ 4 (x—4) is a factor of both terms.
(X 4)(2X t 3)=0 B 5 When two values multiply to make
So (X—4) =0or (2x+3)=0 zero, at least one of the values must
be zero.
X=4 or X= 3 6 Solve these two equations.
2
Practice
1 Solve
a 6xX+4x=0 b 28¢-21x=0
c X+7x+10=0 d xX-5x+6=0
e X-3x-4=0 f xX+3x-10=0
g X-10x+24=0 h xX-36=0
i X+3x-28=0 j X-6x+9=0
k 23¢-7x-4=0 [ 3x-13x-10=0
2 Solve
x*—3x=10 b x*-3=2x | Ay i
c X+5x=24 d xX-42=x
e  X(X+2)=2x+25 f  xX-30=3x-2 DSu I tf¢
g x3x+1)=x+15 h  3x(x—1)=2(x+1) 2y 2 2y
a T G 8
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Example 5  Solve x> + 6x + 4 = 0. Give your solutions in surd form.
X+6X+4=0 1 WriteX2+bX+C 0 in the form
8 b’ b& 8
(X+3)2=9+4=0 8@‘ 29022 9 0
x+3)Y-5=0 2 Simplify.
(X+3)2=5 3 Rearrange the equation to work out
X. First, add 5 to both sides.
_ o5 4 Square root both sides.
X+3="45 Remember that the square root of a
value gives two answers.
X="° J§ 3 5 Subtract 3 from both sides to solve
the equation.
Sox= -5 3 orx=5-3 6 Write down both solutions.

Example 6  Solve 2x* — 7x + 4 = 0. Give your solutions in surd form.

2 = TXx+4=0 1 Before completing the square write
ax? + bx+ c in the form
o ~ o b ~
zgg-lx 24 =0 aSal +— x g
c 2 = o a =
& 7% 718 % 2 Now complete the square by writing
2%@(-2 9'28‘3 E@FZO Xz-%xintheform
%4_ b ZC.’ _ kg 2
¢ 2a Q E%

3 Expand the square brackets.

»ono
&
NG
[o:on”
|

@AY 3 lidd RN} A0 SIjdd

3 NI LS

lj dzI R



o 2,

a7 017
28@(- 1 9? =0 4  Simplify.

(continued on next pagg

2é 7 2(_3_ 17 5 Rearrange the equation to work out

oy . 17 .

v - X. First, add < to both sides.
o 2,
a. 1 od7 6 Divide both sides by 2.
¢ 4 =1

7 17 7 Square root both sides. Remember
X- 2 - 4 that the square root of a value gives
two answers.
x= N7 7 8 Add  to both sides.
4 4 4

So X :% \/41‘_7 or X :% \/41‘_7 9 Write down both the solutions.

Practice

3 Solve by completing the square.

a @ _4x—_3=0 b xX¥-10x+4=0
cC X+8-5=0 d xX-2x-6=0
e 2¢+8x-5=0 fo5xX+3x-4=0
4 Solve by completing the square. | A )/U
a (X-4)(x+2)=5
b 22+6xX—7=0 DSG | f ¢
c X-5x+3=0 2)/02 2y
N T v é
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X:-b /b 4ac
2a
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Examples

Example 7 Solve X* + 6x + 4 = 0. Give your solutions in surd form.

a=1,b=6,c=4

X:-b b’ 4ac
2a

X_—6 /6> 4(1)(4)
B 2(1)
(=6 /20

2
_-6 2.5

2
X= 3 \7’5

So X= 3 \/gor X:\/g 3

1 Identify @, b and ¢ and write down
the formula.

Remember that -b /P 4ac is
all over 2a, not just part of it.

2 Substitute a=1, b= 6, c =4 into the

formula.

3 Simplify. The denominator is 2, but

this is only because a= 1. The
denominator will not always be 2.

4 Simplify 20 .

20=J43 & 38 25

5 Simplify by dividing numerator and

denominator by 2.

6 Write down both the solutions.
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Example 8  Solve 3x* — 7x — 2 = 0. Give your solutions in surd form.

a=3,b=-7,c=-2 1 Identify @, b and c, making sure you
b ° / B 4ac get the signs right and write down
X= T the formula.

Remember that -b %I 4ac is

all over 2a, not just part of it.

Lo (D DR 43 2) 2 Substitute a=3,b=-7,c=-2 into
2(3) the formula.
o 3 Simplify. The denominator is 6
X = 7 J7—3 when a= 3. A common mistake is
6 to always write a denominator of 2.
So X = 7- 73 or X= 7+73 4  Write down both the solutions.
6

Practice

5 Solve, giving your solutions in surd form.
a 3¢+6x+2=0 b 2¢-4x-7=0

6  Solve the equation X* — 7X+2 =10

[e]

Give your solutions in the form , where @, b and c are integers.

>
<
(et

7 Solve 1063 +3x+3=5

Give your solution in surd form.

N O
< 0

<
NY (M

m) (=N
D¢
Sy —h
T« —
[0p))

Extend

8  Choose an appropriate method to solve each quadratic equation, giving your answer in surd form
when necessary.

a 4x(x—-1)=3x-2
b 10=(x+ 1)
c x(3x-1)=10
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Answers
1 a x=Oorx=-z b x=Oorx=§
3 4
C X=-5orx=-2 d x=2o0rx=3
e x=-lorx=4 f x=-50rx=2
g X=4orx=6 h =—60rx=060
i Xx=-T7orx=4 j x=3
k x=-lorx=4 | X=-20rx=5
2 3
2 a x=-2orx=5 b =—]lorx=3
C XxX=-8orx=3 d x=-6orx=7
=-S50orx=5 f X=—4dorx=7
g Xx=—3orx=21 h x=-Lorx=2
2 3
3 a x=2+»\/70rx=2—\/7 b X=5+\/ﬁorx=5—\/ﬁ
c X=—4+\/ﬁorxz—4—\/ﬁ d X=1+»\/7 0rX=1—»\/7
e X=-2+J65o0orx=-2-+65 f x= 3T /89 or X= 3T /89
4 a X=1+\/ﬁorx=1—\/ﬁ b X=¥orx=¥
c x=5+\/E orx=5_\/E
2 2
5 a X=—1+?orx=—l—? b X=1+T\/_orx=l—¥

7+/41 7- 41
6 Xx= or X=
2 2
7 X=—_3J'\/@orx=—-3 89
20 20
+ -
8 a X=7 \/ﬁorx=7 \/ﬁ

8 8

b x=-1+ Jﬁ orXx=-1-— Jﬁ
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Examples
Example 1  Sketch the graph of y = x°.

U4

=Y

0

The graph of y = X? is a parabola.

\J

When x=0,y=0.

a= 1 which is greater
than zero, so the graph
has the shape:

Example 2 Sketch the graph of y = x> — x — 6.

Whenx=0,y=0*-0—-6=—6

So the graph intersects the y-axis at
(0,-6)

Wheny=0,X*—X—6=0

(X+2)(x=3)=0

1 Find where the graph intersects the
y-axis by substituting X = 0.

2 Find where the graph intersects the
X-axis by substituting y = 0.
3 Solve the equation by factorising.
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X=—-2o0rx=3

So,
the graph intersects the X-axis at (—2, 0)
and (3, 0)
o 2
a 101
X¥—X—6=-—- §— 6
Eé( 2 94
o 2
~a, 10 25
gé‘ 2 94
& 1% 1
When gx- — %, X=— and
¢ 2 = 2
_ 25 . o
y= T,SO the turning point is at the
oint al .2
p 57 4
yi
5\ O X
-6 {6

Solve (X +2) =0 and (X 3) = 0.

U

(continued on next pagg

a= 1 which is greater
than zero, so the graph
has the shape:

To find the turning point, complete
the square.

The turning point is the minimum
value for this expression and occurs
when the term in the bracket is
equal to zero.

Practice

1

2

3

Sketch the graph of y = —x2.

Sketch each graph, labelling where the curve crosses the axes.

a y=(x+2)x—-1) b

y=X(X-3)

C

y=X+1(x+5)

Sketch each graph, labelling where the curve crosses the axes.

a y=x-x—-6 b
d y=x+4x e

y=x'—5x+4
y=9-x

c
f

y=x-4
y=x+2x-3
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4 Sketch the graph of y = 2x* + 5x — 3, labelling where the curve crosses the axes.

Extend

5  Sketch each graph. Label where the curve crosses the axes and write down the coordinates of the
turning point.

a y=x-5x+6 b y=-xX+7x-12 ¢ y=-X+4x

6  Sketch the graph of y = x* + 2x + 1. Label where the curve crosses the axes and write down the
equation of the line of symmetry.
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Answers

=Y

2 a
\ y‘\/
_2\6;/1 >
3 a
Jz‘o
-6
d




4
y
X
-3 Ol
-3
5 a b c
u
u (311
\ N\ Y4 (2,4
0 il X
0 2 3 .:‘L‘ - 12}
(24, -4
6
y &

\

_I 1 8] }:T

Line of symmetry at Xx=—1.
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Examples
Example 1  Solve the simultaneous equations 3X+y=5and X +y=1
3X+y=5 1 Subtract the second equation from
T x+y=1 the first equation to eliminate the y
2x =4 term.
Sox=2
Using X +y=1 2 To find the value of y, substitute
2+y=1 X = 2 into one of the original
Soy=-1 equations.
Check: 3 Substitute the values of X and y into
equation 1:3 x 2+ (-1)=5 YES both equations (o check your
equation2: 2+ (=1) =1 YES '

Example 2

Solve X + 2y = 13 and 5x — 2y = 5 simultaneously.

X+2y=13
+ 5Xx—2y=5

6X =18
Sox=3

Using X+ 2y =13
3+2y=13
Soy=5

Check:
equation 1: 3+2 x5=13 YES
equation2: 5x3—-2x5=5 YES

1 Add the two equations together to
eliminate the y term.

2 To find the value of y, substitute
X = 3 into one of the original
equations.

3 Substitute the values of X and y into
both equations to check your
answers.
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Example 3

Practice

Solve 2x + 3y = 2 and 5X + 4y = 12 simultaneously.

Solve these simultaneous equations.

1 4x+y=38
X+y=5

3 4x+y=3
Ix—y=11

5 2x+y=11
X—-3y=9

(2x+3y=2) x4 - 8X+12y= 8 | 1 Multiply the first equation by 4 and
(5x+4y=12)x3- 15X+ 12y =36 the second equation by 3 to make
7X = 28 the coefficient of y the same for
both equations. Then subtract the
So x=4 first equation from the second
equation to eliminate the y term.
. _ 2 To find the value of y, substitute
Using 2x + 3y =2 X = 4 into one of the original
2x4+3y=2 equations.
Soy=-2
3 Substitute the values of X and y into
Check: both equations to check your
equation 1: 2 x4+3 x(-2)=2 YES answers.
equation 2: 5 x4 +4 x (-2)=12 YES
2 3x+y=7
3X+2y=5
4 3x+4y=7
X—4y=35
6 2x+3y=11

3Xx+2y=4
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Example 4  Solve the simultaneous equations y=2x+ 1 and 5x + 3y = 14

SX+3(2x+1)=14

S5Xx+6x+3=14
11x+3=14
11x=11
Sox=1

Using y=2x+1
y=2x1+1
Soy=3

Check:
equation 1: 3=2x1+1 YES
equation 2: 5x 1 +3 x3=14 YES

1

2

Substitute 2x + 1 for y into the
second equation.
Expand the brackets and simplify.

Work out the value of X.

To find the value of y, substitute
X =1 into one of the original
equations.

Substitute the values of X and y into
both equations to check your
answers.

Example 5

Solve 2x —y = 16 and 4x + 3y = —3 simultaneously.

EAYSENI I YR

O



y=2x—16 1 Rearrange the first equation.
4x+3(2x—16)=-3 2 Substitute 2X — 16 for y into the
second equation.
4X + 6X — 48 = =3 3 Expand the brackets and simplify.
10x—48 =-3
10x = 45 4 Work out the value of X.
Sox= 4%
Using y=2x—16 5 To find the value of y, substitute
y=2x41-16 x= 44 into one of the original
Soy=-7 equations.
Check: 6 Substitute the values of X and y into
equation 1: 2 x 41 —(-7)=16  YES both equations to check your
answers.
equation 2: 4 x 41 +3 x(=7)=-3 YES
Practice
Solve these simultaneous equations.
7 y=x-4 8 y=2x-3
2X+ S5y=143 Sx-3y=11
9 2y=4x+5 10 2x=y-2
OX+5y=22 8x—Sy=-11
11 3x+4y=8 12 3y=4x-7
2X—y=-13 2y=3x-4
13 3x=y-1 14 3x+2y+1=0
2y —-2x=3 4y=8-X
Extend

15 Solve the simultaneous equations 3X + 5y —20 =0 and 2(X+Y)

3(y-%
YRR
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Answers

1 x=1,y=4
2 x=3,y=-2
3 x=2,y=-5
4 x=3,y=—%
5 x=6,y=-1
6 x=-2,y=5
7 X=9,y=5

9 x=7,y=3E

10 x=1 y=3
27

11 x=-4,y=5

12 x=-2,y=-5

1 3
1 =_-,y=1=
3 X 4,y 7

1
14 x=-2,y=21
y=27

1 1
15 x=-2=-,y=5=
2,y 2

[2f OAY3 fAYSENI FYR | dz
Slida GA2Yya

‘ I [ 929[ [LbY{ ‘
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Solve the simultaneous equations y =X+ 1 and X* +y* = 13

X+ (x+1)2=13

XX +x+x+1=13
2X+2x+1=13

22 +2x—12=0
2x—=4)(x+3)=0
Sox=2orx=-3

Usingy=x+1
Whenx=2,y=2+1=3
When x=-3,y=-3+1=-2

So the solutions are

Xx=2,y=3 and Xx=-3,
Check:
equation 1: 3=2+1
and 2=-3+1

equation 2: 22+32=13

y=-2

YES
YES

YES

and (=3)* +(-2)*=13 YES

1

2

Substitute X + 1 for y into the second
equation.
Expand the brackets and simplify.

Factorise the quadratic equation.
Work out the values of X.

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

Substitute both pairs of values of X
and Y into both equations to check
your answers.

dzo 2S O

27

ddzoadaGdziS Ayil?2
azfdeoe2yao

z

uK

l.:.l
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Example 2 Solve 2x + 3y = 5 and 2y* + Xy = 12 simultaneously.
X = 5-3y 1 Rearrange the first equation.
2
as-3y 9 -
2y? +$Ty $= 12 2 Substitute 5 3y for X into the
second equation. Notice how it is
; easier to substitute for X than for y.
2y2 + M =12 . .
2 3 Expand the brackets and simplify.
4y’ +5y- 3y 24
y +5y-24 9 . . .
Y+ 8)y—3)=0 4 Factorise the quadratic equation.
Soy=—8ory=3 Work out the values of'y.
Using 2X+ 3y =35 6 To find the value of X, substitute
Wheny=—8, 2x+3x (=8)=5, x=14.5 both values of y into one of the
Wheny=3, 2x+3x3=5, x=-2 original equations.
So the solutions are
x=14.5, y=-8 and x=-2,y=3
Check: 7 Substitute both pairs of values of X
. 1:2%x 14543 % (—8)=5 YES and y into both equations to check
equation 1: : ( _) - your answers.
and 2 x(-2)+3x3=5 YES
equation 2: 2x(—8)* + 14.5%(-8) = 12 YES
and 2x(3)>+(-2)x3=12 YES
Practice
Solve these simultaneous equations.
1 y=2x+1 2 y=6-X
X +y=10 X2 +y =20
3 y=x-3 4 y=9-2x
X+y =5 X +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
X +y =25 X+ xy =24
9 y=2X 10 2x+y=11
Yy —Xy=38 xy=15




12 y—x=2
X +Xxy=3
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Examples
Example 1  Solve the simultaneous equations y = 5x + 2 and X + y =5 graphically.
y=5-X 1 Rearrange the equation X+ Yy =15 to

make Yy the subject.

y=5 —Xhas gradient —1 and y-intercept 5. | 2 Plot both graphs on the same grid
y = 5X+ 2 has gradient 5 and y-intercept 2. using the gradients and
/ y-intercepts.

Lines intersect at ) .
3 The solutions of the simultaneous

x=05,y=45 equations are the point of
intersection.
Check:
First equation y = 5x + 2: 4 Check your solutions by substituting
45=5%x05+2 YES the values into both equations.

Second equation X +y=15:
0.5+45=5 YES

AYy3 aAYdAg GFyS2dza

2 dza

§j dz
2? Ay
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Example 2  Solve the simultaneous equations Y= X — 4 and y = X* — 4X + 2 graphically.

1 Construct a table of values and
X 0] 11234 calculate the points for the quadratic
y [2|-1]2]-1]2 equation.
A
p=x2 Ay +72 2 Plot the graph.
2 3 Plot the linear graph on the same
grid using the gradient and
1 y-intercept.
y=X—4 has gradient 1 and

) > x y-intercept —4.

The line and curve intersect at 4 The solutions of the simultaneous
X=3,y=-landx=2,y=-2 equations are the points of

intersection.

Check:

First equation y = X — 4: 5 Check your solutions by substituting
—-1=3—-4 YES the values into both equations.
—2=2-4 YES

Second equation y = X* — 4x + 2:

-1=32-4x3+2 YES
—2=22-4x2+2 YES

Practice

1 Solve these pairs of simultaneous equations graphically.
a y=3x—landy=x+3
b y=x-5andy=7-5x%
C y=3x+4andy=2-Xx

2 Solve these pairs of simultaneous equations graphically. | AY G

wS I NNJ vy
SljdzZ a2y
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a Xxty=0andy=2x+6
b 4x+2y=3andy=3x-1
C 2Xx+y+4=0and2y=3x-1

3 Solve these pairs of simultaneous equations graphically.
a y=x—landy=x*—4x+3
b y=1-3xandy=x*—-3x-3
c y=3-xandy=x*+2x+5

4 Solve the simultaneous equations X +Yy =1 and X* + y*> = 25 graphically.

Extend

5 a Solve the simultaneous equations 2Xx+y =3 and X’ +y =4
i graphically
il algebraically to 2 decimal places.
b Which method gives the more accurate solutions? Explain your answer.
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Answers

1 a x=2,y=5
Xx=2,y=-3
c x=-05,y=25

(on

2 a x=-2,y=2
b x=05y=05
c x=-l,y=-2

3 a x=1,y=0andx=4,y=3
X=-2,y=T7and X=2,y=-5
c X=-2,y=5andx=-1,y=4

4 x=-3,y=4andx=4,y=-3
5 a i x=25y=-2andx=-05y=4

i x=2.41,y=—-1.83 and x=—0.41,y=3.83

b  Solving algebraically gives the more accurate solutions as the solutions from the graph are only
estimates, based on the accuracy of your graph.
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Examples
Example 1  Solve -8 <4x<16
-8 <4x<16 Divide all three terms by 4.

—2<Xx <4

Example 2  Solve 4 <5x< 10



4<5x<10 Divide all three terms by 5.
4 <Xx<2
5
Example 3 Solve 2x—5<7
2X—5<7 1 Add S5 to both sides.
2x <12 2 Divide both sides by 2.
X<6
Example 4  Solve 2 — 5x>-8
2 —5x>-8 1 Subtract 2 from both sides.
—5x=>-10 2 Divide both sides by —5.
X<2 Remember to reverse the inequality
when dividing by a negative
number.
Example 5 Solve 4(x—2)>3(9 — )
4x—2)>309-X%) 1 Expand the brackets.
4x—8>27—3x 2 Add 3xto both sides.
TIX—8>27 3 Add 8 to both sides.
TX> 35 4 Divide both sides by 7.
X>5
Practice

1 Solve these inequalities.
a 4x>16 b

d 5-2x<12 e

2 Solve these inequalities.
X

a =<4 b

5

3  Solve
a 2-4x>18 b
d 4x+17<2-x e

4 Solve these inequalities.

10>2x+3

3<7x+10<45
4 — 5x<-3X

c 1>3x+4

f g<3_2X
3

(o 7—-3x>-5

(o 6—-2x>4
f —4x>24
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a 3t+1<t+6 b 2@n-1)>n+5
5 Solve.

a 32-x>24-x+4 b 54-x>3(5-x)+2
Extend

6  Find the set of values of X for which 2x+ 1> 11 and 4Xx—2 > 16 — 2X.
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Answers

1 a x>4 b X<2 C Xx<-1
d x>—% e Xx>10 f x<-15
2 a x<-=20 b X<3.5 c X <4
3 a x<-+4 b -1<x<5 C x<1
d x<-3 e X>2 f X<-6

4 a t<§ b nzz

2 5

3

5 a x<-6 b x<E

6 x> 5 (which also satisfies X > 3)

vdzr RN} GAO AySljdzd fA=GAS:

I [ 9£9[ [LbY{
{OKSYS WROs 2 NIK dlySAx NS & YR ljdzZ RNIF 8O 6AYyJf dzRA Y

Key points
f CANRG NBLX IFOS GKS AySljdzrftAaide aadiay o6& I FyR
T {1SUOK GKS ANI LK 2F (GKS ljdztr RN} a0 FdzyOe2y @
¢ 'aS 0KS 3IN}YLK G2 UYyR (KS @I ftdsSa 6KAOK al aa
Examples

Example 1  Find the set of values of X which satisfy X* + 5x + 6 >0
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X +5x+6=0 1 Solve the quadratic equation by
(x+3)k+2)=0 factorising.
x=b3 orx=b2
It is above the x-axis 2 Sketch the graph of
wherex* +5x +6>0 ¥ y=(X+3)(X+2)

3 Identify on the graph where
X2+ 5X+6>0,ie wherey>0

¥

-N_~22 0
This part of the graph is
not needed as this is
wherex*+5x+ 6 <0

x<b3 orx>12 4 Write down the values which satisfy
the inequality X* + 5X+ 6> 0

Example 2  Find the set of values of X which satisfy x> —5x<0

X2 —5x=0 1 Solve the quadratic equation by
X(x65)=0 factorising.
x=00rx=5

y 2 Sketch the graph of y = x(X — 5)

3 Identify on the graph where
X2 —5x<0, i.e. where y <0

0<x<5 4 Write down the values which satisfy
the inequality X* — 5X <0

Example 3 Find the set of values of X which satisfy —x* — 3x+ 10> 0



—x>=3x+10=0 1
(bx+ 2)k+5)=0
X=2o0orxXx=-5

y

A 2

3

|5/ O \2 g
-5<x=£2 3

Solve the quadratic equation by
factorising.

Sketch the graph of
Y= (X +2(x+5) =0

Identify on the graph where
—Xx*—=3x+10>0,i.e. where y>0

Write down the values which satisty
the inequality —x* — 33X+ 10> 0

Practice

1 Find the set of values of X for which (x+ 7)(x—4) <0
2 Find the set of values of X for which x> —4x—12>0
3  Find the set of values of X for which 2x* ~7x+3 <0
4 Find the set of values of X for which 4x*> + 4x—3 >0

5 Find the set of values of X for which 12 + Xx—x*>0

Extend

Find the set of values which satisfy the following inequalities.

6 xX+x<6
7  X2x-9)<-10

8 6X>15+x
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Answers
1 -7<x<4

2 X<-2o0rx=>6

3 l<x<3
2

4 X<-§orx>l
2 2

5 3<x<4
6 —3<x<2
7 2<x<2l
2
8 x¢ éorxz—
2

{18 KAy3 O0dzoAO | yR

b [9+9[ [ LbY{

{ OKSYS WB og DNAdIRZO T ljdzZ- NbO ' yR NBOALINZOL
Key points

f ¢KS AN LK 27F
GKAOK Oly 0S8
T2 RV B0 BbOBRE

GKSINBI S Kl &a 2y

aKFLISa akKz2gy

K

y

/.

\

fora<0

%

special case:a = 1

y

>

~

X

N

special case:a = —1

[0]
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Examples
Example 1 Sketch the graph of y=(X—3)(X— 1)(X+ 2)

To sketch a cubic curve find intersects with both axes and use the key points above
for the correct shape.

When x=0,y=(0—-3)(0—1)(0+2) 1 Find where the graph intersects the
=(-3)x(-1)x2=6 axes by substituting x=0 and y = 0.
The graph intersects the y-axis at (0, 6) Make sure you get the coordinates
the right way around, (X, Y).
Wheny =0, (x—3)(X— 1)(X+2)=0 2 Solve the equation by solving
Sox=3,x=1orx=-2 X=3=0,x—1=0andx+2=0

The graph intersects the X-axis at
(=2,0), (1, 0) and (3, 0)

y
A 3 Sketch the graph.
a=1> 0 so the graph has the shape:
]l 2 O M x fora>0

Example 2 Sketch the graph of y = (X +2)*(x — 1)

To sketch a cubic curve find intersects with both axes and use the key points above
for the correct shape.

When x=0,y=(0+2)%0—-1) 1 Find where the graph intersects the
=22x(-1)=—4 axes by substituting Xx=0 and y= 0.

The graph intersects the y-axis at (0, —4)

Wheny=0, (X+2)Xx—1)=0 2 Solve the equation by solving

Sox=-2orx=1 X+2=0andx—1=0

(-2, 0) is a turning point as X=—-2is a
double root.
The graph crosses the x-axis at (1, 0)

3 a=1>0 so the graph has the shape:

fora=0
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Practice

1 Here are six equations.

A :i B y=x2+3x-10

D y=1-3¢-x E y=x-3x¥-1

Here are six graphs.

i il y
y
normal

tangent

C y=x+3%

F x+y=5

Vi

a Match each graph to its equation.

tangent \\ /

I Ay
CAYR 6K
SI OK 27
Odzo A O

y

%k x
normal

\4@\ %

b Copy the graphs ii, iv and vi and draw the tangent and normal each at point P.

Sketch the following graphs
2 y=2%
4 y=(X+DX+4)(x-3)

6 y=(XX-37x+1)

8 w% Ay @21 |
%Ay i KS

c
ety
@
N R

Q
(0p))
O
<

Extend

y=XX-2)(X+2)

y=(X+1D(X-2)(1-X)

y=(x-1)*x-2)

y:_

2
X
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1

1
10 Sketch the graph of y=—— 11 Sketch th hof y=—
grap y ) etch the graph of y 1
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Answers

1 a i-C
ii—E
iii— B
v—A
v—F
vi—D

/ normal
\ P

0 £
tangent >
0 / tangent
P g
normal
Vi YA

\ /1N "
) x
tangent P

normal
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Key points

1 ¢KS NIy arF ZRhA S 2ty 1 y =) +a
GNJ yataroeroLR N t&fi R
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lda aKz2gy 2y GKS 3INI &//y—ﬂrh—a

o &I EF bt NI v &F 56 Szl Q x
o & EXbG NI y &F IEE 62 6y

9 ¢KS GNI yaFeoNyH aay ! )
(NI y&EaroBroLR NI (Bf ¢ v-fc+a by e a)

Al Aa b K2NRT 2ydlt \X
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Examples
Example 1 The graph shows the function y = f(X).
Sketch the graph of y = f(X) + 2.

Ya

y="fx) +2

y = flx)

Q x

For the function y = f(X) + 2 translate
the function y = f(X) 2 units up.

Example 2  The graph shows the function y = f(X).

Sketch the graph of y = f(x — 3).

Us
y = fx)
_T20 x

=1

y=flx — 3)

mY

_Iz O] 1

For the function y = f(x — 3) translate
the function y = f(X) 3 units right.
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Practice

1  The graph shows the function y = f(X).
Copy the graph and on the same axes sketch and
label the graphs of y = f(X) + 4 and y= f(x + 2).

2 The graph shows the function y= f(x).
Copy the graph and on the same axes sketch and
label the graphs of y= f(x + 3) and y= f(x) — 3.

3 The graph shows the function y= f(X).
Copy the graph and on the same axes sketch the
graph of y=f(Xx—5).

y = flx)

Ys
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4

The graph shows the function y= f(X) and two
transformations of y= f(x), labelled C; and C..
Write down the equations of the translated curves C
and C, in function form.

The graph shows the function y = f(x) and two
transformations of y= f(x), labelled C; and C..
Write down the equations of the translated curves C;
and C; in function form.

The graph shows the function y = f(X).

a  Sketch the graph of y = f(X) + 2
b Sketch the graph of y = f(x + 2)

y
2.

y =fx) : .-H G,
~270° -180° —90° O

-2— Cz
—31
y.i\.
,‘J"E:1
CI
%
oL
2
1
434210 ? A X
ANER
2
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NEDb SOo 28t EMya dli K S

T ¢KS GNI yarfiFBXYhazy
A0NBeO®r @FfA 6K &0 f
LI NJ f f SfEANi2o KS
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aiUNB@Oo®F @A G K a0

LS
yT fx) Wy =f(3x)
| N /] H A
IIII - - =.-
SRS VE W O
ok
y =l |y513y
IWATAYINAL
AT NI N
o] b =pft
/.\1 . Sl T flx)
NN
-180°| -9 | 9] | otk | oo ¥
\7{HEAN
L y=|2f)
/P71
VIN T
—tho| A [ 2 T ok Ao
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Examples
Example 3  The graph shows the function y = f(X).

Sketch and label the graphs of
y = 2(X) and y = —f(X).

—

i

|
T

— 188 _—90° ag® | 180°

/|
\

71 y = 2f(x) The function y = 2f(X) is a vertical
2 TN stretch of y = f(X) with scale
1/ —H,_ﬁ\ factor 2 parallel to the y-axis.
- X - . The function y=—f(X) is a
1 - = 9;7 { 90°_ 180 reflection of y = f(X) in the
= filx) \‘_ _/_2 W= —T(x) X-axis.
Example 4  The graph shows the function y = f(X). I
Sketch and label the graphs of . y = flx)
y = f(2X) and y = f(—x). ' e
o o o .:.'3:
— 1863 —90°, i 90° | 180

oi
2 y = (k]
4 \ u=f(x)
e | -1 i
g
NN 0°
y = f(—x)
=2

The function y = f(2X) is a horizontal
stretch of y = f(X) with scale factor

% parallel to the x-axis.

The function y = f(—X) is a reflection
of y = f(X) in the y-axis.
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Practice

10

11

The graph shows the function y= f(x).

a Copy the graph and on the same axes sketch
and label the graph of y= 3f(X).

b  Make another copy of the graph and on the
same axes sketch and label the graph of y=
f(2X).

The graph shows the function y= f(x).
Copy the graph and on the same axes
sketch and label the graphs of
y=-21(X) and y = f(3X).

The graph shows the function y = f(X).
Copy the graph and, on the same axes,
sketch and label the graphs of

y=—f(X) and y=f(% X) i

The graph shows the function y = f(X).
Copy the graph and, on the same axes,
sketch the graph of y=—f(2X).

The graph shows the function y= f(X) and a
transformation, labelled C.

Write down the equation of the translated curve C
in function form.

L}
2 y = fx)
i X
y
Y = ffilx)
0 5
K
\ [y =F0)
\ |/
(]
'r
A y )
0 E
LT [b =[fe
| lell/
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12

13

a4
-1 Fa AR
| JAN I VAN
The graph shows the function y= f(X) and a '\ o
transformation labelled C. —1Bod —Aos %o 180°%
Write down the equation of the translated curve C 1
in function form. \ 2 \ /

The graph shows the function y = f(X). f
a  Sketch the graph of y = —f(X).
b  Sketch the graph of y = 2f(x).

Extend

14

15

a  Sketch and label the graph of y = f(X), where f(X) = (X— 1)(X + 1).
b On the same axes, sketch and label the graphs of y= f(X) — 2 and y= f(x + 2).

o)

Sketch and label the graph of y= f(X), where f(X) = —(x+ 1)(X—2).
b On the same axes, sketch and label the graph of y= f (- %X) .
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Answers
1 2
Ya
y="1x) +4
y="flc+2 -
y = f(x) -
-4 x
(-2, -2) -2/
3
Uh
y = f(x) /
y=1x-75)
T ONA T X
4  Cp:y=f(x—90°)
Cry=1(x) -2
5 Cuiy=f(x-5)
Cry=1fx)-3
6 a b
_UJL yn
1 v fx) + 2 = fe=+2) ,
T3 N0 N3 %
/ ::) \ . / / TN \ v+ 1)
241 1N 2 =2
-y = )







10

11

12

13

a
7
PN
AT+
R 4
\[/
Tyt
\ ¥ =)
\|/
E
y = —2f(x)
\
o
Py 1 = Ff_|
\ |/ /1,
b y=fe)
y=1(2%)

y=-21(2X) or y=2f(-2x)

a

2x)

oL
=T
7 y = flx)
] Y
LIE
\ =)
/
y[=T1{zx]
b g
\v F —fe
/ \
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=
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Key points
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Examples

Example 1 A straight line has gradient - % and y-intercept 3.

Write the equation of the line in the form ax+ by+ c= 0.

m= L andc=3
2
1
Soy=-—-x+3
oy >

1
X+ _ =
2x y-3=0

X+2y—6=0

1 A straight line has equation
y = mx+ C. Substitute the gradient
and y-intercept given in the question
into this equation.

2 Rearrange the equation so all the
terms are on one side and 0 is on
the other side.

3 Multiply both sides by 2 to
eliminate the denominator.

Example 2  Find the gradient and the y-intercept of the line with the equation 3y — 2X+ 4 = 0.

3y—2x+4=0
Jy=2x—-4

=2y 4
3 3

2
Gradient=m= g

y-intercept = C= -

4
3

1 Make y the subject of the equation.
2 Divide all the terms by three to get
the equation in the form y = ...

3 In the form y = mx+ c, the gradient
is mand the y-intercept is C.

)

L

GNR G

Ol

f Odz
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Example 3 Find the equation of the line which passes through the point (5, 13) and has gradient 3.

m=3 1

y=3x+c Substitute the gradient given in the

question into the equation of a
straight line y = mx+ C.
2 Substitute the coordinates X =5 and
13=3x5+c y = 13 into the equation.
3 Simplify and solve the equation.

13=15+c
c=-2 . . .
y=3x-2 4 Substitute ¢ = —2 into the equation

y=3X+c¢C

Example 4 Find the equation of the line passing through the points with coordinates (2, 4) and (8, 7).

X=2,%=8,y=4and y, =7 1 Substitute the coordinates into the
_Y- % J-4 3 1 equation M= Y- ¥ to work out
-X% 82 6 2 %=X
the gradient of the line.
1 2 Substitute the gradient into the
y=—=X 1 equation of a straight line
2 y=mx+C.
1 3 Substitute the coordinates of either
4=— 32 ¢ o .
2 point into the equation.
c=3 Simplify and solve the equation.
_1 Substitute ¢ = 3 into the equation
y=—x 8
) 1
==X 1C
2
Practice
1 Find the gradient and the y-intercept of the following equations.
a y=3x+5 b y=-%x—7
C 2y=4x-3 d X+y=5 Hirlt A
wSI NNJ y3IS
e 2x-3y-7=0 f SX+y-4=0 Qlidzlk a2via i

2 Copy and complete the table, giving the equation of the line in the form y= mx+ c.

Gradient y-intercept | Equation of the line
5 0
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-3 2
4 7
3  Find, in the form ax+ by+ ¢ = 0 where a, b and c are integers, an equation for each of the lines with
the following gradients and y-intercepts.
a gradient - %, y-intercept —7 b  gradient 2, y-intercept O
Cc gradient %, y-intercept 4 d gradient—1.2, y-intercept —2
4 Write an equation for the line which passes though the point (2, 5) and has gradient 4.
5  Write an equation for the line which passes through the point (6, 3) and has gradient - %
6  Write an equation for the line passing through each of the following pairs of points.
a (4,5, (10,17) b (0,6), (-4,8)
c (_1,_7)’ (55 23) d (35 10), (4a 7)
Extend
7  The equation of a line is 2y + 3x— 6 =0.

Write as much information as possible about this line.
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Answers

1 a m=3,c=5

e m=2c=-Lor2l f m=-5c=4
3 3 3
2
Gradient y-intercept | Equation of the line
5 0 y=5X
-3 2 y=-3x+2
4 —7 y =4x—7
3 a x+2y+14=0 b 2x—y=0
C 2x-3y+12=0 d 6Xx+5y+10=0
4 y=4x-3
5 y=-£x+7
3
6 a y=2x-3 b y=-%x+6
C y=5x-=2 d y=-3x+19

3 3
7 Y= > X 3, the gradient is - 5 and the y-intercept is 3.

The line intercepts the axes at (0, 3) and (2, 0).

Students may sketch the line or give coordinates that lie on the line such as %, % or (4, - 3) .
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parallel lines
gradient = m

Examples

Example 1  Find the equation of the line parallel to y = 2x + 4 which passes through
the point (4, 9).

y=2x+4 1 As the lines are parallel they have

m=2 the same gradient.

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

9=2x4+c¢ 3 Substitute the coordinates into the
equation y=2X+C

9=8+c 4  Simplify and solve the equation.

c=1

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

Example 2  Find the equation of the line perpendicular to y = 2xX — 3 which passes through
the point (-2, 5).

y=2x-3 1 As the lines are perpendicular, the
m=2 gradient of the perpendicular line
1 1 . 1
- = - 1S - —.
m 2 m
1.
y= 1 X @ 2 Substitute m= - — into y = mx+ C.
) 2
1 3 Substitute the coordinates (-2, 5)
5= - G2)-c 1
2 into the equation y = 3 X e

4 Simplify and solve the equation.

1
1 5 Substitute c=4into y= > X e.

[\




@ Pearson

Example 3 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.

X=0,%=9,y=5andy,= 41 1 Substitute the coordinates into the
Y -

m=Y2" % = 15 equation m=22"K 1 work out
-% 90 %=X
the gradient of the line.

-6
9

[SSRN

2 As the lines are perpendicular, the
gradient of the perpendicular line
1
is - —.
m
3 3 Substitute the gradient into the

equation y = mx+ C.

3 |-
ro oo

983 4  Work out the coordinates of the

ao+9 5 1
t D = midpoint of the line.

Midpoint = jg——,
P ¢ 2 2
¢

|-

5 Substitute the coordinates of the

223 s
2 midpoint into the equation.

o o

19 6

= Simplify and solve the equation.
4

c=

1
19 7 Substitute C= 79 into the equation
=— X —
y 2 4 3
=—X +C.
2

Practice

1 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 b y=3-2x (1,3)
C 2x+t4y+3=0 (6,-3) d 2y-3x+2=0 (8,20)

Hint

2 Find the equation of the line perpendicular to y = %X — 3 which L¥F26KS y i K

o

passes through the point (-5, 3). A R o
yS3IFoadS NB(

oo

1
m

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

a y=2x-6 (4,0) b y=-%x+% (2,13)
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C x4y-4=0 (5,15 d 5y+2x-5=0 (6,7)

4 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)9 (72’ 79) b (O, 3), (7105 8)
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=2Xx-7 2X+y-3=0 4y +x=2
d 3x-y+5=0 e 2X+35y—-1=0 f 2X—y=6
X+3y=1 y=2X+7 6Xx—3y+3=0

6  The straight line L1 passes through the points A and B with coordinates (4, 4) and (2, 1),
respectively.

a Find the equation of L1 in the form ax+ by+c=0

The line L» is parallel to the line L1 and passes through the point C with coordinates (-8, 3).
b  Find the equation of L in the form ax+ by+ c=0

The line L 3 is perpendicular to the line L1 and passes through the origin.
¢ Find an equation of L3
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Answers
1 a y=3x-7 b y=-2X+5
1 3
=—_ d = XxX+8

c vy ; X y 5 X
2 y=-2x-17
3 a :—%x+2 b y=3x+7

C 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 =2X

t & KI-Q’T:IFESTS\I& NB Y

b Y {
FRINY § IHN) LKA S LI NI f €Stk LISNL]

_H,l—|
Q\

[ 9+
{ OKSY

Key points

1 In aright-angled triangle the longest side is called the
hypotenuse. c

9 Pythagoras’ theorem states that for a right-angled triangle a the
square of the hypotenuse is equal to the sum of the squares of the

other two sides. b c=a
+b?

Examples

Example 1  Calculate the length of the hypotenuse. X
Give your answer to 3 significant figures. Sem

8 cm

w»
puli
O«



=2+
X
Sem|q €
b
8 cm
X2 =52+82
X2 =25+ 64
x> =89

x=+/89

X=9.433981 13...
X=943cm

Always start by stating the formula
for Pythagoras’ theorem and
labelling the hypotenuse C and the
other two sides aand b.

Substitute the values of &, band ¢
into the formula for Pythagoras'
theorem.

Use a calculator to find the square
root.

Round your answer to 3 significant
figures and write the units with your
answer.
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Example 2  Calculate the length X.

Give your answer in surd form.

10 cm

C=a+b?

102 = x>+ 42
100=x>+16
x> = 84

x= /53
X=2\/ﬁ cm

Always start by stating the formula
for Pythagoras' theorem.

Substitute the values of a, band ¢
into the formula for Pythagoras'
theorem.

Simplify the surd where possible
and write the units in your answer.

Practice

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

a b
a _ 5 e
A 5cm Scm Q-

9cm 7
c d
8 cm
C
35
S mm 4em
d
47 mm
2 Work out the length of the unknown side in each triangle.
Give your answers in surd form.
a e b
B 4cm L
4cm 8 cm
10 cm
c d
72 my ¢ 76 mm i
64 mm

86 mm
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3 Work out the length of the unknown side in each triangle.
Give your answers in surd form.

b 24 mm

a w
54 mn? 36 mm X
34 mm
c d
84 mnij | 30 DN
.]l
;‘: )

4 A rectangle has length 84 mm and width 45 mm. | AY i
Calculate the length of the diagonal of the rectangle.
Give your answer correct to 3 significant figures. 5N} & |

(0p))
[N
O

Extend

5 A yacht is 40 km due North of a lighthouse. Ay
A rescue boat is 50 km due East of the same lighthouse.
Work out the distance between the yacht and the rescue boat.

Give your answer correct to 3 significant figures. dzaAy3 GKS

6 Points A and B are shown on the diagram.
Work out the length of the line AB.
Give your answer in surd form.

}.
F 3

x B(4,7)

x A(1,1)

7 A cube has length 4 cm. I D
Work out the length of the diagonal AG. =<1
Give your answer in surd form.
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Answers

1 a 103cm b 7.07 cm
C 58.6mm d 8.94 cm

2 a 4\/§ cm b 221 ¢m
c 8\/ﬁ mm d 18\/§ mm

3 a 18\/5 mm b 2% mm
c 422 mm d 6\/@ mm

4 953 mm

5 64.0 km

6 3\/§ units

7 4\/§ cm

t NELE2NIOA2Y

! [ 9+9] [ LbY{
{OKSYS BT o ZRINY $ IHNI LIKAS LI NF ff Stk LISNL]
Key points
U4 B

1 Two quantities are in direct proportion when, as one E‘u;e’ﬁj kis
quantity increases, the other increases at the same rate. the gradient
Their ratio remains the same.

1 ‘yis directly proportional to X’ is written asy = X. 0 %

Ify  xtheny=kx where ks a constant.
9 When x s directly proportional to y, the graph is a
straight line passing through the origin.

[p))
puf
O
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1 Two quantities are in inverse proportion when, as one quantity U

increases, the other decreases at the same rate.

1 ‘yis inversely proportional to X’ is written as 'y ~

Ify’ i then y = ;, where K is a constant.

I When X is inversely proportional to y the graph is the same shape

1
X

as the graph of y=

Examples

Example 1  yis directly proportional to X.
Wheny=16,X=5.
a Find X when y = 30.
b Sketch the graph of the formula.

a y x

y = kx
16=kx5

k=3.2
y=3.2x
When y= 30,

30=3.2xx
X=19.375

wW N

Write y is directly proportional to X,
using the symbol

Write the equation using k.
Substitute y = 16 and X =5 into
y=kx

Solve the equation to find k.

Substitute the value of k back into
the equation y = kx

Substitute y = 30 into y = 3.2X and
solve to find X when y= 30.




b "4 7 The graph of y = 3.2x is a straight
line passing through (0, 0) with a
gradient of 3.2.
o >
Example 2 yis directly proportional to X2
When x=3,y=45.
a Find y when Xx=15.
b  Find X when y = 20.
ay % 1 Write y is directly proportional to X2,
using the symbol
y=kx 2 Write the equation using k.
45 =Kk x 32 3 Substitute y =45 and X = 3 into
y = kx¥.
k=5 4 Solve the equation to find k.
y= 5% 5 Substitute the value of K back into
the equation y = k¥.
WEen X :25’ 6 Substitute X =5 into y = 5x* and
y=5x5 solve to find y when x= 5.
y=125
7 Substitute y = 20 into y = 5x*> and
b 20=5xx solve to find X when y = 4.
XX=4
X==42
Example 3  Pis inversely proportional to Q.
When P =100, Q = 10.
Find Q when P = 20.
= 1 1 Write P is inversely proportional
Q to Q, using the symbol -
_k
P= 6 2 Write the equation using k.
100=K 3 Substitute P =100 and Q= 10.
10
k= 1000 4 Solve the equation to find k.
5 Substitute the value of kinto P =g




1000

6 Substitute P=20into P= and

solve to find Q when P = 20.

Practice

1 Paul gets paid an hourly rate. The amount of pay (£P) is directly
proportional to the number of hours (h) he works.

When he works 8 hours he is paid £56.
Paul works for 11 hours, how much is he paid?

2 Xis directly proportional to y.

X=35wheny=>5.

a Find a formula for X in terms of'y.
Sketch the graph of the formula.
Find X when y = 13.

Find y when X = 63.

o O T

3 Qs directly proportional to the square of Z.
Q=48 when Z=4.

a Find a formula for Q in terms of Z.
Sketch the graph of the formula.
Find Q when Z=5.

Find Z when Q = 300.

o O T

4  yis directly proportional to the square of X.
x=2 when y= 10.
a Find a formula for yin terms of X.
b Sketch the graph of the formula.
¢ Find x when y=90.

5 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 Cis directly proportional to D.
C =100 when D = 150.
Find C when D = 450.

|l Ay i

{ dzo & o G dzii §
gl f dzSa t3j
I yRAYy G2 0

If



@ Pearson

7

yis directly proportional to X.
X=27 wheny=29.
Find X when y= 3.7.

m s proportional to the cube of n.
m= 54 when n= 3.
Find n when m=250.



10

11

12

13

14

15

16

Sis inversely proportional to t.

a Given that s=2 when t =2, find a formula for Sin terms of t.
b Sketch the graph of the formula.

¢ Findtwhens=1.

ais inversely proportional to b.
a=>5 when b =20.

a Find awhen b= 50.
b  Find bwhen 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.
¢ Findwwhenv=2.

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

Sis inversely proportional to t.
s=6 whent=12.

a Find swhent=3.
b  Find t when s=18.

y is inversely proportional to X*.
y =4 when X= 2.
Find y when x = 4.

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

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

a Find awhen b=2.
b  Find bwhen a=2.



@ Pearson

Answers

1 £77

2 a x=7y
c 91

3 a Q=3Z
c 75

4 a y=25%

c +6
5 a 16
6 300
7 111
8 5
9 a s=i
t
c 4

Ua

+10

y

\jy=2.5r2

o‘ X
100

s

0‘ t
10



12

13

14

15

16

V:@ b v
w

40 0

24 b 4

o

0.1 0.1

V4
[ (]

KS2NBYa

[ 9
OKS 5 2BNIOA S22y 2 F

OANDE ST 3S2YS

Key points

)l

1

A chord is a straight line joining two points on the
circumference of a circle.
So AB is a chord.

N

A tangent is a straight line that touches the
circumference of a circle at only one point.
The angle between a tangent and the radius is 90°.

tangent

a4 NR& O
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1 Two tangents on a circle that meet at a point
outside the circle are equal in length.
So AC=BC.

9 The angle in a semicircle is a right angle.
So angle ABC =90°.

c
I When two angles are subtended by the same arc, the

angle at the centre of a circle is twice the angle at the

circumference. °

So angle AOB = 2 x angle ACB. /®\
1 Angles subtended by the same arc at the D

circumference are equal. This means that angles in C
the same segment are equal.
So angle ACB = angle ADB and

angle CAD = angle CBD. -
B
A

T A cyclic quadrilateral is a quadrilateral with all four
vertices on the circumference of a circle.
Opposite angles in a cyclic quadrilateral total 180°.

5\
\3)

So x+y=180° and p+ q = 180°, A
N

1 The angle between a tangent and chord is equal to
the angle in the alternate segment, this is known as
the alternate segment theorem.

So angle BAT = angle ACB.
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Examples

Example 1

Example 2

Work out the size of each angle
marked with a letter.
Give reasons for your answers.

(d

Angle a=360° — 92°
=268°
as the angles in a full turn total 360°.

Angle b=268° +2

=134°
as when two angles are subtended by the
same arc, the angle at the centre of a
circle is twice the angle at the
circumference.

1

2

The angles in a full turn total 360°.

Angles a and b are subtended by
the same arc, so angle b is half of
angle a.

Work out the size of the angles in the triangle.

Give reasons for your answers.

<\

Angles are 90°, 2c and C.

90° +2c+c=180°
90° +3c=180°
3c=90°
c=130°
2c=60°

The angles are 30°, 60° and 90° as the
angle in a semi-circle is a right angle
and the angles in a triangle total 180°.

w N

The angle in a semicircle is a right
angle.

Angles in a triangle total 180°.
Simplify and solve the equation.
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Example 3

Example 4

Example 5

Work out the size of each angle marked with a letter.
Give reasons for your answers.

8
Y

v/

Angle d = 55° as angles subtended by 1 Angles subtended by the same arc

the same arc are equal. are equal so angle 55° and angle d
are equal.

Angle e= 28° as angles subtended by 2 Angles subtended by the same arc

the same arc are equal. are equal so angle 28° and angle e
are equal.

Work out the size of each angle marked with a letter.
Give reasons for your answers.

6‘{\

Angle f = 180° — 94° 1 Opposite angles in a cyclic
= 86° quadrilateral total 180° so angle 94°
as opposite angles in a cyclic and angle f total 180°.

quadrilateral total 180°.

(continued on next pagg

Angle g= 180° — 86° 2 Angles on a straight line total 180°
=84° so angle f and angle g total 180°.
as angles on a straight line total 180°,
Angle h=angle f = 86° as angles 3 Angles subtended by the same arc
subtended by the same arc are equal. are equal so angle f and angle h are
equal.

Work out the size of each angle marked with a letter.
Give reasons for your answers.
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Angle i = 53° because of the alternate 1 The angle between a tangent and
segment theorem. chord is equal to the angle in the

alternate segment.

Angle j = 53° because it is the alternate | 2 As there are two parallel lines, angle

angle to 53°. 53¢ is equal to angle j because they
are alternate angles.
Angle k= 180° — 53° — 53° 3 The angles in a triangle total 180°,
= 74° SOi+j+k:1800.

as angles in a triangle total 180°.

Example 6  XZ and YZ are two tangents to a circle with centre O.
Prove that triangles XZO and YZO are congruent.

Angle OXZ = 90° and angle OYZ =90° | For two triangles to be congruent you
as the angles in a semicircle are right need to show one of the following.

angles. 9 All three corresponding sides are

equal (SSS).
OZ 1s a common line and is the

hypotenuse in both triangles. 1 Two corresponding sides and the

included angle are equal (SAS).

OX = QY as they are radii of the same I One side and two corresponding
circle. angles are equal (ASA).

_ 1 A right angle, hypotenuse and a
So triangles XZO and YZO are shorter side are equal (RHS).
congruent, RHS.
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Practice

1  Work out the size of each angle marked with a letter.
Give reasons for your answers.

o

H 22NJ] 2dzi GKS aAlS 2F SIFIOK Fy3aftS YIFENJSR gAl
DAGS NBlFazya F2N) @2dzNJ I yagSNAO®

a e
dl \



(0]

iKS

2 dzi
DAGS NBlIazya

Er

2 2 NJ|

Il Ay
¢tKS NBbLSE y3
' yR 1Hy BB Sadz i
GKS &l YS I NDo
| Ay
ly3tS my K NBR
ddz0 i SYRSR o8&
aAl S 2F SIFOK Iy3aftS YIN]SR

F2NJ @82dzNJ [ yagsSNAE®

Ay
G f

AY |

A
|
/5 hyS 27
A a
N >

g A G
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4 Work out the size of each angle marked with a letter.
DAGS NBlFIazya F2N) &2dzNJ I yagSNAO®

a
/6 |7\)/lj
@ 'y SEGSNA
I O0e Ot A0
> Aa Sljdz f
VA - — -
b c
L _ ’
s
30°
885
d
|l Ay
hyS 2F
Fy3atSa A
Extend

P t N2P@S GKS ftOGSNYyIFGS aS3aySyid GKS2NBYo®
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Answers
1 a a=112° angle OAP = angle OBP =90° and angles in a quadrilateral total 360°.
b b=066° triangle OAB is isosceles, Angle OAP = 90° as AP is tangent to the circle.
Cc c=126° triangle OAB is isosceles.
d=63°, Angle OBP =90° as BP is tangent to the circle.
d e=44°, the triangle is isosceles, so angles e and angle OBA are equal. The angle OBP = 90°
as BP is tangent to the circle.
f=92°, the triangle is isosceles.
e g=62° triangle ABP is isosceles as AP and BP are both tangents to the circle.
h = 28°, the angle OBP = 90°.
2 a a=130°, angles in a full turn total 360°.
b= 65°, the angle at the centre of a circle is twice the angle at the circumference.
c=115°, opposite angles in a cyclic quadrilateral total 180°.
b d=36°, isosceles triangle.
e=108°, angles in a triangle total 180°.
f=154°, angle in a semicircle is 90°.
C g=127° angles at a full turn total 360°, the angle at the centre of a circle is twice the angle
at the circumference.
d h=36°, the angle at the centre of a circle is twice the angle at the circumference.
3 a a=25° angles in the same segment are equal.
b =45°, angles in the same segment are equal.
b c=44°, angles in the same segment are equal.
d=46°, the angle in a semicircle is 90° and the angles in a triangle total 180°.
Cc e=48° the angle at the centre of a circle is twice the angle at the circumference.
f=48°, angles in the same segment are equal.
d g=100°, angles at a full turn total 360°, the angle at the centre of a circle is twice the angle
at the circumference.
h=100°, angles in the same segment are equal.
4 a a=75° opposite angles in a cyclic quadrilateral total 180°.
b=105°, angles on a straight line total 180°.
C = 94°, opposite angles in a cyclic quadrilateral total 180°.
b d=92° opposite angles in a cyclic quadrilateral total 180°.

e=88°, angles on a straight line total 180°.
f=92°, angles in the same segment are equal.

h = 80°, alternate segment theorem.

g = 35°, alternate segment theorem and the angle in a semicircle is 90°.
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5 Angle BAT =x. /\
c B

Angle OAB = 90° — x because the angle between the
tangent and the radius is 90°.

OA = OB because radii are equal.

Angle OAB = angle OBA because the base of
isosceles triangles are equal.

Angle AOB = 180° — (90° — X) — (90° — X) = 2X
because angles in a triangle total 180°.

Angle ACB = 2x + 2 = X because the angle at the
centre is twice the angle at the circumference.

¢ NR 32y 2 Y SiNBt S\SRF (INWATFKyG3
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o GKS Nlea2 2F (GUKS 2LI1RaAdS aARS ‘@2 G4KS | Rel
_ opp
tang = ——

T LT GKS fSy3aidKa m2yf3{iR G&NMIRISYAT (25 HNINAIBKAS Yy = &
y3fS dzaAy3a GKS Ay OSNICS @MRNHE Yy 2 YSUENAO Fdzy O

T ¢KS aAySs O2aAiAyS FyR GlFy3aSyda 2F az2yvy$sS Fy3ftsS
0 30° | 45° | 60° | 90
sin | 0 3 Z 1 8 1
cos | 1 | L& | £ | 4 0
tan | 0 | & 1 | \B
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Examples

Example 1 Calculate the length of side X.

Give your answer correct to 3 significant figures.

1

2

cos25 2 3
X

= 6 — 4

cos25
X=6.6202675... 5
X=6.62 cm 6

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.

Example 2  Calculate the size of angle x.
Give your answer correct to 3 significant figures.

45cm




_ opp

tang = —-

7=
tanx—i
4.5
L a3

X =tan
&5

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.

5 Use your calculator to work out

X=33.690 067 5... tan (3 + 4.5).
X =133.7° 6 Round your answer to 3 significant
' figures and write the units in your
answer.
Example 3 Calculate the exact size of angle X.
V3 cm
.
Jcm
1 Always start by labelling the sides.
tang= ﬂ 2 Yqu are given the opposite anq the
adj adjacent so use the tangent ratio.
tan X = £ 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




c d
35°
x 52 mm
e f
55¢
25°
X
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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.

| AY
{LX AG GKS @

~

HOA N YR Tl B VAN N o

4 Calculate the size of angle d.

Give your answer correct to 1 decimal place. 3 cm A0
| AY
CANBRG 62N 2dzi > em K
O02YY2y aARS G2
£ A1 Ax .r - N A Jd—R17 Tem
5 Find the exact value of X in each triangle.
a b
2cm y Bem
60°
a B
2em
Cc d @
X - 2em
3cm
6cm
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B
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AyOf dzZRSR Fy3tS INBE IAPSyo
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G§KNBES &aARS&a INBE 3IAQBSYy®
2
T ¢2 OFtOdA S Iy dzy] yeds= +2t-)c'5ms dza S GKS T2 N)

Examples

Example 4  Work out the length of side w.
Give your answer correct to 3 significant figures.

8 cm



a’=b 4 2baos £

W =8> #> 2 837 %osé&5

w2 =33.804 040 51...

w= ,/33.80404051

w=15.81cm

Always start by labelling the angles
and sides.

Write the cosine rule to find the
side.

Substitute the values a, b and A into
the formula.

Use a calculator to find W? and

then w.

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

Example 5 Work out the size of angle d.

Practice

Give your answer correct to 1 decimal place.

P

15cm
7 cm

Q 10em

¥ B
15cm
7 em e a
g b
AG 10em /R;
2
+ -
cosA:M
2bc
107 +7* 157
cosq=———
2310 %7
140
d=122.878 349...
d=122.9°

Always start by labelling the angles
and sides.

Write the cosine rule to find the
angle.

Substitute the values a, b and ¢ into
the formula.

Use cos ' to find the angle.

Use your calculator to work out

cos (=76 + 140).

Round your answer to 1 decimal
place and write the units in your
answer.
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6  Work out the length of the unknown side in each triangle.
Give your answers correct to 3 significant figures.

a b
w 10 cm 14 cm
158
b Scm
Tecm a
c d 5.5cm
d

6 cm
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7  Calculate the angles labelled d in each triangle.
Give your answer correct to 1 decimal place.

a 9cm b
a 33mm
J cm 38 mim
12cm
36 mm

7.2cm
c
8 cm 7.5¢cm
7.6cm
13cm

11.3 cm

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

5cm

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

N—

14 cm
b
85cm
@ 10 cm
zZ
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Examples

Example 6  Work out the length of side x.

Give your answer correct to 3 significant figures.




sinA  sin B
x _ 10
sin36  sin75

= 103 sin36 ~
sin75

X=6.09 cm

Example 7 Work out the size of angle d.
Give your answer correct to 1 decimal place.

1 Always start by labelling the angles
and sides.

2 Write the sine rule to find the side.

3 Substitute the values a, b, Aand B
into the formula.
4 Rearrange to make X the subject.

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

1278
8 cm

14cm

sinA_ sinB

a b
sing _sinl127
8 14
sing = 83 sinl27
14
d=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, Aand B
into the formula.

4 Rearrange to make sin d the subject.

5 Use sin! to find the angle. Round
your answer to 1 decimal place and
write the units in your answer.

Practice

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

8 cm

10 cm

105° 40°




35°

74 mm

110

48°

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

8cm

a b

B5°
cm

- 7
V

10 cm

9.6 Scm

11 a Work out the length of QS.
Give your answer correct to 3 significant figures.

b Work out the size of angle RQS.
Give your answer correct to 1 decimal place.
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Example 8 Find the area of the triangle.



Area = %absin C

Area = %38 ¥ sin&2

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 @, band 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
7.5¢cm
ﬁ 8 cm
C
38 mm
589
43 mm

13 The area of triangle XYZ is 13.3 cm?.
Work out the length of XZ.

| Ayay

wSI NNJ y3Ss

0KS F2 N dz

Extend

14 Find the size of each lettered angle or side.
Give your answers correct to 3 significant figures.

T.5cm

z
64° Y

58¢cm
|l AydyY
C2NJ SIFOK 2yS
At/ & A 7w E N1 AN A

9cm
Scm

3 cm




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
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Answers
1 a 649cm b 6.93 cm c 2.80 cm
d 743 mm e 7.39 cm f 6.07 cm
2 a 369° b 57.1° c 47.0° d 387°
3 57lcm
4  20.4°
5 a 45° b 1 cm o 30° d \/_ cm
6 a 646cm b 9.26 cm c 70.8 mm d 970 cm
7 a 222° b 52.9° c 122.9° d 93.6°
8 a 13.7cm b 76.0°
9 a 433cm b 15.0 cm c 45.2 mm d 6.39cm
10 a 42.8° b 52.8° C 53.6° d 28.2°
11 a 8.13cm b 32.3°
12 a 18.1cm? b 18.7 cm? c 693 mm?
13 5.10cm
14 a 6.29cm b 84.3° c 5.73 cm d 58.8°

15 153 cm



