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1 Algebraic
manipulation

Uol

Needs more practice [}

Expanding two brackets

By the end of this section you will know how to:

Multiply out two linear expressions

Almost there I}

I'm proficient! [

When you expand one set of brackets you must multiply everything inside the bracket by what is

outside.

- When you expand two linear expressions, each with two terms of the form ax + b, where a #+ 0 and
b # 0, you create four terms. Two of these can usually be simplified by collecting like terms.

Expand and simplify
a 3x(2x —5)
Gx o —

c (x—5)2x+ 3)

= 2x2 — [Ox +

Expand and simplify
a 2x(x+4)

¢ 5x(2x + 2y)

e (x+ 7)x+3)

g (x+5)(x—5)

i Bx— 2)(2¢+ 1)

int

Multiplying two numbers
of the same sign gives

a positive answer.
Multiplying two numbers
of different signs gives a
negative answer.

(c+ 3+ 2)

Using the grid method

(x + 3)x + 2)

=x2 + 2x + £

:x2 + ....... + .......

X X + 2
X x? | + 2x
L= IO

6x(3x — 5)

(x+ 4)(x+5)

(x + 7)x - 2)

(2x +3)x—1)

(5x = 3)}(2x = B)




Chapter 1 Algebraic manipulation

k (Bx — 2)(7 + 4x) I (3x + 4y)(5y + 6x)

m (5x + 2y)(7x — 3) n (3x — 8)(2x — 3y)

Needs more practice [Jj Almost there [

I'm proficient! [JJj

Factorising expressions AS LINKs

Cl:14 Factorising

eXpressions; 1.5 Facton’sing

By the end of this section you will know how to: quadrafic express;
ons

Factorise expressions by taking out common factors

Factorise quadratic expressions

Key points

Factorising an expression is the opposite of expanding the brackets.
A quadratic expression is in the form ax? + bx + ¢, where a # 0.
To factorise a quadratic equation find two numbers whose sum is b and whose product is ac.

An expression in the form x? — y? is called the difference of two squares. It factorises to
=y +y)

Facigrise Take the highest

a 15x%y3 + 9x%y common factor b 4x2 — 2512
_ 3x2y(5y2 + ) ogtsi‘dethe bracket =(2x - 5y)( s )

€ x4 3x~— 10 d 6x2—11x—- 10

= » ac = —,O = »ac =
Two numbers are 5 and —2 Two numbers are =I5 and
¥+3x—-10=x2+5x—2x— 10 6x? — llx — 10 = 6x% — I5x + =10
=x(x+5) -2+ ) =3x( ... )+20 )
=@+ 5)Kx—- ) =Gx+2)0 )
2 Factorise
a 6x%y3 —10x3y* b 21a3b° + 35a°h? ¢ 25x%7 — 10037 + 15x%3




3 Factorise

a x2+7x+12

¢ ¥—11x+30

e x2—7x—18

g x>—3x—40

4 Factorise

a 36x2 — 49y°

5 Factorise

a 2x2+x-—3

7))
<
2
£
o
2
(V7]

¢ 12x?2 —38x + 20

b 4x? - 81y?

Chapter 1 Algebraic manipulation

b x2+5x—14

d x2—-5x—24

f x2+x-—20

h x2+ 3x—28

¢ 18a? — 200b%c?

b 6x2+17x+5

d 22 +7x+3




Chapter 1 Algebraic manipulation

e 9%x2—15x+ 4 f 10x2+21x+9

Needs more practice [Jj Almost there [ I'm proficient! [JJj

Using index laws _ASUNKs

1.2 The rules of indices

By the end of this section you will know how to:
Use index laws with fractional and negative indices

Key points

m n m-+n am m-—n
at X at*=a F =@
(am)n = g™ a (10 =1

1 - m pomm
a’ = Va i.e.the nth root of a * a = Vam" = (Va)m
Q™= —1,7; “= The square root of a number produces two solutions,

a
e.g.v16 = =4,

Evaluate

Any value raised 1o
the power of zero
iSeqUG\‘OL = = 3: :—I

- f ERg g 4 - h 3x2 X 4x?
2t xt X2 X xb (2x)?
= 3x =X _x .
L © pas el
- ‘\:\ - x‘ B
Evaluate
a 14° b 30 ¢ 8
Evaluate
a 49 b 64 c 125 d 16




Chapter 1 Algebraic manipulation

4 Evaluate
a 25: b 8 ¢ 49 d 16
5 Evaluate
a 572 b 43 ¢ 2= d 62
6 Simplify
o B p o 10x° ¢ 3xx 2 d 7x3y?
Zx? 20> % x 2%3 14x>y
|
2 1 2)3 3% v
é 1y f c : (2x0) h x_2>;x3
Xy c? X c? 4x = %
J Evaluate
a 47 b 2773 c 9:x2
i -3 9\ 27\73
4 16K 2 - (16) ' (64)



Needs more practice [JJjj Almost there [JIj I'm proficient! [}

" . AS LIN
Algebraic fractions 2 s

algebraic fracfions by
By the end of this section you will know how to: division

Simplify algebraic fractions
Add and subtract algebraic fractions

Key points

Use some laws of indices to simplify algebraic fractions.
Factorise the numerator and denominator if possible.
Any value divided by itself is 1.

To add or subtract algebraic fractions, use the same method as for adding or subtracting numerical
fractions.

To add or subtract algebraic fractions with different denominators, find a common denominator and
use this to write each fraction as an equivalent fraction.

1 Simplify the algebraic fractions.

@ 2x2 — 4x x2 — 4x — 21
2 2
12x + 6x == 2x*+9x + 9
2x( ) highest common ( ) )
= R factor in each = e e i Lt e s on
ex( ... ) term. (2x+3) )
3 ) o
X, 2+ 1 2 s
€3 ¥ 2 J x=3 x1
_2x, 6ext ... _ B s _ BE = sine
6 G (x— 3ix + 1) (x — 3)x + 1)
_&x+ .. O OTTOTTTIPI
AAAAAAA (= 3 + ) )
2 Simplify the algebraic fractions.
a 2x? + 4x b x? + 3x c x2—2x—8
x2 —x X2+ 2x—3 X2 — 4x
x? — 5x g x2—x—12 f 2x2 + 14x
x2 — 25 x2 — 4x 2x2 + 4x — 70



3 Simplify

2% .. X
3x _ 2x
ol
4 Simplify
2 3
a x—|—3+x+1
4 = 2
e x+1 x=—1
5 Simplify
9x*> — 16
3 +17x— 28
4 — 25x?

10x2 —11x — 6

2x + 1

==
=
+N

Bl

2x—=3

x+ 1

§ 3x+2 x-—1

2x2 —7x — 15

3x2— 17x + 10

6x2 —x — 1
2x2+7x — 4

5 4

3 2
x+4 x

3 2
x+1+x—2




Needs more practice [Jj Almost there [JI] I'm proficient! ]

Completing the square

By the end of this section you will know how to:

AS LINKs

Cl:23 Compleﬁng the
square

Complete the square for quadratic expressions in the form ax? + bx + ¢, where a > 0.

Key points

If a # 1, then factorise using a as a common factor.

Completing the square for a quadratic expression rearranges ax? + bx + c into the form p(x + q)% + r.

1 Complete the square for the quadratic expressions.

In the form (x + q)2 + 7, _ B éx + A
q=1b wherebisthe | o [ 2 2 ]
coefﬁcie.m ofxir.l the _ [(\ _ R . ]
qUGer“C EC]UCIfIOI’\. ............................
= == ]
= = P ..
2 Write the following quadratic expressions in the form (x + p)? + q.
a x2+4x+3 b x?—10x—-3 c x?—8x
d x?+6x e x?—2x+7 f ¥*»+3x—2
)
3 Write the following quadratic expressions in the form p(x + ¢)> + r.
a 2x>—8x— 16 b 4x*?-8x—- 16
e 3+ 12x—9 d 22 +6x—8




7))
g
2
o
&

Chapter 1 Algebraic manipulation

4 Complete the square.

a 2x2+3x+6 b 3x%-—2x

¢ 5x?+ 3x d 3x2+5x+3

Don’t forget!

Expanding two linear expressions creates terms
A quadratic equation is an equation in the form , where a # 0.
To factorise a quadratic equation find two numbers whose sumis and whose productis

An expression in the form x? — y? is called

It factorises to

am X qt =

Any value divided by itself =

To add or subtract algebraic fractions with different denominators, find a

and use this to write each fraction as an fraction.



Chapter 1 Algebraic manipulation

Exam-style questions

1

4 Simplify

a Expand andsimplify  (3x + 2)(x — 3)

b Factorise  12x%y? + 30x%y°

3
c Simplify x)>c<5x4

a Simplify “ -

x X x?

b Factorise x%2+ 2x— 35

¢ Factorise  4x? — 25172

Write the quadratic expression x* + 3x — 5 in the form (x + p)? + g, where p and g are mixed
numbers.

X2 -4
2x2—x—6




2 Formulae Needs more practice [JJjj Almost there [} I'm proficient! [Jj

Substitution

By the end of this section you will know how to:

Substitute numbers into expressions and formulae

Substitution is replacing each letter with its value.

Given the value of each letter in an expression or formula, you can work out the value of the
expression or formula.

1 Whena=8 b= -6andc= % evaluate the following expressions.
a 2a+b b a+ bc c %l d a¢-b
= 2 b4 —+ — + X = 3 X = T

2 Calculate the Celsius temperature, C, when the Fahrenheit temperature F is 50.
Use the formula C = g (F — 32).

C=2of(  -32)
C=3of
C=5%X +'9
c=__.
W 3 When x = % y = —4 and z = 9, evaluate the following expressions.
B a xy+z b z* ¢ y¥+x
2
o
d (y+2)° e yz’ f xyz

4 Whenp = -3, ¢ = 2 and r = 2.4, evaluate the following expressions.
qr r—p r r
a — b c qg—— d

p q / p ptq




Chapter 2 Formulae

5 Whend = % e=—2andf= % evaluate the following expressions,
giving your answers as mixed numbers where appropriate.
o % b def ¢ eld+f) d 3d+¢

6 Using the formulas = ut + %atz, calculate swhent =10, a =9.8 and u = 12.

Needs more practice ]  Almostthere [} I'm proficient! [}

Changing the subject of a formula

By the end of this section you will know how to:
Change the subject of a formula, where the new subject appears in the formula once.

Change the subject of a formula, where the new subject appears in the formula twice.

Key points

Get the terms containing the subject on one side and everything else on the other side.

Usually, you then need to factorise the terms containing the new subject.

Make t the subject of the formulae.

1 v=u+at 2 r=2t— ot
v = at r=t_ . - )
fom B R——
t+r_ 3t _3t+5
8 5 =3 4 r=%=
Remove the
2(t+ y= X 3t fractions first. (G )=3t+5
2t =L =3t+ 5
2’: .......................... :5+’
f === ( ) =5 +1



Chapter 2 Formulae

Change the subject of each formula to the letter given in the brackets.
5 C=ad [d 6 P=20+2w [wl 7 D=5 1
_gq9-r ] _
8 p= : [t] 9 u=at jt [t] 10 V=oax+ 4x [x]
y-7x _7-2y _2a—1
n 53 [y] 12 x= 3 g [a] '
~b—¢€ _79g—-9 _
B a= d [d] l4h—2+g [g] 15 e@+x)=2e+1 [e]

@bon't forget!

“ Substitution means

When changing the subject of a formula, get all the terms containing the new subject on one side

and on the other.

Exam-style questions

1 Make x the subject of the formula Zx+3

y:4—x



3 Surds Needs more practice [JJjj Almost there [J} I'm proficient! [

AS LINKs
Su rds C1: 1.7 The Use and A ‘
Manipulation of surds
o By the end of this section you will know how to: j

Simplify surds

Expand and simplify expressions involving surds

Key points

A surd is the square root of a number that is not a square number, such as v2, V3, V5, etc.

Surds are used to give the exact value for an answer.

= Vab = Va x Vb

/@ _Va

b Vb

Simplify

1 V50 2 V147 - 2/12 3 (V7 +V2)WT —V2)

=/25 X one of the wo =/49x -2/ X =v... - V7V2 +V2V7 - V4
U
=yl [ |numbes Y =V xV.. -2/ x ... = -

choose at the
start must be @

= 5 X r Squqre nUmbel'. = e on X V... - 2 X X \/_ =

= -
4 Simplify

a /45 b V125 c /48 d V175

e V300 f V28 g V72 h V762 L)
5 Expand and simplify

a (V2 +V3)W2 —V3) b 3+ V3)5-V12)

c (4—V5) (V45 +2) d (5+V2)6 - /8)



Chapter 3 Surds

A 6 Simplify
< a V72 + /162 b V45 - 2/5
(@)
4
K=
Q.
&5
(o \/5——\@ d \/ﬁ—vﬁ
e 2/28 + 28 f 2/12 —-V12 +V27

Needs more practice [JJJ  Almostthere [ I'm proficient! [Jj

Rationalising the denominator AS LINKs

Cl1s8 Raﬁonah’sing the
denominotor of a fraction
Where it s g surd

Rationalise the denominator of a fraction when the denominator is a surd

By the end of this section you will know how to:

Key points

To rationalise the denominator means to remove the surd from the denominator of a fraction.
To rationalise % you multiply the numerator and denominator by the surd Vb

a

To rationalise P you multiply the numerator and denominator by b — Ve
+ Ve

1 Rationalise and simplify, if possible.

1 V2 3
a — b — c
V3 12 2+ V5
W) _VE i __ 3 2-¥5
V3 V3 2/ 2+V5 — .
o V2 X B 3(2 — V5)
B You rust multiply - -
..... bo’(hﬂ'\enumer(ﬂor
and denominator by - 3(2 — V5)

the same number.



2 Rationalise and simplify, if possible.

a L L
\/g \/ﬁ
2 5

e — f =
V2 V5

3 Rationalise and simplify.

T
S
+
S

7))
<
=
=
o
g

Don't forget!

A surd is

S

Ul

N|

2
d —
V8
h V5
V45

Chapter 3 Surds

. . a
To rationalise —

To rationalise — = you multiply the numerator and denominator by
b+ Ve

Exam-style questions

1 Simplify 2/45 — /80

75 you multiply the numerator and denominator by the surd

of a fraction.




Chapter 3 Surds
2 Expand and simplify (3 + vV2)(5 — /18)

3 Rationalise and simplify

, . . ) 3
4 Rationalise and simplif =
Sl

5 Simplify V72 + /50 — V32



4 qQuadratic Needs more practice [JJjj Almost there [JI] I'm proficient! [}
equations

AS LINKsS

Ci:22 Solving quadratic
quations by factorisation

Solving by factorisation

By the end of this section you will know how to:

Solve quadratic equations by factorising

Key points

A quadratic equation is an equation in the form ax? + bx + ¢ = 0 where a # 0.

- To factorise a quadratic equation find two numbers whose sum is b and whose product is ac.
When the product of two numbers is 0, then at least one of the numbers must be 0.
All quadratic equations have two solutions (these may be equal).

Solve
a 5x2=15x b x24+7x+12=0
5x2 — =0 Get all terms Onﬂ? On?)o G oo )= 0
side of the equation.
Sx( I Y= not divide both sides S0 =Qor =0
So =0or .. =0 by x. This would lose e therefore x = orx =
hye=l  } 0 ETEOReLT L OPEE
therefore x = orx = solution
c X —-16=0 d 2x2—-5x—12=0
(Bx ... )=0 (2x  Jx—-4)=0
So . =Qor =0 So(2x  )=0or =0
themerore x = orx=__ therefore x = orx =
Solve
a 6x2+4x=0 b 28x2=21x
x = Or x = x = or x =
c x2+7x+10=0 d x2-5x+6=0
x = Or x = x = N or x =
e x2—-3x—-4=0 f x2+3x—10=0
X = orx = M= orx=



Chapter 4 Quadratic equations
g x2—10x+24=0 h x2-36=0

Il

x ............. orx_ ............. x: .......
i x2+3x—28=0 j x*?-6x+9=0
x: ............. Orx_ ............. x: ........
k 2x2—7x—4=0 Il 3x2—13x—10=0
x: ............. orx: ............. x: .........
3 Solve
(73]
<L a x2—3x=10 b x2-3=2x
je)
=
o
2
wn
x: ............. Orx: ............. x: ...........
c x2+5x=24 d x2—-42=x
x: ............. Orx— ............. x: ............
e x(x+2)=2x+25 f x2-30=3x—-2
x: ............. orx-— ............. x: .............
g xBx+1)=x2+15 h 3x(x—1)=2(x+1)
x: ............. orx: ............. x:




Needs more practice [JJjj Almost there I} I'm proficient! [}

AS LINKs

Cl:24 Solving quadratic

Solving by completing the square
€quations by completing

By the end of this section you will know how to: the square

Solve quadratic equations by completing the square

Completing the square lets you write a quadratic equation in the form p(x + g)? + r = 0.

1 Solvex?+6x+4=0 2 Solve2x?-7x+4=0
Give your solutions in surd form. Give your solutions in surd form.
X2+ 6x+4=0 2 = T+ =
(x+32+4— =0 2[(x—§)“+2— ......... }zo
(e - =0 (.. Ee,... =0
(o )7 = ( )7 =

......... ==y =
......... = A e = E

Solve by completing the square.

a x2—4x—-3=0 b x2—-10x+4=0
'."%
x: ............... orx_ ............... x: ............... orx: ...............
c x2+8—-5=0 d x2—-2x-6=0
X= Orx— .......... X= orx=
e 2x2+8x—-5=0 f 5x24+3x—4=0




Chapter 4 Quadratic equations

4 Solve by completing the square.
a (x—4)x+2)=5 b 2x2+6x-7=0 c x>’—5x+3=0

Needs more practice [} Almost there  [JI] I'm proficient! [}

Solving by using the formula AS LINKs

Cr1:25 Solving quadrafic

- ' ‘ quations by using the
By the end of this section you will know how to: formulg

Solve quadratic equations by using the formula

Key points

Any quadratic equation of the form ax? + bx + ¢ = 0 can be solved using the formula

= —b +Vb? — 4ac
2a

If b2 — 4ac is negative then the quadratic equation does not have any real solutions.
It is useful to write down the formula before substituting the values for a, b and c.

1 Solvex?2+6x+4=0 2 Solve3x2—7x—-2=0

Identify a, p ang

Give your solutions in surd form. [ cand subsfityte Give your solutions in surd form.
them info the
f
a=Lb=6c=4 Sl a=... ,b==7¢c=.....
R O /O G S S S N -
2 X .. 2 X ..




3 Solve, giving your solutions in surd form.

4 Solve, giving your solutions in surd form.

Chapter 4 Quadratic equations

a 3x2+6x+2=0 b 2x2—4x—-7=0

(73]
< a 4x(x—1)=3x—-2 b 10=(x+ 1)2
g2/
£
Q.
&
x AR Or x = x R Or x =
Don‘t forget!
= To factorise the quadratic equation ax? + bx + ¢ =0, find numbers whose sumis and
whose productis
The formula for solving a quadratic equation is x = b
If b2 — 4ac is then the quadratic equation does not have any real roots.




Chapter 4 Quadratic equations .
Exam-style questions

1 Solve the equation x> —-7x+2=0

ai\/E
c

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

2 Solve the equation
3x2-x—-10=0

3 Solve 10x? +3x+3=5
Give your solution in surd form.



S Roots of quadratic Needs more practice [ Almost there [J] I'm proficient! [JJj
equations

° ° ® AS L'N
The role of the discriminant 26 s |
a
of quadratic EQUQﬁonz )
By the end of this section you will know how to:
Use the discriminant in quadratic equations
Key points
N /
The formula for solving a quadratic equation ax? + bx + ¢ = 0 where a # 0, is x = bz szz = 4n¢

The part of the formula b? — 4ac is called the discriminant.
If b2 — 4ac = 0, the equation has two real and equal roots (solutions).
If b2 — 4ac > 0, the equation has two real and distinct roots.

If b2 — 4ac < 0, the equation has no real roots.

Work out whether the equation 3x? + 7x + 5 = 0 has real and equal, real and distinct or no real roots.

a o = C =
b —dac= ?2—-4Xx X o =
Therefore, the equation has roots

2 Find the value of p for which x? + 4x + p = 0 has real and equal roots.

For real and equal roots, b* — 4ac 0

a = ] = C =

bZ — 4dgc = 2 4 X X Form and solve
..................... e equation 0

Therefore, 16 — =0 calculate p-

4P =

P=....

3 Find the value of h for which hx? + 3x — 7 = 0 has no real roots.

For no real roots, b* — 4ac O

a= .. ’ = c=

bz - 4L7C = c - 4 X X = e u5 e v 28
Therefore, L S <0

............. <

h <

Work out whether each of the equations has two real and equal, two real and distinct or no real roots.

4 4x2—-5x+7=0 5 6x2—2x—3=0




‘ ' Chapter 5 Roots of quadratic equations

6 9x?—30x+25=0 7 22+2x+7=0

8 Find the values of g for which x2 + gx + 16 = 0 has real and equal roots.

9 Find the values of g for which 2x? + gx + 9 = 0 has real and equal roots.

10 Find the values of r for which rx2 — 10x + r = 0 has real and equal roots.

M Find the values of t for which 4x + t = 3x2 has real and distinct roots.



Needs more practice [JJjj Almost there [} I'm proficient! [Jj

The sum and product of the roots
5 O@ of a quadratic equation

By the end of this section you will know how to:

Find the sum and product of the roots of ax? + bx + ¢ = 0 from the values of its
coefficients aq, b and ¢

Use the sum and product of the roots to write the corresponding quadratic equation

The sum of the roots of the quadratic equation ax? + bx + ¢ = 0, a # 0, is given by -g
The product of the roots of quadratic equation ax?+ bx + ¢ = 0, a # 0, is given by %

The quadratic equation can be written as:
x% — (sum of the roots)x + (product of the roots) = 0 or x2 — (—g)x + (g) =0

Find the sum and product of the roots of the equation 2x> + 6x — 5 = 0.

2 The sum of the roots of a quadratic equation is —7 and the product of its roots is 10.
Write down the quadratic equation.

Find the sum and product of the roots of the equations.

3 x2—11x+30=0 4 5x2+8x—-21=0

5§ 9x2-16=0 6 6x2+x—-15=0




Chapter 5 Roots of quadratic equations

Write the quadratic equation when the sum and product of its roots are

7 —2and -8 8 —=and-

wN

1
3

9 —8.5and —4.5 10 —1.5and —14.5

Multiply the equation

by 2 to remove the
decimals from the
€quation.

Don‘t forget!
The formula for solving a quadratic equation ax?+ bx + ¢ = 0 where a # 0, is

If b> — 4ac > 0, the equation has

If b? — 4ac <0, the equationhas

am-style questions

1 Find the values of g for which 3x? + gx + 16 = 0 has equal roots.

2 For a quadratic equation
the sum of its roots is —2.5
the product of its roots is 4.5
Find the quadratic equation in the form ax? + bx + ¢ = 0

where a, b and c are integers.



6 Ssimultaneous Needs more practice [Jjj Almost there [J} I'm proficient! [Jj

equations
Solving simultaneous linear e

@O’U equations using elimination e uatons by lmingion

By the end of this section you will know how to:

Solve two simultaneous linear equations using the elimination method

Key points

Two equations are simultaneous when they are both true at the same time.

Solving simultaneous linear equations in two unknowns involves finding the value of each unknown
which works for both equations.

Make sure that the coefficient of one of the unknowns is the same in both equations.

Eliminate this equal unknown by either subtracting or adding the two equations.

Solve these simultaneous equations.

1 3x+y=5 2 x+2y=13

x+y=1 5 -2y =5
Adding both of these equations together
eliminates the y term to give:

Subtracting the second
equation from the first
equation eliminates

To find the second unknown
Substitute your value for ,
the first unknown into one

the 1y term to give: : 6x =
Y g ;)f the origingl equations. |
2x=__ hen check your solufions r=
by Subsﬁtuting the values
E=... forxand y into the ofher V=
equation.
Yy=...
Solve these simultaneous equations.
3 4x+y=28 4 3x+y=7
x+y=>5 3x+2y=>5
5§ 4x+y=3 6 3x+4y=7
3x—y=11 x—4y =5



7 2x+y=11
x—3y=9

Needs more practice [Jjj

Solving simultaneous linear
equations using substitution

By the end of this section you will know how to:

Chapter 6 Simultaneous equations

Solve these simultaneous equations.

8 2x+3y=11
3x+2y=4

Almost there [ I'm proficient! [Jj

AS LINKS

rC]: 3.2 Solving simultaneoys
Inear equations by Substitution

" Solve two simultaneous linear equations using the substitution method

Key points

To solve simultaneous linear equations in two unknowns involves finding the value of each
unknown which works for both equations.

The substitution method used here will help in section 6.3.

Solve the simultaneous equations.

Substituting 2x + | for y into equation 2 gives

31 y=2x+1 (equation 1)
5x + 3y = 14 (equation 2)
Sx+3( ... ) =14
5X + o = l4
Hx =

X =
y= ...

2 2x—y=16
dx + 3y = -3

(equation 1)
(equation 2)

Rearranging equation | gives

Solve these simultaneous equations.

3 y=x-4
2x + 5y =43

y=2x—-16
) Substituting 2x — |6 for 1 into equation 2 gives
To find the second 9 Y 4 9
unknown, substityte 4x+ 30 )=-3
rour e for e dz b - 3
first UnknOWn T
oneofthe origing | ... =
equations, s
y= ...
4 y=2x-3
5¢ =3y =11




Chapter 6 Simultaneous equations

5 2y=4x+5 6 2x=y—2 1
9x + 5y = 22 8x —5y=—11

Solve these simultaneous equations.

(72}
B8 7 3x+4y=28 8 3y=4x-7
-g 2x=y= =13 2y=3x—4
a
&
\‘
9 3x=y-—1 1003x+2y+1=0
2y —2x =3 4y =8 —x

Needs more practice [

Almost there [} I'm proficient! [}

Solving simultaneous equations A5 LiNks

Cl:33 Using Substitution

where on e i s q U a d raﬁ c when one equation s fineqy

and the other js quadratic

By the end of this section you will know how to:
Solve simultaneous linear and quadratic equations

Key points

Make one of the unknowns the subject of the linear equation (rearranging where necessary).
Use this to substitute into the quadratic equation.

There are usually two pairs of solutions.

.



Solve these simultaneous equations.

2 2

X+ g 13 substitute the

x2 + ( 2 =13 linear equation .
............. info fhe quadratic

e —13=0 {you may need 10

2x2 + = 0 rearrange firstl-

......................... = O

(o o )=20

x = orx =

Solve these simultaneous equations.

3 y=x+5
2 +yr=25
5 y=2x
vy —xy =8

2x+ 3y =5
2y +xy = 12

6 2x+y=11

xy =15

Chapter 6 Simultaneous equations




Chapter 6 Simultaneous equations
Solve the simultaneous equations, giving your answer in their simplest surd form.

7 x—y=1 8 y—x=2
X+yr= x> +xy=3

Step into AS

Don‘t forget!

Exam-style questions

1 Solve these simultaneous equations.
2x +3y =2
5x + 4y = 12

2 Solve these simultaneous equations.
3yt+x=4
xZ _ yZ =6



Arithmetic Needs more practice [JJjj Almost there [J} I'm proficient! [Jj

General (nth) term of
arithmetic series

By the end of this section you will know how to:

AS LINKs

Cl: 6.5 Arithmetic Series

Find the nth term of an arithmetic series

Use the nth term of an arithmetic series

A series is formed when the terms of a sequence are added together.
The general term of a series (or sequence) is commonly called the nth term.

An arithmetic series (or sequence) is one where each term in the series (or sequence) increases by
the same amount.

The nth term (general term) of an arithmetic series is a + (n — 1)d, where a is the first term and
d is the common difference (the amount each term increases by).

I 1 Find the first five terms of the series for which the nth term is 4n + 1.

D First term = 4XI+l=__ .
Second term = 4 X + R thatn =1
Third term = X + = "Fsizc:::in:(\;z:‘sc:\:ons that n = 2, efc.
Fourth term = X . LA =
Fifth term = X + -

So the first five terms of the series 4n + | are 5, 9,

2 The nth term of an arithmetic series is 5n — 2. Which term has a value of 73?

5n— 2 =73
5n =

=

3 Find the nth term of the arithmetic series3 + 8 + 13 + 18 + ...

nth term =a + (n — 1)d

a= . d .

nth term = +n—-1)x
=3+ =g

4 Find the first three terms of the arithmetic series when the nth term is 5n + 3.



Chapter 7 Arithmetic series

5 Find the nth and 20th terms of the arithmetic series5 + 8 + 11 + 14 + ...

6 Find the nth and 10th terms of the arithmetic series 15 + 13 + 11 + 9 + ...

7 Find the 20th and 100th terms of the arithmetic series 6 + 10 + 14 + 18 + ...

8 Find the 15th and 50th terms of the arithmetic series 50 + 47 + 44 + 41 + ...

9 Find n, the number of terms in the arithmetic series5 + 8 + 11 + 14 + ... + 77

(5]
<
2
E
Q.
g

10 Find n, the number of terms in the arithmetic series 70 + 62 + 54 + 46 + ... + (—346)



Chapter 7 Arithmetic series

M The first term of an arithmetic series is 2. The fifth term is 22.
What is the common difference?

12 The fourth term of an arithmetic series is 10. The seventh term is 19.
Find the first term and the common difference.

Needs more practice [JJjj Almost there [J] I'm proficient! [Jj

The sum of an arithmetic series AS LINKs

Cl: 6.6 The sum to n terms

_ . ' ofan arithmeic series
By the end of this section you will know how to:

Find the sum of an arithmetic series
Use the sum of an arithmetic series

“ You find the sum, S,, of an arithmetic series using the formula S, = %[Za + (n — 1)d] where a is the
first term, d is the common difference and n is the number of terms.

Alternatively, you can use the formula S, = % (a + L) where a is the first term, n is the number of
terms and L is the last term.

1 Find the sum of the arithmetic series 1 +5 + 9 + 13 + ... with 30 terms.

sn=’§1[2a+ (n — 1)d]
a=ld=4n=__

Sp =512 X call S DX ]
S, =15%X( + X )

S”:



Chapter 7 Arithmetic series

2 An arithmetic series has a first term of 7 and a last term of 41.

Work out the number of terms which give a sum of 432.

S, =2+ 1)

An arithmetic series begins 7 + 9 + 11 + 13 + ...
Work out the number of terms which give a sum of 352.

Sy = 5l2a + (n — 1)d]

Si= sl = A= Form a quadratic
€quation, factorise and

........... = %[2 X o+ . —hx ] solve it. Remember
that you can only have

704 =mn( ten— ) Positive values of ;,

704 =

ent + =0 You may be gbje 14

get a simpler equation
by cancelling eqrlier in
Your working.

The sum of the first two terms of an arithmetic series is 1.
The 20th term is 93. Find the first term and the common difference of the series.

From the information that the sum of the first two terms = |:

Form linear equations
and solve them
simuhoneous\y.

From the information that the 20th term = 93:
n= 20

nthterm =a + (n — Nd

93=a+(_ — d
at+ = 93 (equation 2)
Solving the equations | and 2 simultaneously gives a = =

So first term = , common difference =




Chapter 7 Arithmetic series
5 Find the sum of the first 20 terms of the arithmetic series2 + 5+ 8 + ...

é Find the sum of the first 30 terms of the arithmetic series3 +6 + 9 + ...

7 Find the sum of the first 50 terms of the arithmetic series 40 + 34 + 28 + ...

8 Find the sum of the first 20 terms of the arithmetic series 100 + 91 + 82 + ...

9 Find the sum of all the odd numbers from 21 to 41 inclusive.




Chapter 7 Arithmetic series

10 Find the sum of the arithmetic series where the first term is 2,
the last term is 135 and there are 20 terms.

N Find the sum of the arithmetic series where the first term is 8, the last term is 53 and
there are 16 terms.

12 The sum to n terms of the arithmetic series 3 +5 + 7 + ... is 120. Find the value of n.

(7s)
<
2
=
(o 8
2

13 The sum of the first three terms of an arithmetic series is 15.
The 10th term is 29. Find the first term and the common difference of the series.



Chapter 7 Arithmetic series

Don‘t forget!

A series is formed when the terms of a are added together.

The nth term of an arithmetic seriesis , Where a is the first term
and d is the common difference.

You find the sum, S,, of an arithmetic series using the formula S, = ... ... ... ...
where a is the first term, d is the common difference and n is the number of terms.

Alternatively, you can use the formula S, = where a is the first term,

n is the number of terms and L is the last term.

Exam-style questions

1 The sum of the first four terms of an arithmetic series is 198. The 20th term of this series is —73

a Find the first term of the series and the common difference.

b Find the sum of the first 30 terms of the series.



8 Coordinate Needs more practice [JJj Almost there I} I'm proficient! [

geometry

The equation of a line ey,

finding the €quation of g
o By the end of this section you will know how to: straight line

Find the gradient and y-intercept of a line from its equation
Find the gradient and the equation of a straight line

Key points () )

A straight line has the equation y = mx + ¢, where m is the

gradient and c is the y-intercept (where x = 0). y gradient m = l(f - z‘
2 -

The equation of a straight line can be written in the form y=metc .

ax + by + ¢ = 0, where @, b and c are integers. o) x

When given the coordinates (x;, y;) and (x,, y,) of two points on

. S . — ‘.,
a line the gradient is calculated using the formula m = %Z—i; W)
2 M

A straight line has gradient *% and y-intercept 3.
Write the equation of the line in the form ax + by + ¢ = 0.

n = —

e =3 Rearrange the

equation in the
formy = mx + c.

¥y =

m =

I
=
=
+
o

y

y = x+c




Chapter 8 Coordinate geometry

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

Yo — Y
m =

2 X
o= — 4 = umn, =

_______ B e
= X<k £

Find the gradient and the y-intercept of the following equations.

a y=3x+5 b y=-3x-7 € 2y=4x—3

d x+y=5 e 2x—3y—-7=0 f Sx+y—-4=0

Complete the table, giving the equation of the line in the form y = mx + c.

Gradient | y-intercept Equation of the line
5 0
—3 2
4 —

Find, in the form ax + by + ¢ = 0 where @, b and ¢ are integers, an equation for each of the
following lines.

a gradient —%, y-intercept —7 b gradient 2, y-intercept 0

¢ gradient 2 y-intercept 4 d gradient —1.2, y-intercept —2




Chapter 8 Coordinate geometry

8 Write an equation for the line which passes through the point (2, 5)
and has gradient 4.

N

9 Write an equation for the line which passes through the point (6, 3) and has gradient -3

10 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)

wn
<
f<]
£
Q.
?"“.'

c (—1,-7),(5, 23) d (3,10),(4,7)




Needs more practice [ Almost there [} I'm proficient! [JIj

Parallel and perpendicular lines

By the end of this section you will know how to:

AS LINKS

Cl: 5.5 The conditions for
two straight lineg fo be

Parallel or Perpendicylqr

Work out the gradient of a line which is parallel to or perpendicular
to a given line.

Form the equations of lines which are

parallel to or perpendicular to a given line. ) 1
\ — gradient = ——-

m
Key poinfs > perpendicular

lines
When lines are parallel they have the same gradient.

0 x
A line perpendicular to the line with equation / \

_ i 1
y = mx + ¢ has gradient o parallel lines

gradient =m

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

m =

y = X+ c

= X +c

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

3 Find the equation of the line perpendicular toy = %x — 3 which passes through the point (=5, 3).
For the line y = IEX -3

........... fm = %, then the

negative reciprocal
’71 ........... —l - b

m a




Chapter 8 Coordinate geometry

4 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.

(O +9 5 ¢+ —l) _ ( ....... )
2 2 7 A\l S
Substituting the coordinate of the midpoint into the equationy = X + c gives
....... :—X.;_{_C:....
C =

5 Find the equation of the line parallel to each of the given lines and which passes through each of : J
the given points. l
a y=3x+1 (3, 2) b y=3-2x (1,3)

c 2x+4y+3=0 (6 —3) d 2y—3x+2=0 (8 20)

6 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)



Chapter 8 Coordinate geometry
d 5y+2x-5=0 (6, 7)

¢ x—4y—4=0 (5, 15)

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, -9 b (0, 3),(-10,8)

7))
<
i
=

8 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-—7 2x+y—3=0 dy +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



Chapter 8 Coordinate geometry

Don‘t forget!

A straight line has the equation , where m is the gradient and c is the y-intercept.

The equation of a straight line can be written in the form

where a, b and c are integers.

When given the coordinates (x;, y;) and (x,, y,) of two points on a line the gradient is calculated

using the formulam = -

Exam-style questions

1 The straight line L; passes through the points A and B with coordinates (—4, 4) and (2, 1), respectively.
a Find an equation of L, in the formax + by + ¢ =0

The line L, is parallel to the line L; and passes through the point C with coordinates (-8, 3).
b Find an 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 Ly




9 Graphs of Needs more practice [JJjj Almost there [}

functions

Recognising graphs

@OCU By the end of this section you will know how to:

and circular functions

Draw and understand tangents and normals to graphs

Key points

The graph of the linear function y = mx + ¢ is a straight line.

The graph of the quadratic function
y = ax?> + bx + ¢, where a # 0, is a curve
fora>0

I'm proficient! [Jj

AS LINKs

C2:.8.4 Recognise the graphs
of sin 6, cos g and tan g

Recognise graphs of linear, quadratic, cubic, reciprocal, exponential,

called a parabola. fora <0
Parabolas have a line of symmetry.
The graph of a cubic function,
which can be written in the form fora <o
y = ax® + bx? + cx + d, where a # 0,
has one of these shapes: fora>0
Ya y = B y=—x Ly
9) X 0 x
special case: a = 1 special case: a = —1
The graph of a reciprocal functi 1 i
e graph of a reciprocal function fora >0 I

of the formy = % has these shapes:

0 X 0 %

An exponential function is

of the form y = a*, where a > 0.
The graph of an exponential
has one of these shapes:

y=a"fora>1

/

1

wa~"for0<a<1

=)

)

Circular (or trigonometric) functions include sine, cosine and tangent.
Their graphs have these shapes:

y Y

14 y=sinx
5 /\ 3 A Yk b X Y o Y X0) 3 /\’\
S S oS\ S o\ S S - S 8 S S S 8
» fi«a 0 \‘b\wév" P ﬂv %va;o ¥
& -1

Y = cosx

X




Chapter 9 Graphs of functions

The tangent to a curve is a straight line which touches the curve but does not cross it.

The normal to a curve is Ys
perpendicular to the tangent

at that point on the curve: agen

normal

/ 0 %

1 Here are three equations.

A y=3x—2x B y=2" Cy=sx+2 Two of the
Here are three sketch graphs. - equations are
quadratics.
y y y
\} j j2
17
3> >
0 x o X @) X
P
C

a Match each graph to its equation.
b Draw the tangent at the point P on each graph.

2 Here are six equations.
B}

X
Dy=1-32-x E y=x>—3x2—1 F x+y=5 the cubic equations
cross the y-axis.

A y= B y=x>+3x-10 C y=2x3+ 3x?

Find where each of

Here are six graphs.

y 177 Ya
normal

tangent / tangent

normal

A YA

a Match each graph to its equation.
@ b Draw the tangent and normal on the three graphs where a point P is marked.



Chapter 9 Graphs of functions
3 Here are three equations.

A y=2tanx B y=3sinx C y= —cosx

Here are three graphs.

Step into AS

UA YA i | YA

Match each graph to its equation.

Needs more practice ]  Almostthere [Jj

I'm proficient! [JJj

Drawing and using graphs AS LINKs

CI: 2.1 Plotfing the graphs
of quadratic functions
By the end of this section you will know how to:

Draw graphs of linear, quadratic and cubic functions

Use the graphs of linear, quadratic and cubic functions to solve equations

Key points

To draw a linear, quadratic or cubic graph, calculate and plot the coordinates of a number of points
and then join them up.

1 a On the grid left, draw the graph of
y =x? — 2x — 5 for values of x from —3 to 5.

x (—3[=2|-—1} 0| 1 2 13|45
y |10 =5 —i2 10

Draw and complete
a table to find the
coordinates of points
on the graph.

Join the points with
a smooth curve.
Quadratic curves
are symmetrical.

b Use your graph to find estimates for the
solutions of x> — 2x — 5 = 0.

Using the graph, the solutions to the equation
are when y = O, which is where the curve
intersects the x-axis.

This gives the solutions




Chapter 9 Graphs of functions

2 a Onthe grid below, draw the graph of y = 3 + 4x — 2x?
for values of x from —2 to 4.

YA

l.._,,, R

b Use your graph to find estimates for the solutions
of 2x? — 4x = 3.

3 a On the grid below, draw the graph of y = x? + 5x — 3 for values of x from —7 to 2.

A

b Use your graph to find estimates for the
solutions of x? + 5x = 3.




Chapter 9 Graphs of functions

4 a Onthe grid below, draw the graph of y = x® — 2x + 3 for values of x from —3 to 3.

o+

b Use your graph to find estimates for the solutions

of X3 = 2x.

Rewrite the equation x® = 2x
so thatx® — 2x + 3is on

one side. The other side of the
equation gives you the equation
of the straight line which needs
drawing on the graph.

5 a Onthe grid below, draw the graph of y = 4 + 3x — x2 — 3

for values of x from —3 to 3.

b Use your graph to find an estimate for the solution
of x¥* + x2 = 3x + 4.

¢ Use your graph to find estimates for the solutions
of 4 =3 + x2 — 4x.




Chapter 9 Graphs of functions

On the grid below, draw the graph of y = x* — 4x for values of x from —1 to 5.

[
EEEEA
&

Step into AS

b Draw the line of symmetry and write down the
equation of the line of symmetry.

Needs more practice [Jj  Almostthere [} I'm proficient! [Jj

Sketching graphs AS LINKs

Cl:43 Sketching the reciprocq|

function; ca. 3 )
s s « Z :8.4 Gra h .
By the end of this section you will know how to: cos g and tan ¢ P nle,

Sketch graphs of linear, quadratic, cubic, reciprocal, exponential,
and circular functions

Key points

It is important to know the general shape of the graphs from the functions in section 9.1.
To sketch the graph of a function, find the points where the graph intersects the axes.

To find where the curve intersects the y-axis substitute x = 0 into the function.

To find where the curve intersects the x-axis substitute y = 0 into the function.

Where appropriate, mark and label the asymptotes on the graph.

Asymptotes are lines (usually horizontal or vertical) which the curve gets closer to but never
touches or crosses. Asymptotes usually occur with reciprocal functions.

For example, the asymptotes for the graph of y = % are the two axes (the lines y = 0 and x = 0).

At the turning points of a graph the gradient of the curve is 0 and any tangents to the curve at
these points are horizontal.

To find the coordinates of the maximum or minimum point (turning points) of a quadratic curve
(parabola) you can use completed square form.

A double root is when two of the solutions are equal. For example, (x — 3)%(x + 2) has a double root
atx = 3. '

When there is a double root, this is one of the turning points of a cubic function.



1

Sketch the graph of y = x2.

Ya

The graph of y = x?
0 % is a parabola
(see section 9.1).

2 Sketch the graph of y = x> — x — 6.

3 Sketch the graph of y = sinx for values of x from —180° to 180°.

To find where the graph intersects the axes:

Whenx =0,y =0 -0 —6 =

so the graph intersects the y-axis at the point (O, ).

Wheny=0,x* —x — 6 =0

Factorising this equation gives:

= Wt )=0
A = . Or \ = 2
s0 the graph intersects the x-axis at the points ( 0) and (

This equation has a positive coefficient of x°
(so for a quadratic in the form

y=ax? +bx+ca>O0)

So the graph is a \/ shape (not a /\ shape). ya
For the turning point complete the square:

xz—x—é}:(x—%)z—ﬁ—é

Chapter 9 Graphs of functions

The turning point is the minimum value for this
expression (this is when the term in

the bracket is equal to zero).

When (x—§)2 ~0,x=

so the turning point is at the point ( 5 >

YA
1 )
For the general
shape of the graph
-180° -90° O 90° 180° X y = sinx look at
the Key points for
4 section 9.1.

=Y

Mark the points of
intersection and the
turning point clearly
on the graph.




Sketch the graph of y = (x — 3)(x — 1)(x + 2).
Wheny =0,0 = (x — 3)x — )x + 2)

Sox—=3=0,x=1=0orx+2=0

Sketch the graph of y = (x + 2)%(x — 1).

6 Sketch the graph of y = —x2.

7 Sketch the graph of y = x> — 5x + 6.

8 Sketch the graph of y = —x2 + 7x — 12.

Chapter 9 Graphs of functions

Y
For the general shape of
the graph look at the Key
0 x| points for section 9.1 (the
cubic graph for a > 0).
........... ):
Y4
The solutions for this
function arex = —2 or
x=1Asx= —2isthe
‘double root’, this is the 0 *
turning point which can
be identified.
Y4
1) X
Ua
0 X
YA




Chapter 9 Graphs of functions .

9 Sketch the graph of y = —x? + 4x. vy

0 '
10 Sketch the graph of y = x? + 2x + 1. Y

0 %
N Sketch the graph of y = 2x3. Y4

0 s
12 Sketch the graph of y = x(x — 2)(x + 2). YA

0 %
13 Sketch the graph of y = (x + 1)(x + 4)(x — 3). i

0 X




14 Sketch the graph of y = (x + 1)(x — 2)(1 — x).

15 Sketch the graph of y = (x — 3)%(x + 1).

16 Sketch the graph of y = (x — 1)%(x — 2).

17 Sketch the graph of y = 3*.

18 Sketch the graph of y = %

(7))
<
o
=
o
&

19 Sketch the graph of y = = l 5

Chapter 9 Graphs of functions

Y4

=Y

P

Y4

=Y

=Y

wY



Chapter 9 Graphs of functions

20 Sketch the graph of y = =l YA

x—1

21 Sketch the graph of y = cosx.

Needs more practice [} Almost there [} I'm proficient! [Jj

Graphs of circles AS LINKs

C2: 43 The équation of g circle

By the end of this section you will know how to:

Construct circles using their equations

A circle with centre at (0, 0) and radius r has an equation of the form x? + y? = r2.

The equation of a circle is in the form (x — a)? + (y — b)> = r> where the point (q, b) is the centre of
the circle and r is the radius of the circle.

1 On the grid below, draw the graph 2 On the grid below, draw the
of x> + y?> = 16. graphof (x =12+ (y+ 1)?=09.
a=1b= —1,s0
JIG = 4 J9 =3 the centre of the
circle is at (1, —1).
so the radius of the circle is 4 so the radius of the circle is 3 :
] TTT9 T 1 171 P ¥
L | | [ | | | -
| 1 1> ] J
| | ! I | 1
: : 23 : 4 i
1 —3 3
g = 2
1 [ 1
L - e %
| 45-44-32-19 2 3 4 5 | 454434219 2 4 5
T EEENEN |
; [ [ < ] [ O 2 '
| | 2 | | | 5 |
Bl T T[] i 1T HE
RN | T
| o L | | - |
| NENEEE EEEEENEEEEE




Chapter 9 Graphs of functions

=4.

4 On the grid below, draw the graph of
2+ y?

@+ y? =25.

Y—
O
o
Q.
©
—
(@)]
(]
L
]
=
©
S
©
=
=
()]
0
©
=
(@)]
(3]
i
o+
c
o
(3]

A1$¢J'
=

74

0

n <

|
)

u

165141342110

- ——— T S
- S SRS KU 7o S SN —
O
— < —
<
S TR [N A T Y
S— L | ~

1

N

J6-5 444312110

1’

draw the graph of x> + y? = 36.

6 On the grid below,

5 On the grid below, draw the graph
of 2 + y2=09.
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Chapter 9 Graphs of functions

7 The equation of acircleis (x — 1)2 + (y + 2)2 = 9.

a Write down the coordinates of the centre of the circle.

IRE

|
|
|

i
1
|
[
i
|
i

|
|
i
|
T
i
\
|

- N W B U g

¢ On the grid, draw the circle with equation

—_

(x—1¢2+y+22 =9,

A U W N -+ O

N (S| R (S AR 1

T

g

8 The equation of a circleis (x + 2)2 + (y — 3)2 = 4.

a Write down the coordinates of the centre of the circle.

- N W K u o

¢ On the grid, draw the circle with equation

—_

(x+22+ (y—-3)2=4

A Ul A w N T

9 The equation of a circleis x? + (y — 2)2 = 4.

a Write down the coordinates of the centre of the circle.

- N W U Ow

¢ On the grid, draw the circle with equation

—_

X+ (y—2?%=4

S S Y —

1

RIS S WG W W 61—

aQ U W N -0

1

e ) AN

I ey (S .

Ll

2




Step into AS

Chapter 9 Graphs of functions

10 Write down the equation of a circle with centre (2, 3) and radius 6.

N A circle has the equation x2 + y? + 4x — 10y + 13 = 0. Find the coordinates of the centre and the
radius of the circle by writing the equation in the form (x — a)? + (y — b)? = 2.

Don't forget!

The graph of the linear functiony = mx + cis

The graph of the quadratic function ax? + bx + ¢, where a # 0, is a curve called a

The graph of y = x? looks like:

= The graph of the cubic function y = x3 looks like:

Y4

The graph of a reciprocal function, of the formy = %, has these shapes:

Ya

)
=Y

0 s
Y4
0 %
YA
0 %




Chapter 9 Graphs of functions

The graph of an exponential function, of the form y = a¥, has these shapes:

Us Y4

Circular (or trigonometric) functions include sine, cosine or tangent. The graph of a circular function
has one of these shapes:

YA YA Y4
9] % 0 s 0 X

The tangent to a curve is a straight line which

The normaltoacurveis to the tangent at that point on the curve.
When sketching a curve to find where the curve intersects the y-axis substitute into the
function.

When sketching a curve to find where the curve intersects the x-axis substitute into the
function.

Asymptotes are lines (usually horizontal or vertical) which

To calculate the turning point of a quadratic function,

to find the minimum or maximum value.

When there is a ‘double root’, thisis one ofthe of a cubic function.

The equation of a circle is in the form where the point (a, b) is
the of thecircleand risthe of the circle. If a = 0 and b = 0, then
the equation is of the form and the centre of the circle is at (0, 0).



Chapter 9 Graphs of functions

Exam-style questions

1 Here are some sketch graphs.

A B C
y/ v
—/ » >
0 X 0 X
D E

The table shows the equations of some graphs.

Equation Graph

y=3"
y=(x+ 2)x—2)

y=2—-x(Q2 + x)

_2
y X

Y=+ 241 —-n

Match the letter of the graph with its equation.

2 Sketch the graph ofy = (x + 1)(x — 2)(x — 3)




Chapter 9 Graphs of functions

3 a Onthe grid below, draw the graph of y = x> — x> — 6x for values of x from —3 to +4

b Use your graph to find estimates for the solutions of x> — x> — 6x = —5




10 Inequalities Needs more practice [} Almost there [Jj I'm proficient! [Jj

Solving linear inequalities AS,L":',‘S

inequalities
o By the end of this section you will know how to:

Solve linear inequalities
Key points

Solving linear inequalities uses similar methods to those for solving linear equations.

When you multiply or divide an inequality by a negative number you need to reverse the inequality
sign, e.g < becomes >.

Solve
a —8=<4x<16 b 4<5x=<10 € 2x—5«7
=y < Divide all three 2x <
...................... termsby4. <x$
x< ...........
d 2—-5x=-8 e 4(x—2)>309 —x)
=5x=_ 4x-8>
\ .................................. > .................
x> ...........
Solve
a 2—4x=18 b 3<7x+10<45 c 6—2x=4
d 4x+17<2—x e 4—5x< —3x f —4x=24
Solve
a 32—x)>24—-x)+4 b 54—x)>35—-x)+2

Step into AS

4 Find the set of values of x for which2x + 1> 11and 4x — 2 > 16 — 2x.



Needs more practice [JJjj

Key points

1

First solve the quadratic equation.

Sketch the graph of the quadratic function.
Use the graph to find the values which satisfy the quadratic inequality.

x24+5x+6>0

Solve x> + 5x + 6 =0

The values which satisfy the inequality

x> 4+ 5x+ 6 >0 are

X2 —5x=<0

—x2—-3x+10=0

Solve —x> — 3x + 10 =0

The values which satisfy the inequality are

Solve quadratic inequalities

Solving quadratic inequalities

By the end of this section you will know how to:

Find the set of values of x which satisfy the following inequalities.

It is above the x-axis
where x> + 5x + 6 >0

Almost there .

—3x_ A2
This part of the graph is
not needed as this is
wherex? + 5x + 6 <0

=

I'm proficient! [Jj

AS LINKs

.Cl: 3.5 Solving quadratic
Inequalities

On the graph, identify
where the graph of
x? + 5x + 6 >0 lies
above the x-axis,

i.e. wherey > 0.

4 Find the set of values of x for which x2 — 4x — 12 = 0.

=xXs

Yy

[3) e
sSx s

Ya

0 o'




5 Find the set of values of x for which (x + 7)(x — 4) < 0.

Y

6 Find the set of values of x for which 2x2 — 7x + 3 < 0.

y

7 Find the set of values of x for which 4x2 + 4x — 3 > 0.

YA

@)
v

8 Find the set of values of x for which 12 + x — x2 = 0.

Yi

Chapter 10 Inequalities




Chapter 10 Inequalities
Find the set of values which satisfy the following inequalities.

9 x(2x—9) < —10

iy

Step into AS

O X
10 6x2= 15 + x

Y

0 %

Needs more practice [JJ  Almostthere [ I'm proficient! [Jj

Representing linear inequalities AS LINKs

D1: 6.2 Hlusrroﬁng a two-

ona g ra ph variable fineqr Programming

problem gerhiCO’ly

By the end of this section you will know how to:
Represent linear inequalities on a graph

Key points

Inequalities can be represented on a graph by shading regions.

Inequalities which include < or = signs are shown using unbroken (solid) lines.

Inequalities which include < or > signs are shown using broken lines.



Chapter 10 Inequalities

The equation of
thls line i lS y=x

T 1T T T9F ] ‘ The boundary
[ : : -4 , : \ / for the region
- ! | i | || \41 | y=xisdrawn
| s | | . || ‘ | / | as a solid line
| | . [ | = ] I [ 1
[ . ‘
% ! i i L / | The equation of
1( S Lot ; | || /thls lineisy =2
| : ( .
: > ' : ! I | The boundary
E R HEE E s L L I forthe region
‘ o V4 I ! || y <2 isdrawn
s L || || asasolidline
— g 2 il L ' R S
4 | -3 2 1 i 8 | L
P ’
The equation > LT | 1 ] The equation
of this line is 7 Tt ] . of this line is
i | } | o | | = =y
B= 3 | I T T T Y
- - RNy
The boundary | || 3 ' f l ‘ - The boundary
for the region / g | . | ; / L for the region
x> —4isdrawn | ! i BEERE ys<a ;ic lli:nr&;;/';ln
ine | ' A S a o e
as a broken line | ; ] ] T \‘ I~

The shaded region satisfies all four inequalities: x > -4, y=x,y<2,y< —x

1 On the grid, shade the region that satisfies the inequality x > —3

z BRI !
| J ‘-1 1 E
. [T . %
) AV4 | |
| P4 /N | 1
| |
1
144342419 2. 347
1 ' : |
| L> | ‘l |
x=-3 | |
2 |
[ 2 [
| | |

To check which region to shade in,
choose a coordinate to test with
the inequality x > —3. For this
question, the point at (I, 2) has
been chosen. As the x-coordinate

is | we test this; as | > —3 we
know that the right-hand side of the
broken line needs to be shaded.

2 On the grid, shade the region that r vr ]
satisfies all three of the inequalities. . A ‘
x=3 o
y<x HEEEEE |
I T | Test a coordinate for each
y>-—2 — O" - — inequality and then shade
4732 uho 2 44 )F the region where all three
e | 5 || inequalities are satisfied.
1 & 3
= | X=F
Yr ,\';, |[_3 | T |
T T 1
L |
3 Onthe grid, shade the region that = [ l /L T —
satisfies all three of the inequalities. I | —t5 —} B
4 B N
x+y<5 | || | sJxHyF5| |
) ~ T 1 1 T
y = 2x+ 3 } L5 ‘ i | | ‘
2 \ o I
y=0 — T -
| | | B 2l BN
| J4%3—,2q140 1 273 4 5.6 7%
I i L L A B
| .
1 L L I T I O .




(79}
<
_._O_
£
Q.
2

On the grid, shade the region that satisfies all
three of the inequalities.

ys4
y> —x
y=3x—4

On the grid, shade the region that satisfies all
three of the inequalities.

y<4a
Xz —3

gL

On the grid, shade the region that satisfies all
three of the inequalities.

y—x=<4
y> -3
x+ty<s2

On the grid, shade the region R, that satisfies
all four of the inequalities.

Yy =<2
X+y<o
y>x—3

y> —x

Chapter 10 Inequalities
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8 On the grid, shade the region that satisfies all three of the inequalities.
y> -3
2x+5y <4
y=3x+2

Chapter 10 Inequalities

Don‘t forget!

When you multiply or divide an inequality by

reverse the inequality sign.

To solve quadratic inequalities, first the quadratic equation,




Chupfér 10 Inequalities

Exam-style questions

1 Solve x2+x<6

2 On the grid, shade the region which satisfies all these inequalities

x<4
x+y>-—1
y<2x-—3




11 Distance-time Needs more practice [JJjj Almost there [JI] I'm proficient! [JJj
and speed-time
graphs

Distance-time graphs S

o.f on obiect on a speed-fime or
o By the end of this section you will know how to: distance-fime graph

Draw, interpret and understand distance-time graphs
Key points

On a distance-time graph the y-axis represents the distance travelled away from a starting point.

On a distance-time graph the x-axis represents the time taken to travel.

The gradient of a line on a distance-time graph represents speed; a straight line indicates constant
speed. The steeper the line the faster the speed.

Horizontal sections represent no movement.

The graph represents the movement of a lift in PO | ]

a block of flats. _ 21 ] N
o 187 — A
a How many times in total did the lift stop? B 15 / | / | \\ |
E ~ LI\ |
= 121 =1

b What was the speed of the lift m § 9 /‘l | | \ |
between 30 and 40 seconds? Calculating speed is the 2 5 / || { ;\ B
e — same as calculating the a / ‘ N
---------- AEEE_ gradient. The gradient is 37 ‘L I J\ : \ |

calculated using the p—

0 T i T T —>
¢ What was the speed of the lift 0 10 20 30 40 50 60 70

_ Y27 :
between 50 and 70 seconds? formula =0 — or Time (seconds)
__ distance
2| = = m/s speed = " fime

d Between what times was the fastest part of the journey?

Between and seconds

Steam trains run over a 15-mile section of track. Each train travels ; T T 1111
the 15 miles of track then makes the return journey to the station. 61— Iy e
14 N e
a The train first stopped at 1415 hours. 2 ol _l_ /.‘ | ] N .
For how long did it stop? minutes = 16 / L] \7_;7
o j. ,/ | | ; 1\
b How far did the train travel between e 8] || TV
1515 and 1600? miles 2O T T T
............................. [a) 4 | 3 B i 1 L
. ’ , _
¢ On reaching the far end of the track the train lost water P2 s e } i ! \
pressure and started the return journey slowly. %)400 T l v g
What was the speed of the train over the slower section Time of day

of its return journey?



Chapter 11 Distance-time and speed-time graphs

3 The graph shows the first part of Tony’s run. YERBEERNDTEAREAREEEREEEaunE; 32
a Tony stopped after 10 minutes to rest. s |
Estimate how long Tony stopped for. |
o 3 e
minutes = |
............................. \E/ -
R E
b How long did Tony take to run the first mile?  § “ [
8 e
2
. 1
............................. mInUteS .
L5 (6 O K :
¢ After Tony has run 2 miles he stops for a 1 amEEAESRa onn S Nasad i —>
0 10 20 30 40 50 60 70 80 90 100

4-minute stretch. He then runs a further

2 miles, which takes 22 minutes. After

another 2-minute rest Tony runs home at

a steady speed without stopping. It takes

him 45 minutes. Complete the graph for the run.

Time (minutes)

4 Here are three graphs which show different parts of a car journey.
d d d

a Which graph shows the car travelling at an increasing speed?

b Which graph shows the car travelling at a constant speed?

Needs more practice [Jj

Almost there [JI] I'm proficient! [}

Speed-time graphs AS LINKs

M1: 24 Represenﬁng the motion

ofan object on ¢
. . . S i
By the end of this section you will know how to: distance-time gerT]eed fime or

Draw, interpret and understand speed-time graphs

On a speed-time graph the y-axis represents the speed.

On a speed-time graph the x-axis represents the time taken to travel.

On a speed-time graph horizontal sections represent constant speed.

The gradient of a line on a speed-time graph represents the acceleration.

A positive gradient of a line on a speed-time graph represents acceleration.
A negative gradient of a line on a speed-time graph represents deceleration.

The area under a speed-time graph represents the distance travelled.



of a cycle journey.

a Find the acceleration during the first part of the journey.

Acceleration= speed + time

Chapter 11 Distance-time and speed-tfime graphs

1 The speed-time graph represents the first stage

b Find the distance travelled in the first 32 seconds.

Method 1

Distance = area of trapezium

=1l x9x(

= m

Method 2

Distance = area of triangle + area of

Il
|
X
)
X

2 The graph represents a car journey in congested traffic. F T T ]

a What is the car's deceleration during the last

8 seconds of the journey?

Deceleration

Il
|.
>

Time (seconds)

) Area of a trapezium = %h(a + b), where
--------- h is the height of the frapezium and a and
b are the lengths of the two parallel sides.

A

10

< 8

£ |

= | ZI P

o 6 f | I | |

() / | | |

() | | |

P AREEEEER

0 —— ————>

0 4 8 12 16 20 24 28 32

Speed (m/s)
O = N W b U
T~

b What is the total distance covered by the car

on this journey?

Distance = area of trapezium

Time (seconds)

0 2 4 6 8 101214 16 18 20 22 24

===

I |

1
|
i
i
|
|
|
T

N

|

3 Part of a car journey is represented by this ]
speed-time graph. B
a After 20 seconds the car has to stop at a constant £ [
rate of deceleration which takes 10 seconds. § |
Show this information on the graph. 2 |
b Calculate the car’s deceleration during braking. 0 :

¢ What distance does the car travel during the 10 seconds it is decelerating?

D

0 5 10 15 20 25 30 35 40 45 50
Time (seconds)



Chapter 11 Distance-time and speed-time graphs

4 Part of a train journey is represented by this
speed-time graph.

a What is the acceleration of the train for the first
12 minutes of the journey?

Speed (km/h)

b What is the total distance covered during the journey between 12 pm and 1.36 pm?

5 A tractor journey is represented by this speed-time graph.

a Find the acceleration for the first 5 seconds.

w0
<
2
=
Q.
2

b Find the distance travelled in the first 10 seconds.

¢ Find the deceleration at the time t = 20.

6 A cycle journey is represented by this speed-time graph.

a The total distance travelled is 600 metres.
Find the speed s at t = 30.

b What is the acceleration att = 10?

Speed (m/s)

) [ i ] ! [ ‘
60 1 i ‘ i 1
L | !
40 | / ] |
30 | T
20 [ | | | E
1041+ i ; —t
L1 | i -
0 oo T >
12pm Tpm " 2pm
Time of day
............................. km
FT T I T T T T 1]
25-+—1—1 = - i
P | | I {
20 = i T i
15 3 !
10 | | ! : |
x I N
\ | |
A N D
0 5 10 15 20 25
Time (seconds)
............................. m
............................. m/SZ
R
I
£ P
o [ ~ |
0} | |
QJ |
& e |
- : .
) 2z S I O . B
0 10 20 30 40
Time (t seconds)
m/s



Chapter 11 Distance-time and speed-fime graphs

7 The speed-time graph below is not drawn accurately.

Diagram NOT
10+ drawn accurately

Speed (m/s)
.

0 T T >
0 T 30

Time (t seconds)

a The acceleration between 0 and T seconds is 2 m/s2. Find the value of T.

b Find the total distance travelled between 0 and 30 seconds.

Don‘t forget!

On a distance-time graph is plotted on the vertical axis.

On a distance-time graph is plotted on the horizontal axis.



Chapter 11 Distance-time and speed-fime graphs

Exam-style questions

1 This speed-time graph shows Anne’s speed in her car, between her house and the first road junction.

i ‘ || | |

%14 i T T 1
S 12 | | | |
g | |
- 10
(0]
g \
(0]
E s
©
2 4 \
= 2 \

0

Time (seconds)

a Work out Anne’s acceleration in the first 3 seconds.

b Work out the total distance from Anne’s house to the junction.

|
!
0123 456 7 8 910111213141516

metres per second?



12 Direct and Needs more practice [JJj Almost there [JIj I'm proficient! [}
inverse proportion

Direct proportion

([]@Oﬂ By the end of this section you will know how to:

Find formulae involving direct proportion

Solve problems involving direct proportion

Relate algebraic solutions to graphical representations of the equations

Key points

YA
Two quantities are in direct proportion when, as one \l{vr:e]:; % is
quantity 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 = x. = 3

If y « x then y = kx, where k is a constant.

When x is directly proportional to y the graph is a straight
line passing through the origin.

1 Paul gets paid at 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.

a Find a formula to calculate Paul’s pay.

P = Substitute the values

given for P and h into the
........... formula to calculate k.

2 yisdirectly proportional to x>. When x = 3, y = 45.

a Find a formula for y in terms of x.

y o x®
V= X
= X 2
k I [ —— IR
So the formulaisy = e
b Find y whenx = 5. ¢ Find x when y = 20.
y=_..... x? y= ... X2
y= X o S X
V= X2 = % =



Chapter 12 Direct and inverse proportion

3 xisdirectly proportional to y.

a Find a formula for xin terms of y. xis 35 when y is 5.

b Sketch the graph of the formula.

Ua

¢ Findxwhenyis 13. d Find y when xis 63.

4 (s directly proportional to the square of Z. Q = 48 when Z = 4.

a Find a formula for Q in terms of Z.

b Sketch the graph of the formula.
Q

¢ Find Q when Z = 5. d Find Zwhen Q = 300.



Chapter 12 Direct and inverse proportion

5 yisdirectly proportional to the square of x. xis 2 when y is 10.

a Find a formula for y in terms of x.

b Sketch the graph of the formula.

YA

¢ Find x when yis 90.

6 B is directly proportional to the square root of C. C = 25 when B = 10.

a Find a formula for B in terms of C.

b Find Bwhen C = 64. ¢ Find C when B = 20.

7 Cisdirectly proportional to D. C = 100 when D = 150.
a Find a formula for Cin terms of D. b Find C when D = 450.



Chapter 12 Direct and inverse proportion

8 yis directly proportional to x. x = 27 wheny = 9.

a Find a formula for x in terms of y. b Find xwheny = 3.7.

9 m is proportional to the cube of n. m = 54 when n = 3.

a Find a formula for m in terms of n. b Find n when m = 250.

Needs more practice [JJj Almost there [JIj I'm proficient! [Jj

Inverse proportion

By the end of this section you will know how to:
Find formulae involving inverse proportion
Solve problems involving inverse proportion

Relate algebraic solutions to graphical representations of the equations

Key points

Two quantities are in inverse proportion when, as one quantity increases, Y
the other decreases at the same rate.

‘y is inversely proportional to x’ is written as y « % Ify o %then y= ]i, where

. X
k is a constant.

When x is inversely proportional to y the graph is the same shape as the
graph ofy = % 0 X

1 Pisinversely proportional to Q. P = 100 when Q = 10.

a Find a formula for P in terms of Q. b Find Q when P = 20.
[ . . s R
P = P = e
Q B i Q
k ubsfitute the values given | =
P=x= for and info the equation | = g
Q to calculat Q
k O calculare .
........... - Q= e ™ o
k= X, Q= ...
k =
P o s s



Chapter 12 Direct and inverse proportion

2 yisinversely proportional to the square root of x.
Wheny =1, x = 25.

a Find a formula for y in terms of x.

........... \/ﬁ
](_ .......... >< ...........
k: ...........
AR
b Findxwheny = 5.
YT
........... _f
Vr= o =
x:

3 sisinversely proportional to t.

a Given thats =2 when t = 2, find a formula for s in terms of t.

b Sketch the graph of the formula. ¢ Findtwhens = 1.
S A
0 G




Chapter 12 Direct and inverse proportion

4 aisinversely proportional to b.

a Given that a = 5 when b = 20, find a formula for a in terms of b.

b Find a when b = 50. ¢ Find b when a = 10.

5 visinversely 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.

U 4

6 Lisinversely proportional to W. L = 12 when W = 3.
a Find a formula for L in terms of W. b Find Wwhen L = 6.



Chapter 12 Direct and inverse proportion

7 sisinversely proportional to t.

a Given thats = 6 when t = 12, find a formula for s in terms of t.

b Find swhent = 3. ¢ Find twhen s = 18.

8 yisinversely proportional to x2. y = 4 when x = 2.

a Find a formula for y in terms of x. b Findywhenx = 4.

9 a s inversely proportional to b. a = 0.05 when b = 4.

a Find a formula for a in terms of b.

b Find a when b = 2. ¢ Find b when a = 2.



Don‘t forget!

Two quantities are in

at the same rate.

proportion when, as one quantity increases, the other increases

Chapter 12 Direct and inverse proportfion

Two quantities are in proportion when, as one quantity increases, the other decreases

at the same rate.

The sign used for proportion is

‘y is directly proportional to x” is written as y Ay« xtheny , Where k is a constant.

‘y is inversely proportional to x’ is written as y

When x is directly proportional to y
the graph looks like:

g

Exam-style questions

Afy = %then Y , where k is a constant.

When x is inversely proportional to y
the graph looks like:

ya

g

1 Ais directly proportional to the square of B.

When A =48, B =4

a Find a formula for A in terms of B.

b Calculate the value of A when B =

N =

¢ Calculate the value of Bwhen A = 1.08
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SPRion Applying the transformations s
ﬂ@oﬂ y - f(x) T a Ond y s f(x - a) 1-0 fransformationg

Y=1x +aangy

. =flx+ q).
the graph Of y — f(x) 4~7Perform,ng 'ransf‘)fmaﬁons

on the sketches of Curves

By the end of this section you will know how to:

Apply the transformations y = f(x) + a and y = f(x = a) to the graph of y = f(x)

Key points

The transformation y = f(x) = a is a translation of y = f(x) parallel to the y-axis; it is a vertical

translation. As shown on the graph below, y = f(x) + a translates y = f(x) up and y = f(x) — a
translates y = f(x) down.

YA
y="fx)+a
y =)
/yzf(x)—a

X

I
-

© The transformation y = f(x = a) is a translation of y = f(x) parallel to the x-axis; it is a horizontal

translation. As shown on the graph below, y = f(x + a) translates y = f(x) to the left and y = f(x — a)
translates y = f(x) to the right.

y = f(x+ a) Y y =5 y="~flx—a

=
. J
d

1 The graph shows the function y = f(x). Sketch the graph of y = f(x) + 2.

Yy
y = f(x)
For the function
y=1flx+2
translate the
. curve 2 units up.
(0] X

2 The graph shows the function y = f(x). Sketch the graph of y = f(x — 3).

Yy
y =1 For the function
y = flx - 3)
translate the
N curve 3 units right.
=3 O 1r x




3 The graph shows the function y = f(x).
On the same axes, sketch and label the graphs of
y="f(x) +4andy=f(x + 2).

4 The graph shows the function y = f(x).
On the same axes, sketch and label the graphs of
y="f(x+3)andy = f(x) — 3.

5 The graph shows the function y = f(x).
Sketch the graph of y = f(x — 5).

6 The sketch below shows the function y = f(x) and two transformations of y = f(x), labelled C; and C,.

Chapter 13 Tran:

YA

sformations of functions

y = 1f(x)

y = f)

R
Y

y = f(x)

—52>

Write down the equations of the translated curves C; and C, in function form.

Y4
2_

y = f(x) ' ,H C

—270°—180° —90° ON 902 jB0° 270°F




Chapter 13 Transformations of functions .

7 The sketch below 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.

Ui

y = f(x)

=

8 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).

(74
<
-2
£
Q
2

Needs more practice [JJjj Almost there [JI] I'm proficient! [Jj

Applying the transformations e 5 LINKs

4.6 The effect of he

13X v = fizax) and y = =afix) fothe =i
graph of y _ f(x) fransformations on the

skefches of cyryeg

By the end of this section you will know how to:

- Apply the transformations y = f(+ax) and y = *af(x) to the graph of y = f(x)

Key points

The transformation y = f(ax) is a horizontal stretch of 11 Rz T 1 ]
y = f(x) with scale factor % parallel to the x-axis. BRI AR REY

180&%/—9 S7/INE | ‘0°";‘

The transformation y = f(—ax) is a horizontal stretch of

y = f(x) with scale factor 1 parallel to the x-axis and then a ?

reflection in the y-axis. . || «\ /\T;/‘\ J\\: /\ ‘
B




The transformation y = af(x) is a vertical stretch of
y = f(x) with scale factor a parallel to the y-axis.

The transformation y = —af(x) is a vertical stretch of
y = f(x) with scale factor a parallel to the y-axis and then a
reflection in the x-axis.

The graph shows the function y = f(x).
On the same axes, sketch and label the graphs of y = 2f(x) and y =

-

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

Chapter 13 Transformations of functions

| T b=t
EVANER VAR
i—180°; I g , 0o
LN LINL

Ll L | |
' | 17 || d=]2f
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N IVIN [,
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The function y = —f(x)
is a reflection in the

x axis of y = flx).

On the same axes, sketch and label the graphs of y = f(2x) and y = f(—x).

[

-

3 The graphs show the function y = f(x).
a Sketch and label the graph of y = 3f(x).

The function y = f(2x)
is a horizontal stretch
of scale factor %

b Sketch and label the graph of y = f(2x).

Uk

e 4
<




Chapter 13 Transformations of functions

4 The graph shows the function y = f(x).
On the same axes, sketch and label the graphs of y = —2f(x) and y = f(3x).

gi

Y = f(x)

5 The graph shows the function y = f(x).
On the same axes, sketch and label the graphs of y = —f(x) and y = f(%x).

E T Ui [
\ [y =f()

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

/2 S |

1 |
T

0 i X
i
I

|
—
|
|

7 The sketch below shows the function y = f(x) and a transformation, labelled C.
Write down the equation of the translated curve Cin function form.

HEET:
| lell]
L
Ry
APl

I
i




Chapter 13 Transformations of functions

8 The sketch below shows the function y = f(x) and a transformation, labelled C.
Write down the equation of the translated curve Cin function form.

\

9 a Sketch and label the graph of y = f(x), where f(x) = cos x
b On the same axes, sketch and label the graph of y = —2f(x).

| ] T T 77171 T T 71 T
B ML SEauEEuE
n ﬁ“r*r BN EEERENEN
L i | ; L | L,
| 1] | f ENR | 3
| ENEEEEEEE S EE
F““*‘f"““ﬂ*lfﬁﬂ‘*‘ﬁ—i HH-

10 a Sketch and label the graph of y = f(x), where f(x) = —(x+ 1) -2)
b On the same axes, sketch and label the graph of y = f(—%x).
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Chapter 13 Transformations of functions

Don‘t forget!

The transformation y = f(x + a) is a translation of y = f(x) parallel to the -axis.

y = f(x + a) translates y = f(x) to the and y = f(x — a) translates y = f(x) to the

The transformation y = f(ax) is a horizontal stretch of y = f(x) with scale factor parallel

to the -axis.

" The transformation y = f(—ax) is a horizontal stretch of y = f(x) with scale factor parallel to
the  -axis and then a reflection in the _-axis.
The transformation y = af(x) is a vertical stretch of y = f(x) with scale factor parallel to the
-axis

The transformation y = —af(x) is a vertical stretch of y = f(x) with scale factor parallel to the

-axis and then a reflection in the -axis.

Exam-style questions

1 The graph of y = f(x) is shown on the two grids.

a On this grid, sketch the graph of b On this grid, sketch the graph of
y="f(x)+2 y = f(x + 2)
y RN ]
4342419 2 3 4 7% -4 -3-2/19 ] 4

2 The graph of y = f(x) is shown on the two grids.

a On this grid, sketch the graph of b On this grid, sketch the graph of
y = —f(x) y = 2f(x)

UK ! [ gr ]

|
g
1
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14 Area under
a curve

Key points

The trapezium rule

ﬂ@Oﬂ By the end of this section you will know how to:

Find an approximation for the area under a curve using the trapezium rule

Needs more practice [Jjj Almost there [JIj] I'm proficient! [

AS LINKs

C2:11.5 The frapezium rule

Using the trapezium rule gives us an approximation to the area under a curve.

The trapezium rule is: Area = %h[y0 T2yt Yy ...+ y,) +y,l

where h is the width of each strip and Yo, Y1: Y2 -+- Yn-1. Yy @re the values of y for each value of x used.

Ya

O

n is the number of equal strips the area has been divided up into; x = a and x = b define the vertical

boundaries of the area.

The number of values used for x and the number of values used for y will be 1 more than the

number of strips, n.

The width of each strip, h, can be calculated using h = b_;_a

1 Use the trapezium rule to estimate the area of the region between the curve y = (3 — x)(2 + x) and

the x-axis from x = 0 to x = 3. Use 3 strips of equal width.

Fach strip will be of width h = £=0 = 320 _

Use a table to work out y for each value of x.

X &) | 2
y=68-x2+x» | & | | O
A= %h[}/o T2t Yo+ yn) + oyl
In this case A = %h[yo + 2(y, + yo) + ysl
From the table above, y, = 6, V= Yo = Y3 =0

For a full answer,
remember to include
‘square units’.
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Each strip will be of width h = i ; & - IO:; =

Use a table to record y for each value of x.

Chapter 14 Area under a curve

2 Use the trapezium rule to estimate the shaded area. Use 3 strips of equal width.

x 4 6 e 10
y coordinate for the curve T . (— 4
y coordinate for the straight line 7 0 4

A= IEI’I[}/O + 2<y’ + Yo oo + yn—l) + yn]
In this case A = % hlyo + 2(y, + y2) + sl

From the table above, yo = O, iy, =

Substituting these values into the formula gives

A==5=x  [0+2(  +  )+0]
= . X """""
= . square units

Find the difference in

the two y coordinates
to find y, to ys.

Use the trapezium rule to estimate the area between the curve y = (5 — X)(x + 2) and the x-axis from

x = 1to x = 5. Use 4 strips of equal width.



Chapter 14 Area under a curve

4 Use the trapezium rule to estimate the shaded area
shown on the axes. Use 6 strips of equal width.

5 Use the trapezium rule to estimate the area between the curve
Yy = x> — 8x + 18 and the x-axis from x = 2 to x = 6. Use 4 strips of equal width.

6 Use the trapezium rule to estimate the shaded area
using 6 strips of equal width.




Chapter 14 Area under a curve

7 Use the trapezium rule to estimate the area between the curve y = —x* — 4x + 5 and the x-axis from
x = —5to x = 1. Use 6 strips of equal width.

8 Use the trapezium rule to estimate the shaded area
using 4 strips of equal width.

9 Use the trapezium rule to estimate the area between the curve
y = —x2 + 2x +15 and the x-axis from x = 2 to x = 5. Use 6 strips of equal width.



Chapter 14 Area under a curve
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10 Use the trapezium rule to estimate the shaded area using 7 strips of equal width.
1N Use the trapezium rule to estimate the shaded area using 5 strips of equal width.
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Chapter 14 Area under a curve

Don't forget!

Exam-style questions

1 Use the trapezium rule to estimate the area of the shaded region.
Use 3 strips of equal width.

VKT T L L L EL I EL L Lt
8 § [ 1 i

............................. square units



Chapter 14 Area under a curve
2 Thecurvey = 8x — 5 — x2 and the line Yy = 2 are shown in the sketch. '

Use the trapezium rule with 6 strips to estimate the shaded area.

Ya
y=8x—5-—2x2
.
1 |

............................. square units

ol

............................. square units

D



Practice Paper

Practice Paper

Time: 2 hours

Edexcel publishes Sample Assessment Material on its website. This Practice Exam

Paper has been written to help you practise what you have learned and may not
be representative of a real exam paper.

1 Solve the simultaneous equations
2x — 3y =17
y=2x+3

(Total for Question 1 is 3 marks)

2 Make m the subject of the formula k= 6m?

(Total for Question 2 is 2 marks)

3 Expand and simplify  4xy — Gx — y)(2x + 4y)

(Total for Question 3 is 3 marks)

4 a Factorise 2x2—x-—3

b Work out the value of 2 X 16.52 — 16.5 — 3

(Total for Question 4 is 3 marks)




Practice Paper

5 Here is the graph of y = f(x)
The graph has a minimum point at (3, 0).

(@ vy (b) 7

a On the axes (a) above, sketch the graph of y = f(x + 2)
Write down the coordinates of the new minimum point.

b On the axes (b) above, sketch the graph of y = f(—x) + 2
Write down the coordinates of the new minimum point.

(Total for Question 5 is 4 marks)

6 a Solve x2-6x+7=0
Give your answer in the form a = Vb where a and b are integers.

3)
b The smaller rootof x2 — 6x + 7 =0 is «
Find the value of a3
Give your answer in the form p — ¢v/r where P, q and r are integers.
(3)

(Total for Question 6 is 6 marks)




2x% X 3xy

7 a Simplify 1250y

=2
b Simplify (%b—)
c

¢ Solve 4% =2+

Practice Paper

(Total for Question 7 is 6 marks)

8 The roots of the quadratic equation x> + bx + ¢ = 0 are 2 and -3

a Find the value of b and the value of ¢

The roots of y2 — 12y + 2g = 0arey = e and y = 2«

b Find the value of @ and the value of g

b RN

C R
)

o e s o v s s o8 e 5 B
)

(Total for Question 8 is 4 marks)




Practice Paper

9 a Solve 4x—-3>7-— 2y

yis an integer and 4y? < 64

b Write down the possible values of y

(Total for Question 9 is 4 marks)

10 The first two terms of an arithmetic progression are 3 and 7
a Find the value of the 100th term.

Let S, be the sum of the first n terms of the arithmetic progression with first term —20 and
common difference 2

b Find the smallest value of n for which S, is positive.

(Total for Question 10 is 5 marks)




Practice Paper
1 A is the point with coordinates (2, 1).

B is the point with coordinates (6, 4).
C is the point with coordinates (3, 8).

a Show that angle ABC is a right angle.

(2)
The line through the points A and B cuts the y-axis at P.
The line through the points B and C cuts the y-axis at Q.
b Calculate the length of PQ.
4

(Total for Question 11 is 6 marks)

12 a Complete the table of values for y = f(x) = x(x — 3)(x + 2)

x -3 -2 —1 0 1 2 3 4

y 0 0 -8 24

(1)
b On graph paper, draw the graph of y = f(x) = x(x — 3)(x + 2) for values of x from =3 to 4

3)

¢ Use the graph to estimate the values of x for which f(x) = -4

(Total for Question 12 is 6 marks)




Practice Paper

13 a Simplify fully pr g + T

b Solve xz’i T MY,

(Total for Question 13 is 4 marks)

14 a Write down an expression, in terms of p, for the discriminant of the equation

4x2 + 4px + (4p + 5) =0

b Find the set of values of p for which the equation has two equal roots.

(Total for Question 14 is 4 marks)




Practice Paper

15

Distance (m)

Time (s)

The graph shows the distance from O of a particle A moving in a straight line at time t seconds.

Particle B starts from O at t = 10 and moves for 40 seconds in the same direction as A with a speed of
0.5 m/s. It then stops.

a Draw the distance-time graph of particle B.

)

b Write down the value of t at which particle A meets particle B.

¢ Find an estimate for the speed of particle A att = 70

metres per second
3)

(Total for Question 15 is 6 marks)




Practice Paper
16 Cis the circle with equation (x — 3)> + (y + 2)> = 16

a Write down the coordinates of the centre of C.

(1
AB is the diameter of the circle that is parallel to the y-axis, with A above the x-axis.
b Find the coordinates of A and of B.
A R
B T
3)
The point P (5, p) lies on C.
¢ Find the possible values of p.
(3)

(Total for Question 16 is 7 marks)

07




Practice Paper

17 A firm makes oval plates of different sizes.
The mass, m grams, of each oval plate is proportional to the square of the transverse diameter,
d cm, of the plate.
One size of plate has d = 24 and m = 960
Another size plate hasd = 18

a Calculate the mass of this plate.

The circumference, C cm, of any oval plate the firm makes is directly proportional
to the transverse diameter, d cm, of the plate.
C=36whend=12

b Show that C = 9,/%

(4)

(Total for Question 17 is 8 marks)




Practice Paper

18 The straight line with equation 3y = 8x + 4 meets the
curve y = 4 + 6x — x? at the point A as shown in the sketch. YA
a Find the coordinates of the point A. 43y =8x+4
y=4
03 & & 8%

b Use the trapezium rule with 4 strips to find an estimate for the area of the region shown shaded
in the sketch.

(Total for Question 18 is 9 marks)
TOTAL FOR PAPER IS 90 MARKS



Answers

1 Algebraic manipulation
1.1 Expanding two brackets

1 a
b

FTQ o oaoo0

m 3517 + 14xy — 15x — 6y

6x2 — 15x
X X g
X x? +2x
* 3 +3x +6

X+ 2+ 3 +6=27+5c+6
22— 10x+3x—15=22=Tx— 15
6x* — 8xy — 15xy + 20y? = 62 — 23xy + 20)?

2x% + 8x

10x? — 10xy
x4+ 10x + 21
x2—=125

63 —x —2
12x2+ 13x — 14

b 18x* — 30x
d > +9+20

f Y+50—14

h 222+ x—3

j o102 —31x+ 15

I 183 + 39xy + 20y?

n 6x2 — 16x — 9xy +24y

1.2 Factorising expressions

1 a
c

2 a
3 a
d
g
4 a
c
5 a
d

3xy(5y* + 3x7)
b=3,ac=—10

b (2xv — 5y)(2x + 5y)

X433 —10=x+5x—2x— 10
=x(x+5) —2(x+5)

=(x+5x—2)

b= —11,ac = —60

Two numbers are

—15and 4

6xr — 1lx — 10 = 6x2 — 15x + 4x — 10
= 3x(2x — 5) + 2(2x — 5)

= (3x +2)(2x —
2x*y}(3x — 5y)
(x+3)(x+4)
(x — 8)(x + 3)
(x — 8)(x+95)
(6x — Ty)(6x + 7
2(3a — 10bc)(3a
(x — )(2x + 3)
2x + D(x + 3)

5)
b 7&b* (30 + 5a>) € 53X (5 — 2x + 3y)
b (x+7x—-2) c (x—5x—6)

e (h—Nx+2) f G+SHx—4)
h (x+7Dx—4)
¥) b (2x = 9y)(2x + 9y)

-+ 10bc)
b Gx+ D@2x+5 ¢ 23x—2)2x—3)
e Bx—DBx—4) f Gx+3)2x+3)

1.3 Using index laws

1 a1l b V9=3 ¢ (V2TR=3=9
d l_: X e 3 § ﬁ=\4
4216 ’ ¥
©_3 h 122_3
o 3 : g6 2¢
2 al b 1 c 1
3 a7 b 4 c 5 d 2
4 a 125 b 32 c 343 d 8
1 1 1 |
5 a 7= b = € 35 d %
358 2 y i -
6 a = b 5 c 3x d = e )2 f 3
2 2x5°
g 2 h x
| 1 8 1 4 16
7 a5 b 5 c 3 d & e 3 f 3
1.4 Algebraic fractions
1 a x—2) _ x-2
6x(2 +x)  3(x+2)
p U*+I&=7 _ x—7
2x+3)x+3) 2x+3
2¢x , 6x+3 _8x+3
€8T E &
2%+ 2 5x— 15 —=3x + 17

=3+ -+ G-3Hx+1D

2 q 2(x + 2) b =~ ¢ ¥%t2
x— 1 x—1 x
X x+3 X
d x5 - X f x—3
13x llx+5 &
8 a3z T T
X 1lx +4 Ix+ 13
d 5 ¢ f =55
Sx + 11 3+ 1D x—38
ol (x+3)x+1) x(x + 3) ¢ x(x +4)

d 2(x— 3) S(x +2) 5x—4
x+ Dx—1) 2x—=3)x+ 1) (x+ Dx—2)
3x+4 2x+3 2—5x 3x+1

59537 b =2 -3 X+ 2

1.5 Completing the square

1T a @E+3>—2—-9=@x+32—-11
3 9. e Iy 5w 1 25 _ . _S5n_ 17
b 2(x E.x+§)—2[(.\ Z) +§ E]—Z[(.\ 1) *E]
— oy o2 17
= 4) 8
2 a (x+27%—-1 b (x—52—28 c (x—4)2—-16
d ¢+37-9 e x—1P+6 f @+Ip-il
3 a 2x—22-24 b 4(x— 1) =20
€ 3(x+2P—21 d 2a+3p-2
s 30, 39 N S
4 a Ac+P+5 b 3x—3P~—3
I e - SN I
¢ S+~ 35 d 30+27+ 3
Don‘t forget!
* four
*ax? + bx+ ¢
*byac

* the difference of two squares; (x — y)(x + y)
ES am +n

3
& g
* ]

n—

* va

=/ (a™) or (Va)"

ALl
nl"

# numerator; denominator

b -4

1

5 d 3 tor: s ,l £
common denominator; equivalen

*px+q)P+r

Exam-style questions
1 a 32—-7x—6 b 6x%%2x+ 5y%)

2 a x? b (x—=5x+7)
3 (x+ 14774
x+2
4 2x+ 3
2 Formulae

2.1 Substitution

c X

¢ (2x — 5y)(2x + 5y)

1 a 2X8+(—6)=16—6=10Db 8+(—6)X%:8—2:6

3IX8 _

2 C:gof(so—n)
ngofls
C=5X18+9
c=10

d 8- (-6)=2+6=8




4 Quadratic equations
4.1 Solving by factorisation

3 a7 b 3 c 20} 25
e —324 f —18 B
4 a —16 b 2. c 28 d —24
22 =1 L o
5 a 23 b ; d -7
6 610
2.2 Changing the subject of a formula
1T v—u=ar 2 r=12-m
_v—u Y
= a ! 2—a
3 20t+r)=5%X3t 4 r(r—1)=3t+5
2t + 2r = 15¢ rt—r=3t+5
2r =13t rt—3r=5+r
(=2 (r—3)=5+r
13 —E T
r—3
= —P=2] -5
5 d= e 6 w 3 T T D
_4q—r __2u __V
B r= P L 2d— 1 s a-+4
o ) _3x+1 _b—c
M y=2+3 12(1“.\__'_2 18 d
_2h+9 ik
Be=5= Be=ois
Don‘t forget!
* replacing each letter with its value
* everything else
Exam-style questions
1 y= 4y —3
x = 247
3 Surds
3.1 Surds
1 V25X2 =V25 XV2=5%XV2=5/2
2 VA9 X3 —2/4X3 =V49 X V3 - 2/d x V3
=7%xXV3—-2X2XV3=3/3
3 \@‘\/7\/64’ V2V —Jd=7-2=5
4 a 3/5 b 5/5 c 4/3 d 5/7
e 10V3 f 2/7 g 6/2 h 9v2
5 a —1 b 9-V3 c 10/5-7 d 26—42
6 a ]5\/2— b \'/g c 3\/5 d v’—?;
e 6/7 f 5/3
3.2 Rationalising the denominator
| @ Lx¥3_73
V3 \4 3
b V2 \/lZ_\@XZVE}_Q
Viz  JI2 12 6
c 3 Xz_\,/?_ 32 —V3) _32-V5)
24+V5 2-V5 4+2/5-2/5-5 -1
=-32-V5)=-6+3/5
V5 V11 W7 V2
2 v 5 b €5 d 5
e V2 f /5 g %i h %
3+V5 2(4 —V3) 6(5 + V2)
B a=y b =3 € 773

Don‘t forget!
# the square root of a number that is not a square number
# 2 V3,3, etc.
#Va x Vb
sVa
Vb
* denominator
b

*bh— e

Exam-style questions
1 2/5 2 9-42 3

(4]
~
<

9]

10 + 5/3 4

1 a 52— 15x=0
Sx(x —3)=0
So5x=0o0orx—3=0
x=0o0rx=3
b (x+4)@x+3)=0
Sox+4=0o0rx+3=0
x=—4dorx=—3
c Gx+4)3Bx—4)=0
So3x+4=0o0r3x—4=0
X = —l%or.\'= 1%
d 2x+3)x—4=0
So2x+3=0o0rx—4=0
.\':—1%01‘.\'=4
2 a .\':001'.\‘:—% b _\‘:Oor.\'=%
€ x=-50rx= -2 d x=2o0rx=3
e x=—lorx=4 f x==So0rx=2
g x=4orx=6 h x=—-6orx=6
i x=—-Torx=4 i x=3
k \:—%01'.\'24 | «\‘24%01‘.\'25
3 a x=—-2o0rx=5 b x=—-lorx=3
€ x=—8orx=23 d x=—-6orx=7
e xy=—50rx=5 f x=—4dorx=7
g .\'=—30r.\'=2% h .\’=—%or.\‘=2

4.2 Solving by completing the square
1 (x+37+4-9=0

(x+32=5=0

(x+32=5

x+3= ivf

x=—-3*V5 B

x=-3+S5orx=-3-V5
2 2 —Ly+21=0

A —IP+2 -1 =0

oIy N7
C—gpr—16=0

. — Iyg = 17
=" =16
.\'—ZZiH

A 16
=4 =+ L7
YTy 1

_7+VIT 1 =V17
X 4 orx 1

3 ax=2+VTorx=2—-V7

b x=5+V2lorx=5— 20

¢ x=—-4+V2lorx=—4-V2I
d x=1+VTorx=1-V7

e yr=-2+V650rx=-2—-V65
_—3+V89 _ —3-V89

f x 0 orx 10

4 g x=1+VIdorx=1-V14
.*—3+v’§§ __—3—\/5

b x= 5 x= 3

/17 —_ a7

¢ xoStVEy 5=y 3

4.3 Solving by using the formula

—(6) £/(6)* —4X1X4
F=
2X1
-6+ 36 — 16
2
_ —6+20
B
—6+V4 X5
2
_ —6 + 2V5
5 orx 5

1




2 a=3,b=~-7,c=-2
(= 1FV49 -4 X3X 2
’ 2% 3
p= 1 VA + 24

b x=—1+VI0orx=-1-V10

Don‘t forget!

*two: b ac

x —b = Vb’ —dac
2a
* negative

Exam-style questions

A1 -
1 _\_:7+v41 orx:7 Var
2 2
—1%01‘.1':2
_-34VE -3 /&9
20 . 20

N
=
Il

5 Roots of quadratic equations

5.1 The role of the discriminant
1 a=3,b=7,c=5

b2 —4dac=T>—4 X3 X5=49 — 60 = —11; no real roots
2 b —4ac=0

a=1,b=4,c=p

PP —dac=4—4X1Xp

16 —4p=0
4p =16
p =4

3 b —4dac<0
a=hb=3,¢c=-17
br—4dac=3"—4XhX—-7=9+28h
9+28h <0
28h < =9

h<—§

4 no real roots 5 two real and distinct roots
6 two real and equal roots 7 no real roots

8 g==*8 9 g=+6V2

10 = +5 noe>-2

5.2 The sum and product of the roots of a quadratic
equation

1 a=2,b=6,c=-5 2 —z_’:_7‘%=10

S“m=—§=—g=—3 ¥ =(=Tx+10)=0
Product = =23 = —25 24+ Tx+10=0
3 sum = [1, product = 30 4 sum = —1.6, product = —4.2
5 sum = 0, product = 591—6 6 sum = %l product = %3
7 X*+2x—-8=0 8 3+x—-2=0
9 2+ 17x—9=0 1022 +3x—29=0
Don‘t forget!
2a

# discriminant * two real and equal roots
# two real and distinct roots * no real roots

% _b % C
a a

s _\.2 — (_%)'\. + % e

Answers

Exam-style questions

1 *=8/3 2 27 +5x+9=0

6 Simultaneous equations

6.1 Solving simultaneous linear equations using
elimination

1 2x=4 2 6x=1
x=2y=—1 x=3,y=5
3 x=1,y=4 4 x=3,y=-2
5 x=2,y=-5 6 .\‘:3.)'——%
7 x=06,y=-1 8 v=-2,y=5

6.2 Solving simultaneous linear equations using
substitution

1 5x+32x+1)=14
Sx+6x+3=14

2 4x+32x—16)= -3
4+ 6x— 48 = =3

x=11 10x = 45
x:],),'::; A\':4.5,)7:_7

3 x=9,y=5 4 x=-2,y=-17

8 x=ky=al 6 x=ly=3

7 x=-4,y=5 8 yv=-2,y=-5
=1, =3 R . |

9 =Y 14 10 x 253 5

6.3 Solving simultaneous equations where one is
quadratic

1 2+@x+12=13

X+ +2c+1-13=0

22 +2x—12=0

202 +x—6)=0

x+3Hx—2)=0

x=—-3orx=2

whenx = —3,y= -2

whenx=2,y=3
5— 3y

T

¥ —3y) _
=

2y2 + DI p—g

2

42+ 5y —3y2—24=0

V+5y—24=0

y+8(y—3)=0

y=-8ory=3

wheny = —8,x = 14%

2% + 12

wheny=3,x= -2

3 x=0,y=5
x=-5y=0

5 x=-2,y=-4 6
x=2,y=4

g p=lEd5 _ —1+/5

x= Ly = 8 x=
5 )

_1-=V5 ,_“1:\/3

X = = g =

2 2

»H
-
Il
|
= e
—
I
|
u'E

I
Il

I
)
- -
o
| wRlow
S NS
N

|
s

Don’t forget!

* elimination; substitution

* two

Exam-style questions

1 x=4,y=-2 2 x=2

19—
=
Il

19—

7 Arithmetic series

7.1 General (nth) term of arithmetic series

1 Firstterm=4X1+1=5 TFourthterm=4 X4+ 1=17
Second term =4 X2 + 1 =9 Fifthterm =4 X5+ 1 =21
Third term =4 X 3 + 1 = 13 First 5 terms are 5,9, 13,17, 21



2 5n—2=173
Sn="175
n=15
3 a=3,d=5
nthterm =3+ — 1) X5
=3+5n—-5
=5n-—2
4 8+ 13+ 18 5 3n+2;62 6 17—2n;—37 82:402
8 8.-97 9 25 10 53 ns

12 first term = |, common difference = 3

7.2 The sum of an arithmetic series
1 a=1,d=4,n=730 2 §,=432,a=7,L=41

$,=X2x1+@E0-1)x4] 432 = &7 + 41)
S,=15X(2+29 X 4) 432 = 24n
S, = 1770 n=18

3 5,=352,a=7,d=2 4 S, =1,n=2
352="12X T+ (n—1)X2] I =2[2a+ 2 — 1l
704 = n(14 + 2n — 2) 2a +d=1
704 = 2n% + 12n 93 =a+ (20 — 1)d
2n2 + 12n — 704 =0 a+19d =93

n”+6n-352=0
(n+22)(n—16)=0

a+ 19(1 — 2a) =93
a+ 19 — 38a =93

n=16 19 — 37a = 93
—37a =174
a=-2,d=5

first term = —2; common difference = 5

5 610 6 1395 7 —5350 8 290
9 341 10 1370 M 488 12 10
13 first term = 2; common difference = 3

Don‘t forget!

* sequence .

*

“ nth term
* the same amount
a+(n—1d

'57[2(1 + (n — 1)d]

5 1l

% j(a + L)

Exam-style questions

1 a first term = 60; common difference = —7
b —1245

8 Coordinate geometry
3.1 The equation of a line

1 _\s:—%v\'-i-} 2 3_\‘:2.\'—4
2y=—-x+6 b :%.\' —%1—
x+2y—6=0 gradient:m:%

y-intercept = ¢ = —% or —1
_ _7—-4_3_1

3 m=3 4 m=g—5=%=73
y=3x+c¢ )'=I§x+c
13=3X5+c¢ dorT)=1x2(0r8) +¢
13 = 8+ e 4(r7)=1(ord) +c
c=-2 c=3
y=3x—2 _\'=%_\‘+3

5 a m=3,¢c=5 b m=—%.c=—7
c m=2.c=—% d m=—-1,c=5
e m=%.c=-%or—2% f m=-5.c¢=

6 y=5x ) )
y=—3x 42
y=4x—17

7 a x+2y+14=0 b 2x—y=0
c 2x—3y+12=0 d 6x+5y+10=0

8 y=4x—-3

9 y= -2+

Va y=2x—3 b y=-1x+6
cC y=5x—2 d y=-3x+19

8.2 Parallel and perpendicular lines

T a x+2y—4=0

Answers

T m=2 2 m=2
y=2x+e 1-_1
9=2X4+c¢ m 2
c=1 y=—5x+¢
= 2%
y=2+1 5=—dx-24c=1+c

c=4
] y= —%,\' +4
3 m=5
I S
n
y==2%+e
3I==—2X—=5+¢c
c==7
y=—2x—17
—-1-5__6__2
4 m= 50 = 3
1.3
m 2
y= %\ + ¢
0+9 5+—1):(g ,,)
b 72
= %\' + e
39 _ 21
2= 5X3 +c= T +c
2= =
=L 1B

5 a y=3x—-7 b y=-2x+5
c y——%_\' d y=%x+8

6 a y=—1x+2 b y=3x+7
c y=—4x+35 d _\'=%,\‘—8

7 a_\':*%.\' b y=2

8 a parallel b neither ¢ perpendicular
d perpendicular e neither f  parallel

Don‘t forgett!

*y=mx+c

*ax+by+c=0

% =2 N

m=N=x

# gradient

T
m

Exam-style questions

b x+2y+2=0 c y=2u

9 Graphs of functions
9.1 Recognising graphs

1 G,b y Y
P,
0 X
0 X p
..... ...
7 A
P




2 a,b
YA YA
normal /
tangent 0} f\
tangent
0 X
P
normal
..... C... B =
YA YA
normal
tangent N\
9) X %
%/ * O/ tangent
normal
..... B.. A
N !
Py N
> 0 X
(0] \x
tangent_ " P
I:
............ normal
..... D..
3 B,.C,A
9.2 Drawing and using graphs
Val oles|=2l=1]ol o |2]a]a]s
y 10 3 =2 |=5]—=6]| =5 =2 3 10

@ b x=—-l4or—150rx=34o0r35

b

4 a

b

0 2
—3 11
X =3 | —2 | =1 0 | 2 3
y | —18] =1 4 3 2 7 24
yx=—14,x=0o0rx=14
i 3| —2 | —1 1 2 3
y 13 2 1 4 5 =2 | —23




9.3 Sketching graphs
1 Y

2 Whenx=0,y=0"-0—-6=—-6

(0, -6)
E—3)x+2)=10
y=3o0rx= -2
(—=2,0)and (3,0)

4 x=3,lor—2
(—2,0).(1,0) and (3.0)
y=-3x-1X2=6
(0.6)

90° 180° ¥

<

.

30 —6%)

10

12

B3 %)
o A 4 x
-12]
vy
1
o0 x
Y1
> >

n

15

17

Answers

Iy
6\
O 2 3 ‘Y
2% =%
y W (2,4
(0) X
y
O x

Y4 /
4 ==1 0 3'.\'
—{2

o)

tad
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—14
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9.4 Graphs of circles

3

7 a (1,-2)

Centre

SF

-

- 71
gl | N
el w
N =

=]
=
X’E&!
V]
O L N m
NC T II\
I
m
I
<
T
l5
Es
©o
e
-
I~
— nwlan o~ m
T
~
T
3A —
T
<
I
Lol L
_ . S
o |
Ty




_/

(0] X

8 a (2,3 2
L YR ] ] T
1\ T i 6 T 0 | T
o | - | | |
[ K 1 |
L LATN HEEN
|| L 1 RN
{ | I |l T
| |Ceﬂ\tre- -J % } :
i 1 i I
} | \\'J/T -
; | | R
| J6I5Ja-3-2-10 435 6 3
| WL
! |
I =72 T | !
L | |- |
] = i
i =4 —
- s |
: | ‘ L 1
| Nk |
9 a (0,2 2
c I TT7 ' L |
6 !
i 5
V4NN
I
2%
i | , |Centre,
L
5 ’ N P% '
—6—5—-4-3-2-19 y 4 6
Ll
| L5
| - |
: ¥ l
1 A |
| &
i | 5
1 !
i i 6
| | ,
10 (x— 272+ (y—32=36
N centre = (—2,5), radius = 4
Don‘t forget!
* a straight line
* parabola
# y
0 x
E y
/|0 X
! 1y Y
fora>0 fora<0
jo X (0] ‘.\
# y
fora>1

1
w0<a<1

0 x

y = sinx

T T T T T >
o o o o o Jo o X
Q Q O\ O Q O\ AQ N
\g) AV D7\ 9 W\ )
/b‘/fi’\,/\ '\\)ébt
1_

Ya
/ Y = cosx
T 0 b by

! Y ' y = tanx

! R ; / |

SAIBIL SBIL S
SO SN P i B IR NS SNl

* touches the curve but does not cross it

* perpendicular
*x=0
*y=0

*# the curve gets closer to but never touches or crosses
* complete the square

* turning points

#(x —a)’> + (y — b)> = r*; centre; radius; x* + y? = ?

Exam-style questions

! Equation Graph 2 Y4
y=3 D 6
y=@x+2)x—-2) |C
y=2-x2+x) |A
y=2 E ][1 0
y=@+27% —x)|B

3 a

i

b —24,08,26




Answers

4 2 [ Y T -
I 4 o
| 3
l
2 o
-4 43 42 1.4 2% 4 1
Py
el y=-2
P <
TSk =3
yTx i 43
o | e
3 I[ ~IX
i T
AT
Nix+Hy=s5
3 -
10 Inequalities .
y=pxt3 |48 L ly=loisthe
s i - i =
10.1 Solving linear inequalities , . |x-axis
] a —2sx<4 b §<,\’$2 —1a 43 _1? 2 3 4 ‘}“\f X
c x<12 d —5x=-10 =1 B
x<6 ) L5 s
e 4x—8>27—3x / I
7x > 35
x>5 4 ‘\‘ ' ! 74
2 a xs<—4 b —-1sx<5 c y<1 T [ 5 4
d x<-3 e x>2 f x=<-6 o + Lin
3 ax<-6 b x<3 3 /
4 x> 5 (which also satisfies x > 3) k. 5
° ° ° 990 ‘\"
10.2 Solving quadratic inequalities % /
1 x+3)H+2)=0 —5 -4 -3 —2—140\\ 2 3 4 5
x=-3,x=-2 !
<—3otx>—2 =2 . o
2 (x—5=0 3 Z+3—10=0 L L / i |
r=0,x=5 (x+35)Hx—=2)=0 | ! %
Y4 x=-5x=2 i I | "
. ya - — { %
y=3J\—47 1 | y=—\:\
5 [ L [ T ] [
, 1] L] LA
5 6O 2 L A 1|
™ & v
: i 3 ]
0 5 ¥ i 2 1
| p L~ : ' L
*‘ 1 1 ] ]
O0=sx=5 I A"l
5=y=2 —15—4—3—2 h p. 4 6 7 ) 10 -~
| = | f T |
= 1 | ,
x<—2o0rx=6 5 —7<x<4 L2 !42 : :
Lo 3ol - 3 |
§<\<3 7 x< Fory>s ] — ' B
—3<y<4 9 2<x<2k [ e=l—3 ™ ; [ |
3 5 ! i . L | —
00r=<-—sorx=x c = .
20T =3 6T y T ¥-%
| ! 6 l
10.3 Representing linear inequalities on a graph 1 5 ﬁ ;
1 Y g | [ I
— 3 1‘ . ‘ |
| 2 ‘ ‘ > | | |
[ R J *.L B > !
| 1 | ' ‘ l E 4 I I
i 1
[ . > [
-4 53 -2 - P T
|_1* T B | 7465443219 | 3 5
' (s : i x[+y[=2
be=|-3 B } =2
=3 2




7 N Lo
L -
1 o 1| | .
| = K | .'l |
s“ [ o | ) ‘T 1
L N ! 4 7_ . 1
S, | i
o ) .
I B / [ My=x+3
-2 / - |
I~
A L% & |
; \‘I l
! “ |
Jalz 193 23 4 5 o\g 8 T
] |l . .
AN
| <l e N x+y=6
b i
-3
' e |
4 * ==X
_ -
y‘\ =/ )
8
Don‘t forget!

# a negative number

*# solve; sketch the graph; values
* shading regions

# unbroken (solid)

* broken lines

Exam-style questions
1 —3=sx=<2
2

1 Distance-time and speed-time graphs

1.1 Distance-time graphs

1 @ 2or4 (depending on whether you’ve counted the start and

finish)

6+ 10=0.6m/s

21 +20 = 1.05m/s
Between 0 and 10 seconds
15 min

6 mph

2 min

Qano0ancT

b 15 miles
d 48 mph
b 10 min

Distance (miles)
N

NG

0 B | 34 S aus) Bl WA
0 10 20 30 40 50 60 70 8‘0 90 1
Time (minutes)

4 a C b A

1.2 Speed-time graphs
1 a 9+ 12=0.75m/s?
b Method I:

00

X9 X (20 +32)=1x9x52=234m

il
2
Method2:%><9>< 124+9X20=54+ 180 =234m
2 a 4+8=05m/’
b 1x4(12+22)=68m
3 a 1 [ [T
20
E \
3 |
o | \
& NER
]
[ ] [
0+ — \‘ .
0 5 10 15 20 25 30 35 40 45 50
Time (seconds)
b 2m/s ¢ 100m
4 a 100km/h? b 57 miles
5 a 4m/s’ b 150m c —2m/s’
6 a 30m/s b 1m/s
7 a 5s b 275m
Don‘t forget!
* distance
* the time taken
* speed
* faster
* no movement
* speed

# the time taken to travel
* constant speed

# acceleration

# deceleration

# the distance travelled

Exam-style questions

1 a 4m/s?
b 150m

12 Direct and inverse proportion
12.1 Direct proportion

1 a Pxh b P=7h
P = kh P=7X1l
56 =kX8 P=£77
k=56+8=17
P="17h
2 a y=hk? b y=5x
45 = kX 3? y=5%X5
k=45+9=5 v=125
y =52
c y=5¢
20 =5 X x?
=4

2=20+5
x=2



@

an
QS © v

an
S

c 6
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7 a =3
8 a v=3y
9 a m=2'
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12.2 Inverse proportion
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1 a IOO—E

k=100 X 10

k= 1000

p — 1000
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Don’t forget!

* direct
* inverse
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24 c 4
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0.1 ¢ 0.1

Exam-style questions

1 a A=3B

Answers

Bl

13 Transformations of functions

13.1 Applying the transformations y = f(x) + a and
y = flx = a) to the groph ofy = f(x)

1 y

= f(x) +
/ y=f(x)

\

=f(x)

y="flx—3)

y = ()

y = f(x)

=Y

7 Cpy=fx—25)

y = flx—5)

NS0, N7 e

6 C;:y=1f(x—90°
Cory=flx)—2 Cyy
8
flx + 2) y = f(x)
., o/ s
y="fx)-2

=f(x)—3



13.2 Applying the transformations y = f(xax) and
y = =af(x) to the graph of y = f(x)
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i 510 / X
Z
je)
b g
y = f(2%)
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4 [y = (30
y = 1)
X
y = —2f(x)
5 U1
\ 4=
Y= ()
0 X
y = —ff(x)
6 y
1 y=-F(=2x)
\ y =]
= I

7 y=1(2x)
8 y= —2f(2v)ory = 2f(—2x)
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Exam-style questions
1 a Tk
) y = flx) +2
1
2/410 A
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y = f(x
b 7
y="flc=2) 3
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14 Area under a curve

14.1 The trapezium rule

1 h=1

x 0 1 2 3
y=0@-0x+2| 6 | 6 | 4 | 0

Yo = 6’."1 = 6!,\'2 = 4’.3'3 =0
=1x1x[6+26+4) +0]

(26]

=13 sq units @

| —



3
x 4 6 8 10
y coordinate for the curve p; 12 13
y coordinate for the straight line 7 6 5
=0, =6,m=8,y;=0
A=1x2[0+26+8)+0]
= 1x28
= 28 sq units
3 34 squnits 4 149 sq units 5 14 squnits

6 25% sq units 7 35 squnits 8 42 sq units

9 26% sq units 10 56 sq units n 6% $q units

Don‘t forget!

* the area under a curve

* Area = %/1[)‘(, + 2(y, + ¥3 ... + ¥4-1) + y,]; the values of y for
each val—ue of x used

* number of equal strips the area has been divided up into; the vertical

boundaries of the area
* the number of strips, nn
s_b—a

n

Exam-style questions
1 71.25 sq units
2 35 squnits
3 72 sq units

Practice Paper

1 x=—-4y=-5
3 4y — 6xy — 617

2 m= i\/%

4 a (2x—3)(x+1) b 525
5 a Y4

y = flx + 2)

0 3 X
Minimum point at (1, 0)
b Y4
y="Ff(—x)+2
0 3 £

Minimum point at (—3,2)

Answers

6 3+EV2 b 45 —29V2
1 _c _ 1
tu 2x b 9a*h’ £ 3
8 a b=1l,c=-6 b a=4,4q=16
9 a x>32 b —3,-2,-1,0,1.2.3
10 a 399 b 22
4 —1 8—4_
na dilxBodo b 125
a |l [ 3]=2-1lo|1]|2]3]4
y |-18] 0| 4| 0] -6|-8|o0]|2
b
i
|
I
;
¢ x is approximately —2.3,0.6 or 2.7
4x—3 3
Ba 5 b 3
14 a16p> — 4 X 4 X (dp + 5) = 16p> — 64p — 80
b —1,5
15 a EERBRESEASANMS AARNAKECRRS)
50+
§40
g 30
]
0 20
a B
10
O 10 20 30 40 50 60 70 8071L
Time (s)

b 70 cl.7+x02m/s
16 a (3,-2) b A3.,2):;B(3,—6) c —2+2/3
7 a 540g

b Cxd

C=kd
36=kX12
C=3d
—3/3m
3 5
sy [om
=3X 15
_ofm
N5
18 a 4,12) b 14 sq units
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