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Congratulations on choosing to study A- Level Maths!

This booklet will tell you about the entry requirements and what you can

do over the summer to ensure you are ready to start in September.

Entry requirements

Students must have at least a grade 7 at GCSE to gain automatic entry onto the A level Mathematics
course. However, students who have been awarded grade 6 at GCSE are permitted entry if they are
also able to achieve at least 70% in the Headstart Assessment. All students will sit the assessment,
which will fake place in your first Maths lesson in September.

The following topics are tested in this assessment: reciprocals, fraction calculations, indices,
factorisation, linear equations involving fractions, changing the subject of a formula, completing the
square, solving quadratic equations, simultaneous equations, finding a gradient, finding the distance
between two points and functions. All of the content of the Headstart Assessment is covered on the
GCSE Higher course.

Summer assignment
There are two aspects o your summer assignment:

1) You need to study all of the above topics, regardless of your GCSE grade, to ensure you are able to
pass the assessment in September. Included in this booklet is a sample copy of the Headstart
Assessment and a mark scheme. You need to make sure you can answer all questions on the paper
correctly as it is very similar to the paper you will sit in September.

2) This booklet contains some revision materials to prepare you for the A Level Mathematics course,
some of which will be tested in the Headstart Assessment. You should work through the booklet,
marking your solutions using the answers provided. It is not necessary to answer every question in the
booklet but you are required to answer some questions from each section. Choose the questions that
are appropriate to your level of Mathematics. Think carefully about how you present your working, as
this will become more important at A- Level. You will need to bring your completed questions to your
first Maths lesson in September.

If there is anything in the booklet you are struggling with, please contact a member of the Maths
department for help:

Mrs McCabe mccabe.h@stowevalley.com or Mrs Allsopp allsopp.k@stowevalley.com
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Expanding brackets and simplifying expressions

Key points

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

Examples

Example 1

Example 2

Example 3

Example 4

Expand 4(3x— 2)

4(3x—2) = 12x— 8

Multiply everything inside the bracket
by the 4 outside the bracket

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

3(x+5)—4(2x +3)
=3x+15—-8x-12

=3 -bx

1 Expand each set of brackets
separately by multiplying (x + 5) by
3and (2x +3) by —4

2 Simplify by collecting like terms:
3x—8x=-5xand 15-12=3

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

(x+3)(x +2)
=x(x+2)+3(x+2)
=x2+2X+3Xx+6
=x?+5x+6

1 Expand the brackets by multiplying
(x+2) by xand (x + 2) by 3

2 Simplify by collecting like terms:
2X + 3x = 5%

Expand and simplify (x—5)(2x + 3)

(x=5)(2x + 3)
=X(2x + 3) — 5(2x + 3)
= 2x% + 3x— 10x— 15
= 2x>— 7x—15

1 Expand the brackets by multiplying
(2x + 3) by x and (2x + 3) by -5

2 Simplify by collecting like terms:
3x — 10x= —7x




Practice

1 Expand.
a 3(2x-1)
¢ —(3xy-2y)

2  Expand and simplify.
a 7(3x+5)+6(2x—18)
c 9(3s+1)-5(6s—10)

3 Expand.

a 3x(4x+38)

¢ —2h(6h?+11h-5)
4 Expand and simplify.

a 3(y°-8)-4(y*-5)

cC  4p(2p—-1)-3p(dp-2)
5 Expand %(Zy - 8)

6  Expand and simplify.
a 13-2(m+7)

7 The diagram shows a rectangle.

o

—2(5pq + 4q°)

8(5p—2) —3(4p +9)
2(4x —3) — (3x + 5)

4k(5K? — 12)
—3s(4s? — 7s + 2)

2X(X +5) + 3x(x = 7)
3b(4b —3) —b(6b - 9)

5p(p* + 6p) — 9p(2p — 3)

Write down an expression, in terms of x, for the area of the rectangle.
Show that the area of the rectangle can be written as 21x?— 35x

8 Expand and simplify.
a (x+4x+5)

c (x+7Nx-2)

e (2x+3)(x-1)

g (5x-3)(2x-5)

i (3x+4y)(5y + 6X)
k (2x=7)?

Extend
9  Expand and simplify (x+3)2+(x—4)2

10 Expand and simplify.

e

—— > =~ a T

(x+7)(x+3)
(X +5)(x-5)
(Bx—2)(2x + 1)
(3x—2)(7 + 4x)
(x +5)°

(4x— 3y)?

Watch out!

When multiplying (or
dividing) positive and
negative numbers, if
the signs are the same
the answer is ‘+; if the
signs are different the
answer is ‘~.

3x-5

Tx




Rules of indices

Key points
° amx an= am+n
a" _ m
) — = a
a
° (am)n =gmn
[ ] aO = 1

1
e Q" :Q/a i.e. the nthroot of a

m m
e a"={a" :(Q/E)

° aim :im
a

Examples

Example 1  Evaluate 10°

The square root of a number produces two solutions, e.g. 16 =+4.

10°=1

Any value raised to the power of zero is
equal to 1

1
Example 2  Evaluate 92

1

Use the rule a" = %a

Example 3 Evaluate 27°

m

1 Usetherule a" :(Q/E)m

2 Useﬁ:B




Example 4  Evaluate 4°°
2 1 —m
47 =— 1 Usetherule a™ =—
4 a
:% 2 Use 4°=16
. BX
Example 5 Simplify —
2X
5 m
giz = 3x3 6 + 2 = 3 and use the rule a_n =a""to
X a
X5
give = =x>"2=x°
X
3 5
L XOXX
Example 6 Simplify v
3 5 3+5 8
XXX _ X~ _X 1 Usetherule a™xa" =a™"
x* x4 x4
m
= x84 =x4 2 Usetherule a_n =a""
a

Example 7

Example 8

Write 3i as a single power of x
X

1_1.

3x 3

1
Use the rule —=a™", note that the
a

.1 .
fraction 3 remains unchanged

.. 4 .
Write —= as a single power of x

N

1

1 Usetherule a" =%a

2 Usetherule —=a ™"
a




Practice

1 Evaluate.
a 14° b
2  Evaluate.
1
a 492 b
3  Evaluate.
3
a 252 b
4  Evaluate.
a 57 b
5  Simplify.
2 3
a 3x2 ><2x b
X
3
c 3x2x§x d
X
2
e ly f
yZxy
(2¢°)
g 4x° h
6 Evaluate.
1
a 42 b
1
d 164x27 e

7 Write the following as a single power of x.

a b

< |~

o
5

>
N

D

30

643

10x°
2x% x X

_2
3

27

)

50 d x°
1 1
1253 d 164
3 3
492 d 164
25 d 62
Watch out!

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

9 2x2°

22
&)
64




8  Write the following without negative or fractional powers.
a x?° b x° c X5

1
d x° e X 2

9  Write the following in the form ax".

2 1
5 b = =
a 5Jx 5 c o~
2 4
d = e = f 3
Jx 3x
Extend

10 Write as sums of powers of x.

5
X ;rl b xz(x+£j c x‘4(x2+ .
X




Surds and rationalising the denominator

Key points

e Asurdis the square root of a number that is not a square number,

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

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

o Vab=Jaxyb
b~ b

e To rationalise the denominator means to remove the surd from the denominator of a fraction.

. . a
e To rationalise —

e To rationalise

Examples

Example 1

Example 2

Jb
b++Jc

you multiply the numerator and denominator by the surd «/E

you multiply the numerator and denominator by b—\/g

Simplify /50
J50 =/25x% 2 1 Choose two numbers that are
factors of 50. One of the factors
must be a square number
Use the rule +/ab =+/ax+/b
=25x\2 Use /25 =5
=5x \/E
=52
Simplify 147 — 212

J147 2412
:-\,49X3—2‘\/4X3

=49 x3-2/4 %3
=7x~[3-2x2x+[3
=7J3-43

~3/3

Simplify /147 and 2/12 . Choose
two numbers that are factors of 147
and two numbers that are factors of
12. One of each pair of factors must
be a square number

Use the rule «/ab =+/a x+/b
Use /49 =7 and /4 =2

Collect like terms




Example 3 Simplify (\/7+\/§)(\/7—\/§)

(ﬁ+ \/5)(\/7_\/5) 1 Expand the brackets. A common
= J49 — 72 + 27 -4 mistake here is to write (ﬁ)2:49

2 Collect like terms:

=72 Tz T
- N NI N

o1
Example 4  Rationalise —
B

1 ixﬁ 1 Multiply the numerator and
NERENCIN] denominator by /3
2 Use J9=3
Jo
_ 3
3
Example 5 Rationalise and simplify £
J12
V2 - 2 XJ1_2 1 Multiply the numerator and
J12 12 12 denominator by 12
2 Simplify \/12 in the numerator.
= \/EX— V4x3 Choose two numbers that are factors
12 of 12. One of the factors must be a

square number

3 Use the rule +ab =+ax+/b

4 Use J4=2




Example 6

@‘%
&

5 Simplify the fraction:

2 simplifies to 1
12 6

Rationalise and simplify 3
2+\/§
3 — 3 x2—\/§ 1 Multiply the numerator and
2+J5 2+45 2-5 denominator by 2-+5
3(2-5)
(2+45)(2-5)
2 Expand the brackets
_ 6-3V5 P
4+25-2/5-5
_6-3\5
-1
3 Simplify the fraction
=3/5-6

4 Divide the numerator by —1

Remember to change the sign of all
terms when dividing by —1




Practice

1  Simplify.
a 45
c /48
e /300
g 72
2 Simplify.
a J72+162
c +50-8
e 2m+\/ﬁ
3 Expand and simplify.

a  (2+3)2-B3)
¢ (4-5)(V45+2)

4
a L
5
¢ 2
7
e 2
2
g 8
24
5 Rationalise and simplify.
a 1
3-45
Extend

Rationalise and simplify, if possible.

> —h o T

o T

[y
)
N

45245
J75-/48
21212 ++27

(3+43)(5-12)
(5++2)(6-+8)

Fo Gl &l 5~

N

N
+
&

6 Expand and simplify (&+\/§)(&—\/§)

7  Rationalise and simplify, if possible

a

1

N o

Hint

One of the two
numbers you
choose at the start
must be a square
number.

Watch out!

Check you have
chosen the
highest square
number at the

start.

N



Factorising expressions

Key points

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

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

e To factorise a quadratic equation find two numbers whose sum is b and whose product is ac.

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

Examples

Example 1  Factorise 15x2y3 + 9x%

15x%y3 + 9x% = 3x2y(5y? + 3x?) The highest common factor is 3x?y.
So take 3x?y outside the brackets and
then divide each term by 3x?y to find
the terms in the brackets

Example 2 Factorise 4x2 — 25y?

4x2 — 25y = (2x + 5y)(2x — 5Y) This is the difference of two squares as
the two terms can be written as
(2x)?and (5y)?

Example 3 Factorise x? + 3x— 10

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

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

3 Factorise the first two terms and the
last two terms

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

Sox?+3x—10=x*+5x—-2x-10

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

=(x+5)(x-2)




Example 4

Example 5

Factorise 6x2— 11x— 10

b=-11,ac=-60

So
6x2— 11x— 10 =6x% — 15X + 4x — 10

=3x(2x —5) +2(2x = 5)

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

Work out the two factors of

ac = —60 which add to give b =—11
(=15 and 4)

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

Factorise the first two terms and the
last two terms

(2x — 5) is a factor of both terms

2
simplify X —#X=2
2X°+9x+9
x2 —4x—21 Factorise the numerator and the
2 Qw10 denominator
2X°+9x+9

For the numerator:

b=-4,ac=-21

So
X2—4x—-21=x2—-Tx+3x-21

=X(X—=7)+3x—17)

=(x=7)(x+3)

For the denominator:

b=9 ac=18

So

2% +9X+9=2x2+6x+3x+9

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

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

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

Factorise the first two terms and the
last two terms

(x — 7) is a factor of both terms

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

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

Factorise the first two terms and the
last two terms

(x + 3) is a factor of both terms

10 (x + 3) is a factor of both the

numerator and denominator so
cancels out as a value divided by
itself is 1




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

x> —4x-21  (x=T7)(x+3)
2x2 +9x+9  (x+3)(2x+3)

X—7
2X+3




Practice

1 Factorise.
a  6x4y3—10x%*
c  25x%y% - 10x%? + 15x%y°
2 Factorise
a X+7x+12
c xX*-11x+30
e x>-7x-18
g x2-3x-40
3  Factorise
a  36x2—49y?
c 18a%-—200b3%c?
4  Factorise
a 2x*+x-3
cC 2¢¢+7x+3
e 10x2+21x+9
5  Simplify the algebraic fractions.
2x2 +4x
X2 — X
x> —2x-8
X% —4x
X2 —x—12
X% —4x
6 Simplify
9x* 16
3x% +17x—28
4 — 25x?
10x* -11x—6
Extend
7 Simplify vx* +10x+25

8 Simplify (x+2)% +3(x + 2)*

x> —4

o —h QO T

21a%b® + 35a°h?

X2 +5x — 14
X2 —5x —24
X2 +x-20

X2+ 3x—28

4x? — 81y?

6x2+ 17x +5
Ox2—15x + 4
12x% —38x + 20

x? +3x
X2 +2x-3
x? —5x
x? —25
2x° +14x
2x% +4x-70

2x% —7x—15
3x? —17x+10
6x?—x-1
2x2 +7x—4

Hint

Take the highest
common factor
outside the bracket.




Completing the square

Key points

e Completing the square for a quadratic rearranges ax? + bx + c into the form p(x + g)* + r
e |[f g# 1, then factorise using a as a common factor.

Examples

Example 1  Complete the square for the quadratic expression x? + 6x— 2

X% + 6x— 2 1 Write X2 + bx + ¢ in the form
bY (b
X+—| —=| =] +¢C
=(x+3)>~-9-2 ( 2] (2]
2 Simplify
= (x+3)>- 11

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

2x>—5x +1 1 Before completing the square write

ax? + bx + ¢ in the form

(<43
a| X“+—=x |+c¢C
a
2 Now complete the square by writing
, 5 X2 =2 x in the form

= 2| x _EX +1 2

3G

Expand the square brackets — don’t

I
N
1
VR
|
NG N4
N—
N
|
N\
NGNS
N
| I
J’_
H
w

2
forget to multiply Gj by the factor
of 2

2
= Z(X—EJ —§+l
4) 8 4 Simplify




Practice

1 Write the following quadratic expressions in the form (x + p)2 + g

a xX2+4x+3 b x2-10x-3
c x2-8x d x2+6x
e X2-2x+7 f x*+3x-2

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

3 Complete the square.

a 2x*+3x+6 b 3x*-2x
c 5x*+3x d 3x*+5x+3
Extend

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



Solving quadratic equations by factorisation

Key points

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

e To factorise a quadratic equation find two numbers whose sum is b and whose products is ac.
e  When the product of two numbers is 0, then at least one of the numbers must be 0.

e If a quadratic can be solved it will have two solutions (these may be equal).

Examples

Example 1  Solve 5x? = 15x

5x% = 15x

5x?— 15x =0

Bx(x—3) =0

So5x=0o0r(x—3)=0

Therefore x=0o0r x=3

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

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

5x is a common factor.

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

Solve these two equations.

Example2  Solvex?+7x+12=0

X2+ 7x+12=0

b=7,ac=12

X2 +4x+3x+12=0

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

x+4)x+3)=0

So(x+4)=0o0r(x+3)=0

Therefore x = —4 or x=—3

[SalF -

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

(4 and 3)

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

Factorise the first two terms and the
last two terms.

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

Solve these two equations.




Example 3 Solve 9x* - 16=0
92 —-16=0 1 Factorise the quadratic equation.
(Bx+4)(3x-4)=0 This is the difference of two squares
as the two terms are (3x)? and (4)2.
2 When two values multiply to make
So(3x+4)=0or (3x—4) =0 zero, at least one of the values must
be zero.
3 Solve these two equations.
4 4
X=—— 0r X=—
3 3
Example 4  Solve 2x2—5x—12=0
b=-5,ac=-24 1 Factorise the quadratic equation.
Work out the two factors of ac = —24
which add to give you b =-5.
(—8 and 3)
2 Rewrite the b term (—5x) using these
two factors.
SO2X2—8x+3x—12=0 3 Factorise the first two terms and the
last two terms.
4 (x —4) is a factor of both terms.
B 5 When two values multiply to make
ZK(x =4 +3(x=4)=0 zero, at least one of the values must
be zero.
6 Solve these two equations.
x=4)(2x+3)=0
So(x—4)=0o0r(2x+3)=0
X=4 or x= 3
2
Practice
1 Solve
a 6x°+4x=0 b 28x*-21x=0
cC X2+7x+10=0 d x2-5x+6=0
e x2-3x-4=0 f x2+3x-10=0
g x*-10x+24=0 h x2-36=0
i x2+3x-28=0 j x2-6x+9=0
k 2x°-7x-4=0 |  3x2-13x-10=0
2 Solve .
Hint
a x2-3x=10 b x*-3=2x
c x2+5x=24 d x*-42=x Get all terms
e xX(x+2)=2x+25 f x*-30=3x-2 onto one side
g Xx@Bx+1)=x2+15 h  3x(x-1)=2(x+1) of the

equation.




Solving quadratic equations by completing the
square

Key points

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

Examples

Example 5  Solve x2 + 6x + 4 = 0. Give your solutions in surd form.

X*+6x+4=0 1 Write X2 + bx + ¢ = 0 in the form
b (bY
X+—=| —-|=| +¢c=0

(x+3)%-9+4=0 ( ZJ (ZJ

2 Simplify.

3 Rearrange the equation to work out
(x+3)>-5=0 x.First, add 5 to both sides.

4 Square root both sides.
(x+3)*=5 Remember that the square root of a

value gives two answers.
5 Subtract 3 from both sides to solve

the equation.
+3= =+
X+3 _\/g 6 Write down both solutions.

x= +5-3

Sox= —/5-3 orx=+5-3

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

2= Tx+4=0 1 Before completing the square write
ax? + bx + ¢ in the form
, b
, 7 al X“+—x [+c¢
2| X _EX +4 =0 a

2 Now complete the square by writing

x? —Zx in the form

2{(”9?_‘@2}*4 -0 ( b )_( b )

X+ — —
2a 2a

3 Expand the square brackets.

4 Simplify.

(continued on next page)




Z(X _ %}2 _%9 4 =0 5 Rearrange th1e7equation to work out
x.First, add E to both sides.
2
Z(X—Z) i 0
4) 8 6 Divide both sides by 2.
7V 17
2| X=—| =— 7 Square root both sides.Remember
4 8 .
that the square root of a value gives
two answers.
A 8 Add % to both sides.
4 16
9 Write down both the solutions.
7o N7
4 4
4 4
So X:Z—ﬁ or X:—+£
4 4 4
Practice
3 Solve by completing the square.
a x>-4x-3=0 b x2-10x+4=0
cC X2+8x-5=0 d x*-2x-6=0
e 2x*+8x-5=0 f 5+3x-4=0
4 | leting th .
Solve by completing the square Hint

a
b
c

x-4)(x+2)=5
2X2+6x-7=0
x2—5x+3=0

Get all terms onto
one side of the
equation.




Solving quadratic equations by using the formula

Key points
—b ++/b? —4ac

e Any quadratic equation of the form ax® + bx + ¢ = 0 can be solved using the formula x = 5
a

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

Examples

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

a=1b=6,c=4 1 Identify a, b and ¢ and write down
2 the formula.
X:—bi\/b —4ac - _
2a Remember that —b ++/b? —4ac is

all over 2a, not just part of it.

2 Substitutea=1, b =6, c =4 into the

formula.
2
X = —6+6 - 4()(4) 3 Simplify. The denominator is 2, but
2(1) this is only because a = 1. The
denominator will not always be 2.
-6+
x:%@ 4 Simplify \20.
J20 =/4x5 =4 x\/5 =25
= 25 5 Simplify by dividing numerator and
X= 2 denominator by 2.
6 Write down both the solutions.
x=-3+./5

So x=-3-+/5 or x=+5-3




Example 8  Solve 3x?>- 7x— 2 = 0. Give your solutions in surd form.

a=3,b=-7,c=-2 1 Identify a, b and ¢, making sure you
b+b2—4 get the signs right and write down
X= Tac the formula.
Remember that —b++/b? —4ac is

all over 2a, not just part of it.

2 Substitutea=3,b=-7,c=-2into

the formula.
D EJET - 403)(-2)
2(3) o . .
3 Simplify. The denominator is 6
when a = 3.A common mistake is to
. = 7473 always write a denominator of 2.
6 4 Write down both the solutions.
So x= 7_6\5/ﬁ or x= 7+(;/ﬁ

Practice

5  Solve, giving your solutions in surd form.
a 3x2+6x+2=0 b 2x*-4x-7=0

6  Solve the equation x>~ 7x+2=0

. . atb .
Give your solutions in the form , Where a, b and c are integers.
c
7 Solve10x2+3x+3=5 Hint
Give your solution in surd form. Get all terms onto one
side of the equation.

Extend

8 Choose an appropriate method to solve each quadratic equation, giving your answer in surd form when necessary.
a 4x(x-1)=3x-2
b 10=(x+ 1)
c x(Bx-1)=10



Sketching quadratic graphs

Key points

o The graph of the quadratic function
y = ax*+ bx + ¢, where a# 0, is a curve
called a parabola.

e Parabolas have a line of symmetry and
a shape as shown.

e To sketch the graph of a function, find the points where the graph intersects the axes.

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

e Tofind where the curve intersects the x-axis substitute y = 0 into the function.

e 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.

e To find the coordinates of the maximum or minimum point (turning points) of a quadratic curve (parabola)

\/for a>0 /\ fora<0

you can use the completed square form of the function.

Examples

Example 1  Sketch the graph of y = x.

U4

=Y

0

The graph of y = x? is a parabola.

Whenx=0,y=0.

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

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

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

Wheny =0, x¥>x—6=0

x+2)(x=3)=0

X=-20rx=3

So,

the graph intersects the x-axis at (-2, 0)

and (3, 0)

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

2 Find where the graph intersects the
x-axis by substituting y = 0.

3 Solve the equation by factorising.

4 Solve (x +2)=0and (x—3) =0.

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

6 To find the turning point, complete
the square.




2 4
1% 25 7 The turning point is the minimum
= (x ——J -— value for this expression and occurs
2 4 when the term in the bracket is

LV L equal to zero.
When (x——} =0, X=— and
2 2

y= 2 , S0 the turning point is at the

oint l—é
P 2" 4

Y
5\ © 3 X
-6
(3. —64)

Practice
1 Sketch the graph of y = —x2.

2 Sketch each graph, labelling where the curve crosses the axes.
a y=x+2)(x-1) b y = x(x—3) c y=(x+1)(x+5)

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

a y=x>x—6 b y=x>-5x+4 c y=x>-4

d y=x+4x e y=9-x? f y =X+ 2x— 3
4 Sketch the graph of y = 2x?+ 5x— 3, labelling where the curve crosses the axes.

Extend

5  Sketch each graph.Label where the curve crosses the axes and write down the coordinates of the turning point.
a y=x>-5x+6 b y ==X+ 7x— 12 c y = X2+ 4X

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

of symmetry.



Solving linear simultaneous 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.

Examples

Example 1  Solve the simultaneous equations 3x +y=5andx +y=1

3x+y=5 1 Subtract the second equation from

- x+y=1 the first equation to eliminate the y
term.

2X =4

Sox=2

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

Usingx +y =1 equations.
2+y=1
Soy=-1 3 Substitute the values of x and y into
both equations to check your
answers.
Check:

equation 1: 3x 2 + (-1) = 5YES
equation 2: 2+ (-1) = 1YES

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

X+2y=13 1 Add the two equations together to
+ bx—2y=5 eliminate the y term.

6X =18
Sox=3

2 To find the value of y, substitute

Using x + 2y = 13 x = 3 into one of the original
3+2y=13 equations.
Soy=5 3 Substitute the values of x and y into

both equations to check your
answers.




Example 3

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

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

(2x+3y=2)x4 — 8x+12y=8
(5x+ 4y = 12) x 3— 15x+ 12y = 36

X = 28

Sox=4

Using 2x+3y =2
2x4+3y=2

Soy=-2

Check:
equation 1: 2 x 4 + 3 x(-2) =2 YES
equation 2: 5x 4 + 4 x(=2) =12 YES

1 Multiply the first equation by 4 and

the second equation by 3 to make
the coefficient of y the same for
both equations. Then subtract the
first equation from the second
equation to eliminate the y term.

To find the value of y, substitute
X = 4 into one of the original
equations.

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




Practice

Solve these simultaneous equations.

1 4x+y=8 2 3Ix+y=7
X+y=5 3x+2y=5

3 4x+y=3 4 3x+dy=7
3x—-y=11 X—4y=5

5 2x+y=11 6 2x+3y=11

x—3y=9 3X+2y=4



Solving linear simultaneous equations using the
substitution method

Key points

e The subsitution method is the method most commonly used for A level. This is because it is the method used

to solve linear and quadratic simultaneous equations.

Examples

Example 4

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

5x+3(2x+1) =14

5x+6x+3=14
1ix+3=14
11x =11
Sox=1

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

Check:
equation 1: 3=2x 1+ 1 YES
equation2: 5x 1 +3 x 3 =14 YES

1

2

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

Work out the value of x.

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

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

Example 5

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

y=2x—16
4x + 3(2x— 16) = -3

4x + 6x— 48 =3
10x—48 = -3
10x =45
Sox=41

Using y = 2x— 16

y=2x41-16,50y =7

Rearrange the first equation.
Substitute 2x— 16 for y into the
second equation.

Expand the brackets and simplify.

Work out the value of x.

To find the value of y, substitute
x = 41 into one of the original

equations.

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




Check:
equation1:2x4% —(-7)=16  YES

equation 2: 4 x 42 +3 x (-7) = -3 YES

Practice

Solve these simultaneous equations.

7 y=x-4 8 y=2x-3
2x + 5y =43 5x -3y =11
9 2y=4x+5 10 2x=y-2
9x + 5y = 22 8x -5y =-11
11 3x+4y=8 12 3y=4x-7
2x—-y=-13 2y =3x—4
13 3x=y-1 14 3x+2y+1=0
2y —2x=3 4y =8 —Xx
Extend

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



Changing the subject of a formula

Key points

e To change the subject of a formula, get the terms containing the subject on one side and everything else on
the other side.
e You may need to factorise the terms containing the new subject.

Examples
Example 1 Make t the subject of the formulav = u + at.

v=u+at 1 Get the terms containing t on one
side and everything else on the
otherside.

v—u = at .

2 Divide throughout by a.
v—u
t=——o
a
Example 2 Make t the subject of the formula r = 2t — zz.

r = 2t-nat 1 All the terms containing t are
already on one side and everything
else is on the other side.

2 Factorise as t is a common factor.

r=t2-n) 3 Divide throughout by 2 —z.

L

2—-71

Example 3 Make t the subject of the formula t+?r =% .

t+r 3t 1 Remove the fractions first by

5 :E multiplying throughout by 10.
ot + 2r = 15t 2 Get the terms containing t on one

side and everything else on the other
2r =13t side and simplify.
po2r 3 Divide throughout by 13.
13




3t+5

Example 4 Make t the subject of the formula r =

3t+5 1 Remove the fraction first by
r= 11 multiplying throughout by t — 1.
rt-1)=3t+5 2 Expand the brackets.
r-r=3t+5 3 Get the terms containing t on one
oy side and everything else on the other
n-3t=5+r side.
t(r—3)=5+r 4 Factorise the LHS as t is a common
5 factor.
t= °+r 5 Divide throughout by r— 3.
r—3

Practice
Change the subject of each formula to the letter given in the brackets.
1 C=azd [d] 2 P=2+2w [w] 3 D=$[T]
4 pz% [t] 5 u=at—%t [t] 6 V=ax+4x [X]
y—-7x T7-2y 2a—1 b-c
7 = =7 8 Xx= a 9 X=—— [d
> ] -, — ]
10 h='9=9 (g 11 e@+x)=2e+1 [e] 12 y=23 1
2+9 4-x
13 Make r the subject of the following formulae.
a A=ar b V=2 c  P=mr+2r d vzézrzh

14 Make x the subject of the following formulae.

xy ab b 4zex 3z
z cd d py’
: . a b
15 Make sin B the subject of the formula ——=———
SsSinA sinB

16 Make cos B the subject of the formula b? = a? + ¢2 — 2ac cos B.

Extend

17 Make x the subject of the following equations.

a E(sx+t)=x—1 b B(ax+2y)=3—g(x—y)
q q q



Straight line graphs

Key points

e Astraight line has the equation y = mx + ¢, where m is the gradient and y
c is the y-intercept (where x = 0). b v

e The equation of a straight line can be written in the form ax + by + c =0, c gradient m =
where a, b and c are integers. y=mx+e

e When given the coordinates (xi1, y1) and (x2, y2) of two points on a line 0 x
the gradient is calculated using the formula m= Yoo ¥

X2 — X1 (xp y,}

Examples

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

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

m= -1 andc=3
2
Soy=—%x+3

1 -
Ex+y—3—0

X+2y-6=0

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

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

3 Multiply both sides by 2 to
eliminate the denominator.

Example 2

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

y—-2x+4=0
3y=2x—4
=2y 4

3 3

. 2
Gradient=m = 5

. 4
y-intercept = ¢ = -3

1 Makey the subject of the equation.

2 Divide all the terms by three to get
the equation in the formy = ...

3 Inthe form y = mx + c, the gradient
is m and the y-intercept is c.

Y Y,
n—X



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

m_=33; te 1 Substitute the gradient given in the
y= question into the equation of a
straight line y = mx + c.
2 Substitute the coordinates x = 5 and
y = 13 into the equation.
3 Simplify and solve the equation.
13=3x5+c
4 Substitutec = —2 into the equation
13=15+c¢ y=3x+c
c=-2
y=3x—2

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

=2, % =8, y=4and y,=7 1 Substitute the coordinates into the
meYe—¥ _7-4 3 1 equationmzutoworkout
X, —% 8-2 6 2 X; =%

the gradient of the line.

2 Substitute the gradient into the
equation of a straight line
y =mx+cC.

y=5X+C : . .
3 Substitute the coordinates of either
point into the equation.
4=2x24c 4 Simplify and solve the equation.
Substitute ¢ = 3 into the equation
c=3 1
=—X+C
1 ' 2
=—X+3
y 2

Practice

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

a y=3x+5 b y=—%x—7 Hint
Rearrange the equations

¢ 2y=4x-3 d X+y=5 into the formy=mx + ¢

e 2x-3y-7=0 f 5x+y—-4=0



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

Gradient y-intercept | Equation of the line

5 0
-3 2
4 -7

3 Find, in the form ax + by + ¢ = 0 where a, b and c are integers, an equation for each of the lines with the
following gradients and y-intercepts.

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

c gradient % y-intercept 4 d gradient-1.2, y-intercept -2
4 Write an equation for the line which passes though the point (2, 5) and has gradient 4.
5  Write an equation for the line which passes through the point (6, 3) and has gradient —%

6  Write an equation for the line passing through each of the following pairs of points.

a 45>5), (10,17 b (0,6), (-4,8)
C (-1,-7), (5,23) d 3,10, 4,7
Extend

7  Theequation of a line is 2y + 3x — 6 = 0.
Write as much information as possible about this line.



Parallel and perpendicular lines

Key points

e When lines are parallel they have the same gradient.

y

\ «— gradient = —%

> perpendicular
o Aline perpendicular to the line with equation y=mx + ¢ lines

has gradient —%.

Examples

/ i \x
parallel lines
gradient = m

Example 1  Find the equation of the line parallel to y = 2x + 4 which passes through

the point (4, 9).

y=2x+4 1
m=2
y=2x+c 2
3
9=2x4+c
4
9=8+c
c=1
y=2x+1 5

As the lines are parallel they have
the same gradient.

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

Simplify and solve the equation.

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

Example 2  Find the equation of the line perpendiculartoy =

the point (-2, 5).

2x — 3 which passes through

y=2x—3 1
m=2
11
m 2
2
y——1x+c
2 3
1
5=1+c¢ 5

c=4

1
=——X+4
y 2

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

1
is ——.
m

Substitute m =—£ intoy =mx + c.
Substitute the coordinates (-2, 5)
into the equation y = —% X+C

Simplify and solve the equation.

Substitute c =4 into y :—%x+c :




Example 3 A line passes through the points (0, 5) and (9, —1).
Find the equation of the line which is perpendicular to the line and passes through

its midpoint.
X=0,%=9,y=5and y,=-1 1 Substitute the coordinates into the
moY2~ % _~1-5 equationm = 22— to work out
X,—% 9-0 X; =%
6 2 the gradient of the line.
9 3 2 As the lines are perpendicular, the
1 3 gradient of the perpendicular line
n 2 5L
m
3 Substitute the gradient into the
3 equationy = mx + c.
y=—X+¢C ]
2 4 Work out the coordinates of the
midpoint of the line.
Midpoint = 0+9 5+(=1))_(9 , 5 Substitute the coordinates of the
2 ' 2 2' midpoint into the equation.
3 6 Simplify and solve the equation.
ZZEX§+C 7 Substitutec :—% into the equation
4 2
y-3, 19
2 4

Practice

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

C 2x+4y+3=0 (6,-3) d 2y-3x+2=0 (8,20 :
Hint

Ifm=2 then the negative
2  Find the equation of the line perpendiculartoy = %x — 3 which passes through b &

the point (-5, 3). reciprocal is —%:—g

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

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

4 Ineach case find an equation for the line passing through the origin which is also perpendicular to the line joining
the two points given. a 4,3), (2,79 b (0,3), (-10,8)



Extend

5  Work out whether these pairs of lines are parallel, perpendicular or neither.

a y=2x+3 b y = 3x c y=4x-3
y=2x-7 2Xx+y-3=0 4y +x=2

d 3x-y+5=0 e 2x+5y-1=0 f 2X—-y=6
Xx+3y=1 y=2x+7 6x-3y+3=0

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

The line L, is parallel to the line L1 and passes through the point C with coordinates (-8, 3).
b  Find the equation of Lzin the formax + by + ¢ =0

The line L; is perpendicular to the line Liand passes through the origin.
¢ Find an equation of L



Translating graphs

Key points

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

As shown on the graph,
o y="1f(x)+atranslates y = f(x) up
o y=f(x)—atranslates y = f(x) down.

LI:

fx) y=f) +a
/y fx)
//y flx) —a

VR

| —
| /
B 2 =]

e 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,
o y=f(x+a)translates y = f(x) to the left

o y=f(x—a)translates y = f(x) to the right.

Examples
Example 1

Sketch the graph of y = f(x) + 2.

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

y = flx + a) y YT y = flx —a)

\A
/:

y = flx) +
y = f(x)

Q x

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

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

Sketch the graph of y = f(x— 3).




Ui y= f{x}

y = flx - 3)

mY

_Iz ) 1

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

Practice

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

Copy the graph and on the same axes sketch and label the

ofy=1f(x) +4andy=f(x + 2).

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

Copy the graph and on the same axes sketch and label the (

ofy=f(x+3)andy=f(x) - 3.

3 The graph shows the function y = f(x).
Copy the graph and on the same axes sketch the grapt
5).

y = fix)

a




4 The graph shows the function y = f(x) and two transi Z.k
y = f(x), labelled C; and Co.
Write down the equations of the translated curves C

: y = f(x) He.
function form. R

-270° -180° —-90° O\ ob: jfoc 270°%

Ya
5  The graph shows the function y = f(x) and two transform
y = f(x), labelled C; and Co.
Write down the equations of the translated curves C; anc p
function form.

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

= Pyl o

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

|
=
]
[
|
P
—t
[ T
=
| %
s
[,




Stretching trig graphs

Key points
UE
e The transformation y = f(ax) is a horizontal stretch of y = f(x) y + ) y = 3
. i i . 1- [ !
with scale factor " parallel to the x-axis. ‘/‘\ ﬁ' f,

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

I
=
&
=
=
Il

‘ff.-- 3x)

[
o

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

1 e
I
[

[

reflection in the y-axis. -1 Qﬁ"

=

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

—1B0°| — 98¢

== g
=
|
(%]
=)
>

b

M

y = [—2f(x)

e 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.

)
Il

g
~

[ I




Examples
Example 3 The graph shows the function y = f(x).

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

—

o o o n;:\:
—1Bs< —d0 9p° | 180

ot y = 2f(k) The function y = 2f(x) is a vertical
27 L TN stretch of y = f(x) with scale
i -H\ factor 2 parallel to the y-axis.
- X - - The functiony = —f(x) isa
1 = {E',f? / 90°_ 180 reflection of y = f(x) in the
Y= f(x}lx\._ /_2 y =|—T(x) X-axiIs.
Example 4  The graph shows the function y = f(x). E
Sketch and label the graphs of . y + k)
y = f(2x) and y = f(x). ' e
o o o n::x
— 1P —90° i 90 | 140

oL
2y =20
£l I". IIZ'F(T\
—_ I 7 ¥
E
—1B0%]_—9%¢ Z 9 0°
y = f(—x)
—2

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

1 .
5 parallel to the x-axis.

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




Practice

10

11

12

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

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

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

The graph shows the function y = f(x).
Copy the graph and on the same axes

sketch and label the graphs of

y = -2f(x) and y = f(3x).

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

Copy the graph and, on the same axes,

sketch and label the graphs of
y =—f(x) and y=f(%x) .

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

Copy the graph and, on the same axes,

sketch the graph of y = —f(2x).

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

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

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

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

2 y = Tlx) |

y = [fix)

\ ‘ }'y=l‘(xl

\ )

4 y )

(3 E
T i=f
| lell}
\[ [l
L]
\Pl/

—

\¢

o

90° | 18

00.‘1




13 The graph shows the function y = f(x). f
a  Sketch the graph of y = —f(x). \ /
b  Sketch the graph of y = 2f(x).
_/i O 3

Extend

14 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).

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



ANSWERS

Expanding brackets and simplifying expressions

1 a 6x-3 b —10pq - 8¢?
C  —3xy+2y?
2 a 21x+35+12x-48=33x-13
b 40p-16—12p— 27 = 28p-43
c 27s+9-30s+50=-3s+59=59-3s
d 8x-6-3x-5=5x-11
3 a 12x%+24x b  20k®- 48k
¢ 10h —12h3 - 22h? d 21s>-21s®—6s
4 a -y*-4 b 5x2-11x
c 2p-T7p? d 6b?
5 y-4
6 a -1-2m b 5p*+12p®+27p

7 7X(3x —5) = 21x? - 35x

8 a x2+9x+20 b x2+10x+21

c Xx2+5x-14 d x2-25

e 2X+x-3 f  6x2-x-2

g 10x*-31x+15 h 12x*+13x—14

i 18x%+ 39xy + 20y? j  x2+10x+25

k  4x>-28x + 49 | 16x%— 24xy + 9y?
9 2x>-2x+25

10 a xz—l—i2 b x2+2+i2
X X



Rules of indices

10

1 b 1 c 1 d
7 b 4 c 5 d
125 b 32 C 343 d
1 1 1
5 b 64 2 4
3
2 b 5x2
y
2x?
3x d
1
y? f c3
2x° h X
1 1 8
2 b 9 c 3
1 4 16
4 e 3 f 9
1
x1 b X7 c x4
2 1 _2
x5 e X3 X3
1
X b 1 c ¥x
1 1
5 X2 o \/; f 4 X3
1 1,
5x2 X3 ¢
1 1
2Xx 2 o 4x 3 ¢ 30
X3 +x72 b XC+X ¢ X2+ X



Surds and rationalising the denominator

1 a 35
c 43
e 103
g 62
2 a 15\/5
c 32
e 67
3 a -1
¢ 10J5-7
s 2 B
5
27
C R
7
e 2
; B
3
5 g 3+J§
4
6 Xx-—-y
7 a 3+2\/§

o —h o T

(o3

5v5
57
27
N2

N3
N
5V3

9-3
26—4-2

W | = QIN|<|H
ul N [y
=y

2(4—3) ] 6(5+/2)
13 23




Factorising expressions

1

e

2x3y%(3x — by)
5x2y2(5 — 2x + 3y)

a (x+3)(x+4)
c (xX-5x-6)
e (x-9x+2)
g (x-8)x+5)
a (6x—7y)(6x+7y)

¢ 2(3a-10bc)(3a + 10bc)

a (x-1)2x+3)
c (2x+1)(x+3)
e (bx+3)(2x +3)

a 2(x+2)
x-1
X+2
C [
X
X+3
e [
X
3x+4
a
X+7
2-5X
c
2X-3
(x+5)
4(x+2)

X—2

o Th O T

7a%h?(3b® + 5a?)

X+ 7)(x-2)
(x-8)(x +3)
(X +5)(x—4)
X+ 7)(x—4)

(2x — 9y)(2x + 9y)
(3x+1)(2x +5)
(3x-=1)(3x—-4)

2(3x — 2)(2x -5)

X
x-1

X
X+5
X
Xx-5
2X+3
3x—2

3x+1
X+4




Completing the square

1

a

(x+2)2-1

(x—4)2— 16
(x—1)2+ 6
2(x — 2)2— 24

3(x+2)2 - 21

[ 3T 39
2| X+—| +—
4 8

2
5 x+i 2
10 20

(5x +3)?+ 3

(x—5)2—28

(x+3)2-9

( 3T 17
X+=| ——
2) a4

A(x — 1)2— 20

2
2(x+§j -2
2 2



Solving quadratic equations

1 a x=Oorx=—g b X=00I’X=§
3 4
c Xx=-borx=-2 d x=2o0rx=3
e x=-lorx=4 f x=-bHorx=2
g Xx=4o0orx=6 h x=-6o0orx=6
i x=-7Torx=4 j x=3
k xz—lorx=4 [ x:—gorx=5
2 3
2 a x=-2orx=5 b x=-lorx=3
Xx=-80rx=3 d x=-6orx=7
e Xx=-5orx=5 f x=-4dorx=7
g x=-3orx=2% h = Lorx=2
2 3

3 a x=2+J7Torx=2-.7 b x=5++21orx=5- /21

C Xx=4+2lorx=4-J21 d x=1+J7 orx=1-7
e x=-2++650x=-2-.65 f x=%orx=4_—:@

4 a x=1+-14 orx=1-.14 b
. 5+2Jl_3 ofx 5—;/1_3

- —3+2@ orx —3—2@

c
5 a x=—1+£0rx=—1—£ b x=1+£orx=l—ﬂ
3 3 2 2
6 x=7+\/ﬁorx=7_\/H
2 2
7 x=—_3+\/@ orxz—_s_\/@
20 20
8 a x=7+\/1_7orx=7_\/1_7

8 8
b x=-1++10 orx=-1- .10

C x=—1§ orx=2



Sketching quadratic graphs

1
Ui
3 i
2 a b
y A
vV
3 a b
¥y
jz‘o *
-6
d e




5 a
U4
6\ /
0 2 3 'x
@z —%
6
Ua
J
_I-'l 8] =x

Line of symmetry at x = —1.

H‘

LI

b (2, 4)

=Y



Solving linear simultaneous equations

1 x=1y=4
2 x=3,y=-2
3 x=2,y=-5
—3y=_1
4 x=3,y= >
5 x=6,y=-1
6 x=-2,y=5
7 x=9,y=5
8 x=-2,y=-
_1 o _ 1
9 X—E,y—SE
_1 . _
10 X—E,y—S
11 x=-4,y=5

12 x=-2,y=-5

=Ly=q3
13 x-4,y 14
_ _,1
14 x——2,y—2E
15 x=—21 y=5t



Changing the subject of a formula

C P-2I S
— W=—— T:_
1 d=7 2 2 3
t:q_r t= 2u X = V
4 p 5 2a-1 6 a+4
~3x+1 d:b—c
7 y=2+3x 8 X+2 9 X
2h+9 1 o Ay-3
= e:_ =
10 7-h 11 X+7 12 2+y
\/K 3V
r=.[— r=3—
13 a ” b 4r
P 3V
r=—— r=,—
c T+2 d 2rch
_abz . 3dz
14 a cdy b 4rcpy?
. bsin A
inB=
15 a
2 2 2
cosB:a +c°=b
16 2ac
wo3at pt X:3DY+ZDQYZY(3+ZQ)

17 a a-ps 3p—apq 3-aq



Straight line graphs

1 a m=3,c=5 b m:_%10:_7
C m:2,c:—% d m=-1,c=5
e ng,c:—zor—zl f m=-5¢c=4
3 3 3
2
Gradient y-intercept | Equation of the line
5 0 y = 5x
-3 2 y=-3x+2
4 -7 y=4x -7
3 a x+2y+14=0 b 2x-y=0
c 2x-3y+12=0 d 6x +5y+10=0
4 y=4x-3
5 y=—%x+7
1
6 a y=2x-3 b y=—5x+6
c y=5bx-2 d y=-3x+19

3 .3 . .
7 y= _EX + 3, the gradient is 3 and the y-intercept is 3.
The line intercepts the axes at (0, 3) and (2, 0).

Students may sketch the line or give coordinates that lie on the line such as [1, gj or (4, —3) .



Parallel and perpendicular lines

1 a y=3x-7

1
c y=-2x
2 y=-2x7
1
3 a y=-2x+2

c y=-4x+35

5 a Parallel
d Perpendicular

6 a x+2y-4=0

=-2X+5

N | w

y=3x+7

Neither

Neither

X+2y+2=0

c

f

Perpendicular
Parallel

y = 2X



Translating graphs and sketching trig graphs

1 2

Ya
y="1x)+4
y="flc+2
y=10) y =16 +3)
-4 / x

3

A

y = f(x) /

y="Fx—5)

4 Cpy=f(x-90°)
Cuy=f(x)-2

5 Cuy=f(x-5)

Cry=f(x)-3
6 a b
oA Tk
1 y = T + 2 = Tix=+72) ;
T/l /N0 N1 %

/ ; \ . [V _; \ v = fx)
241 1 A -
ANER

y = f(x)




10

11

12

13

a
74
PN
A TNy =@
R 4
\[/
1y
\ ¥ = )
\|/
'
y = —2f(x)
\
o
\ P / y= -F{_
» y= F[:cll’JI
y = f(2x)

y = —2f(2x) or y = 2f(-2x)

a

= 1+f(x]

=1

5y

(x)

2x)

y = T

Px)

y = flx

=

(x)

7X)

i)

= 21(

]
i

=1

——

Y

-—._.-___:-_____‘ |

(x)




14

15

y="flx+2)

s e y =|fe)
RN
/ -
fla 2 ‘|"jI 7 4
},f / i \\. =+ (4 Ix




Headstart Assessment
SAMPLE PAPER

Write the reciprocals of the following:

(@) 10 (b) 1 (c) 04 (d) 32
7
[1] [1] (1]
Evaluate the following, giving your answers in their simplest form.
Give any answers larger than 1 as mixed numbers.
@ ,2.2 by 7.2
25*3 9 3
[3] (2]
Simplify each of the following:
(@ ¥ +y (b) 37° © 25\ (d) W3
5)
[1] (2] (2]
@) 64 (f) 4*x27
[1] (2]
Simplify each of the following:
(a) 128 (b) V75-+12
(2] (3]
Expand and simplify (V6 — 7)(4 — v2)
Factorise fully, each of the following expressions:
(@) 10x*y 4+ 25xy? (b) x*+4+3x—18 (c) 4x*-36 (d) 2x*—9x+4
[2] (2] (2]
Solve these equations:
@ laxrsozers ) IHE_2=6 © x5, x_1
[3] (3] [4]

(1]

(1]

(3]

(2]


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi2tb-Q9-vPAhXECBoKHVs-Ba8QjRwIBw&url=http://www.iconsdb.com/gray-icons/calculator-icon.html&psig=AFQjCNFvBDUIRDsmSZK_l9pb0AQgMSBk1A&ust=1477140434301425

10.

11.

12.

13.

Make x the subject of these formulae:
(a) _1 (b) . _2x+3
w=Zax h e
[2] [3]

(@)  Write x? + 6x + 19 in the form (x + m)? + nwhere p and q are integers.

(2]

(b) The graph of y = x? + 6x + 19 has a minimum point, write down the coordinates of this

point.

(1]

Solve the following quadratic equations, leaving your answers in surd form where necessary:

(@) x*—x—6=0 (b) 3x*—=7x—-5=0
(2]
Solve the simultaneous equations
5x +3y =17
4x + 10y = 25

(a) Find the gradient of the line which passes through (5,-1) and (9,7)

(b)  Find the distance between the points A(3,4) and B(9,12)

The functions f and g are such that

f(x)=4x—1 and g(x)=z—2

(a) Find the value of f(7)
(b)  Find g7 1(x)

(c)  Find fg(x), simplifying your answer-.

(2]

(3]

(2]

(2]

(1]

(2]

(2]

[TOTAL 68 MARKS]



Headstart Assessment
SAMPLE PAPER MARK SCHEME

Question Worked Solution Marks
1. | (a) | orequivalent B1
(b) |3 B1
(©) % or equivalent B1
7 .
(d) | = or equivalent B1
2. |(a) |,2,2_12 2
25+3_ 53;_310 46 -
7 2 7: 33E 21 7 “
b) |Z.2_7, 2 _22_"7
9 :i} 9 % 2 18 6 M1
= 1g Al
3. (@) |y* B1
b 1
(b) = M1
_1 Al
27
©) | 25\ 9\ 3\3
) - 2
(d) | w2 B1
(€) |364" =42 =16 B1
(f) 16 X = M1
=8 Al
4. |(a) | 8Y2 One mark for partially simplified surd B2
(b) | One mark for either 75 =5v3 or 12 = 2V3 B1
One mark for both 75 = 5v/3 and 12 = 2v3 B1
3V3 B1
5. 4+/6 —24/6 — 28 + 74/2 3 out of 4 terms correct or 4 correct ignoring signs M1
46 — V12 — 28 + 7V2 Bl
46 — 243 =28+ 7V2 Bl




6. | (@) | 5xy(2x + 5y) One mark for 3 out of 4 factors correct B2
(B) | (x + 6)(x — 3) One mark for one factor correct B2
(¢) | (2x + 6)(2x — 6) One mark for one factor correct B2
(d) | (2x — 1)(x — 4) One mark for one factor correct B2
7. (@) |4x+5=3(x+4) onemark for multiplying both sides by 3 M1
—7 = 2x one mark for collecting x on one side M1
x = —3.5 or equivalent Al
(b) | 7(x +8) = 5(x — 6) one mark for multiplying by either 7 or 5 M1
2x = —86 one mark for collecting x on one side M1
x =—43 Al
(c) 8(’;:5) + 2—1 = ’2—6 one mark for finding equivalent fractions with a common M1

denominator on LHS
11:40 = 2 one mark for simplifying fraction on LHS M1
11x + 40 = 12x one mark for eliminating the denominators M1
x =40 Al
8. |(a) i_‘:; = x2 onhe mark for correct first step: multiply by 3 or divide by a or h M1
fTV;: . Al
(b) | y(5x—2) = 7x +3 one mark for multiplying by 5x — 2 M1
5xy —7x = 2y + 3 one mark for collecting x on one side M1
‘= 2y +3 Al

5y—-7
9. One mark for (x + 3)? seen M1
(x+3)2+10 Al
(=3,10) B1
10. [(@) |(x=3)(x+2)=0 M1
x=3,x=-2 Al
(b) L —(=7) £/ (-7)2 — 4 x 3 x (-5) M1
2Xx3

, o 1EVI09 Al

6




11. One mark for eliminating one variable M1
One mark for attempt to find second variable by substitution M1
x=25y=15 Al

12. (@ (7—-~1 —-1-7

ot " T g M1
2 Al
(b) | J(9—3)2+ (12— 4)2 M1
10 Al
13. [(@) [4x7—1=27 B1
(b) | One mark for interchanging x and y M1

or changing the subject of the formula
g lx)=4(x+2)org l(x) =4x+8 Al

X

(c) fg(x):4(z—2)—1 M1
=x—-9 Al

PASS MARK = 70%

[TOTAL 68 MARKS]



