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Introduction to A level Maths at Knights Templar

Thank you for choosing to study Maths at KTS!
If you are studying Single Maths you will sit three exams at the end of year 13.

If you are studying Further Maths you will be taught in your own class and will sit the three exams
sat by the Single Maths students, and four other exams.

We, in the Mathematics Department, are committed to you making good progress so have prepared
this booklet to help you get the best possible start to the year.

It is vitally important that you spend some time working through the examples and questions in this
booklet over the summer — you will need a good knowledge of these topics before you begin your
course in September. It would be better to work on the booklet towards the end of the summer
when you are more likely to “have forgotten” some of the topics! You have met all the topics
before at GCSE. You should be able to do all the topics here without a calculator. The answers are
given at the back of the booklet.

We will test you in September to check your understanding of these topics, so it is important that
you have looked at this booklet before then. If you do not pass the test, you will be given additional
study in order to bring your basic algebra skills to the required standard. You will then be retested in
October. A sample test is provided at the back of the booklet.

We hope that you will use this booklet to give you a good start to you’re A-Level work and that it will
help you enjoy and benefit from the course more.

Miss N Low
Key Stage 5 Coordinator



1. Factorising Quadratics

A quadratic is an expression of the form ax® + bx+c where a, b and c are integers (a>0)

Type 1 No constant term (c=0)
Example Factorise  x* —11x x is taken out as a
X2 =11 = x(x-11) factor
Type 2 No x term (b =0)
Example Factorise  x*-16 Difference of two
X2 =16 = (x—4)(x+4) squares
Type 3 coefficient of x?=1 Check by multiplying
Example Factorise  x?—-5x+6 out the brackets
X ~5X+6=(x-3)(x-2) —3x-2=6
—3X—2X =—5X
Type 4 coefficient of x?is not 1 By trial and good
Example 1 Factorise = 2x*-5x+3 guessing
2X° 5% +3=(2x-3)(x-1) 2x*must be 2xand x
3=1x3o0r-1x-3
Example 2 Factorise  2x® +5x—12 Multiply out your
5 brackets to test
2X°+5x—-12=(2x-6)(x+2)?? X
=2x* +4x—6x 12 =2x* - 2x 12 In the second example
2x% +5x—12 = (2x—3)(x+4) ??? you will have to test the
= 2x2 +8X—3x-12=2x? +5x-12 factors pairs of 12 1
and 12,3 and 4, 6and 2
so 2X°+5x-12=(2x-3)(x+4)
Practice
Factorise these fully
a x*+4x b x*-4 C 2x* +4x
d 9x* —-16 e x*+4x-5 f x?+3x+2
g 2x*—x-6 h 2x* +17x+21 i 7y2—10y+3
j 2—x—-x? k 4x* —12x+8 you should take a 4 out first

| 10x* +5x—30

m x*—-9x take an x out first



2. Solving Quadratics by factorising

Example 1

Example 2

Example 3

Example 4

Solve 5x? = 15x

5x% = 15x
5x>—15x=0
5x(x—3)=0

So5x=0o0r(x—3)=0

Thereforex=00rx=3

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

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

5x is a common factor.

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

Solve these two equations.

Solve X2+ 7x+12=0

X2+ 7x+12=0

b=7,ac=12

X2 +4x+3x+12=0

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

Therefore x = —4 or x = —3

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

Solve 9> — 16 =0

92 —-16=0
Bx+4)(Bx-4)=0

So(3x+4)=00r(3x—-4)=0

Factorise the quadratic equation.
This is the difference of two squares
as the two terms are (3x)2 and (4)2.
When two values multiply to make
zero, at least one of the values must
be zero.

Solve these two equations.

Solve 2x2—5x—12=0

2x2—=5x—12=0
(x—4)(2x+3)=0
So(x—4)=0o0r(2x+3)=0

X=4 or x:—E
2

Factorise the quadratic equation.

Solve these two equations.




Practice

1 Solve
a 6x+4x=0 b 28¢-21x=0
c X2-3x-4=0 d x2+3x-10=0
e X -10x+24=0 £ x2_36=0
g X2+3X*28=0 h X2*6X+9=O
i 2X¢-7x-4=0 j  3x-13x-10=0 Hint
Get all terms
2 Solve onto one side of
a x2-3x=10 b x2_3=2x the equation.
C X(x+2)=2x+25 d x*-30=3x-2

3. Completing the square

Completing the square for a quadratic rearranges x? + bx + c into the form (x+q)> +r

Example 1

Example 2

Practice

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

x> +6x-2
=(x+3)°-9-2
= (x+3)2-11

1 Write x2 + bx + c in the form

BRE

2 Simplify

Write x2 - 5x + 1 in the form (x+q)*+r

x2-5x+1
=(x-2)?-5+1
- (x-9 -2

Note p and g do not have to be
positive or integers

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

a x2+4x+3 b
¢ x2-8x d

x2—10x —

x2+3x-2

3




4. Sketching Quadratic Graphs

e The graph of the quadratic function
y =ax?+ bx +c, where a#0, is a curve
called a parabola. fora>0 fora<0
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 To find where the curve intersects the x-axis substitute y = 0 into the function.

Example 1  Sketch the graph of y = x°.

va The graph of y = x? is a parabola.
Whenx=0,y=0.

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

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

Whenx=0,y=0°-0-6=-6 1 Find where the graph intersects
So the graph intersects the y-axis at the y-axis by substituting x = 0.
(0, -6)
2 Find where the graph intersects
Wheny=0,x*-x-6=0 the x-axis by substituting y = 0.
(x+2)(x-3)=0 3 Solve the equation by
factorising.

x=-2orx=3
4 Solve(x+2)=0and(x-3)=0.

So,
the graph intersects the x-axis at (-2, 5 g=1whichis
0)and (3, 0) greater than zero, so U
the graph has the
shape:
Ui




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)

¢ y=K+1)(x+9)

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

a y=x>-x—-6 b

5. Quadratic Inequalities

y=x2—-5x+4

c y=x2-4

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

eg find the set of values of x for which ax® +bx+c >0

e First replace the inequality sign by = and solve the quadratic equation.

e Sketch the graph of the quadratic function.

e Use the graph to find the values which satisfy the quadratic inequality.

Example 1 Find the set of values of x which satisfy x*> + 5x + 6 > 0
x> +5x+6=0 1 Solve the quadratic equation by
(x+3)(x+2)=0 factorising.
x=-3o0orx=-2
It is above the x-axis 2 Sketch the graph of
wherex? + 5y +6>0 Y y=(x+3)x+2)
3 Identify on the graph where
x> +5x+6>0,i.e. wherey>0
R _72 o *
Thi rt of th hi
,,'i‘,{’f,eef,ed :ﬁrhaifis . 4 Write down the values which
where x* + 5x + 6 <0 satisfy the inequality x? + 5x + 6 >
x<-3orx>-2 0
Example 2  Find the set of values of x which satisfy x> - 5x <0
x*-5x=0 1 Solve the quadratic equation by
x(x-5)=0 factorising.

x=0orx=5
L

2 Sketch the graph of y = x(x - 5)

3 Identify on the graph where
x2-5x<0,i.e.wherey<0

4 Write down the values which
satisfy the inequality x> - 5x <0




Practice
Find the set of values of x for which:
a (x+7)(x-4)<0

¢ 2x*-7x+3<0

6. Indices

x2—4x—-12>0

d 4x2+4x-3>0

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

m m
an ={a" =(Q/5)

a m-n 1
[ ] = -m_ -
a" e
e (am)'=a™ The square root of a number produces
e a°=1
two solutions, e.g. \/1_6:i4.
Examples
1 Evaluate 10° 10°=1
1 1
2 Evaluate 92 92 =./9 =3
2 2 2
3 Evaluate 273 273 =(3 27) =32=9
4 Evaluate 472 42—t
42
5 5
5 Simplify 5% X 33
2x° 2x?
3 5 3 5 345 8
6 Simplify X <X XXX X __X
x* x* x* Xt

7 Write Si as a single power of x 3i :%x‘1 note the fraction ; remains unchanged
X X

4
Write ~%_ as a single power of x ——==—=4x2?
X x

X

o0




Practice

1 Evaluate.
1 3
a 14° b 64 c 492
2 Simplify.
2 3 7)(3 2 2
a 3X° x X b Z C 1y
2x? 14x°y yixy
23 s
e (2X ) foXEx X2
4x° X2 x x3
3 Evaluate.
_1 _2 1
a 4 2 b 273 c 92
1
d 6% 23 Ak f 21
1 - e | = -
8 16 64
4  Write the following as a single power of x.
a ! b 4/; c 5/72
X
5 Write the following without negative or fractional powers.
1 2 1
a x32 b x5 c x5 d x2
6  Write the following in the form ax".
a 5 b 2 ¢l g2
X 3x* Ix
7. Surds

d 164 e 572
c?
d e
C” xC?
x 23
_2
j?)
d si e !
_3
ex 4
1
e 4 —
3x 5vVx

The rules of surds

Jab =ab \/%=%
Examples
1. (7x3=+/21 2. JExZ /16 -4 3. 3Y2x5¢2 =15y2x2 =15x2=30

a. W2+52=82

5. \I2 = \Ax3 = AxE =243

6. V18 —/8=3/2-22 =42




7. %:E:ﬁ 8. (3+J§)Z=9+3J§+3J§+5=14+6J§
9. (V5 +42)\6-3) =30 —\15+ 12 -6 =430 15+ 243-/6

10. Rationalise _2_ (means get rid of the surd on the bottom line) i = 2\/§ = 2J§
V3 V3 3x43 3

11. Rationalise and simplify your answer 6 6 _ 6\6 = 6\@ = 2\/5

NN N

Practice
1. Simplify as far as possible

a V75 b 42x3.5 C 7/6x3V2 d (V3-1)(v3+1)
e J3+12 f % 9 (Jg—l)(J§+2) h J8x<6
| svsevas  J (VT1-\B) k (5v2) | (Va-1)(2 +1)

2. Rationalise and simplify where possible

4 I:’12
a\/g \/g C

ﬁ|m
o

10



Sample Test

1 Factorise fully

(a) x*—8x (b) y>—64

(c) x*—6x+8 (d) 2x*—5x+3

(e) 3a®> —12a+9
2. Solve these equations

(@) x2—3x—40=0 (b) p% + 5p = 14 (c) 6z2—-13z+5=0

3. |Write x?—-8x+3 intheform (x+a)?>+b
4. | Sketch the graph of y = x2 — 3x — 10 showing the coordinates of the points where the

graph crosses the axes ﬁ‘
5. Find the set of values of x which satisfy the inequality x2 —4x +3 >0
6. Write as single powers of xand or y

10
(a) 2xy® 3y (b) (2x%)? (¢ X
3x
1 1 y3
(d) yixy (e) —%
yaxy

11



Work out the values of these. Answers, where relevant, should be left as fractions.

1 1 2\?
(a) 372 (b) 164 x 8= (c) (gj (d) 25?

i -1
e) (16)° (f) [gj © {3}

(i) Write the following as a single power of x.

@) Va3 (b) =

(ii) Write the following without negative or fractional powers.
3

(a) 2x3 (b) x 4

(iii) Write the following in the form ax”.

2

1
(a) Nz (b)ﬁ

Simplify as fully as possible:

(@) /o8 (b) V3x/6 (c) 9v/2 —+/50 (d) V70
N
(e) (vV2++/5)(v3-+2) () (1++3)(v5-3)

14
Rationalise and simplify if necessary (g) 77

12
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b 2=6 x=2 :
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€ ) x=4 ZT=-|

d) =x=-5 x=2 | \\ Z \ /

€> =6 =% e
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ey Bx- (2120 =% x=L

% (Qc——ll»)L—IB
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xz0 Y= - 10O
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5 éc—’s)CX—l) a0 =2 s

¢

— l\/s 70
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b @ bxty> (M) g’

2
) Gx’ )y Y«
z
e 4
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3 4
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I N
P b L —_
() "2"3 L Ih 43
* [
_L 1
= s lxe
Gy @y > 7
g @7 1z by 30z Wy Lvz
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