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WELCOME TO A Level MATHEMATICS AT CARDINAL NEWMAN CATHOLIC SCHOOL

A Level Maths is widely recognised as a highly valued A Level and will open many “doors’ for you. Students who study
Maths at this level are regarded as being the “elite’.

However, A Level Maths is NOT an easy option — it does require a lot of self- motivation, determination and self-study.
We recommend that you do a minimum of 6 hours’ work outside the classroom each week. You will need to “love a
challenge’ and be willing to accept that a question has ‘gone wrong’ — and be prepared to have another attempt (and
another and maybe even another). A Level Maths is a two-year course.

Year 1 Mathematics

Paper 1:Pure Mathematics (internal examination in June)

Content overview: Proof, Algebra and functions, Coordinate Geometry in the (x,

Written examination: 2 hours 66.66% of the qualification 100
marks

y) plane, Sequences and Series, Trigonometry, Exponentials and logarithms,
Differentiation, Integration, VVectors

Paper 2: Statistics & Mechanics (internal examination in

June)

Written examination: 1 hour 33.33% of the qualification
marks

50

Content overview

Section A: Statistics

e Topic 1 — Statistical sampling

e Topic 2 — Data presentation and interpretation
e Topic 3 — Probability

e Topic 4 — Statistical distributions

e Topic 5 — Statistical hypothesis testing
Section B: Mechanics

e Topic 6 — Quantities and units in mechanics
® Topic 7 — Kinematics

® Topic 8 — Forces and Newton’s laws

Year 2 Mathematics

Paper 1: Pure Mathematics 1
Written examination: 2 hours 33.33% of the qualification 100 marks

AS level pure mathematics content — the same content as AS Paper 1 but tested
at A level demand

Paper 2: Pure Mathematics 2

Written examination: 2 hours 33.33% of the qualification 100 marks

Content overview

® Topic 1 — Proof

® Topic 2 — Algebra and functions

e Topic 3 — Coordinate geometry in the (x,y) plane
® Topic 4 — Sequences and series

® Topic 5 — Trigonometry

e Topic 6 — Differentiation

® Topic 7 — Integration

® Topic 8 — Numerical methods

Paper 3: Statistics and Mechanics
Written examination: 2 hours 33.33% of the qualification
marks

100

Content overview

Section A: Statistics

® Topic 1 — Statistical sampling

o Topic 2 — Data presentation and interpretation
® Topic 3 — Probability

e Topic 4 — Statistical distributions

e Topic 5 — Statistical hypothesis testing
Section B: Mechanics

e Topic 6 — Quantities and units in mechanics
® Topic 7 — Kinematics

® Topic 8 — Forces and Newton’s laws

e Topic 9 — Moments

Any student who wishes to follow this course should have followed the Higher Tier GCSE in set 1 and obtained at least a grade 7.

Those with a grade 6 (from set 1) will have to sit an Entrance Test in September to evaluate their Algebra skills mainly.

CONTACT: Course leader: Mr H FANYO hfanyo@cardinalnewmanschool.net




Thank you for choosing to study Mathematics in the sixth form. The Mathematics Department is
committed to ensuring that you make good progress throughout your A level course. In order that you
make the best possible start to the course, we have prepared this booklet.

It is vitally important that you spend some time working through the questions in this booklet over the
summer - you will need to have a good knowledge of these topics before you commence your course in
September.

You should have met all the topics before at GCSE. Work through the introduction to each chapter,
making sure that you understand the examples. Then tackle the exercise — not necessarily every question,
but enough to ensure you understand the topic thoroughly.

We will test you at the start of September where the answers will be given out, to check how well
you understand these topics. They are the first two chapters of the A-level Year 1 programme; so it
Is important that you have looked at all the booklet before then. If you do not pass this test, you will
be provided with a programme of additional work in order to bring your basic algebra skills to the
required standard. A mock test is provided at the back of this booklet.

We hope that you will use this introduction to give you a good start to your AS work and that it will help
you enjoy and benefit from the course more.
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WORKTO BE COMPLETED BY SEPTEMBER :

Rules of indices: Page 6 to 7,

Using Surds: Page 10 to 11,

Solving quadratics by completing the square: Page 16 to 18,

Using the Discriminant of a quadratic equation: Page 21,

Solving quadratic inequalities and simultaneous equations: Page 32 to 33,
Coordinates Geometry (Straight line): Page 44 to 49

Extension: Page 50 to 52




1.2 voucan simplify expressions and functions by using rules of indices (powers).

am x g = gmtn
am +-a"=am""

(am)n = g"n

Example ]

Simplify these expressions:

a x?xxs b 2r* X 37 c b*+pt
d 6x73+3x73 e (a*)? X 2a® f (3x?)3 +x*
| a x2Xx°
= x2+5
b 2r2 X 3r®
=2XBX X o e
=0 X 23
=6r°
c KF+p
= 54_4
=p=1"
d 6x3%+3x°

=6+3Xx°+x"

=2 X x?

= 2x°

e

(%)% X 22°

=§6x2§2-

=2 X g°X 2%

=2x36+2

=24°

f

(3x2)% + x*

= 27x% + x*

=27 +1X x® + x*

=27 X x6~%

= 27x%

The mth root of a.

Use the rule a™ X a" = a™* " to simplify the
index.

Rewrite the expression with the numbers
together and the r terms together.
2X3=6

rx =+’

Use the rule g™ + @" = g™ "

Any term raised to the power of zero = 1.

x—3 = x—s = x—3——5 = xz

Use the rule (a™)" = a™ to simplify the index.
a®*X2a’=1X2Xa*Xa?
=2 X at*2

Use the rule (a™)" = @™ to simplify the index.




1,6 You can extend the rules of indices to all rational exponents.

B g"xqg'=gntn
a"’ e a" — al‘”—"

(am)ﬂ = amﬂ
1 f—
am="a
. p—
am = T-’ﬂ"

= =
= ]
Il =
-l
(0| 3=
E

Hint: Rational numbers
a
can be written as 3 where

a and b are both integers,
eg —3.5, 13, 0.9, 7, 0.i3

Example
Simplify: ‘ L s
axt+x3 b x? Xx?
2
c (x3):T d 2x!5 = 4x—025
a x*+x°
=x*-° Use the rule @™ + a" = a™".
— o7 Remember — + — = +.
|
‘1 = _
b x? XXx? —— This could also be written as Vx.
:x%‘f‘;‘ Use the rule @™ X @" = a™*".
= x2
2
¢ (x%)7 . Use the rule (@™)" = @™,
= 25X
= o2
- m = AN — qMm=n
d 2x'°+ 4x7025 12JSf ih: %fule a"+a"=a™"
= 1y6--025 » 11— =2 =1
— lx'..75
=7
Example |4
Evaluate:
1 1
a9z b 643
3 3
\€ 492 d 25-2




T (=V25) .

B 1
(%5
1

=+—

125

Using am = Va.
When you take a square root, the answer can

be positive or negative as + X + = + and
- X - =+,

This means the cube root of 64.
As 4 X 4 X 4 = 64.

Using am = Va".
This means the square root of 49, cubed.

1
Using g™ = —.
9 an

V25 = *5




1. Given that

express each of the following in the form k x" where k and n are constants.

1

(@) y?
(b) 3y *

© (27y)

2. Simplify the following expressions fully.

@ (éxzt]os
X -2
o (%)

(©) x«/é,\/g
X

3. Given that 322 = 22 find the value of a.

1
4, (@) Find the value of 16 *.

(b) Simplify X(ZX_‘l‘T.

(1)

1)

(1)

(1)

(1)

@)

(3)

(2)

(2)




Solve the equation

9 =3""2 [3]
3
6. (a) Evaluate (32)%, giving your answer as an integer.
(2)
1
4
(b) Simplify fully [Zix ] g
(2)
7.
Solve the equations
(i 3"=8l, [1]
1
(i) (36p*)2 =24, [3]
(iii) 5" = 5" =25, [3]
Express each of the following in the form 3
(i) é [1] i 33, [1] Gii) 3'°x9'[2]
9.
Solve the equations
i) 10°=0.1, [1]
1
i) (25k%]2 =15 (3]
< 1
;1
(i) ¢ ° = 5 [2]
10.
Solve the equations
1
i) x3 =2 [1]
(i) 10'=1. [1]
(i) (7)Y = % 2]
11. Solve
(a) 2v=8,
(1)
(b)  2*x4x*1=8, 4)




1.7 You can write a number exactly using surds, e.g. V2, V3 = 5, \19.
You cannot evaluate surds exactly because they give never-ending, non-repeating
decimal fractions, e.g. V2 = 1.414213 562...
The square root of a prime number is a surd.

B You can manipulate surds using these rules:

V(ab) =Va x Vb

i
b Vb
Example 3

Simplify: o
— V20 .
a V12 b = c S5V6—-2V24 +V294

a Vi2
= V(4 X 3) —
Y RN Use the rule Vab = Va x Vb.
=V 4-_X V3 VA = 2
=2V3
V20 — = =

b 20’ * V20 =V4 X V5

— = V4 =2
V4 X V5
= x Cancel by 2.
2 j
_2x\V5 .
Z

=5

¢ 5V6—2V24 + V294
=5V6 —2V6Va + V6 x V49 V6 is a common factor. _

— — — _ Work out the square roots V4 and V49.

=\VB(5 — 2V4 + V49). B 5-417-8
=V6(5-2%X2+7)
=V5(8)

= 8V6




1.8 You rationalise the denominator of a fraction when it is a surd.

B The rules to rationalise surds are:

T -
® Fractions in the form \,%, multiply the top and bottom by Va.
® Fractions in the form aTl\-"F’ multiply the top and bottom by a = Vb.

1 -
e Fractions in the form 7 multiply the top and bottom by a + Vb.

Vb
Example EJ]

Rationalise the denominator of:

0 L b . VS +V2
V3 3+V2 VS —V2
1
2 V3
1 V5 Multiply th d bottom by V3
= —— Aultiply the top and bottom by V3.
V3 X V3 —— V3xV3=(V3)=3
V3
2
b —:—1 5
] Multiply top and bottom by (3 —V2).
2+ y2 — V2xV2=2 _  _
1X(3-V2) 9-2=7,-3V2+3V2=0
— (B+\V2)(B=V2)
- 3—V2
—9-—Ao+mP2—2
- 3-\2
7
VB + V2
(F7 o == ]
V5 —=V2
(\/5 5 \"E)(\/g ir VE) Multiply top and bottom by V5 + V2.
i ey T = 1=
(V6= V2)(V5 + V2) —— —V2V5 and V5V2 cancel each other out.
5+ VBV2 + V2V5 + 2 Vsv2=v10
B 5—2
_7+2V1I0

o)




TODO:

1. (a)Write V45 in the form a5, where a is an integer.

2(3+5)
(3-15)

(b) Express in the form b + cV/5, where b and c are integers.

2. (a) Expand and simplify (4 + \3) (4 —\3).

in the form a + b\3, where a and b are integers.

26
b) Express
(b) Exp 4++3

3. Answer this question without a calculator, showing all your working and giving
your answers in their simplest form.

(1) Solve the equation

42.\‘ +1 — 84.\‘

(11) (a) Express

318 — /32

in the form F.'\/E , Where k 1s an integer.

(b) Hence, or otherwise, solve

W18 =32 =n

4. (a) Express V108 in the form av3, where a is an integer.

(b) Express (2 —V3)? in the form b + cV3, where b and c are integers to be found.

1)
(5)
@)
@)

3

2)

()]
1)
(3)

5. Simplify
5-+3
2+V3 "

Giving your answer in the form a + b\3, where a and b are integers.

(4)




6. Simplify (3 +V5)(3—5).

7. Simplify

(@) (3V7y?

(b) (8 +5)2—15)

8.  Simplify
5-2+3
V3-1

giving your answer in the form p + g3, where p and q are rational numbers.

9

Express each of the following in the form A+/2. where £ is an integer:

i) 200,
i 2
11 r——
J2
(iii)  54/8 —342.

10.

Simplify the following, expressing each answer in the form a+/5 .
— —
(1) 3410 x+2

(i) /500 + /125

11.

o

LV

(1)  Evaluate 27 3,

(ii) Express 54/5 in the form 5”.

(111) Express 1_\/‘: in the form a + bx/.; .
3+ \/E
12.  Without using your calculator, solve
x\27+21= X
V3

Write your answer in the form avb where a and b are integers.

You must show all stages of your working.

(2)

1)

3)

(4)

(4)




2.1 You need to be able to plot graphs of quadratic equations.

B The general form of a quadratic equation is

y=ax*+bx+c

where g, b and c are constants and a # 0.

This could also be written as f(x) = ax?> + bx + c.

a Draw the graph with equation y = x? — 3x — 4 for values of x from —2 to +35.

b Write down the minimum value of y and the value of x for this point.

¢ Label the line of symmetry.

-3

x |=2| =1| o| 1| 2| 3| 4| 5
x> | 4| 1| ol 1| 4| 9| 16| 25
—2x |[+6|+3| 0|-3|-6|-9|-12|-15
—4 |—4|—4|—4| —4| —4| —4| —4| -4
y | 6| o|-4|-6|-6|-4| 0| &

(o2}
1

—
1
B E Gt ST B

|
N

|
-

b Minimum value is y = —6.5 when x = 1.5,

¢ See graph.

() First draw a table of values.
Remember any number squared is positive.

(@ Look at the table to determine the
extent of the y-axis. Use values of y
from —6 to +6.

() Plot the points and then join all the
points together with a smooth curve.

The general shape of the curveisa \/,
it is called a parabola.

This is the line of symmetry. It is always
half-way between the x-axis crossing
points. It has equation x = 1.5.

This is the minimum.




1.7 You can solve quadratic equations using factorisation.

Quadratic equations have two solutions or roots. (In some cases the two roots are equal.)
To solve a quadratic equation, put it in the form ax? + bx + ¢ = 0.

Solve the equation x? = 9x

x%=9x I— Rearrange in the form ax? + bx + ¢ = 0.
xX2—9x=0 *
Xx=9)=0 Factorise by x (factorising is in Chapter 1).
e e e (B Then either part of the product could be zero.

or X—=9=0=2x=2

S0 x = 0 or x. = 9 are the two solutions A quadratic equation has two solutions
. 2 (roots). In some cases the two roots are
__of the equation x* = 9x, equal.

Solve the equation x2=2x = 15=0

X2 —-2x—15=0
@x+3x=5)=0 . Factorise.
Then eitherx + 3=0=x= —3
or xX=5=0=x=5
The solutions are x = —3 orx =5,

Solve the equation 6x? + 13x—=5=0

6x2+13x—=5=0
Bx—12x+5)=0 Factorise.
Then either 3x = 1=0=x =%
- =2
x o oC= e The solutions can be fractions or any other
The solutions are x = % or x = —%, type of number.

Example [

Solve the equation x> — 5x + 18 =2 + 3x

XX —5x+186=2+ 3x
¥=58x+16=0

Rearrange in the form ax? + bx + ¢= 0.
[ g

(x—4)(x—4)=0 Factorise.
Then eitherx —4=0=x=4
or x—4=0=x=4

Here x = 4 is the only solution, i.e. the two
= x=4 roots are equal.




Solve the equation (2x — 3)?> =25

(2x —3)2 =25
2y —F = +5 This is a special case.
ox =3 +5 Take the square root of both sides.
Then either 2x =3 +5=x=4 Remember V25 = +5 or =5.
= Oy =B — 5=y = —1 Add 3 to both sides.
[he solutions are x =4 or x = —1,

Solve the equation (x — 3)> =7

(x=3P2=7
— A7 Square root. (If you do not have a calculator,
x=3=z2=V/ » = leave this in surd form.)
x=+3+V7
Then either x = 3 + V7
or x=3%—\7

Jh_aj_o_hgﬁo_n&_arex=5+\/'_70rx=5—\a

[

2.3 You can write quadratic expressions in another form by completing the square.

In general

B Completing the square: x? + bx = (x + 2>2 — (—)2

2 2

Complete the square for the expressions
a x?+ 12 b 2x? - 10x

_a x*°+12x 2b=12,s0b=6
= (x + 6)? — 67
= (x +6)2— 36

b 2x:—10x Here the coefficient of x2 is 2.
= 2(x? — 5x) So take out the coefficient of x2.
= 2[(x — 2)2 — (2)3] Complete the square on (x2 — 5x).

=2(x—%)2—% Use b= —5.




24 You can solve quadratic equations by completing the square.

Solve the equation x? + 8x + 10 = 0 by completing the square.

X2+8x+10=0 +

Check coefficient of x2 = 1.

x2+8x=—-10 -+

Subtract 10 to get LHS in the form ax? + b.

(x +4)2—42=—10 -

Complete the square for (x? + 8x).

(x+42=—-10+16

Add 42 to both sides.

Square root both sides.

(x+4)72=6
(x+4)=2V6 *
x=—-4+Vo6

Subtract 4 from both sides.

Then the solutions (roots) of

Leave your answer in surd form as this is a

X2+ &x + 10 = O are either

non-calculator question.

x=—-4+\V6orx=—4-V6.

(N

Solve the equation 2x?—8x + 7 = 0.

2x2— 8x+7=0

The coefficient of x? = 2.

X2—4x+%5=0 »

So divide by 2.

Subtract 4 from both sides.

Complete the square for x? — 4x.

Add (2)? to both sides.

Combine the RHS.

Square root both sides.

l_ Add 2 to both sides.

X2—4x=—%
=2R=(2)t==%
(x—22=-%+4
(x—27=%
1
Xi—=Pi= i — s
2
xX=2=* 1
V2
So the roots are either
x=2+ ]
V2
onXx—= VE




10 DO:
1. X2 —8x—29=(x+a)+Dh,
where a and b are constants.

(a) Find the value of a and the value of b.

(©)
(b) Hence, or otherwise, show that the roots of
X2—-8x—-29=0
are ¢ + dv5, where ¢ and d are integers to be found.
@)
2. ) ) _
@) Expreg;sx2+ 8x + 18 in the form (x + a)? + b. _ [2]
(i) Sketch the graph of y = x* + 8x + 18, stating the coordinates of its vertex. [3]

3 (a) (1) Express x? —4x 49 in the form (x — p)2 + ¢, where p and ¢ are integers.
(2 marks)

(11) Hence, or otherwise, state the coordinates of the minimum point of the curve
& . v,
with equation y = x= —4x + 9. (2 marks)

4.

(a) (i) Express x2+ 10x + 19 in the form (x +,1))2 + ¢, where p and ¢ are integers.
(2 marks)

(11)  Write down the coordinates of the vertex (minimum point) of the curve with
equation y = x2+ 10x+ 19 (2 marks)

(111)  Write down the equation of the line of symmetry of the curve y = x2 +10x +19.
(1 mark)

(iv) Describe geometrically the transformation that maps the graph of y = x? onto the
graph of y = x2+10x+19. (3 marks)

(b) Determine the coordinates of the points of intersection of the line vy =x + 11 and the
2
curve y=x“+ 10x+19. (4 marks)

5.
Express 2x2 + 12x + 13 in the form a(x + b)2 + c. [4]




6.
(1) Find the constants a, b and ¢ such that, for all values of x,

4x2+40x+97=a(x+b)2+c. [4]

(ii) Hence write down the equation of the line of symmetry of the curve y = 4x* + 40x + 97. [1]

() Find the constants a and b such that, for all valuc;:s of x,

X* +6x+20= (x+a)? +b. 3]

(ii) Hence state the least value of x + 6x + 20, and state also the value of x for which this least value

occurs. :
‘ ) [2]
. . b |
(ii) Write down the greatest value of ———— .
: X%+ 6x+20 (1]
8.
() Express 2x” +4x — 1 in the form
al(x+p)” +4ql.
stating the values of the constants &, p and g. [4]
(4]

(i) Sketch the graph of y = 2x% 4 4x — 1, stating the coordinates of the vertex.

(iii) The graph of y = 2x* 4+ 4x — 1 is obtained from the graph of y = x* by a sequence of
transformations. Describeé such a sequence, specifying each transformation fully, and stating the
order in which they are applied. ‘ [4]

9. Ax—-5-x2=q—(x + p)?
where p and g are integers.

() Find the value of p and the value of q.

®)

)

(c) Sketch the curve with equation y = 4x — 5 — x?, showing clearly the coordinates of any points where the
curve crosses the coordinate axes.

©)

(b) Calculate the discriminant of 4x — 5 — x2.




10.

(a) Express 5x* —20x+3 in the form p(x+ q)2 +r, where p, g and r are integers. [3]
(b) State the coordinates of the minimum point of the curve y = 5x% —20x+3. [2]
(c) State the equation of the normal to the curve y = 5x% —20x +3 at its minimum point. [1]

11. Given that
f(x) =x>—6x+ 18, x>0,

(a) express f(x) in the form (x — a)? + b, where a and b are integers.

3)
The curve C with equation y = f(x), x > 0, meets the y-axis at P and has a minimum point at Q.
(b) Sketch the graph of C, showing the coordinates of P and Q. 4)

The line y = 41 meets C at the point R.

(c) Find the x-coordinate of R, giving your answer in the form p + qv2, where p and q are integers.

Q)




2.6 You need to be able to sketch graphs of quadratic equations and solve problems

using the discriminant.

The steps to help you sketch the graphs are:

1

Decide on the shape.

When a is >0 the curve will be a U shape.

When a is <0 the curve will be a /\ shape.

Work out the points where the curve crosses the x- and y-axes.
Put y = 0 to find the x-axis crossing points coordinates.
Put x = 0 to find the y-axis crossing points coordinates.

Check the general shape of curve by considering the discriminant, b*> — 4ac.
When specific conditions apply, the general shape of the curve takes these forms:

b2>4acanda >0

\\

b2 =4acanda >0
Ya YA

T *

Here there are two
different roots.

b2 >4gcanda <0

N\

Here there are two

equal roots.

b2 =4agcanda <0
Ya YA

o)/ x

Here there are two
different roots.

0/ x

Here there are two
equal roots.

b2 < 4acanda >0
Ya

\

Here there are no
real roots.

b2<4acanda <0
Ya

/

Here there are no
real roots.

You can use the
discriminant to establish
when a quadratic
equation has

e equal roots: b? = 4ac
e real roots: b? > 4ac
e no real roots: b? < 4ac




Sketch the graph of y = x% = S5x + 4

—a=>0s0itisa \J shape.
Wheny =0,
O=x*=5x+4 Factorise to solve the equation.

O=(x—4)(x—1) (You may need to use the formula or
complete the square.)

x=4orx=1
S0 Y-ad : \its ara
| (4.0) and (1.0).

point = (0, 4)

a=1,b=-5,c=4

Remember general shape:

Label the crossing points.

Find the values of k for which x? + kx + 9 = 0 has equal roots.

X+ ix+9=0
=1b= c=9 For equal roots use b? = 4ac
K=4X1X9
So K= *+6

Find the range of values of k for which x? + 4x + k = 0 has two distinct real solutions.

2+adx+ k=0 ___ This statement involves an inequality, so your
Heorsn sl §aidiand sl answer will also be an inequality.

For two real solutions, b2 — 4ac > O

42-4x1xk>0 __ Forany value of k less than 4, the equation will
16 - 4k >0 have 2 distinct real solutions.
16 > 4k

4>k @ Explore how the value of the
Sok< 4 discriminant changes with k using GeoGebra.




TO DO:

1. The equation 2x? — 3x — (k + 1) = 0, where k is a constant, has no real roots.

Find the set of possible values of k.

(4)
2. The equation x? + kx + (k + 3) = 0, where k is a constant, has different real roots.
(@) Show that k? -4k -12>0.
()
(b) Find the set of possible values of k. 4)
3. Given that the equation 2gx? + gx — 1 = 0, where q is a constant, has no real roots,
(a) show that g?+ 8q < 0.
)
(b) Hence find the set of possible values of q.
©)
4 (a) Show that the equation
(V2 = 2)x* +/8x+(1++/2)=0
has two equal roots. 3
(b) Hence, or otherwise, solve the equation
(N2 -2)x* +/8x+(1++/2)=0
Give your answer in the form a + b\/z , where a and b are rational numbers to be found.
Show all of your working. 3
5. The equation x? + (k — 3)x + (3 — 2k) = 0, where k is a constant, has two distinct real roots.
(a) Show that k satisfies
k? + 2k —3>0.
©)
(b) Find the set of possible values of k. 4

6. The straight line | has equation y = k(2x — 1), where k is a constant.
The curve C has equation y = x? + 2x + 11

Find the set of values of k for which I does not cross or touch C. (6)




3.1 You can solve simultaneous linear equations by elimination.

Solve the equations:
a2x+3y=8 b 4x-S5y=4
3x—y=23 6x + 2y = 25

| a 2x+3y=58

9x—3Yy=69
=77 = ———— ——— %
x=7
4+23y=56
Sy=6—14
y=—2

___Sosolutionisx=7y==-2

You can consider the solution graphically.
The graph of each equation is a straight line.
The two straight lines intersect at (7, —2).

b 12x—15y =12 *
12x + 4y = 50
—19y = —36

y=2

4x —10=4 «

First look for a way to eliminate x or y.

Multiply the 2nd equation by 3 to get 3y in
each equation.

Then add, since the 3y terms have different
signs and y will be eliminated.

Use x = 7 in the first equation to find y.

4x =14

x=33

So solution is x = 33, =2z

Multiply the first equation by 3 and multiply
the 2nd equation by 2 to get 12x in each
equation.

Subtract, since the 12x terms have the same
sign (both positive).

Use y = 2 in the first equation to find the
value of x.




Graphically, each equation is a straight line.
The two straight lines intersect at (3.5, 2).

31 4x =5y =4

6x + 2y = 25

3,2 You can solve simultaneous linear equations by substitution.

Solve the equations:

2x—y=1
4x + 2y = -30

y=2x—1-

4x +2(2x —1) = =30

4x + 4x — 2= —30

&x = —28

1
x=—-537

y=2(=55)=1= -5

S0 solution is x = =33,y = —8.

Rearrange an equation to get either x = ...
ory=..(herey=_..).

Substitute this into the other equation (here
in place of y).

Solve for x.

Substitute x = —37 into y=2x-1 tofind
the value of y.




3,3 You can use the substitution method to solve simultaneous equations where one
equation is linear and the other is quadratic.

Example |[E]

Solve the equations:

ax+2y=3 b3x-2y=1
x2+3xy=10 x2+y2=25

(3—2y)* + 3y(3—2y) =10
9—12y +4y* + 9y — 6y2 =10 |
=2 =Y =1=0
2y +3y+1=0

Cy+Ny+1H=0 4
y=—zory=—1

60 X = 4- orx= 5 ——

Solutions are x = 4,y = _%

andx=5,y= —1

b ox—2y=1
2y=35x—1
y=3x2—1

x2+(ﬁ)2=25 .
2
x2+(&d@) =25 e

4x% + 9x% — 6x + 1= 100
12x2 —6x—99=0
(12x + 33)(x — 3) =0

x=—-Forx=3
56
y=—Fory=4
Solutions are x =3,y = 4

33 56
andx=—3,y=—%

- Rearrange the linear equation to get x = ...

ory=... (herex=..).

Substitute this into the quadratic equation
(here in place of x).

(3 — 2y)* means (3 — 2y)(3 — 2y)

(see Chapter 1).

Solve for y using factorisation.

Find the corresponding x-values by
substituting the y-values into x = 3 — 2y.

There are two solution pairs. The graph of
the linear equation (straight line) would
intersect the graph of the quadratic (curve)
at two points.

Find y = ... from linear equation.

X
Substitute y = into the quadratic

equation to form an equation in x.

Now multiply by 4.

Solve for x.

3x -1

Substitute x-values into y =




3,4 You can solve linear inequalities using similar methods to those for solving linear
equations.

B When you multiply or divide an inequality by a negative number, you need to change the
inequality sign to its opposite.

You need to be careful when you multiply or divide an inequality by a negative number.
You need to turn round the inequality sign:

5>2
Multiply by =2 -10< -4

Find the set of values of x for which:
a2x-5<7

b S5x +9=x+ 20

c 12-3x<27
d3x—-5>5-2(x-28)




_a 2x—5<7

2x <12

b 5x+92=x+ 20

4x + 9 =20+

4x =11

x=275 ¢

¢ 12=3x<27

—-5x <15

x>—=5¢

12=5x <27

12<27 + 3x «

=15 < 3x

=s<x

x>=5-=

L d 3(x=5)>5=2(x—28)

X=15>5—=2x+16

5x>5+16 +15

5x > 36

Ge R C

Add 5 to both sides.
Divide both sides by 2.

Subtract x from both sides.
Subtract 9 from both sides.
Divide both sides by 4.

For ¢, two approaches are shown:

Subtract 12 from both sides.

Divide both sides by —3. (You therefore
need to turn round the inequality sign.)

Add 3x to both sides.
Subtract 27 from both sides.
Divide both sides by 3.
Rewrite with x on LHS.

Multiply out (note: =2 X —8 = +16).
Add 15 to both sides.

Divide both sides by 5.




Find the set of values of x for which:

3x=5<x+8and Sx>x-8
Ix=5<x4+8 Sx>x=—8
2x=5<8 4x > -5
2x <13 x> =2
X<65

-4 -2 0 2 4 6 8

< o} <65
O > x> =2

—2<YX<65

Find the set of values of x for which:
x=5>1=xand 15=3x>5+ 2x

X=5>1=x H=3x>5 4+ 2x
2x=5>1 10=3%x>2x
2x > 6 10 > 5x
>3 P
rcsg
-4 -2 0 2 4 6 8
(o) > x> 3
< o) x<2
__So there are no values of x for which both

Draw a number line to illustrate the two
inequalities.

The ‘hollow dots’ at the end of each line
show that the end value is not included in
the set of values.

Show an included end value (= or =) by
using a ‘solid dot’ (e).

The two sets of values overlap (or intersect)
where —2 < x < 6.5.

Notice here how this is written when x lies
between two values.

Draw a number line. Note that there is no
overlap between the two sets of values.




Find the set of values of x for which:

4x+7>3and 17<11 + 2x

4x+7>3 |72
4x > —4 17=11<2x
x> —1 6 <2x
<X
XY=
-4 -2 0 2 4 6 8
O > x> -1
O > x> 3

So the required set of values is

x>0

Draw a number line. Note that the two sets

of values overlap where x > 3.

3.5 Tosolvea quadratic inequality you
e solve the corresponding quadratic equation, then
o sketch the graph of the quadratic function, then
e use your sketch to find the required set of values.

Find the set of values of x for which x? — 4x — 5 < 0 and draw a sketch to show this.

_X2—4x—5=0 =

(x+1)(x=5)=0

x=—lorx=5

yh

~70

a\
=y

S0 the required set of values is =1<x <5,

Quadratic equation.

Factorise (or use the quadratic formula).
(See Section 2.5.)

—1 and 5 are called critical values.

Your sketch does not need to be accurate.
All you really need to know is that the graph
is ‘\/-shaped’ and crosses the x-axis at —1
and 5. (See Section 2.6.)

x?—4x—5<0 (y <0) for the part of the
graph below the x-axis, as shown by the
paler part in the rough sketch.




Example E]
Find the set of values of x for which x% — 4x — 5> 0.

e ) The only difference between this example and
' the previous example is that it has to be
x+1)(x=5)=0 greater than 0 (> 0). The solution would be
exactly the same apart from the final stage.

x? —4x — 5> 0 (y > 0) for the part of the
x=—lorx=5 graph above the x-axis, as shown by the
darker parts of the rough sketch in Example 8.

yll

10

\//5

_The required set of values is x < —1orx>5, |

Be careful how you write down solutions like those on page 33.
—1 <x <S§is fine, showing that x is between —1 and S.

But it is wrong to write something like 5§ <x < —1 or —1 >x > § because x cannot be less
than —1 and greater than § at the same time.

This type of solution (the darker parts of the graph) needs to be written in two separate parts,
x<-1,x>5.




Example [I]

Find the set of values of x for which 3 — 5x — 2x> < 0 and sketch the graph of

y=3=5x—2x2

3=bx—=2x2=0¢

2x¢+5x—3%=0

2x=NEx+3)=0

1
X=zorx=-—-3""

I

y.i

So the required set of values is

=y

x<-3orx>=

Quadratic equation.

Multiply by =1 (so it’s easier to factorise).

+ and =3 are the critical values.

Since the coefficient of x? is negative, the
graph is ‘upside-down \_/-shaped’ and
crosses the x-axis at

—3 and ¥ (see Section 2.6).

3 = 5x —2x2< 0 (y < 0) for the outer parts
of the graph, below the x-axis, as shown by
the paler parts in the rough sketch.

You may have to rearrange the quadratic inequality to get all the terms ‘on one side’ before you

can solve it, as shown in the next example.




Find the set of values of x for which 12 + 4x > x2.

Method 1: sketch graph

12 + 4x > x*

24+4x=x*>0

X2=dx=12=0

x+2)(x=6)=0

X=—20rXx=06

_ Sketchof y =12 + 4x — x°

yl
/A\
// \‘-.
=2/ 0| 6 x
2+4x—=x*>0

Solution: —2 <x< 6

12+ 4x>x°

O0>x2—4x—12

Yimd4xy =12 <0

Xemtdx =12 =0

x+2)(x=6)=0
X=—20rx=6

_ Sketgnof y = x% = 4x = 12

yl

—2‘\0 /8
M

xem 4x =12 <0

x

Solution: —2<x<6

There are two possible approaches for
Method 1, depending on which side of the

inequality sign you put the expression.

Find the set of values of x for which
12 + 4x > x2.
Method 2: table

12 + 4x > x?

0> xtemm by =12

X—4x—12<0

Y =—bx=12=0

(x+2(x—6)=0

x==2o0rx=6

Use the critical values to
split the real number line
into sets.

-2 < x< 6

(x+ 2)

(x=9)

(x + 2)(x— &)

For each set, check
whether the set of values
makes the value of the
bracket positive or
negative.

For example, if x < -2, (x + 2)
is negative, (x = 6) is negative,
(x+2)(x=6)is

(neg) X (neg) = positive.

Y —4x—12<0

x+2)(x=06)<0
+ -

Solution: —2<x< 6

<xI<




TO DO:

Solve the simultaneous equations

2 2
Yy —x—-06x==0
(Total 7 marks)
By eliminating y from the equations
y=x-4,
2
2x“ —xy =38,
show that
2
x“+4x-8=0.
(2)
Hence. or otherwise, solve the simultaneous equations
y=x-4,
2
2x“ —xy =38,
giving your answers in the form a = 53, where @ and b are integers.
S)

(Total 7 marks)

1.
2.
(a)
(b)
3.
(a)
(b)

1

Given that 3¥ = 9" 7% show that x =2y — 2.

Solve the simultaneous equations

2)

(6)
(Total 8 marks)




4.  Solve the simultaneous equations

v=x-2,
_1'2 +x-=10
(Total 7 marks)
5. Solve the simultaneous equations
x—2y=1
2 + 32 =29,
(Total 6 marks)
6.  Solve the simultaneous equations
x+y=3
¥ ry=15.
(Total 6 marks)

1.

In this question you must show detailed reasoning.

Andrea is comparing the prices charged by two different taxi firms.

Firm A charges £20 for a 5 mile journey and £30 for a 10 mile journey, and there 1s a linear
relationship between the price and the length of the journey.

Firm B charges a pick-up fee of £3 and then £2.40 for each mile travelled.

Find the length of journey for which both firms would charge the same amount. (4]

8.

The specification for a rectangular car park states that the length x m is to be 5m
more than the breadth. The perimeter of the car park is to be greater than 32 m.

a Form a linear inequality in x.

The area of the car park is to be less than 104 m?.
b Form a quadratic inequality in x.
¢ By solving your inequalities, determine the set of possible values of x.

(9)




5.1 You can write the equation of a straight line in the formy =mx + ¢
orax + by +c=0.

B In the general form y = mx + ¢, m is the gradient and
(0, ¢) is the intercept on the y-axis.

YA

B In the general form ax + by + ¢=0, @, b and c are integers.

Write down the gradient and intercept on the y-axis of these lines:
ay=-3x+2
b4x—-2y+5=0

a y=-3%x+2 Compar_ey=—3x+2withy=mx+c.
From this, m= —3 and c= 2.

The gradient = —3 and the intercept
on the y-axis = (0, 2).

Rearrange the equation into the form
b 4x—2y+5=0 A

y=mx+c
4x+5=2y Add 2y to each side.
So 2y=4x+5 Put the term in y at the front of the equation.
y=2x+ % . Divide each term by 2, so that:
2y+2=y
4+2=2
The gradient = 2 and the intercept 5+ 2 =3. (Do not write this as 2.5)
on the y-axis = (0, 3). Compare y =2x + 3 toy = mx + c.

From this, m =2 and c= 3.




Write these lines in the form ax + by + ¢ =0:

ay=4x+3 by=-%+5
_ Rearrange the equation into the form
2 s g ax + by + c=0.
O=4x+3—y Subtract y from each side.

So 4x—y+3=0

Collect all the terms on one side of the

b y= —sx+5 equation.
X+y=5s Add 3x to each side.
3x + y—5=0 Subtract 5 from each side.
5o a2y =10=0 Multiply each term by 2 to clear the
fraction.

A line is parallel to the line y = 3% — 5 and its intercept on the y-axis is (0, 1). Write down the
equation of the line.

Remember that parallel lines have the same
gradient.

1
=5x +1
— Compare y = 3x — 5 with y = mx + ¢, so m= 3.

The gradient of the required line = 3.
The intercept on the y-axis is (0, 1), so c=1.

A line is parallel to the line 6x + 3y — 2 = 0 and it passes through the point (0, 3). Work out the
equation of the line.

Rearrange the equation into the form

ox+3y—2=0 y = mx + c to find m.
5:, —2=—px Subtract 6x from each side.
) Y=—6x+2 Add 2 to each side.
;! = —x+% Divide each term by 3, so that
3y+3=y
=6x'+ 3 ==2x

The gradient of this line is —2 2 + 3 =4%. (Do not write this as a decimal.)

Compare y = —2x + 5 with y = mx + ¢, so
m= -2,
The equation of the lineis y = —2x + 3.
- Parallel lines have the same gradient, so the

gradient of the required line = —2.

(0, 3) is the intercept on the y-axis, so ¢ = 3.




The line y = 4x — 8 meets the x-axis at the point P. Work out the coordinates of P.

y=4x—25
Substituting,
4x=6=0
4x =5+
x=2":
So P(2,0).

The line meets the x-axis when y = 0, so
substitute y = 0 into y = 4x — 8.

Rearrange the equation for x.
Add 8 to each side.
Divide each side by 4.

Always write down the coordinates of the
point.

5.2 You can work out the gradient m of the line joining the
point with coordinates (x,, y;) to the point with

coordinates (x,, y;) by using the formula m= Je=l1

Work out the gradient of the line joining the points (2, 3) and (5, 7).

yA
5,7

2,3 3

The gradient of the line is .

=Y

YA
(le yZ)
X=X,
(x1, 31)
0 x
Draw a sketch.
7—3=4
§=2=3
Remember the gradient of a line
_ difference in y-coordinates
difference in x-coordinates
5=2
s e — }/2 A . =
This is m= with (xy, ¥;) = (2, 3)
X2—X

and (IZI yZ) = (51 7)'




Work out the gradient of the line joining these pairs of points:

a (—2,7)and (4,5)

b (2d, —5d) and (6d, 3d)

D=
m=———
4—(=2)
=
6
=1
o)

1
The gradient of the line is —g.

3d — (—5d)
m= -
od— 2d
_ &
4d
=2, l

The gradient of the line is 2.

The line joining (2, —5) to (4, a) has gradient —1. Work out the value of a.

a=(=5) _
4—2
+5
e
2 —
atb= -2

Use m=2=21 Here (x,, ;) = (=2, 7) and
X2— X

(xZI yZ) - (41 5)
—(-2)=+2,504+2=6

Remember to simplify the fraction when
possible, so divide by 2.

=1.. 1
— is the same as —.
3 3

Here (xy, 1) = (2d, —5d) and
(er }/z) = (6df 3d)‘

—(—=5d) = +5d, so 3d + 5d = 8d.

8d+4d= 2.

Y2— W

X2 — X,

(xh ]/1) = (23 —5) and (er yZ) = (4: a)°
a—-(=5)=a+5

Use m= . Here m= -1,

Multiply each side of the equation by 2 to
clear the fraction.

Subtract 5 from each side of the equation.




YA

y =y =mx —x,).

5.3 You can find the equation of a line with
gradient m that passes through the point with
coordinates (x,,y,) by using the formula

gradient
m
(x1, ¥1)
A
0 x

Find the equation of the line with gradient S that passes through the point (3, 2).

YA
(x, y)
y—=2
3,2 x-3
0 X
. y—2
The gradient = 5, so = b,
Xi=3
y=2=5x=23)
y=2=05x=—15" .
Y=5x="10

(x,y) is any point on the line.

Multiply each side of the equation by x — 3
to clear the fraction, so that:

y—zxx—3
xX=13 1
S5X(x—3)=5x-3)

This is in the form y — y; = m(x — x;). Here
m=25and (x,, ;) = (3, 2).

Expand the brackets.
Add 2 to each side.

Find the equation of the line with gradient —% that passes through the point (4, —6).

So y+6=—3>x—4)
1

y+o=—x+2"

y=—3x—4.

Use ¥y — y; = m(x — x;). Here m = —+ and

(¥, 1) = (4, —6).
Expand the brackets. Remember —% X —4 = +2.

Subtract 6 from each side.




The line y = 3x — 9 meets the x-axis at the point A. Find the equation of the line with gradient %
that passes through the point A. Write your answer in the form ax + by + ¢ = 0, where a, b and ¢

are integers.

- The line meets the x-axis when y = 0, so

y=3x—9 e substitute y = O into y = 3x — 9.
B3x—9=0 — i e ~ Rearrange the equation to find x.
el ] - Always write down the coordinates of the
=2 point.
x=5 e
S0 A(3,0). — __ Usey-—1y,=m(x—x,). Here m=% and
—— T % 1h) =(3,0).
y_o=%_(x_5)’_ ______ (1%) ( )
2 Rearrange the equation into the form
y=3kx—23) ax + by + c=0.
By=2(x—=23) - Multiply by 3 to clear the fraction.
BY=2x—6. Expand the brackets.
—2x+3y=—6 Subtract 2x from each side.

—2x+3y+6=0

Add 6 to each side.

5.4 You can find the equation of the line that passes through
the points with coordinates (x,, y,) and (x,, y,) by using
the formula =2t = X =11 ey
Yo=Y X2— Xy
A @)
Example [F] 0 x

Work out the gradient of the line that passes through the
points (5, 7) and (3, —1) and hence find the equation of the line.

(-1)—7 D Usem=u. Here (x4, 1) = (5,7) and
- X2 — X
5-5 (X2, ¥2) = (3, = 1).

_-é

-2 — —8+-2=+4
So m=4.* Use ¥ — y; = m(x — x;). Here m = 4 and
y—7=4(x-—05) * L y) =G, 7).
y—7=4x—20- Expand the brackets.

y=4x—13 + Simplify into the form y = mx + c.

Add 7 to each side.




x
L to find the equation of the line that passes through the points (5, 7)

y'—y] = x—x,

Use Y~ N = -
Yo=Y1 X—X
and (3, —1).
Y= (=)0 r=9
T=i(=1)RN5 =3
ytlhx =9
6 =
2 8 2
y+1=4x—23)
Y l=ax =ilZe—"
y=4x—15—___ \"\-\\_,
,\\\\

Use Vit - XX

Here (x;, 1) = (3, —1) and (x,, ¥,) = (5, 7).

(x4, 1) and (x,, y,) have been chosen to
make the denominators positive.

Multiply each side by 8 to clear the fraction,
so that:

+1

8xy8 =y+1
x—

8 X > = 4(x — 3)

Expand the brackets.

" Subtract 1 from each side.




Example [

The lines y = 4x — 7 and 2x + 3y — 21 = 0 intersect at the point A. The point B has coordinates
(=2, 8). Find the equation of the line that passes through the points A and B. Write your answer
in the form ax + by + ¢ = 0, where a, b and c are integers.

y=4x-72x+3y—21=0

2x + B(4x—7)—21=0

2yt 12x =21=21=0

14x—42=0*
14x = 42
x=3
Substituting,
y=43)—7"
y=5
S0 A(3,5). *

L

A(3,5) and B(—2, &)

y=5_ 2=3

&6-5 -2-53
Y= x=9
3 -5

5y —5) = —3(x—23)

By —25=—3x+9 «

Ox+5y—25=9

3x+5y—34=0

Solve the equations ¥ = 4x — 7 and
2x + 3y — 21 = 0 simultaneously to find the
point A.

Substitute y = 4x—7 into 2x + 3y =21 =0
to eliminate y.

Expand the brackets.
Collect like terms.

Add 42 to each side.
Divide each term by 14.

Substitute x = 3 into either equation to
find y. y = 4x — 7 is easier.

Write down the coordinates of A.
Use y__y' - :x, . Here (x4, y,) = (3,5)
Y"1 X=X
and (x,, ;) = (=2, 8).
Simplify the denominators.

Clear the fraction. Multiply each side by 15
so that

-5
15x £32 = 5(y - 5)
x=3
=5 - -3(x—3)
Expand the brackets.
=3 X =3 = +9
Add 3x to each side.

Subtract 9 from each side.
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a m=23
So the gradient of the perpendicular
line is —%.

b m= %
So the gradient of the perpendicular
line is

¢ m=-%
So the gradient of the perpendicular
line is
1
(—%)

- (-3

oo

Use —l with m = 3.
m

1 1
Use —— with m=—.
m

2

1 1
Remember — = 2, SO o = g

ﬂ) a AN

) ¢ ()
Use = with m = —3.

m 5
1 5

Here L =£, SO —— = ——,
5
5

Show that the line y = 3x + 4 is perpendicular to the line x + 3y — 3 = 0.

y=x+4
The gradient of this line is 3.
x+3y—35=0
A =D= =X
oY ==x o
Y= —zx +1°

The gradient of this line is —%.*—_

X =% =1

The lines are perpendicular because the

product of their gradients is —1.

Compare y = 3x + 4 with y = mx + ¢,
som= 3.

Rearrange the equation into the form
Yy =mx + c to find m.

Subtract x from each side.

Add 3 to each side.

Divide each term by 3.

= .

Compare y = —3x + 1 withy = mx + ¢,
som= —1.

Multiply the gradients of the lines.




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

ay=-2x+9
y=-2x-3

b3x-y—-2=0
x+3y—-6=0

AWY=D)
The gradient of this line is —2. =
Y==2X =0
The gradient of this line is —2.
5o the lines are parallel, since . —
the gradients are equal.

b oxsY =250
X =2=Y

5o y=3x—2
The gradient of this ling is 3. 04—

x+3y—6=0 | S

By—6=—x — —

Y= mx Hlol=s —
y=-sx+2—

The gradient of this line is —3%.

So the lines are perpendicular as
BX%x=—1

;\;.L_.

c Yy
The gradient of this line is %.

2x—y+4=0
2xt+4=y
So y=2x+4 L

The gradient of this line is 2.

The lines are not parallel as they have
different gradients.

The lines are not perpendicular as
FX2=1

Example [f]

cy=1
2x—y+4=0

Compare y = —2x + 9 with y = mx + ¢,
som= -2,

Compare y = —2x — 3 withy = mx + ¢,
som=—2.

Remember that parallel lines have the same
gradient.

Rearrange the equation into the form
y=mx+c

Add y to each side.

Compare y = 3x — 2 with y = mx + ¢, so
m=3.

Subtract x from each side.

Add 6 to each side.

Divide each term by 3.

Compare 3= —$x+2withy=mx+c¢,
som= —3.

Compare i = 3x with y = mx + ¢, so m = 3.

Rearrange the equation into the form
¥ =mx + c to find m.

Add y to each side.

Compare iy = 2x + 4 withy =mx + ¢,
som= 2.

Find an equation of the line that passes through the point (3, —1) and is perpendicular to the

liney=2x—4.
y=2x—4
m=2
50 the gradient of the perpendicular line /
is —%.
y=(=1)=—3(x=3)

1 3
yti=-x+7 -

1 1
y=-—zx+t7 -

L

Compare iy = 2x— 4 withy=mx + c.
Use the rule -1; with m= 2.

Use y — iy, = m(x — x,). Here m = —% and
(x'll' lh) = (31' -1)'

Expand the brackets.
3x-3-3
Subtract 1 from each side, so that$—1 = 3.




TO DO

1. The point A(-6, 4) and the point B(8, —3) lie on the line L.

(a) Find an equation for L in the form ax + by + ¢ = 0, where a, b and c are integers.

(4)
(b) Find the distance AB, giving your answer in the form kv5, where k is an integer.
3)
1
2. The line |1 passes through the point (9, —4) and has gradient 3 .
(a) Find an equation for Iy in the form ax + by + ¢ = 0, where a, b and c are integers. (3)
The line |2 passes through the origin O and has gradient —2. The lines |1 and I, intersect at the point P.
(b) Calculate the coordinates of P. 4)
Given that I1 crosses the y-axis at the point C,
(c) calculate the exact area of AOCP. 3)
3. The line L has equationy =5 — 2x.
(a)Show that the point P (3, 1) lieson L. "
1

(b) Find an equation of the line perpendicular to L, which passes through P. Give your answer inthe form
ax + by + ¢ =0, where a, b and c are integers.

(4)
4. The line I1 has equation 3x + 5y — 2 = 0.
(a)Find the gradient of I.. (2)
The line |2 is perpendicular to 11 and passes through the point (3, 1).
(b)Find the equation of I, in the form y = mx + ¢, where m and c are constants. 3)
5. (a) Find an equation for I in the form y = mx + ¢, where m and c are constants. "
4

The line I, passes through the point R(10, 0) and is perpendicular to l1. The lines I1 and I2 intersect at the point
S.

(b) Calculate the coordinates of S.

(5)
(c) Show that the length of RS is 3+5.

(2)
(d) Hence, or otherwise, find the exact area of triangle PQR.

(4)




6. Figure 2

AL, 7) B(20, 7)

D(8, 2)

C(p, q)

The points A(1, 7), B(20, 7) and C(p, q) form the vertices of a triangle ABC, as shown in

Figure 2. The point D(8, 2) is the mid-point of AC.

(a) Find the value of p and the value of g. 2
The line I, which passes through D and is perpendicular to AC, intersects AB at E.

(b) Find an equation for I, in the form ax + by + ¢ = 0, where a, b and c are integers.

()
(c) Find the exact x-coordinate of E.

2
7. Theline |, has equation y =3x+2 and the line 1, has equation 3x+2y-8=0.
(@) Find the gradient of the line 1, .

@)
The point of intersection of |, and I, is P.
(b) Find the coordinates of P.

3)

The lines |, and |, cross the line y =1 at the points A and B respectively.

(c) Find the area of triangle ABP.
(4)




Figure 2

The points Q (1, 3) and R (7, 0) lie on the line |, as shown in Figure 2.

The length of QR is aV5.

(a) Find the value of a.

3)

The line 1, is perpendicular to |,, passes through Q and crosses the y-axis at the point P, as shown in Figure

2. Find

(b) anequation for 1,

(c) the coordinates of P,

(d) the area of APQR.

9. The line |1 passes through the point A(2, 5) and has gradient —3 .

(@) Find an equation of Iz, giving your answer in the form y = mx + c.

The point B has coordinates (-2, 7).

(b)Show that B lies on I;.

(c)Find the length of AB, giving your answer in the form k5, where k is an integer.

The point C lies on I and has x-coordinate equal to p.
The length of AC is 5 units.

(d)Show that p satisfies
p?—4p—16=0.

()

(1)

(4)

(3)

1)

(3)

(4)




10. The points P and Q have coordinates (-1, 6) and (9, 0) respectively.
The line | is perpendicular to PQ and passes through the mid-point of PQ.

Find an equation for I, giving your answer in the form ax + by + ¢ = 0, where a, b and c are integers.

(5)

11. (@) Find an equation of the line joining A(7, 4) and B(2, 0), giving your answer in the form
ax + by +c =0, where a, b and c are integers.

3)
(b) Find the length of AB, leaving your answer in surd form.

(2)
The point C has coordinates (2, t), where t > 0, and AC = AB.
(c) Find the value of t.

1)
(d) Find the area of triangle ABC.

(2)
12. The curve C has equation y = X(5 — X) and the line L has equation 2y = 5x + 4.
(a) Use algebra to show that C and L do not intersect.

(4)

(b) Sketch C and L on the same diagram, showing the coordinates of the points at which C and L meet the
axes.

(4)
13. The line L, has equation 2y — 3x — k = 0, where k is a constant.
Given that the point A(1, 4) lieson L, find
(a) the value of k,

1)
(b) the gradient of L,.

2)
The line L, passes through A and is perpendicular to L.
(c) Find an equation of L, giving your answer in the form ax + by + ¢ =0, where a, b and c are integers.

(4)
The line L, crosses the x-axis at the point B.
(d) Find the coordinates of B.

2)

(e) Find the exact length of AB.
(2)




14.

p A I
TN A(6,7)
— 7\
= 5
e 5
- 5
" \
- \
- L
. b
— \
- = -.
(.!J_ — \
— - \
5
- !
L
- 5
- L
- 5
A\
Y
- \
- LY
b
- !
- 3
o "' -
_-=* B(8,2)
il =__
0 X
Figure 1

The points A and B have coordinates (6, 7) and (8, 2) respectively.
The line | passes through the point A and is perpendicular to the line AB, as shown in Figure 1.

(a) Find an equation for I in the form ax + by + ¢ = 0, where a, b and c are integers.

(4)
Given that | intersects the y-axis at the point C, find
(b) the coordinates of C,

)
(c) the area of AOCB, where O is the origin.

()

15. The line |1 passes through the points A(-1, 4) and B(5, —8)

(a) Find the gradient of I,

)

The line 12 is perpendicular to the line Iy and passes through the point B(5, —8)
(b) Find an equation for I, in the form ax + by + ¢ = 0, where a, b and c are integers.

(4)




16. The line I1 has equation y = —2x + 3.
The line |2 is perpendicular to 11 and passes through the point (5, 6).

(a) Find an equation for I> in the form ax + by + ¢ = 0, where a, b and c are integers.

3)
The line 1, crosses the x-axis at the point A and the y-axis at the point B.
(b) Find the x-coordinate of A and the y-coordinate of B.
(2)
Given that O is the origin,
(c) find the area of the triangle OAB.
(2)
17. The curve C has equation
y=9-x
and the line I has equation
2y-3x—20=0
Use algebra to show that C and I do not intersect.
(4)
18. The line L1 has equation 4y + 3 = 2x.
The point A (p, 4) lies on L.
(a) Find the value of the constant p. 1)

The line L2 passes through the point C (2, 4) and is perpendicular to L.

(b) Find an equation for L> giving your answer in the form ax + by + ¢ = 0, where a, b and c are integers.

(5)
The line L1 and the line L2 intersect at the point D.
(c) Find the coordinates of the point D. (3)
(d) Show that the length of CD is %%. (3)

A point B lies on L1 and the length of AB = V80.
The point E lies on L, such that the length of the line CDE = 3 times the length of CD.

(e) Find the area of the quadrilateral ACBE. (3)




EXTENSION:

1.

y=x+2

v

The line y = x + 2 meets the curve x? + 4y? — 2x = 35 at the points A and B as shown in Figure 2.

(a) Find the coordinates of A and the coordinates of B.

(6)
(b) Find the distance AB in the form rv2, where r is a rational number.
©)
2.
¥
A
/ 2
B
>
xffg ) O X
h
Figure 1
The line |, has equation 2x — 3y + 12 = 0.
(@) Find the gradient of |, . 1)

The line |, crosses the x-axis at the point A and the y-axis at the point B, as shown in Figure 1.
The line |, is perpendicular to |, and passes through B.

(b) Find an equation of I, . 3)




The line 1, crosses the x-axis at the point C.

(c) Find the area of triangle ABC.

(4)

3.

/ 9 X
Figure 2

The straight line 11 has equation 2y = 3x + 7.

The line I1 crosses the y-axis at the point A as shown in Figure 2.

(@) (i) State the gradient of ;.

(if) Write down the coordinates of the point A.

)

Another straight line |2 intersects 11 at the point B (1, 5) and crosses the x-axis at the point C, as shown in
Figure 2.

Given that <ABC = 90°,

(b) find an equation of I> in the form ax + by + ¢ = 0, where a, b and c are integers.

(4)
The rectangle ABCD, shown shaded in Figure 2, has vertices at the points A, B, C and D.

(c) Find the exact area of rectangle ABCD.
()
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Figure 2

Figure 2 shows the straight line 11 with equation 4y = 5x + 12
(a) State the gradient of I,

The line 12 is parallel to |1 and passes through the point E (12, 5), as shown in Figure 2.

(b) Find the equation of I.. Write your answer in the formy = m x + ¢, where mand ¢
are constants to be determined.

The line |2 cuts the x-axis at the point C and the y-axis at the point B.
(c) Find the coordinates of

(i) the point B,

(ii) the point C.

The line |1 cuts the y-axis at the point A.
The point D lies on |1 such that ABCD is a parallelogram, as shown in Figure 2.
(d) Find the area of ABCD.

(1)

3)

@)

(2)




