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Scheme of Assessment Mathematics   
Advanced Subsidiary (AS) 
Advanced Level (AS + A2) 

The Scheme of Assessment has a modular structure. The A Level award comprises four 
compulsory Core units, one optional Applied unit from the AS scheme of assessment, and 
one optional Applied unit either from the AS scheme of assessment or from the A2 scheme 
of assessment. 
For the written papers, each candidate will require a copy of the AQA Booklet of formulae 
and statistical tables issued for this specification. 
 
All the units count for 331/3% of the total AS marks 
   162/3% of the total A level marks 
           Written Paper 
           1hour 30 minutes 
           75 marks 
 
Grading System  
The AS qualifications will be graded on a five-point scale: A, B, C, D and E. The full A level 
qualifications will be graded on a six-point scale: A*, A, B, C, D and E. 
To be awarded an A* in Further Mathematics, candidates will need to achieve grade A on the 
full A level qualification and 90% of the maximum uniform mark on the aggregate of the best 
three of the A2 units which contributed towards Further Mathematics. For all qualifications, 
candidates who fail to reach the minimum standard for grade E will be recorded as U 
(unclassified) and will not receive a qualification certificate. 
 
 
 

CORE 1 subject content 
Algebra 

Coordinates geometry 
Differentiation 

Integration 
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Core 1 specifications 
 
Candidates will be required to demonstrate: 
 
a) construction and presentation of mathematical arguments through appropriate use of 
logical deduction and precise statements involving correct use of symbols and appropriate 
connecting language; 
 
b) correct understanding and use of mathematical language and grammar in respect of 
terms such as "equals", "identically equals", "therefore", "because", "implies", "is implied 
by", "necessary", "sufficient" and notation such as , , and∴ ⇒ ⇐ ⇔ . 
 
Candidates are not allowed to use a calculator in the assessment unit for this module. 
 
Candidates may use relevant formulae included in the formulae booklet without proof. 
 
 
Candidates should learn the following formulae, which are not included in the 
formulae booklet, but which may be required to answer questions. 
 
Quadratic equations 2

2 40
2

b b acax bx c has roots
a

− ± −
+ + =  

Circles 
2 2 2

A circle, centre (a,b) and radius ,  has equation 
( ) ( )

r
x a y b r− + − =

 

Differentiation 1

( ) ( ) '( ) '( )

n ndyif y ax then anx
dx

dyif y f x g x then f x g x
dx

−= =

= + = +
 

Integration 1

1

'( ) '( ) ( ) ( )

n ndy aif ax then y x c
dx n
dyif f x g x then y f x g x c
dx

+= = +
+

= = = + +
 

Area ( 0)
b

a
Area under a curve y dx y= ≥∫  
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Algebra 
Use and manipulation of surds. To include simplification and rationalisation of the denominator of 

a fraction. 1 2 3 2 6
. . 12 2 27 8 3 ; 2 1 ;

31 2 3 2 3
e g

+
+ = = + =

− +
 

Quadratic functions and their 
graphs. 

To include reference to the vertex and line of symmetry of the 
graph. 

The discriminant of a quadratic 
function. 

To include the conditions for equal roots, for distinct real roots and 
for no real roots 

Factorisation of quadratic 
polynomials. 

E.g. factorisation of 2x2+x-6 

Completing the square. ( ) ( )2 22 2. . 6 1 3 10 ; 2 6 2 2 1.5 2.5e g x x x x x x+ − = + − − + = − −  

Solution of quadratic equations. 2 4Use of any factorisation, 
2

completing the square will be accepted.

b b ac or
a

− ± −
 

Simultaneous equations,  
e.g. one linear and one quadratic, 
analytical solution by substitution. 

 

Solution of linear and quadratic 
inequalities. 

2. . 2 6e g x x+ ≥  

Algebraic manipulation of 
polynomials, including expanding 
brackets and collecting like terms. 

 

Simple algebraic division. Applied to a quadratic or a cubic polynomial divided by a linear 
term of the form (x + a)or (x − a) where a is a small whole number. 
Any method will be accepted, e.g. by inspection, by equating 

coefficients or by formal division e.g. 
3 2 5 2 .

2
x x x

x
− − +

+
 

Use of the Remainder Theorem. Knowledge that when a quadratic or cubic polynomial f (x) is 
divided by (x − a) the remainder is f (a) and, that when f (a) = 0 , 
then (x − a) is a factor and vice versa. 

Use of the Factor Theorem. Greatest level of difficulty as indicated by x3 − 5x2 + 7x − 3 , i.e. a 
cubic always with a factor (x + a)or (x − a) where a is a small whole 
number but including the cases of three distinct linear factors, 
repeated linear factors or a quadratic factor which cannot be 
factorized in the real numbers. 

Graphs of functions; sketching 
curves defined by simple 
equations. 

Linear, quadratic and cubic functions. The f(x) notation may be 
used but only a very general idea of the concept of a function is 
required. Domain and range are not included. Graphs of circles are 
included. 

Geometrical interpretation of 
algebraic solution of equations and 
use of intersection points of 
graphs of functions to solve 
equations. 

Interpreting the solutions of equations as the intersection points of 
graphs and vice versa. 

Knowledge of the effect of 
translations on graphs and their 
equations. 

Applied to quadratic graphs and circles, i.e. y = (x − a)2 + b as a 
translation of y = x2 and (x − a)2 + (y − b)2 = r2 as a translation of  
x2 + y2 = r2 . 
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Coordinates geometry 
Equation of a straight line, including 
the forms 

1 1( ) 0y y m x x and ax by c− = − + + =  

To include problems using gradients, mid-points and the distance 
between two points. The form y = mx + c is also included. 

Conditions for two straight 
lines to be parallel or perpendicular 
to each other. 

Knowledge that the product of the gradients of two 
perpendicular lines is -1. 

Coordinate geometry of the circle. Candidates will be expected to complete the square to find the 
centre and radius of a circle where the equation of the circle is 
for example given as x2 + 4x + y2 − 6y −12 = 0 . 

The equation of a circle in the 
form 
(x - a)2 + (y - b)2 = r2. 

The use of the following circle properties is required: 
(i) the angle in a semicircle is a right angle; 
(ii) the perpendicular from the centre to a chord bisects the 
chord; 
(iii) the tangent to a circle is perpendicular to the radius at its 
point of contact. 

The equation of the tangent 
and normal at a given point 
to a circle. 

Implicit differentiation is not required. Candidates will be 
expected to use the coordinates of the centre and a point on the 
circle or of other appropriate points to find relevant gradients. 

The intersection of a straight 
line and a curve. 

Using algebraic methods. Candidates will be expected to 
interpret the geometrical implication of equal roots, distinct real 
roots or no real roots. Applications will be to either circles or 
graphs of quadratic functions. 

  

Differentiation 
The derivative of f(x) as the gradient 
of the tangent to the graph of y = 
f(x) at a point; the gradient of the 
tangent as a limit; interpretation as 
a rate of change. 

The notations f '(x) or  dy
dx

will be used. 

A general appreciation only of the derivative when interpreting it 
is required. Differentiation from first principles will not be tested. 

Differentiation of polynomials.  
Applications of differentiation to 
gradients, tangents and normals, 
maxima and minima and stationary 
points, increasing and decreasing 
functions 

Questions will not be set requiring the determination of or 
knowledge of points of inflection. Questions may be set in the 
form of a practical problem where a function of a single variable 
has to be optimised. 

Second order derivatives. Application to determining maxima and minima. 
  

Integration 
Indefinite integration as the reverse 
of differentiation Integration of 
polynomials. 

 

Evaluation of definite integrals. 
Interpretation of the definite 
integral as the area under a curve. 

Integration to determine the area of a region between a curve 
and the x-axis. To include regions wholly below the x-axis, i.e. 
knowledge that the integral will give a negative value. 
Questions involving regions partially above and below the x-axis 
will not be set. Questions may involve finding the area of a region 
bounded by a straight line and a curve, or by two curves. 

 
  

6 
AQA – Core 1 



The formulae booklet 
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Algebra 

Indices and surds 
 
 
 
 
 
 
 
 
 
 
 
 

1 0

: integer and 0, ... ( )
1

( is called the base)
:

:

1:

n

n p n p

n
n p n p

p

n n
n

n

Definition

Multip

for n a a a a a a n factors
a a and a

a
a a a

aa a

lication

Division

Negativeinde

KEY POI

a
a

a ba and
a

x

Powe
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r o
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f p e

a

a ow

b

+

−

−
−

≠ = × × ×

= =

× =

÷ = =

   = =   
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= = =
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 ( )

( )

( )( )

( )( )

2

2
2

2 2
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:
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:
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for a a a a
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KEY POINTS

Definition

Multiplication

Division

Diff

r a b
b b
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hence a b a

e

b a

of squ

b

a b
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≥ =

= ×

= × = = ≥

= ≥ >

+ − = −

+ − = −

±
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1 1
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a b
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a b
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b
b

a b
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a b

e th

×• = =

• = =
−± ±

×







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Surds - exercises 
 
Question 1: 
Simplify the following as far as possible

) 28 ) 63 ) 32 ) 150a b c d  

 
Question 2: 

( ) ( ) ( ) ( ) ( )( )2 2

Expand and simplify

) 2 8 2 3 ) 3 6 27 ) 5 1 ) 3 6 ) 5 2 5 2a b c d e− − − + + −
 

 
Question 3: 

2

Rationalise the denominator and simplify

10 2 1 2 39 1 2) ) ) ) ) )
5 3 1 5 2 8 6 4 3 2 2 3

6 12 3 2 2 300 75) ) )
2 8 (1 2) 12 3

a b c d e f

g h i

−
+ − − − −

× − −
+ + +

 

 
Question 4:  Exam June 2006 

( )( )) Express 4 5 1 5 3  in the form 5,  where are integers. (3 )

75 27b)Show that  is an integer and find its value. (3 )
3

a p q p and q marks

marks

− + +

−  

 
Question 5: Exam Jan 2006 

( )( )) 5 2 5 2 . (2 )

) 8 18  in the form 2,  where  is an integer (2 )

a Simplify marks

b Express n n marks

+ −

+
 

 
Question 6: Exam June 2007 

63 14) Express in the form 7, where  is an integer. (3 )
3 7
7 1) Express  in the form 7 , where are integers. (4 )
7 2

a n n marks

b p q p and q marks

+

+
+

−

 

 
Question 7: Exam Jan 2007 

5 3) Express  in the form 5 , where  are integers. (4 )
5 2

) ) Express 45 in the form 5, where  is an integer. (1 )

)Solve the equation 20 7 5 45
giving your answer in its simplest form. (3

a p q p and q marks

b i n n mark

ii x
marks

+
+

−

= −
)
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Surds - exercises' answers 
 
Question 1: 

) 28 4 7 4 7 ) 63 9 7 9 7

) 32 16 2

2 7 3 7

4 ) 150 2 62 55 6

a b

c d

= × = × = = × = × =

= × = = × =
 

Question 2: 
( )
( )

( ) ( )( )
( ) ( )( )
( )( )

2

2

) 2 8 2 3 16 2 6

) 3 6 27 18 81

) 5 1 5 1 5 1 5 5 5 1

) 3 6 3 6 3 6 3 18 18 6

4 2 6

3 2 9

6 2 5

) 5

9 2 1

2 5 2 5 2 5 2 5

8

14

a

b

c

d

e

− = − =

− = − =

− = − − = − − + =

+ = + + = + + + =

+ − = − +

−

+

−

−

=

−

 

Question 3: 
10 10 5 10 5)

55 5 5
2 2 3 1 2( 3 1))

3 13 1 3 1 3 1
1 1 5 2 5 2)

5 25 2 5 2 5 2
2 2 8 6 16 12 4 2 3

2 5

3 1

5 2

2)
8 6 28 6 8 6 8 6

39 39 4 3 156 39 3)
16 34 3 4 3 4 3

1 2 1 2 2 2 3 2 2 3 4 3 2)

3

12 3 3

2 1
8 92 2 3 2 2 3 2 2 3

a

b

c

d

e

f

g

= × = =

− −
= × = =

−+ + −

+ +
= × = =

−− − +

+ − −
= × = = =

−− − −

+ +
= × = =

−− − +

− − + + − −
= × = =

−−

+

− +

−

+

−

+

2

2

6 12 6 2 6 2)
2 8 2 2 2 3 2

3 2 2 3 2 2 (3 2 2) 9 8 12 2)
9 8(1 2) 3 2 2 (3 2 2)

2

17 12 2
(3 2 2)

300 75 10 3 5 3 5 3) 5
312 3 2 3 3 3 3

h

i

×
= = =

+ +

− − − + −
= = = =

−+ + + −

− −
= = =

+ +

−   

Question 4: June 2006 

1

) (4 5 1)( 5 3) 4 5 12 5 5 3

20 3 12 5 5

75 27 25 3 9 3)
3 3

5 3 3 3 2 3
3

7 11 5

3
2

a

b

− + = × + − −

= −

=

+ −

− × − ×
=

−
= =

+

=
 

Question 5: Jan 2006 

( )( )) 5 2 5 2 5 2 5 2 5 4

) 8 18 4 2 9 2 2 2

1

5 23 2

a

b

+ − = − + −

+ = × + = + =×

=

 
Question 6: June 2007 

63 14 9 7 14 7 3 7 14 7)
3 3 3 77 7 7

7 2 7

7 1 7 1 7 2 7 2 7 7 2)
7 47 2 7 2 7

3

9 3 7
3

2

7

a

b

×
+ = + × = +

= + =

+ + + + + +
= × =

−− −

+

+

=
 

Question 7: Jan 2007 
5 3 5 3 5 2 5 3 5 6)

5 45 2 5 2
) ) 45 9 5

) 20 7 5 45

2 5 7

5 2

5 3 5

4 5

11 5

4
22 5

5

5

2

5 2
3

a

b i

ii x

x

x

+ + + + +
= = =

−− −

= × =

= −

× =

×

−

+

= =

+

=

+
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Quadratic functions 
 
 

2A quadratic function can be written , where , , 3 .
The graph of a quadratic function is 

( )
PARABcalled a 

if 0, the parabola is -shaped
if 0, the parabola 

OL

i  

A

s

a b and c are r
VOCABU

eal numbers

a

LA
f x ax bx

a

R
c

Y
•
•

> ∪
<

= + +

-shaped
The maximum or minimum point of the parabola is called the .
 The parabola is  around the 'vertical' line going 

VERTEX
symmetrica through the ver .l tex

∩
•
•

 

 

2 2( )

verte

 can be re-arrange into .
This is the completed square form

The  of the parabola is x ( .
 The axis of  of the parabola has equatio

, )
symmet n .ry

Transfor

COMPLETED

aax bx c

S

x p q

V

QUAR

p q

F M

p

E

x

OR

• + +

= −•

•

+ +

• −

2 2mation: ( )   with vector translationy x is mapped onto y x p q by a
p

q
− 
 


= = +


+

 

 

2

2

2

2

A quadratic equation can be written 0
 The  is the value of the expression .

if 4 0, there is no solution.

discriminant

if 4 0, there is a repeated/double roo

4

t.

if 

ax bx c

b ac
b ac

QUADRATIC EQUATION

b

S

b ac
+ + =

− <

− =

−•

2
2 4 0,  there are two solutions/roots: 

The roots are the values of , where the parabola crosses th

4

e .
2

ac

x x ax

b b
a

i

ac

s

− ±

• −

−
− >

 

 
2

2

( )
( ) (

0

)(

4

)
f x ax bx c
f x a x x

b ac

α β

− >

= + +
= − −

 
2

2

2( )
( ) ( )

The parabola i

4

s TANGENT
 to 

0

the -

f
b ac

x ax bx c
f x a x

x axis

α

− =

= + +

= −
 

2

2

( )
( ) '

The parabola does not 
cros

4 0

s the - .

f x ax bx c
f x can t be factorised

x

b a

ax

c

is

=

<

+ +

−

 

 
                          a > 0 

 
a < 0 

 
                   a > 0 

 
                     a < 0 

 
                    a > 0 

 
a < 0 

15 
AQA – Core 1 



Quadratic functions - exercises 
Question 1: 

2Find the coordinates of the points where the curve with equation 6 5
intersects the coordinate axes.

y x x= − +  

 
Question 2: 

2The curve with equation 2 8 cuts the x-axis at the point A and B.
Calculate the distance AB.

y x x= − −  

 
Question 3: 

2

2 2

) Find the coordinates of the points where the parabola 
with equation 4 8 crosses the - .

) ) Write 4 8 in  the form ( ) , are integers
) , work out the coordinates of the ve

a
y x x x axis

b i x x a x p q where a p and q
ii Hence

= −

− + +
rtex.

) and give the equation of the axis of symmetry of this parabola.iii

 

 
Question 4: 

2 2

2

) Write 4 6 in the form ( ) where  and  are integers.
) Hence find 

) the vertex of the parabola 4 6,
) the equation of the axis of symmetry of this parabola.

a x x x p q p q
b

i y x x
ii

− + − +

= − +
 

 
Question 5: 

2The equation 8 ( 6) 0has equal roots.
Work out the possible values of .

kx x k
k

+ + − =
 

 
Question 6: 

2Calculate the possible values of , if ( 1) 1 0 has equal roots.k k x kx k+ + + + =  
 
Question 7: 

2

2

) Factorise 7 12 64
)The equation ( 8) 2 1 0  has a repeated root.
Find the possible values of .

a x x
b kx k x k

k

− −

− + + + =  

 
Question 8: 

2 2

2 2

) Write 6 8 in the form ( ) .
) Describe the geometric transformation that maps 
the graph onto the graph of 4 8.

a x x x p q
b

y x y x x

− + − +

= = − +

 

 
Question 9: 

2

2

Find the equation of the graph of after it has been translated 
by the given vectors. Give your answer in the form .

1 0 2 3
) ) ) )

0 3 5 6

y x
y x bx c

a b c d

=

= + +

−       
       −       
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Quadratic functions – exercises’ answers 
Question 1: 

2

2

Intersection with the y-axis.

Substitute  by 0: y=0 6 0 5 5
Intersection with the x-axis.

Solve the equation 0 : 6 5 0
(

(0,5)

(5,0) (1,5)( 1) 00 )

x

y x x
x x

− × + =

= − + =
− − =

 

Question 2: 
2

A

Solve the equation 2 8 0
( 4)( 2) 0 4 2

The distan(4,0) ce B=6( .2,0)

y x x
x x x or

A and B
x

= − − =
− + = = = −

−

 

Question 3: 

( )

2

2 2 22

) 4 8 0
4 ( 2) 0 0 2

) ) 4 8 4( 2 ) 4 ( 1) 1

The parabola crosses the x-axis at (0,0) and (2,0).

4(

) the vertex is the axis of symmetry of the p

1) 4

(1 arabola i4) ., s 1

x

V

a x x
x x x and x

b i x x x x x

i xi and

− =
− = = =

− = − = − − = − −

− =

 

Question 4: 

( ) 222 ( 2) 2
V(2

) 4 6 2 4 6
) ) The vertex 

)The axis of symmetry has eq
,2)

2uation .

a x x x
b i

ii

x

x

− + = − − + = − +

=
 

Question 5: 
2

2 2

2

8 ( 6) 0
the discriminant = 0
8 4 ( 6) 0 64 4 24 0 ( 4)

6 16 0 ( 8)( 2)
8

0
2

kx x k has equal roots
means

k

k o

k k k
k k

k
k

r
k

+ + − =

− × ×

=

− = − + = ÷−

− − = − =
= −

+

 

Question 6: 
2

2 2 2

2

( 1) ( 1) 0
the discriminant = 0

4 ( 1) ( 1) 0 4 8 4 0
3 8 4 0 (3 2)( 2) 0

2 2
3

k or

k x kx k has equal roots
means

k k k k k k
k k

k

k k

+ + + + =

− ×

= −

+ × + = − − − =

+ + = + + =

= −

 

 
Question 7: 

( )( )2

2

2

2 2 2

2

)7 12 64

) ( 8) 2 1 0 has repeated root so
the discriminant = 0

( ( 8)) 4 (2 1) 0
16 64 8 4 0 7 12 64 0

7 12 64 0 (7 16)( 4)

7 16 4

16 4
7

0

a x x

b kx k x

x x

k

k

k k

o

k
k k k k k k

k

r

k

k

k k

− − =

− + + + =

− + − × × + =

+ + − − = − + + =

−

+ −

+ − =

=

− =

− =

 

 
Question 8: 

22 2) 6 8 ( 3) 9 8

)The transform

( 3) 1
3

translaation is tion of vector a 
1

a x x x

b

x− + = − − −

 
 −

− +



=
 

 
Question 9: 

2 2

2 2

2 2

2 2

) 0 ( 1) 2 1
) 3 ( 0) 3
) 5 ( 2) 4 9
) 6 ( 3) 6 3

a y x y x x
b y x y x
c y x y x x
d y x y x x

− = − = − +

− = − = +

− = − = − +

+ = + = + +
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Quadratic inequalities  
 
 

2 2

The purpose of this part is to solve inequalities of the form
0 ( 0) 0 ( 0)ax bx c or ax bx c+ + > ≥ + + < ≤

 

 
2

2

( )
( ) (

0

)(

4

)
f x ax bx c
f x a x x

b ac

α β

− >

= + +
= − −

 
2

2

2( )
( ) ( )

The parabola i

4

s TANGENT
 to 

0

the -

f
b ac

x ax bx c
f x a x

x axis

α

− =

= + +

= −  

2

2

( )
( ) '

The parabola does not 
cros

4 0

s the - .

f x ax bx c
f x can t be factorised

x

b a

ax

c

is

=

<

+ +

−

 

0a>  

 
2

2

2

0
0

0

ax bx c for
ax bx c for
ax

x
x obx c for

or

r

x x

x
α β

β

α β

α+ +

+ +

+

< < <

=

>

=

> <

=+

 

 
2

2

2

0
0

0

ax bx c for
ax bx c has no solution
ax bx c fo

o

r

x

x

r xα α

α

> < >+ +

+ +

+ +

<

= =

 

 
 

2 0ax bx c for all x>+ +  

 0a<  
 

 
2

2

2 0

0
0

ax bx c for
ax bx c for x or

xax bx c f

x

or x
x

or α β

α β

α β+ +

= =

> <

+ <

+ +

< >

<

=

+  
 

2

2

2

0
0

0ax bx c has no solution
ax bx c for
a

x or x
x bx xc for

α α

α

+ +

< < >

>

+

+ =

+

=+

 

 
2 0ax bx c for all x<+ +  
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Quadratic inequalities - exercises 
 
Question 1: 

( )( )
2

2 2

Solve the following inequalities for .
(In each case,support your answer with a sketch).
a) 3 4 0 ) ( 1)( 3) 0

) (3 )( 1) 0 ) 3 2 0
) 2 3 2 0 )6 4 2 0

x

x x b x x

c x x d x x
e x x f x x

− + < − + ≥

− + ≤ + +

− − < − − <

>

 

 
Question 2: 

2 2 2

Find the range of values for that give each of these equations no real roots
) 2 )3 7 ) 2

k
a x x k b x kx c kx x k− + + + = −

 

 
Question 3: 

2Calculate the possible values of , if ( 1) 1 0 has two distinct roots.k k x kx k+ + + + =  
 
Question 4: 

2Calculate the possible values of , if ( 1) 4 9 0 has no real roots.k k x kx+ + + =  
 
Question 5: 

2The equation 3 7 has two distinct roots.
Find the possible values of .

x kx k
k

− + −
 

 
Question 6: 

2Find the condition of  for the equation ( 1)( 4) 0
to only have one real root.

k x x kx+ + + =
 

 
Question 7: 

2

2

)Simplify ( 5) 12 ( 2)
)The quadratic equation 3( 2) ( 5) 0 has real roots.

)Show that ( 1)(11 25) 0
) Hence find the possible values of .

a k k k
b k x k x k

i k k
ii k

+ − +

+ + + + =
− + ≤

 
 
Question 8: 

( ) 2

2

2

2

The quadratic equation 2 3 2 ( 1) 0
where  is a constant, has real roots.

)Show that 2 5 2 0. (3 )
) ) Factorise 2 5 2. (1 )

) Hence or ortherwise, solve the quadratic inequality  2 5

k x x k
k

a k k marks
b i k k mark

ii k

− + + − =

− + ≤

− +

− 2 0 (3 )k marks+ ≤
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Quadratic inequalities – exercises’ 
answers 

 
Question 1: 

( )( )

2

2

2

2

) ( 3)( 4) 0
) ( 1)( 3) 0
) (3 )( 1) 0
) 3 2 ( 2)( 1) 0

) 2 3 2 2 1 2 0

)6

4 3
3 1

1 3
2

4 2 0
2 4 6 0 (2

1
1

2)(

2
2

3 13) 0

a x x for
b x x for
c x x for
d x x x x for

e x x x x for

f x x
x x x

x
x or x

x or x
x or x

x

x or xx for

− + <
−

− < <
≤ − ≥
≤ − ≥

< −

+ ≥
− + ≤

+ + = + + >

− − = + − <

− − <

+ − > − +

> −

− < <

> < − >

 
 
Question 2: 

2

2

2

2

2

2

) 2 :
 the discriminant < 0

( 2) 4 1 0
4 4 0

)3 7 :
 the discriminant < 0

4 3 7 0

84 0 ( 84)( 84) 0

84 84

) 2 0 has no real roots:
the 

1

2 2

di

1 21

s

2

a x x k has no real roots

k
k

b x kx has no real roots

k

k k k

k

c kx x

k

k
k

− +

− − × × <
− <

+ +

− ×

>

−

× <

− < + − <

− < <

− +

< <

=

2

2

2

criminant < 0
( 2) 4 0
4 4 0

1 0 ( 1)( 1
1

)
1

0

k k

k or

k
k k k

k

− − × × <

− <

< −
> + − >

>
−  

 
Question 3: 

2

2 2

2

2

2

( 1) 1 0 :
the discriminant > 0

( ) 4 ( 1)

4 7 4 7

0
3 8 4 0

3 8 4 0
exp

8 28 4 7 8 28 4 7
6 3 6 3

3 8 4
3

0
3

k x kx k has two distinct roots

k k
k k

k k
The roots of this quadratic ression are

k or k

so k k for k

+ + + + =

− × + >

− − − >

+ + <

− + − + −

− − − +
< <

− − −
= = = =

+ + <

 

Question 4: 
2

2

2

2

( 1) 4 9 0 :
the discriminant = 0

(4 ) 4 ( 1) 9 0
16

3 3

36 36 0
4 9 9 0
(4 3)( 3)

4

0

k x kx has no real roots

k k
k

k or k

k
k k
k k

+ + + =

− ×

= −

+ × =

− − =

− − =
+ −

=

=

 

Question 5: 
2

2

2

3 7  has two distinct roots:
Discriminant >0

( 3 ) 4 1 (7 ) 0
9 4 28 0
(9

142
9

14)( 2) 0

k

x kx k

k k
k k
k k

or k

− + −

− − × × − >

+ − >
−

< − >

+ >

 

 
 
Question 6: 

2

2

2

2

( 1)( 4) 0 .
This root is 1.  
This means that 4has no real roo

4

ts:
discriminant < 0

4 1 4 0
16 0

( 4)( 4) 0
4

x x kx has only one real root

x kx

k
k
k k

k

+ + + =
−

+ +

− × × <

− <
+

− <
<
<

−

 

 
Question 7: 

2

2 2

2

2

2

2

2

) ( 5) 12 ( 2)
10 25 12 24

11 14 25
) the discriminant 0

( 5) 4 3( 2) 0
( 5) 12 ( 2) 0

11 14 25 0
11 14 25 0
(11 25)( 1)

25 1
11

0

a k k k
k k k k

k k
b

k k k
k k k

k k
k

so k

k
k k

+ − + =

+ + − − =

− − +
≥

+ − × + × ≥

+ − + ≥

− − + ≥

+ − ≤
+

− ≤

≤

≤

−
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Simultaneous equations 
 
 

1

2

Consider the line L :
and the line L :

To work out the coordinates of the point of INTERSECTION, 
solve the equations SIMULTANEOUSLY.
Solving by / elimination:

ax by c
dx ey

combinat

SET OF LINEA

f

R EQUATIO

n
x

i

NS

a
o

+ =
+ =

+ ( )
( )

Then add the equations to find the value of .Use any other equation to find the 

Solvi

value of .

Make the subject in both equatio
ng b

ns
y :identifica

by c d x bdy cd
dx ey f a x aey af

y x

y
o

ad
ad

ti n

= × + = 
 + = ×− − = −−

1 1 2 2

1 1 1

2 2 2

 and identify the values of :
:
: ( .

ake  the subject in one of the equation then substitute  by this ex
Solving by :

pression
in the s c

)

e on

m x c m x c

subs

y
L m x c
L m x c this gives

t

and sol
y

ve

M y
itution

y y

y

+
+= =

=
+= +

1

2

d equation:
L :

: ( ) .
y mx c

L dx ey f this gives dx e mx c f then solve
= +
+ = + + =

 

 
2A parabola C has equation ,

a line L has equation ( )

To work out the coordinates of the points of intersection 
of the 

y ax bx c
y dx e make y

SE

the subject if it is animplict equat

T OF QUADRATIC AND LINEAR EQUATI

o

ONS

i n
= + +

= +

2

2

2

parabola and the line, solve these equations simultaneoulsy

:
( ) then re-arrangein

Solving by identificatio
to

( ) .
' 0

n

0
y ax bx c dx e

ax b d x c e and solve
Let s re write as Ax Bx C

= + + = +

+ − + − =

− + + =

 

 2 2 24 0 4 0 4 0
Two points of intersection The line is tangent to the parabola There is no intersection
if B AC if B AC if B AC− > − = − <  

                                             
21 

AQA – Core 1 



Simultaneous equations - exercises 
 
Question 1: 
Solve these simultaneous equations

3 2 7 4 3 5 4 5 1
a) ) )

5 7 3 2 4 2 3 1
x y x y x y

b c
x y x y x y
+ = + = − =  

  + = + = − =  

 

 
Question 2: 

2

2 2

Solve these simultaneous equations
3 4 4 1 6 5

) ) )
4 6 2 3 4 1

y x y x y x x
a b c

y x x y x x y x
= − = +   = − +

  
= − + = − + = −  

 

 
Question 3: 

2

) olve simultaneously 
3 0 and 2 3 1

) Interpret your solution graphically

a S
x y y x x

b
+ + = = + −  

 
Question 4: 

2Find the points of intersection of the curve 7 the line 2 4.y x and x y= − + =  
 
Question 5: 

2

2

The line L has equation 2 12and the curve C has equation 4 9.
)Show that the x-coordinate of the points of intersection of L and C satisfy the equation:

2 3 0
) Hence find the coordinates 

y x y x x
i

x x
ii

+ = = − +

− − =
of the points of intersection of L and C.

 

 
 
Question 6: 

2Find the value of such that the line 2 is a tangent to the curve 1k y x k y x= + = +  
 
Question 7: 

2

2

A line has equation 1, where is a constant.
A curve has equation 3 10.

)Show that the x-coordinate of any point of intersection of 
the line and the curve satisfies the equation

( 3) 9 0

y mx m
y x x

a

x m x
b

= +

= − +

− + + =

2

) Find the values of for which the equation
( 3) 9 0 has equal roots.

) Describe geometrically the case when takes either of the values
found in part ).
) Find the set of values of  such that the l

m
x m x

c m
b

d m

− + + =

2

ine 1
intersects the curve 3 10 in two distinct points.

y mx
y x x

= +

= − +
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Simultaneous equations – exercises’answers 
Question 1: 

(

3 2 7 3 2 7
)  By adding, we have 

5 7 10 2 14
7 7, 1 7 5 7 5 1 2

4 3 5 8 6 10
)

3 2 4 9 6 12
2 , 2 3 2 2 4 1

4 5
)

1,2)

(2, 1)

x y x y
a

The solution is

The solution i

x y x y
x x and y x

x y x y
b

x y x y
x x and y gives y

x
c

s

+ = + = 
⇔ + = − − = − 

− = − = = − = − × =

+ = + = 
⇔ + = − − = − 

− = − = × + = = −

−

−

(

1 4 5 1
2 3 1 4 6 2

1 2 3 1
2, 1)

1 2

y x y
x y x y

y and x gives
The solu

x
tion is

= − = 
⇔ − = − + = − 

= − − ×− = =
− −

−

 

 
Question 2: 

2

2

2

2

The solutio

3 4
) ,

4 6

7 10 0
( 2)( 5) 0

2 3 2 4 2 5 3 5 4 11

4 1
)

ns are (2, 2)

,
2 3 4

2 7 3 0
(2 1)

(5,1

( )

2

1

3

)

0
1

y x
a by subtraction

y x x

we obtain x x
x x

x and y or x and y

y x
b by subtraction

y x x

w

and

eobtain x x
x x

x a

= −


= − +
− + =
− − =

= = × − = = = × − =

= +


= − +
− + =

− − =

=

2

2

1The solutions are ( ,3) (3,13)
2

The solutions 

14 1 3 3 4

are (1,0) (6

3 1 13
2

6 5
) ,

1

7 6 0
( 1)( 6) 0

1 1 1 0
,5)

6 6 1 5

nd y or x and y

y x x
c by subtration

y x

we obtain x x
x x

x and y or x and y

and

and

= × + = = = × + =

 = − +


= −
− + =

− − =
= = − = = = − =

 
Question 3: 

2

2

2

2

2

2

3 0
,

3 0
2 4 2 0

2 1 0 ( 1) 0
1 ( ) 2

) he line 3 0 is
to the parab

The solution is ( 1, 2)
TANGENT

ola 2 3 1at the point

2 3 1

2 3 1

 ( 1

x and
By substitution we obtain
x

x x
x x x

x repeated root a

y y x

nd y

b T

x

x

x

x

y
y x x

+ + =

+ + =

+ + =

+ + = + =
= − = −

+ + =

= + −

= + −

+ −

−

−

−

, 2).−

 

 
Question 4: 

2

2

2

7 2 4
By substitution, we have
2 7 4

2 3 0
( 3)( 1)

The solutions are (

0
3 7 9

3,

2

2
1 7 1 6

) ( 1,6)

y x and x y

x x
x x
x x

x and y
or and y

nd
x

a

= − + =

+ − =

− − =
− + =

= = − = −
= −

− −
= − =

 

 
Question 5: 

2

2

2

2 12 4 9
,

2 12
2 3 0

( 3)( 1

The solutions are 

) 0
3 1

(3,6) ( 1,

4

2 2 6
1 12 2 4

4

9

1
1

)

x and y x x
by substitution we have

x
x x
x x

x and y

and

x
or x and y

y

x x

+ = = − +

+ =

− − =
− + =

= = − =
= =

−

+

−

−

+ =

 

 
 
Question 6: 

2

2

2

2 is tangent to 1
by subtraction, we obtain, 2 1 0
Because the line is tangent to the parabola, 
the discriminant of this equation must be 0:

( 2) 4 1 (1 ) 0
4 4 4 0 0

y x k y x
x x

k

k

k
k

= + = +

− + − =

− − × × − =
− + ==

 

Question 7: 
2

2

2

2

2

) 1 3 10
By subtraction, we obtain (3 ) 9 0
)The equation has equal root when the discriminant=0

( (3+m)) 4 1 9 0
9 6 36 0

6 27 0
( 9)( 3) 0

)Two distinct points of in
9 3

a y mx and y x x
x m x

b

m m

m or m

m m
m m

c

= + = − +

− + + =

− − × × =

+ + − =

+ − =
+ −

=
=

= −

2

2

tersection when the discrimi

9

nant > 0
(3 ) 36 0
(3 ) 36
3 6 3

3
6

m
m
m or

r
m

m o m

+ − >

+ >
+ < − + >

< − >
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Polynomials 
 
 

3 2

We use algebraic division to divide algebraic expression:
(

Algebraic division

3 5 2) ( 2)x x x x+ − + ÷ +

 

 3 2 23 5 2 ( 2)( 7) 16Conclusion: x x x x x x+ − + = + + − +  
 

3

3

a)The remainder theorem.

The remainder of the division of ( ) ( )

:

.

( ) 2 5 3
If we divide ( ) ( 2), the remainder is 

The remainder and factor theorem.

(2) (2) 2 2 5 2 3 3

f

(

I  

)f x by x a is

f x x xExample x
f x b x

f a

y f

−

= + − +

• − = − × − × + = −

• 33 3 3 3 33we divide ( ) (2 3), the remainder is  ( ) ( ) 2 5 3
2 2 2 2 8

The remainder of the division of ( ) ( ) .

)The factor theorem.

The following statements are equivalent:
 is a root 

f x

bf

by x f

f x by ax b is

b

a

a

− = − × − × +

 
 
 

= −

−

•

3

3

of 
( ) 0 (The remainder of the division by ( ) is 0)

( ) ( ).

( ) 2 6 3
( 1) .

(1) 1 2 1 6 1 3 1 2 6 3 0
1 is a root of 

:

, ( 1) .

f
f a x a
x a is a factor of f x

f x x x x
Show that x is a factor o

Exampl
f f

f
f x is a factor of f

e

• = −
• −

= + − +
−

= + × − × + = + − + =
−

 

 

2

To factorise a cubic expression, ( ), 
1) you need to find or be given a factor or a root of , " ".
2) Use the algebraic div

Factorising cubic expres

ision to factorise ( )
( )

sions

( )(

f x
f for example a

f by x a
f x x a bx

−

= − +
2

3 2

3 2

2

)
3) Factorise the quadratic expression .

) 2 ( ) 2 3 11 6
)   ( ).

) (2) 2 2 3 2 11 2 6 16 12 22 6 0 ( 2)
) ( ) ( 2)(2 7 3) ( 2)

:

(2

cx d
bx cx d

a Showthat is a root of f x x x x
b Factorise fully f x

a f x is a fact

E

or
b f x x x x x

xample

+

+ +

= + − −

= × + × − × − = + − − = −

= − + + = − 1)( 3).x x+ +
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Polynomials - exercises 
Question 1: 

3 2

3 2

3 2

Use the long division to divide the cubic below.
In each case state the quotient and the remainder.

) 3 3 ( 3)
) 3 5 6 ( 2)
) 2 3 2 ( 2)

a x x x by x
b x x x by x
c x x x by x

− − + +

− − + −

+ + + +

 

Question 2: 

3 2

4 3 2

5 2

Find the remainder when the following are divided by
) ( 1) ) ( 1) ) ( 2)

) ( ) 6 3 12
) ( ) 2 3 4
) ( ) 2 3

i x ii x iii x
a f x x x x
b f x x x x x
c f x x x

+ − −

= − − −

= + − + +

= + −

 

Question 3: 
3 2The remainder when 17 10 is divided by ( 3) is 16.

Use the remainder theorem to the value of .
x cx x x

c
+ + − +  

Question 4: 
( ) ( 5)( 2)( 1) .

If ( 2) is a factor of ( ), find the value of .
f x x x x k

x f x k
= + − − +
+

 

 
Question 5: 

3 23 3 1,given that ( 1) is a factor.Factorise fully x x x x− + − −  
Question 6: 

3 2( ) 2 4 8
) ( )
) ( ) 0

f x x x x
a Factorise f x
b Find the solutions of f x

= − − +

=
 

Question 7: 
3 2Find the roots of the cubic ( ) 3 3f x x x x= − − +  

Question 8: 
3 2( ) 17 10 ( 5) ( ).
) .
) ( ).
) ( ).

f x x px x and x is a factor of f x
a Find the value of p
b Factorise f x
c Find all solutions of f x

= − + − −

 

Question 9: exam question – Jan 2006 
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Polynomials – exercises’answers 
 
Question 1: 

3 2 2

3 2 2

3 2 2

) 3 3 ( 3)( 4 9) 24
) 3 5 6 ( 2)( 7) 8
) 2 3 2 ( 2)( 3) 4

a x x x x x x
b x x x x x x
c x x x x x

− − + = + − + −

− − + = − − − −

+ + + = + + −

 

 
Question 2: 

) ) ( 1) 6 1 3 12
) (1) 6 1 3 12
) (2) 48 4 12 12

) ) ( 1) 1 2 1 3 4
) (1) 1 2 1 3 4
) (2) 16 16 4 6 4

) ) ( 1) 1 2 3
) (

16
10

20
1

7
38

2
01) 1 2 3

) (2) 32 8 3 37

a i f
ii f
iii f

b i f
ii f
iii f

c i f
ii f
iii f

− = − − + − =
= − − − =
= − − − =

− = − − − + =
= + − + + =
= + − + + =

− = − + − =
= + − =
= + −

−
−

=

−

−

 

 
Question 3: 

3 2( ) 17 10
the remiander of the division by ( 3) ( 3)

( 3) 27 9 51 10 16
9 104

104
9

f x x cx x
x is f

f c

c

c

= + + −
+ −

− = −
=

=

− + − =  

 
Question 4: 

( ) ( 5)( 2)( 1)
( 2) is a factor of ,means ( 2) 0

( 2) 3 4 3
6

0
3

f x x x x k
x f
f k

k

f
= + − − +

+ − =
− = ×− + =

= −
×−

 

 
Question 5: 

3 2

3

2

2

3 3 1 ( 1)( 2 1)
(using the algebraic division)

=( 1)( 1 ( 1))

x x x x x x

x xx

− + − = − − +

− − = −

 

 
Question 6: 

3 2

3 2 2

2

( ) 2 4 8
) (2) 8 8 8 8 0
( 2)

2 4 8 ( 2)(
( 2) ( 2)

2

4)
( ) ( 2)( 2)( 2)
) ( ) 20

f x x x x
a f so

x is a factor of f
x x x x x
f x xx x x
b f x for

x
x or x

= − − +
= − − + =

−

−

− +
=

− + = − −

= − + − =
= −=

 

 
Question 7: 

3 2

2

( ) 3 3
(1) 1 1 3 3

( )

0
( 1)

( 1)( 3)( 3

( ) ( 1)( 3)

)

f x x x x
f
so x is a factor of f
f x

x x

x

f x

x

x = − +

= − − +
= − −
−

= − −

−

+ =
 

 
Question 8: 

3 2

3

2

( ) 17 10
( 5) is a factor of f so (5) 0

(5) 5 25 85 10
8

( 5)( 2)( 1)
5 2 1

0

) ( ) ( 5)( 3 2)

0 ( ) 0

f x x px x
x f
f p

b f x x x
p

x x
x
x

x orc f x for x or x

= − + −
− =

= − + − =

= − − +

=

− − −
= =

=
==

 

 
Question 9: 

3 2

2

) ) ( ) 10 8
( 2) is a factor of 

(2) 8 4 20 8 12 20 8 0
( 2)

) ( ) ( 2)( 3 4)

)The graph crosses the x-axis at 
(2,0), (-4,0) and (1,0)
The graph cros

(2) 0

( 2)( 4)( 1

s

)

a i p x x x x
x p if

p
x is a factor of p

ii p x

p

x x
b

x
x x x

= + − +
−

= + − + = − + =
−

= −
− + −

+ −
=

=

es the y-axis at (0,8)
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Coordinates geometry 

Straight lines 
 
 

( )

2 1

2 1

1

1 1 2 2

1

1

1

Two points ( , ) ( , )

The gradient of the line

Gradient of a line

Equat

 AB is 

An equation of the line going through ( , ) with gradeint  is 

A

ion of a li

ft

ne

er r

AB
y ym
x

A x y and B x y fo

x

y y

rm a line AB

m x x

A x y m

−
=

−

− = −

e-arranging this equation, you could have the forms:
explicit eqaution

or implicit equation
y mx c
ax by c
= +
+ =  

 

1 1

1 2

1
2

1 2 2 2

1 2

1 2

1 2

Consider two lines L

Paralleland perpendicular line

: :

1
1

s

y m x c and L y m x c

pe

L and L ar

rpendic

parallel me when

L and L are wular m mhen

m
m

m

× = −

=

+
=

=
•

−

= +

•

 

 

1 1 2 2
1 2 1 2The mid-point of (

Mid-point of a line segmen

, ) ( ,
2 2

t

, )A x y and x x y yB x y is I + + 
 
 

 

 

2 2
2

1 1 2 2

1 2 1

The distance between ( , ) ( ,

Distance between two 

(

poin

)

t

)

s

)

(

A x y an

A

d B x y is

B d x x y y= = − + −
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Straight lines - exercises 
Question 1: 
Give the equation for the following straight lines AB in the form 

) (4,1) (0, 3) ) (12, 3) (14,1) ) (5,7) ( 2,5)
y mx c

a A B b A B c A B
= +

− − −
 

Question 2: 
Write the following equations in the form 0 , integers.

1 1) 5 2 )3 3 ) 4 1 2( 1) ) 3 ( 2)
2 3

ax by c where a b and c are

a y x b y x c y x d y x

+ + =

= + = + − = − − = +
 

Question 3: 
Give the equation for the following straight lines AB in the form 0

) (5,2) (3,4) ) (9, 1) (7,2) ) ( 6,1) (4,0)
ax by c

a A B b A B c A B
+ + =

− −
 

Question 4: 
For each of the following, 

)  the distance AB
) midpoint of AB.

a) (3,4) ( 2,6) ) (6,2) ( 3, 2) ) (2, 4) ( 6, 3)

i find
ii find the I

A B b A B c A B− − − − − −

 

Question 5: 
1

1

ive your answers in the form .

A line has equation 2 3. Consider two points A(3,2)and ( 1,4).
a) Work out the equation of the line parallel to L going through A.

b) Work out the equation of the lin
G y mx c

L y x B

= +

= − −

1

ive your answers in the form 0.

e perpendicular to L going through B.
G ax by c+ + =

 

Question 6: exam question 

 
Question 7: exam question 
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Straight lines – exercises’answers 
 
Question 1: 

3 1) 1 ( )
0 4

1 4

1 3) 2 ( )

3

2 27

14 12
3 2( 12)

5 7 2) ( )

2 39
7 7

2 5 7
27 ( 5)
7

AB A A

AB A A

AB A A

y

a m y y m x x

y x

b

x

m y y m x x

y x
y

c m y y m

x

x

x

x

y x

y

− −
= = − = −

−
− = −

+
= = − = −

−
+ = −

−
= = − = −
−

= −

= −

−

−

+

−

=

=

 

 
Question 2: 

)5 2 0 ) 6 6 0
) 2 4 1 0 ) 3 11 0

a x y b x y
c x y d x y

− + = − + =
− − = − + =

 

 
Question 3: 

4 2) 1 ( )
3 5

2 1( 5)

2 1 3) ( )
7 9 2

7

31 ( 9)
2

0 1 1) ( )
4 6 10

11

3 2 25 0

(

10

6

4 0

)
10

AB A A

AB A A

AB A A

a m y y m x x

y x

b m y y m x x

y x

c m y y m x x

y

x

x y

x y

x

y

−
= = − − = −

−
− = − −

+
= = − − = −

−

+ = − −

−
= = − − = −

+

− = − +

+ =

+ − =

+ − =

 

Question 4: 
2 2 2 2

2 2

2 2

) ( ) ( ) 5 2

int ,
2 2

) 9 4

) 8

29

1 ,5
2

397 ,0
2

765 ,1 2
2

B A B A

A B A B

a AB x x y y

x x y yMid po I

I

I

b AB

c AB

= − + − = + =

+ + − =  
 
 

 

 
 

 
 

−

= + =

= + =  − 
 

 

Question 5: 
1

1

1

2 4

2

)The gradient of L 2
the line parallel to L has gradient 2
Its equation is 2( )

2 2( 3)

1)The line perpendicular to L
2

1Its equation is ( )
2

14 ( 1)
2

7 0

A A

B B

a is

y y x x
y x

b has gradient

y y x x

y x

y x

x y

= −

− = −
− = −

−

− = −

−

+

−

+

−

−

=

=

 

Question 6: 

( )
2 2

2 2

7 3) ) 2
3 1

9 7 1) the gradient of BC is 
1 3 2

the line AB and BC are perpen

12 1
2

right-angl
dicular, 

the triangle ABC is a .
) )

) 2 4 20 2 5

4 2

ed triangl

20 2 5

6
e

0,

AB

AB

BC

BC

a i m

ii m

b i

ii AB

M

AB BC

m m

BC

ii

−
= =

−
−

= = −
− −

= + =

× = ×− = −

=
=

=

= + =

)The triangle ABC is a right-angled isosceles triangle,
Its line of symmetry is the line AM

6 3The gradient of AM = 3
0 1

The eqaution of AM is 3( )
6 3 3 6

AM

M M

i

m

y y
y x

x x
y x

−
= = −

−
−
= −

− −
− = − +

=

 

Question 7: 
 

)3 4 7 belongs to the line so
3 5 4 7 15 4 7

) (1,1) (5, 2)

2 1 3)
5 1 4

1 4) )
3

4)The equation of AC is : 1 ( 1)
3

3 3

2
1(3, )

4 4
) ( ,0

4 3 0
)

2

1

AB

AC
AB

a x y and B
k k

ii A and B

b m

c i m
m

ii y x

y x gives
iii C x belongs to the l

k

M

x y
in

+ =
× + × = + =

−

− − −
= =

−

= −

= −

=

− = −

− = −−

−

− =
4 0

1
0

4

1e

x

AC so x − −

=

=
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Circles 
 
 

2

2 2 2

2

.

Consider a circle C with centre  and radius .
Any point ( , )on this circle satisfies .
his is equivalent t

( ) (

Equation

o M

In particular if the ce

 o

ntre 

(

is (0,0

f a circle

, )

)

),

M x y M

x

r
T r

a b r

a y b r− + − =

Ω =

Ω
Ω =

2 2 2

2 2

 the equation becomes .

In its factorised form, it is easy to read centre and radius from the equation of a circle:
( 3) ( 1) 9 is the eqaution of the circle 

Re-arranging circle equations

cent

x y r

x y

+ =

− + + =
2

2

2

2 2

2 2

2

re (3,-1) radius 3.
But an equation can be given in its expanded form:
To re-arrange this equation, use the  wcomplete squar

2 2 0
ith 2 2 .

: 6 4 3 0
e 

.

6 4

form x ax and y bx
example x

y y
y x

x y ax by c

x x
y

+ + + + =

+ +

+ + + =

+ +

−

+

2 2

2 2

3 0
3 0

( 3) ( 2) 16
This is the circle 

(

centre ( 3, 2)

2

radius 4

3 )( ) 49
x

y
y

x

r

− =

+ − =

+ + +
− −

− + −

=
=

+
 

 
 

a) Any point joined to the extremities of a diameter 
form a right-angled triangle.

b)The perpendicular bisector of a chord goes through 
the centre of the circle.

c) A tang

Circle pro

ent to the

perties

 circle is perpendicular to the radius 
at its point of contact.

        

 
 

The circle C has centre O(2,1) and radius 25.
The point A(6,4) belongs to the circle.

Work out the equation of the tangent to th

Work out exercise: Tangent to a

e circle 

 cir

at

cle

 A.
− − − − − − − − − − − − − − − − − − − − − − −

1
1

The tangent at A is PERPENDICULAR to the radius OA.
4 1 3 1 4The gradient of OA is The gradient of the tangent is therefore =
2 6 4 3

4The equation of the tangent is : 4 ( 6)
3

3 12 4 24
4 3

m
m

y x

y x
x

− − − − − − −
•

−
= = −

− −

− = −

− = −
− 12 0y − =
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Circles - exercises 
Question 1: 

2 2

2 2

2 2

2 2

For each of the following circles find the radius and the coordinates of the centre.
) 2 6 6 0
) 2 4 0
) 6 4 12
) 10 6 13 0

a x y x y
b x y y
c x y x y
d x y x y

+ + − − =

+ − − =

+ − − =

+ − + + =

 

Question 2: 
2 2A circle has the equation ( 1) ( 2) 13.

The circle passess through ( 3, 1).
Find the equation of the tangent at  in the form 0.

x y
A

A ax by c

+ + − =
− −

+ + =
 

Question 3: 
2 2A circle has the equation ( 3) ( 4) 25.

The circle passess through (7,1).
Find the equation of the tangent at  in the form .

x y
A

A ax by c

− + − =

+ =
 

Question 4: 
2 2A circle has the equation 2 7 0.

Find the equation of the tangent to the circle at ( 3,2).
x y x+ + − =

−
 

Question 5: 
2 2A circle has the equation 2 4 5.

Find the equation of the normal to the circle at (0, 5).
Give your answer in the form .

x y x y

ax by c

+ + + =
−

+ =
 

Question 6: exam question 

 
Question 7: exam question 
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Circles – exercises ‘answers 
Question 1: 

2 2

2 2

2 2 2

2 2

2 2

22 2

2 2

centre ( 1,3) and radius 4

centre (0,1) and radi

) 2 6 6 0
( 1) 1 ( 3) 9 6 0
( 1) ( 3) 16 4

The circle has 
) 2 4 0
( ) ( 1) 1 4 0

( ) ( 1) 5

The circle has 
) 6

us 
4 2

(

5
1

a x y x y
x y
x y

b x y y
x y

x y

c x y x y

+ + − − =

+ − + − − − =

+ + − = =

+ − − =

+ − − − =

+ − =

+ − − =

−

2 2

2 2 2

2 2

2 2

22 2

centre (3,2) and radius 5

centre (5, 3) 

3) 9 ( 2) 4 12
( 3) ( 2) 5

The circle has 
) 10 6 13 0
( 5) 25 ( 3) 9 13 0

(

and r

5) ( 3) 21

The circle has ad  2 ius 1

x y
x y

d x y x y
x y

x y

− − + − − =

− + − =

+ − + + =

− − + +

−

− + =

− + + =
 

Question 2: 
The centre of the circle is ( 1, 2).
The tangent to the circle at ( 3, 1) 
is perpendicular to the radius IA

1 2 3Gradient of   
3 1 2

1 2The gradient of the tangent is 
3

The equation of the

IA

IA

I
A

IA m

m
m

−
− −

− −
= = =

− +

= − = −

 tangent is ( )
21 ( 3)
3

3 3 6
3

2
2 9

A Ay y m x x

y

x
x

x

y
y

− = −

+ = − +

+
+

= −
= −
−

 

Question 3: 
The centre of the circle is (3,4)

4 7 3The radius A  has gradient 
3 1 2

The tangent to the circle at A is 
2perpendicular to the radius: its gradient is
3

2The equation of the tangent is 1 ( 7)
3

3 3

Am

y x

y

Ω

Ω
−

Ω = = −
−

− = −

−
3

2
11

14
2x y

x
−

=
=

−

 

Question 4: 
2 2

2 2

2 7 0
( 1) 8
The centre of the circle is ( 1,0)

0 2The gradient of the radius A 1
1 3

The gradient of the tangent is 1
The equation of the tangent is 2 1

5
( 3)

A

x y x
x y

is m

y x
y x

Ω

+ + − =

+ + =
Ω −

−
Ω = = −

− +

− = +
= +

 

Question 5: 

( )

2 2

2 2

2 4 5 (0, 5)
( 1) ( 2) 10
The centre of the circle is ( 1, 2)
The normal is the radius A and 

2 5its the gradient i

3

s 3
1 0

The equation of the normal is 
5 0

5
3

A

x

x y x y and A
x y

m

y x
y

Ω

+ + + = −

+ + + =
Ω − −
Ω

− +
= =

+

−
− −

+ = −

= −

−

 

Question 6: 
2 2

2 2

10 20 0
)
)The centre has coordinates 

( 5) 5
(0,

The radiu 5s is

5)

 

x y
x y y

a
b

r

+ −

=

+

+

=

−

=

 

Question 7: 

2

2 2

2 2

2( 3) ( 5) 25

6 10 9 0
) ( 3) 9 ( 5) 25 9 0

) )The centre is 
)The radius is

( 5)
5 

3,

x y x

x y

r

y
a x y

b i
ii

− +

+ − + + =

− − + + − + =

+ =
−
=
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Transformations of graphs 
 
 

0
(

A curve  has equation ( ).

" " .

The curve with equation is the translation of 

The curve with equation

Transl

 is

ations of graphs

 the tra

)

( ) nslation of

f

fy f x

C y f x
a is a positive number

b vectoC b

x

r

f a

b
y

y

=

•

•

 
= −  −

+



=

2

2

 

The curve with equation is the translation of C

The curve with equation ( 3) 2 is the trans

Comb

 

la

(

tio

ined translat

n of 

the 

ion

cu

)

0

:

s

rve

f

f

a
y b f x a

Examp

ve

C by

by

y x

y x by v

ctor
b

l

a
ve

e

to

s

c r

− 
+ = +  − 

•

= − +

=

− 
 
 

2 2 2 2

3
.

2

The circle ( 3) ( 1) 9 is the translation of the circle 9
3

by the vector .
1

ector

x y x y

 
 
 

− + + = + =

 
 − 

 

 
 

( )

2 2

22

All parabolas of the form are the image of the parabola 

To work out the vector of this translation, use the completed sq

Par

uare form:

The vector of the tr

abola

anslation i

s

 s

y x bx c y x

y x bx c x p q

= + + =

= + + = + +

 .

This vector is the vector OV, where ( , ) is the vertex of the parabola.:No

p
q

pte V q

− 
 
 

−

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Transforming graphs - exercises 
Question 1: 

 
 
Question 2: 

 
 
Question 3: 

 
 
Question 4: 
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Transforming graphs – exercises ’answers 
Question 1: 

2

2

2

2

2

) 8 19 ( 4) 3
) 8 19 0
( 4) 3 0

No solution 
(a squared number is always positive)
)The minimum point is ( 4,3)

The graph crosses the y-axis at (0,19)
4

Translation vector 
3

(

)

4) 3

a x x x
b x x

x

c

d

x

+ + = +

−

+

+ + =

+



+


 


−

−

=

=



+

 

Question 2: 
2 2

2

3 9) 3 4 ( ) 4
2 4

3 7
2 4

3 7)The minimum point is ,
2 4

)

3
2Translation vector 
7
4

a x x x

x

b

c

− + = − − +

 − +

 
 
 
  
 


 

 
 
 

 

Question 3: 

( )( ) ( )22) 5 3 2 8 17 4 1
) ) Minimum point (4,1)

The graph crosses the y-axis at (0,17)
)

)

1
4

Translation vector
1

a x x x x x

y

b i

ii

c

− − + = − + = − +

=

 
 
 

 

Question 4: 

( )22

2

2

) ) 2 5 1 4

) For all ,  ( 1) 0
( 1) 4 4

4 0
) ) Minimum point ( 1,4)

)The graph crosses y-axis at (0,5the
1

Translation vector 
4

) 

c)

a i x x x

ii x x
x

y
b i

ii

+ + = + +

+ ≥

+ + ≥
≥ ≥

−

−

 
 
 
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Calculus 

Differentiation 
 
 

The function you get from differentiating  with respect to 

is called the DERIVATIVE of  and it's written .

is the rate of change of y with respect to .

It is t

No

he gradient of the cu

tation
y x

dyy
dx

dy x
dx

•

•

rve/the tangent to the curve.

The notation '( ) ( ) is sometimes used instead of .dyf x f primeof x
dx

•

 

 
 

Consider two points on a curve ( , ( ))  a point B close to A
( , ( )) " ".

( ) ( ) ( ) ( )The chord AB h

Differentiation

as gradient 

 from

.

When B get cl

 first princi

o

ple.

A x f x and
B x h f x h where H is small

f x h f x f x h f x
x h x h

+ +
+ − + −

=
+ −

ser and closer to A, h tends to 0.
( ) ( )If  has a value when h tends to 0, 

this value is the gradient of the curve at A: '( ).

f x h f x
h

f x

+ −

 

 
2

2 2

2 2 2

( )
' 3.

(3,3 ) (3 , (3 ) )
(3 ) 3 9 6 9the gradient of AB: 6

3 3

Exam

When 0, 6 :

: ( 3) '(3 6

p :

)

le f x x
Let s work out the gradient of the curve at x

A and B h h
h h hm h
h h

htends to m tends to
dyConclusion x f
dx

=
=

• + +

+ − + + −
= = = +

+ −

= = =

 

 

1 1

1

4 3

6

4 3 2

1

5 5

3

.

4

5 5

Differentiating polynomials

6 30

3 5 1 1

:

5 1

 

2

n p n p

n n

n n

dyif y x x then nx px
dx

dyif y k x then k nx where k
dx

dyy x x
dx
dyy x x x
dx

dyy x x x x x
dx

dyif y x t

Exampl

hen n
d

e

x
x

− −

−

−•

• = + = +

• = × = × ∈

= =

= = × =

= + + = +

= =

+


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Differentiation - exercises 
Question 1: 

3 2 4

2 2

) ( ) 4 ) ( ) 1 ) ( )
) ( ) 3 5 ) ( ) 2 4 6

Differentiate the following functions
a f x x x b f x x c f x x x
d f x x x e f x x x

= − = + = −

= + − = − + −

 

 
Question 2: 

4 2 5

2

Find the gradient of each of the following curves
a) 2 3 ) 2 4 2
) ( 1)( 2) (4,24) ) 5( 1) ( 1, 1)

y x x when x b y x when x
c y x x x at d y x x at

= − + = = + = −

= − − = − + − −

 

 
Question 3: 

2 2 2 3

For each of the following functions, find the coordinates of the point 
or points where the gradient is 0

) 2 ) 3 4 ) 5 3 ) 9 3a y x x b y x x c y x x d y x x= − = + = − = −
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Differentiation – exercises ‘answers 
Question 1: 

2 3) 12 2 ) 1 ) 4 1

) 6 1 ) 4 4

df df dfa x x b c x
dx dx dx
df dfd x e x
dx dx

= − = = −

= + = − +
 

 
Question 2: 

( )

3 3

44

3 2 2

2

) 4 2 ( 3) 4 3 2 3

) 10 ( 2) 10 2

) 3 2 3 6 2 ( 4)

) 5 5 10 1 (

102

160

26

91)

dy dya x x x
dx dx
dy dyb x x
dx dx

dy dyc y x x x x x x
dx dx
dy dyd y x x x x
dx dx

= − = = × − × =

= = − = × − =

= − + = − + = =

= + − = + = − −=

 

 
Question 3: 

2

2

2 2

(1, 1)

2 4,
3 3

3 9,

) 2 2 0 1

1 2 1

2) 6 4 0
3

2 2 43 4
3 3 3

3) 10 3 0
10

9
20

) 9 9 0 1

1 1
6

10 20

( 1, 6) (1 6)
6

,

dya x for x
dx

y

dyb x for x
dx

y

dyc x for x
dx

y

dyd x for x
dx

x or x
y

or
or x

−

 − − 
 

= − = =

= − = −

= + = = −

   = × − + × − = −   
   

= − = =

= −

= − = =

= − =
= −

 − 
 

− −
=
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Using differentiation 
 
 

A tangent to a curve is a straight line that touches the curve.
The gradient of the tangent is the same as the gradient of 
the curve at the point of contact

Tangen

n

ts and

ormal

.

A  to 

 no

a c

rma

ur

ls

ve at

•

•

tang
tangent

ent

 a point A is a straight line which 
is  to the curve at A.

1Consequence:

perpendicular to the tange

1

nt

norm normalal mm or
m

m −
× = − =

  

 
 

2

2

If you differentiate  with respect to , you get the derivative .

 If you differentiate with respect to , you get the second order de

Second order derivativ

rivative .

The second order 

es
dyy x
dx

dy d yx
dx dx

•

•

•

2

2

derivative gives the rate of change 
of the gradient of the curve with respect to .

If ( ), we usethe notation ''( ).

x
d yy f x f x
dx

• = =

 

 

Stationary points occur when the gradient of the curve is zero: 0

There are three kinds 

Stationary poi

of stationary 

nts

points:

dy
dx

=  

 
 

  

:
1) Work out '( )
2)Solve the equation  '( ) 0
3)Substitute the -val

To work out the coordina

ues found into the 
origi

tes of a s

nal equati

t

o

at

n 

ionary

to fin

 poin

d y-val s

t

ue .

f x
f x

x
=  

 

2

2

If the point ( , ( )) is a  of the curve ( ),
The nature of the point A is determined by the sign of the 

M

s

inimum and maximum point

econd order derivative:

I

stationary point

f ( ) 0, is a

s

 maA

A A

d y x x A
dx

A x f x y f x

<

=

=

2

2

2

2

ximum point

If ( ) 0, is point of inflection

If ( ) 0, is a minimum point

A

A

d y x x A
dx
d y x x A
dx

= =

= >
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Using differentiation - exercises 
Question 1: 

2 3

Find the equation of the tangent to each of these curves at the given point.
Give your answer in the form 

) 9 (1,7) ) 2 3 (2,7)
) ( 2)(2 3) (2,4)

Find the equation of the tangent to eac

y mx c
a y x x b y x x
c y x x

= +

= − = − +
= + −

2 2

h of these curves at the given point.
Give your answer in the form 0 , are integers.

) 3 4 2 (2,6) ) ( 4) 5 ( 1,8)
ax by c where a b and c

d y x x e y x x x
+ + =

= − + = + − −

 

 
Question 2: 

3 2The curve with equation 5 passes through the point A(1,8).
a) Work out the equation of the tangent to the curve at A.

(give your answer in theform )
) Work out the equation of the normal to

y x x x

y mx c
b

= + + +

= +
 the curve at A 

in the form 0.ax by c+ + =

 

 
Question 3: 

3 2

4

3 2

Find the stationary points on the graphs of the following functions
and say if they are maximum or minimum turning points.

) ( ) 8 16 8 1
) ( ) 2
) ( ) 3 4

a f x x x x
b f x x x
c f x x x

= + + +

= +

= − +

 

 
Question 4: 

3 2The curve given by the function ( ) has a stationary point 
with coordinates (3,10). If ''( ) 0at (3,10), find , .

f x x ax bx c
f x a b and c

= + + +
=

 

 
Question 5: 

4 3 2

2

Given that the curve with equation 17 has only one stationary point,
32show that .
9

Find the coordinates of the stationary point and say if it is a maximum or a minimum point.

y x kx x

k

= + + +

<  

 
Question 6: 

2

A ball is catapulted vertically with an initial speed of 30m/s.
After  seconds the height h of the ball is given by 30 7.5 .
Use calculus to find the maximum height the ball reaches.

t h t t= −
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Using differentiation – exercises ‘answers 
Question 1: 

( )2

2

) 9 2 ( 1) 9 2 7

The equation of the tangent is 7 7( 1)

) 3 2 2 10

The equation of the tangent is 7 10( 2)

) 2 6 4 1

( 2) 9

The equation of the tange

10

n

7

13

dy dya x x
dx dx

y x

dy dyb x x
dx dx

y x

dyc y x x x
dx
dy x
d

y

x

x

y x

=

=

= − = = − =

− = −

= − = =

− = −

= + − = +

= =

−

t is 4
4

)
1

9( 2
9

y x
y x=

−
−
− =

2

) 6 4 ( 2) 8

The equation of the tangent is 6 8( 2)

) 3 8 5 ( 1) 10

The equation of the tange

8 1

nt is 8 10( 1
0

)

0 0

10 2

dy dyd x x
dx dx

y x

dy dye x x x
dx dx

y

x y

x y
x

= − = =

− = −

= + − = − = −

− = − +

− − =

+ + =

 

Question 2: 
2) 3 2 1 ( 1) 6

The equation of the tangent is 8 6( 1)

1)The gradient of the normal is
6

1The equation of the normal is 

6 2

6 49

8 ( 1)
6

6
0

48 1

dy dya x x x
dx dx

y x
y x

x

b

y x

y x
y

= + + = =

− = −

−

− = −

= +

+ −

−

= − +
=

−

 

Question 3: 

( )

2

2

2

2

2

2

2

2

) 24 32 8 0

3 4 1 0
(3 1)( 1) 0

1 1
3

1 5( ) ( 1) 1
3 27

The stationary points are 

48 32

1( ) 16 0
3

( 1

1 5A( , ) 1,

A is a minimum

B is a maxim

1 .
3

) 1 u

2

0 m

7

6

dfa x x
dx

x x
x x

x or x

f or f

d f x
dx

d f

and

x
dx
d f x
dx

B

= + + =

+ + =
+ + =

= − = −

− = − − =

= +

= − =

<

−

>

= − = −

−

 

 
Question 4: 

3 2

2

2

2

2

2

2

3

3

2

( )

3 2

( 3) 27 6 0

6 27

6 2

( 3)

( ) 9 27 17

18 2 0 9

27 6 27
( ) 9 27
(3) 27 81 81 10

10 27 17
:

f x x ax bx c
df x ax b
dx
df x a b
dx

a b
d f x a
dx
d f x a a
dx

and b a
f x x x x c
f c

c
Conclusion f x x x x

= + + +

= + +

= = + + =

+ = −

= +

= = + = = −

= −

= − − =

= − + +
= − + + =

= − =

−

−

+

 

Question 5: 

( )

3 2

2

2

2

2

2
2

2

2

4 3 2 0

4 3 2 0

0 17
THE stationary point
This means that 4 3 2

:
The discriminant is < 0
(3k) 4 4 2 0
9 32 0

.

The stationary point i

32

s (0,17)
9

12 6

dy x kx x
dx

x x kx

so x and y give

x kx
has no real roots

k

d y x k
dx

k

= + + =

+ + =

= =

+ +

− ×

=

<

× <

− <

+

2

2

The point (0,

2

( 0

1

) 2 0.

7) is a minim m.u

x

d y x
dx

+

= = >  

 
Question 6: 

The maximum h

30 15 0

eight reached

2

2, 60 30 30

 at 2 s
 

econi 30m dss 

dh t for t
dt
for t h

t

= − = =

= = − =

=
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Integration 
 
 

Integration is the "opposite" of differentiation.
If ( ) is a given function, to integrate means finding a function ( ) 

so that 

 is called an INTEGRAL of and it is note

Indefinite

d

 integrals

y f x f F x
dF f
dx

F f

=

=

  ( )

:An integral is not unique. If ( ) is an integral, then  is also ( )  

( ) ( )

one.F x c

f x dx F x c

f x dx

Note F x

where c is a constant

+

= +

∫

∫

 

 
 

1

Integrating 

Rules of integrations

The formula tells you how to integrate   

( ) ( )

( ) ( ) ( ) (

.

1

( ) ( ) are two functions , is a constan

1

t

1

)

n n

n

powers of x

for all n

f x an

a f x dx a f x dx

f

x dx x c
n

x g x dx f x d

d g x

x g x

a

x

d

+

× = ×

= +
+

−

+ =

≠

+

∫ ∫
∫ ∫

∫

3 4 2 3 2 3 21 1 1 3: , (3 3 ) 3 3
4 3 2 2

Examples x dx x c x x

x

dx x x c x x c= + − = × − × + = − +∫

∫

∫

 

 
 

A curve ( ) is going through the poin

Integrating to find the equation of a

t ( , ) and '( ) .

To find the equation of the curve, 

integrate '( ) : '( ) ( )

find the value

 cu

o

v

 

r e

A A
dyy f x A x y f x is given
dx

f x f x dx F x c

= =

• = +

•
∫

2

2 3 3

3

f the constant using the coordinates of A.

The curve ( )goes through A(2,9)and 3 .

Fi

Exa

nd the eqaution of the curve.

3

(2,9) belongs to the curve so 9 (2) 1
the eqa

mple:

c

dyy f x x
dx

x dx x c so y x c

A c c

= =

• = + = +

• = + =

•

∫

3ution of the curve is 1y x= +
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Integration - exercises 
Question 1: 

2 4

6 2

3 2 5
3

2

Find the following
1) ) 7 ) )

2 4

) ( ) ) (10 4 1) ) ( 2)

2 4 1 2) )
2

xa x dx b x dx c dx d xdx

e x x dx f x x dx g x x dx

x x xh dx i x dx
x x

−

+ + + +

+
+

∫ ∫ ∫ ∫

∫ ∫ ∫

∫ ∫

 

 
Question 2: 

3

2

3 2

For each of the following, the curve ( ) goes through
the given point. Find ( )

) '( ) 4 (0,5)
) '( ) 3 4 3 (1, 3)
) '( ) 6 ( 2) ( 1,1)

9 2) '( ) ( 1, 2)

y f x
f x

a f x x
b f x x x
c f x x x

x xd f x
x

=

=

= − + −
= + −

+
= −

 

 
Question 3: 

( )2Consider 3 .

Given that 9 4, find  as a function of .

dy t
dt
y when t y t

= −

= =
 

 
Question 4: 

3The curve ( )  has derivative '( ) 3and passes through (1, 1).
2

Find the equation of the curve.

xy f x f x x= = + + −
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Integration - exercises 
Question 1: 

3 5

2 2

7 2 3 2

2 4

6 2

3 2
2

5
3 3 3

2

2 2 3 2

1 7
3 5
1 1
4 8

1 1 1

) ) 7

1) )
2 4

) ( ) ) (10 4 1)

2 4) ( 2) ) (2 4 )

1 2 1) 2

0 2
7 2 3
1 2 2
2 3

2
1
82

a x dx b x dx

xc dx d xdx

e x x dx f x x dx

x xg x x dx h dx x x dx

x c

x

x c

x c x

xi x dx x x

c

dx

x x c x x x c

x x c x

x

x c

= =

= − =

+ =

+ +

+ −

+ + =

+
+ = = + =

+ =

+

+ + + + +

+ + + +

+ =

∫ ∫

∫ ∫

∫ ∫

∫ ∫ ∫

∫ ∫ 4 41
2

x x c+ +

 

 
Question 2: 

4

3 2

3 2

3 2

5
2 3 5

2 6 3
3

) ( )
)

4

( )
) ( )
) ( )

a f x
b f x
c f x
d f x

x
x x x
x x
x x

+

− + + −=

=

+

+

= −

+

=

 

 
Question 3: 

2

3 2

2

3 2

( 3) 6 9

1 3 9
3

4, 9
649 48 36
3

1 13 9
3

1
3

3

dy t t t
dt

y t t t c

for t y so

c

c

y t t t

= − = − +

= − + +

= =

= − + +

= −

= − + −

 

 
Question 4: 

4 2

4 2

1 1( ) 3
4 4

1, 1
1 11

1 1 9(

3
4 4
9

3

2

)
4 4 2

y f x

f x x

x x x c

for x y so

c

c

x x

= = + + +

= = −

− = + + +

= + + −

= −
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Integration and area 
 
 

Definite integrals have numbers, , next to the integral sign.
Theyindicate the range of x-values to integrate the function between.

 is the lower limit,  i

Definite

s the up

 integra

per lim

(

s

it

)

l

a and b

a b a b

f x

<

[ ]

2
2 2 3 3 3

1
1

where  is an integral of .

1 1 1 8 1 72 1
3 3 3 3 3 3

( ( ) ( )

:

)
b b

aa

Example

dx F x F b F f

x

F

d

a

x x     = = × − × = − =       

=

 

= −∫

∫

 

 
 

The value of a definite integral represents the area between 
the curveof the function, the x-axis and th

Area u

e line

nder a c

 

urv

nd .

e

ax a x b= =
 

 
:if the curve is , i.e if ( ) 0,
the integral will give a negative value.

I

belo

n th

w the x-ax

is case, 

Be care l

(

u

)

f is

b

a
Area f x

x

x

f

d= −

<

∫

 

 
 

( ) ( ) are two functions and are two numbers.
when , ( ) ( ).

The area between the two curves and the line

Area b

( ) ( ) ( ( ) ( )

etween two cur

s a

v

)

nd i

es

s
b b b

a a a

f x and g x a and b
a x b f x g x

x

f x dx g x dx or f

a

x g x x

x b

d−

< < >
=

−

=

∫ ∫ ∫

 

 

( )( )2 222 2

1 1

2
3 2

1

3 1 1 2 5 2

2 5 2
3 2

16 2 5 510 4 2
3 3 2 6

Area x x x dx x x dx

x x x

Area

= − + − − + = − + −

 = − + −  

   = − + − − − + − =   
   

∫ ∫
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Integration and area - exercises 
Question 1: 

( )3 0 2 22 3 3 2

1 2 0 5

Work out 

) 3 ) (4 2 ) ) ) ( 1)a x dx b x x dx c x x dx d x dx
−

− −
+ + +∫ ∫ ∫ ∫

 

 
Question 2: 

3

0
Given that 4, work out the value of , 0.

a
x dx a where a= >∫  

 
Question 3: 
Calculate the shaded area in the following diagram:   

 
 
Question 4: 

2Find the area between the graph of ,  the x-axis and the lines 1 3y x x x and x= + = =  
 
Question 5: 

3Find the area between the graph of 5 ,  the x-axis and the lines 2 1.y x x and x= = − = −  
 
Question 6: 

2Find the area enclosed by the curve 4 and the line 4.y x y x= + = +  
 
Question 7: 

2Find the area enclosed by the curve 1 , 
the line 4 and the 0.

y x x
y x x axis for x

= + +
= − − ≥

 

 
Question 8: 
Work out the shaded area in the following diagrams:  
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Integration and area – exercises ‘answers 
Question 1: 

( )

( ) ( ) ( )

3 32 3 3 3

11
0 03 4 2 4 2

22
2

2 3 4 2

0
0

2
2 22 2 3 2

5 5
5

) 3 3 1

) (4 2 ) 0 ( 2) ( 2)

1 1)

26

20

64 2 0
4 2

1) ( 1) 2 1
3

8 1254 2 25 5
3 3

21

a x dx x

b x x dx x x

c x x dx x x

d x dx x x dx x x x

−−

−
− −

− −
−

 = = − = 

 + = + = − − + − = 

 + = + = + − =  

 + = + + = + +  

   = − + − − − + − =   
  

−



∫
∫

∫

∫ ∫

 

 
Question 2: 

3

0

4

4 4

0

4

1 1 4
4 4

This gives   16
)

6
(

2
0

1

a
a
x dx x a

aa
because a

 =

= =

= =  

=
>

∫
 

 
Question 3: 

3
3 3 4 2

1
1

12
4

81 19 1
4 4

28

Area x xdx x x

Area

 = + = +  

   = + − + =   
   

∫
 

 
Question 4: 

3
3 2 3 2

1
1

1 1
3

38
3

2
9 1 19
2 3 2

Area x xdx x x

Area

 = + = +  

   = + − + =   
   

∫
 

 
Question 5: 

( )

1
1 3 4

2

4

2

3

55
4

5 7520
4

75The area is 1

4

 8
4

I x dx x

I

−
−

−
−

 = =   

 = − = − 


=



∫

 

 

Question 6: 

( )

2

2

2

1 12 2

0 0
1

3

0

We need to find where the parabola 
and the line intersect:

4
:

4

4 4
0

( 1) 0
0 1

( 4) ( 4)

1 1 1 1 10

1The area i

2 3 2 3

.s
6

6

 

y x
this gives

y x

x x
x x
x x
x or x

I x x dx x x dx

I x x

 = +


= +
+ = +

− =
− =

= =

= + − + = −

   = − = − − =     

∫ ∫

 

 
Question 7: 

( )

2

2

2

1 12 2

0 0
1

3 2

0

1
We solve simultaneously

4

1 4
2 3 0

( 3)( 1) 0
3 1

 we want x 0 so we work out 

( 1) (4 ) 2

The area compris

3

1 1 53 1 3 0
3 3

e

3

y x x
y x

x x x
x x
x x

x or x
But

I x x x dx x x dx

I x x x

 = + +


= −
+ + = −

+ − =
+ − =
= − =

≥

= + + − − = + −

   = + − = + − − = −     

∫ ∫

5d between the curve is 
3

.

 

Question 8: 

( )
( ) ( )

( )

2 22 2

2 2
23

2
2

2 2 2 3

0
0

) 16 3 4 12 3

12 24 8 24 8 48

1) 2
3

4T

8 44 0
3 3

he area is .
3

a I x dx x dx

I x x

b I x x dx x x

I

− −

−

= − + = −

 = − = − − − + = 

 = − = −  

 = − − = 
 

∫ ∫

∫  
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AQA – Core 1 - Jan 2006 – Answers 
 
Question 1: Exam report 

( )( )) 5 2 5 2 5 2 5 2 5 4

) 8 18 4 2 9 2 2 2

1

5 23 2

a

b

+ − = − + −

+ = × + = + =×

=
 

Many candidates earned full marks on this introductory question. 
(a) Most candidates multiplied out the two brackets to obtain four 
terms. The most common error occurred in the last term, which 
was sometimes seen as -2 instead of -4. Very few candidates 
recognised that it was the difference of two squares. 
(b) This part was less well done. Some candidates had problems 
simplifying 8  and 18  and wrote 2 4 2 9and , for example. 
Some, having correctly converted both surds, added them 
incorrectly and so 6 6 was quite common. A few candidates 
thought 8 18+  were equal to 26 . 

 
Question 2: Exam report 

(1,1) (5, )
: 3 4 7

) ) belongs to the line so its coordinates satify the equation:
3 4 7 15 4 7

) ,
2 2

2 1)
5 1

1

2
13,
2

3
4

4
3

) )

5

) :

A B A B

B A
AB

B A

AC
AB

A AC

A B k
AB x y
a i B

k
x x y yii I

y yb m
x x

c i m
m

ii

k k

I

AC y y m

+ =

× + × = + = = −

 − 


+ +  = 


−


− − −

= = =
− −

= − =

− = ( )

( )41 1
3

3 3 4 4

) belongs to the x-axis so ( ,0)

4 3 0 1

4 3 1

1
4

A

C

C C

x x

y x

y x

ii
x

x

C x
y

i C

x

−

− = −

− = −

− × =

− =

=
 

(a)(i) Candidates used various methods to prove that 
k=-2. Some used the most direct method of 
substituting x = 5 into the given line equation and 
solving for y; some chose to verify that x = 5 and y =-
2 satisfied the equation of the straight line. Others 
took a longer route; they found the gradient using 
(1,1) and (5,-2) and then found the equation passing 
through one of the points and proved it to be the 
given one. 
 
(a)(ii) Most candidates knew how to find the 
midpoint of a line. A few made a simplification error 

and wrote 
1

3,
2

 
 
 

instead of 
1

3,
2

− 
 
 

.The 

common error amongst the weaker candidates was 
to subtract the coordinates instead of adding them. 
(b) Many candidates gave fully correct answers here. 

However, some, having obtained 
2 1

5 1

− −

−
 wrote 

3

4
 

as a final answer. A few candidates used 1 2

1 2

x x

y y

−

−
. 

(c)(i) Most knew the gradient rule for perpendicular 
lines. However, not all could implement it since it 
involved the reciprocal of a fraction. 
(c)(ii) At least half of the candidates found the 
equation of the line passing through the midpoint of 
AB instead of through C.  
(iii) Most realised the need to substitute y = 0 into 
their AC equation and solve for x, so they at least 
earned the method mark. Even those with the 
correct equation did not always earn two marks. 

Some had difficulty in simplifying 
1 4

3 3
÷  
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Question 3: Exam report 
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(a)(i) Most candidates were familiar with the idea of .completing 
the square. and answered this part satisfactorily. There were 
occasional sign errors and +9-4 was not always evaluated 
correctly. 
(a)(ii) There were several correct answers although some wrote  
(5,-2) instead of (5,2). Some did not recognise the link between 
parts (i) and (ii) and chose to differentiate instead. This was a 
satisfactory, though more time-consuming, alternative method. 
Some earned no marks here as they wrote comments such as “.5 
is the minimum”, with no link to the y-coordinate being 5. 
(b)(i) This simple proof was usually well done. Occasionally the 
mark was lost due to the omission of “ = 0”... 
(b)(ii) Many scored full marks here. Most factorised the equation 
and obtained the correct x-values. Some made no further 
progress, while a few substituted into the given quadratic 
equation and obtained 
y = 0, instead of using the equation of the line or curve to find 
the values of y. It was encouraging to see 
many factorising the quadratic correctly. Those who used the 
quadratic equation formula or completion of 
the square often made more errors than those who factorised 

 
Question 4: Exam report 
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(a) There were several completely correct proofs here. Some lost 
the last mark by concentrating on the discriminant but failing to 
equate it to zero. There was a little fudging by some; for example, 
some who wrote -4(4m+1) = -16m+4 still managed to obtain the 
correct printed equation. 
 
Some of the weaker candidates found b2-4ac using numerical 
values from the equation they were supposed to establish. 
 
(b) Almost all candidates found both values of m successfully. A 
few spotted just one answer and some factorised correctly and 
then wrote m = -2, m =-6, but they were in the minority. 

 
Question 5: Exam report 
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(a) Completion of the squares in the circle equation was carried 
out well once more. The most common error was a sign slip 
usually in the second term. Another error lay in combining the 
constant terms, so answers such as -14 and 11 were seen for r2. 
 
(b) Most earned the mark for the coordinates of the centre of the 
circle as this was a follow through mark. The mark for the radius 
was not always earned as some failed to take the square root or 
had an inappropriate answer such as a negative value for r2. 
 
(c)(i) Most found CO to be 5. However, a few neglected to square -
3 and 4 before adding and some subtracted 9 from 16. 
 
(c)(ii) This part was answered well with most realising the need to 
explain, using both lengths, why O lay inside or outside the circle. 
Some accompanied their explanations with diagrams, although 
this was not necessary. 
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Question 6: Exam report 
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(a)(i) It was good to see that almost all candidates started 
correctly by evaluating p(2), though a few thought they needed 
to find p(-2) and others wrongly assumed that long division was 
the “factor theorem”. It was necessary to write a conclusion or 
statement after showing that p(2) = 0 , in order to earn the 
second mark. 
 
(a)(ii) The most successful approach here was by using a 
quadratic factor (ax²+bx+c), though long division also worked 
well for many. A surprising number who found the correct 
quadratic then factorised it wrongly. Those who tried the factor 
theorem again rarely spotted both factors. A few lost the final 
mark by failing to write p(x) as a product of factors. 
 
(b) Although there were many correct sketches, many lost a mark 
by failing to mark the point (0,8) on the y-axis. Candidates were 
expected to draw a cubic through their intercepts, to use an 
approximately linear scale and to continue the graph beyond the 
intercepts on the x-axis. It was common to see the negative 
values in the factors wrongly taken to be the roots and hence the 
intercepts on the x-axis. 

 
Question 7: Exam report 
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(a)(i) The differentiation was generally well done, though some 
candidates found the fractional coefficient problematic. Those 

who wrote 56

3
t  were not penalised in this part but writing 

1
6.

3
generally led to errors later in the question. Some tried to 

avoid the fraction by considering 3V throughout the question, 
making errors, and suffered a heavy penalty. 
(a)(ii) Again, most applied the method correctly and here 
simplification of coefficients was necessary. A few failed to 
differentiate 6t or omitted it altogether. 
(b) This part was poorly done with many not recognising that 

the rate of change was 
dV

dt
and substituted t = 2 into the 

expression for V or
2

2

d V

dt
. Quite a lot of candidates made 

arithmetic errors. A few found two values of the expression and 
averaged them. 

(c)(i) Again, many failed to evaluate 
dV

dt
in order to verify that a 

stationary point occurred, but those who did generally obtained 
a value of zero. It was essential to include a relevant statement 
to earn both marks. 
(c)(ii) This required evaluation of the second derivative at t = 1 
or an appropriate test. Candidates who tried to test the gradient 
on either side of 1 almost invariably failed, as the values used 
were too far away from the stationary point. A surprising 
number evaluated  
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10 -24+6 to be -20 thus losing the accuracy mark. Some 
appeared to be guessing and drew wrong conclusions about 
maxima or minima after evaluating the second derivative. 

 
Question 8: Exam report 
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(a) Not everyone recognised that the height of the rectangle 
was the value of y when x = -1 or x = 2. Some who did made 
numerical errors. Even having found the height 4, some 
obtained the wrong area by taking AB as 4 or 2 (sometimes 
using Pythagoras’ .Theorem) or by finding the perimeter 
instead. 
(b)(i) The integral was generally correct, though sometimes 
incorrect simplification occurred subsequently. A few integrated 

x3 to 41

3
x  and a surprising number misread the integrand as  

3x²- x². 
There were also candidates who confused integration with 
differentiation or whose process was a hybrid of the two. 
 
(b)(ii) Almost everyone recognised that they should firstly 
evaluate the integral from -1 to 2 , but most stopped there, 
instead of going on to subtract the value of the integral from 
the area of the rectangle. 
There were a lot of sign errors in the work with some adding 
instead of subtracting or putting the two parts the wrong way 
round. A few wrongly substituted in the original function. Those 
who chose to work with the differences of two integrals seldom 
completed it correctly. 
(c)(i) Differentiation was done well on the whole. 
(c)(ii) Many substituted x = 1 into the derivative to find the 
gradient of the tangent and went no further. Most did not find 
the y coordinate of the point and so made no attempt at the 
equation of the tangent. A few non-linear equations were seen 
with a .gradient. of 6x - 3x². 
(c)(iii) Very few candidates completed this part. Many made no 
attempt, and those who did tended to test a few values of x or 
to find the second derivative, which was of no value. 

Only the strongest candidates realised that 0
dy

dx
<  was the 

condition for y to be decreasing and that, after a couple of lines 
of algebra, the given inequality could be obtained. 
(d) Although most made an attempt at the quadratic inequality, 
few obtained both parts of the solution. It was imperative that 
candidates wrote x > 2, x < 0 and not 0 > x > 2 as many 
incorrectly stated. 
It was disappointing to see how many candidates at this level 
could not solve the equation x²-2x = 0, obtaining values such as 
 -2, √2, 1+√2. Using the formula or completing the square 
sometimes led to 1±√1, which many candidates failed to 
simplify. 

 
GRADE BOUNDARIES 

Component title Max mark A B C D E 
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AQA – Core 1 – June 2006 – Answers 
 
Question 1: Exam report 
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Part (a)(i) Although most obtained the correct gradient, some 
omitted the negative sign (particularly those who relied on a 
sketch for their evaluation) and some had a fraction with the 
change in x as the numerator which immediately scored no 
marks. Quite a few found mid-points (possibly since that had 
appeared on previous examinations) and others added the 
coordinates instead of finding the differences in their quotient 
expression for the gradient. 
Part (a)(ii) The use of their gradient to obtain the given equation 
was the most successful method. Those using 
 y = mx + c had a tendency to introduce a new ‘c’ by doubling 
both sides but then substituted their 
value back into the original equation. The most successful 
candidates used the formula y − y1 = m(x − x1 ). Some re-
arranged the given equation to check the gradient then checked 
one set of co-ordinates; others checked two points and indicated 
that a straight line has the form  
ax + by = c . 
Part (b) Those using substitution often began by using an 
incorrect rearrangement of one of the equations. If they 
attempted elimination, sometimes only part of an equation was 
multiplied by the appropriate constant. Many added the 
equations instead of subtracting. Of those who wrote 14y = –7, 
just as many obtained an incorrect answer of y = –2 as the 
correct answer of  
y = -1/2. 
Part (c) The condition for perpendicularity was generally known 
but some were unable to evaluate –1 divided by 
 – 1.5. A few omitted the – sign while some referred to the 
equation 3x + 2y = 17 and gave a gradient of -1/3. Once again, 
those determined to use y = mx + c often made errors in the 
constant due to the fractional coefficient of x. Quite a few did 
not use the point A as instructed, choosing to use the point C 
instead. 

 
Question 2: Exam report 
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Part (a) Many candidates began by finding the correct values 
of p and q . A few wrote (x – 4)² and some added 16 instead 
of subtracting 16 so q = 35 was sometimes seen. 
Part (b) Very few chose to consider the expression they had 
in part (a). Practically all candidates decided to find the 
discriminant instead but its evaluation was often incorrect. 
Not everyone quoted the expression for the discriminant, b2 
− 4ac, correctly. Some attempted to refer to the fact that the 
curve was completely above the x-axis but did not, in general, 
complete their argument. 
Part (c) The graphs here were disappointing. Although most 
drew a quadratic shape, there seemed to be little reference 
to their part (a) and many just tried to plot a few points. Most 
were able to state the intercept on the y-axis. However, 
sometimes the point (0.19) was shown as the minimum point 
or a straight line intercept. Several curves were drawn only in 
the first quadrant, regardless of whether the quoted 
minimum point was (–4.3) or (4.3). 
Part (d) This was not well answered. The term translation 
was required but generally the wrong word was used or it 
was accompanied by another transformation such as a 

stretch. The most common incorrect vector stated was 8

19−

 
  

. 
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Question 3: Exam report 
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Part (a) Most candidates answered this part correctly. A few 
included the 7 or thought the derivative of the first term was 7x 
and the – sign was sometimes lost. 
Part (b) Many substituted x = 1 correctly, though it was 
apparent that they did not recognise this value of –10 to be the 
gradient of the tangent. Many correctly found y as 5 but 
stopped there. Again, some correct attempts at the tangent 
equation using y = mx + c foundered and quite a large number 
attempted to find the equation of the normal. 

Part (c) Use of the value of 
dy

dx
was the only acceptable 

method here. Evaluations of y at different points or finding the 
second derivative were common but earned no marks. 

 
Question 4: Exam report 

1

) (4 5 1)( 5 3) 4 5 12 5 5 3

20 3 12 5 5

75 27 25 3 9 3)
3 3

5 3 3 3 2 3
3

7 11 5

3
2

a

b

− + = × + − −

= −

=

+ −

− × − ×
=

−
= =

+

=

 

Part (a) Almost everyone recognised that multiplication of the two 

brackets was required but there were numerous errors with 7 5  

instead of 12 5  being common and –2 or –4 instead of –3. Although 
most dealt with the first term correctly and obtained 20, many added 

12 5  and 5−  wrongly to get 11 5− . 

Part (b) This part was answered more successfully with 
75 27

3 3
−  

being the neatest method. Some failed to complete correctly from 
2 3

3

to 2 and gave an answer of 3 . A few went ‘all round the houses’ but 

got there eventually. Some tried to cancel out 3  but only considered 

one term in the denominator. Multiplying top and bottom by 3  caused 
some problems. A few attempted to combine the 2 terms in the 

numerator and wrote 
48

3
which of course is also an integer! 
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Question 5: Exam report 
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Part (a)(i) Most candidates differentiated correctly. However a 
few made a slip or misread one of the terms. 
Part (a)(ii) Although most managed to substitute 2 into their 
derivative some made numerical errors and some used y or the 
second derivative. Most who realised that they should equate 
their derivative to zero (or at least showed their intention though 
never inserting the = 0) then tried to factorise or use the formula 
(though it was clear that some did not recognise the quadratic 
equation as such). It was disappointing that the bracket (3x–14) 
often produced the solution x = 14 instead of 14/3, and the 
solution of x = 2 did not always appear. 
Part (b)(i) The integration was also completed correctly by most 
candidates, although the 28x was occasionally wrong and some 

‘hybrid’ processes led to terms such as 
20

3
− . 

In part (b)(ii) almost everyone attempted to substitute 3 into their 
integral but their problems with the ensuing fractions often took 
pages to resolve, and although most ended ‘magically’ with the 
required answer there were many errors en route. A few 
substituted into the original expression for y instead of the 
integrated expression. 
Part (b)(iii) This part was quite well done although again there 

were errors in evaluating both 
1

21 3
2
× ×  and 

1 1
56 31

4 2
− . 

Some candidates confused length with area and merely used 
Pythagoras`s Theorem to find the length of the hypotenuse of the 
triangle. Those who chose to integrate the equation of the 
straight line were sometimes successful but many made 
arithmetic errors. 
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Part (a) Although many candidates showed that p(3) = 0, many 
lost a mark for failing to include a statement of the implication. 
Some candidates appeared ignorant of the Factor Theorem and 
used long division and therefore earned no marks in this part. 
Part (b) Only about half of the candidates were able to complete 
this part, although most made an attempt. The term x2 − x 
confused some. A few failed to write a product of factors even 
though this was requested. 
Part(c)(i) As the question requested the use of the Remainder 
Theorem, finding p(2) was the only acceptable method here. 
Many attempted long division and scored no marks. 
Part (c)(ii) There were many full solutions either by multiplying out 
and comparing coefficients they are both valid methods or by 
using long division. The majority of candidates showed poor 
algebraic skills and were unable to find the correct values of a and 
b. No credit was given for stating the value of r obtained in part (i) 
unless the values of a and b were correct. Full marks were earned 
by able candidates who simply wrote down the correct values of 
a, b and r by inspection. 
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Question 7: Exam report 
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Part (a)(i) It was apparent that some candidates had 
not covered this part of the specification and they 
made no progress. Most who had done so, earned 
the marks here. However a few wrote (x+2)² or even 
(x–2)² and then gave the centre as (– 2,0) Some 
managed to incorporate the 7 with the y term so 
wrote the coordinates of the centre as (2,–7). 
 
Part (a)(ii) Most candidates were successful in 
finding the correct radius. However some forfeited 
one mark by ‘meddling’ with their equation and 

putting 18² or 18  on the right hand side of the 
equation. 
 
Part(b) This part was rarely attempted. Even where a 
correct diagram was drawn, few recognised that the 
chord would be bisected. Many assumed that the 
triangle was right-angled at the centre of the circle. 
Others drew tangents instead of a chord. 
 
Part (c)(i) Many made little progress here. However, 
it was good to see more able candidates coping well. 
A few fell at the final line writing (k–1) instead of 
(k+1); a few lost a mark by not introducing ‘= 0’ as 
part of the equation of the circle and simply added ‘= 
0’ at the end of several lines of working so as to 
match the printed answer. Many made a slip in 
squaring (2k–x) and some made gross errors such as 
writing this as  
4k2 + x2 or 4k2 − x2 . Others ‘simplified’ the equation 

to (x–2) + (2k–x) = 18 . 
 
Part (c)(ii) Those candidates who made progress 
here needed both knowledge and algebraic skills and 
only a small minority completed this part correctly. 
However more earned some method marks. Use of 
the correct condition on the discriminant was 
required but some just tried to solve the equation 
using the quadratic formula or used ‘ > 0’ instead of ‘ 
= 0’. A few attempts at completing the square were 
seen but most failed to equate the expression to 
zero. 
 
Part (c)(iii) Many candidates who had made no 
progress in the rest of the question stated that the 
line would be a tangent to the circle; however 
several candidates wrote at length about various 
transformations and completely missed the point. 
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AQA – Core 1 - – Jan 2007 – Answers 
 
Question 1: Exam report 
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Part (a)(i) Most candidates found p(-2) but often failed to 
convince examiners that they had really shown that k = 10. 
Many substituted  
k = 10 from the outset and then drew no conclusion from the 
fact that p(-2) = 0. Those using long division often made sign 
errors. 
Part (a)(ii) Factorisation of a cubic seems well understood and, 
apart from those who could not factorise x2 − 6x + 5 , 
candidates usually scored full marks. Some still confuse factors 
and roots. 
Part (b) Many ignored the request to use the Remainder 
Theorem and scored no marks for long division. A few who 
correctly found that p(3) = -20 concluded that the remainder 
was +20. 
Part (c) The sketch was generously marked with regard to the 
position of the stationary points but it was expected that 
candidates would indicate the values where the curve crossed 
the coordinate axes and often these values, particularly the 10 
on the y-axis, were omitted. 

 
Question 2: Exam report 

( )

) )3 5 8 (6, 2)
3 8Make  the subject:
5 5

The gradient is 

)The gradient of the line 
1perpendicular to AB is 

5The equation of the line is : ( 2) 6
3

3 6 5 30

)Solve 

3m
5

5
3

5 3

m

6

s u

3

i

AB

AB

a i x y A

y y x

ii

m

y x

y x

b

x y

+ = −

= − +

− =

− − = −

−
=

+
−

=

= −

( )

( )22

2 2

2

3 5 8 ( 2)
ltaneously 

2 3 3 3

6 10 16
This gives , 7

6 9 9
3 5 8 3 35 8 9

) (2, ) (6, 2)

(2 6) 2 5

16 ( 2) 25
( 2) 9
2 3

( 9,7)

1 5
2 3

x y
x y

x y
by adding y

x y
then x y x x

c C k and A

AC k

so AC k
k

k or k

B

k or k

+ = ×
 + = ×−

+ =
=− − = −

+ = + = = −

−

= − + + =

= + + =

+ =
+

=
= + = −

−

= −

 

Part (a)(i) It was disappointing to see many candidates unable to 
rearrange 3x + 5y = 8 to make y the subject in order to find the 
gradient. Some were successful in finding a second point on the 
line such as (1, 1) and then using the coordinates of A to find the 
gradient of AB. 
 
Part (a)(ii) Most candidates knew how to find the gradient of a 
perpendicular line, but those using y = mx + c made more 
arithmetic slips than those using the more appropriate form y − y1 
= m(x − x1 ) . 
 
Part (b) Apart from those who used the wrong pair of equations, 
this part was usually answered correctly. 
 
Part (c) Although this part was meant to be challenging, there 
were many successful attempts, particularly by those who used a 
sketch and reasoned on a 3, 4, 5 triangle. It had been intended 
that candidates would have formed an equation such as 16 + (k + 
2)2 = 25, but more commonly something such as 16 + y2 = 25 was 
seen, resulting in the incorrect values of ±3 . 
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Question 3: Exam report 
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Part (a) It was not uncommon to see the denominator and 
numerator multiplied by different surds and the usual 
errors occurred as candidates tried to multiply out 
brackets. This part of the question did not seem to be 
answered as well as in previous years. 
 
Part (b)(i) was usually correct but very few were 
successful in solving the equation in part (b)(ii), even 
though they reached forms of the correct equation such 

as 
4 5

2 5 4 5
2 5

x or x= = . 

 
Question 4: Exam report 
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Part (a) The + 2x term was ignored by many who 
wrote the left hand side of the circle equation as (x 
−1)2 + ( y − 6)2 but most candidates were able to 
complete the square correctly. The right hand side 
was often seen as 49 and since this was a perfect 
square it did not cause candidates to doubt their 
poor arithmetic. 
Part (b) Many who had the correct circle equation 
in part (a) wrote the coordinates of the centre with 
incorrect signs. Generous follow through marks 
were awarded in this part provided the right hand 
side of the equation had a positive value. 
Part (c) Almost all candidates reasoned correctly by 
considering the y-coordinate of the centre and the 
radius of the circle, although a number were 
successful in showing that the quadratic resulting 
from substituting y = 0 into the circle equation does 
not have real roots. Some simply drew a diagram 
and this alone was not regarded as sufficient to 
prove that the circle did not intersect the x-axis. 
Others using an algebraic approach found a 
quadratic that they said did not factorise and 
concluded incorrectly that the equation had no real 
roots. 
Part (d) The algebra proved too difficult for the 
weaker candidates and many who had shown good 
algebraic skills rather casually forgot to include "= 
0" on their final line of working. Sadly, many were 
unable to factorise the quadratic or wrote the 
coordinates of Q as (-(-5, 2). It was good, however, 
to see more candidates being able to find the 
correct mid-point, where in previous years too 
many had found the difference of the coordinates 
before dividing by 2. 
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Question 5: Exam report 
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Part (a) Candidates did not seem confident at working on this kind 
of problem and algebraic weaknesses were evident. Many worked 
backwards from the result in part (a)(i) and did not always 
convince the examiner that they were considering the surface area 
of four faces and the base. The inability of most candidates to 
rearrange the formula to make h the subject in part (a)(ii) was 
alarming. Consequently few, without considerable fudging, could 
establish the printed formula for the volume. 
Part (b) Basic differentiation is well understood and most 

candidates found 
dV

dx
 correctly. Some tried to substitute x = 3 

into the expression for V in order to show there was a stationary 
point, but usually this part was answered well. Part (c) It was not 
uncommon to see the second derivative as 4x even though the first 
derivative was correct. A generous follow through was given here 
provided candidates could interpret the value of their second 
derivative. 

 
Question 6: Exam report 
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Part (a)(i) Some candidates ignored the request to state 
the coordinates of B even though they were using the 
height of the triangle as 5. The negative x-coordinate of 
A caused quite a few to 
feel that the triangle had a negative area. Far too many 
when finding 
1

1 5
2
× ×  wrote the answer as 3. 

Part (a)(ii) Practically every candidate found the correct 
integral although some made errors when cancelling 
fractions. 
Part (a)(iii) It was necessary here to have the lower limit 
as .1 and the upper limit as 0. Many reversed the order 
and by some trickery arrived at a positive value. This 
was penalised and so very few, even though many had 
an answer of 1 for the area, scored full marks for this 
part of the question. 
Part (b) Most candidates differentiated correctly but, 
because of poor understanding of negative signs, many 
wrong values of -13 were seen for the gradient. There is 
obviously confusion for 
many between tangents and normals and several 

thought the gradient of the tangent was 
1

17
− . 
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Question 7: Exam report 
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Part (a) The condition for real roots was not widely known and the 
form of the printed answer caused many to write the condition as 
 b2 − 4ac ≤  0 . 
Part (b) It was disappointing to see many unable to factorise the 
quadratic correctly. Far too many guessed at answers and an 
approach using a sign diagram or sketch is recommended. 
Candidates also need to realise that the final form of the answer 
cannot be written as " 5" " 8"k or k≥ − ≤  

 
GRADE BOUNDARIES 

Component title Max mark A B C D E 
Core 1 – Unit PC1 75 59 51 43 35 28 
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AQA – Core 1 - – June 2007 – Answers 
 
Question 1: Exam report 

( )

( )

(6, 1) (2,5)
5 1 6) )
2 6 4

3) : 1 6
2

2 2 3 18

1) ) the line perpendicular to AB has gradient 

3
2

3 2 16
2
3

2 3

2The equation of this line : 5 2
3

3 15 4
1

2

B A
AB

B A

AB

A B
y ya i m
x x

ii Equation of AB y x

y x

b i
m

y x

y

x y

x y
x

−
− +

= = = =
− − −

+ = − −

+ = − +

− =

−

+ =

−

− =

− = −
= −

−

) ( ,7). the angle ABC is a right angle so
the point C belongs to the perpendicular to AB.

By substituting : 2 k 3 7 11
2 10

1

5

i k

k k

i C

× − × =
= =

−

 

Part (a)(i) Most candidates were able to show that the 

gradient was 
3

2
− . However, examiners had to be vigilant 

since fractions such as 
6 4

4 6
and

−
were sometimes equated 

to 
3

2
− . 

Part (a)(ii) Many candidates did not heed the request for 

integer coefficients and left their answer as 
3

8
2

y x= − + . 

Many who attempted to express the equation in the 
required form were unable to double the 8 and wrote their 
final equation as3x + 2y = 8. 
Part (b)(i) Most candidates realised that the product of the 
gradients should be -1. However, not all were able to 
calculate the negative reciprocal. Others used the incorrect 
point and therefore found an equation of the wrong line. 
Part (b)(ii) Many candidates made no attempt at this part of 
the question. The most successful method was to substitute 
y = 7 into the answer to part (b)(i) or to equate the gradient 

to 
2

3
. There were also some good answers using a 

diagrammatic approach. Those using Pythagoras usually 
made algebraic errors and so rarely reached a solution. 

 
Question 2: Exam report 
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Part (a) Some candidates found this part more difficult than part 
(b) and revealed a lack of understanding of surds. Some managed 

to express the first term as 7  but were unable to deal with the 
second term. Those who attempted to find a common 
denominator often multiplied the terms in the numerator and/or 
added those in the denominator. Very few obtained the correct 

answer of 3 7 . 
Part (b) Most candidates recognised the first crucial step of 

multiplying the numerator and denominator by 7 2+  and 

many obtained 
9 3 7

3

+
, but poor cancellation led to a very 

common incorrect answer of 3 7 3+ . 
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Question 3: Exam report 
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Part (a)(i) The completion of the square was done 
successfully by most candidates, although occasionally + 
44 was seen instead of .-6 for q. 
Part (a)(ii) Most candidates were able to write down the 
correct minimum point, although some wrote (5, -6) as 
the vertex. A few chose to use differentiation but often 
made arithmetic slips in finding the coordinates of the 
stationary point. 
Part (a)(iii) Although there were correct answers for the 
equation, the term . line of symmetry. was not well 
understood by many; typical wrong answers were y = -6, 
the y-axis and even 
y = -x2 +10x+19 or other quadratic curves. 
Part (a)(iv) The more able candidates earned full marks 
here. The term translation was required but generally 
the wrong word was used or it was accompanied by 
another transformation such as a stretch. The most 

common (but incorrect) vector stated was 
10

19
 
  

. Part 

(b) There were a number of complete correct solutions 
here. The errors that did occur usually stemmed from 
sign slips in rearranging the equations. Some candidates 
found the x-coordinates and made no attempt at the y-
coordinates. A few candidates wrote down the 
coordinates of at least one point without any working. 

 
Question 4: Exam report 
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Part (a) Almost all candidates were able to find the first and 
second derivatives correctly, although there was an occasional 
arithmetic slip; some could not cope with the fraction term, 
others doubled 26 incorrectly. 

Part (b) Those who substituted t = 2 into 
dy

dt
did not always 

explain that 0
dy

dt
=  is the condition for a stationary point. 

Many used the second derivative test and concluded that the 
point was a maximum. Some assumed that a stationary point 
occurred when t = 2 and went straight to the test for maximum 

or minimum and only scored half of the marks. A few tested 
dy

dt
on either side of t = 2 correctly, but those who only considered 
the gradient on one side of the stationary value scored no marks 
for the test. 
Part (c) The concept of .rate of change. was not understood by 
many. Approximately equal numbers of candidates substituted 

into t = 1 into the expression for y, 
2

2

dy d y
or

dt dt
and so only 

about one third of the candidates were able to score any marks 

on this part. Those who used 
dy

dt
 often made careless 

arithmetic errors when adding three numbers. 
Part (d) As in part (c), candidates did not realise which expression 
to use and perhaps the majority wrongly selected the second 
derivative. It is a general weakness that candidates do not realise 
that the sign of the first derivative indicates whether a function is 
increasing or decreasing at a particular point. 
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Question 5: Exam report 
2 2

2 2 2 2

( 3) ( 2) 25
) )

)
) ) N belongs to the circle 

if its coodinates satify the eq

( 3,2)

25 5

(0, 2) belo

uation
(0 3) ( 2 2) 3 4 9 16 25

)
)The equation of the no

ngs to t

rmal is

he 

 

circle

x y
a i

ii Radius

C

r
b i

ii
ii

N

i

+ + − =

+ + − − = + = + =

−

= =

−

( )

( )22

the equation
       of the line CN

2 2 4 m
0 3 3

4: 2 0
3

3 6 4

) (2,6) ( 3,2)

) ( 3 2) 2 6 25 16

) If we call T the point of contact of the tangent from P
then the tr

4 3 6

iang

4

l

1

e

CN

Equation y x

y x

c P C

P

i

y

C

x

i

i

− −
= = −

+

+ = − −

+ = −

−

= − − + − = + =

+ = −

( )2
2 2 2 2

 PTC is a right-angled triangle.

PT 41 41 25 16

16 4

PC

PT

TC r= − = −

=

= =

=

−

 

Part (a) Most candidates found the correct coordinates of 
the centre, although some wrote these as (3, -2) instead of 
(-3, 2). Those who multiplied out the brackets were often 
unsuccessful in writing down the correct radius of the 
circle. 
Part (b)(i) Most candidates were able to verify that the 
point N was on the circle, although some, who had perhaps 
worked a previous examination question, were keen to 
show that the distance from C to N was less than the radius 
and that N lay inside the circle. 
Part (b)(ii) Most sketches were correct, though some were 
very untidy with several attempts at the circle so that the 
diagram resembled a chaotic orbit of a planet. Some 
candidates omitted the axes and scored no marks. 
Part (b)(iii) The majority of candidates found the gradient 
of CN and then assumed they had to find the negative 
reciprocal of this since the question asked for the normal at 
N. Reference to their diagram might have avoided this 
incorrect assumption. 
Part (c)(i) Most wrote PC2 =52 +42 , provided they had the 
correct coordinates of C. However, the length of PC was 

often calculated incorrectly with answers such as 31 and 

36 6=  seen quite often. 
Part (c)(ii) Although there were many correct solutions 
seen, Pythagoras‘ Theorem was often used incorrectly. A 
large number of candidates wrote the answer as a 

difference of two lengths such as 41 5− . Candidates 
need to realise that obtaining the correct answer from 
incorrect working is not rewarded; quite a few wrote  

41 25 16 4− = =  and scored no marks. Many who 
drew a good diagram realised that a tangent from (2,6) 
touched the circle at (2,2) and so the vertical line segment 
was of length 4 units. 
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Part (a)(i) Most candidates realised the need to 
find the value of f(x) when x = 1. However, it was 
also necessary, after showing that f(1) = 0, to 
write a statement that the zero value implied that 
x -1 was a factor. 
Part (a)(ii) Those who used inspection were the 
most successful here. Methods involving long 
division or equating coefficients usually contained 
algebraic errors. 
Part (a)(iii) This section seemed unclear to some 
candidates. Many tried to find the discriminant 
but used the coefficients of the cubic equation. 
Many who used the quadratic thought that in 
order to have one real root the discriminant had 
to be zero, no doubt thinking the question was 
asking about equal roots. Some correctly stated 
that 1 was the only real root but many were 
obviously confused by the terms "factor" and 
"root" and stated that "x-1 was a root". 
Part (b)(i) Most candidates were well versed in 
integration and earned full marks here.  
Part (b)(ii) The correct limits were usually used, 
although many sign/arithmetic slips occurred 
after substitution of the numbers 1 and 2. Very 
few candidates realised the need to find the area 
of a triangle as well and so failed to subtract the 
value of the integral from the area of the triangle 
in order to find the area of the shaded region. 
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Part (a) Only the more able candidates were able to complete this 
proof correctly. Many began by stating that the discriminant was 
less than or equal to zero, no doubt being influenced by the printed 
answer. 
Part (b)(i) The factorisation was usually correct. 
Part (b)(ii) Most candidates found the critical values, but many then 
either stopped or wrote down a solution to the inequality without 
any working. Many candidates wrongly thought the solution was 

1
, 2

2
k k≤ ≤ . Candidates are advised to draw an appropriate 

sketch or sign diagram so they can deduce the correct interval for 
the solution. 
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Question 1: Exam report 
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In part (a), apart from a few sign errors, it was pleasing to see 
that most candidates were able to find the correct mid-point. 
However, those who insisted on subtracting the coordinates 
before dividing by 2 would do well to learn the formula in the 
first bullet point above. Quite a few candidates found the 
mid-point of AB instead of BC, and this was generously 
treated as a misread. 
In part (b)(i), many ignored the request to simplify the 
gradient, but most were successful in writing the gradient of 
AB as -1/3. 
In part (b)(ii), almost all candidates managed to write down a 
correct equation for the line AB, but careless arithmetic 
prevented many from obtaining the required form of x + 3y = 
7 . Some were content to give a final answer that was not in 
the required form, thus losing a mark. 
In part (b)(iii), some candidates immediately used m1 ×m2 = 
−1 to find the gradient of the parallel line and scored no 
marks. Many who used the formula y = mx + c for the 
equation of the straight line through C parallel to AB made 
arithmetic slips and did not obtain a correct final equation. 
In part (c), the most common approach, and the one 
expected, was to use gradients in order to prove that angle 
ABC was a right angle. Some simply assumed the result, 
stating that since the gradient of AB was -1/3 then BC had 
gradient 3. It was necessary to show, by considering the 
differences of the coordinates that BC had gradient 3. Far too 
many simply found the two gradients and wrote “therefore 
the lines BC and AB are perpendicular”. Since this was a 
proof, it was expected that the product of the two gradients 
would be shown to equal –1 before a statement was made 
about angle ABC being a right angle. Some were successful in 
proving the result using Pythagoras’ Theorem, but many 
attempts were incomplete with several candidates writing 

40 40 80+ =  or other inaccurate statements. Others 
used the cosine 
rule, and one or two used the scalar product of two vectors in 
order to prove the result. A surprising number confused 
“isosceles” with “right-angled” and, having found two equal 
sides, stated that the result was proved. 
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In part (a), most candidates were able to find the correct expression for 
dy

dx
, 

although there were some who left + 5 in their answer or added +C. 
In part (b), It had been expected that candidates would solve the equation 

0
dy

dx
=  and obtain the equation x3 = 8 and hence deduce that x = 2 . It 

seemed, however, that many were unable to formulate an appropriate 
equation, but merely spotted the correct answer: x = 2. This was not penalised 
on this occasion, provided that the candidate stated clearly that the x-
coordinate of M was equal to 2. 

In part (c)(i), the expression for 
2

2

d y

dx
was usually correct. 

In part (c)(ii), although the method was left open, most candidates found the 
value of the second derivative when x = 2 and correctly concluded that M was a 
minimum point. 
In part (c)(iii), some candidates were not aware of the need to find the value of 
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dy

dx
when x = 0 in order to ascertain whether the curve was increasing or 

decreasing at that point. 
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Candidates did not always approach part (a) of the question with 

confidence. Several wrote 5 8 5 4 2 7 2 5 2 2or= × = + , 

others tried to rationalise 
6

2
by simply multiplying the 

denominator by 2 . Consequently, it was quite common to see 

only one of the two terms expressed correctly in the form 2k . 
It was quite strange, though, to see many obtaining an answer of 

13 2  from completely wrong working; clearly this was not given 
any credit. Some combined the two terms with a common 
denominator but often with an incorrect numerator. 
In part (b), it was not uncommon to see the denominator and 
numerator multiplied by different surds and the usual errors 
occurred as candidates tried to multiply out brackets. A few 
multiplied top and bottom by the conjugate of the numerator. 
Nevertheless, this part of the question seemed to be answered 
much better than similar questions in previous years, despite the 
fairly difficult denominator. 
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In part (a), it was only necessary to complete the square for 
the y-terms. As a result, there were probably fewer errors this 
year expressing the left-hand side of the equation of the circle 
as (y – 5)2. However, the right hand side was often written as 

5 , –5 or – 45 instead of 5. 
In part (b), quite a number who had the correct circle 
equation in part (a) wrote the coordinates of the centre as (5, 
0) or (0, –5). Generous follow through marks were awarded 
for the radius provided the right-hand side of the equation 
had a positive value. The wording in the question reassured 

most, though, that the radius was 5 . 
In part (c)(i), those with poor algebraic skills, often writing 2x2 
instead of (2x)2 , struggled to establish the given quadratic 
equation. Also, quite a few made errors in their working but 
miraculously wrote down the given equation on their final 
line. A surprising number derived an equation in y. Quite a few 
simply solved the given quadratic equation in this part and 
thus failed to show an understanding of what was required. 
In part (c)(ii), it was necessary to state that the equation had a 
repeated root of x = 2, or to use the zero value of the 
discriminant to show that the equation had equal roots, and 
hence to conclude that the line was a tangent to the circle. 
In part (d), far too many simply substituted the coordinates of 
the point Q into the equation of the circle obtaining a 
nonsensical statement such as “–3 = 0 so the point lies inside 
the circle”. It was necessary to see that the distance CQ was 
being calculated and then concluded that this distance was 
less than the radius of the circle, and hence the point Q must 
lie inside the circle. 
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Candidates did not seem confident working with a quadratic 
expression where the coefficient of x2 was negative. Throughout 
this question, candidates chose instead to work with the 
expression  
x2 + 8x − 9 , or the equation x2 + 8x − 9 = 0, and lost quite a lot of 
marks. 
In part (a), a large number of candidates could not factorise the 
given quadratic correctly, a few clearly not even recognising what 
was required. 
In part (b), those who kept brackets in their working were usually 
successful in proving the identity. Some able candidates started 
with 9 −8x − x2 and showed their skill in completing the square. 
In part (c), quite a large number of candidates seemed unfamiliar 
with the terms “line of symmetry” and “vertex” and certainly failed 
to see the link with part (b) of the question. Some stated that the 
coordinates of the maximum point were (–4, 25) and then wrote 
the coordinates of the vertex as something entirely different. The 
sketches were somewhat varied: some found the wrong x-
intercepts and drew a curve through these points; those who had 
completely changed the question into y = x2 +8x − 9 had a U-
shaped graph. Those who drew a graph with the vertex in the 
correct position and with the correct shape usually had the y-
intercept marked correctly as 9. However some drew their curve 
with a maximum point on the y-axis. 
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In part (a)(i), a few candidates ignored the request to use the 
factor theorem and scored no marks for using long division. It was 
necessary to make a statement that “ x + 1 is a factor”, after 
showing that f(–1) = 0, in order to score full marks. 
Part (a)(ii) was not answered as well as similar questions in 
previous years. Perhaps the sketch lured some into trying to write 
down three factors without any further working, rather than using 
the intermediate step of showing that p(x) = (x +1)(x2 − x − 6) 
before writing p(x) as a product of three factors. Many who tried 
long division were flummoxed by there being no x² term. 
In part (b)(i), those who had the correct linear factors in part (a)(ii) 
usually wrote down correctly that A had coordinates (–2, 0), 
although some carelessly wrote the point as (0,–2). Many 
candidates simply found an indefinite integral in part (b)(ii) and 
then a definite integral in part (b)(iii). The two parts were 
generously treated holistically when candidates did this. The 
fractions once again caused problems to most candidates who are 
so used to having a calculator to do this work for them. It was 
very rare to see the correct answer of – 32 for the definite 
integral. 
In part (b)(iii), many lost out on an easy mark because they rolled 
their two sections into one: those who wrote “integral = –32 =32” 
gained full credit for part (b)(ii) but did not score the mark in part 
(b)(iii). It was necessary to give a positive value for the area of the 
region and to make this explicit. In anticipation of a lot of wrong 
answers in part (b)(ii), a follow through mark was awarded in part 
(b)(iii): for example, if a candidate’s answer in part (b)(ii) was –20 
and they concluded that the area was 20 in part (b)(iii), they 
scored the mark. 
In part (b)(iv), most candidates differentiated correctly, but quite 
a few thought that 3(–1)2 – 7 was equal to –10 and thus obtained 
the wrong gradient of the curve. 
In part (b)(v), a large number of candidates found the correct 
equation of the normal but some still confused tangents and 
normals and consequently thought that the gradient of the 
normal was equal to  –4. It was quite common for weaker 
candidates to either negate their gradient or take the reciprocal 
but to fail to do both. 
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In part (a), some weaker candidates did not realise how to derive 
the given equation, and others made algebraic slips when proving 
the printed result, or failed to write “= 0”. 
In part (b), the condition for two distinct points of intersection 
required candidates to use the condition that b2 − 4ac > 0 at any 
early stage of their argument. Those who simply wrote “> 0” 
on their final line of working, without any previous reference to the 
discriminant being positive, failed to convince the examiners that 
they deserved full marks. 
In part (c), quite a number were unable to factorise the quadratic 
correctly and many resorted to using the quadratic equation 
formula to find the critical values. Where this was done correctly 
but left in surd form, it was given due credit except for the final 
mark. Very able candidates can write down the answer to the 
inequality once they have factorised the quadratic but far too many 
guessed at answers and an approach using a sign diagram or sketch 
is recommended. Candidates also need to realise that the final 

form of the answer cannot be written as 
14

2
9

k< < − . 
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Question 1: Exam report 
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Question 4: Exam report 
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Question 6: Exam report 
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Question 7: Exam report 

( ) ( )2 2 2

(8,13)and touches the x-axis
The radius is 13 ( y-coordinate of C )

) Equation of S:  
) (3,1) lies on the circle

13 1)
8 3

)The tangent at perpendicu 

8 13 13

1

P

2

i la 
5

 s r

PC

Circle S has centre C

a
b P

i gradien

x

m

ii

y

t −
= = =

− + − =

−

( )

 to the radius PC
1 5the gradient of the tangent is 

12
5

5 12 27

The equation of the tangent is : 1 3
12

12 12 5 15

)Call I the midpoint of PQ. The triangle PIC
is a right-angled triangle an

PCm

y x

y x

ii
x

i
y

− = −

− = − −

+ =
− = − +

2 2 2

2 2

d the shortest distance
from C to the chord PQ is the distance CI.

Using 

12

pythagoras' theorem: CI
13 5 169 25 144

144

CP PI

CI

= −

= − = − =

= =

 

 

 
Question 8: Exam report 

2

2

2

2

2

( 1) 4 9 0
which means that the discriminant 0.

) (4 ) 4 ( 1) 9 0
16 36 36 0 ( 4)
4 9 9 0

) 4 9 9 0
(4 3)( 3) 0

3 3
4

3(4 3)( 3) 0 3
4

k x kx has real roots

a k k
k k
k k

b k k
k k

critical values and

k k for k or k

+ + + =
≥

− × + × ≥

− − ≥ ÷

− − ≥

− − ≥
+ − ≥

−

+ − ≥ ≤ − ≥

 

 

 

 
GRADE BOUNDARIES 

Component title Max mark A B C D E 
Core 1 – Unit PC1 75 59 51 43 35 28 

96 
AQA – Core 1 



  

97 
AQA – Core 1 



  

98 
AQA – Core 1 



 

  

99 
AQA – Core 1 



100 
AQA – Core 1 



AQA – Core 1 - Jan 2009 – Answers 
 
Question 1: Exam report 

( )

( )

) (1,6) (5, 2)
5 1 2 6The mid-point M ;

2 2
2 6)Gradient of 
5 1

1 1) )The gradient of the perpendicular to AB is 
2

The equation of the perpendicular bisector is :
12
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3
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2 4
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)Substitute  by  and  by 5 in the equation:
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k
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+
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− + =

= −  

In part (a) most candidates were able to find the correct 
coordinates of the mid point, although a few transposed 
the coordinates and others subtracted rather than adding 
the coordinates before halving the results. 
Full marks were only awarded in part (b) for a gradient of –
2 and quite a few candidates did not give their answer in 
this simplest form. 
In part (c)(i) most candidates realised that the product of 
the gradients should be –1. However, not all were able to 
calculate the negative reciprocal. Others used an incorrect 
point such as A 
or B and therefore found an equation of the wrong line. The 
most successful used an equation of the form y - y1=m(x - 
x1) as flagged above. The printed answer helped most 
candidates to be successful in finding the correct equation 
of the line. 
In part (c)(ii) most candidates made an attempt at this part 
of the question, but the failure to use brackets for the 
second term caused the majority to find an incorrect value 
for k. Others foolishly tried to substitute x = k and y = k + 5 
into their own incorrect line equation rather than using the 
printed answer from part (c)(i). 

 
Question 2: Exam report 

( )( )2

2

2 3 1) 2 5 3
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2
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2

a x x
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x
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− −
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In part (a) it was quite alarming to see the number of candidates 
who were unable to factorise this quadratic. 
Most candidates scored only a single mark in part (b) for 
attempting to find the critical values. 
Many would benefit from practising the solution of inequalities of 
this type by drawing a suitable sketch or by familiarising 
themselves with the technique of using a sign diagram as indicated 
in previous mark schemes 

 
Question 3: Exam report 

7 5 7 5 3 5 21 7 5 3 5 5)
9 53 5 3 5 3 5

16 4 5
4

20 20 5) 45 9

4 5

75 3 5
5

54 5
5

a

b

+ + − − + −
= × =

−+ + −

−
= =

+ = × = + =

−

+

 

In part (a) it was pleasing to see that most candidates were 
familiar with the technique for rationalising the denominator in 
this type of problem and, although there were some who made 
slips when multiplying out the two brackets in the numerator, 
most obtained the correct answer in the given form. 

In part (b) the term 45  was usually expressed as 3 5 , but the 

term  
20

5
 caused far more difficulties than expected. 

Consequently, the final correct answer was only obtained by the 
better candidates. 
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Question 4: Exam report 
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In part (a)(i) the completion of the square was done 
successfully by most candidates, although occasionally 
the value 6 was seen instead of 4 for q. 
In part (a)(ii) it was necessary to comment on both 
parts of the expression; (x +1)2 ≥ 0 and hence adding 4 
implies that (x +1)2 + 4 > 0 for all values of x. Because of 
the word “hence”, an argument based on algebra 
rather than the features of a curve was required; for 
instance, an answer explaining that (x +1)2 + 4 has a 
minimum value of 4 was acceptable, but a statement 
about the curve having a minimum point at (–1, 4) was 
not.  
In part (b)(i) most candidates were able to write down 
the correct minimum point. A few chose to use 
differentiation but sometimes made arithmetic slips in 
finding the coordinates of the stationary point. 
In part (b)(ii) those with the correct minimum point 
were usually able to produce a correct sketch, although 
the value of the y-intercept was sometimes missing. 
Some credit was given to candidates with an incorrect 
minimum point, usually (1, 4), provided their graph was 
consistent with this minimum point. 
The more able candidates earned full marks in part (c). 
The term translation was required but generally the 
wrong word was used or it was accompanied by 
another transformation such as a stretch. A very 

common (but incorrect) vector stated was 
2

5
 
  

. 

 
Question 5: Exam report 
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In part (a) almost all candidates were able to find the first and 
second derivative correctly, although there was an occasional 
arithmetic slip and some could not cope with the fraction term. 

Those who substituted t = 3 into 
dx

dt
in part (b) did not always 

explain that 
dx

dt
 is the condition for a stationary point. Some 

assumed that a stationary point occurred when t = 3 and went 
straight to the test for maximum or minimum and only scored 
half the marks. It was advisable to use the second derivative test 

here; those who considered values of 
dx

dt
 on either side of t = 3 

usually reached an incorrect conclusion because of the 
proximity of another stationary point. 
In part (c) the concept of “rate of change” was not understood 
by many. Approximately equal numbers of candidates 

substituted t = 1 into the expression for 
dx

dt
or 

2

2

d x

dt
and so only 

about half of the candidates were able to score any marks on 

this part. Those who used 
dx

dt
often made careless arithmetic 

errors when adding three numbers. 
In part (d), as in part (c), candidates did not realise which 
expression to use and many wrongly selected the second 
derivative. It is a general weakness that candidates do not 
realise that the sign of the first derivative indicates whether a 
function is increasing or decreasing at a particular point. 
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Question 6: Exam report 
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In part (a)(i) the majority of candidates realised the need to find the 
value of f(x) when x = 2. However, it was also necessary, after showing 
that f (2) = 0, to write a statement that the zero value implied that x – 
2 was a factor. It was good to see more candidates being aware of 
this. 
In part (a)(ii), those who used inspection were the most successful 
here. Methods involving long division or equating coefficients usually 
contained algebraic errors. 
In part (b)(i) a surprising number of candidates failed to see the need 
to differentiate in order to find the gradient at Q. Those who 

attempted to find 
dy

dx
 sometimes wrote it as 3x2 + x , but usually 

were aware of the need to substitute x = 2. 
In part (b)(ii) those who had the correct gradient in part (b)(i) were 
usually successful in finding the correct equation of the tangent, and 
most obtained at least a method mark here. 
In part (b)(iii) most were well drilled in integration and earned full 

marks, although some wrote 
4 2

10
4 2

x x
+ −  and others gave 

4 2 210

4 2 2

x x
+ −  as their answer. 

For part (b)(iv) the correct limits were usually used, although many 
sign/arithmetic slips occurred after substitution of the numbers 0 and 
2 and it was incredible how many could not evaluate 6 – 20 without a 
calculator. Very few candidates realised the need to show clearly that, 
although the integral from 0 to 2 gave a value of –14, the area of the 
shaded region was 14. A separate statement was needed and those 
who simply wrote 4 + 2 – 20 = –14 = 14 did not score full marks. Those 
more able candidates who made a statement about the region being 
entirely below the x-axis and who subsequently evaluated the integral 
from 2 to 0 correctly scored full marks. 
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Question 7: Exam report 
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In part (a) most candidates found the correct values of a and 
b, but correct values for r2 were not so common. Some 
sloppiness was again evident with candidates failing to write 
squared outside the brackets or omitting the plus sign 
between the terms on the left hand side. It was common to 

see things such as 25 = 225 25 5= =  and this could be 
penalised in the future. 
 
In part (b) the coordinates of the centre, C and the radius r, 
although not always correct, usually gained full credit when 
following through from part (a). 
 
In part (c)(i) most candidates attempted to verify that the 
point D was on the circle, although some, who had obviously 
worked a previous examination question, were keen to show 
that the distance from C to D was less than the radius and 
that D lay inside the circle. This verification was marked fairly 
strictly and the argument had to be correct including a final 
concluding statement. Those who simply wrote 42 + 32 = 25 , 
for example, did not earn the mark. 
 
In part (c)(ii) many candidates found the gradient of CD and 
then assumed they had to find the negative reciprocal of this 
since the question asked for the normal at D. Reference to a 
sketch might have prevented this incorrect assumption. 
 
In part (d)(i) most candidates made errors by not using 
brackets; the expression kx2 was seen almost as often as the 
correct form k2x2 after substituting y = kx into their circle 
equation. 
 
In part (d)(ii), although there were some correct solutions 
seen, the discriminant often contained algebraic slips and the 
condition for equal roots was rarely stated. Often it was 
several lines into the working before an “= 0” appeared and 
many times this was omitted entirely. The value k = 0 was 
often ignored in otherwise correct solutions, but it was more 
common to see a three term quadratic because of previous 
algebraic errors. 
 
In part (d)(iii) several candidates realised that the line would 
be a tangent for each of the two values of k, but many 
completely missed the point and talked about 
transformations, often giving vectors in their answer. 
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AQA – Core 1 - June 2009 – Answers 
 
Question 1: Exam report 
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In part (a)(i) many candidates were unable to make y the 
subject of the equation 3x + 5y = 11 and, as a result, many 
incorrect answers for the gradient were seen. Those who 
tried to use two points on the line to find the gradient were 
rarely successful. 
 
In part (a)(ii) most candidates realised that the product of 
the gradients of perpendicular lines should be –1 and credit 
was given for using this result together with their answer 
from part(a)(i). Although many correct answers for the 
coordinates of C were seen in part (b)(i), the simultaneous 
equations defeated a large number of candidates. No credit 
was given for mistakenly using their equation from part 
(a)(ii) instead of the correct equation for AB. 

 
Question 2: Exam report 

( ) ( )2 2
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In part (a) most candidates recognised the first crucial step of 

multiplying the numerator and denominator by 3 7+  and 

many obtained 
22 8 7

2

+
 , but then poor cancellation led to a 

very common incorrect answer of 11 8 7+ . 
Candidates found part (b) more difficult than part (a) and revealed 
a lack of understanding of surds. Most candidates realised the 
need to use Pythagoras’ Theorem but many could not square 

2 5 3 2and  correctly. Little credit was given for those who 

wrote things such as 20 18 2x = − =  and candidates 
need to realise that “getting the right answer” is not always 
rewarded with full marks. Although the equation x2 = 2 has the 

solution 2x = ± , it was necessary to consider the context and 

to give the value of x as 2 . 
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Question 3: Exam report 
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In part (a) almost everyone obtained the correct expression for 
dy

dx
, 

although a few spoiled their solution by dividing each term by 5 or adding “+ 
c” to their answer. 

In part (b) most candidates substituted x = –2 into their expression for 
dy

dx
, 

but, in order to score full marks, it was necessary to show  

(–2)4 written as 16 or to show that 
dy

dx
= 80 – 80 = 0 and 

then to write an appropriate conclusion about P being a stationary point. 
For part (c) many candidates simply wrote down an expression for 

 
2

2

d y

dx
in terms of x when answering part (i) and only evaluated the second 

derivative when determining the nature of the stationary point in part (ii). On 
this occasion full credit was given, but candidates need to realise what is 
meant by the demand to “find the value of” since this may be penalized in 
future examinations. 
In part (d) some candidates failed to find the y-coordinate of P, which was 
necessary in order to find the equation of the tangent. It was pleasing to see 

most candidates using the value of 
dy

dx
 when x = 1, but unfortunately many 

tried to find the equation of the normal instead of the tangent to the curve. 
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Those candidates who used the remainder theorem in part (a)(i) were usually 
successful in finding the correct remainder. Those who tried to use long division 
were usually confused by the lack of an x2 term and were rarely successful in 
showing that the remainder was 30. 
Those who used long division in part (a)(ii) scored no marks. Most candidates 
realised the need to show that p(–2) = 0, but quite a few omitted sufficient 
working such as p(–2) = –8 + 2 + 6 = 0 together with a concluding statement 
about x + 2 being a factor and therefore failed to score full marks. 
Many candidates have become quite skilled at writing down the correct product 
of a linear and quadratic factor and these scored full marks in part (a)(iii). Others 
used long division effectively but lost a mark for failing to write p(x) in the 
required form. Others tried methods involving comparing coefficients, but often 
after several lines of working were unable to find the correct values of b and c 
because of poor algebraic manipulation. In part (a)(iv), although many candidates 
tried to consider the value of the discriminant of their quadratic factor, quite a 
few used a =1, b = –1 and c = 6 (from the cubic equation) and scored no marks for 
this part of the question. Others drew a correct conclusion using the quadratic 
equation formula, indicating that it was not possible to find the square root of –8 
and others, after completing the square showed that the equation (x −1)2 = −2 
has no real solutions. Some wrongly concluded that because it was not possible 
to factorise their quadratic then the corresponding quadratic equation had no 
real roots. 
Most obtained the correct y-coordinate of B in part (b)(i). 
In part (b)(ii) it was pleasing to see most candidates being able to integrate 
correctly but a large number did not answer the question set and simply found 
the indefinite integral in this part. Many candidates use poor techniques when 
finding a definite integral and it was often difficult to see the evaluation of F(0) – 
F(-2) in their solution. Many obtained an answer of –10 which was 
miraculously converted into +10 with some comment about an area being 
positive. This and similar dubious working was penalized. 
In part (b)(iii) some obtained an answer of –6 for the area of the triangle by using 
–2 as the base. Credit was given to candidates who later realised that the area of 
the triangle was actually 6. Unless candidates had scored full marks in part(ii) 
they were not able to score full marks in this part either, even if they obtained a 
correct value of 4 for the shaded area. 
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In part (a)(i) most candidates realised what the correct coordinates 
of the centre were, although some wrote these as (–5, 12) instead 
of (5, –12). 

Some gave the radius as 169 and others evaluated 169  
incorrectly in part (a)(ii). The majority of candidates obtained the 
correct value of the radius. 
In part (b)(i) most were able to verify that the circle passed through 
the origin, although some neglected to make a statement as a 
conclusion to their calculation and so failed to earn this mark. A 
surprisingly large number made no attempt at this part. 
Most sketches were correct in part (b)(ii), though some were very 
untidy with some making several attempts at the circle so the 
diagram resembled the chaotic orbit of a planet. In spite of being 
asked to verify that the circle passed through the origin many 
sketches did not do so. Credit was given for freehand circles with 
the centre in the correct quadrant and which passed through the 
origin, although it was good to see some circles drawn using 
compasses. Many used algebraic methods, putting x = 0, but often 
their poor algebra prevented them from finding the value of p. 
Those using the symmetry, doubling the y- coordinate, were 
usually more successful, although an answer of –25 (from –12–13) 
was common. 
In part (c)(i) the majority of candidates tried to find the gradient of 
AC but careless arithmetic meant that far fewer actually succeeded 
in finding its correct simplified value. 
In part (c)(ii), in order to find the tangent, it was necessary to use 
the negative reciprocal of the answer from part (c)(i) in order to 
find the gradient. Although some did, many chose to use the same 
gradient obtained in the previous part of the question and scored 
no marks at all. 
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Completing the square was done well by most candidates in part 
(a)(i), although quite a few wrote q as 17 instead of 1. 
Part (a)(ii) of this question was answered very badly with many 
giving their answer as coordinates. Candidates were either 
“hedging their bets” or were simply presenting the coordinates of 
a minimum point of a curve as their answer. 
In part (a)(iii) many candidates obtained the correct value for x in 
this part, but there was confusion with many about how to 
answer parts (i) and (ii). The question was deliberately designed to 
test the understanding of the minimum value of a quadratic 
expression and when this occurred. Those who wrote “(ii) 4 and 
(iii)1” scored no marks at all for these two parts of the question. 
In part (b)(i) practically everyone scored a mark for multiplying 
out  
(x - 5)2 correctly. 
In part (b)(ii) only the best candidates obtained a correct 
expression for AB2 and then completed the resulting algebra to 
obtain the printed answer. 
It was good to see that many saw the link between the various 
parts in part (b)(iii). Many more able candidates substituted x = 4 
into the expression and obtained AB2 = 2, but they then failed to 
take the positive square root in order to find the minimum 
distance. 
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Most candidates scored the mark for the correct printed equation 
in part (a), but some omitted “= 0” and others made algebraic slips 
when taking terms from one side of their equation to the other. 
In part (b)(i) only the more able candidates were able to obtain the 
printed inequality using correct algebraic steps. Many began by 
stating that the discriminant was less than 0, clearly being 
influenced by the answer. Not all assigned the correct terms to a, b 
and c in the expression b2 – 4ac and others made sign errors when 
removing brackets. 
The factorisation was usually correct in part (b)(ii), but many wrote 
down one of the critical values as 1/3. Most found critical values 
and either stopped or immediately tried to write down a solution 
without any working. Candidates are strongly advised to use a sign 
diagram or a sketch showing their critical values when solving a 
quadratic inequality. 

 
GRADE BOUNDARIES 

Component title Max mark A B C D E 
Core 1 – Unit PC1 75 63 55 48 41 34 
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In part (a), most candidates realised the need to find the value of 
f(x) when x = –3. However, it was also necessary, after showing 
that f( –3) = 0, to write a statement that the zero value implied 
that x + 3 was a factor. It was good to see quite a large number of 
candidates being aware of this but others lost a valuable mark. 
In part (b), some candidates used long division effectively to find 
the quadratic factor and, although this was the most successful 
method, some were confused by the lack of an x2 term; others 
used the method of comparing coefficients or found the terms of 
the quadratic by inspection; a number used the Factor Theorem to 
find another linear factor, but seldom found both of the remaining 
factors. Very able candidates were able to write down the correct 
product of three linear factors but many more were unsuccessful 
when they tried to do this without any discernible method. 
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In part (a)(i), although some made arithmetic errors when 
finding the gradient of AB, the majority of answers were 
correct. It was necessary to reduce fractions such as 4/2 in 
order to score full marks. In part (a)(ii), those who chose to 
use Pythagoras’ Theorem, calculating lengths of sides to 
prove that the triangle was right angled, scored no marks 
here. The word “hence” indicated that the gradient of AB 
needed to be used in the proof that angle ABC was a right 
angle. A large number of those using gradients failed to 
score full marks on this part of the question. It was not 
sufficient to show that the gradient of BC was –1/2 and 
then to simply say “therefore ABC is a right angle”; an 
explanation that the product of the gradients was equal to 
– 1 was required. 
In part (b)(i), most candidates were able to find the correct 
coordinates of the mid point, although a few transposed 
the coordinates and others subtracted, rather than added, 
the coordinates before halving the results. 
In part (b)(ii), it was rare to see a solution with all 
mathematical statements correct. Too often candidates 
wrote things like  

AB = 22 + 42 = 20 = 20  and, although this was not 
penalised on this occasion, examiners in the future might 
not be quite so generous. It was surprising how many 
candidates did not know the distance formula. Some 
wrote down vectors but, unless their lengths were 
calculated, no marks were scored. 
In part (b)(iii), many candidates found an equation of the 
wrong line. The line of symmetry was actually BM, 
although some chose an equivalent method using the 
gradient of a line perpendicular to AC. The most successful 
candidates often used an equation of the form 
y – y1 = m(x – x1); far too often those using y = mx + c were 
unable to find the correct value of c, usually because of 
poor arithmetic. 
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In part (a), almost all candidates were able to find the 
first and second derivative correctly, although there 
was an occasional arithmetic slip and some could not 
cope with the fraction term. 

In part (b), those who substituted t = 2 into 
dy

dx
 did not 

always explain that 
dy

dx
= 0 is the condition for a 

stationary point. Some assumed that a stationary point 
occurred when t = 2, went straight to the test for 
maximum or minimum and only scored half the marks. 
It was advisable to use the second derivative test here; 

those who considered values of 
dy

dx
on either side of t 

= 2 usually reached an incorrect conclusion because of 
the proximity of another stationary point. 
In part (c)(i), the concept of ‘rate of change’ was not 
understood by many who failed to realise the need to 

substitute t = 1 into 
dy

dx
. Some candidates wrongly 

substituted t = 1 into the initial expression for y or into 

their expression for 
2

2

d y

dx
 and these candidates were 

unable to score any marks at all on this part. Even those 

who used 
dy

dx
sometimes made careless arithmetic 

errors when adding three numbers. 
In part (c)(ii), it was not enough to simply write the 

word “increasing”: some explanation about 
dy

dx
being 

positive was also required. Some candidates 
erroneously found the value of the second derivative 
when t = 1 or calculated the value of y on either side of 
t = 1. 
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In part (a), there were far more mistakes than had been 

anticipated; for example, 50 2 5= and 18 2 3= . It 

was also common to see poor cancelling such as 
8 2

4 2
2 2

=

. Examiners had to take care that totally incorrect work leading 
to the correct answer was not rewarded. 

For instance, 
50 18 2 5 2 9 10 6

4
48 2 4

+ + +
= = =  was 

seen on a number of occasions. 
In part (b), it was pleasing to see that most candidates were 
familiar with the technique for rationalising the denominator in 
this type of problem and, although there were some who made 
slips when multiplying out the two brackets in the numerator, 

particularly when trying to calculate 2 7 2 7× , many 
obtained the correct answer in the given form and it was good 
to see most getting the final step correct by dividing both terms 
by 3. 
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In part (a), the slightly unusual form of the initial 
quadratic caused problems to those who forgot to add 
2 after multiplying out the brackets. The first term in 
the completion of the square was done successfully by 
most candidates, although the answer (x – 4)2 – 3 was 
seen almost as often as the correct form. It was 
unfortunate that an error at this stage was seldom 
picked up by candidates when they went on to sketch 
the curve. 
In part (b)(i), the sketch was usually of the correct 
shape but many drew a parabola with the vertex in the 
wrong quadrant, or the y-intercept was incorrect. The 
question did ask for the coordinates of the minimum 
point and this was not always stated by candidates. 
In part (b)(ii), a few candidates immediately wrote 
down the correct equation for the tangent, whereas 
many felt the need to differentiate in order to find the 
gradient of the curve at the vertex. Many candidates 
seemed unaware that the vertex was actually the 
minimum point and that the tangent at the vertex 
would be parallel to the line y = 0. 
In part (c), the more able candidates earned full marks. 
The term translation was required and, although there 
seemed to be an improvement in candidates’ using the 
correct word, it was still common to see words such as 
“shift” or “move” being used instead. Others thought 
that simply writing down a vector was enough. A very 

commonly stated, but incorrect, vector was 
4

1

− 
  
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In part (a)(i), many candidates did not realise that differentiation was 
required in order to find the gradient of the curve, but instead 
erroneously used the coordinates of O and A. Some tried to 
rearrange the terms but usually made sign errors in doing so. In part 
(a)(ii), those who had the correct gradient in part (a)(i) were usually 
successful in finding the correct equation of the normal, though not 
everyone followed through to the required form, and sign errors 
were common. However, most obtained at least a method mark 
here, unless they found the equation of the tangent. The main 
casualties were once again those who always use the y = mx + c 
form for the equation of a straight line. 
In part (b)(i), most candidates were well drilled in integration and 
scored full marks, although some wrote down terms with incorrect 
denominators. The limits 2 and 0 were usually substituted correctly, 
but it was incredible how many could not evaluate 32 – 38 – 8 
without a calculator. The correct value of the integral was –14, but 
far too many thought that they had to change their answer to +14 
and so lost a mark. A small number of candidates differentiated or 
substituted into the expression for y rather than the integrated 
function. 
In part (b)(ii), there was still some apparent confusion about area 
when a region lies below the x-axis. The area of the triangle was 6 
units and hence the area of the shaded region was 14 – 6 = 8 but, not 
surprisingly, there were all kinds of combinations of positive and 
negative quantities seen here. It was worrying to see so many 
candidates failing to calculate the triangle area, with several finding 
the length of OA instead. Some able candidates found the equation 
of OA and the area under it by integration, but this was not the 
expected method. 
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In part (a), most candidates found at least one of the correct 
coordinates for the centre C, with the most common error being at 
least one sign error or writing the centre as (4, –12). However, the 

correct value for the radius was not so common, with 15  being 
frequently seen. 
In part (b), most explanations involving a comparison of the y-
coordinate of the centre and the radius of the circle earned at least 
one mark. In order to score the second mark, some of the better 
answers explained why the y-coordinate of the “highest” point of 
the circle was –1, but most comments were insufficient. Those 
who proved that the circle did not intersect the x-axis needed to 
state that the y-coordinate of the centre was negative in order to 
score full marks. 
Part (c)(i) was very poorly done. Many candidates tried to use their 
circle equation and essentially faked the given result instead of 
correctly using the distance formula. Once again, if candidates are 
asked to “show that ...” then the full equation needs to be seen in 
the final line of the proof and an essential part of the working was 
to see a statement such as PC2 = 32 + (k + 6)2, leading to the printed 
answer. 
In part (c)(ii), the word “hence” indicated that the expression for 
PC2 in part (c)(i) needed to be used. Candidates needed to realise 
that the point P lies outside the circle when PC > r and that using 
this result immediately leads to the given inequality. The inequality 
sign here caused confusion with many looking for a discriminant. 
In part (c)(iii), many candidates scored only the two marks 
available for finding the critical values –2 and –10. No doubt some 
would have benefited from practising the solution of inequalities 
of this type by drawing a suitable sketch, or by familiarising 
themselves with the technique of using a sign diagram as indicated 
in previous mark schemes. 
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Question 1: Exam report 
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Part (a) Many candidates were unable to make y 
the subject of the equation 2x+3y =14 and, as a 
result, many incorrect answers for the gradient 
were seen. Those who tried to use two points on 
the line to find the gradient were rarely 
successful. 
Part (b)(i) Those candidates who obtained a 
value for the gradient in part (a) were usually 
aware that the line DC had the same gradient. 
Those using y=mx+c often made errors when 
finding the value of c, whereas those writing 
down an equation of the form y - y1 =m(x- x1 ) 
usually scored full marks. 
Part (b)(ii) Most candidates realised that the 
product of the gradients of perpendicular lines 
should be –1 and credit was given for using this 
result together with their answer from part (a). 
Careless arithmetic prevented many from 
obtaining the final equation in the given form 
with integer coefficients. 
Part (c) Although many correct answers for the 
coordinates of B were seen, the simultaneous 
equations defeated a large number of 
candidates. No credit was given for mistakenly 
using their equation from part (b)(i) or part (b)(ii) 
instead of the correct equation for AB, clearly 
printed below the diagram. Many did not 
recognize the need to use the equation of AB at 
all. It was common to see x = 0 or y = 0 
substituted into the equation for BC and then 
solved to obtain the other coordinate. 

 
Question 2: Exam report 
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Part (a) Many candidates were successful with this part, 
although sign errors and arithmetic slips were common. 
Part (b) Most candidates recognised the first crucial step of 

multiplying the numerator and denominator by 1 5−  and 

many obtained 
44 20 5

4

−

−
, but then inaccurate evaluation of 

the numerator or poor cancellation led to many failing to obtain 
the correct final answer. 
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Question 3: Exam report 
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Part (a)(i) Those who used long division instead of the Factor Theorem 
scored no marks. Most candidates realised the need to show that p(–
3) = 0. However quite a few omitted sufficient working such as p(–3) = 
–27 + 63 –21 –15 = 0, together with a concluding statement about x + 
3 being a factor, and therefore failed to score full marks. 
Part (a)(ii) Many candidates have become quite skilled at writing 
down the correct product of a linear and quadratic factor and then 
writing p(x) as the product of three linear factors and these scored full 
marks. Others used long division or the Factor Theorem effectively 
but lost a mark for failing to write p(x) as a product of linear factors. 
Others tried methods involving comparing coefficients, but often after 
several lines of working were unable to find the correct values of the 
coefficients because of poor algebraic manipulation. Speculative 
attempts to write down p(x) immediately as the product of three 
factors were rarely successful. 
Part (b) Those candidates who used the Remainder Theorem were 
usually able to find the correct remainder, though once again 
arithmetic errors abounded. Those who used long division, synthetic 
division or other algebraic methods again scored no marks since the 
question specifically asked candidates to use the Remainder Theorem. 
Part (c)(i) This part of the question was intended to help candidates 
when sketching the curve. Those who found the correct values of p(–
1) and p(0) usually scored the mark but in future a carefully written 
proof may be called for. Here again many arithmetic errors were seen. 
Part (c)(ii) The sketch was intended to bring various parts of the 
question together but even very good candidates ignored the hint 
from part (c)(i) and showed a minimum point on the y-axis. A few lost 
the final mark when their curve stopped on the x-axis. Confusion 
between roots and factors spoiled many sketches and several showed 
the y-intercept of –15 on the positive y-axis. It was disappointing that 
many candidates did not recognize the shape of a cubic curve at all. 

 
Question 4: Exam report 
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Part (a)(i) Most candidates were able to integrate the expression with only 
the weakest candidates unable to do this basic integration. Poor notation was 
used with many including the integral sign after integrating. It would have 
been thought that this bad habit would have been corrected by the time of 
the examination. Many candidates did not find the actual value of the 
definite integral until part (a)(ii) and on this occasion full credit was given. It 
was alarming that many candidates who had correct fractions were unable to 
combine these to give a value of 8.4 or equivalent. Weaker candidates were 
seen substituting values into the expression for y or 
dy

dx
showing a complete lack of understanding. 

Part (a)(ii) It was necessary to consider a rectangle of area 18 and then to 
subtract their answer from part (a)(i) in order to obtain the area of the 
shaded region. Many believed that the area of the rectangle was 9 and others 
failed to do this basic subtraction correctly, even when their answer to part 
(a)(i) was correct. 

Part (b)(i) Many candidates did not realise the need to find
dy

dx
before 

substituting the value x = 1 and thus failed to score some easy marks for 
finding the gradient of the curve. A substantial number of candidates tried to 
calculate the gradient of the straight line between two points on the curve 
and scored no marks for this. 
Part (b)(ii) Unfortunately many candidates tried to find the equation of the 
normal instead of the tangent to the curve. Otherwise, since there was a 
generous follow through in this part of the question, most were able to score 
this final mark. The only exceptions were those who insisted on using y = mx 
+ c where poor arithmetic often prevented them from finding a value for c. 
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Question 5: Exam report 
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Part (a) Most candidates obtained the correct left hand side of the 
circle equation but many failed to recognize that the radius was 5. 
Alarmingly many thought that r was equal to –5 or wrote down the 
right hand side of the equation as –52 , thus displaying a 
fundamental misunderstanding of the idea of radius as a length. 
Part (b)(i) Most who had the correct circle equation were able to 
verify that the circle passed through the point P, although those 
who neglected to make a statement as a conclusion to their 
calculation failed to earn this mark. 
Part (b)(ii) The negative signs caused problems for many when 
finding the gradient of PC and only the better candidates obtained 
the correct value. Many candidates then found the negative 
reciprocal of this fraction instead of using the gradient of PC to find 
the normal to the circle at the point P. 
Part (b)(iii) There were basically two approaches to this question, 
although some candidates were merely guessing and no credit was 
given for a correct answer without supporting working. The most 
common method involved distances or squares of distances; many 
made errors in finding the coordinates of M and then struggled 
with the fractions when squaring and adding to find the length of 
PM; whereas others noted that the length of PM was simply half 
the radius. A simple comparison with the length of PO led to the 
correct conclusion. 
The second approach was essentially one using vectors or the 
differences of coordinates, but this method was not always 
explained correctly and left examiners in some doubt as to 
whether candidates really understood what they were doing. The 
best candidates wrote down the correct vectors PM and OP and 
reasoned that these vectors had the same y-component but 
different x-components and it was then easy to deduce that P was 
closer to the point M. 

 
Question 6: Exam report 
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Part (a)(i) Usually after a few abortive attempts many candidates 
realised that they had to add together the areas of the various 
faces. Once they had the correct expression for the total surface 
area most candidates were able to obtain the printed result. 
There was clearly some fudging on the part of weaker candidates 
and they could earn little more than a single method mark. 
Part (a)(ii) This was surprisingly one of the biggest discriminators 
on the paper with only the best candidates being able to obtain 
the correct expression for V. Trying to make y the subject of the 
equation from part (a)(i) caused problems for many who took 
this approach; others substituted for xy in the formula V = 6x(xy) 
and were often more successful. Once again it was quite 
common to see totally incorrect expressions being miraculously 
transformed into the printed answer. 
Part (b)(i) Most candidates scored full marks for this basic 
differentiation although it was not always clearly identified as 
dV

dx
in their working. 

Part (b)(ii) Most substituted x = 2 into their expression for 
dV

dx
and found the value to be zero. It was then necessary to make a 
statement about the implication of there being a stationary 
value in order to score full marks. 
Part (c) Some made a sign error when finding the second 
derivative, but the majority of candidates scored full marks in 
this part. Credit was given if the correct conclusion was drawn 
from the sign of their second derivative, provided no further 
arithmetic errors occurred. 
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Question 7: Exam report 
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Part (a)(i) Candidates did not seem well drilled in completing the 
square when the coefficient of x2 is not equal to 1. It was very rare 
to see a correct answer here although a few did realise that p = 5. 
Clearly further practice is required at this type of question. 
Part (a)(ii) Only the more able candidates were able to reason 
sufficiently well using the result from part (a)(i) as well as providing 
a concluding statement. No credit was given for using the 
discriminant to show that the equation had no real roots since the 
wording of the question excluded this approach. 
Part (b)(i) This kind of question has been set several times before 
and the usual errors were seen. Candidates should state the 
condition for real roots (b2 - 4ac ≥ 0 ) and find an expression in 
terms of k for the discriminant using the correct inequality 
throughout. The inequality is then reversed when multiplying by a 
negative number. Again, many candidates would benefit from 
practising this technique, using brackets where appropriate to 
avoid algebraic errors. 
Part (b)(ii) The factorisation of the quadratic was usually correct, 
but several candidates wrote down one of the critical values as 1/7. 
Most found critical values and either stopped or immediately tried 
to write down a solution without any working. Candidates are 
strongly advised to use a sign diagram or a sketch graph showing 
their critical values when solving a quadratic inequality. 
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