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General  
  
This paper was accessible, and most students found plenty of opportunity to 
demonstrate their knowledge and understanding in this paper.  There were some testing 
questions involving complex numbers, numerical methods, matrices, coordinate 
geometry and mathematical induction that allowed discrimination between the higher 
grades.   
 
In summary, Q1, Q2, Q3, Q4(a), Q4(b), Q5(a), Q5(b), Q6(a), Q7(a), Q7(b) and Q8(a) 
were a good source of marks for the average student, mainly testing standard ideas and 
techniques, and Q4(c), Q5(c), Q6(b), Q6(c), Q7(c), Q7(d), Q8(b) and Q8(c) were 
discriminating at the higher grades.  Q9 proved to be the most challenging question on 
the paper. 
 
Report on Individual Questions  

 
 
Question 1 
 
Q1 proved accessible for most students with many fully correct solutions seen.  A few 
students, who presumably did not understand the concept of a singular matrix, made no 
attempt at answering Q1(a). 
 
In Q1(a), most students set their determinant of A equal to zero and successfully solved 
the resulting quadratic equation to find two values for p.  Common mistakes included 
making sign errors when finding det( );A  not setting their det( )A equal to zero; or 
making manipulation errors when solving the resulting quadratic equation. 
 
In Q1(b), most students used 3p =  to find a correct 1−A  with many giving their answer 

as 
6 51
2 38

 
 
 

 and some writing their answer as 
3 5
4 8

31
4 8

.
 
 
 

  Some students applied an 

incorrect method of 1 1
det( )

− =A A
A

  or evaluated det( )A incorrectly as 18 10.+   A 

few students did not use the given 3p =  and so expressed 1−A   completely in terms of 
p, while others only applied 3p =  to their determinant and so wrote  

1 3 51
28

p
p

− + 
=  

 
A  as their final answer. 

 
 
 
 
 
 
 
 



 
 
Question 2 
 
Q2 proved generally accessible with most students scoring full marks.  Those students 
who failed to obtain a correct 17k = −  in Q2(a) tended to make little creditable progress 
in Q2(b). 
 
In Q2(a), most students found a correct 17k = −  by solving the linear equation that 

resulted from substituting 1
3

x = −  into the given cubic equation.  Some students used 

a method of long division of the cubic expression by either 1
3

x +  or 3 1.x +   Those 

opting for this method were slightly more prone to error.  It was rare to see incorrect 

divisors such as 1
3

x −  or 3 1,x −  but errors in the long division process were 

occasionally seen.   Those students who used that fact that the constant term of the 
quadratic quotient had to be 13 when dividing the cubic expression by 3 1x +  usually 
reached a correct equation 2 2 2( 1) ( 18 ) 0 .k x x x− − − =   Only a few students found 

17k = − by using long division and setting an expression for the remainder (in terms of 
k) equal to zero.  Most of these students found an incorrect remainder by making 
algebraic or manipulation errors on account of the complicated nature of the algebra 

that was involved.  Other students used 1
3

x = −  to write a cubic expression such as

21 ( )
3

x ax bx c + + + 
 

 or 2(3 1)( )x ax bx c+ + + which they equated to 

3 23 33 13.x kx x+ + +   Most of these students deduced the values of a  and c by 
inspection and proceeded to consider both the x  and 2x  terms in order to reach a value 
for k.  
 
In Q2(b), most students used long division, while others compared coefficients or used 
direct factorisation by inspection to find the correct quadratic factor.  Students either 
completed the square, used the quadratic formula or applied a direct calculator method 
to solve the quadratic factor equal to zero.  Most students found the correct complex 

roots, although a few gave their answer in the wrong form as 6 4i ,
2
±  or processed this 

incorrectly to give either 3 4i±  or 6 2i.±  
 
 
 
 
 
 
 
 
 
 



 
 
Question 3 
 
Q3 proved accessible with most students scoring full marks.  
 
In Q3(a), most students expanded 2 (2 3)r r +  and correctly substituted the standard 

formulae for 3

1

n

r
r

=
∑  and 2

1

n

r
r

=
∑ into 3 2

1
(2 3 ).

n

r
r r

=

+∑   Students who directly factorised out 

1 ( 1)
2

n n +  were generally more successful in obtaining the given answer.  There were 

varying degrees of justification given from students obtaining  3 21 ( 4 4 1),
2

n n n n+ + +  

with some going directly from 3 21 ( 4 4 1)
2

n n n n+ + +  to the given answer and others 

using algebraic long division to factorise out ( 1).n +  
 

In Q3(b), most students calculated 
25

2

10
(2 3)

r
r r

=

+∑  by applying f (25) f (9) ,−  where

21f ( ) ( 1)( 3 1),
2

n n n n n= + + +  and many obtained the correct answer 222920.   Some 

students used incorrect methods such as calculating f (25) f (10) ,−  f (25) f (9)+ or 
f (25) f (10).+   A few students answered Q2(b) by calculating only f (25) and some 

incorrectly applied f (9)  as 1 (9)(10)(100 30 1).
2

+ +  

 
Question 4 
 
Q4(a), Q4(b) and Q4(c)(i) proved accessible to students of all abilities.  In Q4(c)(ii), a 
significant minority of students made either incomplete attempts or incorrect attempts 
at evaluating the exact value for the modulus of 3 .z   
 

In Q4(a), most students multiplied both the numerator and denominator of 3
5i

9 8i
pz +

=
+

 

by 9 8i−  and applied 2i 1= −  to give a rational fraction with a correct numerator and 
denominator.  A few students incorrectly found the denominator as either '81 64 '−  or 

'81 8'.+   Some students gave their final answer in the form ia b
c
+  rather than in the 

form i ,x y+  as required by the question.   
 
In Q4(b), nearly all students correctly found the modulus of 2z  as an exact 145  with 

some also writing both 145  and a decimal approximation such as 12.04.     
 



In Q4(c)(i), many students used trigonometry to find a correct exact value for p.  Some 

students, who usually did not sketch an Argand diagram to represent arg( 5i) ,
3

p π
+ =  

wrote down incorrect equations such as tan
3 5

pπ  = 
 

 or 5tan .
3p
π 

= 
 

 

In Q4(c)(ii), those students who applied 1
3

2

z
z

z
=  were more successful in finding a 

correct exact value for the modulus of 3 .z   Those students who substituted their exact 
value for p into their answer to Q4(a) struggled to achieve a correct 

3
8 3 3 27 8 3 i ,

29 87
z

   + −
= +      
   

 although many applied a correct Pythagoras method 

to find 3 .z   A few students made no further progress after expressing 3z  in the form 
i .a b+   Some students found a final inexact answer of 0.479 without making any 

reference to an allowable exact value for 3 .z    
 
Question 5 
 
Q5 proved accessible, with many students scoring full marks, although some struggled 
to make any creditable progress in Q5(c).  In Q5(a) and Q5(c), the omission of ‘the 
curve is continuous’ as part of their reason was condoned on this occasion.  
 
In Q5(a), almost all students correctly evaluated f (2)  and f (3)  with many indicating a 
change of sign and giving an acceptable conclusion.  A few students did not give any 
conclusion while others did not give an acceptable reason such as e.g. ‘change of sign’,     
‘< 0 and > 0’ or ‘ f (2)f (3) 0<  ’.        
 
In Q5(b), most students differentiated f ( )x  correctly and applied the Newton-Raphson 
procedure correctly to give a second approximation for α  as 2.54.  A few students 
incorrectly differentiated 

3
24 12 7x x− +  to give either 

5
234 18x x−  or 

1
234 18 7,x x− +  

while others applied the incorrect Newton-Raphson formula of 2
f (2.5)2.5 .
f (2.5)

α +
′

   In 

some cases a lack of working meant that it was difficult for examiners to determine 
whether the Newton-Raphson procedure was applied correctly.   For example, a few 
students stated the correct Newton-Raphson formula followed by their final answer 
while others just stated their final answer with no working.   
 
In Q5(c), many students used a method of evaluating both f (2.535)  and f (2.545) with 
many indicating a change of sign.  Some students did not give a conclusion while others 
gave an incorrect conclusion of ‘root lies between 2.535 and 2.545’ without reference 
to ‘ 2.54α =  is correct to 2 decimal places’.  Incorrect methods included evaluating 
both f (2.53)  and f (2.55);  evaluating both f (2)  and f (2.54);  or just evaluating 
f (2.54).  A few students correctly employed the alternative method of applying the 
Newton-Raphson procedure for a second time on 2.54.   
 



Question 6 
 
Q6 discriminated well between students of all abilities with some lower ability students 
struggling to make any creditable progress.  Q6(a) and Q6(c) were more accessible to 
students than Q6(b).   
 
In Q6(a), most students solved the matrix equation ′=AR R and some solved the 
matrix equation 1 .− ′=R A R   Many students who used these two methods achieved a 
correct answer 5.p =   Some students multiplied out matrices in the wrong order and so 

attempted to solve incorrect equations such as ( ) ( )
2 3

3 13 4 7 2
1 4

p p  
− − = − − 

  

or  ( ) ( )
34

11 11
1 2
11 11

7 2 3 13 4 .p p
 

− = − − − 
  

 
In Q6(b), most students used 5p =  to deduce a correct (2, 1).R   Many students 
attempted to plot the points O, R and (0, 7)S on a set of coordinate axes.  A correct 

area( ) 7ORS =  was found by either applying 1 (base)(height)
2

 to give 1 (7)(2)
2

 or by 

using the shoelace method to give 
0 2 0 01 1 (14).
0 1 7 02 2

=   Some students made the 

error of finding area( )ORS  as 1 (7)(1).
2

  This error either arose from plotting (0, 7)S  

incorrectly as (7 , 0)  or by using 1Ry =  (instead of 2Rx = ) as the height of triangle 
ORS.  
 
In Q6(c), many students applied a correct ‘ area( ) det( ) (area( ))OR S ORS′ ′ = ×A ’ to 
give an area for triangle OR S′ ′which was 11 times their answer to part Q6(b).  Some 
students either incorrectly evaluated det( )A  as 2( 4) 3(1) 5− + =  or applied an 

incorrect formula ‘ 1area( ) (area( ))
det( )

OR S ORS′ ′ = ×
A

’.  A few students ignored 

the instruction “Hence, using your answer to part (b),”.  These students used the points 
O, (7 , 2)R′ −  and (21, 28)S ′ −  (and not their answer to part (b)) in a direct method to 
find the area of triangle OR S′ ′  and so received no credit, even when they found the 
correct answer of 77. 
 
 
 
 
 
 
 
 
 
 



Question 7 
 
Q7 proved very accessible with many students scoring at least 7 of the 9 marks 
available.   
 
Most students wrote down a correct value for αβ in Q7(a)(i) and then a correct 
expression, in terms of p, for α β+  in Q7(b)(i).   
 
Most students found the correct answers in Q7(a)(ii) and Q7(b)(ii) for the product and 

sum of 
1α
β

 
+ 

 
 and 1 .β

α
 + 
 

  In Q7(b)(ii), only a few students did not simplify the 

sum  expression of 1 1α β
α β

+ + +  to become .α βα β
αβ
+

+ +   While many students 

gave a correct answer of 2
15

p
−  in Q7(b)(ii), some gave their final answer as  

3 5
p p

− +  

which was condoned. 
 
In Q7(c), most students who answered Q7(a) and Q7(b) correctly used the given 
equation to find the correct 4,p =  although a few obtained an incorrect 1p =  as a 
consequence of manipulation or substitution errors.  
 

In Q7(d), many students found a correct sum and product of  
1α
β

 
+ 

 
 and 1β

α
 + 
 

 

as 8
15

−  and  4
15

−  respectively.  This was usually followed by a correct method to form 

the quadratic equation as described in the question.  Some students, when forming their 

quadratic equation, used an incorrect sum of  4
3

−  or an incorrect product of  5 .
3

−   

Other errors in attempting to establish the required quadratic equation included 
applying the incorrect method of 2 (sum) (product) 0;x x+ + =  the omission of ‘ 0= ’; 
and the failure to give integer coefficients.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Question 8 
 
Q8 was accessible to most with Q8(c) providing good discrimination for the higher 
ability students.  It was quite common to see fully correct solutions. 
 
In Q8(a), almost all students used calculus, and most chose to make y the subject of 

16xy =  before proceeding to differentiate explicitly.  Implicit and parametric 
differentiation were also seen.  A very small number who chose the implicit approach 
differentiated 16 incorrectly to give 16.  The correct expression in terms t for the 
gradient of the tangent at point P was invariably achieved.  Nearly all students deployed 
a correct perpendicular gradient rule to find the correct gradient of the normal.  A 
correct straight method almost always followed which was mostly achieved via 

1 1( )Ny y m x x− = −  although the slightly more onerous Ny m x c= +  approach was 
occasionally seen.  Only a very small number then failed to achieve the given answer 
without error.   
 
In Q8(b), most students realised that the specific normal equation required was easily 
obtained by substituting 2t =  into the given answer to Q8(a), although a few slips were 
made.  Some students needlessly repeated work from Q8(a) but errors were not 
common.  The most popular approach to find the coordinates of B was to substitute the 
normal as 4 30y x= −  into 16xy =  to obtain a quadratic equation in x which was 
usually solved correctly.  A small number obtained a quadratic equation in y but very 
few chose to produce a quadratic equation in t.  A commonly occurring slip after 

achieving a correct 1
2Bx = −  was to confuse this with t, leading to the incorrect 

( 2, 8).B − −   Most students applied Pythagoras correctly to (8, 2)A  and 
( 0.5, 32)B − −  to give an acceptable exact length for AB.  There were a few cases of a 

decimal answer being given as a final answer with no sight of an acceptable exact length 
for AB. 
 
Some students struggled to make any creditable progress in Q8(c).  A common error 
was to use the equation of the normal again and set 0x =  in this equation to find C – 
perhaps as a result of the student not reading the question with enough care.  Those who 
found the equation of the tangent at the correct (8, 2)A  almost always found the correct 
coordinates for C.  Students who produced a reasonable sketch of the situation usually 
found that it helped them with devising a correct strategy to find the area of triangle 
ABC.  Those who identified the right-angle between the tangent and the normal tended 
to find the length AC by using Pythagoras and then used their answer to Q8(b) to find 
the area of triangle ABC more efficiently.  Other methods were also available.  Finding 
the y-axis intercept of the normal to split triangle ABC into two triangles was common.  

The shoelace method was also seen although occasionally the multiplier of 1
2

 was 

absent.  Some found the area of the rectangle that surrounds triangle ABC and 
subtracted off the areas of three right-angled triangles.    
 
 
 
 



Question 9 
 
Q9 discriminated well between students of all abilities with Q9(ii) more successfully 
answered than Q9(i).   
 
In Q9(i), many students successfully showed that f ( ) 7 (3 1) 1nn n= + −  is multiple of  9 
for 1.n =   There were varying approaches to induction with many students gaining 
some credit for writing down a correct 1f ( 1) 7 (3( 1) 1) 1kk k++ = + + − as part of their 
working.  Those students who worked directly from f ( 1)k +  found it challenging to 
manipulate their f ( 1)k + into an expression where each term is an obvious multiple of 
9.  Many obtained the result  f ( 1) 7f ( ) 6 21(7 )kk k+ = + +  but were unable to proceed 
further.  There was a small number of students who, having obtained this result, went 
on to prove (by induction) that g( ) 6 21(7 )kk = +  is in fact a multiple of 9.  Some higher 
ability students used intricate algebra to manipulate f ( 1)k +  to give 
f ( 1) 18 (7 ) 27(7 ) 7 (3 1) 1,k k kk k k+ = + + + −  where each term in f ( 1)k +  is an obvious 
multiple of 9.  A greater proportion of successful responses were seen from students 
who worked directly from f ( 1) f ( ).k k+ −   Some of these students used correct algebra 
to achieve f ( 1) f ( ) 9(2 3)(7 )kk k k+ − = + , although not all  went on to write an 
expression such as f ( 1) 9(2 3)(7 ) f ( ) ,kk k k+ = + +  where each term in f ( 1)k +  is an 
obvious multiple of 9.   There were other valid methods that students employed with 
varying degrees of success, such as attempts to find f ( 1) f ( )k m k+ −  with a suitable 
value for m.  The most sucessful of these attempts achieved a correct

1f ( 1) 27 9 (7 ) 28f ( ) ,kk k k++ = − +  where each term in f ( 1)k + is an obvious multiple     
of 9.  Some students did not bring all strands of their proof together to give a fully 
correct proof.  A minimal acceptable proof, following on from completely correct work, 
would incorporate the following:  assuming the general result is true for ;n k=  then 
showing the general result is true for 1;n k= +  showing the general result is true for 

1;n =  and finally concluding that the general result is true for all positive integers.   
 
In Q9(ii), some students failed to demonstrate that the general result was true for both 

1n =  and 2.n =   Many students substituted 1
1 2(2 1)k

ku +
+ = −  and 2(2 1)k

ku = −  into 

2 13 2k k ku u u+ += − and manipulated their expression to give the result  
2

2 2(2 1),k
ku +
+ = −  although some students fudged this correct result from incorrect 

intermediate work.  Some students did not bring all strands of their proof together to 
give a fully correct proof.  In part (ii), a minimal acceptable proof, following on from 
completely correct work, would incorporate the following:  assuming the general result 
is true for n k=  and 1;n k= +  then showing the general result is true for 2;n k= +  
showing the general result is true for 1n =  and 2;n =  and finally concluding that the 
general result is true for all positive integers.  
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