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Key messages 
 
In order that candidates receive credit where possible for incorrect answers, they should remember to show 
full working and reasoning. Incorrect answers without working cannot be given any credit, whereas partial 
credit can be awarded if a correct method is shown. Where candidates are asked to ‘show’ or ‘prove’ a 
result, marks will be lost if any essential steps in the argument are omitted. 
 
 
General comments 
 
The paper allowed the majority of candidates to show what they had learned and understood. Candidates 
did not however gather as many marks as expected on the early shorter questions.  These were intended to 
be reasonably ‘routine’ and candidates in the future could benefit by ensuring that they are confident on 
‘routine’ work.  Conversely, many candidates were able to boost unimpressive performances on the first half 
of the paper by strong performances in the last two questions. 
 
The majority of scripts were well-presented but some candidates need to be reminded that they should work 
straight down the page rather than try to fit their answer to one question beside their answer to another 
question on the page and that the pages of their scripts need to be tied together securely.  Some candidates 
also need to be warned of the danger of premature approximation.  In particular, if a final result is required to 
be given correct to 3 significant figures, for example, it is necessary to carry at least 4 figures in intermediate 
results to ensure final accuracy. 
 
The need to factorise quadratic expressions will always occur several times and it was noticeable that many 
candidates who employed decomposition into 4 terms before factorising 2 pairs of terms often did not 
complete the factorisation.  For example, in Question 10(ii) candidates were faced with solving the equation 

0352 2 =−− xx  and many first wrote this as 0362 2 =−−+ xxx  followed by 0)12(3)12( =+−+ xxx .  A 
significant proportion of candidates did not complete the factorisation but attempted to pick out the solutions 
from this position, making errors in doing so. 
 
 
Comments on specific questions 
 
Question 1 
 
Many candidates attempted to write down and then simplify all the terms in the expansion – some never 
identifying the required term for the answer.  A more efficient approach is to deduce that in order to obtain a 

term in x it is necessary to multiply together 5x  and 
2

2
2
⎟
⎠
⎞

⎜
⎝
⎛

x
, and then to multiply finally by the coefficient 7C2.  

A very common error was to not include the 2 inside the bracket and thus to obtain 42 as the final answer. 
 
Answer:  84. 
 
Question 2 
 
Of all the questions on the paper, candidates had the least success with this question.  Many did not 
appreciate that differentiation was required, followed by use of the chain rule or similar.  Of those that did 
start correctly many then confused the three variables involved, v, r and t, with the result that the chain rule 
was not implemented correctly. 

Answer:  
π8
1  or 0.0398. 
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Question 3 
 
For part (i) the majority of candidates produced an acceptable graph – but many of the graphs were drawn 
on graph paper following a time-consuming tabulation of values.  It was expected that candidates would 
recognise the form of the equation and realise that it represented a parabola touching the x-axis at x = 2 and 
then to merely ‘sketch’ the curve as requested. 
 
In part (ii) the most common error was to integrate 2)2( −xπ  (assuming this was already 2yπ ), and a variety 
of incorrect limits were also seen.  Those candidates who attempted to integrate the correct function often 
employed a very inefficient way of doing so – expanding the bracket (often with errors) before attempting to 

integrate rather than integrating directly to obtain 5)2(5
1
−x

. 

Answer:  (ii)  
5

32π . 

 
Question 4 
 
This was a good source of marks for many candidates with most being able to use the scalar product to find 
the angle between two vectors. 

 
Answers:  (i)  −6i + 6j − 2k,  −6i + 6j + 3k;  (ii)  32.7°. 
 

Question 5 
 
On the whole, part (i) was generally well answered.  In part (ii) most candidates successfully factorised the 

quadratic equation in θ2sin  and also rejected the negative root to leave 
2
1sin2 =θ .  After this point, 

however, candidates very often did not insert ± on square rooting, with the result that they obtained only two 
of the four solutions of θ . 
 

Answer:  (ii)  45°,  135°,  225°,  315°. 
 
 
Question 6 
 
Most candidates scored well on this question, although the majority of candidates did not write down the 
stationary value of z, thinking, no doubt, that having found that the stationary value occurred when x = 20 
that they had answered the question. 
 
Answers:  (ii)  120,  Minimum. 
 
 
Question 7 
 

In part (i), while some candidates found the value of the gradient at (1, 
2
1 ) and then applied y = mx + c, most 

attempted the correct method of integrating the given function.  However, a very significant number of 
candidates did not divide by 2 (the derivative of the contents of the bracket).  At this stage also, some 
candidates did not add a constant of integration. 
 
In part (ii) candidates were often successful, using a variety of methods, in finding the critical values but 
relatively few were able to apply the correct inequalities to these values. 
 

Answers:  (i)  1
)21(2

3 +
+
−=

x
y ;  (ii)  2−<x ,  1>x . 
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Question 8 
 
Marks obtained from this question were, on the whole, lower than expected.  Candidates generally chose the 
correct progression for each part but in many cases candidates used the formula for the nth term rather than 
the sum to n terms and there was also confusion about how to apply the 5% to obtain the amount donated to 
charity.  In part (ii) a significant proportion of candidates used r = 0.1 instead of 1.1. 
 
Answers:  (i)  $41 000;  (ii)  $22 100. 
 
Question 9 
 
In part (i) there seemed to be a certain amount of confusion in the minds of candidates as to whether to use 
2θ and subtract the area of sector OPST from the area of triangle OAB or to work with θ  and double the 
answer at the end.  In many cases some of the areas found were doubled and some were not, leading to 
incorrect answers. 
 
Candidates seemed to be more comfortable in part (ii) where θ  and r were given particular values, and in 
general candidates were more successful than in part (i).  Some candidates apparently assumed, without 
justification, that P was the mid-point of OA. 
 
Answers:  (i)  )(tan2 θθ −r ;  (ii)  π431212 ++ . 
 
Question 10 
 
This question was done well and even weaker candidates were able to obtain good marks.  Candidates did 
particularly well in the first two parts, but in part (iii) failure to find the mid-point of AP accurately often cost 
candidates the last 3 marks. 
 
Answers:  (i)  1)1(2 2 −−x ,  (1, −1);   (ii)  (−0.5, 3.5);  (iii)  175 =+ xy . 
 
Question 11 
 
From the point of view of candidates this question was the most successful in the paper and even low-
scoring candidates were able to score good marks.  Very few candidates transposed the two answers to part 
(i), although lack of simplification was reasonably common as were sign errors.  Candidates often gained a 
high proportion of the marks in parts (ii) and (iii), and in parts (iv) and (v) candidates generally showed good 
ability in finding inverses of functions, although relatively few obtained the correct sign in part (v). 
 

Answers:  (i)  32 2 −x ,  144 2 −+ xx ;  (ii)  1− ;  (iii)  2;  (iv)  )3(
2
1 2 −x ;  (v)  2+− x . 
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MATHEMATICS 
 
 

Paper 9709/12 
Paper 12 

 
 
Key messages 
 
In order that candidates receive credit where possible for incorrect answers, they should remember to show 
full working and reasoning. Incorrect answers without working cannot be given any credit, whereas partial 
credit can be awarded if a correct method is shown. Where candidates are asked to ‘show’ or ‘prove’ a 
result, marks will be lost if any essential steps in the argument are omitted. 
 
General comments 
 
While some parts of questions were found to be more demanding, there were many parts of questions that 
proved to be accessible to all but the very weakest of candidates.  It was noticeable that on two questions 
(Questions 7 and 8), where a diagram was not provided on the question paper, many candidates did not 
sketch their own diagram and this often led to serious misunderstandings of the question. 
 
 
Comments on specific questions 
 
Question 1 
 
This proved to be a straightforward starting question and most candidates integrated correctly.  
Unfortunately, a sizeable minority candidates omitted the constant of integration and many replaced  

2

2

−

−x  by 2
2

x
− . 

 

Answer:  cxx +−
−

  
2

    
4

24
. 

 
Question 2 
 
There were many good responses to this question. 
 
(i) The vast majority of candidates showed confidence in the way they used the binomial expansion.  

Binomial coefficients were nearly always correctly used and it was rare to see incorrect use of 

brackets with 
2

2
3

⎟
⎠
⎞

⎜
⎝
⎛ − x or 

3

2
3

⎟
⎠
⎞

⎜
⎝
⎛ − x , though omission of the ‘minus’ sign was the most common 

error. 
 
(ii) Many candidates did not realise that two terms were needed from the expansion of 

)2( xk + ( )6
2
31 x− and that the sum of these needed to be equated to 0. 

 

Answers:  (i)  
4

135 2x , 
8

540 3x− ;  (ii)  1. 
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Question 3 
 
This question was poorly answered.  Some candidates either did not attempt the question or made no 
progress. 
 
(i) Most candidates did not realise that since the roots of the quadratic equation are −3 and 5, the 

equation can be expressed as )5)(3( −+ xx , thereby leading directly to the values of p and q.  The 
majority obtained two simultaneous equations from substituting x = −3 and x = 5 and generally 
were correct.  Many others spent considerable time in attempting to use the quadratic formula and 
made little progress, and many others automatically associated ‘roots’ of a quadratic with 
‘ acb 42 − ’. 

 
(ii) Of those candidates successfully coping with part (i), the majority recognised the need to set 

‘ acb 42 − ’ to 0, though many did not recognise that ‘c’ was q + r, whilst others took c to be r + 15 
rather than r − 15. 

 
Answers:  (i)  − 2,  −15;  (ii)  16. 
 
Question 4 
 
This question was very well answered. 
 
(i) The differentiation of 1)43(4 −−x  was usually correct and the majority of candidates realised the 

need to include the ‘×3’.  Most then correctly found the numerical value of the gradient at P(2, 2) 
and deduced the equation of the tangent.  It is, however, still common to see some candidates 
expressing the gradient as a function of x, thereby obtaining the equation of a curve and it was 
surprising to see a large number of candidates assuming that the gradient of the tangent is           

−1 ÷ 
x
y

d
d . 

 
(ii) Attempts at this part of the question were much improved on recent years with the majority of 

candidates realising that the angle made by the tangent with the x-axis could be obtained directly 

from the gradient 
x
y

d
d .  Other attempts were seen in which candidates attempted to find two points 

on the line and use trigonometry.  These too were often successful. 
 
Answers:  (i)  83 =+ xy ;  (ii)  108.4° or 71.6°. 
 
Question 5 

(i) Those candidates making progress with this identity generally started by replacing tan θ by 
θ
θ

cos
sin , 

though some then had problems with the cos θ in the denominator.  Most however finished with 
θ2cos  in the numerator and this was automatically replaced by θ2sin1− .  At this point, most 

‘fiddled’ the answer to obtain the correct expression on the right-hand side.  Many candidates did 
not realise the need to factorise the numerator (difference of two squares) and then to cancel        
(1 − sinθ). 

 
(ii) This was very well answered and many candidates were not perturbed by their inability to cope 

with part (i).  Correct answers were common, though often four answers were given (one in each 
quadrant), and it was common to see the obtuse angle not given correct to 1 decimal place as 
required in the rubric. 

 
Answer:  (ii) 19.5°,  160.5°. 
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Question 6 
 
(i) This caused many problems, mainly because of some candidates’ inability to cope with the 

algebraic manipulation of fractions.  Recognition of the meaning of ff(x) was very good and it was 
rare to see the original expression incorrect.  However, inability to cope with (2x − 1) in the 

denominator of the fraction caused problems.  Common errors were to express ⎟
⎠

⎞
⎜
⎝

⎛
−

+
12

32
x

x as 

24
62

−
+

x
x , or to cancel (2x − 1) without adjusting the ‘+3’ or ‘−1’, or to take the numerator of the 

denominator as (2x + 6 − 2x − 1) instead of (2x + 6 − 2x + 1). 
 
(ii) Although only a few candidates recognised that because, from part (i), ff(x) = x, then f −1(x) = f(x), 

this part was very well answered by the standard method of making x the subject of the equation.  
Solutions were nearly always correct and the only errors were to leave the answer in terms of y or 
to make simple sign errors in the manipulation. 

Answer:  (ii)  f −1(x) = 
12

3
−

+
x

x . 

 
Question 7 
 
(i) The fact that the question did not have a diagram led to a considerable number of 

misinterpretations.  Confusion over the lines L1, L2 and AC were common and many candidates 
finished with the coordinates of points A and C being the same.  This led to a nonsensical answer 
for part (ii).  The majority however correctly found the gradient of AB and realised that the gradient 
of L2 was the same.  Many candidates wasted time in finding the equation of AB, though most of 
these correctly ignored this and proceeded to L2.  Use of perpendicular gradients was good and the 
equation of AC presented few problems.   

 
(ii) Use of the distance formula was generally correct, though many candidates incorrectly gave the 

answer as 3.6 or 3.57. 

Answers:  (i)  (3.6, 1.8);  (ii)  3.58 or 
5

58 . 

 
Question 8 
 
(i) The candidate’s ability to calculate an angle from a scalar product and to find vector AB  from OA  

and OB  or BC  from OB  and OC  was excellent.  Unfortunately many attempts used the scalar 
product of vectors AB  and BC  instead of BA  and BC  but this was an error that lost accuracy 
marks only. 

 
(ii) This caused most candidates difficulty and there were only a small number of correct solutions.  

Most candidates did not realise that vector OD  could be calculated directly from OA  + AD  and 
that AD  = BC  since ABCD is a parallelogram.  Confusion often resulted from the fact that 
candidates were not prepared to sketch a diagram. 

 

Answers:  (i)  112.4°;  (ii)  
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

8
1
8

. 
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Question 9 
 
The question as a whole caused many candidates difficulty. 
 
(i) (a) Correct solutions to this part of the question were rare for, whilst most candidates recognised that 

the limits for cos x are −1 to 1, it was rare for them to realise that the limits for cos² x are 0 to 1, 
leading to a range of −1 to 3, not −1 to 7. 

 
 (b) This part of the question was answered more successfully with most candidates able to deduce 

that 
2
1cos2 =x .  Very few realised however firstly that the term ‘exact’ means that decimal 

answers are not acceptable and secondly that the solution to the equation is found from              

cos x = ± 
2
1 and not  cos x =

2
1 .  

 
(ii) (a) The graph of xy cos43 −= was reasonably drawn, though many candidates failed to realise that, 

for 0 < x < π, the curve only has a half cycle, starting at y = −1 and finishing at y = 7.  Many sketches 
were seen that either did not ‘flatten out’ at x = 0 and x = π or did not have a point of inflexion at x = 

π
2
1 . 

 
 (b) Candidates needed to read the question carefully.  Answers were seen that just stated ‘yes’ and 

often any kind of reason was missing.  Any of the following were acceptable: the function is        
one-one, the function is increasing or there are no turning points in the domain. 

 

Answers:  (a)(i)  −1 < f(x) < 3;  (ii)  π
4
1 ,  π

4
3 ;  (b)(ii) f has an inverse,  f is one-one or increasing in the   

domain. 
 
Question 10 
 
This question was poorly answered. 
 
(i) Many candidates failed to attempt this part of the question.  Others recognised that ‘ ada 45 =+ ’ 

but only a small minority realised that because the six sectors came from a circle, that the sum of 
the six angles was 360° or 2π radians.  Correct answers to the length of the perimeter were rare.  
Even when the angle of the smallest sector was correctly found as 24°, candidates failed to realise 
the need to convert this to radians in order to find the arc length from ‘s = rθ’. 

 
(ii) Many candidates did not realise that in a geometric progression the ratio of the first to second 

terms is the same as the ratio of the second to third terms.  Others expressed 2k + 3, k + 6, k as a, 
ar and ar2 respectively and eliminated a and r.  In many solutions, failure to cancel ‘2k + 3’ led to a 
cubic rather than a quadratic equation, and this usually led to no further working.  Many attempts 
however obtained a correct value for k and proceeded to find the sum to infinity. 

 
Answers:  (a)  12.1 cm;  (b)(i)  12,  (ii)  81. 
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Question 11 
 
There were many pleasing responses to this question and it proved to be a source of high marks for many 
candidates.  One serious error, however, affected many candidates when they misread the equation of the 
curve as xxy −= 4 instead of xxy −= 4 .  This error made the question nonsensical and meant that very 
little credit could be given. 

(i) Most candidates realised that, at the point A, y = 0 and that at M, 
x
y

d
d = 0.  Solving y = 0 led to the 

equation √x = 4, and this was often incorrectly solved as x = 2 instead of x = 16.  The differentiation 
of y was generally accurate and most candidates were able to deduce that x = 4.  Common errors 
were to make simple errors in calculating the value of the y-coordinate or to omit it altogether. 

 
(ii) Despite the complicated arithmetic in evaluating the volume, there were many correct answers.  

Weaker candidates used the formula for area instead of volume and others assumed the volume to 
be found by integrating πy instead of πy2.  The most common error was to square 

xx −4 incorrectly, with often only two terms being given and often with ‘−x²’ instead of ‘+x²’.  Use 
of limits was good. 

 
Answers:  (i)  (16, 0),  (4, 4);  (ii)  137π. 
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Paper 9709/13 
Paper 13 

 
 
Key messages 
 
In order that candidates receive credit where possible for incorrect answers, they should remember to show 
full working and reasoning. Incorrect answers without working cannot be given any credit, whereas partial 
credit can be awarded if a correct method is shown. Where candidates are asked to ‘show’ or ‘prove’ a 
result, marks will be lost if any essential steps in the argument are omitted. 
 
General Comments 
 
Many excellent scripts were seen. Candidates’ work was usually neatly presented but some of the better 
candidates did not always show clearly the steps in their working. 
 
Most candidates did give non-exact answers correct to 3 significant figures but many did not give non-exact 
angles in degrees correct to 1 decimal place. Some candidates need to read questions more carefully and 
ensure that they use the method implied by use of a word such as ‘Hence’. A formula or idea must be 
applied to the specific question in order to earn method marks. 
 
 
Comments on specific questions 
 
Question 1 
 
Most candidates found this fairly straightforward but the second part of the expansion caused problems for 
some with the minus sign and/or the 2 not being dealt with correctly.  Some candidates were able to write 
down the relevant terms immediately and thus saved time. 
 
Answer:  5. 
 
Question 2 
 
The most common way of tackling this question was to equate the two expressions for y and to collect terms, 
giving a quadratic in x.  The use of ‘b2 − 4ac’ then led to the values 2 and −10 with the candidate now having 
to consider values of m that would give two distinct roots.  Consequently the use of < and > in the answer 
was not worthy of the final accuracy mark.  The main source of error was with the signs and/or the squaring 
of the x-coefficient. 
 
A minority of candidates differentiated for the curve and used the result as m in the line equation.  This led to 
a quadratic in x with no m in it and some stopped once they had found x = 1 or x = −1 instead of returning to 
find m values. 
 
Answer:  m  > 2, m < −10. 
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Question 3 
 
Candidates who immediately identified the points as P(a, 0) and Q(0, b) found this fairly straightforward; the 

most common mistake involved omitting the sign when using the fact that the gradient of PQ is 
a
b− .  Use of 

the two facts given (gradient and length of PQ) gave simultaneous equations to solve.  Some candidates 
offered both positive and negative solutions for a and b in spite of being told that they are positive constants. 
The majority of candidates worked through with x and y, sometimes specific relating to P and Q, sometimes 
with general x and y.  There was a full range of achievement for these candidates from no marks for those 
who made no (or poor) attempts to use gradient and length, to full marks for those who drew a diagram to 
show to Examiners and themselves what they were doing and brought in a and b at the end.  ‘Trial and 
improvement’ was sometimes offered with a = 2b or b = 2a.  The use of √(45) led to an adjustment but often 
the gradient was not carefully considered. 
 
Answers:  6,  3. 
 
Question 4 
 
(a) Only the best candidates took the simple step of dividing x into each of the terms in the numerator 

and differentiating each term.  The majority of the rest used either product rule or quotient rule with 
varying degrees of success.  A common error was to try to differentiate as if the function was all 
one term or as if it was a function of a function. 

 
(b) The 3 was often ignored or misused but the majority made a reasonable attempt at the integration 

and the use of limits.  Some candidates ignored the lower limit of zero, assuming it would give zero.  
Some candidates gave a final answer of 3.5 rather than −3.5, as if the question was about finding an 
area. 

  
 
Answers:  (a)  4x − 5x–2;  (b)  −3.5. 
 
Question 5 
 
Candidates seemed better prepared for this vectors question than has sometimes been the case with vectors 
questions in the past.  Most made creditworthy attempts at vectors PQ  and RQ  and then used these (or 

QP  and QR ) with a scalar product as required.  Some candidates attempted to use the cosine rule.  A 

significant number, however, incorrectly used PQ  and QR . 
 
Sign errors (especially with j-components) were common among weaker candidates and some were 
inconsistent with the order of components. 
 
Answers:  (i)  3i + 6j − 3k,  −3i + 8j + 3k;  (ii)  63.2°. 
 
Question 6 
 
(a) The use of the sum to infinity led immediately to a value for the common ratio.  Used in conjunction 

with the information about the third term, the first term could easily be found.  Many candidates 
took a more lengthy route by forming two simple equations and solving, not noticing that cancelling 
was possible and often working with quadratic, or even cubic, equations. 

 
(b) This was well done with candidates using a variety of methods.  Some candidates used the 

information about the third and eighth terms to obtain a relationship between the first term and the 
common difference which they then used in expressions for the sums of eight and of four terms to 
prove the relationship.  Others assumed the relationship and thus obtained a result verifying the 

earlier one.  The main variation involved the use of ‘sum = ×
2
n (first term + last term)’, where in one 

sum the eighth term itself was used and in the other the fourth term as it related to the third term.  
Using the information regarding those terms an identity was reached.  Candidates often omitted to 
state a conclusion. 

 
Answer:  (a)  45. 
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Question 7 
 

(i) Many candidates did not show that the result was true.  
63

tan AX=⎟
⎠
⎞

⎜
⎝
⎛π  leads immediately to the 

required result but (for example) use of the sine rule requires use of the exact values (in surds as 

necessary) of ⎟
⎠
⎞

⎜
⎝
⎛

3
sin π  and ⎟

⎠
⎞

⎜
⎝
⎛

6
sin π . 

 
(ii) This caused few problems for candidates. 
 
(iii) Most candidates used ‘s = rθ’ correctly and added it to AX.  However some then added 6 (or 12) 

with no explanation at all.  Others said they were adding BX but seemed to assume, rather than 
evaluate, its length.  Some candidates drew the standard 1, 3 , 2 right-angled triangle and scaled 
up from this throughout for all linear measurements - a neat method.  Some candidates 
inappropriately used their calculators at various stages of their working which did not yield an exact 
answer. 

 
Answers:  (ii)  π6318 −  cm2;  (iii)  6236 ++ π  cm. 
 
Question 8 
 

(i) Many candidates used 
θ
θθ

cos
sintan = and sin2θ = 1 − cos2θ but not all could cope with the algebra 

and the factorising needed (especially with regard to the signs).  Some worked from the right-hand 
side, multiplying top and bottom by 1 − cosθ and proceeded on from there.  Some worked from 
both ends at once resulting (if correct) in an identity, while others worked separately from both ends 
getting two identical expressions.  The common problem to all methods was poor algebra (e.g. 

squaring the original left-hand side often led to no middle term(s) and an incorrect sign for 
θ2tan

1 ). 

 
(ii) ‘Hence solve...’ was the instruction in the question but some candidates failed to heed this and 

gained no credit.  Most candidates found 64.6° as the solution to 
7
3cos =θ .  However some 

candidates offered no second solution, or an incorrect one (or more). 
 
Answer:  (ii)  64.6°,  295.4°. 
 
Question 9 
 
(i) Working ‘backwards’ from a differential to a curve equation seemed to cause fewer problems than 

the surd on the denominator, but this was well done although quite a few candidates found the 

value of 
x
y

d
d  at P and attempted to use a line equation formula.  A few of those integrating gave no 

thought to a constant of integration. 
 

(ii) Some candidates used y = 0 rather than 
x
y

d
d  = 0 but otherwise this was well done. 

 
(iii) The better candidates had no problems; weaker candidates often struggled with the differentiation 

but still knew the significance of the sign of the second derivative. 
 
(iv) Only a small number of candidates realised the direct link between the gradient of the normal and 

k.  The majority found the gradient and the equation of the normal and went on from there, not 
always correctly or successfully. 

 

Answers:  (i)  24 +−= xxy ;  (ii)  (4, 6);  (iii)  2
3−

− x ,  Maximum;  (iv)  3. 
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Question 10 
 
(i) Finding g(2) first and then using this result as x in f(x) was required and was well done on the 

whole.  A few candidates found gf(x) and some found f(x)g(x).  Often the 4 or the 8 got lost in the 
calculation.  Whilst most candidates worked numerically from the start there were those who 
worked generally to obtain an algebraic expression for fg(x) and then substituted for x = 2.  This 
latter approach often produced errors. 

 
(ii) Some candidates worked out the expression for f−1(x) in order to sketch the graph while others 

used the idea of reflection in y = x.  Some failed to consider negative axes and others did not take 
their two graphs far enough for them to intersect.  Having done the hard work and having produced 
correct lines, some candidates failed to label them or labelled them incorrectly. 

 
(iii) Many candidates obtained an expression for g–1(x) rather than g′(x).  For those that did 

differentiate, the statement ‘it is one-one therefore an inverse exists’ was often stated without an 
explanation using the expression for g′(x).  

 
(iv) The expression for f−1(x) was almost always correct.  More problems arose with g–1(x).  Some 

candidates expanded to form a cubic and made no progress.  Amongst the rest some had sign 
errors with the 8 and the 1 whilst others divided by 2 at the wrong stage.  Some candidates had a 
final answer in which the 2 was not cube-rooted.  Sometimes this was because of poor 
presentation of their answer but sometimes because of dividing by 2 at the wrong stage. 

 

Answers:  (i)  26;  (iii)  6(x − 1)2;  (iv)  
3

4+x ,  1
2

83 +−x . 
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MATHEMATICS 
 
 

Paper 9709/21 
Paper 21 

 
 
Key messages 
 
In order that candidates receive credit where possible for incorrect answers, they should remember to show 
full working and reasoning. Incorrect answers without working cannot be given any credit, whereas partial 
credit can be awarded if a correct method is shown. Where candidates are asked to ‘show’ or ‘prove’ a 
result, marks will be lost if any essential steps in the argument are omitted. 
 
General comments 
 
There was a wide spread of marks on this paper.  All parts of the paper, except Question 8(iii), proved 
accessible to at least a reasonable number of candidates, though some questions were generally less well 
answered than others.  Candidates found Questions 1, 4, 5(ii) and 8(i) to be relatively straightforward and 
Questions 3, 6 and 8(iii) proved to be more difficult.  Arithmetic and sign errors spoiled some otherwise 
good work, but this was not common problem.  The standard of presentation was usually good and there 
was little to suggest that lack of time was an issue for candidates.   
 
 
Comments on specific questions. 
 
Question 1 
 
This first question proved to be very accessible and the overwhelming majority of candidates scored full 
marks.  Even the weaker solutions were awarded a mark by solving the equation 3x + 4 = 2x + 5.  Squaring 
both sides was a popular approach and was invariably a successful method, with only a few candidates not 
being able to produce a 3-term quadratic expression when squaring. Graphical solutions were very rare but 
usually led to correct results if graph paper was used. 
 

Answer:  
5
9− ,  1. 

 
Question 2 
 
Most candidates demonstrated the right approach but were thwarted by being unable to find the correct        
t-derivatives of the parametric equation(s).  Some candidates started well but produced incorrect or 

approximate values of 
x
y

d
d  at π

6
1=t .  Weaker candidates began by substituting for x(t) and y(t) at t = π

6
1  

and attempting to use ‘change in y ÷ change in x’.  A few stronger candidates used double-angle formulae to 
produce a correct result. 
 

Answer:  3
2
1− . 
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Question 3 
 
There were many fully correct solutions, but a majority found the problem intractable, using the two given 
points as being on a graph of y against x.  This is a feasible method only if the points are said to correspond 
to x = 1, y = e2 and x = e6, y = e10.2 respectively.  The most productive method was to note that 

xmKy lnlnln += and to use a simultaneous equation approach.  Many candidates calculated the gradient of 

the line but failed to connect it to ‘m; others found the gradient to equal 
30
41  or 1.37 but associated it with ‘K’, 

having looked at y = Kxm and assumed that the coefficient K must be the gradient.  Some candidates failed 
to take logarithms correctly. The use of base 10 for logarithms occasionally spoiled solutions. 
 
Answers:  7.39,  1.37. 
 
Question 4 
 
This question was well answered. Occasionally a numerical or sign slip produced an incorrect value in part 
(i), but a correct 3x2 + (a − 6)x was produced in part (ii).  Synthetic division, usually correct, was used by 
candidates in some Centres. 
 
Answers:  (i)  8;  (ii)  3x2 + 2x + 4. 
 
Question 5 
 
This was often well answered.  Stronger candidates had no problems with either part, though those using the 
product rule rather than the quotient rule were less successful in part (ii).  In part (i), some candidates used 

lnx  as their ‘u’ in the product rule. 
 
Answers:  (i)  4;  (ii)  0.08. 
 
Question 6 
 
(a) Only strong candidates coped well with the integration.  Weaker candidates often did not attempt it 

or tried unsuccessfully to multiply out the integrand correctly.   
 
(b) Some good, fully correct, solutions were seen but there were a significant number involving 

integrating an unsimplified (though correct) expression which made the subsequent substitution of 
the limits rather longer than necessary.  It was quite common to see mixed variables (x and θ) in 
integrated expressions.  Many incorrect identities, such as tan2θ ≡ sec2θ + 1, were seen, and many 
believed they could integrate tan2θ directly. 

 

Answer:  (a)  cxx   e
3
4  12e 3 ++ . 

 
Question 7 
 
(i) Many candidates did not attempt the sketches and good quality sketches were rare. Straight lines 

were often seen as was the graph of y = x2 − 14 plotted against y = e2x.  Some included sketches 
for only first quadrant or for an even more limited domain. 

 
(ii) Many solutions were fully correct, though weaker candidates were unsure here; many substitutions 

without rearrangement were seen, and many candidates did not define a function to be evaluated 
at x = 1.2 and x = 1.3.  Some candidates evaluated f(1.2) and/or f(1.3) incorrectly. 

 
(iii) Some weak approaches attempted numerical solutions. Many candidates used 

ln(14 − x2) = ln14 − In x2. 

14



Cambridge International Advanced Subsidiary Level and Advanced Level 
9709 Mathematics June 2011 

Principal Examiner Report for Teachers 

  © 2011 

(iv) This was usually well done.  Sometimes an insufficient number of correct iterations were performed 
or candidates did not state the correct value of the root correct to 2 decimal places.  A few 
candidates selected x-values from 1.2 to 1.3 and tried to use a ‘trial and improvement’ approach.  
Some candidates started outside the range [1.2, 1.3], x = 1 being common, or even began at an 
initial value of x so large as to make (14 − x2) negative. 

 
Answer:  (iv)  1.26. 
 
Question 8 
 
(i) This was often very well answered, though some candidates got Rcosα and Rsinα the wrong way 

around or made a sign mistake.  Others found R to be 7.21 instead of its exact value. 
 
(ii) Candidates who lost marks in part (i) were mainly restricted to method marks only.  Those who had 

scored highly in part (i) did equally well here, but some did not spot the link with part (i) and tried to 
solve the original expression set equal to 3.   

 
(iii) This last part was found to be difficult.  Invariably no link was seen with previous parts of the 

question and candidates attempted a differentiation approach which led to no viable solutions.   
 
Answers:  (i)  )31.56sin(52 °−θ ;  (ii)  80.9°,  211.7°;  (iii)  60,  8. 
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MATHEMATICS 
 
 

Paper 9709/22 
Paper 22 

 
 
Key messages 
 
In order that candidates receive credit where possible for incorrect answers, they should remember to show 
full working and reasoning. Incorrect answers without working cannot be given any credit, whereas partial 
credit can be awarded if a correct method is shown. Where candidates are asked to ‘show’ or ‘prove’ a 
result, marks will be lost if any essential steps in the argument are omitted. 
 
General comments 
 
There was a wide spread of marks for this paper.  The majority were well prepared and showed considerable 
skill in their working. However, there were also some weaker candidates who were less well prepared.   
Questions 1, 3 and 7 were particularly well done.  Most candidates found Questions 2(ii), 5 and 8(iii) to be 
more difficult. 
 
Presentation was generally excellent and there seemed no sign that a lack of time hindered candidates. 
 
 
Comments on specific questions 
 
Question 1 
 
Candidates invariably noted that xlog 3 = (x + 2)log 2, with e or 10 as a base for logarithms.  Most followed 
this by solving for x, but the final decimal answer was often incorrect due to premature rounding of 2ln  and 

3ln . 
 
Answer:  3.42. 
 
Question 2 
 
(i) Those who used the trapezium rule generally did well, though some candidates believed that they 

could integrate )1( 3x+  ‘on sight’, and wrote, for example, ( )2331
3
2 x+ . 

 
(ii) Explanations of why the approximation in part (i) underestimated the area generally were in terms 

of convexity or cancavity, or the curve being ‘always on the increase’.  Few candidates mentioned 
the two trapezia and their areas compared to that of the exact area of B. 

 
Answers:  (i)  3.41;  (ii)  2.59. 
 
Question 3 
 
(i) This was generally very well done.  A small minority worked to less than 5 decimal places in their 

interations or failed to round the final answer to 3 decimal places. 
 
(ii) This was fairly well done, though some candidates were puzzled by the request and brought in 

values from part (i). 
 
Answers:  (i)  0.952;  (ii)  8x3  −  x2  − 6 = 0. 
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Question 4 
 

(a) Many integrated to get ⎟
⎠
⎞

⎜
⎝
⎛ xk

2
1cos , with k = ±1, 2, and 

2
1±  being common.  Others believed that a 

form λcos ⎟
⎠
⎞

⎜
⎝
⎛ 2

4
1 x  or μsin ⎟

⎠
⎞

⎜
⎝
⎛ x

2
1  or xsin ⎟

⎠
⎞

⎜
⎝
⎛ x

2
1  was involved.  Many candidates quoted a result, 

2cos ⎟
⎠
⎞

⎜
⎝
⎛ x

2
1 , and then substituted limits correctly. 

 
(b) It was necessary to simplify the integrand to the form 1e +−x  before integrating.  Those who did 

this made good progress, but those who did not quoted forms such as  ( )
x

xx

e
e1e +−

 and made no 

progress. 
 
Answers:  (a)  1;  (b)  −e−x + x (+ c). 
 
Question 5 
 
A sizable number of candidates did no differentiation and proceeded with inappropriate methods.  Others did 
not differentiate 2y2 using the chain rule, or kept the 10 in the right-hand side after differentiating.  Many 

candidates obtained an incorrect value for 
x
y

d
d  at (2, −1) after finding 

x
y

d
d  correctly. 

 
Answer:  9x + 2y − 16 = 0. 
 
Question 6 
 

(i) Weaker candidates had only one term in 
x
y

d
d , e.g. 8x.

x
1 , instead of using the product rule.  Even 

some very good candidates did not find the y-coordinate of the stationary point, settling for a 
correct x-value. 

 
(ii) Most candidates knew how to differentiate between a maximum and a minimum point, but their 

second derivatives of y were often incorrect. 
 
Answers:  (i)  (0.607, −0.736);  (ii)  Minimum. 
 
Question 7 
 
(i) This part was very well done; only a few candidates had p(−1) = 0 and not 24. 
 
(ii) Those with correct solutions to part (i) usually did well here though a few candidates did not 

factorise their correct quadratic factor (6x2 − 13x + 5).  Candidates with incorrect answers to part (i) 
still earned method marks for intelligently seeking an appropriate quadratic factor. 

 
Answers:  (i)  −1,  −21;  (ii)  (x + 2) (2x – 1)(3x – 5). 
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