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MATHEMATICS

Paper 9709/11
Paper 11

Key messages

e Attention needs to be paid to making sure workings are carried out at a sufficient level of accuracy to
ensure the accuracy of the final answers.

e Candidates need to be careful to avoid arithmetic and sign errors.

e Candidates need to be careful to read the question in detail and answer as indicated.

General comments

The performance of candidates continues to show improvement year-on-year. However, there is room for
improvement. Some questions require quite ‘routine’ responses and candidates can obtain improved marks
by making sure that they are confident on these ‘routine’ procedures. One example is the process of
factorisation which all candidates at this level need to employ confidently and accurately, not least because it
is likely to be needed several times in any one examination paper. In general, the level of algebraic facility
was an area where there is the most scope for improvement.

Most of the scripts were well presented but some candidates still need to be reminded that they should work
straight down the page rather than try to fit one question beside another question on the page

Comments on specific questions

Question 1

This question was a challenge for many candidates. A significant number of candidates went straight into
using the double angle formulae for sine and cosine and were unable to make any further progress. Division
by cos2x leads directly to tan2x =2 and those candidates who got to this point usually managed to score at
least 3 marks. The fourth mark for the second solution was not often scored.

Answers: 31.7° 122°
Question 2

Most candidates made a good start to this question and presented a correct unsimplified term. However,
errors in simplifying the coefficient of the required term were common. The most frequently seen were

neglecting to raise 2 to the power of 4 in the simplification of (2x3)4 and losing the minus sign in the
simplification of (—1/x?)* .

Answer. — 560

Question 3

Candidates were often able to find the area of triangle ABC correctly (either by using the formula Y2bc sin A

or by finding that AQ = V3). However, some candidates then used r = 2 in evaluating ¥.r26 for the area of
the sector. Candidates also need to be reminded that the use of this formula requires 8 to be in radians (in
this particular case, Y57 ).

Answer. 3 — 41T
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Question 4

Most candidates were able to find the value of k correctly. Following this, many candidates did not
appreciate that differentiation was required, followed by use of the Chain Rule or similar.

Answers: k=0.0032, 0.096.

Question 5

In part (i), many candidates having reached the equation 7dx = 6x +2, did not appear to realise that this
could be treated as a quadratic expression which would factorise (with or without a suitable substitution).
Instead candidates attempted to square both sides of the equation. Whilst this is an acceptable method
errors were made in this squaring process - most commonly in losing the 24x term in squaring 6x +2.

In part (ii), there are at least three methods which can be used, but by far the shortest method is to recognise
that the original equation, 6x ~7Jx+k=0 , is a quadratic equation in JIx , and to apply 'b2—4ac=0'.

Answers: (i) 4 or 1 (i) 49
9 4 24

Question 6

Most candidates scored well on this question, although in part (i) some candidates were clearly worried by
the use of the letter p in the column vectors given for u and v and either made mistakes when forming the
scalar product or made mistakes in simplifying the algebra to a 3-term quadratic expression. It was also
necessary to know that the scalar product is zero for perpendicular vectors, and while most candidates put
their scalar product equal to zero there were also substantial numbers of candidates who did not indicate that
the scalar product was zero.

In part (ii) candidates were very familiar with finding the angle between two vectors and most candidates
were able to score well. The final mark was often lost because the answer was required correct to 1 decimal
place.

Answers: (i) —1,—4 (ii) 30.0°
Question 7

This question was a challenge for many candidates. In part (a) candidates usually showed they knew what
was expected, and generally attempted to use the correct formula. However, errors were made leading to a

loss of marks. The common difference was often taken to be cos? x or 1-cos? x instead of cos? x —1.
Many of the candidates who obtained the correct common difference then made a sign error and simplified

the common difference to sin® x .

In part (b)(i) few candidates seemed to know that the condition for convergence is 0 < r < 1. They were then
not able to use this to find a set of values for # when r= %tan?6 .

Candidates were able to make progress in part (b)(ii) in evaluating % when 6 = % .
-r

Answers: (i) 10-45sin®x (b)(i) 0<6< 17 (i) %
3
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Question 8

Part (i) was slightly unusual with the addition of the constant k. However, on the whole candidates coped
with this quite well and a reasonable proportion of candidates also scored the marks for parts (ii) and (iii). In
part (iv) candidates demonstrated that many of them understood how to find the inverse function, many of
them opting, successfully, to interchange the variables as the first operation. However, few candidates
included the + sign when taking the square root. Candidates need to be reminded that in some questions
the correct answer is obtained by taking the — sign and therefore the + sign needs first to be included as part
of the square rooting process before the appropriate sign is chosen for the final answer. It was good to see
that a good proportion of candidates understood the link between the range of f (part (ii)) and the domain of

=1 (part (iv)).
Answers: (i) (x-2)%—4+k (i) f(x)=k—-4 (i) 2 (iv) T '(x)=2+x+4-k, x>k—-4

Question 9

This question was done well with the majority of candidates scoring all 5 marks for part (i). In part (ii) the
majority of candidates found the two gradients but some stopped at this point. To secure the second mark
candidates had to mention ‘negative reciprocal’ or an equivalent reason. For part (iii) many candidates had
lengthy methods often involving finding the equations of AD and CD and then the intersection of these lines.
These lengthy methods frequently contained errors. A shorter method is to, intuitively, use the fact that for
BC, x step : y step = 2 : 6 and that AD has the same ratio since it is parallel to BC.

Answers: (i) y=-2x+6, B=(3,0) (i) m =-13,m,=3, mm,=-1 (iii) D= (-1, 8), |AD| = +/40
Question 10

In part (i) candidates had to differentiate and put the result less than 5. The 5 had to be incorporated into the
left hand side before candidates attempted to factorise or, otherwise, solve. Most candidates were able to
score some marks here — although, in some cases the inequality signs were incorrect in the final solution.

In part (ii) a common mistake was to use the two solutions obtained from part (i). The required x values are
obtained by equating the derivative to zero. Many candidates neglected to find the corresponding y values
which were specifically requested. Many candidates simply stated without any adequate explanation which
point was a maximum and which was a minimum and this is not sufficient. Candidates need to show which
process they have used to determine the nature of the stationary points.

Answers: (i) _§<x<2 (i) 2;"7(max), 0 (min)

Question 11

Most candidates achieved the mark for part (i). In part (ii) the majority of candidates were able to find the
indefinite integral correctly — although a number of candidates wrote that the integral of 1 with respect to y
was x. When finding the area of the shaded region using the indefinite integral already obtained, a number
of candidates applied limits which were values of x rather than y. Some candidates integrated the original
function with respect to x and then subtracted the area under the straight line. Although this is a correct
method the wording of the question (Hence ...) indicated that the method required was to integrate the given

y function. In part (iii) the majority of candidates knew that they had to find sz dy, but mistakes were made

in squaring the y function, in integrating the three terms, or in applying x limits instead of y limits.

4 57
A iy~ 2 1 (i 2%
nswers: (ii) ) Y, (iii) 3
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MATHEMATICS

Paper 9709/12
Paper 12

Key messages

e Candidates need to be careful to ensure that sufficient working is seen in the answers to questions.
e Candidates need to be careful to read the questions in detail and answer as indicated.
e Candidates need to take care to avoid arithmetic and sign errors.

General comments

There were many excellent responses to this paper and few poor scripts. Candidates were confident on the
majority of questions, though Question 7 and parts (ii) and (iii) of Question 8 were challenging to
candidates. In general the standard of presentation was acceptable, and in many cases excellent. However
there are still many candidates who are omitting essential working (even in questions asking for “show” or
“prove”) and in not reading the questions carefully. This was particularly the case in Question 9 where “the
gradient of the line BA” was often taken as “the gradient of the curve at B”.

Comments on specific questions

Question 1

Although the majority of solutions were correct, there were many candidates who integrated 36(x — 3)_2 as
—36(2x — 3)7", not realising the need to divide by 2, the differential of the bracket. Only a small minority of
candidates did not use the correct formula for the volume of revolution, though a few misread “volume” as
“area”. Use of  and limits were generally accurate.

Answer. 12m.

Question 2

(i) The differentiation of 4/x and 2 was generally correct, though many candidates incorrectly

Ix

assumed that i was the same as 2x2 or 2x .

Ix

(i) Most candidates recognised the need to use the chain rule, but less than a half obtained a correct
answer. Common errors were to incorrectly substitute x = 4 into the differential or to assume that
the rate of change of the y-coordinate was equal to the gradient divided by 0.12 instead of being
multiplied by 0.12

Answers: (i) y = —x7'® (ii) 0.105

2
Jx
Question 3

Use of the binomial expansion was generally accurate and most candidates obtained the coefficients of x* in
the two expansions as 10a* and -160 respectively. It was however common to see the answer of +160

rather than —160. The majority were able to proceed correctly to find the value of a, though some candidates
did not realise that “ x* ” could be cancelled on each side of the equation.

Answer. a=5
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Question 4

Whilst many candidates had little difficulty in finding the equation of the perpendicular bisector and
proceeding to find the coordinates of C and D before calculating the distance CD, at least a third of all
candidates did not realise the need either to find the mid-point of A and B, or to find a line perpendicular to
AB. It was very common to see candidates either using the line AB or using a line perpendicular to AB
through either A or B. Virtually all candidates realised the need to set x and y to 0 and the use of the
distance formula was accurate.

Answer. CD =2.5.

Question 5

(i) This part was very well answered with the majority of candidates using trigonometric identities
confidently.

(i) Only about a third of all attempts realised the need to use part (i) to obtain a quadratic equation in

tan x. Most of the other candidates were unable to make any progress in reducing the given
equation to an equation in one variable.

Answers: (i) Proof (ii) x=45°or 116.6°
Question 6

(i) Most candidates divided triangle AOB into two 90° triangles and used simple trigonometry with an
angle of 1.2 radians. Answers were usually correct, though early approximation often led to 15.0
instead of 14.9. Others used the cosine rule and were usually successful. A few weaker
candidates assumed that AB referred to an arc, rather than a straight line.

(i) Use of the formula s =r@ was generally accurate, though the angle of the major arc AB was often
taken as m—2.4 rather than 2n—2.4. Some candidates misinterpreted perimeter and only offered
the arc length whilst other candidates did not realise that use of s=ré required the angle to be in
radians and not degrees.

(iii) This part of the question was also well answered with accurate use of the formulae A = lr2¢9 and

1 : . . . .
A= Erz sin@. Again, use of the incorrect angle was the main reason for incorrect answers.

Answers: (i) 14.9 cm (ii) 46.0 cm (iii) 146 cm?
Question 7

(a) This part was poorly answered and it was rare to see a correct answer to this challenging question.
Candidates did not recognise that setting n = 1 in the given formula would lead directly to a.
Setting n to 2 leads to S, = 20, from which the value of d (=2) can be deduced. A few candidates
preferred to set n to two different values and to then use the formula for S, to obtain two
simultaneous equations for a and d. The majority of candidates however equated the given
formula for S, with the general formula for the sum of an arithmetic progression, but did not
appreciate that comparing coefficients of n?> and then n would lead directly to d and then to a.

(b) This part was again a challenge. Often the equation used was ar =9 — a instead of ar=a -9, and
many candidates interpreted the sum of the second and third terms as being S, + S; instead of ar +
ar. Only a small proportion realised the need to eliminate either a or r from two simultaneous
equations. Fully correct answers were rare.

Answers: (@) a=9, d=2 (b) a=27
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Question 8

Answers to the three parts were very variable. Part (i) was very well answered, parts (ii) and (iii) less so. A

3
common error was to interpret 3i — 4k as the column vector | -4 |.
0
(i) Apart from the occasional arithmetic error, the vast majority of candidates showed an excellent

understanding of scalar product and obtained a correct answer.

(i) Many candidates experienced difficulty in appreciating the concept of a unit vector. More did not
appreciate that a vector of magnitude K units in a given direction is equal to K times the unit vector
in that direction.

(iii) Candidates were accurate in using AB = OB - a, but again a large number were unable to
proceed to the unit vector.

—-5i + 6j

Je1

Answers: (i) 31.0° (i) 9i - 12k, 4i+6j— 12k (iii)

Question 9

(i) Most candidates realised the need to differentiate to find the gradient of the curve and to equate
this to 0 to find the x- coordinate of A. Substitution of x = 4 into the quadratic X* + 8x — 10 to find
the y coordinate gave many problems and the incorrect value y = 38 was seen as often as the
correct answer of y = 6. Finding the coordinates of B proved challenging for the majority of
candidates, most of whom took the gradient of the curve as 2 instead of the gradient of the line AB
as 2.

(i) The majority of candidates realised the need to integrate and the integration and use of limits was
extremely well done.

Answers: (i) A (4, 6), B (2, 2) (ii) 9%

Question 10

(i) This part was well answered with most candidates obtaining correct expressions for both f‘1(x) and
g '1(x). The most common error was a simple algebraic slip in transferring data from one side of an
equation to the other. A few candidates incorrectly left the answer in terms of y instead of x. Only
a small proportion of candidates were able to state that the value of x at which g ™'(x) was not
defined was the value of x for which the denominator was 0.

(i) Most of the sketch graphs were well drawn and indeed many contained far more data and accuracy
than was required for a sketch. Many candidates however did not realise that the lines y = f(x) and
y =7 (x) have the line y = x as a line of symmetry.

(iii) Most candidates were able to obtain a correct expression for fg(x), though a small proportion did
not include the “+5”. A significant proportion did not cancel the “+5” on both sides of the equation
and thereby caused themselves an unnecessary amount of algebraic manipulation. Use of the
discriminant b® — 4ac was well known, though the solution of the subsequent quadratic inequality
“9K'2 — B84k < 0” was rarely correct. Many candidates automatically cancelled k and then ignored it.

Others obtained the end values of k as 0 and % but then incorrectly assumed k < 0 and k < 69—4

Answers: (i) f(x) = %(x-5), g"(x)= S+3 x=0 (i) Sketch (iii) 0 <k =< %4
X
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MATHEMATICS

Paper 9709/13
Paper 13

Key messages

¢ Candidates need to ensure that sufficient working is seen for “Show that” questions.

e Candidates need to show working to obtain the full marks available for each question.

e Any errors which occur in using a calculator to integrate will mean that no credit can be awarded if no
working is shown.

e Candidates need to be careful to read the questions in detail and answer as indicated.

General comments

Many candidates performed well in this paper, with a range of marks obtained. There was evidence of
formulae used in wrong contexts - the most common relating to volume of revolution in Question 5 and the
misuse of the formula for segment area in Question 8. Candidates would be well advised to read questions
carefully. Common errors included not noticing minus signs (Question 3, Question 9); completely missing
sin in Question 4 i.e., trying trying to solve 2x + 3cos 2x = 0; and not grasping the details in Question 6. In
all these cases a little more care would have been more profitable. The question paper reminds candidates
of “the need for clear presentation” in their answers. Candidates need to use as much space as needed to
present clear, readable answers.

Comments on specific questions

Question 1

(i) Several different approaches were used, with most involving the trigonometrical identities
tan 6 = sin 6/cos 6 and sin’6 + cos?6 = 1. Some candidates worked from the left and arrived at the
result on the right; some worked from the right to the left; and some worked from both sides arriving
at an identity though not all commented on this thereby leaving the question unfinished.

(i) Few candidates correctly answered this part. Some candidates offered solutions which, though
technically correct, ignored the instruction to use the result from (i). Others had long answers in
spite of the marks available for this part. Candidates were expected to state that the right hand
side is positive therefore the left hand side is positive and then that tan? 6 > sin® 6. Between 0° and
90° both tan and sin are positive and so tan 6 > sin 6 as required.

Answers: (i) Proof (ii) Explanation

Question 2

(i) By far the majority of candidates managed to find AB correctly although there were some mistakes

resulting from using OA-OB or OA+OB. Having obtained their AB a significant minority did not

find the modulus and some of those who did find the modulus, did not combine this correctly with
the original vector to give the unit vector.

(ii) This part was very well answered. The only exceptions were candidates who had 90 in their
calculations rather than cos 90°. Only a few candidates did not put ‘dot product = 0'.

2
Answers: (i) ; 3 (i) p=5
-6
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Question 3

Some candidates appeared to not understand the question. They just expanded the second bracket. Of
those that made progress certain mistakes were quite common - sign errors in the expansion of the first
bracket; 15ax? instead of 15a°x%; too few terms involved in finding b. Other candidates did take the question
to a correct conclusion though not always by the most direct route (some had all 21 terms in the expansion
and picked out the necessary ones from that).

Answers: a=Y%, b=-4Y,
Question 4

(i) There were several examples of the use of incorrect trig formulae, but the most common mistakes
included sin 2x/cos 2x = tan x and sin 2x = 2sin x. Once past this stage most candidates found a
basic angle, often called a but sometimes called x, and thus solutions for 2x and subsequently for
x. Not all found solutions for 2x up to 720° and so had just two solutions for x. Others did not halve
their answers for 2x and some doubled them.

(i)  There should have been 4 solutions in (i) and most candidates realised that there would be three
times as many here.

Answers: (i) x=54.2° or 144.2° or 234.2° or 324.2° (ii) 12 solutions
Question 5

This was a straightforward question if approached methodically. Some candidates took no account of the
question being volume about the y-axis; some intended to use X but forgot to square; a significant minority
thought the integral of ((8/y2)-2)2 was one third of this bracket cubed with or without some sort of correcting
factor; limits used were often mistaken with 0 to 2 and 0 to 6 being common.

Answer. 6%ir
Question 6

(i) Whilst some candidates seemed to mix up expressions for nth term and sum of n terms, a large
number seemed to misunderstand the question and referred to the 9th term and never to the sum
of the first 9 terms. (The use of the alternative sum of n terms = n/2 (a + 1) was quite common,
giving the 9th term first and then the common difference).

(i) Some candidates worked only in letters never substituting 12 for a, nor their value of d from (i).
Having established a as being the same in both A.P. and G.P. it was expected that candidates
would use d from part (i) to find the 9th term of the A.P. and from this find the 2nd term, and thus
the common ratio, for the G.P.. To then find the 3rd term of the G.P. and equate this to the
expression for the nth term of the A.P. was the final step. Few candidates made progress with this
part.

Answers: (i) d=% (ii)) r=1%,n=21
Question 7

(i) A variety of methods were applied here - some of which were effectively based on knowing what
the answer was and then providing information that would lead them there. The only valid
solutions were based on finding the coordinates of A and differentiating the curve equation.
Candidates could then find the gradient of the curve and thus of the tangent at that point and then
the equation of the tangent. The differentiation itself was fairly well done with the two common
mistake being that the -2 stayed rather than being differentiated to become zero, and candidates
forgot to multiply the -10 by 2 from the differentiation of (2x+1).

(i)  Again many candidates misunderstood the question finding their C before they found the equation
of the tangent. Simple use of Pythagoras Theorem applied to points A and C correctly gave the
required answer but mislearnt formulae were quite common.

Answers: (i) Proof (i) AC=256
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Question 8

(i)

(ii)

(iii)

Many candidates did not use the fact that angle OBX is 90°. However this information along with
OB = r and OX = 2r would take them to the fact that cos AOB = r/2r = V> and thus the required
result. Many other methods were offered including the use of BX = V3 with sin or tan, but often this
result for BX was quoted not found. Indeed many of these other methods were based on
assumptions - the most simplistic being ‘angle X is 30° therefore angle O is 60° i.e. 7/3’ - and thus
earned no marks.

The only common mistake was to state that ‘P shaded = P triangle - P sector’. The correct method
required finding BX and arc length AB and adding to r.

Most candidates made good attempts at the area of the sector and of triangle OXB. Some forgot to
then subtract, or subtracted the wrong way round. There were some candidates who used the
formula for the area of a segment.

Answers: (i) Proof (i) r+%mr+n3 (i) %AN3- % rm

Question 9

(i)

(ii)

Answers: (i) y=

Having been given an expression for the differential, two integrations were needed with a constant
of integration to be found at each stage from the information given in the question. Many
candidates had no constant at the first stage and of those that did most substituted (2,12) even
though they had dy/dx not y. The mention of maximum was infrequently used. Some candidates,
having reached an expression for dy/dx, substituted x-2 and used the resultant as m in y=mx+c
even though trying to find the equation of a curve.

This part was often omitted. Among those who attempted it the layout was poor but not penalised
as long as they were multiplying the value of dy/dx at x=3 by 0.05. Some candidates reached the
correct answer for dy/dt, but did not state that the y-coordinate was decreasing.

_ 3
2 exrs i) Y
3 dt

=-0.5 units per second, decreasing

Question 10

(i)

(i)

The common approach adopted in this part was to solve the two equations simultaneously to
obtain the coordinates of A and B. This was well done in most cases although some incorrect
algebra was seen. The majority of candidates found the gradient of AB and of a line perpendicular
to this. Several candidates did not use the midpoint of AB and found the equation of a
perpendicular, but not of a bisector. Many candidates found the equation of AB without, seemingly,
realising this was the original line equation.

Some candidates held on to k = 8 as in (i) which did not allow progress. The use of b*-4ac was
common amongst the remaining candidates although their work often had their a, b, ¢ mixed up.
The majority reached k*=48. Some candidates forgot to square root, others settled on k > + V48,
while still others offered k as being between the two values, not outside them. A recurring error is
the lack of care in the use of inequalities e.g. k = V48 is incorrect, k > V48 is correct.

Answers: (i) y=2x-6 (i) k<-+48 and k > 48
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Question 11

Some candidates did not attempt this question. Those candidates that did the majority performed well on
parts (i) to (iii), but part (iv) caused problems.

(i) The methods adopted varied, but the x-value was commonly correct; the y-value was sometimes
forgotten. Some candidates seemed not to understand ‘the nature’ while others avoided this.

(i) The answer is simply k = 2 but again there was indiscriminate use of inequality signs.

(iii) Some candidates had problems with signs, but this aside the idea of making x the subject and
dealing, in turn, with the 8, the square root and the 2 was understood by most. Candidates who
expanded the bracket often made errors in the constant and in signs, but could still get to an
answer with more complicated algebra.

(iv) Most candidates ignored the restricted domain of function g as compared to f and effectively
sketched f and its reflection in y=x. The other common fault was to put numbers on axes and then
draw a line labelled y=x which clearly was not. Some candidates used differing scales on the axes
so that the idea of reflection is complicated.

Answers: (i) (2,8), maximum (i) k=2 (iii) g'1 (x)=2+(8-x) (iv) Sketch.
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MATHEMATICS

Paper 9709/21
Paper 21

Key messages

e Candidates need to show full working to obtain the marks available for each question.

e Candidates need to be careful to eliminate arithmetic and numerical errors in their answers.

e Candidates need to make sure they do not make approximations during their working, as this can
impact on the accuracy of the final result.

¢ Candidates need to be careful to read questions in detail and answer as indicated.

General comments

The paper produced results covering the entire range of available marks. The great majority of candidates
were able to attempt the questions set and show what they had learned. Some candidates achieved full
marks. Most candidates were able to show a reasonable understanding of the syllabus aims and their
application. Candidates should be reminded of the importance of showing all their working clearly to ensure
that method marks can be gained in the event that algebraic or arithmetic slips are made. Marks were lost
by some candidates due to not working to the correct level of accuracy. Candidates should work to at least 4
significant figures during the question and give their final answer to 3 significant figures unless told otherwise
or working in degrees. Candidates need to read the questions carefully and make sure that they give their
answers in the correct form required. Many candidates do not appear to understand the meaning of the
phrase ‘exact value’.

Comments on specific questions

Question 1

The great majority of candidates were able to make a good start by obtaining at least one of the two critical
values needed, either by squaring and thus obtaining a quadratic equation, or by obtaining two separate,
easily solvable cubic equations.

Answers: 1 and 3
Question 2

This question was a challenge for many candidates who did not appreciate the significance of the vertical
axis representing In y. Provided candidates realised that the best approach was to re-write the equation
y = A(b") in the form In A + x In b, marks were usually obtainable. Substitution into the original equation of
the line proved to be less successful in most cases, as candidates did not realise that the exponential
function had to be introduced. Common mistakes included the statement that A = 2.14, followed by incorrect
substitution leading to b = 1.2.

Answers: A=0.85,b=1.6
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Question 3

(i) Most candidates were able to obtain the correct result by finding the value of p(2) and equating it to
zero. Others used synthetic division with equal success. Algebraic long division was attempted by
some candidates with less success due mainly to sign errors in the process adopted.

(ii)(a) Different approaches were used in the attempt to factorise p(x), with synthetic division and
algebraic long division being the most commonly used techniques. As most candidates had the
correct value for a, completely correct solutions were common. Those candidates that chose to
use their calculator to solve the equation p(x) = 0 scored marks providing they realised that factors
were needed.

(b) This part of the question rarely caused any problems with most candidates finding the value of p(1)
by substitution.

Answers: (i) 2 (ii) (@) (x—2) (2x+3)(x—1) (b) 6

Question 4

(i) Provided the correct identity was used, the great majority of candidates were able to find the value
of tan 6 from the resulting quadratic equation with equal roots. Many candidates did not stop at this
point and went on to solve the resulting equation. Candidates are encouraged to check that they
are giving their answers in the correct form.

(ii)(a) and (b) Many candidates did not appreciate the request for the exact value and chose to use their
calculators together with the value of 6 obtained from solving the equation obtained in the first part
of the question. When asked for exact values, decimal responses are not sufficient. Other
problems arose with candidates making sign errors when using the formula both tan (6 — 45°) and
tan 26.

Answers: (i) 6 (ii)(a) g (b) _%

Question 5

(i) Provided candidates were able to differentiate exponential functions correctly, they were able to
obtain marks. Most were able to employ a correct method of equating j—y to zero with responses

X
of x = 2 In 3 being fairly common. However, having found a solution for x, many candidates
thought that this part of the question was finished, and did not give the answer in the required form.

(ii) Realising that they needed to integrate in order to find the given area, this part was not a problem
for most candidates. However, they needed to be able to deal with the exponential function
correctly when integrating in order to gain marks. Many candidates did not appreciate the word
‘exact’ and used their calculators to evaluate their answers. There were also mistakes related to
the fact that when the lower limit of the integral is zero, it is often incorrectly assumed that the
second bracket, when evaluating, is also zero.

Answers: (i) In9 (ii) 8e - 14

ksl UNIVERSITY of CAMBRIDGE
5 International Examinations 12 © 2012




Cambridge International Advanced Subsidiary Level and Advanced Level
9709 Mathematics June 2012
Principal Examiner Report for Teachers

Question 6

(i)

(ii)

Many correct attempts at finding 3—§and equating it to —1, were made. Mistakes tended to be
related to incorrect signs and dealing with fractional and negative indices. However, correct
methods were usually used. These errors were then compounded when trying to arrange the
obtained equation into the form of the given answer. Many candidates were able to obtain four
marks for this question, with the algebraic manipulation required for the last two marks proving too
challenging.

Most candidates used the given answer from the first part of the question and were able to provide
sufficient iterations to give a result to the required level of accuracy. However, many did not give
their final answer correct to 3 decimal places.

Answers: (ii) 0.678

Question 7

(i)

(ii)

Answers: (ii) 5?”+—

Correct expansions of the trigonometric expression were common as was the use of sin 2x = 2sin x
cos x. Problems arose when candidates attempted to use the double angle formulae for cos 2x.
Different approaches were used with the most successful being a substitution for sin® x and one for
cos? x, and then simplification of the resulting terms.

Most candidates appreciated the use of the word ‘Hence’ in the question and used the given
answer from the first part of the question, even if they had been less than successful in gaining it
correctly. Errors in signs and multiples were the main problems that occurred with the integration
itself. Again, candidates did not realise the significance of the word ‘exact’ with many candidates
losing the last mark available by using their calculator for evaluation.

1
4

3B UNIVERSITY of CAMBRIDGE

5 International Examinations 13 © 2012



Cambridge International Advanced Subsidiary Level and Advanced Level
9709 Mathematics June 2012
Principal Examiner Report for Teachers

MATHEMATICS

Paper 9709/22
Paper 22

Key messages

e Candidates need to show full working to obtain the marks available for each question.

e Candidates need to be careful to eliminate arithmetic and numerical errors in their answers.

e Candidates need to make sure they do not make approximations during their working, as this can
impact on the accuracy of the final result.

¢ Candidates need to be careful to read questions in detail and answer as indicated.

General comments

The paper produced results covering the entire range of available marks. The great majority of candidates
were able to attempt the questions set and show what they had learned. There were some candidates who
achieved full marks, showing an excellent understanding of the syllabus aims and their application.
Candidates should be reminded of the importance of showing all their working clearly to ensure that method
marks can be gained in the event that algebraic or arithmetic slips are made. Marks were lost by some
candidates due to not working to the correct level of accuracy. Candidates should work to at least 4
significant figures during the question and give their final answer to 3 significant figures unless told otherwise
or working in degrees.

Comments on Specific Questions

Question 1

Most candidates were able to make a reasonable start to the question. Some gained marks by either
obtaining a quadratic equation or two linear equations from the given inequality. Correct critical values were
common with most mistakes occurring when it came to the appropriate range.

Answers: x < —%, X>2

Question 2

This was probably the most problematic question on the paper with many candidates not realising that the
first part of the question did not require them to solve the given equation for x , but was a ‘step’ on the way to
solving the equation for x. Many candidates attempted to take logarithms straightaway and thus were
unable to obtain any marks.

(i) Many candidates did recognise that the equation was a quadratic equation in terms of 5*, solved
the equation correctly and went on to obtain a correct value for x. Those that did so were able to

obtain full marks for the whole question, provided 5* = —4 was discounted.

(ii)  If candidates had not made a reasonable attempt at part (i), which was meant to help them with
part (ii), then marks were usually not achievable. Some candidates did not give their correct
solution to the required level of accuracy, with 0.68 being a common result.

Answers: (i) 3 (ii) 0.683
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Question 3

(i)

(ii)

The great majority of candidates were able to produce the correct quotient using algebraic long
division and confirming that 4 was the remainder.

Candidates should be reminded of the importance of reading the question carefully. Factors of the
polynomial were required for this part, not solutions of the polynomial equated to zero. Those
candidates that did solve the polynomial equated to zero using factors were not penalised, with
most realising that 4x2 +4x-3was a quadratic factor of the given polynomial. Some candidates
did not use part (i) and chose to deal with the polynomial by searching for linear factors.
Candidates did not score marks if they used their calculators to solve the polynomial, equated to
zero and as a result never produced any linear factors.

Answers: (i) 2x-3 (ii) (2x-3)2x—-1)2x+3)

Question 4

(i)

(ii)

(iii)

This trigonometry question produced correct results for many candidates with the occasional sign
error for a. These mistakes then affected the next part of the question, as did not giving a to the
required level of accuracy.

Many correct solutions were seen, with few candidates not recognising the correct approach to
take.

Correct solutions were uncommon, with candidates not recognising the significance of the word
‘state’ and the fact that there was only one mark for this part. Some attempts at calculus were
made together with other methods, which never resulted in the correct result.

Answers: (i) 15sin(6—53.13°) (i) 68.6°,217.7° (iii) 15

Question 5

(i)

(ii)

Most candidates made attempts to differentiate the given expressions with respect to t with
varying degrees of success. There were mistakes made when dealing with the chain rule.
However, in general most candidates were aware of the correct approach to take. A few however
attempted to obtain the Cartesian form of the equation of the curve first.

Most candidates were aware of the correct approach to take and were able to gain marks even if
they had been less than successful in the first part of the question.

Answers: (i) (2e* +2)(t+1) (i) x+4y-4=0
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Question 6

(i)

(ii)

(iii)

Answers: (i)

Provided candidates recognised the equation of the curve needed to be dealt with as a quotient ( or
on occasion, a product), most were able to make a reasonable attempt to equate their result to
zero. Problems arose with dealing with this result algebraically, with many not realising that the
numerator of the fraction was equal to zero.

Most candidates realised that the correct approach involved looking for a change of sign of
tan2x —-2x -4 or equivalent when x=0.6 and x=0.7. It is necessary to state the actual
numerical value of the function when the different values of x are substituted in. Correct use of
calculators is important in this part, as a calculator in degree mode, rather than radian mode, does
not give a sign change.

This part was usually done well by most provided calculators were in the correct mode. Most
candidates gave their working to the required level of accuracy during their working, but often did
not give their final answer to 3 significant figures as requested.

2(x +2)cos 2x —sin2x

(x +2)?

(iii) 0.694

Question 7

(i)

(ii)

The use of the identity tan? x +1=sec? x was recognised and used by most candidates.
However, problems arose when using the double angle formulae with many being unable to obtain
the given result. Most realised that they needed to use the given result for the integration required
but many did not appreciate that the ‘exact value’ implies a non-decimal answer is required. Those
candidates that chose to use their calculators were unable to gain marks as their answers were not
exact.

This part of the question was fairly demanding, needing candidates to make a deductive conclusion
using part (i). Many realised that they needed to integrate (tan x + cos x)* with respect to x as
part of the process of finding the required volume. Problems arose when the squaring process was
done incorrectly, with the 2sinx term being omitted. If this was the case, then candidates were
unable to continue with any measure of success. Of those that did ‘square correctly’, many
deduced that all they had to do was integrate 2sinx with respect to x, using the correct limits
together with their answer for part (i) and multiply by . Again problems with the wording ‘exact
volume’ caused some candidates to lose marks, as in the first part of the question.

Answers: (i) %—f (ii) ﬂ'(%—zj+ﬂ'(2—\/§)

8 8

3B UNIVERSITY of CAMBRIDGE

5 International Examinations 16 © 2012



Cambridge International Advanced Subsidiary Level and Advanced Level
9709 Mathematics June 2012
Principal Examiner Report for Teachers

MATHEMATICS

Paper 9709/23
Paper 23

Key messages

e Candidates need to show full working to obtain the marks available for each question.

e Candidates need to be careful to eliminate arithmetic and numerical errors in their answers.

e Candidates need to make sure they do not make approximations during their working, as this can
impact on the accuracy of the final result.

e Candidates need to be careful to read questions in detail and answer as indicated.

General comments

The paper produced results covering the entire range of available marks. The great majority of candidates
were able to attempt the questions set and show what they had learned. Some candidates achieved full
marks. Most candidates were able to show a reasonable understanding of the syllabus aims and their
application. Candidates should be reminded of the importance of showing all their working clearly to ensure
that method marks can be gained in the event that algebraic or arithmetic slips are made. Marks were lost
by some candidates due to not working to the correct level of accuracy. Candidates should work to at least 4
significant figures during the question and give their final answer to 3 significant figures unless told otherwise
or working in degrees. Candidates need to read the questions carefully and make sure that they give their
answers in the correct form required. Many candidates do not appear to understand the meaning of the
phrase ‘exact value’.

Comments on specific questions

Question 1

The great majority of candidates were able to make a good start by obtaining at least one of the two critical
values needed, either by squaring and thus obtaining a quadratic equation, or by obtaining two separate,
easily solvable cubic equations.

Answers: 1 and 3
Question 2

This question was a challenge for many candidates who did not appreciate the significance of the vertical
axis representing In y. Provided candidates realised that the best approach was to re-write the equation
y = A(b") in the form In A + x In b, marks were usually obtainable. Substitution into the original equation of
the line proved to be less successful in most cases, as candidates did not realise that the exponential
function had to be introduced. Common mistakes included the statement that A = 2.14, followed by incorrect
substitution leading to b = 1.2.

Answers: A=0.85,b=1.6
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Question 3

(i) Most candidates were able to obtain the correct result by finding the value of p(2) and equating it to
zero. Others used synthetic division with equal success. Algebraic long division was attempted by
some candidates with less success due mainly to sign errors in the process adopted.

(ii)(a) Different approaches were used in the attempt to factorise p(x), with synthetic division and
algebraic long division being the most commonly used techniques. As most candidates had the
correct value for a, completely correct solutions were common. Those candidates that chose to
use their calculator to solve the equation p(x) = 0 scored marks providing they realised that factors
were needed.

(b) This part of the question rarely caused any problems with most candidates finding the value of p(1)
by substitution.

Answers: (i) 2 (i) (@) (x—2) (2x+3) (x—1) (b) 6

Question 4

(i) Provided the correct identity was used, the great majority of candidates were able to find the value
of tan 6 from the resulting quadratic equation with equal roots. Many candidates did not stop at this
point and went on to solve the resulting equation. Candidates are encouraged to check that they
are giving their answers in the correct form.

(ii)(a) and (b) Many candidates did not appreciate the request for the exact value and chose to use their
calculators together with the value of 8 obtained from solving the equation obtained in the first part
of the question. When asked for exact values, decimal responses are not sufficient. Other
problems arose with candidates making sign errors when using the formula both tan (6 — 45°) and
tan 26.

Answers: (i) 6 (ii)(a) g (b) _%

Question 5

(i) Provided candidates were able to differentiate exponential functions correctly, they were able to
obtain marks. Most were able to employ a correct method of equating j_y to zero with responses

X
of x = 2 In 3 being fairly common. However, having found a solution for x, many candidates
thought that this part of the question was finished, and did not give the answer in the required form.

(ii) Realising that they needed to integrate in order to find the given area, this part was not a problem
for most candidates. However, they needed to be able to deal with the exponential function
correctly when integrating in order to gain marks. Many candidates did not appreciate the word
‘exact’ and used their calculators to evaluate their answers. There were also mistakes related to
the fact that when the lower limit of the integral is zero, it is often incorrectly assumed that the
second bracket, when evaluating, is also zero.

Answers: (i) In9 (ii) 8e-14
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Question 6

U)

(ii)

dy
dx
related to incorrect signs and dealing with fractional and negative indices. However, correct
methods were usually used. These errors were then compounded when trying to arrange the
obtained equation into the form of the given answer. Many candidates were able to obtain four
marks for this question, with the algebraic manipulation required for the last two marks proving too
challenging.

Many correct attempts at finding and equating it to —1, were made. Mistakes tended to be

Most candidates used the given answer from the first part of the question and were able to provide
sufficient iterations to give a result to the required level of accuracy. However, many did not give
their final answer correct to 3 decimal places.

Answers: (ii) 0.678

Question 7

(i)

(i)

Correct expansions of the trigonometric expression were common as was the use of sin 2x = 2sin x
cos x. Problems arose when candidates attempted to use the double angle formulae for cos 2x.
Different approaches were used with the most successful being a substitution for sin? x and one for
cos? x, and then simplification of the resulting terms.

Most candidates appreciated the use of the word ‘Hence’ in the question and used the given
answer from the first part of the question, even if they had been less than successful in gaining it
correctly. Errors in signs and multiples were the main problems that occurred with the integration
itself. Again, candidates did not realise the significance of the word ‘exact’ with many candidates
losing the last mark available by using their calculator for evaluation.

Answers: (ii) %+l

4
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MATHEMATICS

Paper 9709/31
Paper 31

Key messages

e Answers should be tidy and legibly presented in the examination.

e A considerable proportion of the total marks depend on giving answers which are correct to three
significant figures. In order to gain as many marks as possible all working should be either exact or
correct to four significant figures.

e Candidate need to show working to obtain the full marks available for each question.

General comments

The standard of work on this paper varied considerably. No question or part of a question seemed to be too
difficulty for the more able candidates, and most questions discriminated well within this group. The
questions that candidates found relatively easy were Question 2 (i) (binomial expansion), Question 3(i), (ii)
(remainder theorem and factorisation) and Question 4 (i) (complex numbers). Those that they found difficult
were Question 1 (logarithms), Question 5 (integration and differentiation) and Question 8 (vectors).

In general the presentation of the work fell below that expected from candidates attempting this paper.
When attempting a question, candidates need to be aware that it is essential that sufficient working is shown
to indicate how they arrive at their answers, whether they are working towards a given answer, for example
as in Question 9 and Question 10 (i), or an answer that is not given, as in Question 10 (ii) and
Question 10 (iii).

Where numerical and other answers are given after the comments on individual questions it should be

understood that alternative forms are often acceptable and that the form given is not necessarily the only
‘correct answer’,

Comments on specific questions

Question 1

This question proved difficult for many since, instead of removing the modulus sign and obtaining the
equations 2 = 14 and 2* =6, they tried to expand (4 - 2X)2. Few were successful with this latter approach,

even fewer realised that they needed then to solve their quadratic in 2* prior to attempting to take logs. Many
only ever considered the single equation 2* = 14, and only a few candidates gave the answer to 3 significant
figures, as requested.

Answer. 3.81

Question 2

(i) Some candidates dealt with this easily. However there were some sign errors in the x term and
many incorrect coefficients for the X term.

(ii) Although many knew what was required, the removal of the coefficient 4 from the bracket
1

(1 —4x)_5 caused problems, resulting in final answers of 2.5, 10 or 20 being common.

Answers: (i) 1 +2x + 6x> (ii) 5
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