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ADDITIONAL MATHEMATICS

Paper 0606/11
Paper 11

Key Messages

In order to succeed in this paper, candidates need to have a full understanding of all the topics on the
syllabus. They need to read the questions carefully in order to ensure that they are answering the question
asked, using the required method and giving their answer in the form required, where these are specified.

General Comments

The examination provided the candidates with plenty of opportunity to display their skills. There was no
evidence that the examination was of an inappropriate length. A few candidates omitted questions or parts
of questions but this appeared to be a consequence of a lack of knowledge rather than any timing issue.
Candidates should be advised not to do their working in pencil and then overwrite it in pen, as this can make
it difficult for Examiners to read resulting in a possible loss of credit.

Comments on Specific Questions

Question 1

The maijority of candidates were able to gain full marks on this question. Most worked from the left hand side
of the identity to obtain a single fraction. Those who were unable to complete the process usually omitted to

cancel (1+sin@) to get the final answer.

Question 2

(i) As the question stated “show”, it was necessary for candidates to evaluate the moduli of a and

b + c. It was not sufficient to state that

(i) Most candidates gained full marks on this question, and only a few were unable to obtain and solve
the two linear equations.

Answer. —49, 80.5
Question 3

(a) Almost all candidates were able to answer part (i) correctly. Parts (ii) and (iii) caused more
problems, with a number of candidates also shading the region outside AuBuUC.

(b) A number of candidates did not appear to be aware of the meaning of the notation n( ).
(i) The answer “0 or —2” was not acceptable.
(i) & or “the empty set” were not acceptable answers.

Answer. (i) 2 (ii) 0.
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Question 4

The majority of candidates were able to gain marks on this question, and virtually all realised the need to
eliminate y and use the discriminant of the resulting quadratic equation in x. There were a few attempts to
equate the gradients of the line and the curve but these made little progress. Some candidates who
managed to obtain the critical values of 3 and 4 were unable to identify the correct range of values of k.
Answer. 3<k <4

Question 5

(i) Only a minority of candidates were able to obtain the fully correct answer to this question, and
many attempted solutions included e** rather than er .

(ii) For those who got the correct answer to part (i) this was an easy 2 marks, otherwise it was difficult
to make progress.

(iii) Candidates were required to show that they were using limits correctly. A correct answer from a
calculator following wrong working was not allowed.

Answer. (i) 2xe* (i) %e*z (iii) 26.8

Question 6
(i) The maijority of candidates were able to obtain the correct 3 x 2 matrix.
(i)  The method for finding the inverse of a 2 x 2 matrix was well known.

(iii) Candidates were asked to use their answer to part (ii) to solve these equations, and solution of the
equations by methods other than the matrix method required were not awarded full marks. A
number of candidates post-multiplied, rather than pre-multiplied (_22J by B usually resulting in

an incorrect answer.

10 19 (5 1
Answer. (i) |32 37| (ii) 7[ 3 2} (iii) x=05,y=-25
14 14 B

Question 7

(i) Many candidates were able to gain full marks on this question, although a few omitted
consideration of the constant of integration. A common incorrect approach was to find the equation

of a straight line through the point (% gj rather than a curve.

(i)  Again, many candidates were able to gain full marks here, although a number of them chose to use

the coordinates (% gj rather than (1, 2.5).

Answer: (i) y=2x2—%+1 (i) 34y +8x =93
X+

Question 8

(i) There were many fully correct graphs, although many of these utilised Ig rather than In. However,
there were also many candidates who were unable to produce an appropriate straight line graph.
A small number of candidates produced correct graphs with axes transposed, which led to
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problems in subsequent parts of the question. Use of difficult scales, particularly on the Ig p-axis,
made accurate plotting difficult.

Candidates should be aware that, when calculating the gradient of the line, values from the table
should only be used when those points lie on the plotted graph.

Use of the graph to find the value of Ig p corresponding to Ig 35 was the easiest and most
successful way of answering this question. When other methods were used, Ig k was often
incorrectly deduced from the intercept by candidates who only drew a horizontal axis starting at
either 0.5 or 1. Many candidates were also confused as to whether the intercept was k or Ig k.

Answer: (ii) —1.5 (iii) 14

Question 9

(a)

(b)

(c) (i)

(i)

Many candidates knew to evaluate the area under the graph to get the distance travelled. A
common mistake was to take the reading on the v-axis to be either 14 or 10.4 rather than 12.

The majority of candidates plotted a velocity of 0 between t =6 and t = 25, but it was common to
see straight lines joining (0, 0) to (6, 2) and (25, 0) to (30, 1).

This question was generally well done, and most candidates attempted to differentiate to find an
expression for v, and to equate this to 0.

As in part (i), this was done well, although there were a few inappropriate attempts to use the
constant acceleration formulae.

Answer: (a) 480 (c) (i) 3 (ii) 7

Question 10

(a)

(b)
(c)

Candidates found this to be a difficult question and there were few completely correct answers.
Many misinterpreted the question and looked only for 3 digit numbers.

The majority of candidates were able to gain full marks on this question.
Only a few candidates were able to gain full marks on this question. Credit was given to those who

realised that the number of committees with the oldest man only was equal to the number with the
oldest woman only.

Answer. (a) 28 (b) (i) 420 (ii) 240

Question 11

(a)

(b)

(c)

Most candidates were able to reduce the equation to tan2x = -0.6, although there were a number
of attempts, using incorrect identities, to reduce the equation to sinx = or cosx =. Candidates
should be aware that the correct procedure to solve an equation of this type is to find values of 2x
first, before dividing by 2. Those using a calculator to obtain —31° leading to —15.5° were unable to
obtain all the valid solutions.

This question was generally well done, although a number of candidates chose to use incorrect

substitutions such as cosec’y +1=cot’y or cosecy = :
cosy

As in part (a), many candidates were able to get as far as z+ 1.2 =0.841. Again, the correct
procedure is to obtain values of z+ 1.2 before subtracting 1.2. Candidates who worked with
z =-0.36 rather than 0.841 were invariably unable to get both correct answers.

Answer. (a) 74.5°, 164.5° (b) 210°, 330° (c) 4.24, 5.92
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ADDITIONAL MATHEMATICS

Paper 0606/12
Paper 12

Key Messages
In order to succeed in this paper, candidates need to have a full understanding of all the topics on the

syllabus. They need to read the questions carefully in order to ensure that they are answering the question
asked, using the required method and giving their answer in the form required, where these are specified.

General Comments

The examination provided the candidates with plenty of opportunity to display their skills. There was no
evidence that the examination was of an inappropriate length. A few candidates omitted questions or parts
of questions but this appeared to be a consequence of a lack of knowledge rather than any timing issue.
Candidates should be advised not to do their working in pencil and then overwrite it in pen, as this can make
it difficult for Examiners to read resulting in a possible loss of credit.

Candidates continue to lose marks due to prematurely rounding results. Clarity of numbers and lettering
would also have helped as sometimes it was difficult to be certain of the intentions of some candidates;
making r and 7z look very similar was a prime example. There were also marks lost due to carelessness
with signs on terms, especially when expanding brackets and also with manipulation of terms when solving
an equation. It is unfortunate to have completed a correct integration or solved a trigonometric equation only

to lose marks in the final line of the solution by writing 3a = 3 so a=rm,0r a= 5’ an all too common error

. . T . .
in Question 4, or 2z = 5 so z =, an all too common error in Question 11(c).

Comments on Specific Questions

Question 1

This question was mostly well done, with nearly all candidates able to gain marks. The majority used the
expected approach of forming a single fraction, expanding out and simplifying the numerator. They then
made use of the appropriate trigonometric identity and used factorisation to obtain the required result. As a
result, many were completely successful. However, some candidates using this approach missed out a step
by omitting to show the factorisation, obviously being able to do it in their heads. The question does ask
candidates to ‘Show’ so it is important that candidates are encouraged to show each step of their working.
On this occasion there were very few alternative approaches, but those who used other methods generally
did well.

Question 2

(a) It was expected that in the first diagram two sets would be drawn that did not meet; usually this was
seen, although a few candidates did make them (incorrectly) touch. In the second diagram the two
sets needed to be drawn with one set completely inside the other. Most candidates did this but
some then went on to incorrectly label their sets. Candidates need to become familiar with the less
used set notation on the syllabus.
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(b) Most candidates realised that this part of the question could be solved by the drawing of a simple
Venn diagram, filling in the information given and then deducing the information required. Many
candidates scored full marks, with the vast majority getting part (ii) correct. In part (i) the most
common error was for the answer to be given as 2, the number of elements in set Q only. In part
(iii) incorrect answers of 13 (the number of elements in set P) and 14 (the number of elements in
the complement of set Q) were common examples of errors made.

Solution: (b)(i) 6 (i) 5 (iii) 9
Question 3

(i) Many candidates were clearly familiar with the drawing of the graphs of modulus functions. The
standard of the sketches produced was variable, with many candidates not appreciating the
symmetrical aspect of the centre part of the curve. In spite of the request to do so, many
candidates did not label all the points of intersection of the curve with the coordinate axes. The
given domain also meant that the outer two parts of the curve extended well above the maximum
point on the curve, an aspect that many candidates did not consider.

(ii) There was variable understanding of this question, with many candidates simply finding the values
of x where y =0. Candidates who did understand the question were most successful if they had

already found the vertex by symmetry when drawing the graph in part (i). Other approaches
included the use of the discriminant of the quadratic equation involved, not an easy route, with
varying degrees of success. As a result, there were many algebraic and numerical errors in
applying the formula for the discriminant, together with a lot of confusion in how to present the
required answer.

Solution: (ii) k > 28—5

Question 4

Almost all candidates attempted an integration with the vast majority obtaining the correct result of
—%cos3x. Common errors included —-2cos3x, —6cos3x and even 6cos3x. Very few candidates

worked only with the original sine function, making no attempt at integration at all, but there were several
candidates who made no response in any form. Apart from the usual arithmetic slips, the main errors came
from either applying incorrect limits or from ignoring / misinterpreting the zero lower limit. The incorrect

limits seen were frequently 0 to 1 or sometimes 0 to % A surprising number of candidates successfully

arrived at 3a :% and then offered solutions of a=x or a= % Too many candidates displayed imprecise

or careless notation, for example, the integral sign appearing in lines of working after integration had been
performed. Not presenting answers to 3 significant figures, as required — in this case usually 0.35 instead of
0.349 — was a common feature in responses throughout the paper. A few candidates offered the alternative

legitimate response that involved integrating from a to % and some of the more successful scripts even

included both interpretations. Overall, this question was reasonably well done considering the possible
opportunities for error and confusion. Those who made an initial sketch tended to obtain the correct
outcome. There were many completely correct responses.

Solution: g or 0.349
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Question 5

(i) Most candidates began correctly by putting the expressions to the same base, writing 4¥ as 2%
and % as 7—_3. Not every candidate then combined the two terms to obtain 2°**? before showing

the given final result. Sometimes the addition sign appeared prematurely which gave doubt as to
whether the candidate fully understood the principle being tested. A few tried to apply logarithms

with mixed success. Merely writing log4” and then changing that to 2y did not demonstrate the
knowledge required, especially when the answer was given in the question.

(i) There were very many completely correct solutions to this part. Usually 49% was dealt with

correctly but on quite a few occasions candidates treated 1 as 7" and produced an incorrect
equation of x+4y =1 which actually made the subsequent work slightly more difficult. A few

candidates tried to follow the ‘principle’ from part (i) for y and changed 49%” into 7% which was

not a success. Almost every candidate was able to correctly solve their two equations, although
those not using x +4y =0 lost accuracy.

2 1
Solution: (ii) x=-=, y=—
(i) 3 V"%

Question 6

(@) The order for multiplication seemed irrelevant to many candidates. It was not unusual to see either
YX or ZY, along with the same matrices written down in full but the wrong way round. It is
necessary that candidates recognise the importance of order when considering matrix
multiplication. Many candidates wasted time and effort by evaluating the matrix products in spite of
a request not to do so.

(b) Out of those candidates who managed to earn full marks for this question, the majority used the
inverse matrix correctly in order to find the unknown matrix B. There were fewer instances of post
multiplication than pre-multiplication than in the past. Most candidates were able to perform basic
matrix multiplication correctly, with the occasional slip. Some candidates chose to use algebraic
methods, forming 4 equations with 4 unknowns going on to solve them, usually correctly.

Solution: (a) YX, ZY (b) (Z _;j

Question 7

(i) Most candidates made use of either the cosine rule or the sine of the half angle g A small

number of candidates chose to equate the area of the triangle in two different forms. The majority
of candidates were successful in finding an appropriate method but few appreciated that working
with figures of an accuracy of at least 4 decimal places, so that the resulting answer could then be
rounded to 3 decimal places was necessary. Converting between degrees and radians tended to
cause unnecessary confusion.

(ii) It was essential that candidates had a clear plan of what was required. Common errors resulting
from the omission to do this involved adding extra, unnecessary, lengths or using an incorrect
angle, for example, 1.696 radians rather than 27 —1.696 radians. Candidates who used degrees
tended to mix them with 7 and/or radians in incorrect expressions. There was some premature
rounding but most candidates obtained a correct major arc length with the majority going on to
produce a completely correct solution.

(ili) There were many fully correct responses but there were also candidates who formed a poor plan
that did not relate to the diagram. The area of the sector was more successfully found than the
area of the triangle, which tended to be forgotten rather than miscalculated.

Solution: (ii) 48.7 (iii) 179
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Question 8

More practice in tackling problems of this type, using examples that do not merely involve the simple
application of formulae, could be beneficially applied in classrooms. Mixing "P, and "C, situations could
assist in identifying what is required in analysing similar problems.

(a)()

(i)

(ii)

(b)

Most candidates correctly found 720, either by working from first principles or by using °Ps, though
many did not show their method. The most common incorrect solution was from using °Cs.

Many candidates appreciated that as there were two even digits from the six, the solution should
be a third of the answer to part (i) and showed that this was what they were attempting. Sadly
some decided that as a half of all numbers are even they would divide 720 by two. Many went
back to basics with plenty of success and it was not uncommon to see °P, x 2. However, too many
candidates showed a basic misunderstanding by stating how many of the digits were even rather
than how many even numbers were generated by their combinations.

Those candidates who worked from basics often got a complete or part solution. The main
stumbling block seemed to be that once the digit to provide the even number status was decided
and the first digit had been selected, many still tried to choose from 5 remaining digits. Selecting 3
from the remaining 4 was the key and the Examiners credited use of *C; or its equivalent even if
not a complete solution. Many did reach 144 as their final answer, but often it became part of
some confused calculations casting doubt on the level of understanding. An alternative approach
which also yielded success was to start with 240 and subtract the total quantity of even numbers
that were greater than 6000, i.e. 2 x 48.

The majority of candidates found this part of the question difficult to deal with. Either very large
numbers were obtained by treating this as a permutation problem rather than a combination one, or
the twins were considered to be a single entity and 17C5 or 17C¢ entered the calculations. The
numbers 1820, 8008 and 18564 were seen often enough to believe that the question was
accessible to most candidates. In spite of the relative difficulty, a pleasing number of candidates
did obtain the final correct answer of 9828

Solution: (a)(i) 720 (i) 240 (iii) 144 (b) 9828

Question 9

U]

(i)

This part of the question was well answered by the majority of the candidates. The only real errors
occurred when candidates appeared not to know the formula for the surface area of a cylinder.
The height of the cylinder in terms of the radius was usually found using the given volume.
Subsequent substitutions were then usually correctly applied. Candidates need to be advised to
present their work clearly since many appeared to cross out all their terms in their attempts with
cancellation and with the answer given this could lose marks.

This part of the question was also well done with many fully correct responses. The derivative of
the given result from part (i) was usually correct and most candidates were then able to find a value
for the radius when the derivative was equated to zero. Most evaluated this to 8.60 but it was often
seen left in an unsimplified root form. Occasionally, candidates did not attempt to find the value of
the area for their radius, another case of candidates making sure that they are answering the
demands of the question. There also appeared many cases where candidates went straight to the
second derivative showing the value to be a minimum without actually evaluating the area or
finding the actual value of the radius. These candidates were not penalised for what was clearly a
valid method.

Solution: (ii) 1395 or 1390
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Question 10

There were a large number of marks available for this question on vectors, but unfortunately many
candidates were able to gain either none or very few of them. More practice with work on vectors would be
beneficial to most candidates.

(i)

(ii)

(iii)

(iv)

(v)

A number of correct alternative methods were used to find the velocity of the ship. The most
common of these was for the candidate to find the length of the direction vector, then divide the
speed by this length, before multiplying by the direction vector. Some candidates, however, simply
multiplied the direction vector by 2 without showing where the multiple of 2 had come from. As the
answer was given in the question this was not sufficient working to gain the marks. Those
candidates that took the approach of showing that the given velocity has a magnitude of 26 often
gained only one of the available marks because they did not go on to show that the given vector
was in the direction stated.

Many candidates correctly multiplied the velocity vector by 4, although far too many of them then
went on to incorrectly add the direction vector to this result, thus showing a basic misunderstanding
of the situation.

Many candidates correctly added t times the velocity vector to their answer to part (ii), although
some candidates used the direction vector rather than the velocity vector and others simply
multiplied their answer to part (ii) by . Again, a basic misunderstanding of the situation was
evident.

A correct position vector for the speedboat was given by many candidates, although some omitted ¢
from their expression.

Those candidates who had given correct answers to parts (iii) and (iv) were often able to equate
the vectors and solve for {, and these candidates usually went on to successfully find the position
vector of the point of interception. Some candidates with incorrect answers to the previous parts
attempted to solve their equations, although these sometimes resulted in negative values for time,
or, if they equated both the i and j components, two different values for the time. Such candidates
often did not go on to attempt to find the position vector of the point of interception. It must be
pointed out that there were many candidates who, having found a correct time, did not go on and
find the position vector of the point of interception, a case of not ensuring that all the demands of
the question have been answered.

Solution: (ii) 40i+96j (iii) (40i+96j)+t(10i+24j) (iv) (120i + 81j)+ t(~ 22i + 30j)

(v) 18:30, (65i +156j)

Question 11

In both parts (a) and (b) it was often difficult to be certain which values were being offered as solutions and
which were part of the calculation process, especially in part (a) where tanx =0 gave x =0 as one of the

solutions.

(a)

Full marks were obtained by only a few candidates. Most candidates were able to find at least one
solution to the given equation. The main problems were as follows. Firstly, a term of tanx was
sometimes cancelled out and the expression not factorised. Candidates should recognise that a
quadratic should have two possible solutions. Secondly, one or two of the solutions were
dismissed for unexpected reasons e.g. tanx cannot be negative, tanx =0 has no solutions.
Finally, just considering tanx =-5 and ignoring the fact that there is a solution in the second
quadrant.

2 CAMBRIDGE

2 International Examinations © 2014



(b)

(c)

Cambridge International General Certificate of Secondary Education
0606 Additional Mathematics June 2014
Principal Examiner Report for Teachers

Making use of the correct trigonometric identity as the first step was generally correctly done. Most
candidates were able to solve the resulting quadratic equation correctly. However, many
candidates still have problems dealing with negative values of trigonometric ratios often rejecting
the result as being outside the required range. In this case, the equation siny = -1 was dismissed

without consideration.

Not all candidates recognised, or were able to deal with, the trigonometric ratio secant and were
thus unable to make progress. Provided candidates considered cos™0.5 and equated it to

22_6’ one correct solution was usually obtained. A pleasing number of fully correct solutions

were obtained by many candidates, showing a good use of technique and understanding of
radians. Answers in terms of z or in correct decimal form (3 significant figures) were equally
acceptable.

T 1r

Solution: (a) 0°,180°,101.3° (b) 30°,150°,270° (c) %, ~Z

4 12
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ADDITIONAL MATHEMATICS

Paper 0606/13
Paper 13

Key Messages
In order to succeed in this paper, candidates need to have a full understanding of all the topics on the

syllabus. They need to read the questions carefully in order to ensure that they are answering the question
asked, using the required method and giving their answer in the form required, where these are specified.

General Comments

The examination provided the candidates plenty of opportunity to display their skills. There was no evidence
that the examination was of an inappropriate length. A few candidates omitted questions or parts of
questions but this appeared to be a consequence of a lack of knowledge rather than any timing issue.
Candidates should be advised not to do their working in pencil and then overwrite it in pen, as this can make
it difficult for Examiners to read resulting in a possible loss of credit.

As in the past, candidates continue to lose marks because of their lack of accuracy. Answers should be
given correct to 3 significant figures unless stated in the question, which means that workings and
calculations should be done to a higher degree of accuracy. When dealing with degrees an accuracy of 1
decimal place is expected.

Comments on Specific Questions

Question 1

(i) Most candidates were able to make a reasonable attempt at either completing the square or by
comparing coefficients. Occasional arithmetic slips were costly in terms of marks.

(i) Very few candidates used their answer to part (i) to find the coordinates of the stationary point of
the curve, choosing instead to find the coordinates using calculus. It had been intended that
candidates made the link between the two parts by the use of the phrase ‘Hence or otherwise’.
The mark tariff on one mark should also have indicated to candidates that little work was required.

Answers: (i) 3(x-1)*+2 (i) (1 2)
Question 2

Most candidates were able to obtain the equation x+y =-1, by dealing with powers of 3 and indices

correctly. However, when dealing with powers of 2 (or less commonly 4 or 8) and indices there was less
success, with the equation 7x -y =1 being a common incorrect equation obtained rather than the expected

7x—y=0.
7

Answers: x = d y=——
8 8
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Question 3

The correct use of the remainder theorem was common, resulting in a correct expression involving p in

most cases. This resulting quadratic expression was usually equated to zero and the resulting equation
solved appropriately to obtain the correct critical values. Any errors that occurred were usually with the use
of these critical values to obtain the correct range.

Answers: (i) 9p—-3p? -6 (ii) p<1 p>2
Question 4
(i) There appeared to be a misunderstanding by some candidates as to what the demands of this part
of the question were. Some attempted to manipulate the given expression for the volume of the
open box, rather than make an attempt to find its volume making use of the two equal lengths

forming the square base of the box and the depth of the box.

(ii) The great majority of candidates gained at least 3 out of the 4 marks available for this part. Any
mark lost was usually due to candidates forgetting to find the value of the volume as the final step.

Answer: (ii) 1024
Question 5

(i) A correct attempt at a binomial expansion was made by most candidates, with the occasional
arithmetic slip or a sign error, usually in the second term.

(i) Most candidates were able to obtain the correct value of a, sometimes just by observation.
Problems arose when trying to find the value of b, with candidates not realising that there were two
terms in the expansion stated involving x .

Answers: (i) 64 —960x +6000x° (i) a=2 b=10

Question 6

There were some very good completely correct solutions obtained. However, many candidates did not
recognise that they needed to differentiate a product and those that did, were often unable to obtain the
correct value of the gradient at the required point, due to poor skills involving the use of indices.

Answer. 4y =3x-22

Question 7

Many completely correct solutions of this question were seen. No common problems were identified.
Answers: (a)(i) 15120 (ii) 480 (b)(i) 5456 (ii) 2295 (iii) 5001

Question 8

(i) A correct response was obtained by most candidates.

(i) Some candidates were unaware that they needed to use calculus for this question. They also
seemed unaware that the ‘suvat’ equations are not on the syllabus for this paper and therefore they
would not be expected to use them. For those candidates that did use calculus appropriately,
marks were often lost due to a lack of the required accuracy of 3 significant figures.

(ili) For those candidates making the appropriate use of calculus, full marks were often obtained
provided the arbitrary constant from integration was considered or the equivalent use of square

bracket notation with the appropriate limits. Accuracy was less of a problem in this part of the
question.
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Very few candidates obtained the available mark for this part of the question. The intention was for
candidates to realise that as the velocity was always positive, there would never be a change in
direction and, as a result, the particle would never return to the origin. Very few candidates
realised the significance of the vector properties of velocity.

Answers: (i) 1 (i) 0.144 (iii) 5.60

Question 9

There were problems with accuracy in this question, with many candidates not giving their answers to the
required 1 decimal place for answers in degrees.

(i)

(ii)

Nearly every candidate dismissed the term involving cos x, and so did not obtain the solution
x=90°.

Most candidates made sound attempts to solve the given equation, making use of the correct
trigonometric identity and going on to solve the resulting quadratic equation correctly.

Answers: (i) 41.8°, 90°, 138.2° (ii) 60°,113.6°, 246.4°, 300°

Question 10

(i)(ii) Most candidates were able to produce a correct straight line graph as required. Being directed to

(iii)

(iv)

complete a table of appropriate values clearly helped the candidates in deciding what needed to be
plotted.

Few candidates completed this part correctly, not being able to establish the correct relationships
between the constants A and b, and the gradient and the intercept on the vertical axis. For those
candidates that were able to determine that the value of Igy obtained from the intercept on the

vertical axis could be equated to IgA, many did not take into account that this was a negative
value.

More success at this part was had by the candidates who chose to use their graph rather than their
often incorrect equation, in order to estimate the value of y .

Answers: (iii) b=25 A=0.5 (iv) 2.1

Question 11

(i)

(ii)

(iii)

Reponses in terms of degrees were much more common than the expected response in radians,
although this was not penalised in this part of the question, Most candidates made a reasonable
attempt at this part of the question.

As in the previous part, most responses were in terms of degrees, which again was not penalised
this time. Many candidates were able to gain full marks for this part of the question.

Correct responses were seen from most candidates that attempted this part of the question.
Candidates should be reminded of the need to show all their working when performing definite
integration as the use of the specific calculator function to find the numerical value of a definite
integral does not merit full marks as the candidate is not showing evidence of understanding of the
principles involved.

Answers: (i) ?—g (ii) g (iii) %
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ADDITIONAL MATHEMATICS

Paper 0606/21
Paper 21

Key Messages

Where an answer is given and a proof is required candidates need to be aware of the need to fully explain
their reasoning and not jump to the answer. Where a solution would benefit from a diagram, candidates
should be encouraged to concentrate on producing as clear a diagram as possible whilst avoiding using a
scale diagram when instructed not to do so in the question. Candidates should take care in the accuracy of
their answers and Centres would be advised to draw attention to the rubric which clearly states the
requirements for this paper.

General Comments

Some candidates produced high quality work displaying wide-ranging mathematical skills, with well
presented, clearly organised answers. Presentation of answers was generally very clear to follow. Overall
there was a full range of abilities in evidence. Questions which required the knowledge of standard methods
were done well. The majority of candidates, as always, seem to try hard, but at times some produced
mathematics that had little connection to the question being attempted or showed a misinterpretation of the
information provided. These candidates need to improve their reading of questions and keep their working
relevant. Candidates should always try to take note of the form of the answer required and where a specific
method is indicated be aware that little or no credit may be given for alternatives. Candidates should also be
aware of the need to use the appropriate form of angle measure within a question and to avoid mixing these
as this can lead to further work being invalid.

When a good diagram would aid solution, candidates should be encouraged to produce one and when a
sketch has been has been asked for in an earlier part, candidates should consider the relevance of this in
subsequent work. Where a solution required several steps, clearly structured solutions were more likely to
gain full credit, or partial credit when errors were made, than those which had apparently random
expressions in no particular order or position on the page. Where a standard formula was to be applied,
candidates were more likely to gain partial credit, when incorrect, if the formula was quoted first.

While candidates generally seemed able to apply the Quotient Rule for differentiation well in Question 10(ii)
there was a much poorer understanding of the Product Rule on Question 10(i). The lack of a reasonable
sketch on Question 3(i) often led to a loss of marks and to inappropriate work on Question 3(ii). Similarly a
diagram in Question 9 would have helped on all three parts. There were parts of questions that candidates
found more challenging — these being Question 3(ii), Question 7(iii), Question 9(iii), Question 11(b) and
Question 12(iv). The reasons for this were often misunderstanding mathematical rules or an omitting a
statement of clarification.

Comments on Specific Questions

Question 1

Some candidates earned full marks for this short starting question. Other candidates gave the incorrect
solution x < 0, x < —1 and some divided through by x at the start, immediately losing part of their solution and
giving x < —1 only. Others, having removed the bracket and collected the terms, then treated those terms as
a three term quadratic. Where candidates found both parts of the inequality correctly, a single combined
inequality was common.

Answer. —1<x<0
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Question 2

This standard type of question was very well done and there were many fully correct answers. There were
few calculation errors and, apart from a few candidates who tried to deal with the negative index by
multiplying out, an attempt at rationalisation was usually made. The most frequent error was in moving the 6
to the denominator when dealing with the negative index.

This question clearly stated that calculators should not be used and it is therefore important that candidates
show sufficient working when multiplying out brackets. Jumping to the answer without this resulted in a loss
of marks.

Answer. 6 — 3\/5

Question 3

(i) While there seemed to be reasonable understanding of what a modulus graph should look like,
there were a significant number of candidates who produced a standard quadratic graph.
Commonly, candidates attempted to place the maximum at the y-intercept and often distorted the
natural shape to try to achieve this. Candidates also, on occasion, omitted one end of the graph
and occasionally the roots were shown as 2 and 4.

(i) Very few candidates made use of their sketch from part (i) which would have led to a quick and
exact solution by inspection. The key point was the maximum of the modulus graph which could
be identified by symmetry avoiding any complicated algebra. Much, usually irrelevant, work of no
credit was often presented. The most common misunderstanding was to attempt to solve the
modulus of the quadratic. A few candidates who identified k = £9 managed to arrive at the correct
inequality. Others either disregarded the zero limit or included the equality on one or both sides.

Answer. (ii) 0<k<9
Question 4

This was a successful question for most candidates. It was a standard question requiring application of the
Factor Theorem and the Remainder Theorem and, as such, most applied these appropriately and solved the
resulting quadratic equations correctly. The most common errors were arithmetical. Division was seen, but
rarely led to a full and final solution. Indeed, this method usually resulted in not even partial credit being
awarded as the division needed to be completed using a and b and equating to zero or —12 to progress.

Answer. a=-3,b=-23
Question 5

(i) The methods of completing the square and equating coefficients were equally popular amongst
good solutions. When completing the square, candidates sometimes needed to be more careful
with brackets and with dealing with the multiplication of the constant term by 2 at the appropriate
stage. There were still many answers given in the wrong format despite the required format being
clearly stated.

(i) This part specifically stated ‘hence’ and a number of candidates ignored their answer to part (i) and
used calculus to start again. This could be treated as checking their earlier work if correct but was
penalised if it did not match part (i). Other common errors were to switch the minimum value and
the corresponding x-coordinate.

2
Answers: (i) 2 x—l +£ (i) 47 when x:l
4 8 8 4

Question 6

(a) The majority of candidates answered this question well. Some gave the complete expansion rather
than picking out the required term, which wasted time. Most candidates gave an unsimplified

version first and sensibly evaluated "C, terms and terms involving indices separately before
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arriving at the final answer. The most common errors were in omitting the minus sign or not raising
the 2 to the power 5.

(b) (i) This was well done by many. Some candidates gave the coefficient of the squared term as 30.
Less frequently, candidates omitted the constant term or gave the expansion in descending
powers. As in part (a) it was better for candidates to give the unsimplified version first as this could
gain partial credit.

(i)  This was again well attempted by many, with candidates showing sufficient working to gain credit
for using the values in their expansion. At times the x and x> were not removed to allow a sensible
solution. Multiplying the wrong coefficient by 1.5 was relatively rare and nearly all candidates who
arrived at the correct equation solved it correctly.

Answers: (a) —48384 (b)(i) 1 + 12x + 60x° (ii) — 4
Question 7

(i), (ii) These were both almost universally well attempted. Candidates dealt well with the fractional and
negative indices. There were relatively few errors and those made involved logs and increasing
indices. Otherwise errors tended to involve numerical slips.

(iii) This part of the question proved to be more challenging for candidates. While the majority knew to
equate part (i) to zero, a small minority equated part (ii) to zero. Many candidates need to improve
their algebraic skills, with weaknesses in this area being highlighted by their attempts at solution.
Some candidates were fortuitously arriving at a ‘correct’ x value of 1. Several candidates solved
the equation by inspection at an early stage in their work, which was acceptable. Partial credit was
given for attempting to find the coordinates of the stationary point and then finding the value of the
second derivative using that point. Some, otherwise good, solutions were spoiled by not explicitly
stating that their calculation gave a positive value and that this was the reason for it being a

minimum.
. 1 1 ... 2 1 e
Answer. (i) ——+— (ii) ——-—= (iii) Minimumatx =1, y =3
X X2 X 2x2
Question 8
(i) The maijority of candidates attempted this part very well with both arc length and area of a sector

formulae applied correctly. Most candidates gave sufficient and clear working to justify arriving at
the given answer. Some candidates attempted to manipulate incorrect expressions to the required
result. The alternative approach of using A=0.5xrx60 was seen a number of times and was
nearly always applied correctly. A few equated the arc length to 30 rather than the perimeter which
was unfortunate as they often had both correct formulae within their solution.

(i) Candidates who were unsuccessful in part (i) sometimes made no attempt to answer part (ii).
Candidates should be aware that, when a formula is given, it is usually possible to proceed with the
next part of the question, even if the attempt to prove the formula in the previous part has not been
successful. A significant number of candidates did not know to differentiate and a small humber
that differentiated did not know to equate it to zero. Other candidates stopped at r = 7.5 and as
always, a careful reading of the question is recommended. It was possible to complete the square
but this was rarely seen. It should also be noted that the answer was exact and so did not require
to be given to 3 significant figures.

Answer. (ii) 56.25

Question 9

Generally this question divided candidates between those who followed the order suggested by the question
parts and those who, usually on the basis of false assumptions on the geometry of a kite, sought to find p

and g first. A reasonable sketch would have been beneficial but was not seen often enough and when seen
frequently as an afterthought when attempting the area.
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(i) A large number of candidates found the required coordinates quite straightforwardly by finding the
midpoint of BD as was expected. There were some correct answers found by more circuitous
routes. A common misconception was to assume E was the midpoint of AC and to try to find p, q
and/or the equation of AC first. Whilst this was possible using perpendicular gradients it involved
much work and usually proved unworthy of credit due to a conceptual error at some stage.

(i) Many candidates stated that the gradient of AC was 2, sometimes based on work done in part (i).
A large number either used incorrect values for E or their values for p and g which should have
been derived from their equation and were not needed until part (iii). There were a few incorrect
methods used to find gradients and perpendicular gradients but these formulae were generally well
known.

(iii) There were a good number of well-presented and concise solutions to this part of the question.
There were also many solutions which made little attempt to identify which side lengths or triangle
areas their calculations referred too, making it very difficult to award marks for method when an
incorrect area was ultimately found. The methods for correctly finding the area of a triangle were
numerous and used in equal measure. The most common error was to omit division by 2. A small
minority of candidates continued to work with the unknowns p and q.

Answers: (i) (3,5) (ii) y-5=2(x-3) (iii) 15
Question 10

Generally candidates were more successful using the quotient rule rather than the product rule. This was, in
part, due to better differentiation of the components. It was noticeable that candidates were also more likely
to quote the quotient rule. In both parts candidates were more likely to be awarded full marks and certainly
to gain partial credit where their method was clear; quoting the rule clearly and showing the component
differentiations separately. It is difficult, otherwise, to determine whether candidates have made sign or
coefficient errors or do not know the appropriate rule.

(i) There were many fully correct answers to this part. Most candidates knew, for example, that the
derivative of sin x was cos x. Candidates were less certain in dealing with the 2x and g The

most common error was in multiplying the two derived components together with no evidence of
the product rule whatsoever.

(i) The component parts were nearly always differentiated correctly leading to a large number of fully
correct answers. Occasionally cosec’x was given rather than sec’x and 1 was sometimes
differentiated to 1. The product rule was seen on quite a number of scripts and was usually applied
correctly. Poor bracketing was an occasional issue although often this was clarified by a
subsequent multiplication.

(sec® x)(1+Inx)— %(tan x)

(1+Inx)?

Answers: (i) %cos 2x cos[gj —2sin2x sin[gj (i)

Question 11

(a) This was one of the best attempted questions on the paper with most candidates scoring most if
not all of the marks even if they found it difficult to score elsewhere. Many solutions were concise,
with candidates realising that 64 was a power of 2 and quickly forming a quadratic equation which
in turn was usually factorised correctly. Some candidates assumed that an index equation required
logs, which is often the case, although here this usually led to more work, with mixed results.

(b) There were some very well presented and concise solutions by those candidates who not only
knew the change of base rule but also the other key laws of logarithms. The solution generally
hinged on realising that log2a =log2 +loga and in working in base a as quickly as possible. Many

candidates applied their own incorrect variations on the laws leading to many poor solutions
occasionally gaining partial credit by changing base correctly at the outset.

Answers: (a) x=2orx=3 (b) log, 4
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Question 12

U]

(i)

(iii)

(iv)

Answer:

This part was very well done by the majority of candidates with most gaining full marks.
Calculating g(8) first and finding fg(x) first were equally common and the omission of +1 in the
denominator the only common error.

This part was also well attempted. Inevitably, there were many candidates who multiplied f(x) by
itself. The majority who appreciated that composition was required usually made the initial
substitution correctly. Dealing with the denominator proved the biggest challenge and on
occasions having simplified both numerator and denominator correctly, the logical step of
cancelling the x + 1 was either omitted or only carried out by a lengthy process involving multiplying
out then factorising first.

Most candidates arrived at the inverse function successfully. Stating the domain and range were
less well done with even more able candidates finding it difficult to find appropriate values or using

poor notation in terms of x and g (x). The connection between the given domain for g(x) and the
range of the inverse was seldom recognised.

There were few fully correct answers to this part seen. Many candidates found it difficult to score
at all and a very few did not attempt an answer. Graphs were often poor with straight lines often
presented. Even better candidates drawing curves often omitted the sections of the graphs in the
second and fourth quadrants. Another frequent error was to extend the curves beyond —1 on each
axis and into the third quadrant.

The geometric relationship required, that the function and the inverse were reflections in the line
y = x, was frequently implied. In this question an explicit statement was needed. Candidates who
drew the line y = x may have been credited if it had been labelled. Equally, candidates should be
aware that, in cases when mirror images meet, the point of intersection should be on the mirror
line.

@ & i) =2~ (i) g"(x)=x2—1: Domain x > 0; Range g~'(x)> -1
4 3x +1
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ADDITIONAL MATHEMATICS

Paper 0606/22
Paper 22

Key Messages

In order to do well in this examination, candidates needed to give clear and well thought out answers to
questions, with sufficient method being shown so that method marks can be awarded.

General Comments

A good number of candidates gave clearly presented answers. Other candidates need to appreciate that
poorly presented work is often difficult to credit. In order to improve, some candidates need to understand
that their working must be detailed enough to show their method clearly. This is even more important if they
make an error. Showing clear method is very important if a question starts with the words “Show that...”.
This indicates that the answer has been given to the candidates and that the marks will be awarded for
showing how that answer has been found. Showing clear method is also very important if the use of a
calculator is prohibited. The need for this was highlighted in Questions 1 and 3 in this examination.
Occasionally it was evident that candidates needed to read the question more carefully. This was
exemplified in Question 5 where candidates often misread the figures and Question 8 where an exact
answer was required. Candidates may benefit by taking more care with their arithmetic and avoiding the
premature approximation of answers. Candidates may also improve their performance if they take notice of
key instructions in questions — such as “Hence...” in Question 4(ii) and “Use the graph...” in Question 10(ii).

Comments on Specific Questions

Question 1

This question proved to be an accessible start to the paper for almost all candidates. Most candidates gave
clear evidence of method, as was required since the use of a calculator was not allowed in this question. A
very few candidates used the method of simultaneous equations with the vast majority opting to square and

V5 +1 or V5 -1 an
V51 5+1

a very few omitted the cross terms when squaring 2 + J5. Generally, this was a good start to the paper.

d

rationalise in the expected way. A very few candidates attempted to rationalise using

Question 2
This question was generally well answered by a good many candidates.

Most candidates chose to eliminate y and did so correctly by substitution. Most of these were able to collect
like terms successfully. A fair number of candidates had a sign error in the x term and scored method marks
if they then considered the discriminant and attempted to solve their resulting quadratic. Candidates should
give attention to the presentation of their answers as poor presentation sometimes resulted in candidates
miscopying their own writing and making errors. Candidates who attempted to eliminate x rarely made any
real progress.

Candidates who chose the alternative calculus method commonly made sign errors. On the whole this
method was significantly less successful. It was common to see an error in the first step with k=4x-9
being stated rather than —k =4x-9. Wihilst this was often substituted into y =—-kx + 2 it was not always
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then equated to 2x>-9x+4. A small number of candidates used the approach of constructing the
equation of a tangent to the curve through a general point with, for example, coordinates (m, 2m? —9m + 4)

and equated the constants term of this with 2 from the given form. This, slightly more complicated, approach
was successful as long as candidates presented their steps logically.

Answer. 5and 13
Question 3
(i) Candidates almost always showed sufficient method to earn the mark.

(ii) Again candidates did well here — many used long division, synthetic division or equated coefficients
and did so correctly. A few candidates made sign errors or made no real progress with this part. A
small number of candidates found that (x — 5) was a factor and found the quadratic factor that
paired with that — thereby not answering the question being asked.

(iii) Occasionally candidates did not show method and were penalised a mark. The question required
the use of their answer to part (ii) and so candidates needed to show evidence of how this was
done to score. Otherwise this part was well answered.

Answer: (ii) 3x* -17x+10 (iii) -1, 5, %

Question 4

(i) This was reasonably well done. Candidates who could have improved, generally should have been
more careful in finding the value of r, as this was often incorrect. Some candidates started using a
common factor of 2, 3 or 6 rather than 12. Some candidates gave their solutions in an incorrect
format, even though the required structure was given in the question.

(ii) Candidates need to appreciate that when part of a question starts with the word “hence” it is
expected that the previous part of the question be used in answering the part under consideration.
Many candidates restarted this part using other methods and were only credited if their values
agreed with the values they had found in part (i). It was unfortunate that some arrived at the
correct values in part (ii) having made an error with the value of r in part (i), but then omitted to
return to part (i) and correct the error they had made there.

A small number of candidates thought the values of x and “y” should be swopped because it was
an “inverse” or reciprocated the value of x as well as the least value.

2
Answer. (i) 12 x—l +£ (i) 4 when x = 1
4 4 17 4
Question 5
(i) Most candidates answered this well. There were occasional sign errors and a very few candidates

did not progress beyond the first, completely unsimplified, line.

(i) A high proportion of candidates found the value of a correctly with only occasional sign errors being
seen. Some candidates misread the —23 as 23. The —-20a element or the 160 element of the
coefficient of b were sometimes omitted. A small number of candidates misunderstood the correct

method and attempted to work with (1 —23x +222x2 )— (1 —20x +160x2 )

Answer. (i) 1-20x +160x? (ii) a=-3,b=2
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Question 6
(a) (i) This was well answered, although occasional answers of u =0 or 10 were given.

(i) Many candidates gained one mark only from considering only one of 2x+3=1 or 2x+3 =-1.
Others thought the modulus should be part of the answer and, after x = —1 had been found, gave
the answer x = 1. Some candidates discarded one of the answers, usually, x = —2 as this resulted
in a negative value that candidates decided was invalid, ignoring the modulus. A small number of
candidates squared both sides and solved the resulting quadratic. Some candidates used
2x+3=0 or made some spurious use of logs in their solution and made no progress.

(b) A good number of candidates gave clear, concise and fully correct answers using the expected
change of base and laws of logarithms. However, some answers were obtained fortuitously from
‘double errors’ made by misusing log laws. In order to improve, candidates must have a clear
understanding of the origins and use of laws of logarithms so that this type of error is avoided.
Some candidates did not identify log,5 as the sensible term to start with and instead changed

log; a to

. After this, some were successful, but others misapplied log laws and produced
a

something along the lines of log, 5—-3. A small, but not insignificant, number of candidates also
lost the last 2 marks through invalid log moves such as log; 225 — (log; 5 —log; a +log; a). Most

candidates were able to score 1 or 2 marks, either for log 225 or for changing the base by some
valid method or both.

Answer. (a)(i) 1 (ii) -1, -2 (b) log; 45
Question 7

(i) Most candidates scored full marks here. A small number differentiated each part of the product
and did not apply the product rule, but on the whole the question was well answered.

(i)  Again, most candidates scored full marks here. A small number earned one mark only for a
reasonable attempt at the chain rule. Some candidates produced answers which involved

1 1 1
or

or — .
In(cos x + 2) (cosx+2y  —sinx

(ili) A good number of candidates scored all 3 marks here — and generally the quotient rule was the
method used. A few did attempt the chain and product rules, but were less successful as the use
of the chain rule introduced another level of difficulty. Some candidates omitted the brackets

around the 1+ +/x in the quotient rule and never implied them in any further working. Candidates
should be aware that this type of omission results in their answer being incorrect and they are
therefore penalised. A small number of candidates misremembered the quotient rule with the
terms in the numerator being reversed or the terms being summed rather than a difference being

used.
\/— .l
—(1x 2)gj
Answer: (i) x*(36%)+4x%e% (i) —x(-sinx) (i) (T¥X)00SX-(,x T)sinx
2 +cos X (1+x )
Question 8

A very well answered question by the large majority of candidates. Occasionally errors were made in
expanding the brackets after the correct substitution had been made, omitting the cross terms. A few
candidates made sign errors. A few candidates forgot to find the length of AB, whilst others did not pay heed
to the word exact in the question and gave their answer as a decimal. Those few candidates who did not
score full marks could improve by being more careful with their method and reading the question more
carefully.

Answer: \/ﬁ
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Question 9

(i)

(i)

Answer. (i) y =

A good number of candidates appreciated the need to integrate and did so correctly. Some of
these omitted the constant of integration, however, or omitted to divide by 2 and therefore lost

marks. Some candidates calculated the value of g—y when x =4 and thenused y=mx+c .
X

A good number of correct answers were given once again. Many appreciated the need to integrate
the equation they had found in part (i). Many other candidates did not see the need to integrate

their y and often integrated j—y or did not integrate their answer to part (i) and chose to substitute
X

the limits directly into it instead. Occasionally, those candidates who used % as a multiplier to
simplify their integration, generally a useful tactic, made an error in dealing with the constant — for

5
1] (2x+1)2

example 3 5 + x | was seen on more than one occasion.

3
@+ gy 197
3 30

Question 10

(i)

(ii)

(iii)

Most candidates realised the need to take logarithms. A few candidates treated the equation as if it
were logy =log(Ab)* and then gave subsequent steps logy = xlog(Ab) = xlog A +logb which

had unfortunate consequences in part (ii). It was clear that some had memorized the correct form
and simply quoted it. Some candidates took logs to base b which, though not incorrect, was not
particularly helpful in part (ii).

Many fully correct answers were seen, using the expected methods as indicated in the question —
that is using the gradient and intercept of the given graph. Some candidates misread the scale and
the intercept being given as 0.6 instead of —0.6 was fairly common. Most candidates understood
the need to find the gradient and intercept of the line. Some candidates then quoted these as the
values of A and b rather than anti-logging them. Other candidates used logarithms to base 10
rather than base e, which was not valid in this part. Those choosing to attempt simultaneous
equations often lost accuracy or used values that were invalid for the model. This was the least
successful method chosen. Many candidates quoted A = 1 without indicating that A=e™°° or a
more accurate decimal and therefore lost marks. In order to improve, candidates should realise
that, when they are requested to round an answer, it is sensible to quote the value to a reasonable
accuracy before it is rounded to ensure that method marks at least can be awarded.

The quickest and easiest method of solution — that is using the graph — was, most often,
overlooked. Many candidates earned the method mark for using their values from part (ii). Some
confused the models and were using 220 rather than In220 in the log form of the model or 5.39... in
the exponential form.

Answer. (i) logy =logA+ xlogb (ii) A=0.5,b=4 (iii) 4.4

Question 11

U]

A good number appreciated the importance of the domain and used it correctly to find the answer.
A fair few candidates gave the answer f(x)>7 following the misconception that x > 2 meant that

x >3 . Some candidates ignored the given, restricted domain and gave the answer f(x)>-1. A
small number of candidates confused the domain and range and gave an inequality in x.

A good number of candidates made a correct start to the method of finding the inverse function. A
good number of these did find the inverse function successfully. Some candidates omitted the
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brackets around the x + 1 and therefore lost a mark. Some candidates “cancelled” the logs in their

log(x+1)  x+1

solution and gave an answer of f'(x) = =

log 2 2

A good number of candidates also appreciated the connection between the domain and range of a
function and its inverse. Some candidates did not attempt to state the domain and range and other
candidates thought that the domain was x > 2 and calculated the range using that, f'(x) > 1.58 was
not an uncommon answer for the range. Some candidates confused the notation required for the
domain and range and this was penalised.

This question proved to be a good discriminator. A high proportion of candidates earned the first
mark by forming the correct composite function — although a few attempts at fg(x) were seen. A
good number went on to earn full marks considering both factors of the composite function and
explaining correctly why one factor led to no solution and the other resulted in a solution outside
the domain. Some candidates multiplied their factors together and consider one term only. These
lost a mark as their explanation was not complete. Some candidates thought that it was not
possible for 2x to be equal to x or divided through by x and commented that 2 # 1 and so no
solution, or omitted to simplify 2x — x = 0 to x = 0. Generally these candidates were not realising
that they were undertaking the equivalent of dividing by 0. Division rather than factorisation should
be discouraged as solutions are often lost in this way.

Answer. (i) f(x)>3 (i) f(x)=logy(x +1), x>3, f'(x) >2 (iii) gf(x)=2%(2* -1)

Question 12

(i)

(i)

Candidates found this question straightforward and the first three marks were usually earned
without difficulty. Correct answers were often spoilt by attempting to combine into a single,
spurious or incorrect inequality. Many candidates did not draw a sketch, which would have proved
helpful, and either stated x = 2, x = 4 or gave an incorrect inequality. It is unclear as to whether this
was because candidates had misinterpreted the meaning of the inequalities or if they had
misinterpreted the question.

Most candidates substituted into the correct % although a few used x? —6x +8. Some used the
x-coordinates 2 and 4 they had found in part (i) and then calculated the y-coordinates and the
gradient of the chord connecting these points. Finding the gradient of the normal was generally
well done. The maijority of candidates found the correct y-coordinate for x =3, although a few
miscalculated the value as 0. The method of finding the equation of the line was obviously well
understood. Occasionally careless arithmetic errors in finding the value of ¢, when using
y =mx+c, spoilt some otherwise good answers. Some candidates forgot to state the

coordinates of P. Other candidates found the x-intercept rather than the y-intercept. These
candidates could, perhaps, have been helped by reading the question a little more carefully or
rereading the question once it had been completed.

Answer. (i) x<2, x>4 (ii) y=%x +17, P(0,17)
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ADDITIONAL MATHEMATICS

Paper 0606/23
Paper 23

Key Messages

In order to do well in this examination, candidates needed to give clear and well thought out answers to
questions, with sufficient method being shown so that method marks can be awarded.

General Comments

Candidates generally gave clearly presented answers. Others need to appreciate that poorly presented work
is often difficult to credit. In order to improve, some candidates need to understand that their working must
be detailed enough to show their method clearly. This is even more important if they make an error.
Showing clear method is also very important if a question starts with the words “Show that...”. This indicates
that the answer has been given to the candidates and that the marks will be awarded for showing how that
answer has been found. The need for this was highlighted in Question 8(i) in this examination.
Occasionally it was evident that candidates needed to read the question more carefully. This was
exemplified in Question 7(b), where exact answers were required, and Question 8(i), where the derivative
was often misread as the curve.

Comments on Specific Questions

Question 1
This question proved to be an accessible start to the paper for most candidates.

(i) The majority of candidates worked in radians in this question and found no difficulty with the
method required. The small number who converted to degrees, unnecessarily, made premature
approximation errors and were penalised a mark. A small number stated that the radius was +25.
It is expected that candidates taking a paper of this level will appreciate that the length of a radius
is not a negative quantity.

(ii) Most correctly found the perimeter. A few candidates found the arc length only. These candidates
would improve if they made sure they read the question carefully.

Answers: (i) 25 (ii) 90
Question 2

Candidates were given clear guidance about the expected approach in this question and many understood
what was required, arriving at perfectly correct solutions. Some candidates need to understand what the
appropriate change of base of log, 3 should be to progress, as a few attempted to change the base to 10,

for example. Various errors were made in dealing with the 12 — especially if the term was rewritten as

log, 32 or log, 372, Some candidates were clearly misapplying log laws, stating their first step as
logs x

12log, 3

successfully form a quadratic to solve. Weaker candidates could improve by developing better skills in this
area. Those who did form a quadratic almost always completed the question successfully to score full
marks.

=4 . Candidates who found the term 1 were occasionally unable to manipulate the algebra to
u

Answers: 729 and %
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Question 3

(i) Most candidates stated two matrices of order suitable for matrix multiplication and multiplied them
together correctly to arrive at the correct result. A small number gave one matrix each for Alan and
Brian rather than a single matrix representing the finishing positions of both as required. Those
whose matrices were not conformable for multiplication, very often clearly knew the answer to the
problem, but were unable to successfully represent the data in matrix form, as required.

(i) A very small number of perfectly correct solutions were given to this part of the question. Very few
candidates understood what was required here. Some gave the sum of the two values found in
5

part (i). The product (4 5 4)3| was a common incorrect answer. Candidates need to
1

understand that, as this question specifically required them to use their answer to part (i), it was
expected that this instruction was followed.

Answers: (i) 22 and 17

Question 4
(a) Very well answered — candidates almost universally found this straightforward.
(b) Candidates found this question quite demanding in all three parts. Clearly, in order to improve,

candidates need to obtain an improved grasp of the language and symbols used when working
with sets. In part (i), for example, common incorrect answers were 50 # C and 50 ¢ C.

Answers: (b)(i) 50¢ C (ii)64e SN C (iii) n(S")=90
Question 5

(i) Most candidates answered this well and gave clear supporting evidence. However, some were
unnecessarily converting the surds to \/§ , introducing the possibility of an error.

(i) A good proportion of candidates appreciated the need to use the quadratic formula and did so
successfully. The relevance of the first part of the question became quickly apparent to most and
the resulting expression was generally well rationalised. A very few attempted to complete the
square — this was not the most straightforward approach here.

Answer: (i) 2-+2

Question 6

A good proportion of fully correct answers were seen to this question. A small number of candidates
rearranged both equations to 0 and equated without success or further progress. Candidates coped well
with the level of algebraic manipulation required in this question.

Answers: (3, 6) (24, -15)

Question 7

(a) Candidates who changed all the given functions into the equivalent relationships in singé and

cos @ were generally successful. Many were unable to deal with the fractions in the numerator and
denominator and much spurious cancelling was seen. A small number of candidates were

sec? @ cos
2 .
successful using 1 tang = cc;s ‘93""1‘9 . However, those who left the numerator in terms of
+ +

cosf@ sinf cos@ siné
tan @ generally made little or no further progress.
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(b)

Answers: (b) sinx = % COS X = _12
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Many candidates omitted to read the word “exact” in the question and found the inverse tangent of

—% in degrees and then calculated the sine and cosine of this value. Others candidates wrote

tanx = sinx _ % and made no further progress. A reasonable number of candidates did use
COsS X

Pythagoras’ theorem and found 13 correctly, but often incorrectly attributed the negative value to

the “opposite” side rather than the “adjacent’. A simple sketch would have helped prevent this

problem and helped those who clearly were thinking correctly, to have drawn the correct

conclusions.

13

Question 8

U]

(i)

(iii)

Well answered — most candidates either chose to use the discriminant directly or the quadratic
formula and stated that -8 < 0. Some candidates made no comparison to zero and therefore lost a
mark. Some made the incorrect statement “you cannot have a negative square root” rather than

“you cannot square root a negative number...”. A few candidates differentiated the given
expression again, unfortunately, and some of these had not read the question carefully enough as
dy

they identified the second derivative as A Stating only “it has no real roots”, for example, in a
X

question that requires candidates to “Show that....” is not sufficient, clear evidence was required.

Generally very well done. A small number of candidates were attempting to use ;i_y to work out
X

the y-intercept prior to having calculated the gradient and were unsuccessful in their attempts.

Generally well answered, most integrated correctly but some omitted the constant of integration —
or wrote it down but did not evaluate it and therefore lost marks.

Answers: (i) y =11x—12 (i) y =2x® —4x2 +3x+4

Question 9

(i)

(i)

Very well answered, with a good number correctly finding the necessary midpoint and gradient and
then forming a correct form of the required equation. Some candidates omitted to find the midpoint
of AB and used the point A instead, in finding their equation. Occasionally they stated the equation
of AB and then used the same y-intercept they had calculated for this equation in the equation of
the perpendicular bisector, without ever having found the midpoint. This did give, what appeared to
be, a correct answer, but it was penalised as the method was incorrect.

A good number of candidates correctly found the coordinates of D. Various methods were used to
find the area of the quadrilateral. The most successful were those methods which used the
coordinates of the vertices or the rectangle less triangles approach. Some candidates made no
progress at all with this question and spent time calculating the lengths of AB and BC and
producing nothing of any merit. Those who recognised the shape was a trapezium often incorrectly
used the length of the side AB or the side CD as the perpendicular height — this was, therefore, the
least successful method attempted.

Answers: (i) y:—%x+7 (ii) 84
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Question 10

(i) The majority of candidates attempted to use the quotient rule and a good number earned the first 3
marks using a correct method. Candidates could improve if they strengthen the algebraic
manipulation skills required to obtain the correct form.

(i) A small number of candidates were successful in this part, correctly using their answer to part (i).
Some candidates knew the right approach, but multiplied by 7 rather than dividing. Some earned
follow through marks after an error in part (i). Many candidates, however, attempted to use
alternative approaches other than using part (i) and were not successful.

8
Answers: (i) 42 (ii) —
() (i1) 55

Question 11
(i) Most candidates understood what was required here and scored full marks.
(i) The required approach was to find AN and then multiply the result by 4. Candidates needed to

understand this key point and many did not. It was not uncommon for candidates to give an
answer of, for example, AP=3b-2a+1.

(iii) Candidates who were successful in part (ii) were generally successful here too. A small number
gained a mark using their answer to part (ii), but many did not answer this question at all. Some

candidates could improve by better understanding how the ratio 3 : 2 apportioned the vector OB

as it was common to see ON given as %b .

(iv) A small number of candidates constructed a proportional relationship between two relevant vectors
and solved for 4. Some found the vector PB and whilst this was still valid, it clearly was

unnecessary given that candidates had already found MB and MP. This question proved to be a
good discriminator, with only the best candidates making any relevant statements. Stating

MB = MP and collecting terms was a common incorrect starting point.
Answers: (i) 5b-a (ii) 4(3b—2a) (iii) a+A(3b—2a) (iv) ﬂzg

Question 12

(i) This question was fairly straightforward and a good number of candidates answered it well. Some
confused the range of a set of data with the range of a function and, after having found the values 7
and 3, worked out their difference. A few candidates used x rather than f or stated the domain
rather than the range.

(i) Many misinterpreted the demand of this question as (f(x))2 rather than ff(x), calculating f(12) = 5
and then squaring the answer. A fair number of correct answers were seen. Some were finding
the composite function and using that correctly, but this was not the most efficient method and
occasionally resulted in unnecessary errors.

(iii) This was well answered. Candidates seem to have a good understanding of the method required
to find an inverse function of this type. A small number of candidates did not inverse the operations
in the correct order.

(iv) A good number of correct answers were seen. There were a few arithmetic errors and a few
method errors with candidates square rooting rather than squaring being a common error.

Answers: (i) 3<f<7 (ii) 2+42 (i) f‘1(x):(x—2)2+3 (iv) 19
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